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EVALUATION FOR STABILITY DATA
ICH Harmonised Tripartite Guideline
Having reached Step 4 of the ICH Process at the ICH Steering Committee meeting
on 6 February 2003, this guideline is recommended for adoption to the three

regulatory parties to ICH.
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EVALUATION FOR STABILITY DATA

MEZ(NTRODUCTION)

=X (Objectives of the Guideline)

This guideline is intended to provide recommendations on how to use stability data
generated in accordance with the principles detailed in the ICH guideline “Q1A(R)
Stability Testing of New Drug Substances and Products” (hereafter referred to as
the parent guideline) to propose a retest period or shelf life in a registration
application. This guideline describes when and how extrapolation can be considered
when proposing a retest period for a drug substance or a shelf life for a drug
product that extends beyond the period covered by “available data from the
stability study under the long-term storage condition” (hereafter referred to as
long-term data).
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1.2 if & (Background)

The guidance on the evaluation and statistical analysis of stability data provided in
the parent guideline is brief in nature and limited in scope. The parent guideline
states that regression analysis is an appropriate approach to analyzing quantitative
stability data for retest period or shelf life estimation and recommends that a
statistical test for batch poolability be performed using a level of significance of
0.25. However, the parent guideline includes few details and does not cover
situations where multiple factors are involved in a full- or reduced-design study.
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CHE L AKX ot
This guideline is an expansion of the guidance presented in the Evaluation sections

of the parent guideline.
ol 7tol=z2lel2 2 Jtol=a2telel It MMof 7|s& At

HE H2?{(Scope of the Guideline)

This guideline addresses the evaluation of stability data that should be submitted in
registration applications for new molecular entities and associated drug products.
The guideline provides recommendations on establishing retest periods and shelf
lives for drug substances and drug products intended for storage at or below “room
temperature”*. It covers stability studies using single- or multi-factor designs and
full or reduced designs.

ol Zto|=2}el2 NME(new molecular entity)2t

etdd oiolee| "oty ket

N W
> & oo
oo >
oor

=
0z
|0
tu

* Note: The term “room temperature” refers to the general customary environment

and should not be inferred to be the storage statement for labeling.

Foaene suEel

ol =tA =S olo|st] EAl Ezt =g ofn|sHR| ghErh

ICH Q6A and Q6B should be consulted for recommendations on the setting and

justification of acceptance criteria, and ICH Q1D should be referenced for

recommendations on the use of full- versus reduced-design studies.
& 7lF M- & EILM ZHo| st A2 ICH Q6AL2F Q6BE &t=xsind, 2

ClRfQl 3} ok CAbQl AlSofl 2tst A A2 ICH Q1DE Eb=$hch,
7to| =22l (GUIDELINES)

gt 2l&|(General Principles)

The design and execution of formal stability studies should follow the principles

outlined in the parent guideline. The purpose of a stability study is to establish,
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based on testing a minimum of three batches of the drug substance or product, a
retest period or shelf life and label storage instructions applicable to all future
batches manufactured and packaged under similar circumstances. The degree of
variability of individual batches affects the confidence that a future production batch
will remain within acceptance criteria throughout its retest period or shelf life.
ot AlEel ClAtelnt M2 =2 Jto|=z2fele| &2 wf2tof stk obEM Al 9
=4 3 = x| AIY ZIE ECfE, FA
2 olzfe E AR Z|2b E=
Zolct 7HE dix|el ®X} & BiX|ZF ZHAIR

Mol 2X 31 & 7|& o[LHZ Al gt

Although normal manufacturing and analytical variations are to be expected, it is
important that the drug product be formulated with the intent to provide 100
percent of the labeled amount of the drug substance at the time of batch release. If
the assay values of the batches used to support the registration application are
higher than 100 percent of label claim at the time of batch release, after taking into
account manufacturing and analytical variations, the shelf life proposed in the
application can be overestimated. On the other hand, if the assay value of a batch
is lower than 100 percent of label claim at the time of batch release, it might fall
below the lower acceptance criterion before the end of the proposed shelf life.

oA M=/=M E|xIb o d=T|= S| g AlEol 100%2| FEA|

A

Z 5t ME

el Al 100% olst2tH, o H

ofef 2 HOoE Jhsdol AUt

A systematic approach should be adopted in the presentation and evaluation of the
stability information. The stability information should include, as appropriate,

results from the physical, chemical, biological, and microbiological tests, including

those related to particular attributes of the dosage form (for example, dissolution

rate for solid oral dosage forms). The adequacy of the mass balance should be
assessed. Factors that can cause an apparent lack of mass balance should be
considered, including, for example, the mechanisms of degradation and the

stability-indicating capability and inherent variability of the analytical procedures.

