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1. PKanalix documentation #
Version 2023

This documentation is for PKanalix.
©Lixoft
PKanalix performs analysis on PK data set including:

e The non compartmental analysis (NCA) - computation of the NCA parameters using the calculation of the A, - slope of the terminal
elimination phase.

« The bioequivalence analysis (BE) - comparison of the NCA parameters of several drug products (usually two, called ‘test’ and ‘reference’) using
the average bioequivalence.

e The compartmental analysis (CA) - estimation of model parameters representing the PK as the dynamics in compartments for each

individual. It does not include population analysis performed in Monolix.

What else?

« Aclear user-interface with an intuitive workflow to efficiently run the NCA, BE and CA analysis.

 Easily accessible PK models library and auto-initialization method to improve the convergence of the optimization of CA parameters.
« Integrated bioequivalence module to simplify the analysis

« Automatically generated results and plots to give an immediate feedback.

« Interconnection with MonolixSuite applications to export projects to Monolix for the population analysis.

PKanalix tasks

Pkanalix uses the dataset format common for all MonolixSuite applications, see here for more details. It allows to move your project between
applications, for instance export a CA project to Monolix and perform a population analysis with one “click” of a button.
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displayed in intuitive tables and plots.

All the NCA, BE and/or CA outputs are automatically displayed in sortable tables in the Results tab. Moreover, they are exported in the result
folder in a R-compatible format. Interactive plots give an immediate feedback and help to better interpret the results.

The usage of PKanalix is available not only via the user interface, but also via R with a dedicated R-package (detailed here). All the actions
performed in the interface have their equivalent R-functions. It is particularly convenient for reproducibility purpose or batch jobs.

The results of the NCA calculations and bioequivalence calculations have been compared on an extensive number of datasets to the results of
WinNonLin and to published results obtained with SAS. All results were identical. See the poster below for more details.
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Validation of non-compartmental analysis (NCA) and bioequivalence

SimulationsPlus results of PKanalix with respect to Phoenix WinNonLin
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2. Defining a dataset #

To start a new PKanalix project, you need to define a dataset by loading a csv file in the Data tab.

® Untitled* - PKanalix - 2023R1
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The data set format expected in the Data tab is the same as for the entire MonolixSuite, to allow smooth transitions between applications. The
columns available in this format and example datasets are detailed on this page. Briefly:

« Each line corresponds to one individual and one time point
e Each line can include a single measurement (also called observation), or a dose amount (or both a measurement and a dose amount)
 Dosing information should be indicated for each individual, even if it is identical for all.

Your dataset may not be originally in this format, and you may want to add information on dose amounts, limits of quantification, units, or filter
part of the dataset. To do so, you should proceed in this order:

« 1) Formatting: If needed, format your data first by loading the dataset in the Data Formatting tab. Briefly, it allows to:
« to deal with several header lines
* merge several observation columns into one
« add censoring information based on tags in the observation column
« add treatment information manually or from external sources

« add more columns based on another file

or

« 1) If the data is already in the right format, load it directly in the Data tab (otherwise use the formatted dataset created by data formatting). If
the dataset does not follow a formatting rule, the dataset will not be accepted, but errors will guide you to find what is missing and could be added by

data formatting.

e 2) Labeling: label the columns not recognized automatically to indicate their type and click on ACCEPT.
« 3) Units: If you want to work with units, indicate the units in the data and the ones you prefer to use inside the Data tab (if relevant)
 4) Filters: If needed, filter your dataset to use only part of it in the Filters tab

« 5) Explore: The interpreted dataset is displayed in Data, and Plots and covariate statistics are generated.

To use a dataset from a Monolix project, or to use simulations from a Simulx project, you can directly import or export the Monolix/Simulx project
which will automatically define the dataset in the data tab.
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Labeling

The column type suggested automatically by PKanalix based on the headers in the data can be customized in the preferences. By clicking on
Settings>Preferences, the following windows pops up.

@ Preferences ? X
Header types Related headers
) #id
TIME subj
OBSERVATION id
AMOUNT nid
CONTINUOUS COVARIATE subject
CATEGORICAL COVARIATE
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EVENTID Header name
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OBSERVATION ID © ADDHEADER
CENSORING
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Active warnings Do not show again
References deletion Results overwriting
Advise using fewer individuals for auto-init
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Incompatible elements deletion >

Large simulated data set export

In the DATA frame, you can add or remove preferences for each column.

To remove a preference, double-click on the preference you would like to remove. A confirmation window will be proposed.

To add a preference, click on the header type you consider, add a name in the header name and click on “ADD HEADER" as on the following
figure.

Header types Related headers
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Notice that all the preferences are shared between Monolix, Datxplore, and PKanalix.

Resulting plots and tables to explore the data

Once the dataset is accepted:

« Plots are automatically generated based on the interpreted dataset to help you proceed with a first data exploration before running any task.

@ project units pkx [dema] - PKanalix - 2023R1 - 0 X

A Dan Tasks | Plots

oata

B Legend
® o

M information

® uvie

M Dosingtimes

Covariate viewer

Zoom
Zoom constraint

None

Xaxis

Vaxis

° - ” e - = o = STRATIFY SETTINGS PREFERENCES.


http://monolix.lixoft.com/
http://monolix.lixoft.com/
http://datxplore.lixoft.com/
http://datxplore.lixoft.com/
https://pkanalix.lixoft.com/
https://pkanalix.lixoft.com/
https://pkanalix.lixoft.com/plots/
https://pkanalix.lixoft.com/plots/

« The interpreted dataset appears in Data tab, which incorporates all changes after formatting, setting units, and filtering.
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« Covariate Statistics appear in a section of the data tab.
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2.1. Data format for NCA and CA analysis #

In PKanalix, a dataset should be loaded in the Data tab to create a project. Once the dataset accepted, it is possible to specify units and filter the
dataset, so units and filtering information should not be included in the file loaded in the Data tab.

The data set format used in PKanalix is the same as for the entire MonolixSuite, to allow smooth transitions between applications. In this format:

« Each line corresponds to one individual and one time point.

e Each line can include a single measurement (also called observation), or a dose amount (or both a measurement and a dose amount).

¢ Dosing information should be indicated for each individual in a specific column, even if it is the same treatment for all individuals.
« Headers are free but there can be only one header line.

« Different types of information (dose, observation, covariate, etc) are recorded in different columns, which must be tagged with a column type

(see below).

If your dataset is not in this format, in most cases, it is possible to format it in a few steps in the data formatting tab, to incorporate the missing
information.

e Overview of most common column types
e Example datasets
¢ Plasma concentration data
e extravascular

e |Vinfusion

e |V bolus
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o Steady-state data

e BLQ data

e Urine data

e Occasions (“Sort” variables)
e Covariates (“Carry” variables)
e Other useful column-types

e Description of all possible column types

Overview of most common column-types

A data set typically contains only the following columns: ID, TIME, OBSERVATION, AMOUNT. The main rules for interpreting the dataset are:

e Cells that do not contain information (e.g AMOUNT column on a line recording a measurement) should have a dot.
« Headers are free but there can be only one header line and the columns must be assigned to one of the available column-types. The full list of

column-types is available at the end of this page and a detailed description is given on the dataset documentation website.

The most common column types in addition to ID, TIME, OBSERVATION and AMOUNT are:

« For IV infusion data, an additional INFUSION RATE or INFUSION DURATION is necessary.

« For steady-state data, STEADY-STATE and INTERDOSE INTERVAL column are added.

« If a dose and a measurement occur at the same time, they can be encoded on the same line or on different lines.

« Sort and carry variables can be defined using the OCCASION, and CATEGORICAL COVARIATE and CONTINUOUS COVARIATE column-types.
« BLQ data are defined using the CENSORING and LIMIT column-types.

In addition to the typical cases presented above, a few additional column-types may also be convenient:

 ignoring a line: with the IGNORED OBSERVATION (ignores the measurement only) or IGNORED LINE (ignores the entire line, including
regressor and dose information). However it is more convenient to filter lines of your dataset without modifying it by using filters (available
once your dataset is accepted).

« working with several types of observations: If several observation types are present in the dataset (for example parent and metabolite), all
measurements should still appear in the same OBSERVATION column, and another column should be used to distinguish the observation
types. If this is not the case in your dataset, data formatting enables to merge several observation columns. To run NCA for several
observations at the same time for the same id, tag the column listing the observation types as OCCASION . To run CA for several
observations with a model including several outputs (for example PK and PD), tag the column listing the observation types as OBSERVATION

ID. In this case, only one observation type will be available for NCA. It can be selected in the “NCA” section to perform the calculations.

working with several types of administrations: a single data set can contain different types of administrations, for instance IV bolus and
extravascular, distinguished using the ADMINISTRATION ID column-type. The setting “administration type” in “Tasks>Run” can be chosen

separately for each administration id, and the appropriate parameter calculations will be performed.

Example datasets

Below we show how to encode the dataset for most typical situations.

Plasma concentration data
Extravascular

For extravascular administration, the mandatory column-types are ID (individual identifiers as integers or strings), OBSERVATION (measured
concentrations), AMOUNT (dose amount administered) and TIME (time of dose or measurement).

ID TIME AMOUNT CONC ID TIME AMOUNT CONC
1 0 100 : 1 0 100 0

1 0 0 1 1 8.1
1 1 8.1 or 1 2 7.5
1 2 7.5 1 3 6.9
1 3 6.9 1 4 6.5
1 4 6.5 1 5 5.8
1 5 5.8

To distinguish the extravascular from the IV bolus case, in “Tasks>Run” the administration type must be set to “extravascular”.

If no measurement is recorded at the time of the dose, a concentration of zero is added for single dose data, the minimum concentration
observed during the dose interval for steady-state data.

Example:

« demo project_extravascular.pkx

This data set records the drug concentration measured after single oral administration of 150 mg of drug in 20 patients. For each individual, the
first line records the dose (in the “Amount” column tagged as AMOUNT column-type) while the following lines record the measured
concentrations (in the “Conc” column tagged as OBSERVATION). Cells of the “Amount” column on measurement lines contain a dot, and
respectively for the concentration column. The column containing the times of measurements or doses is tagged as TIME column-type and the
subject identifiers, which we will use as sort variable, are tagged as ID. Check the OCCASION section if more sort variables are needed. After
accepting the dataset, the data is automatically assigned as “Plasma”.
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In the “Tasks/Run” tab, the user must indicate that this is extravascular data. In the “Check lambda_z", on linear scale for the y-axis,
measurements originally present in the data are shown with full circles. Added data points, such as a zero concentration at the dose time, are
represented with empty circles. Points included in the A, calculation are highlighted in blue.
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IV infusion
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Intravenous infusions are indicated in the data set via the presence of an INFUSION RATE or INFUSION DURATION column-type, in addition to
the ID (individual identifiers as integers or strings), OBSERVATION (measured concentrations), AMOUNT (dose amount administered) and TIME
(time of dose or measurement). The infusion duration (or rate) can be identical or different between individuals.

0

D TIME AMOUNT CONC TINF D TIME AMOUNT CONC
1 0 100 . 0.5 1 0 100

1 0 0o 1 1

1 1 8.1 or 1 2

1 2 7.5 1 3

1 3 6.9 1 4

1 4 6.5 1 5

1 5 5.8

In “Tasks>Run” the administration type must be set to “intravenous”.

TINF
0.5

If no measurement is recorded at the time of the dose, a concentration of zero is added for single dose data, the minimum concentration

observed during the dose interval for steady-state data.
Example:

« demo project_ivinfusion.pkx:

In this example, the patients receive an iv infusion over 3 hours. The infusion duration is recorded in the column called “TINF” in this example,

and tagged as INFUSION DURATION.
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the “Tasks/Run” tab, the user must indicate that this is intravenous data.
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IV bolus

For IV bolus administration, the mandatory column-types are ID (individual identifiers as integers or strings), OBSERVATION (measured
concentrations), AMOUNT (dose amount administered) and TIME (time of dose or measurement).

D TIME AMOUNT CONC D TIME AMOUNT CONC
1 0 100 . 1 0 100 10.4
1 0 10.4 1 1 8.1
1 1 8.1 1 2 7.5
1 2 7.5 or 1 3 6.9
1 3 6.9 1 4 6.5
1 4 6.5 1 5 5.8
1 5 5.8

To distinguish the IV bolus from the extravascular case, in “Tasks>Run” the administration type must be set to “intravenous”.

If no measurement is recorded at the time of the dose, the concentration of at time zero is extrapolated using a log-linear regression of the first
two data points, or is taken to be the first observed measurement if the regression yields a slope >= 0. See the calculation details for more
information.

Example:

« demo project_ivbolus.pkx:

In this data set, 25 individuals have received an iv bolus and their plasma concentration have been recorded over 12 hours. For each individual
(indicated in the column “Subj” tagged as ID column-type), we record the dose amount in a column “Dose”, tagged as AMOUNT column-type. The
measured concentrations are tagged as OBSERVATION and the times as TIME. Check the OCCASION section if more sort variables are needed in
addition to ID. After accepting the dataset, the data is automatically assigned as “plasma”.

Home | Data | Tasks | Plots |
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In the “Tasks/Run” tab, the user must indicate that this is intravenous data. In the “Check lambda_z", measurements originally present in the data
are shown with full circles. Added data points, such as the CO at the dose time, are represented with empty circles. Points included in the A,
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calculation are highlighted in blue.
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Steady-state
Steady-state must be indicated in the data set by using the STEADY STATE column-type:

« “1"indicates that the individual is already at steady-state when receiving the dose. This implicitly assumes that the individual has received many
doses before this one.

« “0" or ' indicates a single dose.

The dosing interval (also called tau) is indicated in the INTERDOSE INTERVAL, on the lines defining the doses.

ID TIME AMOUNT CONC SS 1l
1 0 100 . 12
1 ! 7.99 steady-state
1 2 5.87 . .
1 4 4.98

1 6 4.54

1 8 3.75

1 12 . 3.22 .

2 0 100 . 0

2 1 4.78

2 2 3.01

2 4 2.89

2 6 2.23

2 8 1.98

2 12 . 0.45

Steady state calculation formulas will be applied for individuals having a dose with STEADY STATE = 1. A data set can contain individuals which are
at steady-state and some which are not.

If no measurement is recorded at the time of the dose, the minimum concentration observed during the dose interval is added at the time of the
dose for extravascular and infusion data. For iv bolus, a regression using the two first data points is performed. Only measurements between the
dose time and dose time + interdose interval will be used.

Examples:

« demo project_steadystate.pkx:

In this example, the individuals are already at steady-state when they receive the dose. This is indicated in the data set via the column
“SteadyState” tagged as STEADY STATE column-type, which contains a “1” on lines recording doses. The interdose interval is noted on those same

line in the column “tau” tagged as INTERDOSE INTERVAL. When accepting the data set, a “Settings” section appears, which allows to define the
number of steady-state doses. This information is relevant when exporting to Monolix, but not used in PKanalix directly.
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After running the NCA estimation task, steady-state specific parameters are displayed in the “Results” tab.
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BLQ data

Below the limit of quantification (BLQ) data can be recorded in the data set using the CENSORING column:

« “0” indicates that the value in the OBSERVATION column is the measurement.

« “1"indicates that the observation is BLQ.

The lower limit of quantification (LOQ) must be indicated in the OBSERVATION column when CENSORING = “1". Note that strings are not allowed
in the OBSERVATION column (except dots). A different LOQ value can be used for each BLQ data.

1D TIME AMT CONC BLQ
27 6 . 4.76 o
27 8 . 3.07 0
27 12 . 1.98 0
27 18 . 2.57 0
27 24 . 18 1
27 30 . 1.8 1
28 0 50 LOQ value

28 0.5 . 2 0
28 2 . 4.13 0
28 4 . 2.97 0
28 6 5.17 0

When performing an NCA analysis, the BLQ data before and after the Tmax are distinguished. They can be replaced by:

o zero
o the LOQ value
« the LOQ value divided by 2

« or considered as missing
For a CA analysis, the same options are available, but no distinction is done between before and after Tmax. Once replaced, the BLQ data are
handled as any other observation.

A LIMIT column can be added to record the other limit of the interval (in general zero). This value will not be used by PKanalix but can facilitate
the transition from an NCA/CA analysis PKanalix to a population model with Monolix.

To easily encode BLQ data in a dataset that only has BLQ tags in the observation column, you can use Data formatting.
Examples:

« demo project_censoring.pkx: two studies with BLQ data with two different LOQ

In this dataset, the measurements of two different studies (indicated in the STUDY column, tagged as CATEGORICAL COVARIATE in order to be
carried over) are recorded. For the study 101, the LOQ is 1.8 ug/mL, while it is 1 ug/mL for study 102. The BLQ data are marked with a “1” in the
BLQ column, which is tagged as CENSORING. The LOQ values are indicated for each BLQ in the CONC column of measurements, tagged as
OBSERVATION.
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In the “Task>NCA>Run" tab, the user can choose how to handle the BLQ data. For the BLQ data before and after the Tmax, the BLQ data can be
considered as missing (as if this data set row would not exist), or replaced by zero (default before Tmax), the LOQ value or the LOQ value divided
by 2 (default after Tmax). In the “Check lambda_z" tab, the BLQ data are shown in green and displayed according to the replacement value.
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the BLQ are again displayed in green, at the LOQ value (irrespective of the chosen method for the calculations).
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Urine data

To work with urine data, it is necessary to record the time and amount administered, the volume of urine collected for each time interval, the
start and end time of the intervals and the drug concentration in a urine sample of each interval. The time intervals must be continuous (no gaps
allowed).

In PKanalix, the start and end times of the intervals are recorded in a single column, tagged as TIME column-type. In this way, the end time of an
interval automatically acts as start time for the next interval. The concentrations are recorded in the OBSERVATION column. The volume column
must be tagged as REGRESSOR column type. This general column-type of MonolixSuite data sets allows to easily transition to the other
applications of the Suite. As several REGRESSOR columns are allowed, the user can select which REGRESSOR column should be used as volume.
The concentration and volume measured for the interval [t1,t2] are noted on the t2 line. The volume value on the dose line is meaningless, but it
cannot be a dot. We thus recommend to set it to zero.

A typical urine data set has the following structure. A dose of 150 ng has been administered at time 0. The first sampling interval spans from the
dose at time 0 to 4h post-dose. During this time, 410 mL of urine have been collected. In this sample, the drug concentration is 112 ng/mL. The
second interval spans from 4h to 8h, the collected urine volume is 280 mL and its concentration is 92 ng/mL. The third interval is marked on the
figure: 390mL of uring have been collected from 8h to 12h.
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D TIME  VOL  CONC AMOUNT
1 0 0 : 150

1 4 40 112

1 g 280 @

1 12 | 390 41

1 18 a0 29

1 2 415 12

1 8 1730 26

1 72 200 01

The given data is used to calculate the intervals midpoints, and the excretion rates for each interval. This information is then used to calculate the
), and calculate urine-specific parameters. In “Tasks/Check lambda_z", we display the midpoints and excretion rates. However, in the “Plots>Data
viewer”, we display the measured concentrations at the end time of the interval.

Example:

« demo project_urine.pkx: urine PK dataset

In this urine PK data set, we record the consecutive time intervals in the “TIME" column tagged as TIME. The collected volumes and measured
concentration are in the columns “VOL” and “CONC”, respectively tagged as REGRESSOR and OBSERVATION. Note that the volume and
concentration are indicated on the line of the interval end time. The volume on the first line (start time of the first interval, as well as dose line) is
set to zero as it must be a double. This value will not be used in the calculations. Once the dataset is accepted, the observation type must be set
to “urine” and the regressor column corresponding to the volume defined.
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In “Tasks>Check lambda_z", the excretion rate are plotted on the midpoints time for each individual. The choice of the lambda_z works as usual.
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Occasions (“Sort” variables)

The main sort level are the individuals indicated in the ID column. Additional sort levels can be encoded using one or several OCCASION
column(s). OCCASION columns contain integer values that permit to distinguish different time periods for a given individual. The time values can
restart at zero or continue when switching from one occasion to the next one. The variables differing between periods, such as the treatment for
a crossover study, are tagged as CATEGORICAL or CONTINUOUS COVARIATES (see below). The NCA and CA calculations will be performed on each
ID-OCCASION combination. Each occasion is considered independent of the other occasions (i.e a washout is applied between each occasion).

Note: occasions columns encoding the sort variables as integers can easily be added to an existing data set using Excel or R.
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With R, the “OCC" column can be added to an existing “data” data frame with a column “TREAT" using data$occ  <-
ifelse (data$TREAT=="ref", 1, 2).

With Excel, assuming the sort variable is encoded in the column E with values “ref’ and “test”, type =IF (E2="ref",1,2) to generate the first
value of the “OCC” column and then propagate to the entire column:

A 8 c ) 3 3 G H -
1 D TIME Y AMT _TREAT _ occ
2 1 0 . 200 | ref [IF(E2="ref'2)2) |
3 1 1 a2 . ref | IHogicaltest. [value i truel, volue il folse)
41 15 385033 . ref
5|1 2 ade78s . ref
6 1 25 sams . ref
71 3 agers . ref
8 1 4 s . ref
9. 1 5 ssssel L ref
01 6 3sas . ref
11 8 3me . ref
2 1 0 319092 . ref
B 1 12 st . ref
11 8 osa . ref
151 24 o338 . ref
6 1 o . 100 test
7 1 1 esms . test
* data sort treatment noOCC ) « v
Examples:

« demo project_occasions1.pkx: crossover study with two treatments

The subject column is tagged as ID, the treatment column as CATEGORICAL COVARIATE and an additional column encoding the two periods with
integers “1” and “2" as OCCASION column.

© Subject: 141 ret

In the “Check lambda_z" (for the NCA) and the “Check init.” (for CA), each occasion of each individual is displayed. The syntax “1#2" indicates
individual 1, occasion 2, according to the values defined in the ID and OCCASION columns.

In the “Individual estimates” output tables, the first columns indicate the ID and OCCASION (reusing the data set headers). The covariates are
indicated at the end of the table. Note that it is possible to sort the table by any column, including, ID, OCCASION and COVARIATES.

L 0or | Ahoome | ACKEDes || AUCNEhs || AUCN s || AUGNExmp.obs | AUCNExmpped || AU || AUCHSH || AUCHILD || AMCNE.s

The OCCASION values are available in the plots for stratification, in addition to possible CATEGORICAL or CONTINUOUS COVARIATES (here
“TREAT").
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« demo project_occasions2.pkx: study with two treatments and with/without food

In this example, we have three sorting variables: ID, TREAT and FOOD. The TREAT and FOOD columns are duplicated: once with strings to be used
as CATEGORICAL COVARIATE (TREAT and FOOD) and once with integers to be used as OCCASION (occT and occF).

In the individual parameters tables and plots, three levels are visible. In the “Individual parameters vs covariates”, we can plot Cmax versus FOOD,
split by TREAT for instance (Cmax versus TREAT split by FOOD is also possible).

L oo | o || ACWEDote || AN ped | AN || AUCNEM || AUCAGmiobs || AU Mesmppres || AN | AUt | AKLD

Covariates (“Carry” variables)

Individual information that need to be carried over to output tables and plots must be tagged as CATEGORICAL or CONTINUOUS
COVARIATES. Categorical covariates define variables with a few categories, such as treatment or sex, and are encoded as strings. Continuous
covariates define variables on a continuous scale, such as weight or age, and are encoded as numbers. Covariates will not automatically be used
as “Sort” variables. A dedicated OCCASION column is necessary (see above).

Covariates will automatically appear in the output tables. Plots of estimated NCA and/or CA parameters versus covariate values will also be
generated. In addition, covariates can be used to stratify (split, color or filter) any plot. Statistics about the covariates distributions are available in
table format in “Results > Cov. stat.” and in graphical format in “Plots > Covariate viewer".

Note: It is preferable to avoid spaces and special characters (stars, etc) in the strings for the categories of the categorical covariates. Underscores
are allowed.

Example:

« demo project_covariates.pkx

In this data set, “SEX" is tagged as CATEGORICAL COVARIATE and “WEIGHT” as CONTINUOUS COVARIATE.
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The “cov stat” table permits to see a few statistics of the covariate values in the data set. In the plot “Covariate viewer”, we see that the
distribution of weight is similar for males and females.

Lo pome [T Results | plots I Home | Data | Tasks | Results | Plots

Covariate statistics
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stratify | settings | Preferences

After running the NCA and CA tasks, both covariates appear in the table of individual estimated parameters estimated.
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In the plot “parameters versus covariates”, the parameters values are plotted as scatter plot with the parameter value (here Cmax and
AUCINF_pred) on on y-axis and the weight value on the x-axis, and as boxplots for sex female and sex male.

Home | Data | Tasks | Results | Plots

Stratify | Settings | Preferences

All plots can be stratified using the covariates. For instance, the “Data viewer” can be colored by weight after having created 3 weight groups.
Below we also show the plot “Distribution of the parameters” split by sex with selection of the AUCINF_pred parameter.
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Description of all possible column types

Column-types used for all types of lines:

ID (mandatory): identifier of the individual

OCCASION (formerly OCC): identifier (index) of the occasion

TIME (mandatory): time of the dose or observation record

DATE/DAT1/DAT2/DAT3: date of the dose or observation record, to be used in combination with the TIME column

EVENT ID (formerly EVID): identifier to indicate if the line is a dose-line or a response-line
IGNORED OBSERVATION (formerly MDV): identifier to ignore the OBSERVATION information of that line

IGNORED LINE (from 2019 version): identifier to ignore all the informations of that line

CONTINUOUS COVARIATE (formerly COV): continuous covariates (which can take values on a continuous scale)

CATEGORICAL COVARIATE (formerly CAT): categorical covariate (which can only take a finite number of values)

REGRESSOR (formerly X): defines a regression variable, i.e a variable that can be used in the structural model (used e.g for time-varying

covariates)

IGNORE: ignores the information of that column for all lines

Column-types used for response-lines:

* OBSERVATION (mandatory, formerly Y): records the measurement/observation for continuous, count, categorical or time-to-event data
o OBSERVATION ID (formerly YTYPE): identifier for the observation type (to distinguish different types of observations, e.g PK and PD)
o CENSORING (formerly CENS): marks censored data, below the lower limit or above the upper limit of quantification

e LIMIT: upper or lower boundary for the censoring interval in case of CENSORING column

Column-types used for dose-lines:

o AMOUNT (mandatory, formerly AMT): dose amount

o ADMINISTRATION ID (formerly ADM): identifier for the type of dose (given via different routes for instance)

o INFUSION RATE (formerly RATE): rate of the dose administration (used in particular for infusions)

o INFUSION DURATION (formerly TINF): duration of the dose administration (used in particular for infusions)

« ADDITIONAL DOSES (formerly ADDL): number of doses to add in addition to the defined dose, at intervals INTERDOSE INTERVAL

o INTERDOSE INTERVAL (formerly I1): interdose interval for doses added using ADDITIONAL DOSES or STEADY-STATE column types

e STEADY STATE (formerly SS): marks that steady-state has been achieved, and will add a predefined number of doses before the actual dose, at
interval INTERDOSE INTERVAL, in order to achieve steady-state

2.2. Data formatting #

n PKanalix versions prior to 2023R1 do not include the data formatting module. Instead we provide an Excel macro to adapt the format of
your dataset for PKanalix.

The dataset format that is used in PKanalix is the same as for the entire MonolixSuite, to allow smooth transitions between applications. In this
format, some rules have to be fullfilled, for example:

« Each line corresponds to one individual and one time point.
* Each line can include a single measurement (also called observation), or a dose amount (or both a measurement and a dose amount).
« Dose amount should be indicated for each individual dose in a column AMOUNT, even if it is identical for all.

« Headers are free but there can be only one header line.

If your dataset is not in this format, in most cases, it is possible to format it in a few steps in the data formatting tab, to incorporate the missing
information.

In this case, the original dataset should be loaded in the “Format data” box, or directly in the “Data Formatting” tab, instead of the “Data” tab. In the
data formatting module, you will be guided to build a dataset in the MonolixSuite format, starting from the loaded csv file. The resulting formatted
dataset is then loaded in the Data tab as if you loaded an already-formatted dataset in “Data” directly. Then as for defining any dataset, you can tag
columns, accept the dataset, and once accepted, units can be specified in the Data tab and the Filters tab can be used to select only parts of this
dataset for analysis. Note that units and filters are neither information to be included in the data file, nor part of the data formatting process.
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o The original datafile is NOT modified by PKanalix. Formatting operations are saved in the PKanalix project and applied to the data when the
project is loaded. The formatted dataset is not saved by default, but it can be exported by the user as a CSV file.

Jump to:

1. Data formatting workflow
2. Dataset initialization (mandatory step)
o Selecting header lines or lines to exclude to merge header lines or exclude a line
e Tagging mandatory columns such as ID and TIME
o Initialization example pemo project CreateOcc AdmidbyCategory.pkx
3. Creating occasions from a SORT column to distinguish different sets of measurements within each subject, (eg formulations). Demo project CreateOcc_AdmidbyCategory.pkx
4. Selecting an observation type (required to add a treatment)
5. Merging observations from several columns
o As observation ids to map them to several outputs in CA. Demo project merge_obsID_ParentMetabolite.pkx
¢ As occasions to analyze them simultaneously in NCA. Demo project merge_occ_ParentMetabolite.pkx
* Option “Duplicate information from undefined columns”
6. Specifying censoring from censoring tags eg“BLQ" instead of a number in an observation column. Demo project DoseAndLOQ_manual.pkx
7. Adding doses in the dataset pemo project DoseAndLOQ_manual.pkx
8. Reading censoring limits or dosing information from the dataset “by category” or “from data". Demo projects DoseAndLOQ_byCategory.pkx and DoseAndLOQ._fromData.pkx
9. Creating occasions from dosing intervals to analyze separately the measurements following different doses.Demo project doselntervals_as_Occ.mixtran
10. Handling urine data to merge start and end times in a single column. Demo project Urine_LOQinObs.pkx
11. Adding new columns from an external file, eg new covariates, or individual parameters estimated in a previous analysis. Demo warfarin_PKPDseq_project.mixtran

12. Exporting the formatted dataset

1. Data formatting workflow

® untitled” - PKanalix - 2023R1

When opening a new project, two Browse buttons appear. The first one, under “Data
file”, can be used to load a dataset already in a MonolixSuite-standard format, while
the second one, under “Format data”, allows to load a dataset to format in the Data

formatting module.

[y — i}
Data file Format data
Data

£8 BROWSE... £8 BROWSE...

After loading a dataset to format, data formatting operations can be specified in several subtabs: Initialization, Observations, Treatments and
Additional columns.

« Initialization is mandatory and must be filled before using the other subtabs.

* Observations is required to enable the Treatments tab.

After Initialization has been validated by clicking on “Next”, a button “Preview” is available from any subtab to view in the Data tab the formatted
dataset based on the formatting operations currently specified.

« Data

Initialization

Data formatting Observations Treatments Additional columns

Back to List of
Formatting Steps
2. Dataset initialization

The first tab in Data formatting is named Initialization. This is where the user can select header lines or lines to exclude (in the blue area on the
screenshot below) or tag columns (in the yellow area).

4% | Data | Tasks Results Plots

Data formatting Initialization Observations. Treatments Additional columns

Data

Data file Lines settings
Filters
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Selecting header lines or lines to exclude

These settings should contain line numbers for lines that should be either handled as column headers or that should be excluded.

« Header lines: one or several lines containing column header information. By default, the first line of the dataset is selected as header. If several

lines are selected, they are merged by data formatting into a single line, concatenating the cells in each column.

« Lines to exclude (optional): lines that should be excluded from the formatted dataset by data formatting.

Tagging mandatory columns

Only the columns corresponding to the following tabs must be tagged in Initialization, while all the other columns should
keep the default UNDEFINED tag:

« ID (mandatory): subject identifiers
« TIME (mandatory): the single time column
« SORT (optional): one or several columns containing SORT variables can be tagged as SORT. Occasions based on these

columns will be created in the formatted dataset as described in Section 3.

UNDEFINED ~
'UNDEFINED

« START, END and VOLUME (mandatory in case of urine data): these column tags replace the TIME tag in case of urine data,

TIME

TIME

h

0

1

if the urine collection time intervals are encoded in the dataset with two time columns for the start and end times of the intervals. In that case there

should also be a column with the urine volume in each interval. See Section 10 for more details.

Initialization example

» demo CreateOcc_AdmldbyCategory.pkx (the screenshot below focuses on the formatting initialization and excludes other elements present in the

demo):

In this demo the first line of the dataset is excluded because it contains a description of the study. The second line contains column headers while the
third line contains column units. Since the MonolixSuite-standard format allows only a single header line, lines 2 and 3 are merged together in the

formatted dataset.

@ CreateOcc_AdmldbyCategory.pkx [demo] - PKanalix - 2023R1

(LTECZUMN  Observations  Treatments  Additional columns

Data file Lines settings
Headerlines:  EIE) EXED
£8 BROWSE...
Linestoexclude:  (EED

UNDEFINED ~ UNDEFINED ~ UNDEFINED ~ UNDEFINED ~

LINE NUMBER CONC_mg_L

Records per page: 10 25 50 1

Page 1 of18 > »

@ CreateOcc_AdmldbyCategory.pkx [demo] - PKanalix - 2023R1
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CATEGORICAL CONTINUOUS CONTINUOUS
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2 1 0 BLQ ref 25 66 RT 1
3 1 1 NA ref 25 66 RT 1
a 1 2 034 ref 25 66 RT 1
5 1 3 098 ref 25 66 RT 1
Records per page: 10 25 50 1
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3. Creating occasions from a SORT column

A SORT variable can be used to distinguish different sets of measurements (usually concentrations) within each subject, that should be analyzed
separately by PKanalix (for example: different formulations given to each individual at different periods of time, or multiple doses where
concentration profiles are available to be analyzed following several doses).

