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METHOD FOR DETERMINING AN EFFECT
OF A DRUG ON A PATIENT WITH A
SPECIFIC DOSE REGIMEN

DOMAIN

[0001] The disclosure belongs to the field of bioinformat-
ics. It generally relates to pharmacokinetics or pharmaco-
dynamics.

[0002] In particular, there are disclosed a method for
determining an information related to a drug on at least one
patient, with at least one specific dose regimen, a corre-
sponding computer program and a corresponding processing
circuit.

BACKGROUND

[0003] Therapeutic drug monitoring (TDM) is a branch of
clinical chemistry and clinical pharmacology that special-
izes in the measurement of medication levels, for example in
blood, tissues, or organs. Its main focus is on drugs with a
narrow therapeutic range, i.e. drugs that can easily be under-
or overdosed. TDM aimed at improving patient care by
individually adjusting the dose of drugs for which clinical
experience or clinical trials have shown it improved out-
come in the general or special populations. It can be based
on a a priori pharmacogenetic, demographic and clinical
information, and/or on the a posteriori measurement of
concentrations of drugs (pharmacokinetic monitoring) or
biological surrogate or end-point markers of effect (phar-
macodynamic monitoring).

[0004] There are numerous variables that influence the
interpretation of drug concentration data: time, route and
dose of drug given, time of sampling, handling and storage
conditions, precision and accuracy of the analytical method,
validity of pharmacokinetic models and assumptions, co-
medications and, last but not least, clinical status of the
patient (i.e. disease, renal/hepatic status, biologic tolerance
to drug therapy, etc.).

[0005] Many different professionals (physicians, clinical
pharmacists, nurses, medical laboratory scientists, etc.) are
involved with the various elements of drug concentration
monitoring, which is a truly multidisciplinary process.
Because failure to properly carry out any one of the com-
ponents can severely affect the usefulness of using drug
concentrations to optimize therapy, an organized approach to
the overall process is critical.

[0006] To perform dose individualization, there is a need
for determining or predicting, rationally and accurately, an
effect of a drug on a specific patient, even though multiple
patients receiving the same doses of a drug may exhibit
variability in drug exposure.

SUMMARY

[0007] The invention is defined by the appended indepen-
dent claims. Additional features and advantages of the
concepts herein disclosed are set forth in the description
which follows.

[0008] The present disclosure aims at improving the situ-
ation.
[0009] To this end, the present disclosure describes a

method for determining an effect of a drug on at least one
patient, with at least one specific dose regimen, the method
comprising:
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[0010] obtaining a population pharmacological model,
said model describing a variability in drug exposure
within a patient population receiving known doses of
said drug,

[0011] for at least one parameter relating to a source of
said variability within the patient population, sampling
a plurality of values of said parameter from a distribu-
tion conditional on individual patient characteristics
and/or at least one measurement related to a drug
exposure of the at least one patient,

[0012] forming sets of values, one set of values com-
prising one sampled value of each of said parameter,

[0013] by using the population pharmacological model,
calculating, for each set of values, a corresponding drug
exposure with given dose regimens, and

[0014] determining the effect of the drug on at least one
patient, with at least one specific dose regimen, based
at least on the calculated drug exposures.

[0015] In the context of the invention:

[0016] the “at least one patient” designates a subset of
the whole patient population covered by the population
pharmacological model, this subset being also referred
to, hereafter, as forming a population of patients under
consideration,

[0017] the “parameters” are pharmacokinetic or phar-
macodynamic data, such as apparent volume of distri-
bution or elimination rate constant, which collectively
relate to the variability in drug exposure within the
patient population,

[0018] the “individual patient characteristics” are
descriptive input data, such as weight or age of indi-
viduals, which values allow determining corresponding
values of the above parameters through correlations or
computations.

[0019] Each set of values represents a plausible represen-
tation of a corresponding patient, or individual. For each
given individual, a corresponding plurality of sets of values
are formed Those sets of values are statistically representa-
tive of the uncertainty of the individual’s parameters. Due to
how the sets of values are formed, the sets of values of all
individuals are, collectively, statistically representative of a
patient population defined by the population pharmacologi-
cal model in terms of variability in drug exposure when
receiving known doses of the drug. As a matter of fact, the
sets of values of all individuals are also, collectively, sta-
tistically representative of the patient population in terms of
variability in one or more effects of the drug when receiving
known doses of the drug.

[0020] Therefore, by calculating for each set of values the
corresponding drug exposure with a series of tested given
dose regimens, the result of the calculations is a set of
indications of the individual drug exposures that would be
caused if each of these tested given dose regimens, respec-
tively, was actually applied to each patient. Collectively, the
individual drug exposures are indications of drug exposures
that would be caused if each of these tested given dose
regimens, respectively, was actually applied to the popula-
tion of patients under consideration.

[0021] Such set of indications is a key input for determin-
ing the effect of the drug on a patient with a specific dose
regimen.

