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Webinar material (including presentation) can be downloaded here:

https://training.intiquan.com/MIDDmodules/M2.1.zip

The webinar will be recorded
Recording will- be. made available on the following link:

https://training.intiquan.com/MIDDmodules/M2.1.mp4
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Overview of Webinar Modules

IntiQuan Webinar Series on efficient support of Model Informed Drug Development (MIDD)

Module 4.1
Advanced
Parameter
Sampling

Module 2&3.1
NLME / QSP Data
Format

Module 0 Module 1.1
Introduction Structural Models

Module 2.2 Module 3.2

Module 1.2 Basic PKPD NLME Basic QSP
Simulation Parameter Parameter
‘ Estimation Estimation

Module 4.2
Clinical Trial
Simulation

Module 2.3 Module 3.3
Advanced PKPD Population QSP
NLME Parameter Parameter

Estimation Estimation

Module 1.3
Parameter
Sampling

Exposure General Data NCA
Response NLME FORMAE
Modeling

Module 1.4
Population
Simulation

Module X.3 Module X.4

Reporting in IQRmodel BC
MS Word format & SBML
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Increasing need for cross-discipline approaches

Successful implementation of MIDD requires several disciplines (e.g., QSP &
pharmacometrics) working together and being able to exchange information (e.g., data
and models)

» Different tools, different model and data formats, different approaches, different
terminology, different perception, different thinking, different individuals, different
groups, ...

IQR Tools Approach: Using same modeling platform, interfacing different tools depending
on needs and questions to be addressed

IQR Tools

Dataset ata
Handling exploration

IQRdataGenera

« Same model and data formats
* Same workflow syntax nimixr

Benefits:

* QSP and pharmacometric
analyses on same platform

* Exchangeability of data and models

IQReport

 Efficient conduct of analyses

o IntiQuan



One bottleneck in MIDD is often

the data situation Original data

sources
»  Excel
= Clinical

database
+ Real world

databases

« Data preparation often takes considerable time

« Quality of results often call for many iterations until

data can be used —
Simplified Data Request

« Often no standard data spec exists

* Analysis datasets are often programmed for one
specific analysis and are usually not reusable for other
analyses

IQR Tools Approach: Systematic approaches based on a General Dataset
standardized general dataset format allow to Format

considerably streamline data programming

paziwndo

Benefits:
- Simplified specification, same standard format
* Reduced time to analysis data

* Improved quality

Analysis and tool

. ; Analysis =
* Fewer iterations datasets specific data

formats

« Datareusable across several analyses

: IntiQuan



Goals of this module

v" You will have been introduced to an NLME dataset format that can be used for
NONMEM, MONOLIX, and NLMIXR

v In addition, this dataset format allows to store critical metadata directly in the
dataset - rendering the dataset self-explaining and it's handling less prone to
errors than typical “numeric only” NONMEM datasets

v This format can be generated automatically starting from an even more
convenient “general dataset format”

This module will give you the ability to define own datasets in the format used
by IQR Tools

7 IntiQuan



Requirements for execution of examples

= R>=3.5.0

= On Windows: Rtools (allowing to build R source packages that require

compilation of C code)
https://cran.r-project.org/bin/windows/Rtools/history.html

= |IQRTools R package

install.packages(
"IQRtools",
repos = c("https://iqrtools.intiquan.com/rrepo”,
"https://cran.r-project.org/"),
dependencies = TRUE

)

library(IQRtools)
test IQRtools()

# If the last command results in a data.frame => you are ready to go!

10 IntiQuan


https://cran.r-project.org/bin/windows/Rtools/history.html

Download of webinar material

= The Webinar material is available as a convenient download

= After installation of IQR Tools, simply type the following

library(IQRtools)
install MIDDmodule(“2.1")

= Or download directly from:

https://training.intiquan.com/MIDDmodules/M2.1.zip |

i IntiQuan



NLME dato
format

explained




Typical Analysis Dataset

B 11 D 11 F 11 K 11 M 11 P | I::l | R | S 11 U 11 w | :{ | .v |
1 [ID TRT TIME  YTYPE DV MDV ~ EVID  AMT  ADM  RATE  DOSE  WTOD  SEX
2 | 1 1 0 0 0 1 1 400 1 0 400 79.6 1
3 1 1 0.25 1 2.84 0 0 0 0 0 400 79.6 1
4 | 1 1 0.57 1 6.57 0 0 0 0 0 400 79.6 1
5 1 1 1.12 1 10.5 0 0 0 0 0 400 79.6 1
6 1 1 2.02 1 9.66 0 0 0 0 0 400 79.6 1
7 1 1 3.82 1 8.58 0 0 0 0 0 400 79.6 1
g | 1 1 5.1 1 8.36 0 0 0 0 0 400 79.6 1
g 1 1 7.02 1 7.47 0 0 0 0 0 400 79.6 1
10| 1 1 9.05 1 6.89 0 0 0 0 0 400 79.6 1
11 1 1 1212 1 5.94 0 0 0 0 0 400 79.6 1

* Usually numeric only
« Programmed for one particular analysis - often not easily reusable
« Non-understandable without metadata or a dedicated data specification documentation

=> Room for improvement ...

s IntiQuan



IQRNIMeData format specification — minimal set of required

columns. Suggested columns used as minimal meta data

COLUMN INFO FORMAT MEANING

IXGDF REQUIRED numeric A column with index numbers of the records in the dataset either defined for this dataset alone as
1,2,3, ... or defined in a dataset from which this one here has been derived and the IXGDF entries
make the link between the remaining records and the original records.

