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‘Data that goes into a database should obey what |
call the CAP principle. It should be complete, it
should be accurate, and it should be permanent,
SO You never have to do it again.

Otherwise, there’'s no Progress.”

— Sydney Brenner, Nobel Laureate, 2004
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The problem in science today: >$1008B of lost R&D productivity each year
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‘It often takes us 2-3 months to assemble
the data from a single development batch”

- senior scientist global pharmaceutical company
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Researchers spend 80% of their time cleaning and
organizing data, instead of learning from it

20%

arnlng
5%
9%

How Data Scientists Spend Their Time:

® Cleaning and organizing data: 60%
o Collecting data sets: 19%
® Mining data for patterns: 9%

o
80%
. @ Refining algorithms: 4%
C | ea n I n g ® Building training sets: 3%

e Other: 5%
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Wrangler
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Data Wrangler
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Statements of pain in R&D

“Assessing the impact of batch variations
on product quality is quite challenging.”

_________________________________________________________________________________________________________________________________________________________________ R&D data issues

“We want integrated data for rapid q ua | |ty
Animal DMPK studies correlative analysis across workflow &

sample genealogy.” dCCeEeSS

Biologics Bioprocessing

INntegration

_________________________________________________________________________________________________________________________________________________________________ INnterpretation
Antibody Bio-panning “Our existing systems are too inflexible to Sy Ste M ﬂ exi b | | |ty

support our changing processes.”
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Clean data starts with quality experiments

But we, as a society, are failing to
to teach the principles,
develop the tools, &
build the culture

ol quality in R&D
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Examples from the front lines of science

The bad, the ugly and the hopeful
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Examples selected from stages of the typical biotech development lifecycle

cell line bioprocess downstream analytical animal DMPK
screening process process chemistry studies
development development
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Example 1:
Unreliable microtiter plate assay
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Example 2:
“Regression to the mean” - screening hits don’t hold up over time

CONCLUSION: Candidate strains
thought to be hits were not hits

Collected aggregate experiment data set @ Assessed media lot-to-lot effects on control strains
(indistinguishable from parent).

from Riffyn. Identified common controls
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@ Model fit to control for lot-effects and temperature effects. Most of variation in product titer
attributable to these 2 factors, not the candidate strains
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Example 3:
Pre-clinical testing results don’t match across independent sites

Same compound and protocol across 2 R&D sites

O
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animal DMPK
studies
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Site 1 Site 2
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Example 4:
Fermentation scale-up—troublesome tech transfers to full-scale manufacturing
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process
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XX% yield drop
$X lost product
12 months transfer time

analytical
chemistry
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Example 4:

Fermentation process development—initial state
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Example 4:
Fermentation process development—after quality campaign

Typical PD Batch BEFORE QUALITY

Typical PD Batch AFTER QUALITY
HIGH NOISE -> Unknowable process behavior LOW NOISE -> Predictive process model
A A
Yield .
T . . . Yield
= A . ‘
© >
7 . o ° o ©
¢ ' : :
9 °° ° ° 8 1
o ° ° 9
¢/ o
Time (h)

Time (h)

© 2018 Riffyn Inc 17



Example 4:
Fermentation scale-up: before & after quality improvement and data integration
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Exact performance match
across scales
3-4 months transfer time

© 2018 Riffyn Inc 18



Example 5:

High-throughput strain screening artifacts and unreproducible hits

Root cause

96 well plate data
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Microtiter plate #

19

© 2018 Riffyn Inc



6X reduction in screening error doubles rate of strain improvement
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Source: Gardner, TS (2013) Trends in Biotech. 31:3, 123-125.
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Learning from history
Reduced decision-making error delivers faster progress

Improved data quality and integration revolutionizes the auto industry

Automobile manufacturing speed
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Derived from: M.A. Cusuman (1985) The Japanese Automobile Industry: Technology and Management at Nissan and
Toyota, Harvard University Press
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Lessons of manufacturing quality

DMAIC (6-sigma) TRANSLATION TO R&D
(Mfg) (R&D)

Degfine » Design

Measure Measure

Coptfol » Share
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Clean data starts with quality experiments

But we, as a society, are failing to
to teach the principles,
develop the tools, &
build the culture

ol quality in R&D
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We need to recognize our experiments as measurement systems

and teach our future scientists accordingly
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Riffyn’s mission is to help scientists deliver
research we can trust and build upon
efficiently. =

Q Riﬁcym Never\l\/liss a Discovery™