[0022] Forexample, the individual drug exposures may be
translated into an occurrence, or a level of magnitude, of a
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therapeutic effect or of an undesirable effect. Considering a
given dose regimen, it is then possible to determine, for
example:
[0023] a frequency of occurrence of an undesirable
effect within the patient population, or
[0024] a mean level of magnitude of a therapeutic effect
within a subgroup of the patient population having
similar patient profiles, or
[0025] an expected level of magnitude, possibly asso-
ciated to an uncertainty window, of a therapeutic effect
for a specific patient, or
[0026] a projected level of risk of an undesirable effect
for a specific patient.
[0027] As aresult, the calculated drug exposures allow for
a comparison of the tested given dose regimens, in order to
select, among the given dose regimens, a specific dose
regimen that provides the best risk-benefit ratio for a patient.
[0028] Alternately, it is also possible to interpolate the
calculated drug exposures for different tested given dose
regimens, and as a result determine an interpolated specific
dose regimen that provides an even better risk-benefit ratio
for a patient than any of the tested given dose regimens.
[0029] The above method may find various applications,
for example the determined effect of the drug on a patient
with a specific dose regimen is valuable information for a
physician seeking to determine an initial dose regimen for a
patient or seeking to modify a dose regimen that a patient is
currently submitted to.
[0030] Optionally, the patient being submitted to a former
dose regimen, the method further comprises obtaining at
least one measurement related to a drug exposure of the
patient with the former dose regimen, and determining the
effect of the drug on the patient is further based on said
measurement.
[0031] In general, when a patient already receives known
doses of the drug, there are various ways to determine how
well the patient tolerates the drug at this dose regimen. Such
determination may be based, for example, on various mea-
surements such as blood examination or the like, on clinical
or physiological observations performed by a physician, on
feedback from the patient, or on a combination of such
possible inputs. Then in combination with the calculated
drug exposures, it is possible to adapt the former dose
regimen and perform dose individualization. For example,
the former dose regimen may be associated, according to the
calculated drug exposures, to a low risk of an undesirable
effect with a moderate to high intensity. If, for instance, said
undesirable effect is indeed present for the patient at a high
intensity, then the calculated drug exposures may be used to
determine a safer dose regimen.
[0032] The same principle applies for determining a more
beneficial dose regimen for the patient in case a desired,
therapeutic, effect is not obtained, or insufficiently obtained,
in the patient with the former dose regimen.
[0033] Optionally, determining the effect of the drug com-
prises comparing the calculated drug exposures to at least
one exposure threshold.
[0034] For example, the calculated drug exposures may
each be compared to a lower boundary and to a higher
boundary forming a therapeutic window.
[0035] Such comparison allows determining, for each
tested given dose regimen, a corresponding proportion of the
simulated individual drug exposures for which the resulting
drug exposure falls within the therapeutic window. Such
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comparison may further be used to determine, for each
tested given dose regimen, a corresponding indication of a
probability that the resulting drug exposure for the patient
would match the therapeutic window.

[0036] Optionally, the method further comprises linking
each calculated drug exposure to a corresponding level of
magnitude of said effect of the drug, and determining the
effect of the drug, with given dose regimens, on said patient,
is based on the linked levels of magnitude.

[0037] For example, considering a tested given dose regi-
men, the levels of magnitude linked to the calculated drug
exposures may be used to predict, for a patient, an expected
level of magnitude of said effect of the drug with said tested
given dose regimen. This expected level of magnitude may
further be associated to an uncertainty window.

[0038] Optionally, determining the effect of the drug com-
prises determining a score representative of said effect based
on the calculated drug exposures.

[0039] Partial scores may indicate, for example, an aver-
age level of magnitude, or a frequency of occurrence, of a
given positive or negative effect of the drug among the
patient population with a given dose regimen. A global
score, for that given dose regimen, may be an aggregate of
such partial scores.

[0040] Optionally, the patient population is a selected
portion of a general population.

[0041] This corresponds to filtering a generic patient
population model in order to focus, specifically, on the
variability in drug exposure within a selected portion of the
generic patient population receiving known doses of said
drug.

[0042] The resulting sets of sampled values represent,
specifically, hypothetical patients within the selected portion
of the general population.

[0043] Possible selection criteria may for example com-
prise gender, age, weight, blood type, known health prob-
lems, medical conditions, allergies, ongoing treatments,
pharmacogenomics, and the like.

[0044] Therefore, it is possible to first specify a portion of
the general patient population which an actual patient
belongs to, then form sets of values representing hypotheti-
cal patients, all belonging to the specified portion of the
general population, then calculate the drug exposures of
these hypothetical patients for different dose regimens of a
drug, and finally determine the effect of the drug of the
actual patient based on the calculated drug exposures.
[0045] To obtain the same end result in this matter, focus-
ing on a selected portion of a general patient population
requires less computational resources than taking into
account the whole general patient population.

[0046] Optionally, the drug exposure relates to an instan-
taneous exposure value.

[0047] For example, after receiving a known dose of a
drug, the patient may metabolize the drug, resulting in an
increasing concentration of the metabolite, up to a maximum
instantaneous exposure value after a certain period of time.
Then, the metabolite is progressively eliminated by the
body. As long as the patient does not receive a further dose
of the drug, this elimination results in a decreasing concen-
tration of the metabolite, down to a minimum instantaneous
exposure value. The amount of drug received at a time by the
patient, and the time interval between two consecutive
administrations of the drug to the patient are two important
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parameters of a dose regimen, that allow controlling the
minimum and maximum instantaneous exposure values.
[0048] Optionally, the drug exposure relates to an average
or an aggregate exposure across a predetermined time inter-
val.

[0049] For example, occurrence of some undesirable
effects may be associated to an average exposure, or an
aggregate, or total, exposure, over a specific time interval
exceeding a threshold value.

[0050] Optionally, the method further comprises, for at
least one parameter relating to a source of said variability
within the patient population, using a Markov Chain Monte
Carlo approach (one example is a Metropolis Hastings
algorithm) applied to the pharmacological model, and sam-
pling the plurality of values of said parameter is based on
Markov chains constructed using said Markov Chain Monte
Carlo approach.

[0051] MCMC methods are a class of algorithms for
sampling from probability distributions for which direct
sampling is difficult. The output of calculations based on
MCMC methods, with moderate computational resources,
allow generating hundreds of values representing uncer-
tainty of the parameters relating to sources of the variability
in drug exposure for a given individual receiving known
doses of a drug, with at least one measurement related to a
drug exposure. This sampling approach is equivalent to
performing an individual Bayesian estimation taking the
population distribution p(1) as prior, along with the indi-
vidual data, and obtaining a conditional distribution p of
values of said parameter within the patient population, such
conditional distribution being noted (yly), as posterior.
[0052] As such, optionally, the method comprises, for at
least one parameter relating to a source of said variability
within the patient population, using direct sampling from an
explicit conditional distribution of values of said parameter
within the patient population.

[0053] Optionally, the method further comprises, for at
least one additional dose regimen:

[0054] by using the population pharmacological model,
calculating, for each set of values, a corresponding
additional drug exposure with said additional dose
regimen, and,

[0055] determining the corresponding effect of the drug,
with said additional dose regimen, on the patient based
on the calculated additional drug exposures.

[0056] This allows comparing the expected effects of the
drug on the patient with different possible dose regimens.
The result of the comparison may be used as assistance
information for determining a suitable dose regimen for the
patient.