A gHoz otgd EEE Fa|5t "ottt Madd 4 2 A2 =i,
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The basic concepts of stability data evaluation are the same for single- versus
multifactor studies and for full- versus reduced-design studies. Data from formal
stability studies and, as appropriate, supporting data should be evaluated to
determine the critical quality attributes likely to influence the quality and
performance of the drug substance or product. Each attribute should be assessed
separately, and an overall assessment should be made of the findings for the
purpose of proposing a retest period or shelf life. The retest period or shelf life

proposed should not exceed that predicted for any single attribute:
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The decision tree in Appendix A outlines a stepwise approach to stability data

evaluation and when and how much extrapolation can be considered for a proposed
retest period or shelf life. Appendix B provides (1) information on how to analyze
long-term data for appropriate quantitative test attributes from a study with a
multifactor, full or reduced design, (2) information on how to use regression
analysis for retest period or shelf life estimation, and (3) examples of statistical
procedures to determine poolability of data from different batches or other factors.
Additional guidance can be found in the references listed; however, the examples
and references do not cover all applicable statistical approaches.
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In general, certain quantitative chemical attributes (e.g., assay, degradation
products, preservative content) for a drug substance or product can be assumed to
follow zero-order kinetics during long-term storage'. Data for these attributes are
therefore amenable to the type of statistical analysis described in Appendix B,
including linear regression and poolability testing. Although the kinetics of other
quantitative attributes (e.g., pH, dissolution) is generally not known, the same
statistical analysis can be applied, if appropriate. Qualitative attributes and
microbiological attributes are not amenable to this kind of statistical analysis.
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The recommendations on statistical approaches in this guideline are not intended to
imply that use of statistical evaluation is preferred when it can be justified to be
unnecessary. However,  statistical analysis can be useful in supporting the
extrapolation of retest periods or shelf lives in certain situations and can be called

for to verify the proposed retest periods or shelf lives in other cases.
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Hlole| H2|(Data presentation)

Data for all attributes should be presented in an appropriate format (e.g., tabular,
graphical, narrative) and an evaluation of such data should be included in the
application. The values of quantitative attributes at all time points should be
reported as measured (e.g., assay as percent of label claim). If a statistical analysis
is performed, the procedure used and the assumptions underlying the model should
be stated and justified. A tabulated summary of the outcome of statistical analysis
and/or graphical presentation of the long-term data should be included.
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2| & (Extrapolation)

Extrapolation is the practice of using a known data set to infer information about
future data. Extrapolation to extend the retest period or shelf life beyond the period
covered by long-term data can be proposed in the application, particularly if no
significant change is observed at the accelerated condition. Whether extrapolation
of stability data is appropriate depends on the extent of knowledge about the
change pattern, the goodness of fit of any mathematical model, and the existence
of relevant supporting data. Any extrapolation should be performed such that the
extended retest period or shelf life will be valid for a future batch released with test

results close to the release acceptance criteria.
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An extrapolation of stability data assumes that the same change pattern will
continue to apply beyond the period covered by long-term data. The correctness of
the assumed change pattern is critical when extrapolation is considered. When
estimating a regression line or curve to fit the long-term data, the data themselves
provide a check on the correctness of the assumed change pattern, and statistical
methods can be applied to test the goodness of fit of the data to the assumed line
or curve. No such internal check is possible beyond the period covered by long-
term data. Thus, a retest period or shelf life granted on the basis of extrapolation
should always be verified by additional long-term stability data as soon as these
data become available. Care should be taken to include in the protocol for
commitment batches a time point that corresponds to the end of the extrapolated

retest period or shelf life.
orM M OlolEel 242 ZY| HolEel i Z(Ziol Xtz ZAeh st o{Eo| AlH
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?lgt ool HII(Data Evaluation for Retest Period or Shelf Life

