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What will I learn today?




Modularity = flexibility + extensibility

Infrastructure > Ul

Abstraction: Scripting -> Programming




But first ..
.. a bit of background i
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-
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Reqgulatory Health Technology Assessment

(HTA)
Is it good value?
N
Can we use the treatment? Should we use the treatment?

ST~
we currently have?




Arzneimittelmarkt-Neuordnungsgesetz
.. or just AMNOG

N\ Pharmaceuticals Market
Reorganisation Act

Benefit assessment of drugs to the
German market



How do you
handle AMNOG?



BEFORE
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BEFORE

Programming
from scratch

Nested SAS
macros

Waiting for
reruns

Add new analysis

Adjust analysis

Novo Nordisk®
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Initial data request

Discussion

Federated data request

Biostat
Project
Dept.

Novo Nordisk®



O]
Aligned mindset
’
jj’ Continuous connection to German affiliate

i Incentive to produce reusable tools



Dissecting the AMNOG task

Data Analyses

BQO M



Dissecting the AMNOG task

/ i
Data

Filter 2



This calls for improvement, but..



Lets improve the tools!



Challenges

Large development investment upfront
Delayed pay-off

Outside of typical statistical programming
expertise

My calendar is already full!



&

g,

Data Science
Automation Group




Now what?



Brainstorming your system requirements

@ O@@
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Organizing system requirements

Design
* Reduce programming
Technology workload

Reduce compute time « Easy to maintain

Avoid uneeded code - Expandable

executon « Flexible

"A program with just « Re-usable

an AMNOG botton” « Support future needs
Support easy handover
Interactive UI

Novo Nordisk®
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How can these things be achieved?

Design
- Reduce programming
Technology . workload
Reduce compute time More efficient Easy to maintain
* Avoid uneeded code Expandable
executon =) code and better <= Flexible

"A program with just

an AMNOG botton” user experience Re-usable

Support future needs
Support easy handover
Interactive UI

Caching of intermediate results Q ) Code modularization
o o
Parallelization 2™ o © Module independency
ﬂ'ah o
)
Dependency tracking — Pipeline approach

A single point of code execution

Novo Nordisk®



Attack plan



Infrastructure

Functionality

User interface

Input/output modules
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Techy details

Targets
Modules

data.tables

Clean interfaces

Trusted in Pharma
Modularity

Parallelization
Dependency tracking
Caching

Package for stats
Package for orchestration
Independent validation

Speed

Allows new modules

Novo Nordisk®



Putting it together
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Analysis

specification

Anélysis
methods

Orchestrate &
execute

Raw results

TFLs, visualization
apps, etc.