[0057] Optionally, the method further comprises, at least
for the given dose regimen, providing the corresponding
determined effect in view of determining a personalized
dose regimen of the drug for the patient.

[0058] For instance, the determined effect may be for
example associated to the given dose regimen and stored in
a database. The determined effect may also be displayed,
possibly along with other determined effects for other tested
given dose regimens.

[0059] Another aspect of the disclosure is a computer
program comprising one or more stored sequences of
instructions that is accessible to a processing unit and which,
when executed by the processing unit, causes the processing
unit to carry out the above method.
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[0060] Another aspect of the disclosure is a processing
circuit equipped with a processing unit operably connected
to a memory, the processing circuit being configured to carry
out the above method.

BRIEF DESCRIPTION OF THE DRAWINGS

[0061] FIG. 1 illustrates a flowchart of a general algorithm
of' a computer program according to an exemplary embodi-
ment of the invention.

[0062] FIG. 2 illustrates a processing circuit according to
an exemplary embodiment of the invention.

DETAILED DESCRIPTION

[0063] It is referred throughout this section to FIG. 1,
which depicts a flowchart of a general algorithm of a
computer program. When executed by a processor, such
computer program causes the processor to carry out a
method according to an exemplary embodiment of the
invention.

[0064] Different modules are described hereinafter, and
are to be considered as software and/or hardware functional
modules configured so that the processor carries out an
instruction of the program, or a set of instructions of the
program, specifically relating to the function of the module.
[0065] FIG. 2 depicts an exemplary processing circuit,
comprising a processor (1) operably connected to a memory
(2), the processing circuit being configured to carry out the
above method. The processing circuit may further comprise
a communication interface (3) configured to allow receiving
inputs and/or transmitting outputs, whenever applicable. It is
for example referred in this section to a human-machine
interface, such as a keyboard or a touch screen, which is an
example of a communication interface allowing receiving
input data. It is also referred to a visual display which is an
example of a communication interface allowing transmitting
output data, for example in the form of an image or of text.
An external drive or a cloud is an example of a input/output
communication interface, which may:

[0066] store input data such as a population pharmaco-
logical model or values of parameters to be input in the
equations of such model, or

[0067] store output data such as a determined drug
effect with a dose regimen on a patient.

[0068] A population pharmacological model is obtained
(S1) by a model retrieving module.

[0069] A pharmacological model is associated to a drug
and describes the variation with respect to time of a drug
concentration, and/or of a drug metabolite concentration,
and/or of any effect directly or indirectly induced, following
an absorption of a known quantity of the drug. Such an
absorption may for example be orally or by injection. Such
a model can be described by analytical equations or ordinary
differential equations. The use of such parametric models
allows describing the full pharmacokinetics and/or pharma-
codynamics of the drug.

[0070] Population pharmacological models are a variation
of generic pharmacological models, for the purpose of
taking the variability between individuals into account. The
parameters describing a population pharmacological model
are not fixed, but rather follow a statistical law to describe
a patient population. This allows determining the typical
population response to receiving known doses of a drug and
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quantifying variability in pharmacokinetics and pharmaco-
dynamics of the drug among the population.

[0071] Typically, the obtained population pharmacologi-
cal model is a representation of literature data, which may
include, but may not necessarily be limited to, data from the
submission report of the considered molecule.

[0072] Based on the statistical laws embedded in the
population pharmacological model, it is possible to isolate a
relevant set of factors, as parameters relating to main sources
of variability in drug exposure within the patient population
when receiving known doses of the drug.

[0073] In the framework of the present document, such a
relevant set of parameters is assumed to comprise at least
one parameter, possibly two, three or more, to be sampled.
[0074] The nature of such parameters depends on the
specific use case at hand.

[0075] The use case at hand is defined at least based on the
obtained population pharmacological model.

[0076] For example, considering a first specific drug, age
may be identified as a decisive factor on drug exposure of
patients submitted to a given dose regimen. On the contrary,
considering a second specific drug, it may be observed, or
computed, that the drug exposure of patients submitted to a
given dose regimen may undergo only normal statistical
variations across a large age range. As a result, for the
second specific drug, age may be identified as playing little
to no influence on drug exposure of patients submitted to
said given dose regimen.

[0077] The use case at hand may optionally be further
defined based on specific information relating to an actual
patient. For example, an actual patient may already be
receiving the drug, according to a dose regimen (hereafter,
the “former dose regimen”) and an observation, or a mea-
surement, related to the resulting drug exposure of the actual
patient, and/or to one or more resulting effects on the patient,
may have been obtained. Such observation or measurement
may be used as additional input to target a relevant set of
parameters to be sampled.

[0078] In a hands-free approach, the nature and number of
such parameters may be automatically selected depending
on the specific use case at hand, for example based on a
principal component analysis.

[0079] Alternately, the nature and number of such param-
eters may be preselected while allowing a user to perform a
different selection of parameters, or to expand or reduce the
number of selected parameters at will, through use of a
human-machine interface. Examples include in particular a
keyboard, a mouse, a touch screen, buttons, sliders, use of a
speech recognition software, and the like. The nature and
number of such parameters may also be fully left to selection
by a user, without any preselection.

[0080] In FIG. 1, it is assumed that, in an exemplary use
case, the apparent volume of distribution and the elimination
rate constant, which are both pharmacokinetic parameters,
may form such a relevant set of parameters. In general, the
relevant set of parameters may comprise any type of phar-
macological parameters, including pharmacokinetic and/or
pharmacodynamic parameters. As a result, in such a use
case, the obtained population pharmacological model com-
prises an equation, or a set of equations, allowing expressing
a drug exposure of a patient as a function of indications of
apparent volume of distribution, elimination rate constant
and dose regimen.
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[0081] For example:

[0082] apparent volume of distribution and elimination
rate constant may each be indicated, for instance, by a
specific number or by a range,

[0083] dose regimen may be indicated, for instance, by
a frequency of dose administration combined with an
amount of drug per administrated dose.

[0084] For at least one parameter relating to a source of
variability in drug exposure within the patient population
when receiving known doses of the drug, a plurality of
simulated values of said parameter are sampled (S2) by a
sampling module.