USUBJID REQUIRED string Unique subject identifier - to ensure mapping of subjects across different datasets and analyses

ID REQUIRED numeric Modeling tool specific subject identifier

TIME REQUIRED numeric Time relative to first dose (per subject)

TIMEPOS REQUIRED numeric Time from first event in the dataset (per subject)

TAD REQUIRED numeric Time after previous dose

TIMEUNIT SUGGESTED |string Time unit used in the dataset. No spaces allowed (exchange with ":::')

NAME SUGGESTED |string Name of the event used for annotation purposes. No spaces allowed (exchange with ":::")

YTYPE REQUIRED numeric Number of output if observation, 0/NA/. if dosing event

DV REQUIRED numeric Observed value for observations, 0 for doses, LLOQ value if CENS=1

UNIT SUGGESTED |string Unit of event record for annotation purposes. No spaces allowed (exchange with ":::")

MDV REQUIRED numeric Missing data flag

EVID REQUIRED numeric Event ID (O for observations, 1 for dosing records)
Values of 3 and 4 can be used ... If desired and needed.

CENS REQUIRED numeric Censoring flag (0 uncensored, 1 left censored/BLOQ)

AMT REQUIRED numeric Dosing amount if dose event, 0 if observation event

ADM REQUIRED numeric Number of the input if a dose, 0/NA/. if an observation

RATE REQUIRED numeric Rate of administration if infusion, 0 if bolus, -2 if estimated

TINF REQUIRED numeric Infusion time of administration if infusion, 0 if bolus (please define even if RATE is defined)

OcCcC OPTIONAL numeric An OCC column might be present and can be used to define distinct occasions for consideration of
IOV in the modeling. An OCC column needs to contain numeric entries (integers only allowed).

"OTHER columns"|OPTIONAL numeric or |Covariates, regression parameters, additional documentation, etc.

string

14

Datasets in this format are used by IQR Tools for parameter estimation

with NONMEM, MONOLIX, NLMIXR, and the QSP algorithm

IntiQuan



Example T

Simple dataset in IQRNIMmeData format

data_example_1.csv

=Dl B N = R B R VR R S

A B [€] D | E | F | G [ H [ ] J ] K] L M N | O|P | Q| R[S T U
|IXGDF USUBJID ID TIME TIMEPOS TAD TIMEUNIT MAME YTYPE DV UNIT MDV EVID CENS AMT ADM RATE TINF DOSE WTO SEX
| 1Theo 1 1 0 0 0 Hours Theophylline:::Dose 0 0 mg 1 1 0 400 1 o 0 400 796 1
| 2Theo 1 1 0.25 0.25 0.25 Hours Theophylline:::Concentration 1 2.84 ug/ml 0 0 0 o 0 o 0 400 79.6 1
| 3Theo 1 1 0.57 0.57 0.57 Hours Theophylline:::Concentration 1 6.57 ug/ml 0 0 0 ¥] 0 4] 0 400 796 1
| 4Theo 1 1 112 1.12  1.12 Hours Theophylline:::Concentration 1 10.5 ug/ml 0 0 0 1] 1] 1] 0 400 79.6 1
| 5Theo 1 1 2.02 2.02 2.02 Hours Theophylline:::Concentration 1 9.66 ug/ml 0 0 0 [¥] 0 0 0 400 79.6 1
| 6 Theo 1 1 3.82 3.82 3.82 Hours Theophylline:::Concentration 1 8.58 ug/ml 0 0 1] 1] 1] 1] 0 400 79.6 1
| 7Theo 1 1 51 51 5.1 Hours Theophylline:::Concentration 1 8.36 ug/ml 0 0 0 [¥] 0 [¥] 0 400 79.6 1
| B8Theo 1 1 7.03 7.03 7.03 Hours Theophylline:::Concentration 1 7.47 ug/ml 0 0 0 o 0 o 0 400 796 1
| 9Theo 1 1 9.05 9.05 9.05 Hours Theophylline:::Concentration 1 6.89 ug/ml 0 0 0 o 0 o 0 400 79.6 1
| 10 Theo 1 1 1212 12,12 12.12 Hours Theophylline:::Concentration 1 5.94 ug/ml 0 0 0 4] 0 o 0 400 796 1