Estimation for Drug Substances or Products Intended for Room

Temperature Storage)

A systematic evaluation of the data from formal stability studies should be
performed as illustrated in this section. Stability data for each attribute should be
assessed sequentially. For drug substances or products intended for storage at
room temperature, the assessment should begin with any significant change at the
accelerated condition and, if appropriate, at the intermediate condition, and
progress through the trends and variability of the Ilong-term data. The
circumstances are delineated under which extrapolation of retest period or shelf life
beyond the period covered by long-term data can be appropriate. A decision tree is
provided in Appendix A as an aid.

otgd Al HlolHE of MMollM MY

Ho[EE =AM =

oY oy oo

4o Ho

= Aol MA[=0f RACt.

2.4.1 7t& =HolAM Bosr Hs A< (No significant change at

accelerated condition)

Where no significant change occurs at the accelerated condition, the retest period

or shelf life would depend on the nature of the long-term and accelerated data.
7tE =HOM SCet 2o, MAIY 7|2 E= F2 7122 FHY|

Hio[e{et 7t H|oEf 2| 1 23 gtct
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2.4.1.1 &40 Ao == X5 2o Azt o mfaf Hsfof Aol EE ME Y=
&2 bfo/el % Z}£ Ofo/E/(Long-term and accelerated data showing

little or no change over time and little or no variability)

Where the long-term data and accelerated data for an attribute show little or no
change over time and little or no variability, it might be apparent that the drug
substance or product will remain well within the acceptance criteria for that
attribute during the proposed retest period or shelf life. In these circumstances, a
statistical analysis is normally considered unnecessary but justification for the
omission should be provided. Justification can include a discussion of the change
pattern or lack of change, relevance of the accelerated data, mass balance, and/or
other supporting data as described in the parent guideline. Extrapolation of the
retest period or shelf life beyond the period covered by long-term data can be
proposed. The proposed retest period or shelf life can be up to twice, but should not
be more than 12 months beyond, the period covered by long-term data.
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HEY Z/EE MZF FHo| mE HEE HoiFE & Hjols EE ItE
H/o/E/(Long-term or accelerated data showing change over time

and/or variability)

If the long-term or accelerated data for an attribute show change over time and/or
variability within a factor or among factors, statistical analysis of the long-term data
can be useful in establishing a retest period or shelf life. Where there are
differences in stability observed among batches or among other factors (e.g.,
strength, container size and/or fill) or factor combinations (e.g., strength-by-

container size and/or fill) that preclude the combining of data, the proposed retest
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period or shelf life should not exceed the shortest period supported by any batch,
other factor, or factor combination. Alternatively, where the differences are readily
attributed to a particular factor (e.g., strength), different shelf lives can be assigned
to different levels within the factor (e.g., different strengths). A discussion should
be provided to address the cause for the differences and the overall significance of
such differences on the product. Extrapolation beyond the period covered by long-
term data can be proposed; however, the extent of extrapolation would depend on
whether long-term data for the attribute are amenable to statistical analysis.
EX EM 29| Z7| H0|E EE= JIE HO|EIF EM 94 oA EE oy
, &7| dlole{el S

. BiX| EE VB 2

37| /==

ofd A

e J|1Z7ie =1t

E0[5HA

&7 240/ ZI58lx &2 L/o/E/(Data not amenable to statistical analysis)

Where long-term data are not amenable to statistical analysis, but relevant
supporting data are provided, the proposed retest period or shelf life can be up to
one-and-a-half times, but should not be more than 6 months beyond, the period
covered by long-term data. Relevant supporting data include satisfactory long-term
data from development batches that are (1) made with a closely related
formulation to, (2) manufactured on a smaller scale than, or (3) packaged in a
container closure system similar to, that of the primary stability batches.