In PKanalix, these different sets of measurements must be distinguished as OCCASIONS (or periods of time), via the OCCASION column-type.
However, a column tagged as OCCASION can only contain integers with occasion indexes. Thus, if a column with a SORT variable contains strings, its
format must be adapted by Data formatting, in the following way:

« the user must tag the column as SORT in the Initialization subtab of Data formatting, “
« the user validates the Initialization with “Next”, then clicks on “Preview” (after optionally defining other data formatting ’
operations), | sowr |
« the formatted data is shown in Data: the column tagged as SORT is automatically duplicated. The original column is automatically
tagged as CATEGORICAL COVARIATE in Data, while the duplicated column, which has the same name appended with “_OCC", is

tagged as OCCASION. This column contains occasion indexes instead of strings.

Example:

« demo CreateOcc_AdmldbyCategory.pkx (the screenshot below focuses on the formatting of occasions and excludes other elements present in

the demo):

The image below shows lines 25 to 29 from the dataset from the CreateOcc_AdmldbyCategory.pkx demo, where covariate columns have been
removed to simplify the example. This dataset contains two sets of concentration measurements for each individual, corresponding to two different
drug formulations administered on different periods. The sets of concentrations are distinguished with the FORM column, which contains “ref” and
“test” categories (reference/test formulations). The column is tagged as SORT in Data formatting Initialization. After clicking on “Preview”, we can see in
the Data tab that a new column named FORM_OCC has been created with occasion indexes for each individual: for subject 1, FORM_OCC=1
corresponds to the reference formulation because it appears first in the dataset, and FORM_OCC=2 corresponds to the test formulation because it
appears in second in the dataset.
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4. Selecting an observation type

The second subtab in Data formatting allows to select one or several observation types. An observation type corresponds to a column of the dataset,
that contains a type of measurements (usually drug concentrations, but it can also be PD measurements for example). Only columns that have not
been tagged as ID, TIME or SORT are available as observation type.

Additional columns

Treatments

Initialization

= ADD AN OBSERVATION TYPE ™
CONC_mg L U

Additional columns

Treatments

Initialization

CONC_mg L~ +Add censoring ~

This action is optional and can have several purposes:

« If doses must be added by Data formatting (see Section 7), specifying the column containing observations is mandatory, to avoid duplicating
observations on new dose lines.

« If several observation types exist in different columns (for example: concentrations for different analytes, or measurements for PK and PD), they
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must be specified in Data formatting to be merged into a single observation column (see Section 5).
« In the MonolixSuite-standard format, the column containing observations can only contain numbers, and no string except “.” for a missing
observation. Thus if this column contains strings in the original dataset, it must be adapted by Data formatting, with two different cases:
« if the strings are tags for censored observations (usually BLQ: below the limit of quantification), they can be specified in Data formatting to adapt
the encoding of the censored observations (see Section 6),

« any other string in the column is automatically replaced by “.” by Data formatting.

Back to List of
Formatting Steps
5. Merging observations from several columns

The MonolixSuite-standard format allows a single column containing all observations (such as concentrations or PD measurements). Thus if a dataset
contains several observation types in different columns (for example: concentrations for different analytes, or measurements for PK and PD), they
must be specified in Data formatting to be merged into a single observation column.

In that case, different settings can be chosen in the area marked in orange in the screenshot below:
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« The user must choose between distinguishing observation types with observation ids or occasions.

« The user can unselect the option “Duplicate information from undefined columns”.

As observation ids

After selecting the “Distinguish observation types with: observation ids” option and clicking “Preview,” the columns for different observation types are
combined into a single column called “OBS.” Each row of the dataset is duplicated for each observation type, with one value per observation type.
Additionally, an “OBSID" column is created, with the name of the observation type corresponding to the measurement on each row.

This option is recommended for joint modeling of observation types, such as CA in PKanalix or population modeling in Monolix. It is important to note
that NCA cannot be performed on two different observation ids simultaneously, so it is necessary to choose one observation id for the analysis.

Example:
« demo merge_obsID_ParentMetabolite.pkx (the screenshot below focuses on the formatting of observations and excludes other elements present

in the demo):

This demo involves two columns that contain drug parent and metabolite concentrations. When merging both observation types with observation ids,
a new column called OBSID is generated with categories labeled as “PARENT" and “METABOLITE.”
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As occasions

After selecting the “Distinguish observation types with: occasions” option and clicking “Preview,” the columns for different observation types are
combined into a single column called “OBS.” Each row of the dataset is duplicated for each observation type, with one value per observation type.
Additionally, two columns are created: an “OBSID_OCC” column with the index of the observation type corresponding to the measurement on each
row, and an “OBSID_COV” with the name of the observation type.

This option is recommended for NCA, which can be run on different occasions for each individual. However, joint modeling of the observation types
with CA or population modeling with Monolix cannot be performed with this option.

Example:

« demo merge_occ_ParentMetabolite.pkx:

This demo involves two columns that contain drug parent and metabolite concentrations. When merging both observation types with occasions, two
new columns called OBSID_OCC and OBSID_COV are generated with OBSID_OCC=1 corresponding to OBSID_COV="PARENT" catand OBSID_OCC=2
corresponding to OBSID_COV="METABOLITE.”
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Duplicate information from undefined columns

When merging two observation columns into a single column, all other columns will see their lines duplicated. The data formatting will know how to
treat columns which have been tagged in the Initialization tab, but not the other columns (header “UNDEFINED") which are not used for data
formatting. A checkbox enables to decide if the information from these columns should be duplicated on the new lines, or if “."” should be used
instead. The default option is to duplicate information, because in general, the undefined columns correspond to covariates with one value per
individual, so this value is the same for the two lines that correspond to the same id.
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It is rare that you need to uncheck this box. An example where you should not duplicate the information is if you already have a column Amount in
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the MonolixSuite format, so with a dose amount only at the dosing time, and “.” everywhere else. If you do not want to specify amount again in data
formatting, and simply want to merge observation columns as observation ids, you should not duplicate the lines of the Amount column which is
undefined. Indeed, the dose amounts have been administered only once.
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6. Specifying censoring from censoring tags

In the MonolixSuite-standard format, censored observations are encoded with a 1or -1 flag in a column tagged as CENSORING in the Data tab, while
exact observations have a 0 flag in that column. In addition, on rows for censored observations, the LOQ is indicated in the observation column: it is
the LLOQ (lower limit of quantification) if CENSORING=1 or the ULOQ (upper limit of quantification) if CENSORING=-1. Finally, to specify a censoring
interval, an additional column tagged as LIMIT in the Data tab must exist in the dataset, with the other censoring bound.

The Data Formatting module can take as input a dataset with censoring tags directly in the observation column, and adapt the dataset format as
described above. After selecting one or several observation types in the Observations subtab (see Section 4), all strings found in the corresponding
columns are displayed in the “Censoring tags” on the right of the observation types. If at least one string is found, the user can then define some
censoring associated with an observation type and with one or several censoring tags with the button “Add censoring”. 3 types of censoring can be
defined:

« LLOQ: this corresponds to left-censoring, where the censored observation is below a lower limit of quantification (LLOQ), that must specified by the
user. In that case Data Formatting replaces the censoring tags in the observation column by the LLOQ, and creates a new CENS column tagged as
CENSORING in the Data tab, with 1 on rows that had censoring tags before formatting, and 0 on other rows.

« ULOQ: this corresponds to right-censoring, where the censored observation is above an upper limit of quantification (ULOQ), that must specified by
the user. Here Data Formatting replaces the censoring tags in the observation column by the ULOQ, and creates a new CENS column tagged as
CENSORING in the Data tab, with -1 on rows that had censoring tags before formatting, and 0 on other rows.

« Interval: this is for interval-censoring, where the user must specify two bound of a censoring interval, to which the censored observation belong.
Data Formatting replaces the censoring tags in the observation column by the upper bound of the interval, and creates two new columns: a CENS
column tagged as CENSORING in the Data tab, with 1 on rows that had censoring tags before formatting, and 0 on other rows, and a LIMIT column

with the lower bound of the censoring interval on rows that had censoring tags before formatting, and “.” on other rows.

formatting
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For each type of censoring, available options to define the limits are:
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* “Manual”: limits are defined manually, by entering the limit values for all censored observations.
» “By category": limits are defined manually for different categories read from the dataset.

* “From data": limits are directly read from the dataset.

The options “by category” and “from data” are described in detail in Section 8.

Example:

« demo DoseAndLOQ_manual.pkx (the screenshot below focuses on the formatting of censored observations and excludes other elements present

in the demo):

In this demo there are two censoring tags in the CONC column: BLQ1 (from Study 1) and BLQ2 (from Study 2), that correspond to different LLOQs. An
interval censoring is defined for each censoring tag, with manual limits, where LLOQ=0.06 for BLQ1 and LLOQ=0.1 for BLQ2, and the lower limit of the
censoring interval being 0 in both cases.
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7. Adding doses in the dataset

Datasets in MonolixSuite-standard format should contain all information on doses, as dose lines. An AMOUNT column records the amount of the
administrated doses on dose-lines, with “." on response-lines. In case of infusion, an INFUSION DURATION or INFUSION RATE column records the
infusion duration or rate. If there are several types of administration, an ADMINISTRATION ID column can distinguish the different types of doses with
integers.

If doses are missing from a dataset, the Data Formatting module can be used to add dose lines and dose-related columns: after initializing the
dataset, the user can specify one or several treatments in the Treatments subtab. The following operations are then performed by Data Formatting:

« anew dose line is inserted in the dataset for each defined dose, with the dataset sorted by subject and times. On such a dose line, the values from
the next line are duplicated for all columns, except for the observation column in which “." is used for the dose line.

« Anew column AMT is created with “." on all lines except on dose lines, on which dose amounts are used. The AMT column is automatically tagged as
AMOUNT in the Data tab.

« If administration ids have been defined in the treatment, an ADMID column is created, with “.” on all lines except on dose lines, on which
administration ids are used. The ADMID column is automatically tagged as ADMINISTRATION ID in the Data tab.

« If an infusion duration or rate has been defined, a new INFDUR (for infusion duration) or INFRATE (for infusion rate) is created, with “.” on all lines
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except on dose lines. The INFDUR column is automatically tagged as INFUSION DURATION in the Data tab, and the INFRATE column is automatically
tagged as INFUSION RATE.
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For each treatment, the dosing schedule can defined as:

« regular: for regularly spaced dosing times, defined with the start time, inter-dose internal, and number of doses. A “repeat cycle” option allows to
repeat the regular dosing schedule to generate a more complex regimen.

« manual: a vector of one or several dosing times, each defined manually. A “repeat cycle” option allows to repeat the manual dosing schedule to
generate a more complex regimen.

« external: an external text file with columns id (optional), occasions (optional), time (mandatory), amount (mandatory), admid (administration id,

optional), tinf or rate (optional), that allows to define individual doses.

While dose amounts, administration ids and infusion durations or rates are defined in the external file for external treatments, available options to
define them for treatments of type “manual” or “regular” are:

« “Manual”: this applies the same amount (or administration id or infusion duration or rate) to all doses.

« “By category": dose amounts (or administration id or infusion duration or rate) are defined manually for different categories read from the dataset.
« “From data": dose amounts (or administration id or infusion duration or rate) are directly read from the dataset.

The options “by category” and “from data” are described in detail in Section 8.

There is a “common settings” panel on the right:

« dose intervals as occasions: this creates a column to distinguish the dose intervals as different occasions (see Section 9).
« infusion type: If several treatments correspond to infusion administration, they need to share the same type of encoding for infusion information:

as infusion duration or as infusion rate.

Example:

« demo DoseAndLOQ_manual.pkx (the screenshot below focuses on the formatting of doses and excludes other elements present in the demo):

In this demo, doses are initially not included in the dataset to format. A single dose at time 0 with an amount of 600 is added for each individual by
Data Formatting. This creates a new AMT column in the formatted dataset, tagged as AMOUNT.
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8. Reading censoring limits or dosing information from the dataset

When defining censoring limits for observations (see Section 6) or dose amounts, administration ids, infusion duration or rate for treatments (see
Section 7), two options allow to define different values for different rows, based on information already present in the dataset: “by category” and
“from data”.

By category
It is possible to define manually different censoring limits, dose amounts, administration ids, infusion durations, or rates for different categories

within a dataset’s column. After selecting this column in the “By category” drop-down menu, the different modalities in the column are displayed and a
value must be manually assigned each modality.

CONC_mg_L~ +Add censoring ~

q o +
Interval censoring - .
Repeat cycle
Upperlimit ~ MANUAL  FROM DATA BLQ~ X
Amount  MANUAL  FROMDATA
By category Modalities Upper limit
Bycategory  Modalities AMOUNT
STUDY ~ e
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- SD_500mg .
SD_500mg -
SD_600mg .
SD_600mg -

« For censoring limits, the censoring limit used to replace each censoring tag depends on the modality on the same row.
« For doses, the value chosen for the newly created column (AMT for amount, ADMID for administration id, INFDUR for infusion duration, INFRATE for
infusion rate) on each new dose line depends on the modality on the first row found in the dataset for the same individual and the same time as the

dose, or the next time if there is no line in the initial dataset at that time, or the previous time if no time is found after the dose.

Example:

« demo DoseAndLOQ_byCategory.pkx (the screenshot below focuses on the formatting of doses and excludes other elements present in the demo):

In this demo there are three studies distinguished in the STUDY column with the categories “SD_400mg”, “SD_500mg" and “SD_600mg". In Data
Formatting, a single dose is manually defined at time 0 for all individuals, with different amounts depending the STUDY category. In addition,
censoring interval is defined for the censoring tags BLQ, with an upper limit of the censoring interval (lower limit of quantification) that also depends
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on the STUDY category. Three new columns - AMT for dose amounts, CENS for censoring tags (0 or 1), and LIMIT for the lower limit of the censoring
intervals - are created by Data Formatting. A new dose line is then inserted at time O for each individual.
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formatting
Data file Lines settings
data. Headerlines: €3 €I [x]
% BROWSE... CONC_mg L~ +Add censoring =
Lines to exclude: [x]
Interval censoring
TME UNDEFINED - UNDEFINED ~
LINE NUMBER D TIME_h CONC_mg L ~ STUDY Upperlimit  MANUAL | FROM DATA Bo- X
a ® TG e S | Bycategory  Modalities  Upper limit
stupy~
. h - |:
3 1 0 BLQ SD_400mg
a 1 1 BLQ SD_400mg
SD_600mg 0.1
5 1 2 0.0638908 SD_400mg
Records pr pages 10 25 50 100 500 &
o GO D Lowerlimit ~ MANUAL  FROMDATA :
H - TME UNDEFINED ~ UNDEFINED - By category
No category ~
LINE NUMBER 1 TIME_h CONC_mg_L + STUDY ~
291 13 o BLQ SD_500mg
292 13 1 BLQ SD_500mg
293 13 2 0.498085 SD_500mg

® DoseAndLOQ_byCategory.phx [demo] - PKanalix - 2023R1

/% | Dpata

Data N
formatting Data file

Repeat cycle

Data information

Data ¢ e - Amount  MANUAL  FROMDATA
Bycategory  Modalities AMOUNT
stuov -

SD_400mg .
CATEGORICAL
omservation - CORONER amount CENSORING um
SD_500mg 500 .
D TIME_h CONC_mg_L sTuDY CcENS umir
2 1 0 . SD_400mg | SD_600mg 600 -
3 1 0 001 SD_400mg . 1 )
a 1 1 001 SD_400mg . 1 )
s 1 2 0.0638908 SD_400mg . 0
6 1 3 0213188 SD_400mg . 0

Records per page: 10 25 50

RESTOREDATA  ACCEPT

Page of18 > »

'OBSERVATION CATEGORICAL AMOUNT ~ CENSORING LIMIT -
COVARIATE ~

INE NUMBER [ TIME_h CONC_mg_L STUDY CENS LmIT
302 13 [ - SD_500mg
303 13 [ 0.1 SD_500mg 1 0
304 13 1 0.1 SD_500mg = 1 0
305 13 2 0.498085 SD_500mg 0
From data

The option “From data” is used to directly read censoring limits, dose amounts, administration ids, infusion durations, or rates from a dataset's
column. The column must contain either numbers or numbers inside strings. In that case, the first number found in the string is extracted (including
decimals with .).

« For censoring limits, the censoring limit used to replace each censoring tag is read from the selected column on the same row.
« For doses, the value chosen for the newly created column (AMT for amount, ADMID for administration id, INFDUR for infusion duration, INFRATE for
infusion rate) on each new dose line is read from the selected column on the first row found in the dataset for the same individual and the same

time as the dose, or the next time if there is no line in the initial dataset at that time, or the previous time if no time is found after the dose.

Example:

« demo DoseAndLOQ_fromData.pkx (the screenshot below focuses on the formatting of doses and censoring and excludes other elements present

in the demo):

In this demo there are three studies distinguished in the STUDY column with the categories “SD_400mg”, “SD_500mg" and “SD_600mg". In Data
Formatting, a single dose is manually defined at time O for all individuals, with the amount read the STUDY column. In addition, censoring interval is
defined for the censoring tags BLQ, with an upper limit of the censoring interval (lower limit of quantification) read from the LLOQ_mg_L column.
Three new columns - AMT for dose amounts, CENS for censoring tags (0 or 1), and LIMIT for the lower limit of the censoring intervals - are created by
Data Formatting. A new dose line is then inserted at time 0 for each individual, with amount 400, 500 or 600 for studies SD_400mg, SD_500mg and
SD_600mg respectively.
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® DoseAndLOQ_fromData.pha [demo] - Panalix

Initalization

Data file

([}

LINENUMBER

Recordsper page:

Page

LINENUMBER

Observations

£% sRowse.

o> »

2023R1

Treatments

Additional columns

Lines settings

Header lines: (30 €N
Lines to exclude:
T~ UNDEFINED.
TIME b CONC_mg L
TIME cone
h me/L
o 8LQ
1 8LQ
2 00638908
TMe ~ UNDEFINED -
TIME_h coNC.mg L
0 BLQ
1 BLQ
2 0.498085

- o
nestoncoms | encview B
[x]
[}

[— [—

STUDY LLoQ mg L
STuoY. uoQ
mg/L.

I So._400mg I o1
so._400mg oo
so._400mg o1

[r—— [r—
stuoy ogmg L

D_500mg

5D_500mg

CONC_mg L~

Interval censoring

Upperlimit  MANUAL

Lowerlimit ~ MANUAL

By category
Nocategory ~

+Add censoring ~

BLQ~ X

Data
formatting,

Data file Data information Units Time

Display

oaa s @ teroredcolumns

snomse...
Repeat cycle

omseruamon-  Soseone iawone - AMOUNT - CENSORING - - Amount  MANUAL  FROM DATA sTUDY -

CONC_mg_L sTupy cens umir

SD_400mg

D_400mg

001 SD_400mg

00638908 SD_400mg

0213188

SD_400mg

Records perpoge:
Page ot > » [OU sestoreoama  accerr

omservmon- AN one - puover -

LINE NUMBER i TMER . CONCmgLi  STUDY cens umir
302 13 o 50_500mg,
303 13 o o1 50_500mg, 1 o
304 1 1 o1 50_500mg, 1 o
05 1B 2 04ss085  SD_00mg o
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9. Creating occasions from dosing intervals

The option “Dose intervals as occasions” in the Treatments subtab of Data Formatting allows to create an occasion column to distinguish dose
intervals. This is useful if the sets of measurements following different doses should be analyzed independently for a same individual.

{® Untitled* - PKanalix - 2023R1

Initialization Observations Treatments Additional columns.

B, — |

formatting

Repeat cycle

Amount ~ MANUAL  FROM DATA

Example:

« demo doselntervals_as_Occ.mlxtran (Monolix demo in the folder 0.data_formatting, here imported into PKanalix):

This demo imported from a Monolix demo has an initial dataset in Monolix-standard format, with multiple doses encoded as dose lines with dose
amounts in the AMT column. When using this dataset directly into Monolix or PKanalix, a single analysis is done on each individual concentration
profile considering all doses, which means that NCA would be done on the concentrations after the last dose only, and modeling (CA in PKanalix or
population modeling in Monolix) would be estimated with a single set of parameter values for each individual. If instead we want to run separate
analyses on the sets of concentrations following each dose, we need to distinguish them as occasions with a new column added with the Data
Formatting module. To this end, we define the same treatment as in the initial dataset with Data Formatting (here as regular multiple doses) with the
option “Dose intervals as occasions” selected. After clicking Preview, Data Formatting adds two new columns: an AMT1 column with the new doses, to
be tagged as AMOUNT instead of the AMT column that will now be ignored, and a DOSE_OCC column to be tagged as OCCASION.
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® Untitled* - PKanalix - 2023R1

Tasks  Plots

(LTFZTOU  Observations  Treatments  Additional columns

formatting

conc

Data Lines settings

Filters Headerlines: OB

Lines to exclude: [x]

TIME UNDEFINED ~ UNDEFINED ~

Initial dataset
LINE NUMBER D TIME CCEO AmT : with no occasions

10 1 12 . 40
1 1 23 354146 . E
12 1 2 . 40
13 1 35 433902 .
Poge 1 of1a > »

REGULAR  MANUAL  EXTERNAL Dose intervals as occasions

Start time Interdose interval  Number of doses

" Tasks  Plots
Repeat cycle

Data
formatting Data file Data information

1M

OBSERVATION ~ IGNORE ~ OCCASION ~ AMOUNT ~

Units ) Amount | MANUAL  FROMDATA 40

LINE NUMBER AMT S LT AMTL

Dataset formatted
with occasions

2 40 -
2
3.54146 2 \ .
—————
3 40 .
: i | !
4 ' 3 .
3

Page 1 of17 > »

050 0f 825 entries - 25 individuals
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time

10. Handling urine data

In PKanalix-standard format, the start and end times of urine collection intervals must be recorded in a single column, tagged as TIME column-type,
where the end time of an interval automatically acts as start time for the next interval (see here for more details). If a dataset contains start and end
times in two different columns, they can be merged into a single column by Data Formatting. This is done automatically by tagging these two columns
as START and END in the Initialization subtab of Data Formatting (see Section 2). In addition the column containing urine collection volume must be
tagged as VOLUME.

Example:

« demo Urine_LOQinObs.plx:

® Uine LOQinObs o« demal - Panale - 202381 -~ o x

® Urine LOQinObs s demno] - Pana - 2023R1

& [Data | Tasks  Results  Plots =

Observations  Treatments  Additional columns Data

formatting Data file Data information Units Add. cove
Data file Lines settings Data @® urine Plasma . m
Headerlnes: €D o e =N Regressortor ne volume . .
2 srowse... -
Lines to exclude: (<]

LINE NUMBER » START_TIME. END_TIME voLume conc
LINENUMBER » conc AmT INFDUR cens
1 » STARTTIME ENDTIME. voLume conc I
2 1 o 4 a0 m
146 2
3 1 4 s 250 2
4 1 s 2 390 @
12 notCensored
s 1 1 18 450 2
2 notCensored
0 1 1 2% 415 2
a notCensored

Record e poge:

Back to List of
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11. Adding new columns from an external file

The last subtab is used to insert additional columns in the dataset from a separate file. The external file must contain a table with a column named ID
or id with the same subject identifiers as in the dataset to format, and other columns with a header name and individual values (numbers or strings).
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There can be only one value per individual, which means that the additional columns inserted in the formatted dataset can contain only a constant
value within each individual, and not time-varying values.

Examples of additional columns that can be added with this option are:

« individual parameters estimated in a previous analysis, to be read as regressors to avoid estimating them. Time-varying regressors are not
handled.

* new covariates.

If occasions are defined in the formatted dataset, it is possible to have an occasion column in the external file and values defined per subject-
occasion.

Example:

« demo warfarin_PKPDseq_project.mixtran (Monolix demo in the folder 0.data_formatting, here imported into PKanalix):

This demo imported from a Monolix demo has an initial PKPD dataset in Monolix-standard format. The option “Additional columns” is used to add the
PK parameters estimated on the PK part of the data in another Monolix project.

® Untitled* - PKanalix - 2023R1

Additional columns

warfarinPK_regressors.xt (TS (NS (T (TN wowse @

id Tlag_mode ka_mode V_mode Cl_mode

0.881068 1.27612  7.68831 0.111825
0.739306 0.906915  8.35584 0.128526
0.909005 0.955194  8.46397 0.112645
0.893931 1.42947 5.08504 0.072557
0.851363 1.36498  11.5598 0.176061

VR W N e

@ Untitled* - PKanalix - 2023R1

Tasks  Plots

Data
formatting Data file Data information Add. covariates

Data 1 urine @) Plasma . hour + m

£X BROWSE... 2 urine (@) Plasma
Filters

Covariates
statistics
ERVATION NTIN ATEGORICAL NTIN
TIME > AMOUNT ~ opservaTion » 25 o CONTINUOUS — CATEGO! CONTINUOUS
D COVARIATE ~ COVARIATE ~ COVARIATE +

REGRESSOR~  REGRESSOR™  REGRESSOR~  REGRESSOR v |

LINE NUMBER id time amt dv dvid wt sex age Tlag_mode ka_mode V_mode Cl_mode
L]
] 1) 66.7 1 50
2 1 0 100 66.7 1 50 0.881068 1.27612 7.68831 0111825
3 1 0 %8 2 66.7 1 50 0.881068 1.27612 7.68831 0111825
4 1 24 92 1 66.7 1 50 0.881068 1.27612 7.68831 0111825

Records per page: 10 25 50
Page 1 of11 > »

£ 11050 of 511 entries - 32 individuals

t Back to List of
Formatting Steps
12. Exporting the formatted dataset

Once data formatting is done and the new dataset is accepted, the project can be saved and it is possible to export the formatted dataset as a csv
file from the main menu Export > Export formatted data.

a Note that if you did some data formatting directly in Monolix (instead of PKanalix), the possibility to save the project and export the
formatted data is enabled only after loading a model in the structural model tab.


https://pkanalix.lixoft.com/pkanalix-2020r1-single-page-user-guide/#top
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@ DoseAndLOQ_manual.pkx [demo] - PKanalix - 2023R1

1 4 Data

Data formatting

Data

Filters

Covariates
statistics

LINE NUMBER

Back to List of
Formatting Steps

2.3. Units: display and scaling #

« It displays units of the NCA and CA parameters calculated automatically from information provided by a user about units of measurements

in a dataset. Units are shown in the results tables, on plots and are added to the saved files.

It allows for scaling values of a dataset to represent outputs in preferred units, which facilitates the interpretation of the results. Scaling is

done in the PKanalix data manager, and does not change the original data file.

Units definition

Units of the NCA parameters

Units of the CA parameters

Units display

Units preferences

Results  Plots

Data file Data information Units @ Display
TME . . . @ 'srored colum

CONC

Filters

= ) . ADMINISTRATION oM - — CATEGORICAL CONTINUOUS
= o~ COVARIATE ~ COVARMATE -

LINE NUMBER PERIOD ADM Conc_mg_L FORM

2 1 0 1 601 1 rof 3 ‘
3 1 0 1 0.06 intervalCensored 0 ref 25 3
4 1 1 1 0.06 intervalCensored 0 ref 25 3
s 1 2 1 034 notCensored ref P 3
6 1 3 1 0.98 notCensored ref 25 [
7 1 4 1 144 notCensored ref FL) %
8 1 s 1 181 notCensored ref P 73
418

Units definition

Units of the NCA and CA parameters are considered as combinations of units of: time, amount and volume. For instance, unit of AUC is
[concentration unit * time unit] = [amount unit / volume unit * time unit]. These quantities correspond to columns in a typical PK dataset: time of
measurements, observed concentration, dose amount (and volume of collected urine when relevant).
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The “Units” block allows to define the preferred units for the output NCA parameters (purple frame below), which are related to the units of the
data set columns (green frame below) via scaling factors (in the middle). The output units are displayed in results and plots after running the NCA
and CA tasks.

Units @

TIME 1 e hour ¥
CONC colu 1 >~ =f milligam~ / liter ¥
AMT 1 ~ = milig,am~ / kilogram ¥

Input data Output units

In PKanalix version 2023R1, the amount can now also be specified in mass of the administered dose per body mass or body surface area. This
eliminates the need to edit NCA or CA parameters by post-processing unit conversion.

Concentration is a quantity defined as “amount per volume”. It has two separate units, which are linked (and equal) to AMT and VOLUME
respectively. Changing the amount unit of CONC will automatically update the amount unit of AMT. This constraint allows to apply simplifications
to the output parameters units, for instance have Cmax_D as [mL] and not [mg/mL/mg].

Units @

TIME x 1 -] =
CONC x 1 - =
AMT umn x 1 - _
VOLUME column x = _

Units without data conversion: Output units correspond to units of the input data.

In other words, desired units of the NCA and CA parameters correspond to units of measurements in the dataset. In this case, select from the
drop-down menus units of the input data and keep the default scaling factor (equal to one). All calculations are performed using values in the
original dataset and selected units are displayed in the results tables and on plots.

Units conversion: output units are different from the units of the input data.

NCA and CA parameters can be calculated and displayed in any units, not necessarily the same as used in the dataset. The scaling factors (by
default equal to 1) multiply the corresponding columns in a dataset and transform them to a dataset in new units. PKanalix shows data with new,
scaled values after having clicked on the “accept” button. This conversion occurs only internally and the original dataset file remains
unchanged. So, in this case, select desired output units from the list and, knowing units of the input data, scale the original values to the new
units.

Example 1: input time units in [hours] and desired output units in [days]

For instance, let measurement times in a dataset be in hours. To obtain the outputs in days, set the output time unit as “days” and the scaling
factor to 1/24, as shown below. It reads as follows:

(values of time in hours from the dataset) * (1/24) = time in days.

Units @

CONC x ] 2 n~ / milliliter ¥

AMT x [ — l' /[ ki <

After accepting the scaling, a dataset shown in the Data tab is converted internally to a new data set. It contains original values multiplied by
scaling factors. Then, all computations in the NCA and CA tasks are performed using new values, so that the results correspond to selected units.

Example 2: input data set concentration units in [ng/mL] and amount in [mg]



D~ TIME ~ AMOUNT ~ (OBSERVATION ~

LINE NUMBER 10 time Amount bv

2 271 0 100

3 271 0 . 2950
4 271 0.17 2164
5 271 0.25 - 1884
6 271 05 - 1366
7 271 1 844
8 271 Iy 625
9 271 2 478
10 271 4 256
1 271 6 147

Let's assume that we have a data set where the
concentration units are [ng/mL]=[ug/L] and the dose amount units are [mg], as presented above. It is not possible to indicate these units directly,
as the amount unit of CONC and AMT must be the same. One option would be to indicate the CONC as [mg/kL] and the AMT as [mg] but having
the volume unit as [kL] is not very convenient. We will thus use the scaling factors to harmonize the units of the concentration and the amount.

If we would like to have the output NCA parameters using [ug] and [L], we can define the CONC units as [pg/L] (as the data set input units) and
scale the AMT to convert the amount column from [mg] to [ug] unit with a scaling factor of 1000. After clicking “accept” on the bottom right, the
values in the amount column of the (internal) data set have been multiplied by 1000 by PKanalix such that they are now in [pg].

Data file Data information Units @ Add. covariates
£ BROWSE... G . = moogame /| W
AMT column x 1 - = mogame /| -
= CATEGORICAL conTiNuous conTiNuous conTinuous
= - Time - AMOUNT ~ OBSERVATION ~
COVARIATE ~ COVARIATE ~ COVARIATE ~ COVARIATE ~
LINE NUMBER 1 time ‘Amount bV GENDER AGE HT wr
-} m F 69 157 63.7
2 271 0 F 69 157 637
3 211 o Amount in data set has 2950 F 69 157 637
been multiplied by 1000 by
4 m 07 2164 F 6 157 67
PKanalix to obtain g
5 27 0.25 1884 F 69 157 637
6 m 05 1366 F 6 157 637
7 m 1 844 F 6 157 67

If we would like to have the output NCA parameters using [ng] and [mL], we can define the CONC units as [ng/mL] (as the data set input units)
and scale the AMT to convert the amount column from [mg] to [ng] unit with a scaling factor of 1000000.