11 Theo 1 1 24.37 24.37 24.37 Hours Theophylline:::Concentration 1 3.28 ug/ml 0 0 0 o 0 o 0 400 79.6 1
12 Theo_10 2 0 0 0 Hours Theophylline:::Dose 0 0 mg 1 1 0 400 1 4] 0 400 58.2 1
| 13 Theo 10 2 0.37 0.37 0.37 Hours Theophylline:::Concentration 1 2.89 ug/ml 0 0 0 1] 1] 1] 0 400 582 1
| 14 Theo_10 2 0.77 0.77 0.77 Hours Theophylline:::Concentration 1 5.22 ug/ml 0 0 0 v] 0 1] 0 400 58.2 1
| 15 Theo_ 10 2 1.02 1.02 1.02 Hours Theophylline:::Concentration 1 6.41 ug/ml 0 0 0 1] 1] 1] 0 400 58.2 1
| 16 Theo_10 2 2.05 2.05 2.05 Hours Theophylline:::Concentration 1 7.83 ug/ml 0 0 0 [¥] 0 0 0 400 58.2 1
| 17 Theo 10 2 355 3.55 3.55 Hours Theophylline:::Concentration 1 10.21 ug/ml 0 0 0 [v] 0 0 0 400 58.2 1
18 Theo_10 2 5.05 5.05 5.05 Hours Theophylline:::Concentration 1 9.18 ug/ml 0 0 0 [¥] 0 [¥] 0 400 58.2 1
| 15 Theo 10 2 7.08 7.08 7.08 Hours Theophylline:::Concentration 1 8.02 ug/ml 0 0 0 4] 0 o 0 400 58.2 1
| 20 Theo 10 2 9.38 9.38 9.38 Hours Theophylline:::Concentration 1 7.14 ug/ml 0 0 0 o 0 o 0 400 582 1
| 21 Theo 10 2 121 12.1 121 Howurs Theophylline:::Concentration 1 5.68 ug/ml 0 0 0 ¥] 0 4] 0 400 58.2 1
| 22 Theo 10 2 23.7 23.7 23.7 Hours Theophylline:::Concentration 1 2.42 ug/ml 0 0 0 1] 1] 1] 0 400 582 1
| 23 Theo_11 3 0 0 0 Hours Theophylline:::Dose 0 0 mg 1 1 0 400 1 1] 0 400 65 O
| 24 Theo_11 3 0.25 0.25 0.25 Hours Theophylline:::Concentration 1 4.86 ug/ml 0 0 0 1] 1] 1] 0 400 65 O
| 25 Theo_ 11 3 0.5 0.5 0.5 Hours Theophylline:::Concentration 1 7.24 ug/ml 0 0 0 [¥] 0 0 0 400 65 O
| 26 Theo 11 3 098 0.98 0.98 Hours Theophylline:::Concentration 1 8 ug/ml 0 0 0 [v] 0 0 0 400 65 O
27 Theo 11 3 1.98 1,98 1.98 Hours Theophvlline:::Concentration 1 6.81 ug/ml 0 0 0 o 0 o 0 400 65 0
Datasets in this format are used by IQR Tools for parameter estimation
- with NONMEM, MONOLIX, NLMIXR, and the QSP algorithm

IntiQuan



Example T

Mapping of doses and observations between dataset and IQRmodels

example_1_data.csv

A B [€] D | E | F | G [ H [ ] J ] K] L M N | O|P | Q| R[S T U
1 |IXGDF USUBJID ID TIME TIMEPOS TAD TIMEUNIT MAME YTYPE DV UNIT MDV EVID CENS AMT ADM RATE TINF DOSE WTO SEX
2 | 1Theo 1 1 0 0 0 Hours Theophylline:::Dose 0 0 mg 1 1 0 400 1 o 0 400 796 1
3 | 2Theo 1 1 0.25 0.25 0.25 Hours Theophylline:::Concentration 1 2.84 ug/ml 0 0 0 o 0 o 0 400 79.6 1
4 3Theo 1 1 0.57 0.57 0.57 Hours Theophylline:::Concentration 1 6.57 ug/ml 0 0 0 ¥] 0 4] 0 400 796 1
5 | 4Theo 1 1 112 1.12 1.12 Hours Theophylline:::Concentration 1 10.5 ug/ml 0 0 0 o 0 o 0 400 79.6 1
B | 5Theo 1 1 2.02 2.02 2.02 Hours Theophylline:::Concentration 1 9.66 ug/ml 0 0 0 ¥] 0 4] 0 400 796 1
7 | 6 Theo 1 1 3.82 3.82 3.82 Hours Theophylline:::Concentration 1 8.58 ug/ml 0 0 0 1] 1] 1] 0 400 79.6 1
8 | 7Theo 1 1 51 51 5.1 Hours Theophylline:::Concentration 1 8.36 ug/ml 0 0 0 v] 0 1] 0 400 796 1
9 | 8Theo 1 1 7.03 7.03 7.03 Hours Theophylline:::Concentration 1 7.47 ug/ml 0 0 0 1] 1] 1] 0 400 79.6 1
10 9 Theo 1 1 9.05 9.05 9.05 Hours Theophylline:::Concentration 1 6.89 ug/ml 0 0 0 [¥] 0 0 0 400 79.6 1
11 10 Theo 1 1 12.12 12.12 12.12 Hours Theophylline:::Concentration 1 5.94 ug/ml 0 0 1] 1] 1] 1] 0 400 79.6 1
12 | 11 Theo 1 1 24.37 24.37 24.37 Hours Theophylline:::Concentration 1 3.28 ug/ml 0 0 0 [¥] 0 [¥] 0 400 79.6 1
12 17 Than 1N 2 n n N HAanre ThannhullinaNAca n N mm 1 1 N Ann 1 n in Al 82 7 1

LR 2 22 50 5 5 5 MODEL NAME example_‘l_modellb(t

Link between model and data is made rnodelrK
by INPUT1 in model obtaining dose events
with ADM=1 and OUTPUT1 in model

compared to observation record with 10
11 d/dt(ad)

ddrddododododkd MODEL NOTES

Simple Tinear one compartment PK model with 1st order absorption.