[0085] FIG. 1 shows, in an exemplary use case, a sampling
of two parameters:

[0086] numerical values of a first parameter related to
an apparent volume of distribution, and

[0087] numerical values of a second parameter related
to an elimination rate constant.

[0088] As already mentioned, the population model pro-
vides the statistical law of each parameter, noted p(y), where
1 is the vector of parameters. The conditional distribution
corresponds to the statistical law for each individual assum-
ing input values of the patient characteristics and/or at least
one measurement related to a drug exposure are known and
is noted p(yly), where y relate to the measured patient
characteristics and/or measurement related to a drug expo-
sure.

[0089] The conditional distribution represents the uncer-
tainty of the individual parameter values for a given indi-
vidual. It is generally not possible to directly calculate the
probability distribution, but it is possible to obtain samples
from the distribution using, for example, a Markov-Chain
Monte-Carlo procedure (MCMC).

[0090] MCMC methods are a class of algorithms for
sampling from probability distributions for which direct
sampling is difficult. They consist of constructing a stochas-
tic procedure which, in its stationary state, yields draws from
the probability distribution of interest.

[0091] Among the MCMC class, the Metropolis-Hastings
(MH) algorithm has the property of being able to sample
probability distributions which can be computed up to a
constant. This is generally the case for such conditional
distributions, which can then be rewritten as: p(yly)=(p
P (PG))-

[0092] p(yhp) is the conditional density function of the
data when knowing the individual parameter values. p(yh})
can be computed using the model simulation with the
individual parameter values and a probability density closed
form expression.

[0093] p(y) is the density function for the individual
parameters within the population and can also be computed.
[0094] The likelihood p(y) has, generally, no closed form
solution but is constant.

[0095] In brief, the MH algorithm undergoes numerous
iterations. At each iteration, a new individual parameter
value is drawn from a proposal distribution for each indi-
vidual. Then, such new value is accepted with a probability
that depends on p(\) and p(yly). Finally, after a transition
period, the algorithm reaches a stationary state where the
accepted values follow the conditional distribution probabil-
ity p(ly). For the proposal distribution, various different
distributions are possible, among which the population
distribution, a unidimensional Gaussian random walk, or a
multidimensional Gaussian random walk. For the random
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walks, the variance of the Gaussian may be automatically
adapted to reach an optimal acceptance ratio.
[0096] As a result, for at least one parameter relating to a
source of variability in drug exposure within the patient
population when receiving known doses of the drug, a set of
n parameter values is obtained by sampling, n being an
integer smaller than, or equal to, the total number of itera-
tions of the MH algorithm.
[0097] For any specific parameter of any specific indi-
vidual, these sampled parameter values are noted i, with i
being a positive integer from 1 to n. The empirical distri-
bution of Wi is representative of the uncertainty of ¢ for a
given individual. In other words, the sampled parameter
values i are indicative of an estimation of a conditional
distribution of values of said parameter for the individual.
The value of n is to be chosen as a compromise between
allowing i being as representative as possible of the
uncertainty of 1 and minimizing the computational require-
ments. The inventors obtained satisfactory results by setting
a predetermined value of n in the range of hundreds to
thousands, for example n may be equal to 500.
[0098] Sets of the sampled parameter values are formed
(S3) by a regrouping module.
[0099] The sets of the sampled parameter values comprise
one parameter value for each parameter for which a plurality
of simulated values have been sampled (S2) by the sampling
module.
[0100] In the particular case where a plurality of simulated
values of a single parameter have been sampled (S2) by the
sampling module, then the sets of the sampled parameter
values, formed (S3) by the regrouping module, are single-
tons.
[0101] FIG. 1 shows, in an exemplary use case, a plurality
of sets of values, each set being formed of:

[0102] one numerical value of a first parameter, noted

Vd, related to an apparent volume of distribution, and
[0103] one numerical value of a second parameter,
noted K, related to an elimination rate constant.

[0104] The pharmacokinetic and/or pharmacodynamic
individual parameters forming the sets of values may be
generated, sampled or computed based on input values of
individual patient characteristics.

[0105] In an example, individual patient characteristics
may comprise:
[0106] one numerical value (in years) of an individual

parameter relating to age, as well as
[0107] one binary value (shown as M/F) of an indi-
vidual parameter relating to gender, and
[0108] one numerical value (in kg) of an individual
parameter relating to weight.
[0109] Each set of values is representative of a ‘simulated
patient’. In the example of FIG. 1, a ‘simulated patient’ is a
hypothetical patient characterized by their apparent volume
of distribution and elimination rate constant.
[0110] In an exemplary implementation, sampling (S2) the
values of a plurality of parameters may first be performed as
a whole, and the sets of the sampled parameter values may
be formed (S3), as a whole, only afterwards.
[0111] In another exemplary implementation, sampling
(S2) the values of a plurality of parameters and forming (S3)
the sets of the sampled parameter values may be performed
in an integrated manner, by a module having both the
functions of the sampling module and of the regrouping
module.
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[0112] Specifically, an intermediate iteration of an algo-
rithm for sampling the values of two parameters and forming
the sets of the sampled parameter values may consist in:

[0113] obtaining a plurality of sets of parameter values
obtained through previous iterations of the algorithm,

[0114] sampling a new set of parameter values, as a
vector of parameters, regrouping a sampled given value
per each parameter,

[0115] checking, based on the sampled given values of
both parameters and on a known conditional distribu-
tion of values of one of these parameters knowing the
value of the other parameter, whether the new set would
meet a statistical hypothesis with respect to the
obtained plurality of sets of parameter values obtained
through previous iterations, and

[0116] based on the result of the check, updating the
plurality of sets of parameter values with the new set or
rejecting the new set.

[0117] For example, the abovementioned check may be a
comparison with regard to a threshold value, such as a
chi-squared test, a t-test or any other type of test known by
the skilled person.

[0118] Each formed set of parameter values may be stored
and used as basis to calculate drug exposures according to
different dose regimens based on the population pharmaco-
logical model.