Data file Data information Units @ Add. covariates
TIME x = howr m

£ BROWSE...
coNe. x < = nanogamc | milliter
AMT x 1000000 < = mnogamv |

= CATEGORICAL CoNTINUOUS. ‘CONTINUOUS. CoNTINUOUS
= L3 TIME AMOUNT OBSERVATION ~

COVARIATE ~ COVARIATE ~ COVARIATE ~ COVARIATE ~
LINENUMBER D time Amount ov GENDER AGE T wr
-] 27 F 69 157 63.7
2 m o F 69 157 637
3 m o 2950 F 6 157 637
s m 017 2164 F 69 157 637
5 m 025 1884 F 69 157 637
6 m 05 1366 F 6 157 637
7 m 1 844 F 69 157 637

Units for the NCA parameters

Rsq no unit
Rsq_adjusted no unit
Corr_XY no unit
No_points_lambda_z no unit
Lambda_z time-1
Lambda_z_lower time
Lambda_z_upper time
HL_lambda_z time

Span no unit



Lambda_z_intercept

T0

Tlag

Tmax_Rate

Max_Rate

Mid_Pt_last

Rate_last

Rate_last_pred

AURC_last

AURC _last_D

Vol_UR

Amount_recovered

Percent_recovered

AURC_all

AURC_INF_obs

AURC_PerCentExtrap_obs

AURC_INF_pred

AURC_PerCentExtrap_pred

Co

Tmin

Cmin

Tmax

Cmax

Cmax_D

Tlast

Clast

AUClast

AUClast_D

AUMClast

AUCall

AUCINF_obs

AUCINF_D_obs

AUCINF_pred

AUCINF_D_pred

AUC_PerCentExtrap_obs

AUC_PerCentBack_Ext_obs

AUMCINF_obs

AUMC_PerCentExtrap_obs

no unit

time

time

time

amount.time-1

time

amount.time-1

amount.time-1

amount

grading

volume

amount

% [not calculable when grading -> set as NaN]

amount

amount

%

amount

%

amount.volume-1

time

amount.volume-1

time

amount.volume-1

grading.volume-1

time

amount.volume-1

time.amount.volume-1

grading.time.volume-1

time2.amount.volume-1

time.amount.volume-1

time.amount.volume-1

grading.time.volume-1

time.amount.volume-1

grading.time.volume-1

%

%

time2.amount.volume-1

%



Vz_F_obs

Cl_F_obs

Cl_obs

Cl_pred

Vss_obs

Clast_pred

AUC_PerCentExtrap_pred

AUC_PerCentBack_Ext_pred

AUMCINF_pred

AUMC_PerCentExtrap_pred

Vz_F_pred

CI_F_pred

Vss_pred

Tau

Ctau

Ctrough

AUC_TAU

AUC_TAU_D

AUC_TAU_PerCentExtrap

AUMC_TAU

Vz

Vz_obs

Vz_pred

Vz_F

Clss_F

Clss

CAvg

FluctuationPerCent

FluctuationPerCent_Tau

Accumulation_index

swing

Swing_Tau

Dose

N_Samples

MRTlast

MRTINF_obs

MRTINF_pred

AUC_lower_upper

volume.grading-1

volume.time-1.grading-1

volume.time-1.grading-1

volume.time-1.grading-1

volume.grading-1

amount.volume-1

%

%

time2.amount.volume-1

%

volume.grading-1

volume.time-1.grading-1

volume.grading-1

time

amount.volume-1

amount.volume-1

time.amount.volume-1

grading.time.volume-1

%

time2.amount.volume-1

volume.grading-1

volume.grading-1

volume.grading-1

volume.grading-1

volume.time-1.grading-1

volume.time-1.grading-1

amount.volume-1

no unit

no unit

no unit

amount.grading-1

no unit

time

time

time

time.amount/volume



AUC_lower_upper_D grading.time.volume-1

CAVG_|lower_upper amount/volume
AURC_lower_upper amount
AURC_lower_upper_D grading

Units for the PK parameters

Units are available only in PKanalix. When exporting a project to Monolix, values of PK parameters are re-converted to the original dataset unit.
Below, volumeFactor is defined implicitly as: volumeFactor=amtFactor/concFacto, where “factor” is the scaling factor used in the “Units” block in
the Data tab.

PARAMETER UNIT INVERSE of UNITS
V (V1,V2,V3) volume.grading-1 value/volumeFactor

k (ka, k12, k21, k31, k13,

Ktr) 1/time value*timeFactor

Cl,Q(Q2,Q3) volume/time.grading-1  value*timeFactor/volumeFactor
Vm amount/time.grading-1  value*timeFactor/amountFactor
Km concentration value/concFactor

T (TkO, Tlag, Mtt) time value/timeFactor

alpha, beta, gamma 1/time value*timeFactor

A B, C grading/volume value*volumeFactor

Units display
To visualise units, switch on the “units toggle” and accept a dataset. Then, after running the NCA and CA tasks, units are displayed:

« In the results table next to the parameter name (violet frame), in the table copied with “copy” button c (blue frame) and in the saved .txt files
in the result folder (green frame).
(A A T © (S - G AT 7 K
id AUCINF_obsC_%Extrap_ AUClast CLF_obs Clast Cmax Lambda_z Tlast Tmax Vz_F_obs |
(h-gmL™) (%) (hgml™) (mL-h7)  (gmL?)  (gmL) (h") (h) (h) (mL)
101 24s.51  s.s1  229.14 0.6 225 2048 o 24 2
Data  Tasks | Resulfs | Plots 103 asi.5e 1343 217.76 0 32 24 2.5
105 1s5.83 1651 1. P o 2 2.5
106 115.87 61 1087 081 1228 o 2 s 21flay
107 235.38 1818 1s5.83 557 st o.om 24 25 .o
108 175.63 5.05  159.74 1.8 14.39 0.11 24 2 .se|) Pagination
108 136.05  13.24  118.07 12 153 123 o.0ss 24 B 13
1010 22915 s.35 21002 0.6s __ 2.22 1.7 0.12 24 3 .63}
id 5. | AUCINF_obs AUC_%Extrap_obs AUClast ClL_F_obs Lambda_z Tlast Tmax Vz_F_obs
(ngai) ) gL ) @ ) i)
101 FrTRT Ty = z
02 145,31 0.097 2 2.
103 217.76 0.002 24 2.5

I8 ncalndividualParameters - Notepad

File Edit Format View Help
\id,AUCINF_obs,AUC_PercentExtrap_obs,AUclast,Cl_F_obs,clast,cmax,Lambda_z,Tlast,Tmax,vz_F_obs ~
id.AUCIFO.AUCPEQ.AUCLST.CLFO.CLST.CMAX,LAMZ , TLST . TMAX.VZFO
Shgmi=1,%,h-gmL-1,mL-h=1,gmL-1,gmL=%,h=%,h,h,mL
101,249.907,8.30835,229.143,0.600224,2. 286, 20.4//6,0.110099,24,2,5.45167
102,160.811,10.2615,144.309,0.932775,1.59526,14.136,0.096673,24,2.5,9.64876
Records per gug#0 2 103,251.542,13.4281,217.764,0.596323,3.11717,19.8727,0.0922858,24,2.5,6.4617
104,213.707,11.2908,189.578,0.701897,2.28098,22.383,0.0945321,24,3,7.42496
105,135.834,16.5097,113.408,1.10429,1.51674,13.1413,0.067634,24,2.5,16.3275
106,115.87,6.10671,108.795,1.29455,0.81243,12.2776,0.114817,24,3,11.2749
107.730.481.18.1871.105.076.0.A2A355.3.3704.17.5176.0.A773R3D.74.7 .5 8. A04)

e 1 of2 > »

n1,Col 1 100%  Windows (CRLF) UTF-8

« On plots if the “units” display is switched on in the General plots settings
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Units preferences

The units selected by default when starting a new PKnaalix project can be chosen in the menu Settings > Preferences.

® Preferences Lﬁ

Basic variables Default unit

dose picogram P

time nanogram ng

volume microgram ug
milligram mg
gram g
picomole pmol
nanomole nmol
micromole umol
millimole mmol
mole mol

Header types Related headers
! |

2.4. Filtering a data set #

Starting on the 2020 version, filtering a data set to only take a subpart into account in your modelization is possible. It allows to make filters on
some specific IDs, times, measurement values,... It is also possible to define complementary filters and also filters of filters. It is accessible
through the filters item on the data tab.

e Creation of a filter
e Filtering actions

e Filters with several actions

e Other filers: filter of filter and complementary filters


https://pkanalix.lixoft.com/pkanalix-2020r1-single-page-user-guide/#creation
https://pkanalix.lixoft.com/pkanalix-2020r1-single-page-user-guide/#creation
https://pkanalix.lixoft.com/pkanalix-2020r1-single-page-user-guide/#actions
https://pkanalix.lixoft.com/pkanalix-2020r1-single-page-user-guide/#actions
https://pkanalix.lixoft.com/pkanalix-2020r1-single-page-user-guide/#combination
https://pkanalix.lixoft.com/pkanalix-2020r1-single-page-user-guide/#combination
https://pkanalix.lixoft.com/pkanalix-2020r1-single-page-user-guide/#others
https://pkanalix.lixoft.com/pkanalix-2020r1-single-page-user-guide/#others

Tasks  Results  Plots

_ Data file Data information

Units Add. covariates

2 srowse...

CATEGORICAL ‘coNTINUOUS
COVARIATE - COVARIATE ~

TiMe - OBSERVATION - AMOUNT +

LINENUMBER D TIME ov AT SEX WEIGHT

1 o 100 F 706466

1 1 166314 F 706466

1 15 215208 F 706466

1 2 11746 F 06466

1 25 20,0199 F 706466

1 3 11.9624 F 706466

1 4 107658 F 06466

Creation of a filter

To create a filter, you need to click on the data set name. You can then create a “child". It corresponds to a subpart of the data set where you will

define your filtering actions.
)

Tasks  Results  Plots

data_covariates.csv

= data_covariates_filtered

You can see on the top (in the green rectangle) the action that you will complete and you can CANCEL, ACCEPT, or ACCEPT & APPLY with the
bottoms on the bottom.
Filtering a data set: actions

In all the filtering actions, you need to define

« An action: it corresponds to one of the following possibilities: select ids, remove ids, select lines, remove lines.

« A header: it corresponds to the column of the data set you wish to have an action on. Notice that it corresponds to a column of the data set
that was tagged with a header.

« An operator: it corresponds to the operator of choice (=, # <<, >, or 2).

« Avalue. When the header contains numerical values, the user can define it. When the header contains strings, a list is proposed.

For example, you can

« Remove the ID 1 from your study:

action header operator value

:

In that case, all the IDs except ID = 1 will be used for the study.

o Select all the lines where the time is less or equal 24:
action header operator value

m T 25 “ ©

In that case, all lines with time strictly greater that 24 will be removed. If a subject has no measurement anymore, it will be removed from the
study.
o Select all the ids where SEX equals F:

action header operator value

m = = o

In that case, all the male will be removed of the study.

* Remove all Ids where WEIGHT less or equal 65:



action operator value

In that case, only the subjects with a weight over 65 will be kept for the study.

)

In any case, the interpreted filter data set will be displayed in the data tab.

Filters with several actions

In the previous examples, we only did one action. It is also possible to do several actions to define a filter. We have the possibility to define
UNION and/or INTERSECTION of actions.

INTERSECTION

By clicking by the + and - button on the right, you can define an intersection of actions. For example, by clicking on the +, you can define a filter
corresponding to intersection of

« The IDs that are different to 1.

« The lines with the time values less than 24.

value

]

Thus in that case, all the lines with a time less than 24 and corresponding to an ID different than 1 will be used in the study. If we look at the
following data set as an example

D AMT | TME | cONC | WEGHT s&x
a0 o. 6M

D AMT TIME CONC  WEIGHT SEX.
1 4.02 0. 796 M
D AMT TIME CONC  WEIGHT SEX. 1. 0.25 2.84 79.6 M
1 4.02 0. 796 M 1. 0.57 6.57 796 M
1. 0.25 2.84 79.6 M 1. 112 10.5 79.6 M
1. 0.57 6.57 79.6 M 1. 2.02 9.66. 79.6 M
1. 112 10.5 79.6 M 1. 3.82 858 79.6 M
1. 202 9.66 79.6 M 1. 5.1 8.36 79.6 M
1. 3.82 8.58 796 M 1. 7.03 7.47 79.6 M
1. 5.1 8.36 79.6 M 1. 9.05 6.89 79.6 M
1. 7.03 7.47 796 M 1. 1212 5.94 796 M
1. 9.05 6.89 79.6 M 1. 24.37 3.28 79.6 M
1. 12.12 5.94 79.6 M 2 44 0. 724 M
1. 24.37 3.28 796 M 2. 0.27 172 724M
2 4.4 0. 724 M 2. 0.52 7.91 724 M
2. 0.27 172 724 M 2. 1 831 724M
2. 0.52 7.91 724 M 2. 192 833 724 M
2. 1 83 7AM s e s msw L Resulting data set after action: select IDs # 1 2. 35 68 naM
2. 192 8.33 724 M 2. 5.02 6.08 724 M
2. 3.5 6.85 724 M 2. 7.03 5.4 724 M
2. 5.02 6.08 724 M o Ay | TME | conc |weieHr| sex 2. 9 455 724 M
2. 7.03 5.4 724 M 1 am 0. Zop 12 3.01 724M
5 ax 2w mew
2. 9 455 724 M i =) = =00 2. 243 0.9 724 M
2. 12 3.01 724 M 1 112 105 ™eM 3 4.53 0. 705 M
i P
2. 24.3 0.3 724 M e 5 B = 3. 0.27 44 705 M
3 4.53 0. 705 M 1. 51 836 6M 3. 0.58 6.9 705 M
3. 0.27 44 705 M T omom e 3. 1.02 82 705 M
3. 0.58 6.9 705 M i 22 s mem Bl 202 7.8 705 M
f ns  am  mew
3. 1.02 8.2 705 M 3 " 4 i 3. 3.62 75 705 M
3. 202 7.8 705 M 2. 02 1m  nam Bl 5.08 6.2 705 M
2 o s maw
3. 3.62 7.5 705 M 3 S & T 3. 7.07 5.3 70.5 M
3. 5.08 6.2 705 M 2. 12 em mam G 9 49 705 M
3|. 7.07 5.3 705 M 2 35 o8 am
e P e = 3. 1215 3.7 705 M
3. 9 49 70.5 M 2. 705 54 mam 3. 2417 1.05 705M
3). 12.15 3.7 705 M - = e e
2 © s maw !
3. 217 105 705Mm . Ot Considered data set for the study
T maw
Initial data set s o e mew as the intersection of the two
: G n o mew )
s 2w mam actions
3 e g maw
3 Sl 6 e
3 s mam
i s i mew
3 ws 37 mew ) ) . .
g = e nsw  Resulting data set after action: select lines with

time <24

UNION

By clicking by the + and - button on the bottom, you can define an union of actions. For example, in a data set with a multi dose, | can focus on
the first and the last dose. Thus, by clicking on the +, you can define a filter corresponding to union of

o The lines where the time is strictly less than 12.

« The lines where the time is greater than 72.

UNION

H
L
‘

UNION



i — id time amt y

id time amt y - 1 0 40

1 0 40. Fi— o 1 0.5 ' 3.365
1 0.5 . 3.365 —% o 3 '1 ' 2‘;718
1 1. 2.4718 F— e 1 3 ' 2-5617
1 3. 25617 Resulting data set after action: 1 5. 1.8819
1 5. 1.8819 select lines where the time is strictly less than 12 1 7. 2.1349
1 7. 21349 1 9 1.6741
1 9. 1.6741 o | e | |y 1 1 ' 2.0317
1 1. 2.0317 I — . p ' . ’
1 12 40. R e 1 125 ' 4.219
1 12.5. 4.219 AR e e :

Pl 1 13 . 3.3258
1 13 . 3.3258 F— ——T

F— e} 1 15 . 3.4157
1 15 . 3.4157 i e

FI— 1 17. 2.7359
1 17. 2.7359 — S 1 19 2.9889
1 19. 2.9889 I 1 21 . 2.5281
1 21. 2.5281 i e 1 23 ' 2‘3357
1 2. 2.8857 = = X % .
1 24 40. 5 B P '
1 7 20 . Resulting data set after action: d 2 “0e
1 72,5 . 6.0911 select lines where the time is greater than 72 1 Zok RO
1 73. 5.874 i ;z ' 550'2?5
1 75 . 6.0025 T e 2 i g
1 77. 4.7898 I ’ )

Fl— fred 1 79. 4.1839
1 79. 4.1839 A

— 1 81. 4.2116
1 81. 4.2116 e owe

T 1 83. 3.2958
1 83. 3.2958 " e .

Initial data set " ey Considered data set for the study
nitial data se R - )
- 2 as the union of the three actions

Resulting data set after action:
select lines where amt equals 40

Notice that, if just define the first two actions, all the dose lines at a time in 112, 72[ will also be removed. Thus, to keep having all the doses, we
need to add the condition of selecting the lines where the dose is defined.

In addition, it is possible to do any combination of INTERSECTION and UNION.

Other filers: filter of filter and complementary filters

Filtering a data set can be nested. Based on the definition of a filter, by clicking on the filter, it is possible to create:

« Achild: it corresponds to a new filter with the initial filter as the source data set.
« A complement: corresponds to the complement of the filter. For example, if you defined a filter with only the IDs where the SEX is F, then the

complement corresponds to the IDs where the SEX is not F.

theophylline_data.txt {—————————————@ theophylline_data_filte---

Remove
Create child

Create complement

2.5. Import a Monolix/Simulx project #

MonolixSuite applications are interconnected and projects can be exported/imported between different applications. This interconnection is
guaranteed by using the same model syntax (mixtran language) and the same dataset format.

There are two options to create a PKanalix project from a Monolix or Simulx project*

e Import a Monolix project to PKanalix to run NCA or CA on the original dataset in the Monolix project

o Export from Monolix to PKanalix to run NCA or CA on the original dataset, or on the VPC simulations or individual fits
e Export with individual fits dataset.
e Export with VPC simulations

e Export from Simulx to PKanalix to run NCA or CA on simulations

*Note: Import and export to PKanalix is available starting from the 2023 version. In the previous versions, you can only export a PKanalix project to
Monolix.

Import a Monolix project to PKanalix
To import a Monolix project, open PKanalix application and in the home page select IMPORT FROM:


https://pkanalix.lixoft.com/pkanalix-2020r1-single-page-user-guide/#importFrom
https://pkanalix.lixoft.com/pkanalix-2020r1-single-page-user-guide/#importFrom
https://pkanalix.lixoft.com/pkanalix-2020r1-single-page-user-guide/#exportTo
https://pkanalix.lixoft.com/pkanalix-2020r1-single-page-user-guide/#exportTo
https://pkanalix.lixoft.com/pkanalix-2020r1-single-page-user-guide/#indivFit
https://pkanalix.lixoft.com/pkanalix-2020r1-single-page-user-guide/#indivFit
https://pkanalix.lixoft.com/pkanalix-2020r1-single-page-user-guide/#vpc
https://pkanalix.lixoft.com/pkanalix-2020r1-single-page-user-guide/#vpc
https://simulx.lixoft.com/simulation/results/#exportMlxPkx
https://simulx.lixoft.com/simulation/results/#exportMlxPkx
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In PKanalix, it is possible to import only a Monolix project with its original dataset. When you select in the home screen IMPORT FROM > Monolix,
then PKanalix will create a new, untitled, project with:

Dataset tagging and formatting steps if present as in the Monolix project.

Dataset filters if applied as in the Monolix project.

NCA settings: “administration type” set to intravenous or extravascular depending on the administration in a model selected in the Monolix

project.

NCA settings: “observation ID to use” set to the first one alphabetically (if obsid are strings) or numerically (if obsid are integers).

NCA settings: default PKanalix settings for the integral method, treatment of BLQ values, parameters.

« Acceptance criteria: not selected.

Bioequivalence: default PKanalix settings

CA model: set to the same structural model and the same mapping between observation ids and model outputs as in the Monolix project

CA initial parameter values: equal to the initial estimates of the Monolix project

CA parameters constraints: none for normally distributed parameters, positive for log-normally distributed parameters; bounded with limits
imported from the Monolix project for logit-normally and probit-normally distributed parameters.

o CA calculations settings: default PKanalix settings

After the import, you can save the PKanalix project as usual, edit it and run the analysis.

Remark: Importing a Monolix project to PKanalix is only with the original dataset used to create a Monolix project. Export from Monolix to
PKanalix has more options. You can choose to import a Monolix project with its original dataset, vpc dataset or with individual fits dataset, see the
next section. Import from Simulx is currently unavailable.

Export from Monolix to PKanalix
To export a Monolix project to PKanalix click EXPORT PROJECT TO in the top menu “Export™:

1@ warfarinPK_projectmixtran fdemol - Monolix estimation - 2023R1

Data  Strc *° ° 1ites  Statisticalmodel&Tasks  Results  Plots

o o e © & o T - 2 e
POPULATION PAR ., CONDITIONAL DI... [N ULICLY - g LIKELIHOOD ~ © PLOTS /2 =
Use linearization method
Observation model ~ fix
TYPE OBSERVATION ID NAME PREDICTION ERROR MODEL DISTRIBUTION
continuous 1 y1 Cc COMBINED1 ~ NormaL - |
Individual model ~ fix
PARAMETERS DISTRIBUTIONS RANDOM EFFECTS CORRELATION age ™ wt~
Select: All | None #
Tlag LOGNORMAL ~
K [ -

When you export a Monolix project, in the export pop-up window you can choose:

« to which application you want to export your current project: PKanalix or Simulx: select “PKanalix”

« which dataset you want to use in the export: original dataset, vpc dataset, individual fits dataset


https://pkanalix.lixoft.com/
https://pkanalix.lixoft.com/
https://simulx.lixoft.com/
https://simulx.lixoft.com/

¢ Project export ? X

Export configuration

General

Target software

@ PKanalix

Simulx

' Generated files next to project

Data

File type

@ Original
VPC
Indiv. fits

VPC data set has a large number of rows. Exporting
project using this data set may take a while.

m

By default, Monolix will copy all files, e.g. dataset and model, next to the new PKanalix project. To keep current location of these files, switch the
toggle “Generated files next to project” off. Click the “EXPORT" button at the bottom to confirm. PKanalix application will open automatically with a
predefined project called “untitled”. It will contain the same pre-defined elements as during the import, see the description above. If you selected
export with vpc dataset or individual fits dataset, then Monolix creates a .csv files with vpc simulations or individual model predictions in the
MonolixSuite data format. These dataset will be automatically loaded in the new PKanalix project.

Export with individual fits dataset

The .csv generated file contains model predictions on a fine time grid (specified in the Plots tasks settings in Monolix) obtained with different
individual parameters:

CONTINUOUS CONTINUOUS CATEGORICAL
COVARIATE ~ COVARIATE ~ COVARIATE -

IGNORE ~ IGNORE ~ IGNORE ~ OBSERVATION ~ AMOUNT ~

LINE NUMBER popPred_medianCOV LR L indivPred_mode amt age * wt sex

50 66.7 1

100 50 66.7 1
0 50 66.7 1
[ 50 66.7 1

« popPred: model predictions with individual parameters corresponding to the population parameters estimated by Monolix and the impact of
the individual covariates, but random effects set to zero. For instance,V; = Vjop X ewpﬂVWT *WT;

« popPred_medianCOV: model predictions with individual parameters corresponding to the population parameters and the impact of the
covariates using the population median for continuous covariates and reference category for categorical covariates, and random effects set to

zero. For instance, V; = Vpop X ezpﬂVxWTXWTmed

indivPred_mode: [when EBEs task has run] model predictions with individual parameters corresponding to the EBEs (conditional mode)

estimated by Monolix (as displayed in Monolix Results > Indiv. param > Cond. mode.). Tagged as OBSERVATION by default.

indivPred_mean: [when COND. DISTRIB. task has run] model predictions with individual parameters corresponding to the conditional mean

estimated by Monolix (as displayed in in Monolix Results > Indiv. param > Cond. mean.)

The dataset contains also the individual design: doses, occasions, regressors, covariates.

Export with vpc dataset

The .csv generated dataset in the Monolix format constructed from the VPC simulations and individual design (doses, occasions, regressors,
covariates)

STRATIFICATION
OBSERVATION CONTINUOUS ~ CONTINUOUS  CATEGORICA|

CATEGORICAL IGNORE ~ IGNORE ~ IGNORE ~ OBSERVATION ~ AMOUNT ~
e - COVARIATE ~ COVARIATE ~ COVARIATE

1]

LINE NUMBER © » i » 08l timeAfterLastDose s doseid ++ MUEEZVVLIE obsid  + amt ¢ age wt ot sex

100_repl 100 50 66.7 1
100_rep1 0.0582826 y1 50 66.7 1
100_repl -0.296608 yl 50 66.7 1

« rep: simulation replicate. Tagged as stratification categorical covariate

« uid: unique id obtained by concatenation of “rep” and “id". Tagged as ID by default.

« time/timeAfterLastDose: observation times or times after last dose

¢ doseid: administration id

« y1/observation: simulated observation values. Default header is “y1” if a model has only one output, and “observation” in case of several

outputs (obsid column is created automatically). Tagged automatically as OBSERVATION

3. Non Compartmental Analysis #



One of the main feature of PKanalix is the calculation of the parameters in the Non Compartmental Analysis framework.

o NCA task
o NCA results (3

* NCA plots ()
* NCA outputs

NCA task

Main function of PKanalix is to calculate PK metrics (non-compartmental parameters). In the Tasks tab, you find a dedicated section “NCA” (left
panel). There are two subtabs: RUN and CHECK A,.

Data Results  Plots

Tasks

cHeEckAz BTN

Non compartmental analysis ~

-
cA 7

Settings

k)

_ pm——
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intravenous @) Extravascular

Integral method
Linear up log down ~
Partial AUC time

BLQ method before Tmax

BLQ method after Tmax

Missing

Parameters

Computed parameters

BE logtransform

Rsq

AUMCINF

AUMC_PerCentExtrap_obs Tlast
Clast_pred

v Acceptance criteria

Adjusted R2

9% extrapolated AUC

4 .

8 - Study desig;

Factors in linear model (fixed effects)

formulation

D0sE_mg

reference  30ome~

Span

additional None svaiable ~

« RUN tab contains section with calculation task buttons (for non-compartmental analysis and bioequivalence) and the settings: calculation,
acceptance criteria, parameters and bioequivalence design. The meaning of all the settings and their default is in a separate page here.

o CHECK A, allows to define the calculation of A, - it is a graphical preview of each individual data and the regression line, more details are here.

To calculate NCA parameters click on the button NON-COMPARTMENTAL ANALYSIS. If you click on RUN button, then PKanalix runs all selected
tasks (“in green”). Results and plots are automatically generated in separate tabs.

NCA results

When you run the NCA task, results are automatically generated and displayed in the RESULTS tab. There are three tables: individual estimates,
summary and points for A_z.

Non compartmental analysis results per individual

Individual estimates of the NCA parameters are displayed in the table in the tab “INDIV. ESTIM.”


https://pkanalix.lixoft.com/pkanalix-2020r1-single-page-user-guide/#ncaTasks
https://pkanalix.lixoft.com/pkanalix-2020r1-single-page-user-guide/#ncaTasks
https://pkanalix.lixoft.com/pkanalix-2020r1-single-page-user-guide/#ncaResults
https://pkanalix.lixoft.com/pkanalix-2020r1-single-page-user-guide/#ncaResults
https://pkanalix.lixoft.com/pkanalix-2020r1-single-page-user-guide/#ncaPlots
https://pkanalix.lixoft.com/pkanalix-2020r1-single-page-user-guide/#ncaPlots
https://pkanalix.lixoft.com/pkanalix-2020r1-single-page-user-guide/#ncaOutputs
https://pkanalix.lixoft.com/pkanalix-2020r1-single-page-user-guide/#ncaOutputs
https://pkanalix.lixoft.com/bioequivalence/
https://pkanalix.lixoft.com/bioequivalence/
https://pkanalix.lixoft.com/nca-settings/
https://pkanalix.lixoft.com/nca-settings/
https://pkanalix.lixoft.com/check-lambda_z/
https://pkanalix.lixoft.com/check-lambda_z/

t aPCSK9_SAD,.phx [demo] * - PKanal
ettings Sort

Results | Plots

£ Data Tasks

POINTS FORA_z SUMMARY INDIV. ESTIM.

Individual estimates &

@ Non compartmental analysis results per individual

iy, AUCq.n/Dose AUCq.inf AUCo.tiast
(@) (dmg-L7) (dmg-L)
1 2.26 338.76 332.66
2 1.8 262.75
3 1.32 194.52
4 133.84
s 0.96 141.83
i 1.16 174.42 170.51
7 0.95 285.35 283.54
8 2.1 6304
2.7 810.86 809.78
2.39 717.26 715.7¢
Records per page: 10 18
Page 1 of2 > »

owing 1to 10 of

CLF Clast Camax Crmax/Dose Ket Intercept ., Vg/F ., DOSE_mg
(Ld?)  (mglt)  (agiLt) W) (@) w

0.44 0.42 18.72 0.13  0.069 3.23  6.43  150mg

0.12 12.52 0.15 6.13 150mg

0.39 11.03 0.12 400 632 150mg

0.27 5.04 0.11 3.25 150mg

1.04 0.29 8.35 0.11 3.6 9.04 150mg

56 0.46 5.68 0.12 415 7.3¢ 150mg

1.05 0.19 15.31 0.1 425 10.02  300mg

26.68 0.09 481 5.31 300mg

0.11 31 0.098 5.98 300mg

0.12 33.47 0.081 1.6 300mg

® roginate

All the computed parameters depend on the type of observation and administration. Description of all the parameters is here. You can copy this
table to a word or an excel file using an icon on the top right (purple frame).

Summary statistics on NCA results

Statistics on non-compartmental parameters are displayed in the summary table in the sub-tab “SUMMARY". Description of all the summary
calculation is here.

4 Data Tasks | Resulfs Plots
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The summary table can be

« split and filtered according to the categorical and continuous covariates tagged in the data set

« filtered according to the acceptance criteria defined in the NCA settings

Summary

Paginate Paginate

@ S0 st m m
st

¢ 4.6 ¢

‘ e s . 2024 s

HT

Elapsed time (seconds)

« Split by covariates: When you apply “split” of a table, the values of the splitting covariates are displayed in the first columns of the summary

table (blue highlight). The order of these columns corresponds to the order of the clicks to setup the splitting covariates (orange highlight). You

can discretized continuous covariates into groups by defining the group limits (yellow highlight), and create new categories for categorical

covariates (drug and drop to merge existing categories).
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It is currently not possible to split the table in several subtables (instead of splitting the rows), nor to choose the orientation of the table (NCA
parameters as columns for instance). See the reporting documentation for details how these options can be applied in a report.
« Filter by acceptance criteria: you can remove from the calculations in the summary table parameter values from subjects that do not meet

the acceptance criteria

Read details on filtering rules

When you save a PKanalix project, the stratification settings of the results are saved in the result folder and are reloaded when reloading a
PKanalix project. The table in the <result folder>/PKanalix/IndividualParameters/nca/ncalndividualParametersSummary.txt takes into
account the split definition. This table is generated when clicking “run” in the task tab (usually without splits, as the result tab is not yet
available to define them) and also upon saving the project (with splits if defined).

Points for lambda_z

In the sub-tab “POINTS FOR A_z " you find table of concentration points used for the terminal slope (Az) calculation.

& project_aPCSK9_SAD.pkx - PKanalix - 2023R1

Settings
/% Data Tasks | Results Plots

-~ POINTS FORA_z SUMMARY INDIV. ESTIM.

Points included in A_z calculation &

. Paginate

(€ Table of concentration points used for the terminal slope (A_z) calculation
e
ID time concentration BLQ included forA_z
1 0 0 0 0
1 0.13 2.48 0 0
1 1 14.93 1] 1]
1 3 19.72 0 0
1 = 17.61 0 1
1 7 14.21 1
1 9 13.01 0 1
1 14 9.86 0 1
1 21 5.66 1] 1
1 28 4.08 0 1
Records per page: 10 25 50 100 223
Page 1 of23 > »

This table is displayed only if number of rows <5000. Above this, the tab appears as usual but with incomplete data. You can find the full table in
the result folder: <result folder>/PKanalix/IndividualParameters/nca/pointsincludedForLambdaZz.txt.

NCA plots

The PLOTS tab shows plot associated to the individual parameters:

e Correlation between NCA parameters: displays scatter plots for each pair of parameters. It allows to identify correlations between parameters,
which can be used to see the results of your analysis and see the coherence of the parameters for each individuals.

o Distribution of the NCA parameters: shows the empirical distribution of the parameters. it allows to verify distribution of parameters over the
individuals.

o NCA parameters w.r.t. covariates: sisplays the individual parameters as a function of the covariates. It allows to identify correlation effects
between the individual parameters and the covariates.

o NCA individual fits: shows the lambdaZ regression line for each individual.

NCA outputs

After running the NCA task, the following files are available in the result folder: <resultFolder>/PKanalix/IndividualParameters/nca

« Summary.txt contains the summary of the NCA parameters calculation, in a format easily readable by a human (but not easy to parse for a
computer)
« ncalndividualParametersSummary.txt contains the summary of the NCA parameters in a computer-friendly format.

o The first column corresponds to the name of the parameters
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* The second column corresponds to the CDISC name of the parameters
« The other columns correspond to the several elements describing the summary of the parameters (as explained here)
« ncalndividualParameters.txt contains the NCA parameters for each subject-occasion along with the covariates.
« The first line corresponds to the name of the parameters
« The second line corresponds to the CDISC name of the parameters
« The other lines correspond to the value of the parameters
« pointsincludedForLambdaZz.txt contains for each individual the concentration points used for the lambda_z calculation.
o id: individual identifiers
« occ: occasions (if present). The column header corresponds the data set header of the column(s) tagged as occasion(s).
e time: time of the measurements
e concentration: concentration measurements as displayed in the NCA individual fits plot (i.e after taking into the BLQ rules)
« BLQ: if the data point is a BLQ (1) or not (0)
 includedForLambdaZ: if this data point has been used to calculate the lambdaZ (1) or not (0)

The files ncalndividualParametersSummary.txt and ncalndividualParameters.txt can be exported in R for example using the following
command

read.table ("/path/to/file.txt", sep = ",", header = T)

Remarks
« To load the individual parameters using PKanalix name as headers, your just need to skip the second line

ncaParameters = read.table("/path/to/file.txt", sep = ",", header = T);
ncabParameters[-1,] # to remove the CDISC name line
 To load the individual parameters using CDISC as headers, your just need to skip the second line

ncaParameters = read.table("/path/to/file.txt", sep = ",", header = T, skip = 1)

« The separator is the one defined in the user preferences. We set “,” in this example as it is the one by default.

3.1. Check lambda_z #

The A, is the slope of the terminal elimination phase. If estimated, the NCA parameters will be extrapolated to infinity. Check lambda_z tab
visualizes the linear regression model for each individual and allows to control the points included in the calculation of the A, parameter.