Woo ~ S ou kg

eddkddoddedodkd MODEL STATES

-ka*Ad + INPUTL

YTYPE=1 12 d/dt(Ac) _ ka*Ad - CL/VC*AC
13
14  FxFRFRERER MODEL PARAMETERS
15
16 ka =1 # Absorption rate parameter (1/hours)
No need for a compartment (CMT) column 16 ka-1 #absorption rate parancter (1
18 Vvc = 60 # Apparent central volume (L)
19
20 drdrdrdrdr oo MODEL \;ARIABLES
21
See 3/50 examp/e— 7/? (o generate and ran 22 # Calculate plasma concentration in ug/mL
NONMEM, MONOLIX, and NLMIXR models o <~ Ve
16 25 # Assign output variable for matching with dataset

26  OUTPUTL = Cc # Plasma concentration (ug/mL)




Example 2

Handling BLOQ information

example_2_data.csv

A | B |C| D E F G H o J K | L M| N O P | Q|R|S5 T U
1 |IXGDF USUBJID ID TIME TIMEPOS TAD TIMEUNIT NAME YTYPE DV UNIT MDV EVID CENS AMT ADM RATE TINF DOSE WTO SEX
2 | 1Theo 1 1 1] 1] 0 Hours Theophylline:::Dose 0 0 mg 1 1 0 400 1 1] 0 400 79.6 1
3 2Theo 1 1 0.25 0.25 0.25 Hours  Theophylline::Concentration 1 1.5 ug/mi o o 1 o o o o0 400 796 1
4: 3Theo 1 1 0.57 0.57 0.57 Hours Theophylline:::Concentration 1 6.57 ug/ml 0 0 0 1] 1] 0 0 400 79.6 1
5 | 4Theo 1 | 1 1.12 113 1.12 Hours Theophylline:::Concentration 1 10.5 ug/ml 0 0 0 v] v] 0 0 400 796 1
6 | 5Theo 1 1 2.02 2.02  2.02 Hours Theophylline:::Concentration 1 9.66 ug/ml 0 0 0 o o 0 0 400 79.6 1
7 | 6 Theo 1 1 3.82 3.82 3.82 Hours Theophylline:::Concentration 1 8.58 ug/ml 0 0 0 o o 0 0 400 796 1
8 | 7Theo_ 1 1 5.1 5.1 5.1 Hours Theophylline:::Concentration 1 8.36 ug/ml 0 0 0 [¥] [¥] 0 0 400 79.6 1
9 | 8Theo 1 1 7.03 7.03 7.03 Hours Theophylline:::Concentration 1 7.47 ug/ml 0 0 0 1] 1] 0 0 400 79.6 1
10| 9 Theo 1 1 9.05 9.05 9.05 Hours Theophylline:::Concentration 1 6.89 ug/ml 0 0 0 ¥] ¥] 0 0 400 796 1
1 10 Theo 1 1 12.12 12.12 12.12 Hours Theophylline:::Concentration 1 5.94 ug/ml 0 0 0 o o 0 0 400 79.6 1
12 11 Theo 1 1 2437  24.37 24.37 Hours  Theophylline::Concentration 1 1.5 ug/mi o o 1 o o o o0 400 796 1
1'2_ 172 Than 10 72 n n N Hrnrs Thannhullina---Nncea n n mo 1 1 n o Ann 1 n n Ann &SR 7 1

The entries of the CENS columns are defined by:

See also example_2.R to generate NONMEM

. H >=
0: observation >= LLOQ models using M3 and M4 method

1: observation < LLOQ
If CENS=1 then entry in DV column is set to LLOQ

If CENS=1 entries are present, then M3 or M4 method is used automatically (selection during NLME
project generation)

Other methods of BLOQ handling implemented during NLME dataset generation from general dataset
format (M1, M5, M6, M7).

W IntiQuan



summary

= The IQRnImeData format

Follows the typical NONMEM dataset formats

= Minimal differences

Requires the presence of default columns

= Making it slightly more comprehensive than the NONMEM minimum
Suggests the presence of additional columns that allow better readability
= Uses alphanumeric content (spaces should be exchanged with “:::")
Introduces NONMEM non-typic columns (ADM, YTYPE, CENS)

= Inspired by MONOLIX

= Allowing to simplify connection to structural model and automatic support of
more advances BLOQ handling methods (M3 & M4)

Requires presence of USUBJID column

= Always painful when subjects in PK analysis datasets cannot be mapped to
subjects in efficacy or safety datasets (happens far to often)

Any legacy NONMEM (or MONOLIX) dataset can be easily brought into this format

IntiQuan



INntroduction
General
Dataset

Format

Brief introduction

More details in Modul X.1




A "General Dataset Approach” has the potential to

considerably simplify data programming

Original data

sources General
+ Excel Optimized dataset Analvsis
+ Clinical format Y
database datasets
+ Real world

databases

Analysis and tool
specificdata

formats

Simplified Data Request

In addition to
O i analysis dataset in
0 ours Dose 100 mg Oral

AB1234 H .
AB1234 o Hou PK 0 M CSV format

B e St case: AB1234 2 Hou Biomarker 1 23 u/L

O Wh H h d H AB1234 2 Hou Biomarker2 2.3 oM

1 Stu I eS AB1234 168 Hou Endpoint 1 12 Score * d ata -Xpt

O ReadOUtS Of |nte reSt AB1235 0 Hou Dose 50 mg v o define df
AB1235 1 Hou PK 0 M : p
AB1235 2 Hou Biomarker 1 23 u/L
AB1235 2 Hou Biomarker2 23 pM
AB1235 168 Hou Endpoint 1 12 Score

20 IntiQuan



Minimal example dataset in GDF

In contrast to many typical modeling datasets - the “GDF” is self explaining ...

