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Abstract The key purpose of performing pharmaco-
metric research is to aid optimization of drug dosing
strategies. The statistical techniques required for this
research are advanced, which can make interpretation of
results difficult to convey to the target audience if they
are unfamiliar with pharmacometric concepts. This article
provides a basic guide for authors who wish to publish
pharmacometric analyses in peer-reviewed journals. This
guide is intended to enhance the readability, reproduc-
ibility and understanding of the work for a general
readership, which may include clinicians, pharmacists and
pharmacometricians. Presentation techniques and exam-
ples are offered, as well as a checklist of suggested
contents for the manuscript.

1 Introduction

An understanding of the time-course of effects of a drug,
in particular a high-risk drug, is important to help opti-
mize subject outcomes in the clinical setting. Pharmaco-
metrics can be described broadly as the quantitative
science behind the time-course of drug effects. Pharma-
cometric research is often undertaken in the early stages
of a drug’s clinical development, with an aim to support
approval applications to regulatory bodies, where the
manufacturer seeks a ‘standard’ dosage regimen for the
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majority of subjects in a select population. Additionally,
pharmacometrics can assist with identifying subject-spe-
cific factors that may influence the time-course and
associated effects of a drug, which can be valuable for
informing dosing recommendations for subject subgroups,
such as patients with renal impairment or obesity. Thus
the key purpose of performing pharmacometric research is
to aid optimization of a drug dosing strategy to produce
the best possible therapeutic response in individual
subjects.

Pharmacometric research requires population pharma-
cokinetic  and/or  pharmacokinetic—pharmacodynamic
models (i.e. nonlinear mixed-effects models) to be fitted to
subject data. These models aim to describe the concentra-
tion—time course and associated effect(s) of a drug for both
the study population and individual subjects. Although
these models can be very useful for achieving study
objectives, the advanced statistical concepts they encap-
sulate can make interpretation of results difficult to convey
to a general readership. For instance, a hospital-based cli-
nician will on most occasions have no formal training in
pharmacometrics. Basic biostatistics is found in most
health science curriculums; however, for those health
professionals with no ongoing involvement in clinical tri-
als, an advanced understanding of pharmacometrics cannot
be assumed. Thus for pharmacometric research to be
comprehensible and hence utilized, it is imperative that
authors present their work in a logical, readily interpretable
format that can be understood by all subgroups of the target
audience.

The objective of this article is to offer authors of phar-
macometric research a basic guide/framework for the
reporting of their work such that it is appropriate for the
general reader (who may be a clinician, pharmacist, stat-
istician or other pharmacometrician) and is suitable for
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publication in a peer-reviewed journal. Presentation tech-
niques with examples are given, which aim to assist authors
with enhancing the readability, reproducibility and under-
standing of their work. A checklist that summarizes this
guide is also provided.

2 Presentation of Research

A document that reports a pharmacometric analysis is best
presented by following a standard scientific structure,
which consists of ‘Introduction’, ‘Methods’, ‘Results’ and
‘Discussion/Conclusion’ sections. Ensuing recommenda-
tions presented by Wade et al. [1], the following sections
offer guidance for the contents of each of these sections,
with examples demonstrating some approaches that may be
used to present pharmacometric material.

2.1 The ‘Introduction’ Section

The ‘Introduction’ section describes clearly the motivation
for and objective(s) of the pharmacometric research. The
motivation for the analysis is pivotal, as the pharmaco-
metric techniques performed will vary depending upon the
goal(s) of the analysis. This section might include prior
background material about the pharmacokinetics—pharma-
codynamics of the drug(s) and should indicate the knowl-
edge gap that the analysis intends to address. To be
palatable to a broad readership, the wording of the moti-
vation should be concise and explained in terms that a
general reader who is not familiar with the drug or disease/
condition can understand (i.e. avoid discipline-specific
jargon). If population pharmacokinetic or pharmacoki-
netic—pharmacodynamic modelling is introduced in this
section, it is recommended that the material is presented
from a conceptual point of view rather than with mathe-
matical equations, as many readers might have only a
passing knowledge of the topic. For instance:

Population pharmacokinetic models utilize data from
all subjects simultaneously to characterize the con-
centration time-course of a drug for both the study
population and individual subjects.