[0119] Specifically, at least one dose regimen, character-
ized by an amount of the drug to be administered to a patient
as a function of time, may be tested. The amount of the drug
may be expressed, for example, as a weight of the drug, as
a number of units such as pills containing a known quantity
of the drug, as a volume of a solution having a known
concentration of the drug, etc. The dose regimen may be
expressed, for example, as “3 pills of 400 mg of drug each
per day”, or as “5S mL injections, at a 50 mg/ml. concentra-
tion, spaced by a week”.

[0120] Alternately, a plurality of dose regimens may be
tested. These dose regimens may for example be automati-
cally retrieved from a database, or may be manually entered
or selected using a human-machine interface.

[0121] The tested dose regimens may be predefined taking
operational constraints in terms of amount of drug per dose
and/or in terms of frequency of administration into account.
The possible amount may be related to available forms ofthe
drug, and may correspond to a number of pills if the drug is
only available in an oral form. The possible frequency may
be based on literature data or be fixed.

[0122] A drug exposure calculator module may be con-
figured to calculate (S4), using the population pharmaco-
logical model, the drug exposures of each ‘simulated
patient’ with each dose regimen to be tested.

[0123] To calculate the drug exposure of a single ‘simu-
lated patient’ with a single dose regimen, the drug exposure
calculator module inputs the specific parameter values from
the formed set of sampled parameter values representing
said ‘simulated patient’ as the parameters of the parametric
model forming the population pharmacological model.
[0124] Then, the drug exposure calculator module may
calculate any aspect of the drug exposure of the ‘simulated
patient’, based on the equations of the parametric model
with said inputted values, following the administration of
each dose of the drug as defined by the dose regimen to be
tested.
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[0125] The drug exposure calculator may calculate, for
example, a variation with respect to time of the drug
concentration, and/or of the drug metabolite concentration,
and/or of any effect directly or indirectly induced by the
administration of each dose of the drug.

[0126] Such variation may be represented for example as
a curve in a two-dimensional coordinate system and pro-
vides broad qualitative information regarding drug exposure
of the ‘simulated patient’.

[0127] Various quantitative aspects of the drug exposure
of the patient may also be derived from such a curve or from
its mathematical expression. For example:

[0128] the maximum value reached by such curve indi-
cates the maximum instantaneous drug exposure of the
patient,

[0129] conversely, the minimum value reached by such
curve indicates the minimum instantaneous drug expo-
sure of the patient,

[0130] the amount of time between a dose administra-
tion occurrence and the subsequent local maximum of
such curve is one of many indicators of the kinetics of
the drug exposure of the patient, another such indicator
being the amount of time between a dose administra-
tion occurrence and reaching a lower threshold value,

[0131] the mean value of such curve across the time
interval separating two consecutive dose administra-
tions occurrences of a periodic dose regimen indicates
the average drug exposure of the patient over time,

[0132] the time integral of such curve across the time
interval separating two consecutive dose administration
occurrences indicates the aggregate drug exposure of
the patient between these two dose administration
occurrences.

[0133] The curve may also be time split, in fractions of the
time interval separating two consecutive dose administration
occurrences, so as to calculate the mean drug exposure of the
patient during each such time split. It is for example pos-
sible, from these mean drug exposures, to determine a
maximum mean drug exposure, corresponding to the maxi-
mum mean value of a time split across all time splits.
[0134] Hereafter, the expression “drug exposure of the
patient” refers to data, or to a dataset, indicating one or more
of the any of the above aspects of the drug exposure.
[0135] FIG. 1 shows that for a set of values noted {Vdl,
K1} representative of a ‘simulated patient’ defined as exhib-
iting, as individual pharmacokinetic parameters, an apparent
volume of distribution Vd1 and an elimination rate constant
K1, a first drug exposure, noted DrugExp11, may be calcu-
lated for a first dose regimen noted DoseRegl while a
second drug exposure, noted DrugExp21, may be calculated
for a second dose regimen noted DoseReg2.

[0136] More generally, n sets of sampled values allow
calculating, for n ‘simulated patients’ and for m dose regi-
mens to be tested, m sets of n calculated drug exposures
each.

[0137] Each such set is statistically representative of the
actual drug exposures that would be induced by adminis-
trating the drug, according to the corresponding dose regi-
men to be tested, to a group of hypothetical patients statis-
tically representative of the patient population.

[0138] The calculated drug exposures, for a given dose
regimen, may be compared (S5), by a comparator module,
with one or more threshold values.
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[0139] Forexample, a maximum instantaneous drug expo-
sure may be compared with a maximum threshold value
associated to an undesirable effect. This allows determining:

[0140] whether the instantaneous drug exposure result-
ing of a given dose regimen remains below the maxi-
mum threshold value, which allows fully avoiding the
undesirable effect,

[0141] or, on the contrary, reaches an excessive value at
some point in time.

[0142] For example, a minimum instantaneous drug expo-
sure may be compared with a minimum threshold value
associated to a lack of therapeutic effect. This allows deter-
mining:

[0143] whether the instantaneous drug exposure result-
ing of a given dose regimen remains above the mini-
mum threshold value, which allows continuously pro-
viding the therapeutic effect,

[0144] or, on the contrary, reaches an insufficient value
at some point in time.

[0145] Both comparisons above may be conducted in
order to check whether the instantaneous drug exposures
remain, over time, in a predetermined therapeutic window.
The specific boundaries defining said therapeutic window
may be predetermined for instance based on the submission
report of the considered molecule and/or based on clinical
trial from the literature demonstrating the patient benefit (in
terms of positive effect and of toxicity) of being within said
specific boundaries in terms of drug exposure.

[0146] The same principle applies with comparing maxi-
mum and minimum mean drug exposures with correspond-
ing threshold values. This allows determining whether, for a
predetermined time step, the mean drug exposure of the
patient remains, across said time step, in the predetermined
window.