« Itis NOT a modeling dataset

« Itaims at capturing the clinically relevant information for a considered project
* Itis MUCH easier to program from any source than a NONMEM dataset

m TIME TIMEUNIT m VALUE UNIT ROUTE

AB1234 Hours Dose Oral
AB1234 0 Hours PK 0 nM

AB1234 2 Hours Biomarker 1 23 u/L

AB1234 2 Hours Biomarker 2 2.3 pM

AB1234 168 Hours Endpoint 1 12 Score

AB1235 0 Hours Dose 50 mg A
AB1235 1 Hours PK 0 nM

AB1235 2 Hours Biomarker 1 23 u/L

AB1235 2 Hours Biomarker 2 2.3 pM

AB1235 168 Hours Endpoint 1 12 Score

Minimal set of columns required by IQR Tools in a general dataset

2 IntiQuan
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Example 3

Conversion of GDF to analysis dataset

A

B

C

D

E

F

G

H [ I

USUBIJID

H50815-01-001-001
H50815-01-001-001
'|H50815-01-001-001
'|H50815-01-001-001
|H50815-01-001-001
'|H50815-01-001-001
'|H50815-01-001-001
 |HS0815-01-001-001
H50815-01-001-001
H50815-01-001-001
H50815-01-001-001
H50815-01-001-001
H50815-01-001-001
|H50815-01-001-001
 |H50815-01-001-001
H50815-01-001-001
|H50815-01-001-001
'|H50815-01-001-001
HS50815-01-001-001
H50815-01-001-001

TIME

-17.88263889 Days
-0.794444444 Days
-0.790972222 Days
-0.790972222 Days
-0.006944444 Days
0 Days

0 Days

0 Days

0 Days

0 Days
0.084722222 Days
0.166666667 Days
0.333333333 Days
1.006944444 Days
2 Days
7.147916667 Days
1415069444 Days
21.15416667 Days
28.17222222 Days
42.14375 Days

0 Vital Signs

0 Vital Signs

0 Lab Values

0 Lab Values

0 PK

0 Demographics
0 Demographics
0 Demographics
0 Demographics

0.083333333 Dose

0 PK
0 PK
0 PK
0 PK
0 PK
0 PK
0 PK
0 PK
0 PK
0 PK

TIMEUNIT DURATION TYPENAME NAME

Height

Weight

Albumin

Creatine Kinase
HS0815 Concentration
Age

Gender

Race

Ethnicity

HS0815 Dose

HS0815 Concentration
HS0815 Concentration
HS0815 Concentration
HS0815 Concentration
HS0815 Concentration
HS0815 Concentration
HS0815 Concentration
HS0815 Concentration
H50815 Concentration
HS0815 Concentration

VALUE VALUETXT

168.9 . cm
517 . kg
45 . g/dL
155 . u/L
0. ug/mL
34 . years
oM
6 OTHER .
2 NOT HISPANIC OR LATINO .
0. mg
0. ug/mL
0. ug/mL
0. ug/mL
0. ug/mL
0. ug/mL
0. ug/mL
0. ug/mL
0. ug/mL
0. ug/mL
0. ug/mL

UNIT ROUTE LLOQ

0.2

0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2

example_3_data.csv (dummy data)

= Additional columns can be present to better inform the data

= Some examples showninred ...

22
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Example 3

Conversion of GDF to NLME analysis dataset (NONMEM, MONOLIX, NLMIXR)

# Import as GDF
dataGen <- IQRdataGENERAL(

)

input = "example_3 data.csv",

# Define “NAMEs” of dosing records
doseNAMES = "HS@815 Dose",

# Define “NAMEs” of observations considered in modeling
obsNAMES = "HS@815 Concentration”,

# Define “observations” to consider as continuous baseline covariates

covl = list(

AGE@ = "Age",

HT@ = "Height",

WTO = "Weight",

ALBO = "Albumin",

CK@ = "Creatine Kinase"
)>

# Define “observations” to consider as categorical baseline covariates
cato = list(

SEXF = "Gender",

RACE = "Race"

)s

# Define BLOQ handling method (M1,3,4,5,6,7)
methodBLLOQ = "M1",

# Export NLME data (CSV, XPT, define)
exportNLME_IQRdataGENERAL(data = dataClean,

filename = "AnalysisData/dataNLME.csv",
FLAGxpt = TRUE,
FLAGdefine = TRUE)

example_3.R

o M_2_MLME
@ Module_ 21_NLME_Data
@ Examples
@ =ample]
o =ampled
@ Cutput
example_3

AnalysisData

falt]
dataMLME.
atr

dataMLME. dataMLME_
upt define.doc

IntiQuan




Example 3
some simple data based analysis

# Simple summary
summary (dataGen)

24

> summary (dataGen)
INFO | NAME |

HS@815 Dose
HS@815 Concentration
HS@815 Concentration

Dose events
Observation events (all)
Observation events (MDV=6)

|

|

|
Doses AMT=@ present ALL dose events |
Placebo subjects present (AMT=@ or no doses) | ALL dose events |
IGNORED (MDV=1) observation records present | ALL observation events |
Subjects without observations (MDV=@) present | ALL observation events |
Total BLLOQ information | Hseg15s Concentration |
BLLOQ handling method | All observation events |
NLME columns containing NA | All events |
Issues present in the data | Minor |
Issues present in the data | warnings |
Issues present in the data | Errors |