The introduction should conclude with an unambiguous
statement of the objective of the study, which relates log-
ically to the motivation. For example:

The aim of this study was to develop a population
pharmacokinetic model for drug X in adults and
children with disease Y, that can be used to simulate
concentration—time profiles under different dosing
strategies to match exposure across subjects of dif-
ferent ages.
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2.2 The ‘Methods’ Section

The ‘Methods’ section is presented with a clear, concise
description of how the study was performed such that the
general reader could repeat the study either in reality or via
simulation. Essential information in this section includes
descriptions of ethics approval, the study population, dos-
ing, the sampling schedule, analytical methods and the
pharmacometric/statistical analysis to be undertaken. The
following bullet points offer suggestions for the reporting
of each of these items:

e FEthics: Ethics approval for the study can be stated, such as:

The current study was approved by the Z ethics
committee and was carried out in concordance with
ICH Guidelines for Good Clinical Practice [2].

If applicable, details of study registration can also be
provided.

e Study Population: A clear description of the study
population is imperative for the reader, since pharma-
cometric analyses are dependent upon the study pop-
ulation in which they were conducted. Details regarding
the study subjects (e.g. adult cancer patients), study
location(s) (e.g. hospital, field clinic, etc.), dates when
the study took place and inclusion/exclusion criteria are
essential for study reproducibility. An example descrip-
tion could be as follows:

Adult subjects with disease Y were recruited
from hospitals A, B and C from May 2011 to
June 2012. Subjects were eligible if ... Subjects
with ... were excluded from the study.

Additionally, a clear demographics table presented in
the ‘Results’ section can complement this statement
(see below). If the subjects were a subgroup of a larger
clinical trial, it can be helpful to provide a brief
summary of the larger trial, with citations. If data from
multiple studies were included in the analysis, a table
describing each study may be appropriate to summarize
information including subject details, inclusion/exclu-
sion criteria, dosing and sampling schedules (see more
below and Table 1). Further, if the analysis is to be
performed on a set of data that has been published
previously, then the demographics table can be dis-
played or cited in the ‘Methods’ section.

e Dosing: Dosing regimen information includes the
drug(s) administered (including a reference to the
patent holder of the drug, and the trademark symbol,
if applicable), route of administration, frequency of
administration (e.g. twice daily) and the intended target
dose for all subjects (which may include details of dose
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Table 1 Example study information table providing a summary of clinical trials

Study  Drug dose and Subjects Study description Sampling design

(study  administration [number of subjects, health [phase of the trial (if [were the data rich (e.g. >XX samples per

code)  (dose, administration status (healthy or patients?), age applicable), description of subject) or sparse (i.e. 1-XX samples per
method and drug (e.g. adults, children, neonates, the study objectives] subject/dose interval)?]
formulation) elderly)]

001 XX mg intravenous 12 healthy adults Phase 1, single-dose study of Rich sampling, XX samples per subject
infusion; XX mg [DRUG] XX mg to
orally as the tablet determine oral
formulation bioavailability of [DRUG]

002 XX mg orally as the 50 healthy adults Phase 2, multiple-dose study Rich sampling, XX samples per subject
tablet formulation of [DRUG] XX mg

003 XX mg orally as the 100 adult patients Randomized controlled trial ~ Rich and sparse sampling, XX samples per
tablet formulation [etc.] subject for sparse sampling, with XX

samples from XX subjects in the rich-
sampling substudy

DRUG drug name

escalation or reduction). For a randomized controlled
trial, the randomization procedure should be described
(e.g. treatment/placebo allocation ratio, single- or
multi-centre, etc.), as well as all information above
for each group. For more on the reporting of random-
ized controlled trials, see the CONSORT statement
(http://www.consort-statement.org). Further, it can be
informative to the reader to report how the dosing times
were recorded (e.g. diaries, medication event monitor-
ing systems, etc.). For example, the description of the
dosing strategy for an open-label randomized study
(two groups) could be as follows:

In this open-label trial, eligible subjects were
randomized to receive a single oral dose of
drug X® [pharmaceutical company name and
location] at either 10 mg/kg or 5 mg/kg. Drugs
were administered by study clinicians and nurses,
with dosing times recorded in case report forms.