[0147] FIG. 1 shows the result of a comparison of, on the
one hand, a matrix of calculated drug exposures for different
‘simulated patients’ and different dose regimens, and, on the
other hand, a maximum threshold value. The result is shown
in the form of a matrix of binary (Y/N) comparison results.
[0148] The calculated drug exposures may also each be
linked (S6), or associated, by an association module, to a
magnitude of a therapeutic effect, and/or to a magnitude of
a undesirable effect, to be expected with said drug exposure.
The association module may perform this task based on
literature data that indicate the relationship between the drug
exposure and the magnitude of the possible resulting effects.
[0149] FIG. 1 shows the result of an association of a
matrix of calculated drug exposures [DrugExpll, Drug-
Expl2, . . . DrugExp21, DrugExp22, . . . | for different
‘simulated patients’ and different dose regimens with cor-
responding magnitudes of resulting effects, noted as a matrix
of associated drug effects [DrugEff11, DrugEff12, . . .
DrugEff21, DrugEff22, . . . ].

[0150] Similarly, to the comparison of the calculated drug
exposures, for a given dose regimen, by the comparator
module, with one or more threshold values, it is also possible
to compare the associated drug effect magnitudes, for a
given dose regimen, with one or more threshold values.
[0151] This allows determining, for example, whether a
given dose regimen would induce, for a ‘simulated patient’,
a sufficient or an insufficient magnitude of a therapeutic
effect during a specific time frame. This also allows deter-
mining, for example, whether a given dose regimen would
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induce, for a ‘simulated patient’, an acceptable or an unac-
ceptable amount of an undesirable effect during a specific
time frame.
[0152] For a given dose regimen, the calculated drug
exposures in general, or the more specific results of the
comparisons conducted by the comparator module, or the
magnitudes of effects linked by the association module to
said calculated drug exposures, may be used to determine
(87), at a scoring module, a score associated to said given
dose regimen.
[0153] The score is a rating of said dose regimen. The
score may be used to directly compare different dose regi-
mens in terms of statistically meeting one or more criteria
with regard to drug exposure, or to one or more resulting
drug effects, for the patient population as a whole.
[0154] An example of such a criterion is whether the dose
regimen to be tested successfully induces, over a significa-
tion portion of the time interval between two consecutive
drug administration occurrences, a drug exposure matching
the therapeutic window.
[0155] It is thus possible, according to this criterion, to
determine a score indicating the rate, among the ‘simulated
patients’, of those which calculated drug exposures match
the therapeutic window.
[0156] The example provided in FIG. 1 is based on such
criterion. A score of “50” corresponds to half of the sets of
values leading to calculated drug exposures within the
therapeutic window, whereas a score of “100” corresponds
to a perfect score with all the sets of values leading to
calculated drug exposures within the therapeutic window.
[0157] Another example of such a criterion is the risk,
within the patient population, for the dose regimen to be
rested to induce an undesirable effect at a significant mag-
nitude. It is thus possible, according to such a criterion, to
determine a score indicating the rate, among the ‘simulated
patients’, of those which calculated drug exposures are
linked to a magnitude of an undesirable effect exceeding a
given threshold.
[0158] Various other examples of criteria may apply, alone
or in combination, depending on the specific use case, in
particular depending on the exact nature of the desired
therapeutic effect and of the possible undesirable effects.
[0159] It follows from the above that the calculated drug
exposures may be used to determine different types of
indications of a degree of compliance of the tested dose
regimen with the objective of inducing, for the patient
population on a statistical point of view, a drug exposure
within a target range such as a therapeutic window.
[0160] These types of indications include in particular:
[0161] the results of comparisons (S5) between the
calculated drug exposures and threshold values,
[0162] the magnitudes of effects linked (S6) to the
calculated drug exposures, and
[0163] the scores determined (S7) for each tested dose
regimen.
[0164] Such indication may be used to determine a generic
recommendation of one tested dose regimen over another for
the patient population as a whole.
[0165] Another course of action is to consider the calcu-
lated drug exposures, or any type of indications derived from
said calculated drug exposures, as a basis for individualizing
a dose regimen. Individualizing a dose regimen means
determining a specific, personalized, dose regimen for a
specific, actual, patient.
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[0166] To do so, the calculated drug exposures with a
tested dose regimen may for example be processed in view
of determining an expected effect on a specific patient with
the tested dose regimen.

[0167] This requires acquiring data associated to said
specific patient, at an input module.

[0168] For instance, a set of values associated to a specific
patient for whom an appropriate dose regimen is to be
determined may be obtained (S8), at the input module, for
example through a human-machine interface or a machine-
machine communication interface.

[0169] The set of values is indicative of a patient profile,
at least to the extent of relevance for determining the
expected effect of the drug on the patient with one of one or
more dose regimens.

[0170] Such set of values may comprise a single value
(singleton) or a plurality of values.

[0171] For example, the set of values associated to the
specific patient may relate to the same parameters for which
simulated values have been sampled (S2) by the sampling
module, or to a subset of said parameters.

[0172] FIG. 1 shows, as an example of a set of values
associated to a specific patient, the set {48, F, 75} for a
48-year-old female weighing 75 kg. In this specific example,
the set of values associated to a specific patient does not only
relate to the same parameters for which simulated values
have been sampled (S2) by the sampling module, but is also
represented, for pedagogical purposes, in the same format as
the sets of values formed (S3) by regrouping the simulated
sampled values. This is however not a requirement. Indeed,
alternately, a less informative set of values associated to the
same specific patient may be {adult, female}. In yet another
example, the set of values associated to the same specific
patient may be {height=5'11 ft, BMI=23, age=48,
bloodtype=0}.

[0173] In case of discrepancy between the original format
of the obtained set of values and a reference format, data
conversion may of course be performed to obtain a harmo-
nized set of values associated to the specific patient accord-
ing to the reference format.

[0174] The obtained set of values associated to the specific
patient may be used to determine a section of the patient
population to be focused on, said section being described by
the population pharmacological model in terms of variability
in drug exposure and said section comprising the actual
patient.

[0175] For example, if, based on the population pharma-
cological model, age appears to be among the main factors
influencing drug exposure, then it may be relevant to focus
on a section of the patient population corresponding to a
similar age group.

