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Introduce Myself
W Gratuated, Pharmaceutical Sciences

o N Master's degree, Pharmaceutical Industry
TEUTO @HVE,%E,E Management

4
¥stepscience BACKGROUND

Karita Calvalcante .
Associate Quality Manager N 2011 -2015—-4 years: Quality Assurance —

Pharmaceutical Industry

- JoeS I
N 2015-2022 -7 years: Validation & Qualification

— Pharmaceutical Industry

N 2023 — Present 3 years: Associate Quality
Manager — Stepscience Pharma & Engineering
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Agenda

1. Regulatory expectation x Reality

2. Monitoring  Tools, Trending and

Integration

What is effective monitoring?

Key Challenges!

Statistical Tools: Control Charts & Nelson Rules
Monitoring Systems

Parameters in Validation

“Validation Monitoring
Tools, Trending and
Integration”

3. Integration (Basic x Indermediate x
Advanced)

4. Real Impact
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1 - Regulatory Expectation x Reality

Process
Validation

nnnnnnnnnnnnn

Lifecycle Validation

"A continuous
process of designing,
proving, and
monitoring to ensure
consistent quality.”

:
%

Fragmented Systems

OFs —0

DATA-DRIVEN

@ % 0= DECISION
@ @ MAKING

=

Data driven decisions

"Fragmented stages
and isolated data,
hindering clear
continuous
monitoring."

“Turning shared
knowledge into
smart actions”

Beyond
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Validation

Reactive Quality

“Acting only on past
quality issues
without prevention."
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1 - Regulatory Expectation x Reality

Continuous Process Verification

W for Process Monitoring

L

A shutterstock.com - 2419881673
W Trending should allow early detection of

CPV x Periodic Review Y
variability and demonstrate process control.
"A continuous "A point-in-time
monitoring” assessment where
data is only reviewed
in isolation”
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2.1 -What is Effective Monitoring?

N Continuous Data Collection: Monitoring is not data collection, it’s decision enablement.

N Process Understanding: Data without context is noise.

N Early Signal detection: OOS is a failure. Trending is prevention.

N Decision Support: The future of validation is not more protocols; it’s better data use.
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2.2 - Key Challenges !!!

Manual data handling

If your monitoring depends
on manual extraction... it
will always be late.

Lack of standardization
between systems

Most companies don’t lack
tools; they lack connection
between them.

Beyond

the Checklist:

Smarter

Validation

Late detection of issues

Detecting failure is easy,
early detection is maturity

N

Pharmaceutical
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2.3 Trending Tool — Process Control Charts & Nelson Rules (dots)

W Trending is the systematic analysis of data over time to detect patterns and changes in
process performance.

Average tablet weigh

Change in equipment | __ ..,
3500 settings between shifts. | = 5.0%%

— == 3Sigma (UCL/LCL)

— Media (2400)
2-Sigma (AL)
1-Sigma (WL)

~  Looking only at
specification limits or
acceptance criteria is
outdated.

3000 -

2500 A

Weight (mg)

2000 ~ .
N Understanding process
behavior is the essential.

1500 A \ /
0 10 20 30 m— 40 50

Observation
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2.3 Trending Tool — Process Control Charts & Nelson Rules (dots)
1) One point is more than 3 standard deviations from the mean (30) 2) 2 out of the last 3 points above or below warning limits (+20)
110.0 — Spec (95-105%) 10.0 —— Spec (95-105%)
—— Mean (100%) —_ N‘E-ﬂﬂ (100%)
1075 ;?;ﬁz 107.5 ;Sslz,nn: (Warning)
1050 A - :simisun (%) o ———————————— f g{:;gf;::;f’
Si 10251 ;:; 10251 /\/
%10&0 ‘\\v”‘ //\\\v//‘//\\ ///}\\\r .//A\\\r/,. §1oao .\\\\///‘\\\¥///ﬂ\\\¥/,/‘“m\;\\h‘//,*’/’t\\\(
i \/ v V g 97.5
> 9751 5
= s
9.0
92.5
92.51
003 3 ; ; ; " B ” %
0850 25 50 75 10.0 125 50 75 20.0 Batch
Batch
N Analytical failure, causing an isolated N Initial process drift detected due to loss
excursion beyond the critical control of stability, with results trending toward
limits the alarm limits.
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2.3 Trending Tool — Process Control Charts & Nelson Rules (dots)

3) 4 out of the last five points above the o line or below the -a line 4) 8 consecutive points on the same side of the mean line