General rule

The “Check lambda_z" tab shows the data of each individual plotted by default on y-axis log-scale.

« Points used in the A, calculation are in blue.

« Points not used in the A, calculation are in grey.

e The A, curve is in green.

k2l

Rules for A_z estimation

@ iriormation
Adjusted 2~

Maximum number of points

Minimum time for_z estimation
Weighting

X-axis

Logscale

Samelimits

Y-axis

® ozl

Same limits

A main rule to select which points to include in the A, calculation applies to all individuals. You find it on top in the right panel - red frame in the
figure above. There are four methods in a drop-down menu:

« “R2" chooses the number of points that optimize the correlation coefficient.
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“Adjusted R2” (called “Best Fit" in Winonlin) optimizes the adjusted correlation coefficient, taking into account the number of points. The

“maximum number of points” and “minimum time"” allow to further restrict the points selection.

“Interval” selects all points within a given time interval.

“Points” corresponds to the number of terminal points taken into account in the calculation.

The calculation of the A, is via the linear regression. The selection of the weighting used in the cost function is in the right panel (blue highlight).
Three options are available: uniform (default), 17Y, 1/YA2.

See the Settings page and the Calculations page for more details. In addition to the main rule, it is possible to define more precisely (manually)
which points to include or exclude for each individual.

Manual choice of measurements for the A, calculation

Charts in the check lambda_z tab are interactive. For each individual specific points can be selected manually to be included or excluded from the
A calculation. There are two methods to do it: define a range (time interval) with a slider or select each point individually.
Change of the range

For a given individual, the grey arrow below each individual chart defines a range - time interval when measured concentrations are used in the
lambda-z calculation. New points to include are colored in light blue, and points to remove are colored in dark grey, as in the following figure:

@ project_Remi_infusion_SD.pkx [demo] - PKanalix - 2021R1
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Main rule
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Weighting

The button APPLY INCLUDE/EXCLUDE in the top - right corner of the chart area applies the manual modifications of the points in the calculation
of the A,. If modifications concern several individuals, then clicking on the “Apply include/exclude” button updates all of them automatically.
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The plots are updated with new points and new A, curve. For modified plots, the “return arrow” appears in the top - left corner, red frame in the
figure below. It resets the individual calculation to the general rule. The drop-down menu in the “Apply include/exclude” (blue frame) allows to
reset all individuals to the general rule. Clear selection the current selection made before clicking on the “Apply include/exclude” button.
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Include/exclude single points
It is possible to manually modify each point to include it in the calculation of A, or to remove it from the calculation:

« If you click on an unused point (light grey), it will change its color into light blue and will be selected for inclusion (figure on the left below).

« If you click on a used point (blue), it will change its color into dark grey and will be selected for exclusion (figure on the right below).

Clicking on the “Apply include/exclude” button applies these changes. The “return arrow” in the top - left corner of each individual plot resets the
individual selection to the general rule one by one, while the “Reset to general rule” button in the “Apply include/exclude” drop-down menu resets
all of them at once.
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Remarks
« If the general rule is modified, only the individuals for which the general rule applies will be updated. Individual for which the points have been
manually modified will not be updated.

« If the A\, can not be computed, the background of the plot will be in red as in the following figure.
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3.2. Data processing and calculation rules #

This page presents the rules applied to pre-process the data set and the calculation rules applied for the NCA analysis.

« Data processing

e Ignored data

e Forbidden situations
« Additional points

e BLQ data

e Steady-state data

e Urine data
Calculation rules

e Lambda_z

» AUC calculation ()

¢ Interpolation for partial AUC

Data processing

Ignored data

All observation points occurring before the last dose recorded for each individual are excluded. Observation points occurring at the same time as
the last dose are kept, irrespective of their position in the data set file.

Note that for plasma data, negative or zero concentrations are not excluded.

Forbidden situations

For plasma data, mandatory columns are ID, TIME, OBSERVATION, and AMOUNT. For urine data, mandatory columns are ID, TIME, OBSERVATION,
AMOUNT and one REGRESSOR (to define the volume).

Two observations at the same time point will generate an error.
For urine data, negative or null volumes and negative observations generate an error.

Additional points

For plasma data, if an individual has no observation at dose time, a value is added:

« Extravascular and Infusion data: For single dose data, a concentration of zero. For steady-state, the minimum value observed during the
dosing interval.
« IV Bolus data: the concentration at dose time (CO) is extrapolated using a log-linear regression (i.e log(concentration) versus time) with uniform
weight of first two data points. In the following cases, CO is taken to be the first observed measurement instead (can be zero or negative):
¢ one of the two observations is zero

o the regression yields a slope >=0

BLQ data

Measurements marked as BLQ data with a “1” in the CENSORING column will be replaced by zero, the LOQ value or the LOQ value divided by 2, or
considered as missing (i.e excluded) depending on the setting chosen. They are then handled as any other measurement. The LOQ value is
indicated in the OBSERVATION column of the data set.

Steady-state

Steady-state is indicated using the STEADY-STATE and INTERDOSE INTERVAL column-types. Equal dosing intervals are assumed. Observation
points occurring after the dose time + interdose interval are excluded for Cmin and Cmax, but not for lambda_z. Dedicated parameters are
computed such as the AUC in the interdose interval, and some specific formula should be considered for the clearance and the volume for
example. More details can be found here.

Urine
Urine data is assumed to be single-dose, irrespective of the presence of a STEADY-STATE column. For the NCA analysis, the data is not used

directly. Instead the intervals midpoints and the excretion rate for each interval (amount eliminated per unit of time) are calculated and used:

start time + end time

midpoint = 5

concentration x volume

excretion rate = end time — start time

Calculation rules
Lambda_z

PKanalix tries to estimate the slope of the terminal elimination phase, called \,, as well as the intercept called Lambda_z_intercept. A, is
calculated via a linear regression between Y=log(concentrations) and the X=time. Several weightings are available for the regression: uniform,
1/Y and1/Y%.

Zero and negative concentrations are excluded from the regression (but not from the NCA parameter calculations). The number of points
included in the linear regression can be chosen via the “Main rule” setting. In addition, the user can define specific points to include or exclude for
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each individual (see Check lambda_z page for details). When one of the automatic “main rules” is used, points prior to Cmax, and the point at
Cmax for non-bolus models are never included. Those points can however be included manually by the user. If A, can be estimated, NCA
parameters will be extrapolated to infinity.

R2 rule: the regression is done with the three last points, then four last points, then five last points, etc. If the R2 for n points is larger than or
equal to the R2 for (n-1) points - 0.0001, then the R2 value for n points is used. Additional constrains of the measurements included in the A,
calculation can be set using the “maximum number of points” and “minimum time” settings. If strictly less than 3 points are available for the
regression or if the calculated slope is positive, the A, calculation fails.

Adjusted R2 rule: the regression is done with the three last points, then four last points, then five last points, etc. For each regression the
adjusted R2 is calculated as:
_R? —
Adjusted R2 = 1- (U=R)x(n1)
(n-2)

with (n) the number of data points included and (RA2) the square of the correlation coefficient.

If the adjusted R2 for n points is larger than or equal to the adjusted R2 for (n-1) points - 0.0001, then the adjusted R2 value for n points is used.
Additional constrains of the measurements included in the A, calculation can be set using the “maximum number of points” and “minimum time”
settings. If strictly less than 3 points are available for the regression or if the calculated slope is positive, the A, calculation fails.

Interval: strictly positive concentrations within the given time interval are used to calculate A,. Points on the interval bounds are included. Semi-
open intervals can be defined using +/- infinity.

Points: the n last points are used to calculate A,. Negative and zero concentrations are excluded after the selection of the n last points. As a
consequence, some individuals may have less than n points used.

AUC calculation

The following linear and logarithmic rule apply to calculate the AUC and AUMC over an interval [t1, t2] where the measured concentrations are C1
and C2. The total AUC is the sum of the AUC calculated on each interval. If the logarithmic AUC rule fails in an interval because C1 or C2 are null or
negative, then the linear interpolation rule will apply for that interval.

Linear formula:

AUC|E = (8 —t1) x 912

AUMC|? = (ty — ty) x WOrxC

Logarithmic formula:
AUC|? = (b — 1) x 5"

C-
ln((%)

AUMO|E = (ty — 1) x PO (g — )2 5 @O

Oy Cy

() ({2

Interpolation formula for partial AUC
When a partial AUC is requested at time points not included is the original data set, it is necessary to add an additional measurement point.

Those additional time points can be before or after the last observed data point.

Note that the partial AUC is not computed if a bound of the interval falls before the dosing time.

Additional point before last observed data point
Depending on the choice of the “Integral method"” setting, this can be done using a linear or log formula to find the added concentration C* at

requested time t*, given that the previous and following measurements are C1 at t1 and C2 at t2.

Linear interpolation formula:

t*—t
ty—t;

C*=C+

X (02 — Cl)

Logarithmic interpolation formula:

ta—t;

cr = exp(ln(C1) +[ 078 x (in(Cy) - ln(Cl)))

If the logarithmic interpolation rule fails in an interval because C1 or C2 are null or negative, then the linear interpolation rule will apply for that

interval.

Additional point after last observed data point

If A, is not estimable, the partial area will not be calculated. Otherwise, A, is used to calculate the additional concentration C*:

C* = exp(Lambda_z_intercept—\, X t)

3.3. NCA parameters #
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The following page describes all the parameters computed by the non compartmental analysis. Parameter names are fixed and cannot be
changed.

Parameters related to A,

Parameters related to plasma/blood measurements

Parameters related to plasma/blood measurements specific to steady state dosing regimen

Parameters related to urine measurements

Parameter renamings

Parameters related to A,

Parameters related to plasma/blood measurements

Name PKPARMCD CDISC PKPARM CDISC
Rsq R2 R Squared
R Squared
Rsq_adjusted R2AD
9.2 ) Adjusted
Correlation
Corr_XY CORRXY Between TimeX
and Log ConcY
Number of Point:
No_points_lambda_z LAMZNPT umber ot Foints
for Lambda z
Lambda_z LAMZ Lambda z
Lambda z Lower
Lambda_z_lower LAMZLL .
Limit
Lambdaz U
Lambda_z_upper LAMZUL am azpper
Limit
HL_Lambda_z LAMZHL Half-Life Lambda z

Lambda_z_intercept - -

Span - -

Time Until First

PKPARMCD
Name
CDISC
Tlag TLAG
T0
Dose
N_Samples - -
(€] co
Tmax TMAX

PKPARM CDISC

Nonzero Conc

Initial Conc

Time of CMAX

UNITS

no unit

no unit

no unit

no unit

1/time

time

time

time

no unit

no unit

UNITS

time

time

amount

no unit

amount/volume

time

DESCRIPTION

Goodness of fit statistic for the terminal (log-linear)
phase between the linear regression and the data

Goodness of fit statistic for the terminal elimination
phase, adjusted for the number of points used in the
estimation of A\,

Correlation between time (X) and log concentration (Y)
for the points used in the estimation of A,

Number of points considered in the A, regression

First order rate constant associated with the terminal
(log-linear) portion of the curve. Estimated by linear
regression of time vs. log concentration

Lower limit on time for values to be included in the A,
calculation

Upperlimit on time for values to be included in the X,
calculation

Terminal half-life
=In(2)/Lambda_z

Intercept found during the regression for (\lambda_z\),
i.e. value of the regression (in log-scale) at time 0, i.e.
the regression writes

log(Concentration) = -Lambda_z*t+Lambda_z_intercept

Ratio between the sampling interval of the
measurements used for the A, and the terminal half-
life

=(Lambda_z_upper - Lambda_z_lower)*Lambda_z/In(2)

DESCRIPTION

Tlag is the time prior to the first measurable
(non-zero) concentration. Tlag is 0 if the first
observation after the last dose is not 0 or LOQ.
The value is set to 0 for non extravascular
input.

Time of the dose
Amount of the dose
Number of samples in the individuals.

If a PK profile does not contain an observation
at dose time (CO), the following value is added
Extravascular and Infusion data. For single dose
data, a concentration of zero. For steady-state,
the minimum observed during the dose
interval.

IV Bolus data. Log-linear regression of first two
data points to back-extrapolate CO.

Time of maximum observed concentration.
- For non-steady-state data, the entire curve is
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Cmax

Cmax_D

Tlast

Clast

AUClast

AUClast_D

AUMClast

MRTlast

MRTlast

AUCall

AUCINF_obs

AUCINF_D_obs

AUC_PerCentExtrap_obs

AUC_PerCentBack_Ext_obs

AUMCINF_obs

CMAX

CMAXD

TLST

CLST

AUCLST

AUCLSTD

AUMCLST

MRTIVLST

MRTEVLST

AUCALL

AUCIFO

AUCIFOD

AUCPEO

AUCPBEO

AUMCIFO

Max Conc

Max Conc Norm
by Dose

Time of Last
Nonzero Conc

Last Nonzero
Conc

AUC to Last
Nonzero Conc

AUC to Last
Nonzero Conc
Norm by Dose

AUMC to Last
Nonzero Conc

MRT Intravasc to
Last Nonzero
Conc

MRT Extravasc to
Last Nonzero
Conc

AUC All

AUC Infinity Obs

AUC Infinity Obs
Norm by Dose

AUC
%Extrapolation
Obs

AUC %Back
Extrapolation Obs

AUMC Infinity
Obs

amount/volume

1/volume

time

amount/volume

time.amount/volume

time/volume

time2.amount/volume

time

time

time.amount/volume

time.amount/volume

time/volume

%

time2.amount/volume

considered.

- For steady-state data, Tmax corresponds to
points collected during a dosing interval.

If the maximum observed concentration is not
unique, then the first maximum is used.

Maximum observed concentration, occurring
at Tmax. If not unique, then the first maximum
is used.

Maximum observed concentration divided by
dose.
Cmax_D = Cmax/Dose

Last time point with measurable concentration

Concentration of last time point with
measurable concentration

Area under the curve from the time of dosing
to the last measurable positive concentration.
The calculation depends on the Integral
method setting.

Area under the curve from the time of dosing
to the last measurable concentration divided
by the dose.

AUClast_D = AUClast/Dose

Area under the moment curve (area under a
plot of the product of concentration and time
versus time) from the time of dosing to the last
measurable concentration.

[if intravascular] Mean residence time from the
time of dosing to the time of the last
measurable concentration, for a substance
administered by intravascular dosing.
MRTlast_iv = AUMClast/AUClast - Tl/2, where Tl
represents infusion duration.

[if extravascular] Mean residence time from
the time of dosing to the time of the last
measurable concentration for a substance
administered by extravascular dosing.
MRTlast_ev = AUMClast/AUClast - TI/2, where T/
represents infusion duration.

Area under the curve from the time of dosing
to the time of the last observation.

If the last concentration is positive
AUClast=AUCall.

Otherwise, AUCall will not be equal to AUClast
as it includes the additional area from the last
measurable concentration down to zero or
negative observations.

AUC from Dosing_time extrapolated to infinity,
based on the last observed concentration.
AUCINF_obs = AUClast + Clast/Lambda_z

AUCINF_obs divided by dose
AUCINF_D_obs = AUCINF_obs/Dose

Percentage of AUCINF_obs due to
extrapolation from Tlast to infinity.
AUC_%Extrap_obs = 100%*(1- AUClast /
AUCINF_obs)

Applies only for intravascular bolus dosing. the
percentage of AUCINF_obs that was due to
back extrapolation to estimate C(0).

Area under the first moment curve to infinity
using observed Clast
AUMCINF_obs = AUMClast + (Clast/Lambda_z)*
(Tlast + 1.0/Lambda_z)



AUMC_PerCentExtrap_obs

MRTINF_obs

MRTINF_obs

Vz_F_obs

Cl_F_obs

Vz_obs

Cl_obs

Vss_obs

Clast_pred

AUCINF_pred

AUCINF_D_pred

AUC_PerCentExtrap_pred

AUC_PerCentBack_Ext_pred

AUMCINF_pred

AUMC_PerCentExtrap_pred

MRTINF_pred

AUMCPEO

MRTIVIFO

MRTEVIFO

VZFO

CLFO

\4e}

CcLo

VSSO

AUCIFP

AUCIFPD

AUCPEP

AUCPBEP

AUMCIFP

AUMCPEP

MRTIVIFP

AUMC %
Extrapolation Obs

MRT Intravasc
Infinity Obs

MRT Extravasc
Infinity Obs

Vz Obs by F

Total CL Obs by F

Vz Obs

Total CL Obs

Vol Dist Steady
State Obs

AUC Infinity Pred

AUC Infinity Pred
Norm by Dose

AUC
%Extrapolation
Pred

AUC %Back
Extrapolation
Pred

AUMC Infinity
Pred

AUMC %
Extrapolation
Pred

MRT Intravasc
Infinity Pred

time

time

volume

volume/time

volume

volume/time

volume

amount/volume

time.amount/volume

time/volume

%

%

time2.amount/volume

%

time

Extrapolated (% or total) area under the first
moment curve to infinity using observed Clast
AUMC_%Extrap_obs = 100%(1- AUMClast /
AUMCINF_obs)

[if intravascular] Mean Residence Time
extrapolated to infinity for a substance
administered by intravascular dosing using
observed Clast

MRTINF_obs_iv = AUMCINF_obs/AUCINF_obs- Tl/2,
where Tl represents infusion duration.

[if extravascular] Mean Residence Time
extrapolated to infinity for a substance
administered by extravascular dosing using
observed Clast

MRTINF_obs_ev = AUMCINF_obs/AUCINF_obs

[if extravascular] Volume of distribution
associated with the terminal phase divided by
F (bioavailability)

Vz_F_obs = Dose/Lambda_z/AUCINF_obs

[if extravascular] Clearance over F (based on
observed Clast)
CI_F_obs = Dose/AUCINF_obs

[if intravascular] Volume of distribution
associated with the terminal phase
Vz_obs= Dose/Lambda_z/AUCINF_obs

[if intravascular] Clearance (based on
observed Clast)
Cl_obs = Dose/AUCINF_obs

[if intravascular] An estimate of the volume of
distribution at steady state based last
observed concentration.

Vss_obs = MRTINF_obs*Cl_obs

Clast_pred = exp(Lambda_z_intercept- Lambda_z*
Tlast)

The values alpha (corresponding to the
y-intercept obtained when calculating ;) and
lambda_z are those values found during the
regression

for A,

Area under the curve from the dose time
extrapolated to infinity, based on the last
predicted concentration, i.e., concentration at
the final observation time estimated using the
linear regression performed to estimate A, .
AUCINF_pred = AUClast + Clast_pred/Lambda_z

AUCINF_pred divided by dose
= AUCINF_pred/Dose

Percentage of AUCINF_pred due to
extrapolation from Tlast to infinity
AUC_%Extrap_pred = 100*(1- AUClast /
AUCINF_pred)

Applies only for intravascular bolus dosing. The
percentage of AUCINF_pred that was due to
back extrapolation to estimate C(0).

Area under the first moment curve to infinity
using predicted Clast

AUMCINF_pred = AUMClast +
(Clast_pred/Lambda_z)*(Tlast+1/Lambda_z)

Extrapolated (% or total) area under the first
moment curve to infinity using predicted Clast
AUMC_%Extrap_pred = 100*(1- AUMClast /
AUMCINF_pred)

[if intravascular] Mean Residence Time
extrapolated to infinity for a substance



MRTINF_pred

Vz_F_pred

CI_F_pred

Vz_pred

Cl_pred

Vss_pred

AUC_lower_upper

AUC_lower_upper_D

CAVG_lower_upper

MRTEVIFP

VZFP

CLFP

vzp

CLP

VSSP

AUCINT

AUCINTD

CAVGINT

MRT Extravasc
Infinity Pred

Vz Pred by F

Total CL Pred by F

Vz Pred

Total CL Pred

Vol Dist Steady
State Pred

AUC from T1 to
T2

AUC from T1 to
T2 Norm by Dose

Average Conc
from T1 to T2

time

volume

volume/time

volume

volume/time

volume

time.amount/volume

time/volume

amount/volume

administered by intravascular dosing using
predicted Clast

[if extravascular] Mean Residence Time
extrapolated to infinity for a substance
administered by extravascular dosing using
predicted Clast

[if extravascular] Volume of distribution
associated with the terminal phase divided by
F (bioavailability)

= Dose/Lambda_z/AUCINF_pred

[if extravascular] Clearance over F (using
predicted Clast)
CI_F_pred = Dose/AUCINF_pred

[if intravascular] Volume of distribution
associated with the terminal phas
Vz_pred = Dose/Lambda_z/AUCINF_pred

[if intravascular] Clearance (using predicted
Clast)
= Dose/AUCINF_pred

[if intravascular] An estimate of the volume of
distribution at steady state based on the last
predicted concentration.

Vss_pred = MRTINF_pred*C|_pred

AUC from T1 to T2 (partial AUC)

AUC from T1 to T2 (partial AUC) divided by
Dose

Average concentration from T1 to T2

Parameters related to plasma/blood measurements specific to steady state dosing regimen

In the case of repeated doses, dedicated parameters are used to define the steady state parameters and some specific formula should be
considered for the clearance and the volume for example. Notice that all the calculation dedicated to the area under the first moment curve

(AUMC) are not relevant.

Name

Tau

Ctau

Ctrough

AUC_TAU

AUC_TAU_D

AUC_TAU_PerCentExtrap

PKPARMCD
CDISC

CTAU

CTROUGH

AUCTAU

AUCTAUD

PKPARM CDISC

Conc Trough

Conc Trough

AUC Over Dosing
Interval

AUC Over Dosing
Interval Norm by
Dose

UNITS

time

amount/volume

amount/volume

time.amount/volume

time/volume

%

DESCRIPTION

The (assumed equal) dosing interval for steady-
state data.

Concentration at end of dosing interval.

If the observed concentration does not exist, the
value is interpolated. It it cannot be interpolated, it
is extrapolated using lambda_z. If lambda_z has not
been computed, it is extrapolated as the last
observed value.

Concentration at end of dosing interval.
If the observed concentration does not exist, the
value is NaN.

The area under the curve (AUC) for the defined
interval between doses (TAU). The calculation
depends on the Integral method setting.

The area under the curve (AUC) for the defined
interval between doses (TAU) divided by the
dose.

AUC_TAU_D = AUC_TAU/Dose

Percentage of AUC due to extrapolation in
steady state.

AUC_TAU_%Extrap = 100*(AUC [Tlast, tau] if
Tlast<=tau)/AUC_TAU;



AUMC_TAU

Vz

Clss_F

Clss

Cavg

FluctuationPerCent

FluctuationPerCent_Tau

Accumulation_Index

swing

Swing_Tau

Tmin

Cmin

Cmax

MRTINF_obs

AUMCTAU

VZFTAU

VZTAU

CLFTAU

CLTAU

CAVG

FLUCP

AILAMZ

TMIN

CMIN

CMAX

MRTIVIFO or
MRTEVIFO

AUMC Over
Dosing Interval

Vz for Dose Int by
F

Vz for Dose Int

Total CL by F for
Dose Int

Total CL for Dose
Int

Average
Concentration

Fluctuation%

Accumulation
Index using
Lambda z

Time of CMIN
observation.

Min Conc

Max Conc

MRT Intravasc
Infinity Obs or
MRT Extravasc
Infinity Obs

Parameters related to urine measurements

Name

T0

Dose

PKPARMCD
CDISC

PKPARM CDISC

time2.amount/volume

volume

volume

volume/time

volume/time

amount/volume

%

%

no unit

no unit

no unit

time

amount/volume

amount/volume

time

UNITS

time

amount

The area under the first moment curve (AUMC)
for the defined interval between doses (TAU).

[if extravascular] The volume of distribution
associated with the terminal slope following
extravascular administration divided by the
fraction of dose absorbed, calculated using

AUC_TAU.

Vz_F= Dose/Lambda_z/AUC_TAU

[if intravascular] The volume of distribution
associated with the terminal slope following
intravascular administration, calculated using
AUC_TAU.

Vz = Dose/Lambda_z/AUC_TAU

[if extravascular] The total body clearance for
extravascular administration divided by the
fraction of dose absorbed, calculated using
AUCTAU .

CLss_F = Dose/AUC_TAU

[if intravascular] The total body clearance for
intravascular administration, calculated using
AUC_TAU.

CLss = Dose/AUC_TAU

AUCTAU divided by Tau.
Cavg = AUC_TAU /Tau

The difference between Cmin and Cmax
standardized to Cavg, between dose time and
Tau.

Fluctuation% = 100.0* (Cmax -Cmin)/Cavg

The difference between Ctau and Cmax
standardized to Cavg, between dose time and
Tau.

Fluctuation% _Tau = 100.0* (Cmax -Ctau)/Cavg

Theoretical accumulation ratio: Predicted
accumulation ratio for area under the curve
(AUC) calculated using the Lambda z estimated
from single dose data.

Accumulation_Index = 1.0/(1.0
-exp(-Lambda_z*Tau))

The degree of fluctuation over one dosing
interval at steady state
Swing = (Cmax -Cmin)/Cmin

Swing_Tau = (Cmax -Ctau)/Ctau

Time of minimum concentration sampled during

a dosing interval.

Minimum observed concentration between dose

time and dose time + Tau.

Maximum observed concentration between dose

time and dose time + Tau.

Mean Residence Time extrapolated to infinity
using predicted Clast, calculated using AUC_TAU.

DESCRIPTION

Time of the last administered dose (assumed to be

zero unless
otherwise specified).

Amount of the dose



N_Samples

Tlag

Tmax_Rate

Max_Rate

Mid_Pt_last

Rate_last

AURC _last

AURC_last_D

Vol_UR
Amount_Recovered

Percent_Recovered

AURC_all

AURC_INF_obs

AURC_PerCentExtrap_obs

AURC_INF_pred

AURC_PerCentExtrap_pred

AURC_lower_upper

AURC_lower_upper_D

Rate_last_pred

Parameter renamings

TLAG

ERTMAX

ERMAX

ERTLST

ERLST

AURCLST

AURCLSTD

VOLPK

AURCALL

AURCIFO

AURCPEO

AURCIFP

AURCPEP

AURCINT

AURCINTD

Time Until First
Nonzero Conc

Midpoint of
Interval of

Maximum ER

Max Excretion
Rate

Midpoint of
Interval of Last

Nonzero ER

Last Meas
Excretion Rate

AURC to Last
Nonzero Rate

AURC to Last
Nonzero Rate
Norm by Dose

Sum of Urine Vol

AURC All

AURC Infinity Obs

AURC %
Extrapolation Obs

AURC Infinity Pred

AURC %
Extrapolation
Pred

AURC from T1 to
T2 (partial AUC)

AURC from T1 to
T2 Norm by Dose

no unit

time

time

amount/time

time

amount/time

amount

no unit

volume

amount

%

amount

amount

%

amount

amount

no unit

amount/time

Number of samples in the individuals.

Midpoint prior to the first measurable (non-zero)
rate.

Midpoint of collection interval associated with the
maximum observed excretion rate.

Maximum observed excretion rate.

Midpoint of collection interval associated with
Rate_last.

Last measurable (positive) rate.

Area under the urinary excretion rate curve from
time 0 to the last
measurable rate.

The area under the urinary excretion rate curve
(AURC) from time zero to the last measurable rate,
divided by the dose.

Sum of Urine Volumes

Cumulative amount eliminated.

100*Amount_Recovered/Dose

Area under the urinary excretion rate curve from
time 0 to the last rate. This equals AURC_last if the
last rate is measurable.

Area under the urinary excretion rate curve
extrapolated to infinity, based on the last observed
excretion rate.

Percent of AURC_INF_obs that is extrapolated

Area under the urinary excretion rate curve
extrapolated to infinity, based on the last predicted
excretion rate.

Percent of AURC_INF_pred that is extrapolated

The area under the urinary excretion rate curve
(AURC) over the interval from T1 to T2.

The area under the urinary excretion rate curve
(AURC) over the interval from T1 to T2 divided by
Dose

The values alpha and Lambda_z are those values
found during the regression
for lambda_z

Starting from the 2023 version of MonolixSuite, default parameter names used in results tables and plots in the graphical user interface and
reports do not match the names present in the Name column of the tables above. The names that are used can be customized in the NCA
parameters renamings section of Preferences. The section contains two columns:

« Parameter - this column contains parameter names from the tables above,

« Alias - this column contains parameter names used in the interface and the values in cells can be changed.



NCA parameters renamings

Re-run or reload the project for changes to take effect

Parameter Alias

AUCINF_D_obs DN X X2CF XV

lAUCg.inf/DOSe

AUCINF_D_pred AUCq.inf, pred/DoOse
AUCINF_obs AUCq.inf
AUCINF_pred AUCq.inf, pred

AUC_Int AUCyo.11
AUC_Int_D AUC,q.41/Dose

PERPY PN T SR 0 Ay

The Alias column is prefilled with default aliases. By clicking on an alias, PKanalix allows users to input characters. There are several options
present, when in the input mode:

« Undo ¥ - reverse the last action,
« Redo ¥ - redo an undone action,
e Subscript %2 _ formats selected text and subsequently entered characters as subscript,

o Superscript X _formats selected text and subsequently entered characters as superscript,

e CF CF _ clears formatting of a selected text,

« Cancel X _ cancels the changes and restores the alias,

o Accept v accepts the changes (changes can be accepted by clicking anywhere in the interface as well).

3.4. NCA settings #

The following page describes all the settings for the parameters calculations.

e Calculations settings

e )\, calculation settings

e Parameters to compute

e Acceptance criteria settings
e Global: Obs id to use

Calculations

These settings corresponds to the settings impacting the calculation of the NCA parameters.

« Administration type: Intravenous or Extravascular. This defines the drug type of administration. IV bolus and IV infusions must be set as
“intravenous”.

« Integral method: Method for AUC and AUMC calculation and interpolation. Trapezoidal refers to formula to calculate the AUC and
Interpolation refers to the formula to add an additional point in case of partial AUC with a time point not originally present in the data set. See
the Calculation rules for details on the formulas.

o Linear Trapezoidal Linear (Linear trapezoidal, linear interpolation): For AUC calculation linear formula. For interpolation linear formula.
e Linear Log Trapezoidal (Linear/log trapezoidal, linear/log interpolation): For AUC, linear before Cmax and log after Cmax. For interpolation,
linear before Cmax and log after.
e Linear Up Log Down (LinUpLogDown trapezoidal, LinUpLogDown interpolation): For AUC, linear if concentration is going up or is stable, log if
going down. For interpolation, linear if concentration is going up or is stable, log if going down.
e Linear Trapezoidal linear/log (Linear trapezoidal, linear/log interpolation): For AUC, linear formula. For interpolation, linear before Cmax, log
after Cmax. If several Cmax, the first one is used.
For all methods, if an observation value is less than or equal to zero, the program defaults to the linear trapezoidal or interpolation rule for that
point. Similarly, if adjacent observations values are equal to each other, the program defaults to the linear trapezoidal or interpolation rule.

« Partial AUC time: Define if the user would like to compute a partial AUC in a specific time interval. It is possible to define several partial AUC
intervals, applicable to all individuals.

« BLQ before Tmax: In case of BLQ measurements, this corresponds to the method by which the BLQ data before Tmax should be replaced.
Possible methods are “missing”, “LOQ", “LOQ/2" or “0" (default value is 0).

« BLQ after Tmax: In case of BLQ measurements, this corresponds to the method by which the BLQ data after Tmax should be replaced.
Possible methods are “missing”, “LOQ", “LOQ/2" or “0" (default value is LOQ/2).
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Settings impacting the A, calculation

This settings are impacting the calculation of A,. See also the Check lambda_z page.

« Main rule for the A, estimation. It corresponds to the rule to define the measurements used for the Az calculation. Possible rules are “R2”,
“interval”, “points” or “adjustedR2” (called Best Fit in Winonlin) (default value is “adjustedR2"). See the calculation rules for more details.
« In case of “R2” or “adjustedR2" rule, the user has the possibility to define the maximum number of points and/or minimum time for the A,
estimation. It allows to constrain the points tested for inclusion.
« In case of “Interval” rule, the user has the possibility to define the time interval to consider.
« In case of “Points” rule, the user has the possibility to define the number of points to consider.

« Weighting method used for the regression that estimates A,. Possible methods are “Y”, “Y2" or “uniform” (default value is “uniform”).

Selecting NCA parameters to compute
The NCA parameters to compute can be selected from the “Parameter” column to be placed in the “Computed parameters” column, either by
clicking on one or several parameters and using the arrows, or by double clicking on the parameters.

It is recommended to always compute Rsq_adjusted, No_points_lambda_z, Lambda_z and Lambda_z_intercept as these parameters are necessary
to display the terminal slope and information box in the NCA fit plot.

The list of parameters computed by default when starting a new PKanalix project can be defined in the Settings > Preferences.

Acceptance criteria

These settings corresponds to the settings impacting the acceptance criteria. When acceptance criteria are defined, flags indicating if the
condition is met or not are added to the output result table. Statistics in the summary table can be calculated using only individuals who satisfy
one or several acceptance criteria. The filtering option is available directly in the Summary sub-tab of the NCA results.

« Adjusted R2: It corresponds to the threshold of the adjusted R2 for the estimation of A,. If activated, it will fill the value of Flag_Rsq_adjusted: if
Rsq_adjusted > threshold, then Flag_Rsq_adjusted=1. The default value is .98.

* % extrapolated AUC: It corresponds to the threshold of the percentage of the total predicted AUC (or AURC for urine models) due to the
extrapolation to infinity after the last measurement. If activated, it will fill the value of Flag_ AUC_%Extrap_pred: if AUC_%Extrap_pred <
threshold, then Flag_AUC_%Extrap_pred=1. The default value is 20%.