A comprehensive description of the dosing strategy can
assist readers to replicate the study (in practice or via
simulation) and compare studies of the same drug.

e Sampling Schedule: Details of the blood sampling
schedule include the scheduled sampling times after
a specified administration of the drug (e.g. 1 h after
the initial dose) and possibly the volume of the
sample. For studies with less stringent sampling
designs (e.g. a target number of samples per person
but no specific sampling times, or retrospective data
collection from hospital records), a summary of the
general sampling strategy can greatly assist the
reader to understand how subjects were actually
sampled. An explanation of a protocol sampling
schedule could be as follows:

Blood samples (X mL) were taken at 0.25, 0.5, 1,
2, 4 and 8 h after drug administration.

If the sampling schedule was determined using quantita-
tive methods (e.g. by simulation—estimation or optimal
design), a description of these methods is justified. The
length and depth of this description may depend on the
focus of the analysis. For instance, if a key objective of the
study was to determine an optimal design for the analysis
(requiring rigorous evaluation), then it can be helpful for
readers to provide an extensive description of the deriva-
tion of the design, which may span over both the
‘Methods’ and ‘Results’ sections. Alternatively, this
description could be placed in an appendix or supplemen-
tary file. On the other hand, if the sampling schedule was
only partially informed by an optimal design that was not
evaluated extensively, and the focus of the study was
primarily on modelling, then the description can be shorter
and limited to the ‘Methods’ section.

Regardless of how the sampling schedule was determined,
an accurate description is important for reproducibility of
the study and can also help readers to assess and critique
reported models.

Analytical Methods: Specification of the analytical
method used (e.g. liquid chromatography tandem mass
spectrometry [LC-MS/MS]) can assist readers who
wish to repeat the study to achieve comparable
measurements of concentrations and/or effects. The
make and model of the equipment used and assay
variability can also be helpful to readers, as well as
details regarding storage and collection. Further, the
lower limit of quantification (LLOQ) for drug concen-
trations and/or effects should be stated. If applicable,
the inter- and intra-day percentage coefficients of
variation (%CVs) and LLOQs can be provided. An
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example description of the analytical methods is given
below:

Blood samples were analysed using liquid chro-
matography—tandem mass spectrometry (LC-
MS/MS), using the method reported in (cite the
relevant reference OR include all details required
for reproducibility of results). The lower limit of
quantification (LLOQ) was 20 ng/mL.

This information can be helpful to explain any differ-
ences in observed concentration/effect variability
across studies, as measurement accuracy can vary
across analytical methods. Also, reporting the LLOQ
can assist readers to assess the simulation properties of
a reported model.

Pharmacometric Modelling: This section describes the
model-building process in a clear, logical manner.
Typically, it includes a description of base model
development, which indicates the software pack-
age(s) (including version numbers) used for analysis,
candidate structural models attempted (e.g. one- and
two-compartment models), justification for the candi-
date models (previously published models, prior
knowledge, visual inspection of the data, etc.) and
methods for comparing the candidate models. It can
also be helpful to provide tables describing the
method(s) used for structural model determination,
which can be placed in an appendix or supplementary
file. Furthermore, for reproducibility of results, it is
important to state the assumptions of the distributions
of individual model parameters (e.g. lognormal) and the
residual error structure (e.g. additive, proportional,
etc.), and justification for these specifications (e.g.
previously published models, biological plausibility,
etc.). If applicable, methods for handling missing data
(e.g. drug concentrations below the LLOQ), the accu-
racy and precision of the assay (e.g. adjustments to the
residual error structure) and between-occasion variabil-
ity (in the case of multiple dosing) should also be
described. An example description of the pharmaco-
metric modelling section could be as follows:

On the basis of visual inspection of the data and a
review of the literature, one- and two-compartment
models were considered to describe the concen-
tration—time data. Both models assumed lognor-
mal distributions of the individual
pharmacokinetic parameters. Data were modelled
using a log-transform both sides (LTBS) approach
whereby the residual error was incorporated as an
additive error on the log scale. Models were com-
pared using the objective function value (OFV),
computed as —2 times the log-likelihood. All
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modelling was performed using software pack-
age X version Y [give the manufacturer name and
location or cite the relevant reference], using the
ABC estimation method.

An unambiguous description of base model development
can greatly assist the reader to understand the determina-
tion of the structural form of the model, which promotes
transparency and can be advantageous for comparing
studies of the same drug.