Z7| diolefe]l sH E4o| JtssSHA| EX|gh 2E 24 O|o[E 7t AUctH, o™ IHAIH
ZlzZholvt ®7E 7|2t F7| diolE oidt Z|Zte| =i 1.5H§7tX| MH

Z|2t2ct 67HE o4 A MEMNM= oF Elct 23 2 HolHEE 7|

(1) 2EsH dtsEl =dez2 HM=EstAHL (2) o 22 A=Z2Z2 M=skAd (3

7] o AMAElo=z EZSE e s X2 =25 27| oole 7} ULt

&4 2410/ Z}&5 &t £jo/E/(Data amenable to statistical analysis)
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If long-term data are amenable to statistical analysis but no analysis is performed,
the extent of extrapolation should be the same as when data are not amenable to
statistical analysis. However, if a statistical analysis is performed, it can be
appropriate to propose a retest period or shelf life of up to twice, but not more than
12 months beyond, the period covered by long-term data, when the proposal is
backed by the result of the analysis and relevant supporting data.

7] tolele] A4 &Mo| JtssX|2t 24 S AAISHA] EUCHH, 2[4 == dlolHe

SH 40| 7tSSHA| 2 Zd9ot Ssich SR A 242 AAlgchH, ol d A

Z|zZholt 77 7|1Zk2

7 Hlole &

7| diole oiak Z|zke| =of 28i7bx] dEg 5 UXE, O
-1
—

7|22t 1270 olA ZA MMM oF =t chgk 24 Z3jel b
Sigkalsiiof stot,
2.42 7% =oM SOigt ot Z2(Significant change at

accelerated condition)

Where significant change* occurs at the accelerated condition, the retest period or
shelf life would depend on the outcome of stability testing at the intermediate
condition, as well as at the long-term condition.

7S ZHoAM Stet Hepot 2Meictd, EH| o ZoE

D5t MAIFT|Z0ILE 7E 7[2HE MEeiCh

* F(Note): The following physical changes can be expected to occur at the
accelerated condition and would not be considered significant change that calls for
intermediate testing if there is no other significant change:

7S =AM ChEE 22 S2[H HEoh stz ofde = A2

MsL ele 2ol olet €2 =2[H HEE 2 = AlFol EEt

2bE35HR| =

softening of a suppository that is designed to melt at 37°C, if the melting
point is clearly demonstrated,

=S80l Hebs| ZYE Ao 37°CollM S5 MAE zefe| o5t

failure to meet acceptance criteria for dissolution for 12 units of a gelatin
capsule or gel-coated tablet if the failure can be unequivocally attributed

to cross-linking.
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alE

—

il

However, if phase separation of a semi-solid dosage form occurs at the accelerated
condition, testing at the intermediate condition should be performed. Potential
interaction effects should also be considered in establishing that there is no other

significant change.
SHA|2E JHE =740 M ° A

2.4.2.1 2} Z=dofA Fojat H3o} @& Z9R(No significant change at

intermediate condition)

If there is no significant change at the intermediate condition, extrapolation beyond
the period covered by long-term data can be proposed; however, the extent of
extrapolation would depend on whether long-term data for the attribute are
amenable to statistical analysis.

S ol M Soiet Hepzt eictd, 27| Hlole et 7|Zhe "ol = fl&fol JhsStot

SHX| 2 2| &te] ME= Z7| Hioleel A 24 ofFof wat SEtEIct,
&7 240/ ZI58lx &2 L/o/E/(Data not amenable to statistical analysis)

When the long-term data for an attribute are not amenable to statistical analysis,
the proposed retest period or shelf life can be up to 3 months beyond the period
covered by long-term data, if backed by relevant supporting data.