Novo Nordisk®
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Data

Input data

Analyéis
methods

A
Metadata
. t T
Analysis b
specification
—

Orchestrate &

4

R N

baker

execute

Generate
TFLs

s d
TFLs & visualization
apps

Novo Nordisk®



Example
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AEs by PT

1 data.table::data.table(

R Data: output_data

Novo Nordisk®

File
2 (project = "nn1234"}),
endpoint id|endpoint label treatment var|treatment wval subgroup var|subgroup val|stat wvar stat wval
- : - _ " = = = = = = = =
g (trial = "nnl1234-2841"), 1 |00001-00013|Example 1: Severe adverse events safety analysis >|TRTA Xanomeline High Dose — Placebo|SEX F OR_pe 2.968750000
4 (iI"IStEI"ICE = "CUI“"E"It")_. 2 [00001-00013|Example 1: Severes adverse events safety analysis >|TRTA Xanomeline High Dose - Placebo|SEX F OR_upper 16.347226080
e (FIDD var = "SnﬁFFL"] 3 |00001-00013(Example 1: Severe adverse events safety analysis >|TRTA Xanomeline High Dose - Placebo|SEX F OR_lower 0.539141365
- - ) ? 4 |00001-00013(Example 1: Severe adverse events safety analysis >|TRIA Xanomeline High Dose - Placebo|SEX M OR_pe 8.750000000
=] (pop_val = "¥"}, 5 |00001-00013|Example 1: Severe adverse events safety analysis >|TRTA Xanomeline High Dose - Placebo|SEX M OR_upper T72.698937486
7 3 =" A & |00001-00013|Example l: Severe adverse events safety analysis >|TRTA Xanomeline High Dose - Placebo|SEX M OR lower 1.053144€90
reatment_var A'Y, L
. . T |00001-00013|Example 1: Severes adverse events safety analvsis >|TRTA Xanomeline High Dose - Placebo|SEX F RR pe 2.702702703
& (treatment_refval = "¥anomeline High Dose"), = e
- 8 |00001-00013(Example 1: Severe adverse events safety analysis >|TRTA Xanomeline High Dose - Placebo|SEX F RE_upper 13.081457831
9 (DEFlDd_‘-‘ar = "S-EtFFL”)_: @ |00001-00013|Example 1: Severe adverse events safety analysis > |TRIA Xanomeline High Dose - Placebo|SEX F RE_lower 0.557967034
18 (pEI"iDd wal = "\“':I 10 (00001-00013(Example 1: Severe adverse events safety analysis >|TRTA Xanomeline High Dose - Placebo|SEX M RR_pe 6.904761905
1 | » ]
11 ( d : T ‘F'lt myd JrEDECOD“ TF\UE") 1l (00001-00013|Example 1: Severe adverse events safety analysis >(TRIA Xanomeline High Dose - Placebo| SEX M RR upper 51.041069134
= . nal 4 == =
- enapoint_vilier -15.naiA / : 12 |00001-00013|Example 1: Severe adverse events safety analysis >|TRTA Xanomeline High Dose - Placebo|SEX M RR_lower 0.59340661590
12 (endpoint_group = 1ist(1ist({AEDECOD = c())))), 13 |00001-00013|Example 1: Severe adverse events safety analysis >|TRTA Xanomeline High Dose - Placebo|SEX F RD pe 5.513513514
13 (SUDEPDUPS = 1i5tl:C<”SEK">)) 14 (00001-00013(Example 1: Severe adverse events safety analysis >|TRTA Xanomeline High Dose - Placebo|SEX F RD upper 21.434785889
13 N —
14 d int label g 1= 1: S d + Fet 1 . 15 |00001-00013|Example 1: Severe adverse events safety analysis >|TRTA Xanomeline High Dose - Placebo|SEX F RD_lower —-4.407758862
r = wamoles 1°: vere adver ays r veis = —
- (EI"I point_labe Xample 1o Severe adverse eVents sarety analysis set 16 |00001-00013|Example 1: Severe adverse events safety analysis >|TRTZ ¥anomeline High Dose - Placebo|SEX M RD_pe 20.361247947
15 (adam_fun_nm = "mk_zdae"), 17 |00001-00013|Example 1: Severe adverse events safety analysis >|TRTA Xanomeline High Dose - Placebo|SEX M RD_upper 34.553384395
. . . 12 lanani_anni2lresmnia 10 Gorars sdvaros awanre safarn analusie | TDTR ¥anamalina Himh Naos _ Dlamshal oov W BN 1A © ecoiiiann
16 (base_stats_set = list(c("N_sub", "N_subsv", "P_subev")}),
17 (analysis_stats_set = list{c({"OR", "RR", "RD", "Pwal"}}),
18 (critericn_endpoint = "criterion_socptupd"),
19 (criterion_subgroup_description = ""),
28 (critericn_subgroup_snalysis =
21|);
22 | ‘R Data: headache_table — [
File
treatment_val subgroup_ var|subgroup val|endpoint group instance|Pval barnard|N sub |N_subev |P subev OR RR
1 |Xanomeline High Dose|total HA HELADACHE 0.6382693 79 = T7.594937|0.73 (0.23:2.28)|0.75 (0.26:2.12)
2 |Placebo total HA HEADACHE HA 3] 7 10.14492%8 N ( HNA: HNR) HA ( HNAR: HN&)
3 |Xanomeline High Dose|SEX F HELDACHE 0.98106%6 37 49 10.810811|1.0% (0.25:4.72)|1.08 (0.29:4.01)
4 |Placebo SEX F HELDACHE HR 40 4 10.000000 HR ( HA: HNR) N ( MNA: HN&)
5 |Xanomeline High Dose|S5EX M HELDACHE 0.4639994 42 2 4.761905|0.43 (0.07:2.77)|0.46 (0.085:2.58)
& |Placebo SEX M HELADACHE HR 29 3 10.344828 N [ MNA: HNR) H& ( MNA: HN&)