For studies that specify a structural model a priori (i.e.
other candidate models are not considered), the choice of
the model should be justified on the grounds of biology,
drug mechanism, prior literature, etc. Further, if this model
is mechanistic in nature, a schematic diagram is recom-
mended and, if possible, the associated mathematics (e.g.
sets of differential equations) can be made available in an
appendix or supplementary file for the article. Figure 1
displays an example of such a schematic for a two-
compartment model with n = 2 transit absorption com-
partments. A justification could be as follows:

The choice of the model in Fig. 1 was based on a
previous study [cite the relevant reference],
which consisted of 200 subjects who were sam-
pled intensively.

Providing a concise description of the methods used for
evaluation of the derived base model (e.g. observed
concentrations/effects versus population and individual
predictions, histograms of subject-specific random
effects, visual predictive checks [VPCs], etc.) can help
readers to comprehend the level of rigour undertaken to
assess the fit of the model. For example:

Standard goodness-of-fit plots were generated
during model development and to evaluate the fit of
the base model to the data. These included plots of
the observed concentrations versus population-
and individual-predicted concentrations, plots
assessing the conditional and individual weighted
residuals and plots of the distributions of estimated
subject-specific random effects. A visual predic-
tive check (VPC) was also performed to ensure that
simulations from the base model could reproduce
the observed data [details of the VPC method can
be described here, e.g. percentiles specified,
inclusion of prediction bands, etc.].

A more thorough description of the pivotal model-building
steps, including a table of models that were considered,
could be provided in a supplementary file. Additionally, if
standard errors (SEs) were used as part of the evaluation
procedure for the base model, it is recommended that the
method for obtaining the SEs (e.g. parametric, bootstrap,
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CL,/F
F Depot ky ki —p
Dose 5———» (Trans 1) —» Trans2 —»| VJ/F [ V/F

Fig. 1 Example schematic diagram for a two-compartment model
with n = 2 transit absorption. [Define any abbreviations used in the
figure here, e.g. CL/F apparent total body clearance, CL,/F apparent
intercompartmental clearance, Duration duration of input into the

etc.) is stated. Further, the method for obtaining SEs for the
final model should also be stated.

To assist the reader with understanding consideration of
potential covariates, it is helpful to list all covariates that
were considered for potential inclusion in the model, as
well as the parameterization (or candidate parameteriza-
tions) of each covariate. Such a description could be as
follows:

Covariates were normalized to the population
median values, with continuous covariates
modelled using the general equation (Eq. 1):

0i = Opop - (cOVi/COVy) " (1)

where 6; is the individual model-predicted
pharmacokinetic parameter (e.g. clearance) for an
individual with covariate value cov;, 0, represents
the population central tendency for the
pharmacokinetic parameter 0, cov,, represents the
population median value of the covariate and 0.,
represents the covariate effect.

A table of example parameterizations of continuous
covariate relationships can be found in McLeay et al.
[3]. Any covariates that are included in the model
a priori should be indicated (with their respective
parameterizations) when describing base model
development, and should be justified on the grounds
of biology, prior literature, etc. Further, in some cases, it
may be important to mention covariates that were not
considered for the analysis, and provide justification for
excluding them from potential inclusion in the model
(biological plausibility, etc.). If any covariate
parameterizations involve long and/or complicated
formulae (e.g. incorporating the glomerular filtration
rate into apparent clearance), for ease of reading it is
suggested that these parameterizations are reported in an
appendix or supplementary file.

A concise yet complete statement describing the
determination of which covariates are included in the
final model can convince the reader that the final model
was developed such that it provided the best description

CL/F

depot compartment, F' bioavailability, k, transit rate constant, Trans I
transit compartment 1, Trans 2 transit compartment 2, V/F apparent
central volume of distribution, V,/F apparent peripheral volume of
distribution]

of the variation of the data. This description may include
explanations of any screening techniques used (e.g.
plotting individual estimates of random effects against
potential covariates), methods for comparing models
(e.g. the Bayesian information criterion, stepwise
selection, etc.) and selection criteria specified (e.g.
p values for forward and/or backward stepwise
selection). An example description could be as follows:

Random effects of parameters of interest were
plotted against covariates to identify possible rela-
tionships. Covariates with a visually apparent rela-
tionship were singly added to the model, i.e. a
univariate analysis, to determine if they improved
the fit of the model to the data. Covariates in the
univariate analysis that were deemed statistically
significant on the basis of a change in the objective
function value (OFV) of 7.9 (p <0.005) were
included in a full covariate model. A backwards
elimination process was then performed, where
covariates were deleted singly from the full model
with the OFV computed from the reduced and full
models. Covariates that could be deleted from the
full model without an associated increase in the
OFV of 10.8 (»p < 0.001) were sorted according to
the OFV, and the covariate with the smallest OFV
was removed from the model. This process was
repeated until no more covariates could be removed.