8 54 &3 F7| tolHe A =2AMo| 7ksSHR| gX|gh 2t 27 Hlo|E 7t ACtH,

7| HiolE ek Zizboll =|of 3FHEZEX| FIlstod AR 7|2 E= 7E 7|22 MAE

o
T AUCH

&4 240/ 7}& 3+ §Jo/E/(Data amenable to statistical analysis)

When the long-term data for an attribute are amenable to statistical analysis but no
analysis is performed, the extent of extrapolation should be the same as when data
are not amenable to statistical analysis. However, if a statistical analysis is
performed, the proposed retest period or shelf life can be up to one-and-half times,

but should not be more than 6 months beyond, the period covered by long-term
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n backed by statistical analysis and relevant supporting data.
7| Hloleel A 40| JtsskX2t A4 ME AAISHK]
Aol JtssHAl gbe mel Sdstch shX|gh SA
7] oiole tHat Z|Ztel =t 1.5H474A]

| ™M= oF Elch cigh 84 24 Zaiet

2.4.2.2 FZt =HojA  FofEt Hsfof 2435 Z-P(Significant change at

intermediate condition)

Where significant change occurs at the intermediate condition, the proposed retest
period or shelf life should not exceed the period covered by long-term data. In
addition, a retest period or shelf life shorter than the period covered by long-term
data could be called for.

St =0l St Myt 2 se Z7| dlolH
&t 7|12t = giCh. oflo|Ef CHAF

7|Zv2Ct O Fofo

Shelf Life Estimation for Drug Substances or Products Intended for

Storage Below Room Temperature)

H& 23 YRokE s oM e|ekE(Drug substances or products

intended for storage in a refrigerator)

Data from drug substances or products intended to be stored in a refrigerator
should be assessed according to the same principles as described in Section 2.4 for
drug substances or products intended for room temperature storage, except where
explicitly noted in the section below. The decision tree in Appendix A can be used as
an aid.

HE =2

Helstnes

w2l gotetet.

2.5.1.1 JlF ZAofA Fojat H3o} @& ZF9R(No significant change at
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accelerated condition)

Where no significant change occurs at the accelerated condition, extrapolation of
retest period or shelf life beyond the period covered by long-term data can be
proposed based on the principles outlined in Section 2.4.1, except that the extent
of extrapolation should be more limited.

7S mHOM Soish Hebt Y SER] e, oMo It o MetAMel HE Melsty,

3 [

MM 24100 Z[sE #EF0 oAt FY| HlolE oy Z(ZtE M= A 712t

= 77 7|7t 2|40l JtsSiel.

If the long-term and accelerated data show little change over time and little
variability, the proposed retest period or shelf life can be up to one-and-a-half
times, but should not be more than 6 months beyond, the period covered by long-
term data normally without the support of statistical analysis.
Z7] dlolEet 715 ClolE{7t HES Mot AlZt dijo g HelE
dutoz A Moz SIS of & MAIR 7|2t
Clolel cHat Z|zkel =Ci  1.58{7EX| ot

M™M= oF

Where the long-term or accelerated data show change over time and/or variability,
the proposed retest period or shelf life can be up to 3 months beyond the period
covered by long-term data if (1) the long-term data are amenable to statistical
analysis but a statistical analysis is not performed, or (2) the long-term data are
not amenable to statistical analysis but relevant supporting data are provided.

7| Hlolg = JiE OOl HEd /L= AlZE Zofol| mE WHEE 2ols EF

(1) 7| dloleel SA =4o| JtssHAgt A =24 IAISER] AL (2) &7

clolefe| SH &4{0] 7hsstA| &LX[gh 2 ZH ol 7t ACtH, o™ MAIE 7|2 E=
o
=

w& 7|72 7| tlolg et Z[ZHEct =|of 37HE 7K dA A 5 UCh

Where the long-term or accelerated data show change over time and/or variability,
the proposed retest period or shelf life can be up to one-and-a-half times, but
should not be more than 6 months beyond, the period covered by long-term data if
(1) the long-term data are amenable to statistical analysis and a statistical analysis
is performed, and (2) the proposal is backed by the result of the analysis and

relevant supporting data.

H7| ololel wE It ololEIt HEA A=,
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(1) Z7| dioleel SH 2N ZIolel 2
=7 Hlo|5{Z SIutEof ZH7| ololgf o4t
7|1zke| Z|cH 1.58i7X| A H HdYMM= o

=k

2.5.1.2 7/& =AojA FofEt Hsfof 245 Z-P(Significant change at

accelerated condition)

If significant change occurs between 3 and 6 months’ testing at the accelerated
storage condition, the proposed retest period or shelf life should be based on the
long-term data. Extrapolation is not considered appropriate. In addition, a retest
period or shelf life shorter than the period covered by long-term data could be
called for. If the long-term data show variability, ‘verification of the proposed retest
period or shelf life by statistical analysis can be appropriate.