[0176] This may be done for example:

[0177] at the model retrieving module, by restricting the
allowable range of parameter values for any parameter
related to age, as a preliminary processing of the
population pharmacological model, or

[0178] at the sampling module by restricting the param-
eter value sampling to only output values in an allow-
able age range, or

[0179] by filtering the sets of sampled parameter values
to only keep the sets comprising a value related to age
falling within an allowable age range around the age of
the specific patient.
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[0180] In an exemplary scenario, a physician may have
access to data from a patient profile of a specific patient, and
may seek to determine an initial dose regimen of the drug,
as part of an initial prescription, for the specific patient.
[0181] In such a scenario, by granting, to the model
receiving module, to the sampling module, or to the regroup-
ing module, access to the data from the patient profile, it is
possible to obtain a series of sets of sampled parameter
values representing a section of the patient population
having a similar profile, in terms of sources of variability
with respect to drug exposure, as the specific patient.
[0182] A measurement or an observation related to an
initial drug exposure of the patient with the former dose
regimen may be directly obtained (S9) at the input module,
for example by medical analysis. Examples include a blood
concentration or a magnitude of an effect of the drug on the
patient with the former dose regimen.

[0183] For example, the specific patient may already be
subjected to administration of the drug according to a former
dose regimen, and it may be considered to explore possi-
bilities for adapting said dose regimen.

[0184] Measurements or observations have the advantage
of accuracy, but are not a requirement to obtain the initial
drug exposure of the patient.

[0185] An alternate possibility is defining input param-
eters of the population pharmacological model based on the
set of values associated to the specific patient and further
based on a set of values related to the former dose regimen.
For example, the former dose regimen may be defined by a
period, which is the time interval between two drug admin-
istration occurrences, and by an amount of the drug that the
specific patient receives per administration occurrence.
Once the input parameters are defined, it is possible to
calculate or predict the associated initial drug exposure of
the patient, according to the former dose regimen, then to
provide the calculated or predicted initial drug exposure to
the input module.

[0186] For one or more dose regimens, one or more
aspects of one or more effects of the drug on the specific
patient may be determined (S10), at an effect determination
module, based on at least part of the calculated drug expo-
sures.

[0187] Determining said effect for a dose regimen may
specifically refer to:

[0188] determining a risk and/or a possible magnitude
of'an undesirable effect for the specific patient with said
dose regimen, and/or

[0189] determining a probability of providing a thera-
peutic effect with said dose regimen, and/or

[0190] determining a probability of reaching at least a
target magnitude of said therapeutic effect with said
dose regimen,

[0191] determining an expected duration of said effect
for the specific patient, following an administration to
said patient of a dose of the drug according to the
considered dose regimen, and/or

[0192] determining any other aspect of the effect
expected to be encountered by the specific patient with
said dose regimen.

[0193] It is hereafter followed through with the exemplary
scenario where a physician seeks to determine an initial dose
regimen of the drug, as part of an initial prescription, for a
specific patient.
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[0194] In such a scenario, it is considered that a series of
sets of sampled parameter values is obtained, these sets of
values representing a section of the patient population
having a similar profile, in terms of sources of variability
with respect to drug exposure, as the specific patient.

[0195] For each of these sets of values, inherently repre-
senting a ‘simulated patient’, the drug exposure calculator
module calculates (S4), for any number of possible dose
regimens, a corresponding drug exposure of the ‘simulated
patient’. As a result, the calculated drug exposures indicate,
for each of one or more tested dose regimens, the distribu-
tion in drug exposure among a section of the patient popu-
lation having a similar profile, in terms of sources of
variability with respect to drug exposure, as the specific
patient.

[0196] Based on the calculated drug exposures for a dose
regimen, it is possible to determine a probability for meeting
the therapeutic window for the specific patient with said
dose regimen.

[0197] Forexample, the calculated drug exposures for said
dose regimen may each be compared (S5) by the comparator
module to a lower and to a higher threshold identified as
boundaries of the therapeutic window. The outcome of both
comparisons may lead, for example, the comparator module
to output, for each calculated drug exposure, either a first
value indicating a match with the therapeutic window or a
second value indicating an absence of such a match. The
outputs of the comparator module may then be used down-
stream by the scoring module to determine (S7) a score
associated to said dose regimen. For example, if for said
dose regimen, the comparator module has output 96-100%
of ‘first values’ as a result of the comparisons of each
calculated drug exposure with the threshold values, then said
dose regimen may be associated to a score ‘A’. If 91-95% of
“first values’ are obtained, then the dose regimen may be
associated to a score ‘B’, and so on.

[0198] As a result, the effect determination module may
determine (S10), as an example of an effect of the drug on
the specific patient, an information in the form of the above
score and of an indication that a score ‘A’ is indicative of a
high probability for meeting the therapeutic window for the
specific patient with said dose regimen, while a score ‘B’ is
indicative of a lower probability for meeting the therapeutic
window for the specific patient with said dose regimen, and
O on.

[0199] Based on the calculated drug exposures for a dose
regimen, it is also possible to determine the risk, with said
dose regimen, that an undesirable effect occurs for the
specific patient, with a magnitude exceeding a predeter-
mined level. For example, each calculated drug exposure
may be linked (S6) to an associated magnitude of the
undesirable effect, based on literature data. As a result, the
effect determination module may determine (S10), as
another example of an effect of the drug on the specific
patient, an information in the form of a proportion of the
associated magnitudes exceeding said predetermined level.