Table 2 Example subject demographics table: continuous covariates

Covariate N* Mean SD Ccv Median Range”
Age (years) 20 369 107 0290 354 21.4-61.1
Weight (kg) 20 780 150 0.193 79.7 50.0-120
CLcgr (mL/min) 18 121 5.63 0.047 121 112-133

Define any footnotes and abbreviations here, e.g. CLcg creatinine
clearance, CV coefficient of variation, SD standard deviation

4 Sometimes some covariates are not available for all subjects. It is
therefore useful to include the number of subjects from which the
summary statistics were derived

® If space allows, consider inclusion of percentiles (e.g. the 10th-90th
percentile range) or quartiles
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Table 3 Example subject demographics table: categorical covariates

Covariate Value
Sex [n (%)]
Male 11 (55)
Female 9 (45)
Race [n (%)]
White 14 (70)
African American 4 (20)
Asian 2 (10)

Lastly, it is recommended that final model diagnostic/
evaluation procedures are declared, and any procedures
used that were not part of the base model development
should be stated.

To elaborate on diagnostic/evaluation procedures, it is
recommended that descriptions (and presentation) of these
procedures be restricted to those that are relevant to the
purpose of the derived model, as suggested by the European
Medicines Agency (EMA) [4] and Brendel et al. [5]. For
instance, if the derived model is to be used for simulation
purposes, the simulation characteristics of the model must be
presented. On the other hand, if the derived model is to be
used to determine individual exposure, the presentation of
non-biased individual predictions may be all that is required.
Presentation of model evaluation procedures that are not
entirely necessary for the purpose of the derived model can

10

Dose—normalised concentration (mg/L)

0 5 10 15 20 25
Time after last dose (hr)
Fig. 2 Example of a concentration-time plot of data used for a

population pharmacokinetic analysis. [Define anything relevant here,
e.g. the red solid lines display Loess smooth lines, the circles
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make for a long read and may distract the reader from the
overall objective of the analysis.

Furthermore, from a pragmatic perspective, the infor-
mation above regarding the reporting of each highlighted
item in the ‘Methods’ section (ethics, study population,
etc.) can be structured in several ways. Each item could be
presented as a separate subsection or combined into themed
paragraphs, depending on how much explanation is
required. For example, information on ethics approval, the
study population, dosing, blood sampling and the analytical
method could be presented in two or three paragraphs, and
the rest of the ‘Methods’ section could be devoted to
describing the modelling.

2.3 The ‘Results’ Section

The ‘Results’ section is devoted to displaying the results of
the analysis specified in the ‘Methods’ section. It is essential
to begin with the number of subjects and concentration/
effect observations used in the analysis, as well as the
median, minimum and maximum number of observations
per subject. A table of summary statistics of subject
demographics and clinical variables can provide readers
with a concise description of the subjects included in the
study. The table can be read easily if the full names of the
demographic and clinical variables are used (i.e. not
abbreviations), but if abbreviations are necessary they
should be explained in a footnote. Provide units of mea-
surement for all clinical and demographic variables.

10

0.1

Dose—normalised concentration (mg/L)

0.01
L

0.001
|

I I I I I I
0 5 10 15 20 25

Time after last dose (hr)

represent the observed data and darker colouring of the circles
indicates multiple/overlapping observations]



Reporting a Population PK-PD Study

117

70

68
|

66
|

62
|

60
|
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Pharmacodynamic Measure (e.g. Heart Rate [BPM])
64
|

T T T T T T
0 5 10 15 20 25

Drug concentration (ng/mL)