7tE =dolM 37HE AIEZ e7E AR Atololl  SCHsr Histt

Cllolefoll Z7sto{ o & MAIY 7[Z2+ Exs

Aoz ZHFECH £ AR 7|2t

22Tt Uct. F7|

wa Zl2te &l

If significant change occurs within the first 3 months’ testing at the accelerated
storage condition, the proposed retest period or shelf life should be based on long-
term data. Extrapolation is not considered appropriate. A retest period or shelf life
shorter than the period covered by long-term data could be called for. If the long-
term data show variability, verification of the proposed retest period or shelf life by
statistical analysis can be appropriate. In addition, a discussion should be provided
to address the effect of short-term excursions outside the label storage condition
(e.g., during shipping or handling). This discussion can be supported, if appropriate,
by further testing on a single batch of the drug substance or product at the

accelerated condition for a period shorter than 3 months.
7S =AM AR 374 Al” Atololl BrHel HHaEbrb 2k

=75t ol MAIH 712k2
X

ZiFEic AR 7| 3
&7| dlolef}
felsts 20| A . B x4 ©| Atk w2 o

=teh(d, . ch 2 7|2t set

[
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FolokE0|Lt etA|ofek XIS FII2 AlEsto] SIgbEls 5= Uch
252 4Hs Ea AR9UE 2tr| 2|2k E (Drug substances or products

intended for storage in a freezer)

For drug substances or products intended for storage in a freezer, the retest period
or shelf life should be based on long-term data. In the absence of an accelerated
storage condition for drug substances or products intended to be stored in a freezer,
testing on a single batch at an elevated temperature (e.g., 5°C &+ 3°C or 25°C =
2°C) for an appropriate time period should be conducted to address the effect of
short-term excursions outside the proposed label storage condition (e.g., during
shipping or handling).

dHE 2o YZRo|erFEOo|LL hM[e|ekEel MAIY 7|z

ZHsto d-sict d4F o

712k
EH

FZO|Lt 2hA[efefEoll thstod JH=

25 (9, 5°C + 3°C E= 25°C + 2°C)01|A‘|

o
AEstod, ofd 2hd Cho| Erof| e Feks "rtetoh(ol,

AD).

2.5.3 -20°C 0|3t o 2tH[ 2| ekZ (Drug substances or

products intended for storage below -20°C)

For drug substances or products intended for storage below -20°C, the retest
period or shelf life should be based on long-term data and should be assessed on a
case-by-case basis.

-20°C O|st 2 =9 otESl MAYE 7|2t EE ®RE VIUHE FY

ojof&foll A5t M5t

ot A A HHH (General Statistical Approaches)

Where applicable, an appropriate statistical method should be employed to analyze
the long-term primary stability data in an original application. The purpose of this
analysis is to establish, with a high degree of confidence, a retest period or shelf life
during which a quantitative attribute will remain within acceptance criteria for all
future batches manufactured, packaged, and stored under similar circumstances.

sHeel= 4o MAES sH wWHES MEsted, ME Mol Z&EA7A MHEst=s Y|

7= otdd HIoIHE EAgtch of 242 SH2 FAtet &M M=, 23, 2= <s

- O o L — o ) —
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ojgfo| =2E sixlof i3 2 FXl=z22tn d2te =

MAIE 7|2t = R

In cases where a statistical analysis was employed to evaluate long-term data due
to a change over time and/or variability, the same statistical method should also be
used to analyse data from commitment batches to verify or extend the originally
approved retest period or shelf life.