« Span: It corresponds to the threshold of the span. The span corresponds to the ratio of the sampling interval length for the A, calculation and

the half-life. If activated, it will fill the value of Flag_Span: if Span > threshold, then Flag_Span=1. The default value is 3.

Global
« Obs. ID to use: when a column OBSERVATION ID has defined several types of measurements in the data set, this setting permit to choose

which one to use for the NCA analysis

3.5. Parameters summary #

This pages provides the information on the statistics used for the summary of the individual parameters for both NCA tasks and CA tasks. All the
statistics are made with respect to the NOBS individuals where the parameter has value. For example, in the NCA task, the parameter A\, might
not be possible to compute. Thus, the value associated to these subjects will be missing and not taken into account in the statistics.

MIN: Minimum of the parameter over the NOBS individuals

Q1: First quartile of the parameter over the NOBS individuals
MEDIAN: Median of the parameter over the NOBS individuals

Q3: Third quartile of the parameter over the NOBS individuals

MAX: Maximum of the parameter over the NOBS individuals

MEAN: Arithmetic mean of the parameter over the NOBS individuals

SD: Standard deviation of the parameter over the NOBS individuals

SE: Standard error of the parameter over the NOBS individuals

CV: Coefficient of variation of the parameter over the NOBS individuals
NTOT: Total number of individuals

NOBS: Number of individuals with a valid value

NMISS: Number of individuals with no valid value

GEOMEAN: Geometric mean of the parameter over the NOBS individuals

GEOSD: Geometric standard deviation of the parameter over the NOBS individuals

GEOCV: Geometric coefficient of variation over the NOBS individuals

HARMMEAN: Harmonic mean of the parameter over the NOBS individuals

4. Compartmental Analysis #
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Overview of the workflow

One of the main features of PKanalix is the calculation of the parameters in the compartmental analysis framework. It find parameters of a
compartmental model representing the PK dynamics for each individual using the Nelder-Mead algorithm.

NEW: PKanalix 2023 version performs individual model fit using any model with continuous outputs - loaded from the built-in library or a custom
model.

Compartmental analysis workflow includes:

CA task

CA model

CA check init.

CAresults

CA plots

CA outputs

CA export to Monolix/Simulx

CA task

To access the compartmental analysis task in PKanalix use a dedicated section (left panel) in the “Tasks” tab, as in the following figure.
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This task contains three sub-tabs:

o The first one called “MODEL" allows to select a model, e.g. from a PKanalix models library or your directory, edit it and match the observations
from a dataset with model outputs. Complete guide to model definition is in the CA model page.

* The second one called “CHECK INIT.” shows model predictions obtained with the initial parameter values for each individual together with the
data points. It helps to initialize model parameters by changing values manually or using the Auto-init function, as explained in the Initialization
page.

 The third one called “Run” contains a button to run the calculations and the settings for the model and the calculations. The meaning of all the

settings and their default values is defined the Settings page.

CA model

In this section you specify a model. You can edit the selected model directly in the interface. The right hand side section is to match observations
from a dataset with model outputs, see here for a complete guide.
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PKanalix accepts custom models - select BROWSE and load a .txt file with the model. There are also built-in libraries (PK, PK double absorption,
TMDD, parent - metabolite, etc.), to facilitate the use of the software. Note that models can include multiple outputs. Models used in all
MonolixSuite applications have to be in the mlxtran language. Note: For PKanalix versions before 2023, only the classical PK models, from the PK
model library, are available.

CA check init.
The “Check init” tab helps to initialize model parameters. It shows the model predictions obtained with the initial model parameter values and the
individual designs (doses and regressors). Each sub plot shows one individual with overlaid individual data points. This feature is very useful to
find “good” initial values, as explained here.
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CAresults

When you run the CA task, Pkanalix shows automatically the results in the “Results” tab, see the CA Results page for a complete guide. There are
three tables:
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« INDIV. ESTIM contains compartmental analysis results for each individual.
* SUMMARY contains statistics on compartmental analysis results and summary calculation (described here). You can split or filter this table by
covariates present in a dataset.

e COST contains cost function information.

All the computed parameters depend on the chosen model. To copy a table and paste in a word or an excel document click on the icon on the top
left corner of a table.

CA plots

After running the CA task, several plots associated to the individual parameters are automatically generated and displayed In the “Plots” tab.

o Individual fits: displays model fit for each individual on a separate plot.

o Correlation between CA parameters: displays scatter plots for each pair of parameters and allows to identify correlations between parameters.

e Distribution of the CA parameters: displays the empirical distribution of the parameters and allows to analyse their distribution over the
individuals.

o CA parameters w.r.t. covariates: displays the individual parameters as a function of the covariates and allows to identify correlation effects
between the individual parameters and the covariates.

« Observations vs predictions displays observations from a dataset versus model predictions computed using individual parameters and is useful

to detect misspecifications in the model.

CA outputs

After running the CA task, the following files are automatically generated in the project Result folder/IndividualParameters/ca :

* summary.txt contains the summary of the CA parameters calculation, in a format easily readable by a human (but not easy to parse for a
computer).
« cost.txt contains the information about total cost and information criteria for a current model.
« calndividualParametersSummary.txt contains the summary of the CA parameters in a computer friendly format useful for post-processing:
o The first column corresponds to the name of the parameters.
« The other columns correspond to the several elements describing the summary of the parameters (as explained here).
« calndividualParameters.txt contains the CA parameters for each subject-occasion along with the covariates.
e The first line corresponds to the name of the parameters.

¢ The other lines correspond to the value of the parameters.

You can export the files calndividualParametersSummary.txt and calndividualParameters.txt in R for example using the following command
read.table ("/path/to/file.txt", sep = ",", header = T)

Remark: the separator is the one defined in the user preferences. We set “,” in this example as it is the one by default.

CA export to Monolix/Simulx

Using the top menu “Export”, a PKanalix project (dataset information, model, estimated parameters) can be exported to Monolix or Simulx for
further analysis, see Export to Monolix/Simulx page for a complete guide.
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« Monolix for population modeling and further model development and diagnosis.
e Simulx to use a CA model and estimated individual parameters for simulations of new scenarios, eg. new dosing regimens.
Note: For PKanalix versions before 2023, only export to Monolix is available.

Next section: CA model

4.1. CA model #

The first step to run the compartmental analysis task in PKanalix is selecting a model. Models in PKanalix are .txt files and are loaded in the Model
sub tab of the Task tab. You can:

e Load a custom model from your directory by clicking the BROWSE button.
¢ Load a model from PKanalix library by clicking the LOAD FROM LIBRARY button.
¢ Write a new model from scratch in the mixtran language by clicking the NEW MODEL button.

Note: In PKanalix versions before 2023, only models from the PK library are available.
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After loading a model, PKanalix switches automatically the MODEL sub-tab to the CHECK INIT. sub-tab for parameters initialization. To view the
model file go back to the MODEL sub-tab. The left section shows the model file content. Clicking on the EDIT MODEL button allows to edit the
model, save and apply it to the current project. For more details, see the custom model documentation page.The right hand side shows the
mapping between the data set observations ids and the model outputs. For more details, see the mapping in Monolix documentation page. This
feature is the same in PKanalix and Monolix.
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Saving model information in the PKanalix project file
In PKanalix, a model file is a .txt file and its name is displayed on top of the MODEL sub-tab. If a model is from the PKanalix library, then the file
name contains a prefix “lib:". For custom models there is the full path to the file.

Remark on using custom models. Be careful when you change a location of a model file. If it was used in any PKanalix project, then you will not
be able to re-open this project. You will see an error “Missing model file at ‘original_path_to_modelFile/model_filename.txt'.". To avoid such
situation, use a project settings (In the top menu “Settings”) and switch on the toggle “Save the dataset and the model beside the project”.
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Next section: library of models

4.1.1. Libraries of models #

PKanalix provides libraries of ready-to-use models for compartmental analysis. This simplifies the use of the software by decreasing the necessity
of coding. You can pick models from the libraries, use them directly or edit. They are accessible in the Model sub-tab of the CA task by clicking the
button “LOAD FROM LIBRARY".
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Libraries are organized into several categories:

PK model library includes standard compartmental models. It is possible to select different administration routes (bolus, infusion, first-order
absorption, zero-order absorption, with or without Tlag), different number of compartments (1, 2 or 3 compartments), and different types of
eliminations (linear or Michaelis-Menten). The PK library models can be used with single or multiple doses data, and with two different types of

administration in the same data set (oral and bolus for instance).

PD model library includes direct response models such as Emax and Imax with various baseline models, and turnover response models. These

models are PD models only and the drug concentration over time must be defined in the data set and passed as a regressor.

PK/PD model library provides all standard combinations of pharmacokinetic and pharmacodynamic models.

PK double absorption model library includes double absorption models. They take into account all the combinations of absorption types and

delays for two absorptions. The absorptions can be specified as simultaneous or sequential, and with a pre-defined or independent order.

Parent-Metabolite model library includes models describing parent drug and one metabolite, with or without the first pass effect, uni and

bidirectional transformation and up to three compartments for parent and metabolite.

Target-mediated drug disposition (TMDD) model library - includes a large number of TMDD models corresponding to different

approximations, different administration routes, different parametrizations, and different outputs.

Tumor growth inhibition (TGI) library - includes a wide range of models for tumour growth (TG) and tumour growth inhibition (TGI) that are

available in the literature. Models correspond to different hypotheses on the tumor or treatment dynamics.

In each library, available models are displayed as a list. With the top filtering panel you can easily selected a model based on its characteristics
such as administration type, number of compartments or elimination mechanism.
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To select a model click on its corresponding line - when all filters are used, only one model is shown. The model will be automatically loaded and
displayed in the Model tab. Model filename is displayed on top of the “Model file” section, and has a prefix “lib” to distinguish it from custom
models.
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Next section: Custom model

4.1.2. Custom model #

In the compartmental analysis task in PKanalix you can use any custom model* - any model written in the Mixtran language. To load an existing
model, click on “BROWSE" in the Model sub tab, and to write a new model from scratch click “NEW MODEL" button.

*Note: In PKanalix versions before 2023, only models from the PK library are available.

& project_covariates.pkx [demo] - PKanalix - 2023R1

Data Tasks

MODEL CHECK INIT.

Model file

C® BROWSE... I\ LOAD FROM LIBRARY [# NEW MODEL

You can also choose a model form the library and then edit it directly in the Model tab by clicking on the button “EDIT MODEL":
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In the edition mode, there are special features that help to write models in mixtran. It includes functions to color syntax and to detect mixtran
syntax errors, to zoom editing window. In addition, it gives functions and keyword suggestions for the mixtran language.
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You can save a new model and automatically apply it to a current project - click SAVE & APPLY. To save a model with a different name, use “SAVE
AS & APPLY” or “SAVE AS". Note that models from the library cannot be overwritten.

Merging two models from libraries

In MonolixSuite application there is a dedicated application to write and edit models - mixEditor. Its functionalities are integrated in the interface,
as described above, but you can also use mixEditor independently of PKanalix. The following video shows an example how to merge two models
using mixEditor.

Writing a model from scratch

The following video describes how to write a custom model. Note that this video uses the old version of mixEditor, but the functionalities are the
same.

Understanding the error messages

The error messages generated when syntax errors occur in the model are very informative and quickly help to get the model right. This video
explains the most common error messages..

Next section: Initialization of model parameters

4.2. CATask #

The following page describes how compartmental analysis calculates individual parameters of a model selected in the MODEL tab. Three
elements impact this calculation:

o Initialization of model parameters and their constrains on their values
e Cost function used in the optimization algorithm

o Estimation algorithm

& project_censoring.pkx [demo] - PKanalix - 202

€% Data | Tasks | Results Plots

- MODEL CHECKINIT.

NCA .
Compartmental analysis ~

= >
CCOMPARTMENTAL ANALYSIS

Settings

_

- . Cost function
Initial values Constraint

Y -Y 1Y "y -

ka v positive ~
Method for BLQ

Nissing ~
Vv - v positive ~

) Pooled fit

a

cl oo v positive ~

4.2.1. Parameters initialization #

Parameters of a model you selected in the MODEL tab are listed in the RUN tab > Settings, see image below. Each parameter has two attributes:
an initial value and a constraint.
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Constraint sets a range of allowed values for selected parameter during estimation (and as initial values). There are three types of constraints:

* none: a parameter is not constraint and its value can be from minus to plus “infinity” (in practice its minus or plus 10e16),
 positive: (default option) a parameter is strictly greater then zero,

« bounded: a parameter is strictly inside a bounded interval which limits you can specify manually.

You can set an initial value of a parameter manually or using the auto-initialization algorithm. Selection of “good" initial values - capturing the
characteristic features of a selected model (e.g two slopes on log scale for a 2-compartment model) - is important during the estimation of
parameters with the optimization algorithm. It can help to avoid local minima during the optimization process and decrease the runtime of the
algorithm.

CHECKINIT.

In the Tasks tab of the CA section there is a dedicated sub-tab CHECK INIT. to help you in the initialization of parameters. The goal of the CHECK
INIT. sub tab is to:

 Visually check parameters initialization. It displays the model predictions obtained with the initial model parameters values and the individual
designs (doses and regressors) for each individual together with the data points.

¢ Help finding “good” initial values: manually or with the auto-init function.

CHECK INIT. tab in PKanalix uses the same auto-init algorithm and has the same features as CHECK INIT. in Monolix.
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« You can modify the initial values of the parameters, shown on the bottom of the screen, manually by typing new values or using the auto-init
algorithm - click the button RUN in the right panel.
« Switch toggle buttons in the X-axis and Y-axis sections to set log-scale and to apply the same limits for all individual plots. It gives a better

comparison between the individuals.



« If there are not enough points for the prediction (e.g. there are a lot of doses ), change the grid size by increasing the number of points (last

section in the right panel).

IMPORTANT: Click on the “SET AS INITIAL VALUES" button on the top of the plot to save the initial values for the optimization step.

If there are several observation types which obs-ids have been mapped to model outputs (for example a parent and a metabolite, or a PK and a
PD observation), then switch the plots between them in the “Output” section on the top-right corner, see figure below.
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Reference in the “check initial estimates”

The following video describes how to use the Reference option and when it can be helpful. It uses an example in Monolix, but this feature works
in the same way in PKanalix.

[/vc_column_text][/vc_column][/vc_row]

Adding a reference helps to see better how changing parameter values impacts the prediction. To add a reference click on the icon next to “Set as
initial values” button. It saves the current curve (i.e. current parameters values) as a reference and adds it to the list on top of the right panel, see
below. The solid red curve corresponds to the current set of parameters (displayed at the bottom), while the dashed one corresponds to the
reference. At any time, you can restore the reference as the current curve (green arrow next to the reference curve name), delete the reference
(red cross) or delete all references by clicking on the trash icon above the list.
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Auto - init: Automatic initialization of the parameters

PKanalix has an automatic algorithm for the initialization. It is in the right panel in the Auto-init section and you can lunch it by clicking on the
button RUN. The following video describes how it works using an example in Monolix.

https://youtu.be/IULGI9Wqahg[

After clicking on the button RUN, PKanalix computes initial model parameters that best fit the data points using a polled fit approach, starting
from parameter values currently used in the panel at the bottom. By default, the algorithm uses all individual data from all observations mapped
to a model output. You can change the set of individuals in the “Ids” selection panel just below the RUN button.

The algorithm is a custom optimization method, on the pooled data. The purpose is not to find a perfect match but rather to have all the
parameters in the good range for starting the Nelder-Mead optimization on each individual.

« While auto-init is running, the pop-up shows the evolution of the cost of the optimization algorithm over the iterations. Stop the algorithm at
any time, e.g. if you see that the cost has decreased sufficiently and you want to check the parameter values.

« Note that the more individuals you select, the longer the run will take.

« Selecting one or few individual that show clearly model characteristics (eg a third compartment, a complex absorption) can help the auto-init

algorithm to find set of parameters that is sensitive to specific model features.

After running the auto-init, PKanalix interface updates automatically parameter values and plots with new predictions. To use these parameters
as initial values in the optimization process, you click on the button “SET AS INITIAL VALUES".

Note that the auto-init procedure takes into account the current initial values. Sometimes the auto-init might give poor results. To improve it
change manually the parameter values before running the auto-init again.

4.2.2. Estimation #

The estimation of model parameters is the key function of the compartmental analysis task. In PKanalix it is performed in the framework of
generalized least squares estimation. The optimization algorithm consists in minimizing a cost function with an improved version of the Nelder-
Mead simplex algorithm, starting from multiple guesses in addition to the initial values provided. To run the algorithm click on the button
COMPARTMENTAL ANALYSIS in the RUN tab.
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The goal of the optimization is to find model parameters that give the best model fit to the observed data - minimize the objective (cost) function.

« The optimization algorithm performs well in general. However, even if it tries to explore the parameter space, the core algorithm (Nelder-Mead)
is local. Therefore proper initialization of parameters is crucial.

« The cost function is described in this documentation page.

« In case of censored data, you can choose a method to treat BLQ data during the optimization: missing, equal to zero, equal to LOQ or equal to
LOQ/2.

« By default, the optimization is performed for each individual independently. Switching on the toggle “Pooled fit” in the calculation settings will
fit the same parameters to all individuals (data from all individuals is analysed together).

« If occasions are present and pooled fit is not selected, parameters are all considered occasion-dependent so the optimization for every
individual includes Npamm X Noee parameters (with Npamm the number of parameters in the structural model and N, the number of

occasions for this individual).

4.2.3. Cost function, AIC and BIC #
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Cost function and likelihood

Cost function

The cost function that is minimized in the optimization performed during CA is described here. The cost is reported in the result tables after
running CA, as individual cost in the table of individual parameters, and as total cost in a separate table, together with the likelihood and
additional criteria.

Formulas for the cost function used in PKanalix are derived in the framework of generalized least squares described in the publication Banks, H.
T., &Joyner, M. L. (2017). AIC under the framework of least squares estimation. Applied Mathematics Letters, 74, 33-45, with an additional scaling
to put the same weight on different observation types.

The total cost function, shown in the COST table in the results, is a sum of individual cost per each occasion (sum over id-occ):

1 2
t= X i Iw:
Ges Z scaling Z N,,s(id#occ, obstype) Z (res;/w;)

id-occs obstypes jin time
with data for
id—occ

Individual cost shown in case of indiv fit and minimized in indiv fit

where in the above formula:

o Nops (z'd#occ7 obsT'ype) denotes the number of observations for one individual, one occasion and one observation type (ie one model output
mapped to data, eg parent and metabolite, or PK and PD, see here).

e TES; = p,ed(t]-)f Yos (tj) are residuals at measurement times ¢, where Y)req are the predictions for every time point t;, and Yoy, the
observations read from the dataset.

« w; are weights 1, Yous, Ypred, \/m, \/|Ypmi|, \/|Yabs\ - |Ypred| depending on the choice in the CA task > Settings > Calculations, as

explained in this tutorial video.

Cost function

‘y.vvr<J_|,_1:‘ Ypred ™ Yobs| ¥

=Y 2

-Y Y
Ypred - Yobs)™ / Ypred with the same parameters for all
=Y : Y :

Ypred - Y Y

(Ypred - Yobs)* / [Ypred * Yobs|

Xscaling is a scaling parameter given by:

Yid—-oces Nobstypes (id#occ)

Xsmling = 1
id—occs Zobstypes( /Nubs(id#OCCr obstype))

With TobsTypes (id#occ) number of observation IDs mapped to a model output for one individual and one occasion. Note that if there is only one
observation type (model output mapped to an observation ID), Xcaling = 1 and the cost function is a simple sum of squares over all
observations, weighted by the w; .

Likelihood

The likelihood is not directly used for the optimization in CA, but it is possible to derive it based on the optimal cost obtained with the following
formula (details in Banks et al):

Cost
—2LL = (1 + InQM)N,,, + 2 z In(w;) + Ny, In (N—)
tot

jin data

where

e -2LL stands for -2 x In(Likelihood)
o Ny, is the total number of observations for all individuals, all occasions and all mapped model outputs

« wj are the weights as defined above
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Additional Criteria

Additional information criteria are the Akaike Information Criteria (AIC) and the Bayesian Information Criteria (BIC). They are used to compare
models. They penalize -2LL by the number of model parameters used for the optimization Npamm, and the number of observations: N, total
number of observations, and Ny (id#£0cc), number of observations for every subject-occasion. This penalization enables to compare models
with different levels of complexity. Indeed, with more parameters, a model can easily give a better fit (lower -2LL), but with too many parameters,
a model loses predictive power and confidence in the parameter estimates. If not only the -2LL, but also AIC and BIC criteria decrease after
changing a model, it means that the increased likelihood is worth increasing the model complexity.

Indiv fit
AIC = —2LL + 2(NpgramNidoce + 1)

BIC = —2LL +In(Ntot) + Nyaram Z In(N,ps (id#occ))

id—occs

This formula simplifies if the “pooled fit” option is selected in the calculation settings of the CA task:

Pooled fit

AIC = —2LL + 2(Npgram + 1)
BIC = —2LL + In(Ntot) (Npgram + 1)

AIC derivation in the case of individual fits

The total AIC for all individuals penalizes -2LL with 2x the number of parameters used in the optimization. For the structural model, we use
NpammNid#occ, where Npamm is the number of parameters in the structural model and Nid#m is the number of subject-occasions (since there
is a set of parameters of each id#occ). For the statistical model, we also calculate implicitly one parameter o2, which is the variance of the
residual error model shared by all the individuals (it is derived using the sum of squares of residuals as described in Banks et al). Therefore, AIC
penalizes -2LL by 2(Nparam Nidoce + 1).

BIC derivation in the case of individual fits

The total BIC should penalize -2LL by (nb of parameters) x In(nb of data points). In this case, we should distinguish between the data for each
id#occ, which is used to optimize Nparam parameters, and the data for all individuals, which is used all together to calculate the residual variance
0’. To penalize each individual's data in the optimization with Nparam, we add the term Nyaram X In(Nops(id#occ)) for each id#occ. To

penalize the calculation of the error model parameter with all the observations (substitution of o as described in Banks et al), we add the term
1 X In(Not).

4.3. CAresults #

PKanalix automatically generates results after running the CA task calculations. This page contains a complete list of output tables and files.
e QOutput tables

e Output files

Output tables

Compartmental analysis results are displayed in tables in the “RESULTS" tab, in the CA section.
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DISPLAY

Individual estimates

. Paginate

Compartmental analysis results per individual

L

id™  Cost ka v cl'" WEIGHT " SEX
1 0.82 5.42 0.44 70.65 F
2 0 3.02 0.5 67.52 F
= 0.37 2.59 20.63 0.91 65.31 M
4 0.32 1.32 g.11 0.97 66.€67 M
5 0.22 0.6 4,63 0.61 68.13 F
3 0.53 0.83 0.36 71.1¢9 F
7 0.64 0.49 5.01 0.54 71.81 F
8 0.25 0.13 2.29 1.75 TE.76 M
9 0.27 0.68 3.96 0.36 64.49 F
10 0.29 0.67 4.52 0.32 64.74 F

Records per page: 10 25 50

Page 1 of 5 » »

INDIV. ESTIM.

In this table (shown above) you find results of the compartmental analysis for each individual: model parameters values, cost function values,
covariates (from the dataset). By default, the table shows 10 records (ids) per page. To increase it and to see following pages, use settings below
the table.

SUMMARY

This table contains statistics on compartmental analysis results and summary calculation. The complete list with description is here.
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For better comparison you can split or filter this table using covariates present in a dataset. When you select split/filter PKanalix automatically re-
calculates the values and displays them. The following Feature of the week video explain how this feature works on the NCA individual estimates
table example.

COsT

This table contains information about model comparison indices calculated for the model selected in the CA task. It includes: total cost (sum of
individual costs values shown in the INDIV. ESTIM. sub tab), -2LL, AIC and BIC, see here for details about the formulas. This information criteria
allow to compare statistically the fit obtained with different models. The rule of thumb is: the lower the value of the information criteria, the
better the model fit. There is no absolute value to compare with, important is only the relative difference between two models.
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Output Files

You can find the compartmental analysis results also in the project results folder in the “IndividualParameters > ca” directory. There are fours .txt
files:

summary.txt

Description: human readable summary file.

« Header: project file name, date and time of run, PKanalix version

o Table: Summary statistics of the individual cost function and individual model parameters

- ;
Description: Individual parameters estimates

« ID: subject name and occasion (if applicable). If there is one type of occasion, there will be an additional(s) column(s) defining the occasions.
 Cost: value of the individual cost function

« parameterName: individual model parameter values estimated during the compartmental analysis.

« COVname: continuous covariates values corresponding to all data set columns tagged as “Continuous covariate”.

« CATname: modalities associated to the categorical covariates.

calndividualParametersSummary.txt

Description: Statistics summary of individual parameters estimates

« ID: subject name and occasion (if applicable). If there is one type of occasion, there will be an additional(s) column(s) defining the occasions.
« Parameter: cost and model parameters

 Statistics: min, Q1, median, Q3, max, mean, SD, SE, CV, geoMean, geoSD, geoCV, harmMean

cost.txt

Description: Total cost and information criteria of a model

« Cost: Total cost, see formulas above
« Log-likelihood estimation: -2LL, AIC, BIC

4.4. Export to Monolix/Simulx #

MonolixSuite applications are interconnected and you can export & import a PKanalix project between different applications. This
interconnection is guaranteed by using the same model syntax (mixtran language) and the same dataset format.

There are two options to export a PKanalix project*
e Export to Monolix for population model development, estimation and diagnosis. See Monolix documentation.

e Export to Simulx for simulations of new scenarios, e.g. new dosing regimens. It requires loading a model in CA. See Simulx documentation.

*Note: Export of a PKanalix project to Simulx is available starting from the 2023 version. In the previous versions, you can only export a PKanalix project
only to Monolix.
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To export a PKanalix project to Monolix or Simulx click EXPORT PROJECT TO in the top menu “Export”, select the target software (Monolix or
Simulx), and confirm the process by clicking on the button EXPORT at the bottom. By default, generated files, e.g. dataset and model file, will be
saved next to the target project.
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Export to Monolix

Exporting a PKanalix project to Monolix opens automatically a Monolix application and creates a new Monolix project with predefined elements:

« Dataset tagging and formatting steps (if present) as in the PKanalix project.

« Dataset filters (if applied) as in the PKanalix project.

o Structural model and initial parameters values as selected in the CA task in the PKanalix project. If there is no model in the PKanalix project,
then Monolix will use a default model from the library with oral or iv administration (depending on the NCA settings), one compartment and
linear elimination.

« Statistical model and tasks: default Monolix settings

Monolix will open in the “Statistical model and tasks” tab, and you can immediately click the button RUN to execute estimation of parameters and
generate diagnostic plots.
Export to Simulx

Exporting a PKanalix project to Simulx creates a Simulx project with all elements that could be useful for simulating the model automatically. In
the Definition tab:

* Model, individual parameters estimates and output variables - imported from the CA task in PKanalix.

« Occasions, covariates, treatments and regressors - imported from the dataset used in the PKanalix project.

Moreover, Simulx automatically sets exploration and simulation scenarios. The Exploration (tab) contains one group to explore effects of model
parameters and treatment on a single individual. The Simulation (tab) contains one group to re-simulate individuals from the PKanalix project.

You will find more information about imported elements and how to create new scenarios in the Simulx documentation webpage.

5. Bioequivalence #

After having run the “NCA” task to calculate the NCA PK parameters, the “Bioequivalence” task can be launched to compare the calculated PK
parameters between two groups, usually one receiving the “test” formulation and one the “reference” formulation.

e Bioequivalence task
« Bioequivalence results
* Bioequivalence plots

* Bioequivalence outputs

Bioequivalence task

The task “Bioequivalence” is available if at least one categorical covariate column has been tagged in the “Data” tab. The “Bioequivalence” task can
only be run after having run the “NCA” task. It can be run by clicking on the “Bioequivalence” task button (pink highlight below) or by selecting it as
part of the scenario (tickbox in the upper right corner of the “Bioequivalence” button) and clicking the “Run” button. The parameters to be
included in the bioequivalence analysis are selected in the box “Parameters to compute / BE" (orange highlight), where the user can also indicate
if the parameter should be log-transformed or not. The fixed effect included in the linear model can be chosen in the box “Bioequivalence design”
(blue highlight).


https://simulx.lixoft.com/overview/import-from-pkanalix/
https://simulx.lixoft.com/overview/import-from-pkanalix/
https://pkanalix.lixoft.com/non-compartmental-analysis/
https://pkanalix.lixoft.com/non-compartmental-analysis/
https://pkanalix.lixoft.com/pkanalix-2020r1-single-page-user-guide/#task
https://pkanalix.lixoft.com/pkanalix-2020r1-single-page-user-guide/#task
https://pkanalix.lixoft.com/pkanalix-2020r1-single-page-user-guide/#results
https://pkanalix.lixoft.com/pkanalix-2020r1-single-page-user-guide/#results
https://pkanalix.lixoft.com/pkanalix-2020r1-single-page-user-guide/#plots
https://pkanalix.lixoft.com/pkanalix-2020r1-single-page-user-guide/#plots
https://pkanalix.lixoft.com/pkanalix-2020r1-single-page-user-guide/#outputs
https://pkanalix.lixoft.com/pkanalix-2020r1-single-page-user-guide/#outputs

® project_parallel_bioequivalence.pkx [demo] * - PKanalix - 2021R1 (=)

Non compartmental analysis ~
- [ - g -
Settings o

st . Paramerers Computed parameters B logtansiorm

T

Integralmethod

[<B<N<]
[ X X J

ParialAUC time

A Ay oy

Bl method before Tmax. T,

BLQmethod after Tmax

seesea 2 . -

Soerapolated AUC . Factrsininear model Fed efects)

formalaton o JE—p—

o sdeitions!

Bioequivalence results

The results of the bioequivalence analysis are presented in the “Results” tab, in the “BE” subtab. Three tables are proposed.

Confidence intervals

The table of confidence intervals is the key bioequivalence table that allows to conclude if the two formulations are equivalent or not. For each
parameter selected for bioequivalence analysis, the following information is given:

 the adjusted means (i.e least square means) for each formulation,
« the number of individuals for each formulation,
« the formulation difference (see calculation rules) and the corresponding confidence interval,

« the formulation ratio (see calculation rules) and the corresponding confidence interval.

If N formulations are present in the dataset, N-1 tables are shown.
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Coefficient of variation

This table gives for each parameter selected for bioequivalence analysis the standard deviation of the residuals and the intra-subject coefficient
of variation (CV).
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ANOVA

This table presents the analysis of variance (ANOVA) for the factors included in the linear model, for each parameter selected for the
bioequivalence analysis. For each factor, the degrees of freedom (DF), sum of squares (SUMSQ), mean squares (MEANSQ), F-value (FVALUE) and
the p-value (PR(>F)) are given. A small p-value indicates a significant effect of the corresponding factor.

For the residuals, only the degrees of freedom (DF), sum of squares (SUMSQ), and mean squares (MEANSQ) are given.
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Bioequivalence plots

In the “Plots” tab, several plots are displayed:

e Sequence by period: This plot allows to visualize, for each parameter, the mean and standard deviation for each period, sequence and
formulation.

e Subject by formulation: This plot allows to visualize, for each parameter, the subject-by-formulation interaction and the inter-subject variability.

« Confidence intervals: This plot gives a visual representation of the confidence intervals of the ratio of each parameter.

« NCA individual fits: This plot can also be used to display the individual concentration data with one subplot per individual with all its periods.

Bioequivalence outputs
After running the Bioequivalence task, the following files are available in the result folder <result folder>/PKanalix/IndividualParameters/be:
« anova_XXX.txt: these is one such file for each NCA parameter included in the bioequivalence analysis. It contains the ANOVA table with

columns ‘Factor’ (factors included in the linear model), 'Df (degrees of freedom), ‘'SumSq’ (sum of squares), ‘MeanSq’ (mean squares), ‘FValue’ (F-

value), ‘Pr(>F) (p-value). For the residuals (last line), the two last columns are empty.

confidencelnterval_XXX.txt: these is one such file per non-reference formulation. It contains the confidence interval table with columns
‘Parameter’ (parameter name), ‘AdjustedMeanTest’ (adjusted mean for the test formulation), ‘NTest' (number of individuals for the test
formulation), ‘AdjustedMeanRef (adjusted mean for the reference formulation), ‘NRef (number of individuals for the ref formulation),
‘Difference’ (formulation difference - see calculation rules), ‘CIRawLower’ (lower confidence interval bound for the difference), ‘CIRawUpper’
(upper confidence interval bound for the difference), ‘Ratio’ (formulation ratio - see calculation rules), ‘ClLower’ (lower confidence interval
bound for the ratio), ‘ClUpper’ (upper confidence interval bound for the ratio), ‘Bioequivalence’ (1 if the Cl for the ratio falls within the BE limits,

0 otherwise)

estimatedCoefficients_XXX.txt: these is one such file for each NCA parameter included in the bioequivalence analysis. It contains the
estimated coefficient for each category of each factor included in the linear model, as well as the intercept. This information is only available as
an output table and is not displayed in the GUI. The table columns are ‘name’ (factor followed by the category), ‘estimate’ (estimated

coefficient), ‘se’ (standard error), ‘tValue' (estimate divided by the SE), and ‘Pr(>|t|)’ (p-value).

variationCoef.txt: This file contains the standard deviation and coefficient of variation from each NCA parameter. Columns are ‘Parameter’,

‘SD’ and ‘CV(%)'

5.1. Bioequivalence calculation rules #

Detection of “crossover” versus “parallel” design

In PKanalix, the design is detected based on the data set columns. If no OCCASION column is present, the design is detected as “parallel”. On the
opposite, if one or several columns have been tagged as OCCASION, the design is detected as “crossover” (repeated or non-repeated). The
detected design is displayed in the bioequivalence settings for the users information and cannot be changed. Depending on the detected design,
the factors selected by default for the linear model are different.