WARNINGS in the dataset that should be addressed

GLOBAL LEVEL: Records are present that have neither VALUE nor VALUETXT

Simple summary

example_3.R

Ntotal: 4@, Nindiv (min/median/max): 1/1/3)
Ntotal: 519, Nindiv (min/median/max): 7/14/26)
Ntotal: 386, Nindiv (min/median/max): 1/13/13)
TRUE (N=16)

TRUE (N=12)

TRUE (N=213)

TRUE (N=11)

N=212 / 40.8%

M1

DV

NONE

YES (see text below the table for more information)
NONE

defined

Data checks and informative messages possible - due to standards

Here: many BLOQ observations present since placebo subjects included in data

General Dataset functionality in IQR Tools supports easy handling of such cases

and automatic generation of logfiles for reporting of “data changes” => more in Module X1

IntiQuan



Example 3

some simple data based analysis

# Simple summary

summaryCov_IQRdataGENERAL (dataGen, FLAGtotal

summaryCat_IQRdataGENERAL (dataGen,FLAGtotal

> summaryCov_IQRdataGENERAL(dataGen,FLAGtotal = TRUE)
Summary of demographic and baseline characteristics for continuous information

Characteristic | X¥Z [N=36] | TOTAL [N=36]

Age (years) | 33 (10.9) [18-53] | 33 (10.9) [18-53]
Height (cm) | 171 (6.31) [157-182] | 171 (6.31) [157-182]
Weight (kg) | 65.9 (9.3) [46.8-84.4] | 65.9 (9.3) [46.8-84.4]
Albumin (g/dL) | 4.47 (0.256) [3.8-5] | 4.47 (0.256) [3.8-5]
Creatine Kinase (U/L) | 176 (96.7) [48-444] | 176 (96.7) [48-444]
N: Number of subjects

Entries represent: Mean (Standard deviation) [Minimum-Maximum]

> summaryCat_IQRdataGENERAL(dataGen,FLAGtotal = TRUE)
Summary of demographic and baseline characteristics for categorical information

Characteristic | Category | XYZ [N=36] | TOTAL [N=36]

Gender | M | 23 (63.9%) | 23 (63.9%)
| F | 13 (36.1%) | 13 (36.1%)
Race | WHITE | 9 (25%) | 9 (25%)
| OTHER | 27 (75%) | 27 (75%)

N: Number of subjects
Number of subjects in each category and percentage within this category

example_3.R

Table 1 Summary of demographic and baseline characteristics for continuous

information

Characteristic XYZ [N=36] TOTAL [N=36]

Age (years)

Height (cm)

Weight (kg)

Albumin (g/dL)
Creatine Kinase (U/L)

33 (10.9) [18-53]

171 (6.31) [157-182]
65.9 (9.3) [46.8-84.4]
4.47 (0.256) [3.8-5]
176 (96.7) [48-444]

33 (10.9) [18-53]

171 (6.31) [157-182]
65.9 (9.3) [46.8-84.4]
4.47 (0.256) [3.8-5]
176 (96.7) [48-444]

N: Number of subjects
Entries represent: Mean (Standard deviation) [Minimum-Maximum)]

Table 2 Summary of demographic and baseline characteristics for categorical
information
Characteristic Category XYZ [N=36] TOTAL [N=36]
Gender M 23 (63.9%) 23 (63.9%)
F 13 (36.1%) 13 (36.1%)
Race WHITE 9 (25%) 9 (25%)
OTHER 27 (75%) 27 (75%)

N: Number of subjects
Number of subjects in each category and percentage within this category

- Easy generation of demographic tables for continuous and categorical information

e « Provide filename =>report in Word
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Example 3
some simple data based analysis

# Some generic plots that every analyst would want to see ...
plot(dataGen,pathname = "AnalysisData/plots") example 3.R

v @ Module_2.1_NLME_Data """ Mame
v @ Examples 01_OBSvsTIME_Spaghetti.pdf
0 =xample_] 02_0BSvsTIME_Individual pdf
v @ =ample 2 04 ContCovDistributions.pdf
05 ContCovCorrelation.pdf
@ COutput P

06_CatCovCorrelation.pdf

v example_3
07_ContCatCovCorrelation.pdf

v AnalysisData
plots
tables

2 IntiQuan



summary

General Dataset Format

Representation of (pre-)clinically relevant information
Humanly readable
Easy to program from source data

Able to capture all types of data typically informing QSP, Sysbio, and
Pharmacometric modeling efforts

Automatic conversion to NLME / QSP modeling datasets
Automatic generation of XPT and define file for submission
Handling of desired BLOQ handling methods

Generation of
= Summary statistics
= Generic data exploratory graphics

Considerably speeding up data programming tasks

Legacy NONMEM (MONOLIX) datasets can easily be converted into the GDF

27
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Generalized dataset format - Documentation

IntiQuan

Modeling & Simulation in R

Preface

I Introduction

1 Quick Installation Guide

2 Installation

3 Examples in this Book

4 Reproducibility of Results

§ Validation

6 Release Notes

Il Case Studies

7 Analysis dataset preparation
8 Model definition

9 Simulation of moedels

10 NLME Modeling

11 QSP Modeling

12 Model evaluation

13 Advanced modeling workflows
14 Population simulations

15 Experimental design

16 Exposure response analysis

17 Non-compartmental analysis

19.1 General columns

Full documentation of GDF

The following table contains the “general’ columns. “General” means that these columns are not modeling

tools related (exception: ADDL and I1).