[0200] In another exemplary scenario, a physician may
seek to modify a former dose regimen of the drug that had
been initially prescribed to a specific patient. Reasons may
include diminishing the risk and/or the magnitude of an
undesirable effect, increasing the probability of occurrence
and/or the magnitude of a therapeutic effect, accelerating or
decelerating the duration of one of said effects, etc.
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[0201] The former dose regimen may be considered as a
reference dose regimen.
[0202] As such, it is possible to form (S3) sets of values
that are representative of the patient population, then to
calculate (S4) the drug exposures, for each set of values,
with the former, reference dose regimen. It is further pos-
sible to calculate (S4) the drug exposures, for each set of
values, with a new, tested, dose regimen.
[0203] By calculating the drug exposures is understood
determining one or more relevant aspects (in terms of
probability of occurrence and/or magnitude and/or duration
etc.) of the drug exposure for the sought purpose.
[0204] Each calculated drug exposure may further be
linked to a corresponding drug effect.
[0205] For example:
[0206] a drug exposure below the therapeutic window
may be associated to an absence of therapeutic effect,
[0207] a duration, after administration of a dose of the
drug, before exceeding the lower boundary of the
therapeutic window may be associated to a duration
before providing the therapeutic effect.
[0208] For each set of values representing a corresponding
‘simulated patient’, it is possible to determine an absolute or
relative variation of drug effect between:
[0209] the drug effect linked to the drug exposure
calculated with the reference dose regimen, and
[0210] the drug effect linked to the drug exposure
calculated with the new tested dose regimen.
[0211] Such absolute or relative variations of drug effect
may be processed by the effect determination module to
determine (S10), as yet another example of an effect of the
drug on the specific patient, a mean absolute or relative
variation of the drug effect between the former dose regimen
and the tested dose regimen among the patient population, or
a standard deviation of such absolute or relative variations.
[0212] The determined effect, or effects, of the drug on the
specific patient with one or more dose regimens may then be
provided (S11) through an interface module, for example
displayed, printed or transmitted to a remote device for
allowing further access and consultation along with the
medical record of the specific patient.
[0213] At this stage, if several dose regimens have been
tested, it is possible, for instance, to provide a list of all
tested dose regimens along with the corresponding deter-
mined effect of the drug on the specific patient.

[0214] An emphasis may be put on one or more dose
regimens.
[0215] For example, dose regimens may be highlighted if

the risk of an undesirable effect for the patient is deemed too
high, such as greater than a threshold value, to serve as an
alert.

[0216] For example, the determined effect of the drug on
the specific patient for a dose regimen may be indicated by
a score, and the list of tested dose regimens may be
automatically ordered from the best score to the worst score.

1-14. (canceled)

15. A method for determining an effect of a drug on at
least one patient, with at least one specific dose regimen, the
method comprising:

obtaining a population pharmacological model, said

model describing a variability in drug exposure within
a patient population receiving known doses of said
drug,
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for at least one parameter relating to a source of said
variability within the patient population, sampling a
plurality of values of said parameter from a distribution
conditional on individual patient characteristics and/or
at least one measurement related to a drug exposure of
the at least one patient,

forming sets of values, one set of values comprising one

sampled value of each of said parameter,

by using the population pharmacological model, calcu-

lating, for each set of values, a corresponding drug
exposure with given dose regimens, and

determining the effect of the drug on at least one patient,

with at least one specific dose regimen, based at least
on the calculated drug exposures.

16. The method of claim 15,

wherein, the patient being submitted to a former dose

regimen, the method further comprises obtaining at
least one measurement related to a drug exposure of the
patient with the former dose regimen, and

wherein determining the effect of the drug on the patient

is further based on said measurement.

17. The method of claim 15, wherein determining the
effect of the drug comprises comparing the calculated drug
exposures to at least one exposure threshold.

18. The method of claim 15, wherein:

the method further comprises linking each calculated drug

exposure to a corresponding level of magnitude of said
effect of the drug, and

determining the effect of the drug, with given dose

regimens, on said patient, is based on the linked levels
of magnitude.

19. The method of claim 15, wherein determining the
effect of the drug comprises determining a score represen-
tative of said effect based on the calculated drug exposures.

20. The method of claim 15, wherein the patient popula-
tion is a selected portion of a general population.

21. The method of claim 15, wherein the drug exposure
relates to an instantaneous exposure value.

22. The method of claim 15, wherein the drug exposure
relates to an average or an aggregate exposure across a
predetermined time interval.

23. The method of claim 15,

wherein the method further comprises, for at least one

parameter relating to a source of said variability within
the patient population, using direct sampling from an
explicit conditional distribution of values of said
parameter within the patient population.

24. The method of claim 15,

wherein the method further comprises, for at least one

parameter relating to a source of said variability within
the patient population, using a Markov Chain Monte
Carlo approach applied to the pharmacological model,
and

wherein sampling the plurality of simulated values of said

parameter is based on Markov chains constructed using
said Markov Chain Monte Carlo approach.

25. The method of claim 15, further comprising, for at
least one additional dose regimen:

by using the population pharmacological model, calcu-

lating, for each set of values, a corresponding addi-
tional drug exposure with said additional dose regimen,
and,
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determining the corresponding effect of the drug, with
said additional dose regimen, on the patient based on
the calculated additional drug exposures.

26. The method of claim 15, further comprising, at least
for the given dose regimen, providing the corresponding
determined effect in view of determining a personalized
dose regimen of the drug for the patient.

27. A non-transitory computer storage medium storing
instructions of a computer program comprising one or more
stored sequence/s of instructions that is accessible to a
processing unit and which, when executed by the processing
unit, causes the processing unit to carry out a method for
determining an effect of a drug on at least one patient, with
at least one specific dose regimen, the method comprising:

obtaining a population pharmacological model, said

model describing a variability in drug exposure within
a patient population receiving known doses of said
drug,

for at least one parameter relating to a source of said

variability within the patient population, sampling a
plurality of values of said parameter from a distribution
conditional on individual patient characteristics and/or
at least one measurement related to a drug exposure of
the at least one patient,

forming sets of values, one set of values comprising one

sampled value of each of said parameter,

by using the population pharmacological model, calcu-

lating, for each set of values, a corresponding drug
exposure with given dose regimens, and
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determining the effect of the drug on at least one patient,
with at least one specific dose regimen, based at least
on the calculated drug exposures.

28. A processing circuit equipped with a processing unit
operably connected to a memory, the processing circuit
being configured to carry out a method for determining an
effect of a drug on at least one patient, with at least one
specific dose regimen, the method comprising:

obtaining a population pharmacological model, said
model describing a variability in drug exposure within
a patient population receiving known doses of said
drug,

for at least one parameter relating to a source of said
variability within the patient population, sampling a
plurality of values of said parameter from a distribution
conditional on individual patient characteristics and/or
at least one measurement related to a drug exposure of
the at least one patient,

forming sets of values, one set of values comprising one
sampled value of each of said parameter,

by using the population pharmacological model, calcu-
lating, for each set of values, a corresponding drug
exposure with given dose regimens, and

determining the effect of the drug on at least one patient,
with at least one specific dose regimen, based at least
on the calculated drug exposures.
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