Linear model

The linear model can only include fixed effects, as recommended by the FDA for parallel and non-repeated crossover design (see Statistical
Approaches to Establishing Bioequivalence, page 10) and by the EMA for parallel, non-repeated crossover and repeated crossover designs (see
Guideline On The Investigation Of Bioequivalence, page 15). In addition, “id" is automatically considered as nested in “sequence” and no additional
nesting can be defined. Interaction terms and random effects are not supported.

According to the regulatory guidelines, the default models are:
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 parallel design:
log(NCAparam) ~ FORM
which can also be written as
log(NCAparam) = intercept + Siest| if FORM=test] + ¢
in case of two formulations “ref” and “test”, with € a normal random variable (i.e the residuals).
« crossover design:
log(NCAparam) ~ SEQ + ID + PERIOD + FORM
which can also be written as
log(NCAparam) = intercept + Siest| if FORM=test] + Bperiodz| if PERIOD=2] + Bscqrr | if SEQ=TR] + Biaz| if ID=id2] + Bigs| if ID=id3] + ..

in case of several individuals (id1, id2, etc), two sequences (“RT” and “TR"), two periods (“1” and “2") and two formulations (“ref” and “test”).

The model parameters are calculated using a QR factorization.

The 3 parameters are called the coefficients. They are saved in the output file estimatedCoefficients_XXX.txt. We are interested in the
coefficient representing the formulation effect Byst, which is also called the point estimate.

Difference and ratio

In the Results > Confidence intervals table, the “difference” corresponds to the point estimate Sies; (see above). The “ratio” is calculated
depending on the log-transformation choice:

« without log-transformation: Ratio = LSMiest/LSMref x 100 with LSM the least square mean (also called adjusted mean, see below).
« with log-transformation: Ratio = exp(Btest) x 100

Confidence intervals
The confidence interval is first calculated for the difference (Cldiff) and then for the ratio (C L q4i0).
CIdiff = ,Btest + t(l —Q, df) x SE

with Biest the point estimate (“difference”, see above), (1 — a, df) the quantiles of a Student t-distribution at the « level and df degrees of
freedom, and SE the standard error of the point estimate.

In case of a parallel design with the Welch-Satterthwaite correction (see Bioequivalence settings), the formula is different:

Sk | S
Cliifs = Brest £ (1 — aydf) x 4/ o8 + 1

with Sy the samples standard deviation of the individuals and nx the number of individuals having received formulation X. A correction is also
applied to the degrees of freedom, which are calculated as:

2 52
St Sk
np g
(S3/n7)*  (SE/np)?
np-1 ng-1

2

df =

The confidence interval for the ratio is then calculated using the following formula:

« without log-transformation: Cl,4tio = (1 + CIdiff/LSMref) x 100 with LSM, the least square mean for the reference formulation (see
below).

« with log-transformation: CL,qtio = €xp(Clgis) % 100

Adjusted means (least square means)

The model NCAparam ~ SEQ + ID + PERIOD + FORM allows to calculate the expected value (mathematical expectation) for any value of SEQ, ID,
PERIOD and FORM. The least square mean for the reference represents the expected value for the reference formulation leaving the value for the
other factors undefined. To calculate it, we average the model-predicted values across the levels of ID, PERIOD and SEQ.

The weights assigned to each combination of levels depend if the factors are nested or not. A factor A is said nested in factor B if each level of A
appears in only one level of B. By design, in crossover bioequivalence studies, ID is nested in SEQUENCE (i.e each individual belongs to only one
sequence). Thus, in PKanalix, when ID and SEQUENCE are defined as factors in the linear model, we assume that ID is nested in SEQUENCE
when calculating the least square means. No further nesting is assumed, nor can be specified. Note that the nesting definition only affects the
adjusted means and not the point estimate (ratio) and its confidence interval.

Excluded individuals

In case of a parallel design, individuals for which the NCA parameter cannot be calculated are excluded.

In case of a crossover design, incomplete individuals are excluded. Incomplete individual are those that do not have a value for each period,
either because these were no concentration data for this period (period missing in the data set) or because the computed NCA parameter could
not be calculated for this period (e.g because the data were insufficient to calculate the terminal slope). In case of a non-repeated crossover
design, excluding the individuals with missing data or not has no impact on the calculation of the point estimate and confidence interval. In case
of a repeated crossover design (i.e when the individuals receive several times the same formulation), excluding the individuals for which the NCA
parameter for one or more periods is missing has an impact on the point estimate calculation and confidence interval. The common practice is to
exclude incomplete individuals (see also the EMA Guideline On The Investigation Of Bioequivalence, page 14).

Excluded individuals are calculated for each NCA parameter separately, as some individuals may have values for all periods for the Cmax but not
the AUCINF_obs for instance.

In the Results > Confidence intervals, the number of individuals “N” does not count the excluded individuals. Thus, in case of a crossover design,
the number of individuals contributing to ref and to test is the same. In the BE plots, only the individuals included in the bioequivalence
analysis are shown.

ANOVA

The sum of squares presented in the ANOVA table of the Results tab are type-1 sequential sum of squares. In case of an unbalanced design (i.e
not the same number of individuals receiving RT versus TR), the type-l sum of squares depends on the order of the included factors. In PKanalix,
the enforced order is SEQUENCE + ID + PERIOD + FORMULATION (+ ADDITIONAL), following the SAS sample codes provided by the FDA (see
Statistical Approaches to Establishing Bioequivalence, 2001, Appendix E) and EMA (see Questions & Answers: positions on specific questions addressed to
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the Pharmacokinetics Working Party, 2015, question 8).

Coefficient of variation

In Results > Coefficients of variation, the SD corresponds to the standard deviation of the residuals, i.e to the standard deviation of the normal
random variable € in the linear model log(NCAparam) = intercept + S5 [ if FORM=test] + € (for the typical model of a parallel design
for instance).

The coefficient of variation is then calculated as:

« without log-transformation: CV = SD/LSMTef (with LSM,.; the least square mean for the reference formulation, see above)

« with log-transformation: CV = 100 X 4/exp (SD?) — 1

5.2. Bioequivalence settings #

This page describes the settings of the bioequivalence calculations.

Parameters to compute

In the section “Parameters to compute”, the user can move the parameters from the “Parameters” column (list of all available parameters) to the
“Computed parameters” column to select them for the NCA calculations. Among the parameters selected for the NCA calculations, the user can
choose which parameters should be included in the bioequivalence analysis by ticking the box in the “BE” column. Regulatory guidelines usually
recommend to perform the bioequivalence on the log-transformed NCA parameters. This can be set using the toggles in the “log-transform”
column.

« BE: parameters on which to perform the bioequivalence analysis. Defaults: Cmax, AUClast, and AUCINF_obs if plasma single-dose, or AUCtau
and Cmax if plasma steady-state, or AURC_last and Max_Rate if urine data.
« log-transform: whether the bioequivalence should be computed on the log-transformed NCA parameter (toggle on) or on the NCA parameter

directly (toggle off). Default: log-transform toggle on, except for Tmax.
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Bioequivalence design

The study design, parallel or crossover (repeated or not), is detected automatically based on the structure of the ID and OCCASION columns of
the data set, see the Calculation rules for more details. The user can then select one or several fixed effect factors to be included in the linear
model. By default, for a parallel design, only the formulation is included. For a crossover design, the factors ID, PERIOD, FORMULATION and
SEQUENCE are included by default, if present in the data set. When both ID and SEQUENCE are given, ID is considered as nested in SEQUENCE.
Additional factors can also be added, to be chosen among the (STRATIFICATION) CATEGORICAL and CONTINUOUS COVARIATES columns of the
data set. All factors are considered as fixed effects and random effects are not available. Nesting of ID in SEQUENCE is considered
automatically, but further nesting cannot be specified. Note that the nesting affects the calculation of the adjusted means but not of the
bioequivalence ratio.

« Study design: parallel or crossover (repeated or not-repeated). Detected automatically based on the structure of the ID and OCCASION
columns of the data set (see Calculation rules). Cannot be changed by the user.
« Factors in the linear model:
« id [if crossover]: data set column representing the ID of the individuals. Default: the column tagged as ID in the data set. This can be set to
“none” if the ID should not be used as a factor in the linear model. When a “sequence” column is defined, “id” is considered as nested in

“sequence”.

period [if crossover]: data set column representing the different periods for each individual. Default: the first column tagged as OCCASION

in the data set. This setting can be set to “none” if the period should not be used as a factor in the linear model.

formulation: data set column representing the different groups for which the bioequivalence is calculated, typically the different
formulations of the drug products. Default: the column with header ‘trt, ‘treatment’, ‘form’, or ‘formulation’ (case insensitive) if it exists,
otherwise first CATEGORICAL COVARIATE column. It is mandatory to include the formulation in the linear model.
» reference: among the categories of the categorical covariate selected as formulation, the one considered as the reference. The
bioequivalence will be computed for all categories compared to the reference category. Default: 'r' or ‘ref or ‘reference’ (case insensitive),

otherwise the category of the first occasion of the first indiv of the data set.
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« sequence [if crossover]: data set column representing the different sequences. Default: the column with header ‘seq’, or ‘sequence’ (case
insensitive) if it exist, otherwise “none”. This setting can be set to “none” if the sequence should not be used as a factor in the linear model.
« additional: data set columns tagged as CATEGORICAL or CONTINUOUS covariates, which have not already been selected above, can be

added as additional factors in the linear model.
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Confidence interval

Several settings are more specific to the calculation of the confidence interval. They can be changed in the pop-up settings window of the
Bioequivalence task.

« Level: level of the confidence interval. Default: 90% confidence interval. This means that there is a 90% probability that the true ratio is included
in the calculated confidence interval.

« Bioequivalence limits: limits within which the confidence interval should be in order to conclude for bioequivalence. Default: [80,125].

« Degrees of freedom [if parallel design]: method to calculate the degrees of freedom involved in the confidence interval calculations, either
using the residuals (this assumes equal variance between the groups or using the Welch-Satterthwaite formula (this assumes possibly unequal

variances). Default: Welch-Satterthwaite
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For the CA task, PKanalix generates automatically specific plots to help in model diagnosis. Plots are interactive for better data exploration. You
can modify display options (lin/log scales, axis limits, etc), stratify (split, color, filter) them using covariates from a dataset, and change the
graphical preferences (font size, colors etc).

In the PLOTS tab you will find the following plots:

« Individual fits This plot displays the individual predictions using the individual estimated parameters (or one set of common parameters if you
enable the “pooled fit” option) w.r.t. time on a continuous grid, with the observed data overlaid.

o Individual parameters vs covariates This plot displays estimated individual parameters w.r.t. the covariates in the dataset.

« Distribution of the individual parameters. This plot displays the estimated population distributions of the individual parameters.

o Correlation between individual parameters This plot displays scatter plots for each pair of individual parameters.

« Observations vs predictions This plot displays observations w.r.t. the predictions computed using the individual parameters (or one set of

common parameters if you enable the “pooled fit” option).

Stratification & Preferences
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Stratification of plots in PKanalix works in the same way as in Monolix. Complete description of available options and examples is in the Monolix
documentation here.

Save/Export plots and charts data

You can export each single plot as an image (png or svg) using an icon on top of each plot. They are saved in the results folder > PKanalix >
ChartsFigures.
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To export all plots at once use the top menu option: “Export > Export Plots”. You can also export plots data as tables (in .txt files), for example to
re-generate them with external tools, with “Export > Export charts data”.
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In addition, you can export plots automatically after each CA run. To select this option enable the toggle buttons in the PKanalix Preferences: top
menu > Settings > Preferences:
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Next section: CA Individual fits plot

6.1. Observed data #

It is always good to have a look first at the observed data before running the parameter estimation. Indeed, it is very convenient to see if all the
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data is consistent, or if some outliers appear.

The purpose of this plot, also called a spaghetti plot, is to display the original data w.r.t. time.

In the example below, the concentration of warfarin from the warfarin data set is displayed. A subject is highlighted in yellow by hovering on the
line.

One can plot the output in a log-scale to have a better evaluation of the

The data can be displayed as dots and lines (by default), or only as dots or only as lines, as in the figure below. In addition, a trend line can be
overlaid on the plot, based on mean values of the observed data pooled in bins. The user can choose arithmetic or geometric mean, and can add
error bars representing either the standard deviations or standard errors. The mean and error values can be displayed as fixed labels next to the
bars, or as tooltips when hovering on a bar.
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Bin limits can be displayed as vertical lines, and the user can change the number of bins as well as binning criteria.
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An interesting feature is the possibility to display the dosing time as on the figure below. The individual dosing time of the individual can be
displayed when the user hovers an individual or always visible. Starting in version 2021R1 on, dosing times corresponding to doses with null
amounts are not displayed.
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The units as well as additional descriptive statistics of the observations can be displayed. We propose

« The total number of subjects
« The average number of doses per subject

« The total, average, minimum and maximum number of observations per individual.
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In addition, if we split the graphic with a covariate, these numbers are recomputed to display the information of the group as in the following
plot.
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In PKanalix 2023R1 it is now possible to display the mean curves, split by covariate, in a single plot. By switching on the “Merged splits” option, the
mean curves of the two wiehgt groups, which appeared in previous versions in separate plots, are merged into a single plot.
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It is possible to display one covariate vs another one, selecting in the display panel which covariate to look at.

Here we display the weight versus the height and show the correlation coefficient as an information:
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and continuous covariates w.r.t. categorical covariates are displayed as a boxplot as below (“+" are outlier points below Q1-1.5/QR (interquartile
range) or above Q3+1.5IQR):
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Covariate statistics

Starting from the 2021 version, it is also possible to get the covariate statistics in a dedicated frame of the interface:



4% | Data Tasks Plots =

Uataiounang Continuous covariates
Data

| Statistics on continuous covariates distribution
Filters

Covariates statistics

Q1 MEDIAN Q3 MAX SD
22 25 28 33 5

179 181 183 151 4.2€6

Categorical covariates

Categorical covariates distribution across modalities

ref test | RT TR

8
-~ N -

All the covariates (if any) are displayed and a summary of the statistics is proposed. For continuous covariates, minimum, median and maximum
values are proposed along with the first and third quartile, and the standard deviation. For categorical covariates, all the modalities are displayed
along with the number of each. Note the “Copy table” button that allows to copy the table in Word and Excel. The format and the display of the
table will be preserved.

6.1.2. Bivariate data viewer #

In case of several continuous outputs, one can plot one type of observation w.r.t. another one as on the following figure for the warfarin data set.

The direction of time is indicated by the red arrow. Linear interpolation is used for observations of different types that are not at the same time.

Labels for x and y axes correspond to the observation names in the model for data types that are mapped to an output of the model,
or observation ids used in the dataset for data types not captured by the model. It is possible to choose which observation id to display on the X
or Y axis in the settings panel on the right.
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6.2. NCA individual fits #

Purpose

This plot can be used for two purposes:

« show the terminal slope (lambdaZ) linear regression for each occasion of each individual (default)

« show the individual concentration data with one individual per subplot and all occasions

LambdaZ terminal slope


http://dataset.lixoft.com/data-set-examples/warfarin-data-set/
http://dataset.lixoft.com/data-set-examples/warfarin-data-set/
https://dataset.lixoft.com/description/description-of-column-types-used-to-define-responses/
https://dataset.lixoft.com/description/description-of-column-types-used-to-define-responses/

By default, the settings let you see each occasion of each individual on a subplot, in y log-scale with the lambdaZ linear regression. Note that the
NCA parameters Lambda_z and Lambda_z_intercept need to be selected in the “Computed parameters” of NCA settings in order to
display the lambdaZ regression line.

Selecting the “Information” toggle allows you to display information about the rule used to calculated the lambdaZ (“Adjusted R2", “R2", “Interval”,
“Points” or “custom” - when points have been manually selected), the number of points included in the calculation and the R2 or adjusted R2
criteria. Again, the NCA parameters Rsq_adjusted, Rsq, and No_points_lambda_z must be selected in “Computed parameters” in the NCA
settings in order to appear in the information box.

® project crossover bioequivalence pk [demo] * - PKanalix - 2021R1

sett Exgort

Individual concentration data

The plot can also be used to visualize the individual concentration data with one individual per subplot and occasions all together. For a crossover
study with two periods and two formulations for instance, one can:

« display the “Lines”

« display the “unused data” as “colored”
 hide the “LambdaZ regression”

« untick the “split occasions”

« set the y axis in linear scale

 color by the Formulation in the stratify tab

® project crossover_bioequivalence.pkx [demo] * - PKanalix - 2021R1
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Settings
« Grid arrange (top left above the plot): The user can define the number of subplots displayed, as well as the number of rows and the number of
columns. This choice is not saved. See below the “Default number of individuals per page” for a setting that is saved.
* General
¢ Legend: hide/show the legend. The legends adapts automatically to the elements displayed on the plot. The same legend box applies to all
subplots and it is possible to drag and drop the legend at the desired place.
 Grid : hide/show the grid in the background of the plots.
 Information: hide/show
« the continuous covariates: continuous covariates values are displayed for each individual
« the goodness of fit: the rule used to calculate the lambdaZ (“Adjusted R2", “R2", “Interval”, “Points” or “custom” - when points have been
manually selected), the number of points used to calculate the lambdaZ and the R2 value (if rule=R2) or the adjusted R2 (if rule different
from R2). Note that the NCA parameters Rsq_adjusted, Rsq, and No_points_lambda_z must be selected as “Computed
parameters” in the NCA settings in order to appear in the information box.
o Units: hide/show the units next to the NCA parameter names. The color and surrounding characters for the units can be chosen in the plot

“Preferences”.


https://pkanalix.lixoft.com/nca-settings/
https://pkanalix.lixoft.com/nca-settings/
https://pkanalix.lixoft.com/nca-settings/
https://pkanalix.lixoft.com/nca-settings/
https://pkanalix.lixoft.com/nca-settings/
https://pkanalix.lixoft.com/nca-settings/
https://pkanalix.lixoft.com/nca-settings/
https://pkanalix.lixoft.com/nca-settings/

« Dosing times: hide/show dosing times as vertical lines for each subject.
« Link zoom between plots: activate the linked zoom for all subplots. The same zooming region can be applied on all individuals only on the
x-axis, only on the Y-axis or on both (option “none” in the “zoom constraint”).
« Display
« Dots: hide/show the observed data as dots
o Lines: hide/show the connecting lines between the observed data points
« Censored data [if censored data present]: hide/show the data marked as censored (BLQ), shown as a red dot according to the “BLQ method
before/after Tmax” choice in the NCA settings.
¢ Unused data: hide/show the data points not used for the lambdaZ calculation
« greyed: display the data points not used in the lambdaZ calculation as greyed
« colored: display the data points not used in the lambdaZ calculation with the default color (set in the plot “Preferences")
 Split occasions [if occasions present]: Split the individual subplots by occasions or group occasions on a single subplot for each individual.
o Default number of individuals per page: Set the number of subplots to display. This setting can be saved, whereas the “grid arrange” on the
top left corner is not.
e LambdaZ regression: hide/show the lambdaZ linear regression

« Sorting: Sort the subjects by ID, goodness of fit (R2 or adjusted R2 value) or continuous covariate value in ascending or descending order.

6.2.1. NCA parameters with respect to covariates #

Purpose
The figure displays the individual parameters as a function of the covariates. It allows to identify correlation effects between the individual

parameters and the covariates.

Identifying correlation effects
In the example below, we can see the parameters Cl_obs and Cmax with respect to the covariates: the weight WT, the age AGE and the sex
category.
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Visual guidelines
In order to help identifying correlations, regression lines, spline interpolations and correlation coefficients can be overlaid on the plots for
continuous covariates. Here we can see a strong correlation between the parameter Cl_obs and the age and the weight.
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Overlay of values on top of the boxplot

The NCA parameter values used to generate the boxplots for the categorical covariates can be overlayed on top of the boxplots, which enables to

better visualize the distribution in case of a small number of individuals.
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Highlight
Hovering on a point reveals the corresponding individual and, if multiple individual parameters have been simulated from the conditional
distribution for each individual, highlights all the points points from the same individual. This is useful to identify possible outliers and
subsequently check their behavior in the observed data.
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Selection
It is possible to select a subset of covariates or parameters, as shown below. In the selection panel, tick the items you would like to see and click
“Accept”. This is useful when there are many parameters or covariates.
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isual cues

Regression line

» Spline

STRATIFY PREFEREN...

Stratification can be applied by creating groups of covariate values. As can be seen below, these groups can then be split, colored or filtered,
allowing to check the effect of the covariate on the correlation between two parameters. The correlation coefficient is updated according to the
split or filtering.
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Settings
* General

* Legend: add/remove the legend. There is only one legend for all plots.

« Grid: add/remove the grid.

« Information: display/hide the correlation coefficient associated with each scatter plot.

« Units: display/hide the units of the NCA parameters on the y axis

o Display

« Individual parameters: Selects the NCA parameters to display as subplot on rows. Tick the items you would like to see and click “accept”.

« Covariates: Selects the NCA parameters to display as subplot on columns. Tick the items you would like to see and click “accept”.

« Boxplots data: overlay the NCA parameters as dots on top of the boxplots for categorical covariates, either aligned on a vertical line

(“aligned”), spread over the boxplot width (“spread”) or not at all (“none”).

« Regression line: Add/remove the linear regression line corresponding to the correlation coefficient.

« Spline: Add/remove the spline. Spline settings cannot be changed.

6.2.2. Correlation between NCA parameters #

Purpose

This plot displays scatter plots for each pair of parameters. It allows to identify correlations between parameters, which can be used to see the
results of your analysis and see the coherence of the parameters for each individuals.

Example

In the following example, one can see pairs of parameters estimated for all parameters.
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In addition to regression
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lines, correlation coefficients can been added to

see the correlation between random effects, as well as spline
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Selection
It is possible to select a subset of parameters, whose pairs of correlations are then displayed, as shown below. In the selection panel, a set of
contiguous rows can be selected with a single extended click, or a set of non-contiguous rows can be selected with several clicks while holding the

Ctrl key.
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Highlight
Similarly to other plots, hovering on a point provides information on the corresponding subject id, and highlights other points corresponding to

the same individual.

Clobs

correlavion: 1

CLpred

correlation: 0.33 correlavion: 0,329

Clast

Stratification: coloring and filtering

Stratification can be applied by creating groups of covariate values. As can be seen below, these groups can then be split, colored and/or filtered
allowing to check the effect of the covariate on the correlation between two parameters. The correlation coefficient is updated according to the
stratifying action. In the following case, We split by the covariate SEX and color bay 2 categories of AGE.
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Settings
* General

e Legend and grid : add/remove the legend or the grid. There is only one legend for all plots.
« Information: display/hide the correlation coefficient associated with each scatter plot.
o Display
 Selection. The user can select some of the parameters to display only the corresponding scatter plots. A simple click selects one parameter,
whereas multiple clicks while holding the Ctrl key selects a set of parameters.

e Visual cues. Add/remove the regression line or the spline interpolation.

6.3. Plots #

» What kind of plots can be generated by PKanalix? ()
e Exporting plots

What kind of plots can be generated by PKanalix?

The list of plots below corresponds to all the plots that PKanalix can generate. They are partly generated directly after importing the data, partly
after running an analysis task.

Data

« Observed data: This plot displays the original data w.r.t. time as a spaghetti plot, along with some additional information.

« Covariate viewer: This plot displays the matrix of all the covariates in one plot.

 Bivariate data viewer: This plot displays data of different observation types (typically PK and PD data) in one.

NCA
Model for the observations

o Individual fits: This plot displays the individual fits: individual predictions using the individual parameters and the individual covariates w.r.t.

time on a continuous grid, with the observed data overlaid.

Diagnosis plots based on individual parameters
 Distribution of the NCA parameters: This plot displays the estimated distributions of the individual parameters.
o Correlation between NCA parameters: This plot displays scatter plots for each pair of individual parameters.

o NCA parameters vs covariates: This plot displays the estimators of the individual parameters w.r.t. the covariates.

CA
Model for the observations

 Individual fits: This plot displays the individual fits: individual predictions using the individual parameters and the individual covariates w.r.t.
time on a continuous grid, with the observed data overlaid.
« Observations vs predictions: This plot displays observations w.r.t. the predictions computed using the population parameters or the individual

parameters.

Diagnosis plots based on individual parameters


https://pkanalix.lixoft.com/plots/#plots
https://pkanalix.lixoft.com/plots/#plots
https://pkanalix.lixoft.com/plots/#plots
https://pkanalix.lixoft.com/plots/#plots
https://pkanalix.lixoft.com/plots/observed-data/
https://pkanalix.lixoft.com/plots/observed-data/
https://pkanalix.lixoft.com/plots/covariate-viewer/
https://pkanalix.lixoft.com/plots/covariate-viewer/
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https://pkanalix.lixoft.com/plots/bivariate-data-viewer/
https://pkanalix.lixoft.com/non-compartmental-analysis/#ncaPlots
https://pkanalix.lixoft.com/non-compartmental-analysis/#ncaPlots
https://pkanalix.lixoft.com/plots/nca-plots/nca-individual-fits/
https://pkanalix.lixoft.com/plots/nca-plots/nca-individual-fits/
https://pkanalix.lixoft.com/plots/distribution-of-the-nca-parameters/
https://pkanalix.lixoft.com/plots/distribution-of-the-nca-parameters/
https://pkanalix.lixoft.com/plots/correlation-between-nca-parameters/
https://pkanalix.lixoft.com/plots/correlation-between-nca-parameters/
https://pkanalix.lixoft.com/plots/nca-parameters-with-respects-to-covariate/
https://pkanalix.lixoft.com/plots/nca-parameters-with-respects-to-covariate/
https://pkanalix.lixoft.com/ca-calculation/#caPlots
https://pkanalix.lixoft.com/ca-calculation/#caPlots
https://pkanalix.lixoft.com/plots/individual-fits/
https://pkanalix.lixoft.com/plots/individual-fits/
https://pkanalix.lixoft.com/plots/observations-vs-predictions-plot/
https://pkanalix.lixoft.com/plots/observations-vs-predictions-plot/

o Distribution of the CA parameters: This plot displays the estimated distributions of the individual parameters.
o Correlation between CA parameters: This plot displays scatter plots for each pair of individual parameters.

o CA parameters vs covariates: This plot displays the estimators of the individual parameters w.r.t. the covariates.

Bioequivalence

« Sequence by period: This plot displays scatter plots for each pair of individual parameters.

o Subject by formulation: This plot displays for each parameter, the subject-by-formulation interaction and the inter-subject variability.
« Confidence intervals: This plot displays the confidence interval for the ratio for each parameter, as well as the BE limits.

o Individual concentration data: This plot displays the individual concentration data with one individual per subplot and occasions all together

Exporting plots

The user can choose to export each plot as an image with an icon on top of it, or all plots at once with the menu Export. It is also possible to
export plots data as table, for example to build new plots with external tools.

Data Tasks

Observed data

Covariate viewer

Individual fits \ 4 \\

Individual parameters vs covariates

Distribution of the individual parameters

Note that:

« the export starts after the display of the plots,
« the plots are exported in the result folder,
« only plot selected in Plots tasks are exported,

« legends and information frames are not exported.

Automatic exporting can be chosen in the project Preferences (in Settings), as well as the exporting format (png or svg):

@ Preferences ? X
Oﬁm
‘ Use relative path Numerical values size . Export plots
100% ~

) Export charts data

Temporary folder
Number of significant digits
ann/lixoft/pkanalix/pkanalix2023R1/tmp SELECT Charts export format

a

2 - ® png svg

J» Save history
Data export delimiter

Display trailing zeros
Number of threads ’ Py &

Customizing time grid in plots
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6.3.1. CA individual fits #

Purpose

The figure displays the observed data for each subject, as well as prediction using the individual parameters.

Individual parameters

Information on individual parameters can be used in two ways, as shown below. By clicking on Information (marked in green on the figure) in the
General panel, individual parameter values can be displayed on each individual plot. Moreover, the plots can be sorted according to the values

for a given parameter, in ascending or descending order (Sorting panel marked in blue). By default, the individual plots are sorted by subject id,
with the same i
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stratfy | Settngs | Preferences

Special zoom

User-defined constraints for the zoom are available. They allow to zoom in according to one axis only instead of both axes. Moreover, a link
between plots can be set in order to perform a linked zoom on all individual plots at once. This is shown on the figure below with observations
from the remifentanil example, and individual fits from a two-compartment model. It is thus possible to focus on the same time range or

observation values for all individuals. In this example it is used to zoom on time on the elimination phase for all individuals, while keeping the Y
axis in log scale unchanged for each plot.
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> Display

¥ Sorting

> Axes

Stratify = Settings | Preferences
« Censored data

When a data is censored, this data is different to a “classical” observation and has thus a different representation. We represent it as a bar from
the censored value specified in the data set and the associated limit.


http://dataset.lixoft.com/data-set-examples/remifentanil-data-set/
http://dataset.lixoft.com/data-set-examples/remifentanil-data-set/

Settings
e Grid arrange. The user can define the number of subjects that are displayed, as well as the number of rows and the number of columns.
Moreover, a slider is present to be able to change the subjects under consideration.
¢ General
« Legend: hide/show the legend. The legends adapts automatically to the elements displayed on the plot. The same legend box applies to all
subplots and it is possible to drag and drop the legend at the desired place.
o Grid : hide/show the grid in the background of the plots.
o Information: hide/show the individual parameter values for each subject (conditional mode or conditional mean depending on the
“Individual estimates” choice is the setting section “Display”).
« Dosing times: hide/show dosing times as vertical lines for each subject.
o Link between plots: activate the linked zoom for all subplots. The same zooming region can be applied on all individuals only on the x-axis,
only on the Y-axis or on both (option “none”).
o Display
¢ Observed data: hide/show the observed data.
e Censored intervals [if censored data present]: hide/show the data marked as censored (BLQ), shown as a rectangle representing the
censoring interval (for instance [0, LOQ]).
« Split occasions [if IOV present]: Split the individual subplots by occasions in case of IOV.
« Number of points of the calculation for the prediction

 Sorting: Sort the subjects by ID or individual parameter values in ascending or descending order.

By default, only the observed data and the individual fits are displayed.

6.3.2. CA parameters vs covariates #

Purpose

The figure displays the individual parameters as a function of the covariates. It allows to identify correlation effects between the individual
parameters and the covariates.

Identifying correlation effects

In the example below, we can see the parameters Cl and V1 with respect to the covariates: the weight WT, the age AGE and the sex category.

Visual guidelines


http://dataset.lixoft.com/description/description-of-column-types-used-to-define-responses/
http://dataset.lixoft.com/description/description-of-column-types-used-to-define-responses/
http://monolix.lixoft.com/data-and-models/iov-2/
http://monolix.lixoft.com/data-and-models/iov-2/

In order to help identifying correlations, regression lines, spline interpolations and correlation coefficients can be overlaid on the plots for
continuous covariates. Here we can see a strong correlation between the parameter Cl and the age and the weight. This is the same with V1.
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Hovering on a point reveals the corresponding individual and, if multiple individual parameters have been simulated from the conditional
distribution for each individual, highlights all the points points from the same individual. This is useful to identify possible outliers and
subsequently check their behavior in the observed data.
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Selection

It is possible to select a subset of covariates or parameters, as shown below. In the selection panel, a set of contiguous rows can be selected with
a single extended click, or a set of non-contiguous rows can be selected with several clicks while holding the Ctrl key. This is useful when there are
many parameters or covariates.
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Stratification

Stratification can be applied by creating groups of covariate values. As can be seen below, these groups can then be split, colored or filtered,
allowing to check the effect of the covariate on the correlation between two parameters. The correlation coefficient is updated according to the
split or filtering.
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* General

e Legend and grid : add/remove the legend or the grid. There is only one legend for all plots.
« Information: display/hide the correlation coefficient associated with each scatter plot.
e Display
o Selection. The user can select some of the parameters or covariates to display only the corresponding plots. A simple click selects one
parameter (or covariate), whereas multiple clicks while holding the Ctrl key selects a set of parameters.

o Visual cues. Add/remove a regression line or a spline interpolation.

6.3.3. Observations vs predictions plot #

The observations vs predictions plot displays observations (y;;) versus the corresponding predictions (:l:lij) estimated by the CA task. It is a useful
tool to detect misspecifications in the structural model. The points shall scatter as close as possible along the y = x line (black solid line). If a large
amount of points are not scattered close to the identity line, then this might be due to the chosen structural model not capturing certain kinetics.
Moreover, the distribution of the dots should be symmetrical around the y=x line, meaning that the model prediction is sometimes abve and
sometimes below the observed data.

This plot is generated automatically when you run the compartmental analysis task. You can access it from the CA section in the plots list.
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In addition to the observed data, in the DISPLAY settings panel you can add: the identity line y = x and spline interpolation.
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Hovering on any point of observed data shows:

¢ the subject id and time corresponding to this point

« highlights all the points corresponding to this subject

« segments linking all points corresponding to the same individual to visualize the time chronology.

Highlighting works across plots. An individual data highlighted in this plot, will be highlighted in every other plot to help you in the model
diagnosis.
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Individual predictions

Log scale

A log scale allows to focus on low observation values. You can set it in the AXIS section of the settings panel for each axis separately or for both
together.

The example below displays the predicted concentrations of remifentanil, modeled via a two-compartments model with a linear elimination. In

this case, the log-log scale reveals a misspecification of the model: the small observations are under-predicted. These observations correspond to
late time points, meaning that the last phase of elimination is not properly captured by the two-compartment model. A three-compartment

model might give better results.
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Settings
¢ General
e Legend and grid : add/remove the legend or the grid.
o Display
« BLQ data : show and put in a different color the data that are BLQ (Below the Limit of Quantification)
« Visual cues: add/remove visual guidelines such as the line y = x or a spline interpolation.
o Axis
o Use log scale
« Set automatic or manual (user - defined step) tick values

« Edit axis labels

Stratification
You can split, color or filter the plot as described for the observed data.