Modeling tool related columns will be added by IQRtools upon import of the dataset ( 1QrdataceneraL() )
but can also be present in the dataset file before import. These additional columns are documented in the

next section

“Default Content”) exist.

REQUIRED columns for IQR Tools are marked in red.
Columns marked in blue are created with default values if not exi:

ng in the imported dataset.

Columns marked in italic created are created (if not already existing) if referenced columns (in

Since datasets for pharmacometric analyses typically are comma-separated-files, no field in the

general dataset is allowed to contain commata.

Column Name  Column Content.

General
IXGDF Index of record in dataset
‘Starting from 1, then 2, 3, etc.
until last recorgirow number
IGNORE Reasonicomment related to

exclusion of the observation
or dose frem the analysis

Identification of subject

USUBJID Unigue subject identifier
INDNAME Indication name
IND Numeric indication flag

Default Content  Description Type

123 efc This index is kept during post procsssing of  Numeric
the general dataset farmat. When
rows/records are removed, the kept ones
will Keep the index in IXGDF. In this way
contents of derived datasets can always be
compared to contents of the general
dataset format.

NA String

String

Populated from the protocol or the String
provided specifications.

1-N for INDNAME ~ Numeric ingication flag (unique for each Numeric

https://igrtools.intiquan.com/doc/book/GenDatFormat.html
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Documentation of GDF

handling and postprocessing

Quan'

Preface

I Introduction

1 License and Availability

2 Requirements

3 Installation

4 Examples in this Book

5 Validation

6 Release Notes

Il Case Studies

7 Analysis dataset preparation
7.1 Example workflow
7.2 Workflow customization

8 Model definition

9 Simulation of models

10 NLME Modeling

11 QSP Modeling

12 Model evaluation

13 Advanced modeling workflows

14 Population simulations

15 Experimental design

16 Exposure response analysis

17 Reporting in Microsoft Word

Il Manuals

7 Analysis dataset preparation

IQR Tools implements functionality to facilitate the creation of analysis or modeling datasets based on a
general dataset format. The general dataset format aims to at least contain a minimum if inforamtion
required and - at the same time - to be flexible to store all information that is relevant for the analysis

The functions provided by IQRtools enable a traceable programming of the analysis data set. Metadata
(e.g., covariate value units, or covariate category labels) is retained and available for documentation and
producing meaningful graphs and tables. When manipulating the data for a particular task, e.g., removal
of outliers, imputing covariates, log files are written

In a first section (Example workflow) of this chapter a basic example for establishing a analysis dataset in
the following steps is given

« Dataset specification of origin
< Import to the IQRdataGENERAL format
< Graphical data exploration
o Gleaning the data to establish analysis dataset
o Exportto .csvand .xpt

The second section, (Further options) discusses more features for the following steps with which the
basic workflow can be customized

« Settings for dataset import
« Statistical exploration
« Graphical exploration

7.1 Example workflow

7.1.1 Original dataset in general row-based format

https://igrtools.intiquan.com/doc/book/analysis-dataset-preparation.html

IntiQuan
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Conclusions




Conclusions

The analysis data format used in IQR Tools
= Follows the typical NONMEM dataset format
= Ensures a minimum amount of documentation within the data itself

" |sthe same across all supported parameter estimation tools
= NONMEM, MONOLIX, NLMIXR

The general dataset format used on IQR Tools
= Supports simplified programming of datasets from any source
= Reduces programming complexity and number of iterations
= Allows export of analysis ready NLME datasets

= Supports generation of standard statistics and data exploratory plots that are
needed in any project

Legacy NONMEM (MONOLIX) datasets
can easily be converted into the formats
used within IQR Tools

50 IntiQuan
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Overview of Webinar Modules

IntiQuan Webinar Series on efficient support of Model Informed Drug Development (MIDD)

Module 4.1
Advanced
Parameter

Module 2&3.1
NLME / QSP Data
Format

Module 1.1
Structural Models

Module 0
Introduction

Module 1.2
Simulation

Module 2.2
Basic PKPD NLME
Parameter
Estimation

Module 3.2
Basic QSP
Parameter
Estimation

Sampling

Module 4.2
Clinical Trial
Simulation

Module 3.3
Population QSP
Parameter
Estimation

Module 2.3
Advanced PKPD
NLME Parameter

Estimation

Module 1.3
Parameter
Sampling

Exposure General Data NCA
Response NLME FORMAE
Modeling

Module 1.4
Population
Simulation

Module X.4
IQRmModel BC
format & SBML

Module X.3
Reporting in
MS Word
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Outlook on tool
requirements

Module 22
Basic PKPD NLME
Parameter
Estimation

Module 2.3
Advanced PKPD
NLME Parameter

Estimation

Module 2.4
Exposure
Response NLME
Modeling




Subseguent modules (2.2, 2.3, 2.4) will require presence of NONMEM

and/or MONOLIX on the system to run examples

Convenient setup of IQR Tools options, including interfacing with NONMEM and
MONOLIX on the system through the IQR Tools options setup:

library(IQRtools)
setup IQRtools()

49 # UNIX setup T e NONMEM?"

The progearm for Moninoar

51 # Name of the NONMEM executable or shell script. Reguired calling syntax: W E N
52 # “"command controlfile outputfile”

53 # NONMEM Version 7.2/7.3/7.4 have been tested with IQR Tools.

