FMEA analysis on a “pilot process” to validate aptamers as
therapeutic purposes
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Quality principles and methodologies
management of scientific research, in both basic and applied research
laboratories, where procedures and results are rapidly changing and can
hardly be standardized. The "Quality and Project Management Openlab"
(g-PMO) CNR Research project, aims to identify, develop and test models
of quality management that can strongly support the management of
scientific research. In this view, Quality methodologies, such as Failure
Mode and Effect Analysis - FMEA, was borrowed from the industrial field,
where it is widely used in risk control and process optimization
procedures, to validate and support research activities and results, to
create a standard and controlled workplace, and to support the interaction
between research and industrial
attractive targets for cancer diagnosis or therapy and therefore are
subjected to intensive investigation and interest of technology transfer.
We applied FMEA analysis on a “pilot” process, constituted by 3
subprocesses developed for the selection of cell-specific aptamers, in
agreement with the needs of companies interested in the development
We showed the FMEA analysis of the first subprocess.

of this methodology. The 3 subprocesses are: 1) Dephosphorylation and
purification; 2) Phosphorilation and Purification; 3) Cells binding assay.
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FAILURE MODE AND EFFECT ANALYSIS (FMEA)

Failure Modes and Effects Analysis (FMEA) is a systematic, proactive method for
evaluating a process to identify where and how it might fail and to assess the relative
impact of different failures, in order to identify the parts of the process that are most in
need of change.

*FMEA is used to evaluate processes for possible failures and to prevent them by
correcting the processes proactively, rather than reacting to adverse events after
failures have occurred. FMEA is particularly useful in evaluating a new process prior to
implementation and in assessing the impact of a proposed change to an existing
process.

*For each process step, FMEA proceed with the following phases:

e Failure modes (What could go wrong?)

e Failure causes (Why would the failure happen?)

e Failure effects (What would be the consequences of each failure?)
*Three parameters are used:

e Severity (S): weights the importance of the effect of failure on the final product
and/or user;

e Occurrence (O): measures the probability for the failure cause to happen;

e Detection (D): identify the control coverage of the process step in the present
configuration

*The product of the 3 parameters leads to a summary index, named Risk Priority
Number, that gives measure of the risk associated with each process step. Comparing
RPN of single process steps with a pre-definite risk threshold helps in decide whether
setting corrective action to make them more robust.

v
DEPHOSPHORYLATION
Mix 50°C x 60’
| \
ADD
OOOOOOOOOOOOOOOOO ZOOmFl)\|/I-|8EGTA h 1/10 vol. EGTA ilure Modes Effects Analysis
Mix preparation (150w v Failure Modes and Effects Analysis
1. er 10 (1x final concentration )
2. PA LU/ (0,1U/u! final concentration )
E IT eeeeeeeeee B zooslﬁjmzmmm EXTR':/CTION Proces,\'lsa?’rqgroduct Q)ztrir:t(ieorn- Dephosphorylation and Pre;la_zfg by: page] 1 of 3
EXTRACTION Process Owner: g-PMO LdA2 FMgélgéé;_(éérig): Rev. 0
\L ey Process Ste otential otentia c otentia 2L XD ctions
NaAC 3M PRECIPITATE « y'?)r InputSt P Falialutre lt/lolde Faillaurte Etffelcts / PC;us:esl / g I SRS / 'EI' Recﬁrr:mended
OH7.0 1/10 vol NaAc +3 vol EtOH 2 5 5 e
¢ _What is the % N § . § % .
SPIN | nwhatways | PEELOEE | 28\ st 35 | contoleana |38 o N ot reducing the.
13200 rpm 4°C 30’ e e e ariables once i © % ey Input to go S5 rocedures that preven ?‘8% occurrence of the
p¢ Step or Input? Stepfziq?mp“t f\zf\ils (E{Jesrtrc]);er otr % ?) “ yvlvr(F))n;’t? ’ E % F;itheéznirg%]ostgz%r thet % g,;g causg,etoercitrir;[:r)]r’fﬁ):zng
requirements)? § = g . ;3 § .
I Ethanol PELLET 2 I =
RECOVERING o
. wrong reagent . scheduled calibrations| 6 2 7
caltrataied | coneeniaton, | 6 caibradon | 4| empmealcheck |7\ e [Tl
RESUSPEND periodic check 6 2 4 48
10150 H,0 e
\L e wro;i% ;ze of unreliable results 6 lack \(/)vfotrrliiarrﬂsng of 4 control I(i. (;réirzy group 7 168 WE:L”Z]&S:"%O{IQSI‘Z b 6 2 7 84
< 25 pmol/ul
READ wrong isolation workers or suppliers
20 ovep gy | el | | endseee || peomayoreck | 1| 3
s o I s - the suppliers (100%)
| | I PREPARATION
Aptamero DF
Storage max 1month expired results need to random control of scheduled control of
-20°C reagents, not be verified 4 missed controls 4 expiration datgs_ and 7 112 expiration datgs_ and 4 4 4 64
- well stored storage conditions storage conditions
A detailed flowchart of the process{ — . L=
is a good starting point to identify percdc convol plan 5 | |
each process component. FMEA analysis begins by conaminad | samle s | fornanding | 4 | weotseimateral | 7 | 206 e ot
|dent|fy|ng a” Of the reagents rz:tccglr_dingt;hto rules fct)r 8 2 4 64
. analing the reagents
probable failure modes,
cause and effect.
—
7
120 - Risk Priority Number T
6 Moderate issue damage is not important and significant dissatisfaction (wrong data)
100 T
1 slight undetectable by the end user or not influential on the service
® 80 Many actions arising from the FMEA analysis are related to the organization of the laboratory, as L oowmere
(—:; = <100 you can expect when you apply the principles of quality management to a non-regulated research + |ty e oinens
; 60 = >100 laboratory. We have identified two main groups relating to: .
& 40 *Quality Management of laboratory: scheduled maintenance and calibrations of instruments, e
training of staff according to specific procedures, scheduled control of materials (expiration dates TR R
20 l] and storage conditions) — according to International Quality Standards (es: UNI EN ISO 9001:2008) M R T e
o po o . . . 1 Best g Error detection in the 90% of occurrence
0 *Specific process under analysis: Intermediate control of pellet, intermediate control of labelled
Starting RPN Ending RPN cells....
Since the process is not automated, it was not surprising therefore that the starting RPN was over
the established threshold of 100 in more than 50% of the operations; all of them were reduced by The analysis helps to identify risky operations
Correttive actions the application of corrective actions identified (see "Ending RPN”). and define corrective actions (for items with RPN
reduce RPN above the established threshold)

The outcome of the FMEA is a well-documented record to reduce overall risk to an acceptable level, and can be used as a source for designing a control strategy

This quality approach led to several major advantages. At first, a set of improvement actions was generated covering most lab aspects, such as management of instrumentation or training
of personnel involved. Then, FMEA methodology contributed to the definition of good laboratory practice, provided a strong support for the streamlining of protocols and was useful for
generating information suitable for knowledge management. The use of a common language oriented towards results is expected to facilitate technology transfer, thus promoting
interaction between research and industrial applications.
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