Fig. 3 Example of an effect versus concentration plot of data used
for a population pharmacokinetic—-pharmacodynamic analysis.
[Define anything relevant here, e.g. the black lines represent the
mean pharmacodynamic change from baseline against the drug
concentration, with arrows indicating the direction of time, the
dashed vertical lines with error bars represent the standard deviations
of the mean pharmacodynamic value changes from baseline and the
dashed horizontal lines with error bars represent the standard
deviations of the drug concentrations. BPM beats per minute]

Table 4 Example table describing univariate covariate analysis

Covariate OFV AOFV  Covariate Included in

effect multivariate
analysis

Base model 72.483

Weight on CL/F* 30.745 41.738 0.656 Yes

Weight on V/F* 43.020 29.463 0.670 Yes

Effect of solution 47989 24.494 1.32 Yes

formulation on F°
Effect of Black race on 71.322  1.161 1.08 No

CL/F°

CL/F apparent total body clearance, F' bioavailability, OFV objective
function value (presented to three decimal places), AOFV difference
in OFV from base model, V /F apparent central volume of distribution

4 Estimated exponent on weight, i.e. the covariate effect (0.,,) in
Eq. 1, centred around the population median presented in Table 2 or
the fractional shift from the reference group

b Compared with the tablet formulation

¢ Compared with subjects of White race

Summaries of continuous variables can include the number
of observations, mean, standard deviation, median and
range, with the latter four summaries being reported
according to journal requirements (e.g. to three significant
digits). Percentages of categorical variables (e.g. male/
female, healthy weight/overweight/obese, etc.) should
indicate clearly what category the percentage refers to (e.g.

Table 5 Example table of parameter estimates for the final covariate
model

Parameter Estimated BSV, as
value %CV
[%RSE] [%RSE]
CL/F (L/h) 32.1 [8.9] 44.1 [17.2]
Effect of weight® 0.64 [2.8]
V.J/F (L) 112 [10.2] 52.6 [20.9]
Effect of weight® 0.67 [13.2]
CLy/F (L/h) 45.3 [9.3] 60.5 [23.5]
Vo/F (L) 298 [13.7] 56.4 [22.9]
tag (h) 0.21 [0.2] 18.0 [24.1]
ko (hh 0.98 [15.1]
Correlation between CL/F 0.61
and V./F (R?)
Proportional residual unexplained 0.33 [21.0]

variability

BSV between-subject variability, CL/F apparent total body clearance,
CL,/F apparent intercompartmental clearance, %CV percentage
coefficient of variation, F bioavailability, k, absorption rate constant,
%RSE percentage relative standard error, t,,, absorption lag time,
V/F apparent central volume of distribution, V,,/F apparent peripheral
volume of distribution

% No units [refer to the equation in the ‘Methods’ section where
parameterization of covariates was defined, i.e. Eq. 1)]

the percentage of males), and the number of subjects that
the percentage is based on should also be displayed.
Examples are provided in Tables 2 and 3. If the data are
from multiple studies, consider presenting demographics by
study (e.g. to match Table 1) in addition to overall demo-
graphics. Furthermore, it is important to highlight any
protocol deviations (e.g. with respect to dose timing, sam-
pling times, dropouts, etc.) at the beginning of the ‘Results’
section. The number of concentration/effect observations
below the LLOQ should also be stated. This information
can assist the reader to understand differences in subject/
observation numbers between the demographics table and
the study design description in the ‘Methods’ section.

Further, if the derived model is to be used for simula-
tion, it is also recommended that the relationships among
these clinical/demographic variables are reported, either in
the table or in an appendix or supplementary file. This may
include covariances between continuous variables (e.g.
height and weight for each sex), two-by-two tables of
categorical variables (e.g. sex and disease status) or results
of regression analyses. This information is essential for
readers interested in simulating subjects from the reported
study population.

To assist readers to understand choices for candidate
structural models and specifications for between-subject
and residual variability, it is strongly recommended that a
plot of drug concentrations versus time in all subjects is
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Fig. 4 Example of a figure displaying diagnostic plots. [Define
anything relevant here, e.g. the red lines display the trend of the data,
the blue lines indicate the expected trends, the black circles represent
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displayed, on a normal and/or log scale as appropriate.
Also consider whether the data would be more informative
if normalized on the y- or x-axis (e.g. dose-normalized
concentrations, if the pharmacokinetics are linear) or time
normalized (i.e. time since last dose rather than actual time
if multiple doses), respectively. The plot(s) should indicate
the units of the drug concentration (e.g. ng/mL) and time
(e.g. hours). A brief summary of the plot(s) in the text can
further assist readers with an initial assessment of the raw
data. If the study is investigating a pharmacokinetic—
pharmacodynamic relationship, a plot of drug effects ver-
sus concentrations should also be presented, again indi-
cating the units of measurement. Figure 2 shows an
example plot of hypothetical drug concentrations versus
time in both the original and log scale, and Fig. 3 displays a
hypothetical effect versus concentration (across time) plot.
Example descriptions of Figs. 2 and 3 could be:

It can be seen in Fig. 2 that the median concentra-
tion—time profile indicated a mono-exponential decay
following absorption, with the maximum (peak)
concentration occurring approximately 3 h post-dose.
The hysteresis loop in Fig. 3 provides support for
considering an effect-site compartment or turnover
model to describe the delay in the pharmacodynamic
effect.

If subgroups are displayed in any of the plots, they
should be indicated by different symbols and/or colours,
and a legend should be included. To conserve space, these
plots could also include the derived typical profile from the
final model.

The results of the model-building process described in
the ‘Methods’ section can be summarized briefly. For
example, this can be encapsulated in a table (or a small
number of tables), including the results from the best base
model, univariate covariate analysis (Table 4), covariate
selection (pivotal steps) and the final model, along with
succinct, supportive descriptions in the text. Relevant
model evaluation/diagnostic plots (for base and final
models) should be displayed in close proximity to these
tables. Furthermore, a schematic of the final structural
model can help readers visualize how the model charac-
terizes drug absorption, distribution and elimination, and
should be included if at all possible, especially for mech-
anistic models (e.g. Fig. 1).

All final model parameter estimates should be listed in a
table. If model parameters are not provided in an article,
the model is useless to others. Confidence intervals or
percentage relative standard errors should also be reported,
as they indicate the precision of parameter estimates. For
easy reading, it is helpful for all model parameters in the
table to have meaningful names that indicate clearly what
the parameter represents (e.g. V./F for the apparent volume

1.0

Density

0.5

I

y
T T T 1 T T T

-0.6 -04  -02 0.0 0.2 0.4 0.6
CL eta

Fig. 5 Example of a figure displaying a plot of the distribution of
estimated random effects for a pharmacokinetic parameter. [Define
anything relevant here, e.g. the solid red line shows the trend of the
data, the blue line shows the expected trend, the dashed red line
shows the mean of the data and the dashed blue line shows the
expected mean of zero. CL apparent total body clearance]

of distribution in the central compartment). These names
can be further explained in a footnote and/or in the text
describing the final model. Software-specific parameter
names, such as those used in NONMEM® [6], should be
avoided. If covariate effects are included in the final model,
it can be helpful to readers if the parameterization is pro-
vided in the table (or otherwise if equations presented in
the ‘Methods’ section are referred to). For between-subject
and between-occasion variability parameters, it should be
stated whether they are expressed as %CVs or variances.
For covariance parameters, it should be stated whether they
are reported as covariances or as correlation coefficients.
Residual variability parameters should be clearly identified
as additive, proportional, etc., and it should be stated
whether they are expressed as variances or standard devi-
ations. Table 5 displays an example of a table reporting
parameter estimates for a final population pharmacokinetic
model.

Lastly, in regard to presentation of model diagnostic/
evaluation procedures, effort should be taken to conserve
space on the page, which can be achieved by grouping
several graphs of a similar theme into a single figure. For
example, one could display a set of diagnostic plots
(Fig. 4), distribution of random effects (Fig. 5) or other
diagnostics such as a VPC (Fig. 6). Figures should always
be accompanied by a brief description and interpretation to
assist readers with their meaning and purpose. Note that
consideration should be given to the presentation of the
data—for example, a VPC (Fig. 6a) may be more infor-
mative presented on a non-log scale (Fig. 6b), with the
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Fig. 6 Example of a figure displaying visual predictive checks (VPCs). [Define anything relevant here and/or include a legend, e.g. the data were
binned according to the time after the last dose. LLOQ lower limit of quantification]

addition of a second plot with only overlaid percentiles
when the data are densely overlapping (Fig. 6¢). Example
descriptions of Figs. 4, 5 and 6 could be:

The plots displaying observed versus population- and
individual-predicted values in Fig. 4 show a trend
consistent with the line of unity; however, variability in
the observed values increased with higher predicted
concentrations. The distribution of the conditional
weighted residuals (CWRES) closely resembled a
normal distribution and was symmetrically distributed
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on zero across population-predicted values and actual
time after the last dose. These plots therefore suggest
that the model fitted the data adequately at the popu-
lation and individual levels.