6.3.4. Correlation between CA parameters #

Purpose
This plot displays scatter plots for each pair of parameters. It allows to identify correlations between parameters, which can be used to see the
results of your analysis and see the coherence of the parameters for each individuals.

Example
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In the following example, one can see pairs of parameters estimated for all parameters.

o V2

3
Cl

Visual guidelines

In addition to regression lines, correlation coefficients can been added to see the correlation between random effects, as well as spline
interpolations.

A correlation: 0.538
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Selection

It is possible to select a subset of parameters, whose pairs of correlations are then displayed, as shown below. In the selection panel, a set of
contiguous rows can be selected with a single extended click, or a set of non-contiguous rows can be selected with several clicks while holding the
Ctrl key.

v Display

\a

V2

Highlight
Similarly to other plots, hovering on a point provides information on the corresponding subject id, and highlights other points corresponding to
the same individual.



ol

Stratification: coloring and filtering

Stratification can be applied by creating groups of covariate values. As can be seen below, these groups can then be split, colored and/or filtered
allowing to check the effect of the covariate on the correlation between two parameters. The correlation coefficient is updated according to the
stratifying action. In the following case, We split by the covariate SEX and color bay 2 categories of AGE.

#SEX:0 #SEX:1

38

Ow
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Settings
e General
e Legend and grid : add/remove the legend or the grid. There is only one legend for all plots.
« Information: display/hide the correlation coefficient associated with each scatter plot.
e Display
« Selection. The user can select some of the parameters to display only the corresponding scatter plots. A simple click selects one parameter,
whereas multiple clicks while holding the Ctrl key selects a set of parameters.

o Visual cues. Add/remove the regression line or the spline interpolation.

6.4. Sequence-by-period plot #



Purpose
The sequence-by-period plot allows to visualize, for each parameter, the mean and standard deviation for each period, sequence and
formulation.

Description

For each formulation, period and sequence (as defined in the Bioequivalence settings), the mean and standard deviation is displayed. The dots
are colored according to the formulation, and dots belonging to the same sequence connected by lines. Dots are placed on the x-axis according
to the occasion value.

If the parameter has a log-transform (see Bioequivalence settings), the dots represents the geometric mean and the error bars */ the geometric

standard deviation. If the parameter is not log-transformed, the dots represent the arithmetic mean and the error bars +/- the standard
deviation. NCA parameter values being NaN are excluded and a warning message is displayed.

The example below shows a repeated crossover with sequences RTRT and TRTR. Three NCA parameters are displayed.

epeated_4periods.pkx [demo] * - PKanalix - 2021R1 =

@ s
- ® o
- ® v

Subjctbyformulstion

Confdence ntervals

Troubleshooting

« The connecting lines to do appear:
If the plot setting “Lines” in selected and the connecting lines do not appear, it is because no categorical covariate column as been defined as

“Sequence” in the Bioequivalence settings.

L es0

AUCINF_obs (1

PER1 PER2 PERZ PERS

There are vertical connecting lines:
This means that the column defined as “Sequence” in the Bioequivalence settings is not consistent with the sequence of formulation according

to the Occasion column. In the tab “Data”, you can define an “additional covariate” and select the “covariate sequence (XXX)" with XXX being the

column representing the formulation. Then use this column as “Sequence” when defining the factors in the model.

AUCINF_obs ¢

Period! Period2

« There are several periods on the x-axis although no column was indicated as “period” in the Bioequivalence settings:
When no column is indicated as “period”, we use the column tagged as “occasion” in the data set. If no column has been tagged as “occasion”

(parallel design), the occasion is considered to be 1 for all individuals.

Settings
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https://pkanalix.lixoft.com/bioequivalence/bioequivalence-settings/
https://pkanalix.lixoft.com/bioequivalence/bioequivalence-settings/
https://pkanalix.lixoft.com/bioequivalence/bioequivalence-settings/
https://pkanalix.lixoft.com/bioequivalence/bioequivalence-settings/
https://pkanalix.lixoft.com/bioequivalence/bioequivalence-settings/
https://pkanalix.lixoft.com/bioequivalence/bioequivalence-settings/

* General

¢ Legend: hide/show the legend. The legends adapts automatically to the elements displayed on the plot. The same legend box applies to all

subplots and it is possible to drag and drop the legend at the desired place.

o Grid : hide/show the grid in the background of the plots.

 Units: hide/show the units of the NCA parameters. Note that the color and surrounding character can be chosen in the plot “Preferences”.
o Display

« Dots: hide/show the dots representing the means

e Lines: hide/show the lines connecting the dots belonging to the same sequence

e Error bars: hide/show the error bars representing the standard deviation

« Individual parameters: select which individual parameters to show on the plot

Stratify

This plot can be split and filtered by the covariates but not colored. The categorical covariate indicated of Formulation in the Bioequivalence
settings is automatically used to color the dots. The colors can be changed in the plot “Preferences > Formulations":
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6.4.1. Subject-by-formulation plot #

Purpose
This plot allows to visualize, for each parameter, the subject-by-formulation interaction and the inter-subject variability.

Description

Each subplot corresponds to one NCA parameter and one non-reference (test) formulation. The individual parameter values for the test and
reference formulations are displayed side by side. Values corresponding to the same individual are connected by a line. When an individual has
received several times the same formulation (repeated crossover), the average for each formulation is calculated and plotted.
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Settings
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* General

¢ Legend: hide/show the legend. The legends adapts automatically to the elements displayed on the plot. The same legend box applies to all

subplots and it is possible to drag and drop the legend at the desired place.

o Grid : hide/show the grid in the background of the plots.

 Units: hide/show the units of the NCA parameters. Note that the color and surrounding character can be chosen in the plot “Preferences”.
o Display

« Dots: hide/show the dots representing the individual parameter values

e Lines: hide/show the lines connecting the dots belonging to the same individual

« Individual parameters: select which individual parameters to show on the plot

Stratify
The plot can split and filtered but not (yet) colored.

6.4.2. Confidence intervals plot #

Purpose

This plot allows to visualize the confidence interval for the ratio for each parameter, as well as the BE limits. Confidence intervals within the BE
limits are shown in green while the others are shown in red.
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Settings
* General

» Legend: hide/show the legend. The legends adapts automatically to the elements displayed on the plot. The same legend box applies to all

subplots and it is possible to drag and drop the legend at the desired place.

 Grid : hide/show the grid in the background of the plots.

« Units: hide/show the units of the NCA parameters. Note that the color and surrounding character can be chosen in the plot “Preferences”.
o Display

¢ Median: hide/show the line at ratio=100%.

« Bioequivalence limits: hide/show the horizontal lines at the BE limits, which can be set in the BE settings

« Individual parameters: select which individual parameters to show on the plot

Stratify

This plot cannot be stratified by covariates.

7. Reporting #

Starting from the 2023R1 version of the MonolixSuite, PKanalix includes a feature of automated report generation. This feature is available in
PKanalix through Export > Generate report. After defining settings in the window that pops up and clicking on the Generate report button, a
report in the form of a Microsoft Word (docx) document will be generated in the specified directory. Note that reports generated using command
line and lixoftConnectors will contain tables but no plots. Reporting module is not available on CentOS 7.

Here we explain:

 Different strategies for report generation
e How to generate a default report
e How to generate a report using a user-provided template file
* How to use placeholders
« How to use conditional display of report components
e How to rename words and phrases used by PKanalix in generated reports

e How to generate a report using command line arguments


https://pkanalix.lixoft.com/bioequivalence/bioequivalence-settings/
https://pkanalix.lixoft.com/bioequivalence/bioequivalence-settings/
https://pkanalix.lixoft.com/pkanalix-2020r1-single-page-user-guide/#strategies
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https://pkanalix.lixoft.com/pkanalix-2020r1-single-page-user-guide/#default-report
https://pkanalix.lixoft.com/pkanalix-2020r1-single-page-user-guide/#default-report
https://pkanalix.lixoft.com/pkanalix-2020r1-single-page-user-guide/#custom-report
https://pkanalix.lixoft.com/pkanalix-2020r1-single-page-user-guide/#custom-report
https://pkanalix.lixoft.com/pkanalix-2020r1-single-page-user-guide/#placeholders
https://pkanalix.lixoft.com/pkanalix-2020r1-single-page-user-guide/#placeholders
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https://pkanalix.lixoft.com/pkanalix-2020r1-single-page-user-guide/#conditional-display
https://pkanalix.lixoft.com/pkanalix-2020r1-single-page-user-guide/#renamings
https://pkanalix.lixoft.com/pkanalix-2020r1-single-page-user-guide/#renamings
https://pkanalix.lixoft.com/pkanalix-2020r1-single-page-user-guide/#command-line
https://pkanalix.lixoft.com/pkanalix-2020r1-single-page-user-guide/#command-line

To see examples of a full workflow of report generation in PKanalix, you can visit this page.

Report generation strategies

When selecting Export > Generate report..., there are two different strategies available for report generation:

1. Using a default template file - choosing this option will generate the report containing tables of NCA settings, individual NCA metrics,
summary of NCA metrics, BE settings and results, CA settings, individual CA parameters, summary of CA parameters and CA cost, as well as all
plots available in the interface using their current settings. This option allow to obtain a basic report with all results in one click.

2. Using a custom template file - if users choose this option, they will be required to provide a path to the template word file which contains

placeholders that will be replaced by tables, plots and keywords when generating the report.

Several other options are available in the pop-up window after the Generate report option is clicked on:
1. Document watermark - users can specify a custom text that will appear as a watermark in the report. Font family, font size, color, layout
and transparency can be specified, if text is entered into the Text input widget.
2. Generated report file - users can choose if the generated report will be saved next to the project file (in that case only the name of the
generated report file needs to be given to PKanalix) or in a custom directory (absolute path that includes the generated report file name needs
to be given).
3. Table styles (only when the custom template file option is selected) - users can choose a style for tables from the list of styles available by
default in Microsoft Word. This setting can be overridden by specifying the style directly in the table placeholder. This way custom user-created

or company-specific styles can be used.

Default template file

Selecting the option to use the default template file to generate a report gives users a possibility to quickly generate a document containing
results of an analysis.

Such a report will consist of:

1. name of the PKnaalix project

2. data set file name,

3. a date of report generation,

4, a table containing settings used in NCA analysis (if NCA was run),

5. a table of individual NCA parameters with mean and CV% (if NCA was run),

6. a table with a summary of NCA parameters (if NCA was run),

7. a table with BE settings (if BE was run),

8. a table with results of BE analysis (if BE was run),

9. a table of compartmental analysis (CA) calculation settings (if CA was run),
10. a table of individual CA parameters and costs with mean and CV% (if CA was run),
11. a table with a summary of CA parameters (if CA was run),

12. a table with total cost, -2LL, AIC and BIC (if CA was run),

13. all plots displayed in the GUI with settings currently defined in the interface.

By clicking on View default template, a Word document containing placeholders for all the elements that will be present in the generated report
can be downloaded. This document can then be used as a basis for the creation of a custom template file.

Custom template file

The option to use the custom template file can be selected if a user has previously created a Word document (a template) that typically contains
placeholders to be replaced by project-specific information, such as tables of results, plots or settings used in a project. Placeholders are strings
with a specific syntax that define the settings and layout with which tables and plots will be generated during the report generation process.

For example, in the picture below, a template file on the right contains a placeholder for the observed data plot. So, after report generation, the
report file on the right contains a plot for the observed data instead of this placeholder.
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Figure 1: Concentration-time profiles

Using placeholders

There are three types of placeholders that can be used:

1. placeholders for project settings,
2. placeholders for plots,

3. placeholders for tables.

Placeholders for project settings are of format $keyword% and, during the report generation step, they will be replaced by project or global
PKanalix settings. For example, if a custom template file contains the placeholder $NCA_integralMethod$, this placeholder will be replaced by
the integral method (e.g “linear up log down”) used by a PKanalix project for which the report is being generated. The list of all project settings
placeholders can be found here.

Placeholders for plots are of format <lixoftPLH>settings</lixoftPLH> and, during the report generation step, they will be replaced by
plots that are available in the PKanalix user interface. Placeholders for plots contain settings that describe how the generated plots should look
like. All settings that are available for plots in the interface are available in reporting as well, with addition of several others that describe plot
dimensions and display of captions. The list of the main plot settings placeholders can be found here.

Placeholders for tables are also of format <1ixoftPLH>settings</lixoftPLH>. Placeholders for tables contain settings that describe how
the generated table should look like and they allow more flexibility in the layout compared to the display of tables in the GUI. Indeed, table
placeholders can contain settings that result in generated tables being different from the ones available in the Results tab of the PKanalix
interface, such as an option to choose which rows or columns to include in the table, or to split tables in a different direction that the one present
in interface. Here is the list of all settings that can be used for table placeholders.

Placeholders do not need to be written by the users. They can be generated through the interface, using the Copy reporting placeholder (D)
button which can be found next to every plot and results table. Clicking on this button will display the corresponding placeholder in a pop-up
window. The displayed placeholder can then be copied to a template file and will be replaced by the table or plot, exactly as they are shown in the
interface, with all stratification options and display settings applied.

Let's take a look at how “Copy reporting placeholder” buttons work on a specific example. If we load the demo project_censoring.pkx, go to the
Observed data plot and click on the Copy reporting placeholder button above the plot, a pop-up window will appear containing the placeholder
for the plot, which can then be used in a report template to generate the plot that looks exactly like the plot currently shown in the interface. As
you can see on the screenshot below, the placeholder contains information about plot type, plot size, caption and axes labels.
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If we now close the pop-up, enable legend and open the pop-up again, the placeholder will contain the enabled legend setting and, if we put the
placeholder in a report template, the generated plot will have a legend present in its corner, as shown in the screenshot on the right.
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If we would like our report to have the Observed data plot stratified by a categorical covariate, STUDY, we can stratify the plot in the interface and
click on the Copy reporting placeholder button again to generate a placeholder for this plot, as shown on the images below. You can notice that
the generated placeholder now contains settings stratification and layout, which control stratification and plot layout.
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There are several options present inside the “Placeholder for Report Template” pop-up:
1. indent - determines number of spaces used for indentation of settings in the placeholder,
2. flow level - determines the compactness of placeholders, i.e how often we start a new line (lower the number, more compact the
placeholder will be),
3. dimensions units - gives the ability to choose if width and height will be in cm or inches,

4. lock aspect ratio - if on, changing width or height will change the other dimension to keep the aspect ratio present on the screen.

It is possible to edit placeholders directly inside the pop-up. Clicking on the Preview button will generate and open a Word document containing
a plot or a table described with the placeholder. This option is especially useful when a user manually modifies placeholders, to check if the
syntax and the behavior are correct.

Copy to clipboard button will copy the placeholder with the <lixoftPLH> tag, ready to be pasted to the custom Word template.

Using areTaskResultsAvailable



Besides placeholders, templates can include the areTaskResultsAvailable tag, which can be used to display part of the template

conditionally in the report.

For example, if a template contains the text:

askResultsAvailable(nca) ?>

2. Show this if NCA has been run

3. </?>

The text “Show this if NCA has been run” will be present in the generated report, only if NCA results are available, otherwise the tags and the text
will not be present in the generated report. Besides text, it is possible to include placeholders inside the areTaskResultsAvailable tag. Keywords
that can be used inside the parentheses are “nca” for non-compartmental analysis, “be” for bioequivalence and “ca” for compartmental analysis.

Renamings

In the PKanalix Preferences, there is an option to replace default names of NCA parameters by custom names (see screenshot below). Changing
these options will change the names in the interface (after restarting the program) and in generated reports.

A section Reporting placeholder entry renamings in Preferences can be used to change words and phrases that will appear in generated reports
by default. For example, if we give alias “LeastSquareMean” to a placeholder entry “AdjustedMean”, the word “AdjustedMean” in the BE table
generated by the reporting feature will be replaced by the word “LeastSquareMean”.

Parameter
AUCINF_D_obs
AUCINF_D_pred
AUCINF_obs
AUCINF_pred
AUC_Int
AUC_Int_D
AUC_PerCentBack_Ext_obs

AUC_PerCentBack_Ext_pred

Alias

AUC j,¢/Dose
AUCq in, prea/Dose
AUCq it
AUCq inf, pred
AUCio.11
AUC,q;/Dose
% AUC backextrapolated

% AUC backextrapolated g

Placeholder entry Alias
-2LL

AIC

[ AdjustedMean LeastSquareMean ]

BE
BIC
BLQ
Bioequivalence

ClLower

AUC PerCentExtrap obs % | AUC CIRawLower

In addition, it is possible to rename words found in generated tables, by specifying an argument renamings inside the placeholder. This allows
users to change words present in the data set as well. For example, if an imported data set contains a column “Formulation” with values T (for the
test drug) and R (for the reference drug), specifying the following inside a placeholder will replace all occurrences of word “T" inside the table with
“test” and “R" with “reference”:

1. renamings:
2. T: test
3. R: reference

For categorical covariates, it is possible to specify both the covariate name and the covariate modality to be repaced, in order to avoid ambiguities
if category “0" appears in several covariates. In addition, quotes can be used if spaces are needed within the springs:

renamings:
SEX#0: Male
SEX#1: Female
RACE#0: Caucasian
RACE#1: "African american"
RACE#2: Hispanic

a0 W N e

Respecting the indentation before the modalities to replace and the space after the “:" is crucial to have the placeholder properly
recognized.

Generating reports from the command line

It is possible to generate a report directly through the command line, without using the PKanalix interface. This can be useful when running
PKanalix on a server.

Note that reports generated via command line will not contain plots. This is a known limitation of the current implementation of the
reporting feature. If generating reports with plots from R or from the command line is important for you, please let us know so that we
take it into account for future versions.

To generate a report via command line, the executable reportGenerator can be called from the lib folder (typically $HOME/Lixoft
/MonolixSuite2023R1/lib/):

1. reportGenerator -p pkanalix_project_path

Multiple options can be provided to reportGenerator:

-?,-h, -help Displays the help.

-p, —project <path> Project file to load
Template .docx file used as reporting base (if not provided a default report file is
-tpl, -template <path>

generated)

-onxt, —output-next-project <[true], false> Generate report next to project


https://pkanalix.lixoft.com/feedback/
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-op, —output-path <path>

-tab, -tables-style <style>

-wt, -watermark-text <text>

-wff, -watermark-font-family <[Arial], ...>

-wfs, -watermark-font-size <integer>

-wc, -watermark-color <[255:0:0]>

-wl, -watermark-layout <[horizontal], diagonal>

-wst, -watermark-semi-transparent <[true],
false>

7.1. Reporting examples #

NCA summary table split by a covariate

« example: demo project_Theo_extravasc_SS.pkx

Generated report file name (if output-next-project is true) or complete path (if output-
next-project is false)

Table style sheet applied on generated tables

Watermark text

Watermark font family

Watermark font size

Watermark color (RGB)

Watermark layout

Watermark semi-transparent

1 <lixoftPLH>
2 data:
3 task: nca
4 metrics: [Nobs, mean, CV, min, median, max]
5. parameters: [Cmax, AUClast, CLss_F, Vz_F, HL_Lambda_z]
6 display:
7 units: true
8 inlineUnits: true
9. metricsDirection: horizontal
10. significantDigits: 4
11. fitToContent: true
12. stratification:
13. state: {split: [FORM]}
14. splitDirection: [h]
15. </lixoftPLH>
FORM ref test
Metrics N [ mean | CV(%) min | median | max N | mean | CV(%) min | median | max
Crmax (mg-L7*) 12 | 17.82 | 2405 11.74 1727 | 2723 [ 12| 1339 | 2124 10.08 12.95 18.88
(:‘;!gofﬁ‘) 12 [ 25835 | 35.86 | 13830 | 238.73 | 469.12 | 12 | 23449 | 2533 | 150.55 230 33541
CLs/F (L-b™) 12 | 347 35.63 171 335 578 [12] 3.62 2532 2.39 349 531
VoF (L) 12 | 34.16 30 1947 | 32.63 62.1 1 41.77 | 2099 | 2825 | 4175 | 61.96
Ti2(h) 12| 726 204 427 7.81 1159 |12 851 39.16 549 736 18.01
BE table for absolute bioavailability
« example: demo project_parallel_absBioavailability.pkx
1 <lixoftPLH>
2 data:
3 task: be
4. table: confidencelIntervals
5 metrics: [Ratio, CILower, CIUpper]
6 parameters: [AUCINF obs, AUClast]
7 display:
8 units: true
9. inlineUnits: true
10. significantDigits: 4
11. fitToContent: true
12. renamings:
13. bioequivalence: "R ive bioavailability (%) based on:"
14. CILower: "Lowe "
15. CIUpper: "Upper "
16. </lixoftPLH>
ORAL
Relative bioavailability (%) based on:
Parameter -
Ratio | Lower 90% CI | Upper 90% CI
AUCq.ins (h-ug-L™!) | 87.9105 81.0865 95.3089
AUCq.ttast (h-ug-L™) | 87.856 81.2746 94.9703

Table of NCA settings



« example: demo project_censoring.pkx

Data type

Dose type

Weighting for Az slope calculation

Point selection method for Az slope calculation

AUC calculation method

BLQ before Tmax treated as

BLQ after Tmax treated as

%data_type%

%NCA_administrationType%

%NCA_lambdaWeighting%

%NCA_lambdaRule%

%NCA_integralMethod%

%NCA_blgMethodBeforeTmax%

%NCA_blgMethodAfterTmax%

Data type plasma

Dose type extravascular
Weighting for Az slope calculation uniform

Point selection method for Az slope calculation | adjusted R2

AUC calculation method linear trapezoidal linear
BLQ before Tmax treated as Zero

BLQ after Tmax treated as LOQ/2

Individual NCA parameters for a group
¢ example: demo DoseAndLOQ_byCategory.pkx

1 <lixoftPLH>
2 data:
3 task: nca
4 metrics: [ID]
5. parameters: [AUCINF_D_ obs, AUCINF_obs, AUClast, AUClast D, Cmax, Cmax D, Tmax]
6 display:
7 units: true
8 inlineUnits: true
9. metricsDirection: vertical
10. significantDigits: 2
11. fitToContent: true
12. stratification:
13. state: {split: [STUDY], filter: [[STUDY, [1]]]}
14. splitDirection: [v]
15. </lixoftPLH>
STUDY | ID | AUC;.w#Dose | AUCqins | AUCq.uae | AUCq.ua/Dose | Coax | Cnaw/Dose | Tinax
1 0.19 7718 76.69 0.19 3.63 | 0.0091 14
2 0.26 10332 | 103.16 0.26 591 | 0015 | 14
3 0.15 60.29 60.23 0.15 6.1 0.015 8
4 0.28 111.57 111.07 0.28 5.24 0.013 16
5 0.23 9278 | 9254 023 483 | 0012 8
SD 400 6 0.22 88.78 8851 0.22 435 0.011 12
—mE g 022 89.74 | 89.56 022 718 | 0018 | 12
8 055 218.6 | 209.84 0.52 835 | 0.021 8
9 0.34 134.01 132.98 033 5.77 0.014 16
10 0.22 89.08 88.98 0.22 6.19 0.015 16
11 0.19 7435 | 74.05 0.19 628 | 0016 | 10
12 0.25 100.25 100.13 0.25 6.15 0.015 10
NCA summary table with summary metrics filtered by group
« example: demo DoseAndLOQ_byCategory.pkx
1 <lixoftPLH>
2 data:
3 task: nca
4. metrics: [Nobs, mean, SE, CV, min, median, max, geoMean, harmMean]
5 parameters: [AUCINF_D obs, AUCINF_obs, AUClast, AUClast_D, Cmax, Cmax_ D, Tmax]
6 display:
7 units: true
8 inlineUnits: true
9. metricsDirection: vertical
10. significantDigits: 2
11. fitToContent: true
12. stratification:
13. state: {split: [STUDY], filter: [[STUDY, [1]]11}
14. splitDirection: [v]

15. </lixoftPLH>



STUDY AUCppsDose | AUCqins | AUCqy1ae | AUCquae/D0se | Cuax | Conax/Dose | T
N 12 12 12 12 12 12 12
mean 0.26 103.33 102.31 0.26 5.83 0.015 12

SE 0.03 11.8 11.16 0.028 0.36 0.0009 0.92

CV(%) 39.57 39.57 37.78 37.78 21.33 21.33 26.59
SD_400mg min 0.15 60.29 60.23 0.15 3.63 0.0091 8
median 0.23 91.26 91.05 0.23 6.01 0.015 12
max 0.55 218.6 209.84 0.52 835 0.021 16

GeoMean 0.24 97.86 97.24 0.24 5.71 0.014 11.6

HarmMean 0.23 93.71 93.29 0.23 5.58 0.014 11.19

Individual covariate table
« example: demo project_M2000_bolus_SD.pkx

<lixoftPLH>
data:
task: nca
metrics: [ID]

covariates: all

1

2

3

4

5. excludedParameters: all

6

7 covariatesAfterParameters: true
8

display:
9. units: true
10. inlineUnits: true
11. metricsDirection: vertical
12. significantDigits: 4
13. fitToContent: true
14. </1lixoftPLH>

ID | AGE | HT | WT | GENDER
271 | 69 157 ]63.7
272 | 66.8 | 165 |[66.5
273 |1 67.7 | 163 |57.1
274 | 73.7 | 167 [8l.3
275 | 68 149 |61.4
276 | 73.6 | 189 | 88.6
277 | 67.8 | 169 | 82.6
278 | 73.2 | 165 66

279 ] 66.5 | 178 |[80.4
280 | 65.6 [ 173.5| 80

281 | 66.8 | 170 |57.9
282 | 73.5 | 174 [ 78.8

ZIRIZERMHERE ||

Included in LambdaZ table

« example: demo project_censoring.pkx

1 <lixoftPLH>

2 data:

3 task: nca

4 metrics: [ID]

5. excludedParameters: all

6 covariates: all

7 covariatesAfterParameters: true
8 display:

9. units: true

10. inlineUnits: true

11. metricsDirection: vertical
12. significantDigits: 4

13. fitToContent: true

14. </lixoftPLH>

ID | AGE | HT | WT | GENDER
271 | 69 157 ]63.7
272 | 66.8 | 165 | 66.5
273 |1 67.7 | 163 [57.1
274 | 73.7 | 167 [81.3
275 | 68 149 |61.4
276 | 73.6 | 189 | 88.6
277 | 67.8 | 169 |82.6
278 | 73.2 | 165 66

2791 66.5 | 178 [80.4
280 | 65.6 [ 173.5| 80

281 | 66.8 | 170 |57.9
282 | 73.5 | 174 | 78.8

RRIZRMER ||




7.2. List of reporting keywords #

This page provides a list of placeholders for project settings that can be used in report templates for PKanalix projects.

Keyword

%NCA_administrationType%

%NCA_ObsldUsed%

%data_type%

%NCA _integralMethod%

%NCA_blgMethodBeforeTmax%

%NCA_blgMethodAfterTmax%

%NCA _ajdr2AcceptanceCriteria%

%NCA_extrapAucAcceptanceCriteria%

%NCA_spanAcceptanceCriteria%

%NCA_lambdaRule%

%NCA_lambdaWeighting%

%CA_cost%

%CA_method%

%CA_blgMethod%

%BE_level%

%BE_limits%

%BE_linearModelFactors%

%BE_design%

%BE_reference%

%TotalNbSubjects%

%TotalNbSubjectsOcc%

Description

Administration type for NCA parameter
calculation.

Observation id used for the NCA calculations.

Type of data defined on the Data page.

Method for AUC and AUMC calculation and
interpolation.

Method by which the BLQ data before Tmax
should be replaced.

Method by which the BLQ data after Tmax
should be replaced.

Value of the adjusted R2 acceptance criteria
for the estimation of lambda_Z.

Value of the AUC extrapolation acceptance
criteria for the estimation of lambda_Z.

Span acceptance criteria for the estimation of
lambda_zZ.

General rule for the lambda_Z estimation.
Includes information about the main rule,
together with settings defined in the “rules”
tab.

Weighting used for the lambda_Z estimation.

Cost function used for CA.

Fit with individual parameters or with the
same parameters for all individuals.

BLQ method for CA.

Level of the confidence interval for
bioequivalence

Limits in which the confidence interval must
be to conclude the bioequivalence is true

Factors tested in the linear model for
bioequivalence.

Design of a bioequivalence study.

Categorical covariate modality selected as a
reference

Total number of subjects in the data set (all
observation ids together).

Total number of subjects-occasions in the
dataset (all observation ids together).

Possible values

“intravenous” or “extravascular” if one adm id,

otherwise “1: intravenous, 2: extravascular” with 1/2
corresponding to the administration id

string of the observation id, e.g “PK" or “1”

“plasma” or “urine” if one observation id, otherwise
“PK: plasma, PD: plasma” with PK/PD corresponding
to the observation ids

as in the associated dropdown menu (linear
trapezoidal linear, linear log trapezoidal, linear up log
down, linear trapezoidal linear/log)

as in the associated dropdown menu (missing, zero,
LOQ, LOQ/2)

as in the associated dropdown menu (missing, zero,
LOQ, LOQ/2)

anumber

anumber

anumber

Examples:

“R2 with maximum 500 points, minimum time 20"
“Time interval between 10 and 50"

“Fixed number of points (3 points)”

as in the associated dropdown menu (uniform, 1/Y,
1/Y?)

as in the associated dropdown menu ((Ypred - Yobs)?,
(Ypred - Yobs)?/ Yobs, (Ypred - Yobs)? / Ypred, (Ypred

- Yobs)?/ Yobs?, (Ypred - Yobs)? / Ypred?, (Ypred -
Yobs)?/ | Ypred * Yobs|)

pooled fit, individual fit

as in the associated dropdown menu (missing, zero,
LOQ, LOQ/2)

anumber

Two numbers separated by a comma. Example:
0.8,1.25

Data set column names. Example:
ID, PERIOD, FORM, SEQ

parallel, crossover

One of the modalities present in the data set.
Example:
REF or IV

anumber

a number



%AvgNbDosesPerSubject%

%TotalNbObservations%

%AvgNbObservationsPerlD%

%MinNbObservationsPer|D%

%MaxNbObservationsPer|D%

%PercentCensoredObservations%

%StructModelCode%

%reportGenerationDateTime(yyyy-
MM-dd HH:mm:ss)%

%system%

Y%version%

%project_fileName%

%data_fileName%

Average number of doses per subject (any
administration id, any occasion, all
observation ids).

Total number of observations in the data set.

Average number of observations per id (all
occasions together).

Minimum number of observations per id (all
occasions together).

Maximum number of observations per id (all
occasions together).

Percentage of censored observations.

Mixtran code for the structural model.

Report generation date and time. Part of
yyyy-MM-dd HH:mm:ss can be removed or
reordered.

Operating system on which report was
generated.

Version of PKanalix with which report was
generated.

File name of the project (without path).

File name of the data set (without path).

7.3. List of table placeholder settings #

anumber

if one obs id, number, if several obs id, PK: xx, PD: xx

if one obs id, number, if several obs id, PK: xx, PD: xx

if one obs id, number, if several obs id, PK: xx, PD: xx

if one obs id, number, if several obs id, PK: xx, PD: xx

if one obs id, number, if several obs id, PK: xx, PD: xx

whole structural model file content, as shown in the
CA model tab

yyyy-MM-dd HH:mm:ss

Linux, macOS, Windows

2023R1

Example:
NCA_run.pkx

Example:
data.csv

The following page describes all the settings that can be used in table placeholders in reporting templates. Placeholders for tables can include
four different groups of settings. These are:

rounded, table direction, style, ...

“stratification” (optional) - containing information about table splitting and/or filtering,

“data” (required) - containing settings about table content, such as type of the table, and rows and columns that the table will contain,

“display” (optional) - containing information about table display (e.g., number of significant digits to which the values in the table should be

“renamings” (optional) - containing various words present in the data set or PKanalix that should be reworded in the table.

Settings inside these groups of settings need to be indented or put inside curly brackets. It is crucial to respect the indentation rules and the
space after the “:" for the placeholder to be properly interpreted.

Data

Data settings define the type of the table that will be generated, as well as rows and columns that the table will contain. Here is the list of all
settings of the data group of settings, along with their descriptions:

Setting Table

task All

Points included for

Description

Task of which the table represents the
results.

lambdaZz (NCA)

Anova table (BE)
table Table of CVs (BE)

Table of confidence

intervals (BE)

Cost table (CA)

. Table of confidence
formulation

intervals (BE)
i Table of parameters
metries (CA or NCA)
metrics Points included for

lambdaz (NCA)

Required Possible values

yes be, ca, nca
pointsincludedForLambdaz, anova,

yes coefficientsOfVariation,

no (default: all)

confidencelntervals, cost

name of one of the test formulations
present in the data set, or “all”

“all” or one or several of: ID, min, Q1,
median, Q3, max, mean, SD, SE, CV, Ntot,
Nobs, Nmiss, geoMean, geoSD, geoCV,
harmMean

“all” or one or several of: ID, time,
concentration, BLQ, includedForLambdaz

Table type. If empty, CA or NCA parameters
table will be generated (depending on the
task argument).

In case of confidencelntervals table and
multiple test formulations, setting can be
used to select one of the non-reference
formulations.

If equal to “all”, all available rows or columns
will be present in the table. If specific metrics
are given, only those rows/columns will be
available in the table.