Data from “survivalData” package



We also want age group?
.. And only if pvalues < 5%
.. Or if there is more than 10 events

—
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data.table::dats.table(
(project = "nnl234"),

(trial = "nnl234-2201"),
(instance = "current™),
(pop_var = "SAFFL"),
(pop_val = "¥"),

{treatment_var =

(treatment_refval =

(pericd_var
(period_val

“SAFFL™Y,

(endpoint_filter =
(endpoint_group = list(list({AEDECOD = c(})})),

(subgroups =

"TRTA"},

"¥gnomeline High Dose"),

list{c("SEX",

(endpoint_label = "Example

(adam_fun_nm = "mk_adas"),

(base_stats_set = list(c("MN_sub", "N_sub
list{c("OR", "RR", "RD

(analysis_stats_set

{criterion_endpoint

(criterion_subgroup_

description

(criterion_subgroup_snalysis

R Data: output_data

"1is.na{AEDECOD) == TRUE"),

‘criterion_socptupd"),

svents safety analysis

w

“P_subev"))),
*, "Bval")),

m
[ai

"),

tar_make()
uired
uired

branch
branch

branch
branch
branch
branch

branch
branch
branch
branch

end
end
end

File
endpoint_id|endpoint label Creatment Vvar|treatment val subgroup var|subgroup val|stat_wvar stat_val

1 |(00001-00013 | Example 1: Sewvere adverse events safety analysis >|TRTA Xanomeline High Dose - Placebo|SEX F CR_pe 2.968750000

2 |00001-00013|Example 1: Severe adverse events safety analysis TRTAR Xanomeline High Dose - Placebo|SEX F CR_upper 16.347246060 mjnute

3 |00001-00013|Example 1: Severe adverse events safety analysis TRTA Xanomeline High Dose - Placebo|SEX F CR_lower 0.5391413€5

4 |00001-00013|Example 1: Severe adverse events safety analysis TRTA Xanomeline Dose - Placeko|SEX M CR_pe 8.750000000

5 |00001-00013 | Example 1: Sewvere adverse events safety analysis > TRTA Xanomeline F Dose - Placebko|SEX M CR upper .698937436

& |00001-00013|Example 1: Severe adverse events safety analysis TRTA R Data: headache_table

7 |00001-00013|Example 1: Severe adverse events safety analysis TRTR .

8 |00001-00013|Example 1: Severe adverse events safety analysis >|TRTA File

S |00001-00013|Example 1: Severe adverse events safety analysis TRTA treatment val subgroup var|subgroup val|endpoint group instance|Pval barnard|N sub H subev CR RR

10 |00001-00013 Example 1: Severe adverse events safety analysis >| TRTA 1 |Xanomeline High Dose|total HR HEADACHE 0.6382693 79 7.594937|0.73 (0.23:2.28)|0.75 (0.26:2.12)
11 |000Q1-00013|Example 1: Severe adverse esvents safety analysis TRTAR 2 Flacebo total L HELDACHE HL P 1o.144528 R ( HL: NL) NA ( HA: NZ&)
12 |00001-00013|Example 1: Severe adverse events safety analysis >|TRTA

13 |00001-00013|Example 1: Severe adverse events safety analysis >|TRTA

14 |00001-00013|Example 1: Severe adverse events safety analysis TRTR Xanomeline Hi Dose - Placebko|SEX F RD upper

15 |(00001-00013 | Example 1: Severe adverse events safety analysis TRTAR Xanomeline Hi Dose - Placebo|SEX F RD_lower -4.407758862

16 |00001-00013|Example 1l: Severe adverse events safety analysis >|TRTA Xanomeline Hi Dose - Placebo|SEX M RD pe 20.3612475947

17 |00001-00013 | Example 1: Severe adverse events safety analysis >|TRTA Xanomeline Dose - Placebo|SEX M RD_upper 34.8533E84585

12 lanani_annr 2l Fesmeis 10 Savaws sdwaves svamrs sazfarir smslveis | TOTR Vamemaline @5 Tmes — Dlsmakel orv e for N p— = 2gai1120n

Nordisk®



What did we learn?



Abstraction
It's all the same problem!

Modularization
Flexibility and stepwise progress

Infrastructure first
Bells and whistles later
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