Figure 5 shows that the distribution of random effects
(etas) for clearance (CL) was approximately normal
and centred on zero, which is consistent with the
model assumptions.

Figure 6¢c shows that the model described the
observed data well with no systematic bias, although
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Table 6 Checklist of suggested contents for the ‘Introduction’,
‘Methods’, ‘Results’ and ‘Discussion/Conclusion’ sections of an
article reporting a pharmacometric analysis

Section Suggested contents

Introduction Motivation for and objective(s) of the pharmacometric

research

Methods Sufficient information for the general reader to repeat

the study:
e Ethics approval
e Study population
e Dosing
e Sampling schedule
e Analytical methods and lower limit of quantification

e Pharmacokinetic or pharmacokinetic—
pharmacodynamic modelling strategy:

— Candidate structural models
— Distribution of individual model parameters
— Residual error structure
— Methods for handling missing data
— Methods for base model determination
— Methods for base model evaluation
— Covariate analysis strategy
— Methods for final model evaluation
— Software package(s) used for the analysis
— Estimation method(s) used
Results Presentation of analyses described in the methods:

e Numbers of individuals and observations included in
the analysis

e Table of patient demographic and clinical variables

e Plot of concentrations versus time and/or effects
versus concentrations

e Summary of the model-building process and the
derived final model

e Schematic of the final model
e Table of the final model parameters
e Final model evaluation plots

Discussion  Highlight what the study achieved, implications of the

work, suggestions for future work and limitations of
the study

Conclusion  Briefly answer questions posed by the objectives

variability in  concentrations  was

overpredicted.

slightly

2.4 The ‘Discussion’ and ‘Conclusion’ Sections

The purpose of the ‘Discussion’ section is to provide the
reader with a summary of what the study achieved, the
implications of the work and suggestions for future work.
Specifically, key findings should be summarized, which
can include how well the model described the variation in
the observed data and if the model fulfilled its intended
purpose. References to previous work can be made, with

emphasis on how the current study sheds new light on the
topic addressed. Clinical implications of the research—
particularly implications for clinical practice in pharma-
cotherapy—should be stated, such as how the findings can
inform dosing schedules. The limitations of the study
should be clearly noted, which is important for general
readers wishing to critique the study and compare it with
prior literature.

The ‘Conclusion’ section should be brief and answer the
questions posed by the objectives. For instance, if the
objective of the study was to develop a population phar-
macokinetic model for drug X in adults and children with
disease Y, that can be used to simulate concentration—time
profiles under different dosing strategies (i.e. the example
objective in the ‘Introduction’ section), then the ‘Conclu-
sion’ section should address these points only.

3 A ChecKlist for Authors

Table 6 displays a checklist for reporting a pharmacomet-
ric study, which summarizes the suggestions made in the
previous sections.

4 Concluding Remarks

This article offers a basic guide to authors of pharmaco-
metric research on how they might report their work in a
manner that is appropriate for a general readership, which
may include clinicians, pharmacists and other
pharmacometricians.

It is important to reiterate that the focus of this article is
on the reporting of pharmacometric research, and not on
the promotion of any particular methodologies. Therefore
the examples provided in this article should be viewed
from a reporting/presentation perspective only, and not
from a methodological perspective. For recent educational
articles on basic pharmacometric techniques and practices,
see references [7—11]. Furthermore, it is recommended that
readers seek published manuscripts of pharmacometric (or
related) research in their fields of interest for further
examples of currently used methodologies.

Additionally, it can be helpful for authors of pharma-
cometric research to develop skills in critical appraisal of
published work, as this can provide further insight into the
reporting of their research. For information on basic critical
appraisal concepts, see references [12, 13]. Lastly, the
current article can be read in conjunction with several other
articles that offer guidance for scientific writing (see ref-
erences [14-19] for some recent examples), as well as
articles that propose guidelines for the reporting of differ-
ent types of trials [20-24].
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