If equal to “all”, all available rows or columns
will be present in the table. If specific metrics
are given, only those rows/columns will be
available in the table.


https://pkanalix.lixoft.com/pkanalix-2020r1-single-page-user-guide/#data
https://pkanalix.lixoft.com/pkanalix-2020r1-single-page-user-guide/#data
https://pkanalix.lixoft.com/pkanalix-2020r1-single-page-user-guide/#display
https://pkanalix.lixoft.com/pkanalix-2020r1-single-page-user-guide/#display
https://pkanalix.lixoft.com/pkanalix-2020r1-single-page-user-guide/#stratification
https://pkanalix.lixoft.com/pkanalix-2020r1-single-page-user-guide/#stratification
https://pkanalix.lixoft.com/pkanalix-2020r1-single-page-user-guide/#renamings
https://pkanalix.lixoft.com/pkanalix-2020r1-single-page-user-guide/#renamings

metrics

metrics

metrics

metrics

excludedMetrics

parameters

excludedParameters

factors

excludedFactors

excludedlds

nbOccDisplayed

covariates

covariatesAfterParameters

Data

Table of confidence
intervals (BE)

Coefficient of variation
(BE)

Anova table (BE)

Cost table (CA)

All

Table of parameters
(CA/NCA)

Table of parameters
(CA/NCA)

Anova table (BE)

Anova table (BE)

Table of parameters
(CA/NCA)

Points included for
lambdaz (NCA)

Table of parameters
(CA/NCA)

Points included for
lambdaZ (NCA)

Table of parameters
(CA/NCA)

Points included for
lambdaz (NCA)

Table of parameters
(CA/NCA)

Table of parameters
(CA/NCA)

no

no

no

no

no (default: none)

no (default: all)

no (default: none)

no (default: all)

no (default: none)

no (default: all)

no (default: none)

no (default: -1
meaning all)

no (default: all)

no (default: true)

“all” or one or several of: AdjustedMean,
N, Difference, CIRawLower, CIRawUpper,
Ratio, ClLower, ClUpper, BE

“all” or one or several of: SD, CV

“all" or one or several of: DF, SUMSQ,
MEANSQ, FVALUE, PR(>F)

“all” or one or several of: Cost, -2LL, AIC,
BIC

Same arguments as for metrics (except
“all’).

One or more of parameters calculated in
NCA or CA, including Cost if CA, or “all”.

Same arguments as for parameters,
excluding “all”.

One or more of the headers of columns
used in the BE linear model, including
Residuals, or “all”.

Same arguments as for factors, excluding

N

One or several of IDs present in the
dataset, or “all”.

Same arguments as for ids, excluding “all”.

-1 or aninteger

One or more of covariates present in the
data set, or “all”.

true, false

If equal to “all”, all available rows or columns
will be present in the table. If specific metrics
are given, only those rows/columns will be
available in the table.

If equal to “all”, all available rows or columns
will be present in the table. If specific metrics
are given, only those rows/columns will be
available in the table.

If equal to “all", all available rows or columns
will be present in the table. If specific metrics
are given, only those rows/columns will be
available in the table.

If equal to “all”, all available rows or columns
will be present in the table. If specific metrics
are given, only those rows/columns will be
available in the table.

Metrics that will be excluded from the table.
Handy when a user wants to specify metrics:
“all”and exclude a few with excludedMetrics.

Parameters that will be included in the table.
Used when table setting isn't specified.

Parameters that will be excluded from the
table. Handy when a user wants to keep
most of them.

Factors included in the linear model.

Factors included in the linear model.

IDs of subjects whose parameters should be
shown in the table. The summary statistics
will be calculated on all individuals, not just
ones shown in the table. If not present,
default is “all”.

IDs of subjects whose parameters should be
excluded from the table. The summary
statistics will be calculated on all individuals,
not just ones shown in the table.

-1 means all occasion levels are diplayed. 0
mean none of the occasion levels are
diplayed. 1 means only the first occasion
level is displayed, etc.

Which covariates to include in the table.

If covariates should be shown after
parameters in the table.

Data settings define the type of the table that will be generated, as well as rows and columns that the table will contain. Here is the list of all
settings of the data group of settings, along with their descriptions:

Setting

task

table

formulation

metrics

metrics

metrics

metrics

metrics

Table

All

Points included for
lambdaZz (NCA)
Anova table (BE)
Table of CVs (BE)
Table of confidence
intervals (BE)

Cost table (CA)

Table of confidence
intervals (BE)

Table of parameters
(CA or NCA)

Points included for
lambdaz (NCA)

Table of confidence
intervals (BE)

Coefficient of variation
(BE)

Anova table (BE)

Required

yes

yes

no (default: all)

no

no

no

no

no

Possible values

be, ca, nca

pointsincludedForLambdaZ, anova,
coefficientsOfVariation,
confidencelntervals, cost

name of one of the test formulations
present in the data set, or “all”

“all" or one or several of: ID, min, Q1,
median, Q3, max, mean, SD, SE, CV, Ntot,
Nobs, Nmiss, geoMean, geoSD, geoCV,
harmMean

“all" or one or several of: ID, time,
concentration, BLQ, includedForLambdaz

“all” or one or several of: AdjustedMean,
N, Difference, CIRawLower, CIRawUpper,
Ratio, ClLower, ClUpper, BE

“all” or one or several of: SD, CV

“all" or one or several of: DF, SUMSQ,
MEANSQ, FVALUE, PR(>F)

Description

Task of which the table represents the
results.

Table type. If empty, CA or NCA parameters
table will be generated (depending on the
task argument).

In case of confidencelntervals table and
multiple test formulations, setting can be
used to select one of the non-reference
formulations.

If equal to “all", all available rows or columns
will be present in the table. If specific metrics
are given, only those rows/columns will be
available in the table.

If equal to “all”, all available rows or columns
will be present in the table. If specific metrics
are given, only those rows/columns will be
available in the table.

If equal to “all”, all available rows or columns
will be present in the table. If specific metrics
are given, only those rows/columns will be
available in the table.

If equal to “all”, all available rows or columns
will be present in the table. If specific metrics
are given, only those rows/columns will be
available in the table.

If equal to “all", all available rows or columns
will be present in the table. If specific metrics
are given, only those rows/columns will be
available in the table.



metrics

excludedMetrics
parameters

excludedParameters

factors

excludedFactors

excludedlds

covariates

covariatesAfterParameters

Display

Cost table (CA)

All

Table of parameters
(CA/NCA)

Table of parameters
(CA/NCA)

Anova table (BE)

Anova table (BE)

Table of parameters
(CA/NCA)

Points included for
lambdaz (NCA)

Table of parameters
(CA/NCA)

Points included for
lambdaZz (NCA)

Table of parameters
(CA/NCA)

Table of parameters
(CA/NCA)

no

no (default: none)

no (default: all)

no (default: none)

no (default: all)

no (default: none)

no (default: all)

no (default: none)

no (default: all)

no (default: true)

“all” or one or several of: Cost, -2LL, AIC,
BIC

Same arguments as for metrics, excluding
“all”.

One or more of parameters calculated in
NCA or CA, including Cost if CA, or “all”.

Same arguments as for parameters,
excluding “all”.

One or more of the headers of columns
used in the BE linear model, including
Residuals, or “all”.

Same arguments as for factors, excluding

gzl

One or several of IDs present in the
dataset, or “all”.

Same arguments as for ids, excluding “all”.

One or more of covariates present in the
data set, or “all”.

true, false

If equal to “all”, all available rows or columns
will be present in the table. If specific metrics
are given, only those rows/columns will be
available in the table.

Metrics that will be excluded from the table.
Handy when a user wants to keep most of
them.

Parameters that will be included in the table.
Used when table setting isn't specified.

Parameters that will be excluded from the
table. Handy when a user wants to keep
most of them.

Factors included in the linear model.

Factors included in the linear model.

IDs of subjects whose parameters should be
shown in the table. The summary statistics
will be calculated on all individuals, not just
ones shown in the table. If not present,
default is “all”.

IDs of subjects whose parameters should be
excluded from the table. The summary
statistics will be calculated on all individuals,
not just ones shown in the table.

Which covariates to include in the table.

If covariates should be shown after
parameters in the table.

Display group of settings defines how the information in the tables will be displayed. Here is the list of all settings for the display group of

settings:

Setting

units

CDISCNames

style

metricsDirection

significantDigits

trailingZeros

inlineUnits

fitToContent

caption

captionAbove

fontSize

Table

Table of parameters
(CA/NCA)

Anova table (BE)
Table of CVs (BE)
Table of confidence
intervals (BE)

Cost table (CA)

Table of parameters
(CA/NCA)

Anova table (BE)
Table of CVs (BE)
Table of confidence
intervals (BE)

Cost table (CA)

All

All

All

All

Table of parameters
(CA/NCA)

Anova table (BE)
Table of CVs (BE)
Table of confidence
intervals (BE)

Cost table (CA)

All

All

All

All

Stratification

Stratification group of settings defines how the table will be split. List of stratification settings:

Setting

Table

Required

no (default: true)

no (default: false)

no (default:
selected in
Generate report
pop-up)

no (default:
vertical)

no (default: taken
from Preferences)

no (default: taken
from Preferences)

no (default: true)

no (default: true)

no (default: no
caption)

no (default: false)

no (default: 12)

Required

Possible values

true, false

true, false

Name of table styles
present in the template
document.

vertical, horizontal

positive integers

true, false

true, false

true, false

a phrase inside quotation
marks

true, false

a number

Possible values

Description

If true, units will be output next to
parameters.

If true, CDISC names of parameters
will be shown in the table.

Microsoft Word document
template style to apply to the table.
This setting overrides the setting in
the Generate report pop-up.

Direction of metrics.

Number of significant digits values
in the table will be rounded to.

If trailing zeros should be shown in
the tables.

If units should be inline with
parameters. If false, there will be a
new line between a parameter
name and a unit.

If true, width of the table will be
equal to the width of content,
otherwise width of the table will be
equal to the width of the page.

Caption that will appear next to the
table.

If true, caption will be positioned
above the table. If false, caption
will be positioned below the table.

Font size of the table content (will
not be applied to the caption).

Description

Example(s)

units: true

CDISCNames: true

style: “Medium Grid 1 - Accent 1"

metricsDirection: horizontal

signifcantDigits: 3

trailingZeros: true

inlineUnits: false

fitToContent: false

caption: “Individual NCA
parameters”

captionAbove: true

fontSize: 10

Example(s)



Table of parameters

state (CAINCA)

no

Table of parameters

(CA/NCA) ne

splitDirection

Two possible subsettings:

- split - can contain header
names of covariates and/or
occasions

- filter - can contain header
names of covariates and/or
occasions and number(s) that
describe alphabetical order of
modalities

One or more of v, h

Contains information of how to split
the table.

In which direction the table should
be split. Number of arguments
corresponds to number of covariates
by which the table was split.

state: {split: [FORMI}

state: {split: [FORM, OCC]}
state: {filter: [[FORM, [1]]]}
state: {filter: [[SEQ, [1, 2]]]}
state: {filter: [[FORM, [1]], [OCC,
[

state: {split: [FORM, OCC], filter:
[[OCC, [11], [SEQ, [1111}

splitDirection: [v]
splitDirection: [v, v]
splitDirection: [v, h]

Let's take a look at the demo project project_crossover_bioequivalence.pkx. It contains data from a 2x2 crossover bioequivalence study of two
controlled release formulations of theophylline. We would like to generate a placeholder for the summary table of NCA parameters and split it
across sequences and formulations. If we select that we only want to compute Cmax and AUClast, here is how a default placeholder looks like
when we click on the placeholder button next to the NCA summary table and which table it produces:

1. <lixoftPLH>

2. data:

3. task: nca

4. metrics: [min, Q1, median, Q3, max, mean, SD, SE, CV, Ntot, Nobs, Nmiss, geoMean, geoSD, geoCV, harmMean]

5. parameters: [AUClast, Cmax]

6. display:

7. units: true

8. inlineUnits: true

9. metricsDirection: horizontal

10. significantDigits:

11. fitToContent: true

12. </lixoftPLH>

min Q1 median Q3 max mean SD SE CV(%) Ntot N Nmiss GeoMean GeoSD  GeoCV HarmMean

AUCq-tlast (h-mg-L™") 456709 116.8202 1424099 179.027 236.6814 1485547 46.7732 7.7955 31.4855 36 36 0 140.3561 1.4369 37.4696  130.4717
Cmax(mg-L'1) 3.56 6.12 8.76 9.94 11.53 8.1806 22192 03699 27.1282 36 3% 0 7.8445 1.3597 31.4694 7.4633

If we want to split the table by the period and the formulation, we can select the appropriate checkboxes on the right and the default placeholder
will change automatically. However, doing this always splits the table vertically. We can also remove some of the statistics that we want to exclude

from the table by modifying the metrics argument.

1 <lixoftPLH>
2 data:
3 task: nca
4. metrics: [min, median, max, mean,
5 parameters: [AUClast, Cmax]
6 display:
7 units: true
8 inlineUnits: true
9. metricsDirection: horizontal
10. significantDigits: 4
11. fitToContent: true
12. stratification:
13. state: {split: [FORM, Period]}
14. splitDirection: [v, V]
15. </lixoftPLH>
FORM Period Metrics

AUCQ.last (h-mg-L™)

Crnax (Mg:L™)
ref
AUCo.tlast ('mg-L™)

2
Cmax (Mg-L™")
AUCQtiast (h-mg-L)
1
Crax (Mg:L™)
test
AUCo.tlast ('mg-L™)
2

Crmax (mgL™)

CV, Nobs, geoMean, geoCV]
N mean
9 154.8982
9 9.82
9 147.6183
9 83244
9 133.3989
9 6.4689
9 158.3035
9 8.1089

CV(%) GeoMean
26.3033 150.3623
11.8862 9.7571
36.178 137.7505
32.019 7.8713
39.8426 122.3564
28.8987 6.2384
26.9691 153.1323
22.1858 7.9035

GeoCV

26.1424

12.1369

43.7537

39.0231

49.8543

29.1102

28.1126

25.4489

If we want to change the direction of splitting, for example, make a split by Period horizontal, instead of vertical, we can modify the splitDirection

argument.
1 <lixoftPLH>
2 data:
3 task: nca
4 metrics: [Nobs, mean, CV, geoMean,
5. parameters: [AUClast, Cmax]
6 display:
7 units: true
8 inlineUnits: true
9. metricsDirection: horizontal
10. significantDigits:
11. fitToContent: true
12. stratification:
13. state: {split: [FORM, Period]}
14. splitDirection: [v, h]
15. </lixoftPLH>

geoCV]



Period 1 2

FORM Metrics N mean CV(%) GeoMean GeoCV N mean CV(%) GeoMean GeoCV
AUCq_t|ast (h-mg-L™") 9 154.8982 26.3033 150.3623 26.1424 9 147.6183 36.178 137.7505 43,7537
ref
Cmax (Mmg-L™") 9 9.82 11.8862 9.7571 12,1369 9 8.3244 32.019 7.8713 39.0231
AUCq_tlast (h-mg-L™") 9 133.3989 39.8426 122.3564 49.8543 9 158.3035 26.9691 153.1323 28.1126
test
Crnax (mg-L™) 9 6.4689 28.8987 6.2384 29.1102 9 8.1089 22.1858 7.9035 25.4489
Renamings

Renamings setting can be provided to the placeholder to replace certain words or expressions that will appear in the table with a user-defined
word or expression. We will explain the usage of renamings setting on a concrete example.

Let's take a look at the demo project project_parallel_absBioavailability.pkx. The project contains data from 18 subjects, of which 9 received an IV
formulation of a certain drug and other 9 received an oral formulation. Let's say we want to use the Bioequivalence feature of PKanalix to
calculate bioavailability of the oral formulation and generate a report. It would be suitable to put a bioequivalence confidence intervals table in
the report, with certain renamings.

A generated placeholder for a BE confidence intervals table, with its default settings, is shown below, including the table it generates.

1. <lixoftPLH>
2. data:
3. task: be
4. table: confidencelntervals
5. metrics: [AdjustedMean, N, Difference, CIRawLower, CIRawUpper, Ratio, CILower, CIUpper, BE]
6. parameters: [AUCINF_obs]
7. display:
8. units: true
9. inlineUnits: true
10. significantDigits: 4
11. fitToContent: true
12. </lixoftPLH>
ORAL
ORAL v Bioequivalence
Parameter
AdjustedMean N AdjustedMean N Difference CIRawLower CIRawUpper Ratio ClLower ClUpper BE
AUCq.inf (h-ug-L™") 223.9609 9 254.76 9 -0.1289 -0.2097 -0.04805 87.9105 81.0865 95.3089 yes

Let's say we would like to hide some of the columns and rename some of the expressions in the table. For example, it would be convient to
rename “Bioequivalence” to “Absolute bioavailability”, “IV" to “intravenous”, “ORAL" to “oral formulation”, and “ClLower” to “90% CI (lower)". We can
then modify the placeholder to look like the one on the left and it will generate the table on the right.

1 <lixoftPLH>
2 data:
3 task: be
4. table: confidencelIntervals
5 metrics: [AdjustedMean, N, Ratio, CILower, CIUpper]
6 parameters: [AUCINF_obs]
7 renamings:
8. IV: "intravenous"
9. ORAL: "oral rmulation”
10. Bioequivalence:
11. CILower: "90%
12. CIUpper: "90%
13. AdjustedMean:
14. </lixoftPLH>
Oral capsule
Oral capsule IV solution Absolute bioavailability
Parameter
Adjusted mean N Adjusted mean N Ratio 90% Cl (lower) 90% ClI (upper)
AUCq.inf 223.9609 9 254.76 9 87.9105 81.0865 95.3089

7.4. List of plot settings #

This page describes all the settings that can be used in plot placeholders and are not editable by changing settings in the interface. All of them are
optional (default values are described in the Default column).

Setting Group Default Possible values Description Example
widthCm - 16 positive numbers Width of the plot in the report document in centimetres. ~ widthCm: 16
widthinches - 6.3 positive numbers Width of the plot in the report document in inches. widthinches: 6.3

Height of the plot in the report document in

centimetres, heightCm: 11.09

heightCm - 111 positive numbers

heightinches - 4.37 positive numbers Height of the plot in the report document in inches. heightinches: 4.37



Larger values will increase the label font sizes and

zoom - 100 positive numbers margins. zoom: 80

caption - no caption a phrase Caption that will appear next to the plot. caption: Individual fits

captionAbove - false true, false If true, caption W'”.b.e positioned above the plot. If false, captionAbove: true
caption will be positioned below the plot.

| - . Position of the legend, based on abbreviations of S

egendPosition settings ne n, ne, e, se, s, SW, w, nw legendPosition: sw

compass points.

For all other settings, select the settings of your plot in the GUI and then click the “copy placeholder” button to see the corresponding
placeholder.

8. FAQ #

This page summarizes the frequent questions about PKanalix.
e Download, Installation, Run and Display issues

e Regulatory

e Running PKanalix

e Input data

o Settings (options)

« Settings (output results)

e Results

e Reporting

e Share your feedback

Regulatory

« Are NCA and CA analyses done with PKanalix accepted by the regulatory agencies like the FDA and EMA? Yes.
« How to cite Monolix, Simulx or PKanalix? Please reference each application as here (adjusting to the version you used):

Monolix 2023R1, Lixoft SAS, a Simulations Plus company
Simulx 2023R1, Lixoft SAS, a Simulations Plus company
PKanalix 2023R1, Lixoft SAS, a Simulations Plus company

Running PKanalix
« On what operating systems does PKanalix run? PKanalix runs on Windows, Linux and MacOS platform. The requirements for each platform
can be found on our download page.

« Is it possible to run PKanalix in command line? It is possible to run PKanalix from the R command line. This complete R API provides the full

flexibility on running and modifying PKanalix projects with R functions.

Input data

« Does PKanalix support sparse data? No. If supporting sparse data is important for you, please let us know so that we take it into account for

future versions.

Does PKanalix support drug-effect or PD models? It is possible to use custom models in CA, and PD models are available via built-in model
libraries. However, a time column is required in the dataset.
« What type of data can PKanalix handle? Extravascular, intravascular infusion, intravascular bolus for single-dose or steady-state plasma

concentration and single-dose urine data can be used. See here.

Can I give the concentration data and dosing data as separate files? Yes, this is possible with the data formatting module.

Can | give the dosing information directly via the interface? Yes, this is possible with the data formatting module.

Can | have BLQ data? Yes, see here.

Can | define units? Yes, see here.

Can | define variables such as “Sort” and “Carry”? Yes, check here.

It is possible to define several dosing routes within a single data set? Yes, check the ADMINISTRATION ID column.

Can | use dose normalization to scale the dose by a factor? Yes. In PKanalix 2023R1, the amount can now be specified in mass of the

administered dose per body mass or body surface area.

Settings (options)
« How do I indicate the type of model/data? Extravascular versus intravascular is set in the Settings window. Single versus steady-state and

infusion versus bolus are imputed based on the data set column-types.

Can | exclude data with insufficient data? The “Acceptance criteria” settings allow the user to define acceptance thresholds. The result tables

can then be filtered in the interface according to these acceptance criteria.

Can | set the data as being sparse? No, sparse data calculations are not supported. If supporting sparse data is important for you, please let

us know so that we take it into account for future versions.

Which options are available for the lambda_z calculation? Points to be included in the lambda_z calculation can be defined using the
adjusted R2 criteria (called best fit in Winonlin), the R2 criteria, a time range or a number of points. In addition, the a specific range per

individual can be defined, as well as points to include or exclude. Check the lambda_z options here and here.

Can | define several partial areas? Yes.

Can | save settings as template for future projects? Not as such. However, the user can set the data set headers that should be recognized

automatically in “Settings > Preferences”. Moreover, browsing a new dataset in a given project keeps the calculation settings that are


https://lixoft.com/downloads/troubleshooting/
https://lixoft.com/downloads/troubleshooting/
https://pkanalix.lixoft.com/pkanalix-2020r1-single-page-user-guide/#regulatory
https://pkanalix.lixoft.com/pkanalix-2020r1-single-page-user-guide/#regulatory
https://pkanalix.lixoft.com/pkanalix-2020r1-single-page-user-guide/#running
https://pkanalix.lixoft.com/pkanalix-2020r1-single-page-user-guide/#running
https://pkanalix.lixoft.com/pkanalix-2020r1-single-page-user-guide/#input
https://pkanalix.lixoft.com/pkanalix-2020r1-single-page-user-guide/#input
https://pkanalix.lixoft.com/pkanalix-2020r1-single-page-user-guide/#settings_options
https://pkanalix.lixoft.com/pkanalix-2020r1-single-page-user-guide/#settings_options
https://pkanalix.lixoft.com/pkanalix-2020r1-single-page-user-guide/#settings_output
https://pkanalix.lixoft.com/pkanalix-2020r1-single-page-user-guide/#settings_output
https://pkanalix.lixoft.com/pkanalix-2020r1-single-page-user-guide/#results
https://pkanalix.lixoft.com/pkanalix-2020r1-single-page-user-guide/#results
https://pkanalix.lixoft.com/pkanalix-2020r1-single-page-user-guide/#reporting
https://pkanalix.lixoft.com/pkanalix-2020r1-single-page-user-guide/#reporting
https://pkanalix.lixoft.com/feedback/
https://pkanalix.lixoft.com/feedback/
https://lixoft.com/downloads/
https://lixoft.com/downloads/
https://pkanalix.lixoft.com/pkanalix-api/
https://pkanalix.lixoft.com/pkanalix-api/
https://pkanalix.lixoft.com/feedback/
https://pkanalix.lixoft.com/feedback/
https://pkanalix.lixoft.com/data-format-for-nca-and-ca-analysis/
https://pkanalix.lixoft.com/data-format-for-nca-and-ca-analysis/
https://pkanalix.lixoft.com/data-formatting/
https://pkanalix.lixoft.com/data-formatting/
https://pkanalix.lixoft.com/data-formatting/
https://pkanalix.lixoft.com/data-formatting/
https://pkanalix.lixoft.com/data-format/#blq
https://pkanalix.lixoft.com/data-format/#blq
https://pkanalix.lixoft.com/data-format/units/
https://pkanalix.lixoft.com/data-format/units/
https://pkanalix.lixoft.com/data-format/#occasions
https://pkanalix.lixoft.com/data-format/#occasions
http://dataset.lixoft.com/description/description-of-column-types-used-to-define-the-dose-regimen/#adm
http://dataset.lixoft.com/description/description-of-column-types-used-to-define-the-dose-regimen/#adm
https://pkanalix.lixoft.com/nca-settings/
https://pkanalix.lixoft.com/nca-settings/
https://pkanalix.lixoft.com/nca-settings/
https://pkanalix.lixoft.com/nca-settings/
https://pkanalix.lixoft.com/feedback/
https://pkanalix.lixoft.com/feedback/
https://pkanalix.lixoft.com/feedback/
https://pkanalix.lixoft.com/feedback/
https://pkanalix.lixoft.com/check-lambda_z/
https://pkanalix.lixoft.com/check-lambda_z/
https://pkanalix.lixoft.com/nca-settings/
https://pkanalix.lixoft.com/nca-settings/
https://pkanalix.lixoft.com/reporting/#placeholders
https://pkanalix.lixoft.com/reporting/#placeholders

compatible with the new dataset.
« Do you have a “slope selector”? Yes, check here for information on the “Check lambda_z".
« Can | define a therapeutic response range? No.
« Can | set a user-defined weighting for the lambda_z? No. But most common options are available as a setting.
« Can | disable the calculation of lambda_z (curve stripping in Winnonlin)? Yes, Lambda_z can be removed from the list of parameters to

compute.

Settings (output results)

« Can | change the name of the parameters? Yes, in the preferences of PKanalix (since 2023R1 version), you can rename NCA parameters as
you wish. The output files will contain both your custom names and CDISC names.

« Can | export the result table? The result tables are automatically saved as text files in the result folder. In addition, result tables can be copy-
pasted to Excel or Word using the copy button on the top right of the tables.

« Can | choose which parameters to show in the result table and to export to the result folder file? Yes, see here.

¢ Are the calculation rules the same as in Winonlin? Yes.

« Can | define myself the result folder? By default, the result folder corresponds to the project name. However, you can define it by yourself.

See here to see how to define it on the user interface.

Results

« What result files are generated by PKanalix? When running a task like NCA, CA or BE, results are automatically generated (one output file
per table) in a result folder, and displayed in the RESULTS tab. Plots are also automatically generated and displayed in the PLOTS tab.

« Can | replot the plots using another plotting software? Yes, if you go to the menu Export and click on “Export charts data”, all the data
needed to reproduce the plots are stored in text files.

« When | open a project, my results are not loaded (message “Results have not been loaded due to an old inconsistent project”). Why?
When loading a project, PKanalix checks that the project (i.e all the information saved in the .pkx file) being loaded and the project that has
been used to generate the results are the same. If not, the error message is shown. In that case the results will not be loaded because they are

inconsistent with the loaded project.

Reporting

« Can | generate a report? Yes, starting from PKanalix 2023R1, automated report generation is possible.

* How can |l include plots and table from different PKanalix projects into the same Word document? It is currently not possible to include
plots and tables coming from different PKanalix runs into the same Word document in one step. You can add placeholders to an already
generated report and use it as a template for another project, however we are aware that this is not a very convenient solution. If generating a
single report for several projects is important for you, please let us know so that we take it into account for future versions.

« The report | generated via command line or via R do not contain plots. This is a known limitation of the current implementation of the
reporting feature. If generating reports with plots from R or from the command line is important for you, please let us know so that we take it

into account for future versions.

8.1. List of Known Bugs #
The list of known bugs in every version of MonolixSuite can be found in the release notes of the next version.

* Release Notes for MonolixSuite2023R1
* Release Notes for MonolixSuite2021R2
* Release Notes for MonolixSuite2021R1

e Release Notes for MonolixSuite2020R1

We list below the known bugs in PKanalix 2023R1 (they will be fixed in the next version). The 2023R1 version of PKanalix can be downloaded here.
Installation

« The lixoft folder inside temp is not deleted after installation.

Documentation

« In the Documentation tab, the tutorials section can be empty (due to issues with the host server).

Plots & Reporting

o If the axes in bivariate data viewer have been modified (to select which observation goes on which axis), default report generation can get
frozen.

« [Observed data] numbers in Information box are based on all ids from the dataset, and not all ids in the Observed data plot (ie if there are ids
without data in this plot they are still counted).

« Windows only: if a project file path contains more than 168 characters, generating a report might fail with a following error:
“System::10::DirectoryNotFoundException: Path not found ‘pathToProject\PKanalix\ChartsFigures
\covariatemodeldiagnosis_nca_0_a3e5281c97564a1fb22c63feef4f4d4c_0.svg"

Data set
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 For specific projects, the warning message about ignored columns in external treatment file of data formatting appears each time we save the
project.
« If an ID has only censored data, when navigating through IDs in the selection panel of stratify and reaching this ID, PKanalix freezes then shuts

down.

CA

« After exporting a project with a scaling factor in the units to Monolix, the scaling is wrongly applied on the CA predictions in the Check init. tab.

Connectors

« Mapping arguments are not taken into account in newProject(). You need to use setMapping() instead.

« The documentation of setNCASettings is not correct. It is now corrected online (and will be fixed in the package for the next version).
Correction: parameters calculated in case of plasma data if partial AUC calculation intervals are provided through the partialAucTime: "AUC_int",
“AUC_int_D", “CAVG_int".

« Filtering NCA results statistics by acceptance criteria is incorrect. It selects lines for which the value of Flag = 0, but should take values when
Flag=1 as in the GUI.

8.2. Share your feedback #

Help us improve PKanalix!

We value your opinion. We would love to hear from you to align our vision and concepts with your needs and expectations. Let's make sure you
get the most of our software.

NB: This is not a support form. Commercial users can contact us via the support email.

Name *
Company/Institute *
Work Email *

Is there something we can improve? *

Upload

Browse... %

Express Consent *

[J In compliance with applicable laws and regulations, by checking this box and sending this contact form, you are giving your express consent to
Lixoft to process, and to transfer to Lixoft's affiliate located in the United States (Simulations Plus, Inc.) to process, your personal data for
contacting you for only the business purpose included in the consent form. For the exercise of your rights or any other information related to
processing of your personal data by us, please refer to our Privacy Policy at https://www.simulations-plus.com/privacy-policy/.

[J I agree to receive the Lixoft newsletter.
‘ Send ‘

7 Edit this form

9. Case studies #
Different cases studies are presented here to show how to use Monolix and the MonolixSuite for Modeling and Simulation.

Warfarin case study
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This video case study shows a simple PK modeling workflow in Monolix2018, with the example of warfarin. It explains the main features and
algorithms of Monolix, that guide the iterative process of model building: from validating the structural model to adjusting the statistical model
step-by-step.

It includes picking a model from the libraries, choosing initial estimates with the help of population predictions, estimating parameters and
uncertainty, and diagnosing the model with interactive plots and statistical tests.

Tobramycin case study

This case study presents the modeling of the tobramycin pharmacokinetics, and the determination of a priori dosing regimens in patients with
various degrees of renal function impairment. It takes advantage of the integrated use of Datxplore for data visualization, MIxplore for model
exploration, Monolix for parameter estimation and Simulx for simulations and best dosing regimen determination.

The case study is presented in 5 sequential parts, that we recommend to read in order: Part 1: Introduction, Part 2: Data visualization with
Datxplore, Part 3: Model development with Monolix, Part 4: Model exploration with Mixplore, and Part 5: Dosing regimen simulations with Simulx.

Remifentanil case study

Remifentanil is an opioid analgesic drug with a rapid onset and rapid recovery time. It is used for sedation as well as combined with other
medications for use in general anesthesia. It is given in adults via continuous IV infusion, with doses that may be adjusted to age and weight of
patients.

This case-study shows how to use Monolix to build a population pharmacokinetic model for remifentanil in order to determine the influence
of subject covariates on the individual parameters.

Link to Remifentanil case study

Longitudinal Model-Based Meta-Analysis (MBMA) with Monolix Suite

Longitudinal model-based meta-analysis (MBMA) models can be implemented using the MonolixSuite. These models use study-level aggregate
data from the literature and can usually be formulated as non-linear mixed-effects models in which the inter-arm variability and residual error
are weighted by the number of individuals per arm. We exemplify the model development and analysis workflow of MBMA models in Monolix
using a real data set for rheumatoid arthritis, following publication from Demin et al (2012). In the case study, the efficacy of a drug in
development (Canakinumab) is compared to the efficacy of two drugs already on the market (Adalimumab and Abatacept). Simulations using
Simulx were used for decision support to see if the new drug has a chance to be a better drug.

Link to MBMA case study

Analysis of time-to-event data

Within the MonolixSuite, the mixtran language allows to describe and model time-to-event data using a parametric approach. This page provides
an introduction on time-to-event data, the different ways to model this kind of data, and typical parametric models. A library of common TTE
models is also provided.

e Introduction to time-to-event data

Two modeling and simulation workflows illustrate this approach, using two TTE data sets:

e Case study on veteran lung cancer data set

e Case study on NCCTG lung cancer data set <

Veralipride case study

Multiple peaking in plasma concentration-time curves is not uncommon, and can create difficulties in the determination of pharmacokinetic
parameters.

For example, double peaks have been observed in plasma concentrations of veralipride after oral absorption. While multiple peaking can be
explained by different physiological processes, in this case site-specific absorption has been suggested to be the major mechanism. In this
webinar we explore this hypothesis by setting up a population PK modeling workflow with the MonolixSuite 2018.

The step-by-step workflow includes visualizing the data set to characterize the double peaks, setting up and estimating a double absorption
model, assessing the uncertainty of the parameter estimates to avoid over-parameterization, and simulations of the model.

Link to veralipride case study
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