54 .PATH_SYSTEM_NOMMEM <- list(

55 # First entry is used as default version

56 NM743 = "nmfeid’

57 )

72 # Mac0S setup

TR

74 # Name of the NONMEM executable or shell script. Required calling syntax:
75 # “command controlfile outputfile”

76 # NONMEM Version 7.2/7.3/7.4 have been tested with IQR Tools.

77 .PATH_SYSTEM_NOMMEM <- list(

78 NM74 = "nmfe74"

79 )

92 # WINDOWS setup

93~ # -----oo---

a4 # Path to NONMEM (Version 7.2/7.3/7.4 have been tested) batch files. The info
a5 # is provided as a list. By default the first entry is used but the user can

96 # switch when calling the IQRnlmeProject function.
97 .PATH_SYSTEM_NONMEM <- list(

ag NM74 = "C:/nm74g6d/run/nmfaid. bat”
a9 )

Parallel NONMEM runs handled by IQR Tools as well - can be set up in options as well.
Requires a shell/batch script available on systems command line with the following calling syntax:

command NRCORES controlfile outputfile”
34
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Complete workflow system

Freely available

|IQdesktop

= Helps getting the complete environment
set up in ~0 min
= Isfreely available

= Requires admin rights on your computer
(to install docker)

= Bring your own NONMEM and/or MONOLIX
licenses ...

= More information:
https://igdesktop.intiquan.com

= |nstallation guide
=  Windows

= macOS
= |jinux
= (Cloud

https://igdesktop.intiqguan.com/doc/IQDesktop Installation Windows.mp4

35

IQdesktop”

A.1 Release V2.1.1 - 30 April 2021

. Image DEINEH intiquan/igdesktop:2.1.1

« Base system: Ubuntu 18.04
« Connections: VNC, SSH (incl. screen)
« Modeling & Simulation & specific Development Tools

-]

o =] o o

o o o o o o =] o o o

o

IQR Tools (Version 1.7.0)
IQnca (Version 1.0.0)
IQReport (Version 1.51)
1QSlides (Version 0.3.2)
R default (Version 3.6.3)
= CRAN snapshot dated 2020-03-15
= URL: https://cran.intiquan.com/snapshot/2020-03-15
R exploratory (Version 4.0.3)
= CRAN snapshot dated 2020-12-21
» URL: https://cran.intiquan.com/snapshot/2020-12-21
= |QR Tools, IQnca, and 1QSlides not installed on R 4.0.3
MATLAB (Version R2021A) + Simbiology and relevant toolboxes
NONMEM (Version 7.4.3)
NONMEM (Version 7.5.0)
MONOLIX (Version 2019R1)
MONOLIX (Version 2020R1)
CellDesigner (Version 4.4.2)
PsN (Version 5.0.0) (no gls and ga)
RHEM (Version 0.1.2)
Rstudio (Version 1.2.5042)
Jenkins 2.249.2 CI/CD server (including suggested plugins)
Population Isoboles R package (1.0.0)

« Changes

-]

(=]

Update to MATLAB R2021A
Update to IQSlides 0.3.2

IntiQuan


https://iqdesktop.intiquan.com/
https://iqdesktop.intiquan.com/book/installation.html#windows
https://iqdesktop.intiquan.com/book/installation.html#macos
https://iqdesktop.intiquan.com/book/installation.html#linux
https://iqdesktop.intiquan.com/book/installation.html#in-the-cloud
https://iqdesktop.intiquan.com/doc/IQDesktop_Installation_Windows.mp4

% 1Qdesktop:1 (henning) - TigerVNC

Y IJE H@- uud=pEn

Welcome — Mozilla Firefox
Home
Welcome X  Help Pages

¢ @
16 Securing 1Qdesktop Connection

IV Using IQdesktop

17.1 It's a normal computer
17.2 Inbuilt Help System
CSHEETS

17.3 Available M&S software
17.4 Support

18 First Login

19 Software on IQdesktop

20 Exchange of Data

21 Special Tools

22 Additional Topics

V Support

23 Support of IQdeskiop

Appendix

A Release Information

B Version History

€ IQdesktop on AWS

(c) 2019 IntiQuan GmbH

% Welcome — ...

IQdesktop”

XAl

intiguan.com - & W n o ®

17 Using IQdesktop

Welcome to the IQdesktop system!
The following chapters will give some introduction on how |Qdesktop can help you to get your work done
in an efficient and 100% reproducible manner. Navigation of this section is best done via picking the topic
of interest from the side bar.

17.1 It's a normal computer

Think about IQdesktop as heing a “normal computer” that

+ Has been installed properly with software and tools that are fit for the purpose of powerful and
efficient Modeling & Simulation analyses.
= |s qualified for work through thorough checking of key tools to work as intendend.

Enjoy its use!

17.2 Inbuilt Help System

.


https://iqdesktop.intiquan.com/
https://iqdesktop.intiquan.com/doc/IQDesktop_Installation_Windows.mp4

Computational Reproducipility |Qd es kto p-:-

37

Standard issues with reproducibility:
= NONMEM: dependent on hardware platform & compiler, etc.
= R:Highly dependent on package version (constant change on CRAN)

= Manual conduct vs. fully scripted analyses

Computer systems evolve, new versions are installed, old are dropped

To ensure 100% reproducibility
you could store computersin a
warehouse - one per analysis
conducted, including scripts & data

|Qdesktop ensures 100% reproducibility
through a “virtual warehouse” approach

IntiQuan
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