10.0

oo — i‘p;: (:ZQSS%) — ::;(;503;?%)
107.51 1+Sigma (Violation Area) 107.5 1 ;__Ssllg nn:
—a— sy Result (%) o Higma
Rule 3 Violation
1050 oo R e e e e T o e T s Rosttion
g::; 102.5 1 ;a; 102.5 4
g : — ~ g /\‘/.\‘/.\./‘\.\
% 100.0 l\’//\v/.\"f _.n\/,..‘_ “/ v \ "/\\//. ig 100.0 (AVA\( vAvL\(A\
% 9751 é 9751
e v ek e S st o oo ook O e ————————————
95 | 92.54
90.0 T T T T T T T T
90-00. 5 " 0 s 00 e =0 75 %0 0.0 25 50 75 10.Bc:JtCh 25 15.0 7.5 20.0
Batch
N Process de-centering identified, likely N After equipment re-calibration or a
caused by a change in raw material change in the operational procedure
purity. between shifts.
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2.3 Trending Tool — Process Control Charts & Nelson Rules (dots)

5) 6 consecutive points steadily increasing or decreasing

100 = Spec (95-105%)
—— Mean (100%)
1075 1-Sigma
2-Sigma
--- 3Sigma
105.0 —8— Assay Result (%)
_ ® Rule s Violation
9
g1m5-
2 100.0
¢
i
5 9751
m
&
95.0
925+
90.0 T T T T T T T T
00 25 50 75 0.0 125 15.0 75 200
Batch
N Reagent degradation causing a

continuous drift in the analytical results.

6) 14 consecutive points alternating up and down

110.0

107.5

105.0

102.5

It (Assay %)

2 100.0

97.54

Analytical re

9.0

9254

90.0

0.

0 25 50 75 10.0 25 150 75 200
Batch

W Variation between two different

analysts/instruments.

N

Pharmaceutical

—— Spec (95-105%)
—— Mean (100%)
+Sigma
2-Sigma
=== 3Sigma
—8— Assay Result (%)
@ Rule 6 Violation
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2.3 Trending Tool — Process Control Charts & Nelson Rules (dots)
7) 15 consecutive points within 1standard deviation of the mean (10) 8) 8 consecutive points on both sides of the mean with none in the 10 zone
10.0 — Spec (95-105%) o : i‘p;: (;2—(;;&;%)
e s S iy
& 1025+ :%a 10254
‘E; %mol/\/\/\Ar\/\L/\)
§100.0- % ~ V v v V \/ v v v
g 97.5 § 97.51
N Sy
X An issue with how the data is being N Bimodal distribution caused by the
collected. mixing of two different sub-populations.
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2.4 - Monitoring — Statistical Softwares
LA ®
M l n l t a b »‘ THE GLOBAL LEE)ERWFQAREAEAND ELN
=T

3’»
Jmp 2 LabVantage

Statistical Discovery™ From SAS.

® Stat Y ™
Action STARLIMS
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2.4 - Monitoring — Statistical Softwares — “Limitation”

4 Excel

9

I

14
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2.5 - Key Parameters for Trending in Validation
N Do | need monitoring all results for PV, CV and CSV? Keep Calm!

N We can start maturing our monitoring by focusing only on what truly matters.

“Risk-based”

Process Validation Cleaning Validation Computerized System Validation
Critical Quality Attributes (CQA) Residue levels (API, detergents) Number of audit trail events (e.g.,
modifications, deletions)
Critical Process Parameters (CPP) Cleaning process parameters (time, Backup success/failure rate (%)
temperature, flow, concentration)
Yield (%) Re-cleaning rate (%) System downtime / availability (%)
15/20
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3 - Integration Between Systems

@9@0@ @0@
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3 - Integration Between Systems

It’s not about having different systems, it’s about how data flows between them!

X LIMS:
- Stores analytical results, Supports QC release, Management of O0OS/O0T

Limitation: Usually does not perform robust trending / Data often remains static after
release.

W LIMS tells you the result, not the behavior of the process.

INTEGRATION!!!

N Without integration, monitoring becomes periodic instead of continuous. 17/20



Integration Systems

1 - Basic Secenario
3 - Advanced (Integration with QMS)

Historical data \
reviewed montly ( \
Exported T QA Involved
Manually
into excel

Systems I
Generates alert

b An investigation of
trend is opened

l LS

S Cd

Alert triggered Ak N/

if trend detected

Control chart

: updated

Automatically
transferred to

dashboard
Result Generated

Y

2 - Intermediate
18/
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4 - Real Impact

Cost reduction

Product quality & Process efficiency

Compliance

“In the end, it’s about not reacting, but acting early using data” s



Beyond
the Checklist:

iIRACI & EIPG: Beyond the Checklist:
Smarter Ph tical Validati Smarter
marter Pharmaceutical Validation haraceUtical
Validation

Any Questions?
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