AlZb Zotoll mhE Het Mo S 24 ez Y| HolHE "rtet

=
tol ol ofd vixlo| HIOIHE =ZMal S¢l e MAE

Regression analysis is considered an appropriate -approach to evaluating the
stability data for a quantitative attribute and establishing a retest period or shelf life.
The nature of the relationship between an attribute and time will determine
whether data should be transformed for linear regression analysis. The relationship
can be represented by a linear or non-linear function on an arithmetic or
logarithmic scale. In some cases, a non-linear regression can better reflect the true

relationship.

3|7 20| Mz

An appropriate approach to retest period or shelf life estimation is to analyze a
quantitative attribute (e.g., assay, degradation products) by determining the
earliest time at which the 95 percent confidence limit for the mean intersects the
proposed acceptance criterion.

MAE 212 E= ok Yol 95% AZ[etATL oflF

e Aoz HTM SN ¥R, ¥,

For an attribute known to decrease with time, the lower one-sided 95 percent
confidence limit should be compared to the acceptance criterion. For an attribute
known to increase with time, the upper one-sided 95 percent confidence limit

should be compared to the acceptance criterion. For an attribute that can either

gmpeye 2

www.gmpeye.co.kr




ICH Q1E Evaluation for Stability Data Gl007a

increase or decrease, or whose direction of change is not known, two-sided 95
percent confidence limits should be calculated and compared to the upper and
lower acceptance criteria.
AlZh datol| w2t dass A ot
CiE=
THE 95% A E|

of uhgt

t gl

The statistical method used for data analysis should take into account the stability
study design to provide a valid statistical inference for the estimated retest period
or shelf life. The approach described above can be used to estimate the retest
period or shelf life for a single batch or for multiple batches when the data are
combined after an appropriate statistical test. Examples of statistical approaches to
the analysis of stability data from single or multi-factor, full- or reduced-design
studies are included in Appendix B. References to current literature sources can be

found in Appendix B.6.
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3. £ E(APPENDICES)

Appendix A: |E2|ekE & 2HH eekE

7|12t £H2 9st Hole ™It o AlRAE T (Decision Tree for Data Evaluation for

Retest Period or Shelf Life Estim

(excluding Frozen Products))

4 Tahu atz and/or plot

r data on all
atlnb ..te': at all storage
conditions and evaluate

each attribute separately
. - _—

condition w

& months’

Long- term
data show: (1] little or
no change over time
and (2) little or no
variability?

Tas to both

Accelerated
data show: (1) Little or
no change over ime
and (2} little or no
vanability?

Yes to both

Statistical analysis
is normally
UnNnecessary

(52 HF He)e| ™MAH 7|2k E

ation for Drug Substances or Products

Sizmficant
change at accelerated
condition within
3 months?

Intended
to be stored in 2
vafrizerator”

MNeto(l)or

(2) or both

{1)Long- term
data amenable to
statistical analysis and
(2} statistical 1"al§.' 5
performed?

Tes to both

L

W=up to 2, but not
exceeding X + 12 months;
or if refngarated,

Y =up to 1.5X, butnot
excesding X + 6 months

If ba..ked h\' "au"H:al
,u:upo'u_g data: Y
2 menths; ;or if refriger ated.

Y =upte 1.5, butnot
axceeding X + 6 months

Mo extrapolation; shorter
retest period or shelf life and
data covering excursions
can be called for; statistical
aual}" flon_z-tan.u data

how vanabality

Sigmificant
change
at intermeadiate
condition”

(1)Long- ter
data amenable to
statistical analvsis and
(2) statistical analysis

No e‘mapo ntmu shorter
retast period or shelf life
can be ealled for; statistical
analysis if long-term data
show variability

Noto (1)

If backed by relevant
supporting data
YT =upte X - 3 months

If backed by statistical

analvsis and relevant

L

If backed by relevant
supporting data: ¥ =up
te 133, but net
exceading X + & months;
or if refrizerated, ¥ = up
to X + 3 months

supporting data: Y =up
te 1530, but not
exceeding X + 6 months

Y = Proposed retest period ar shelf 1ifs
X = Period covered by long-term data
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Appendix B: ¢rdM Hole &AH 24 dHol of(Examples of Statistical

Approaches to Stability Data Analysis)

Linear regression, poolability tests, and statistical modeling, described below, are
examples of statistical methods and procedures that can be used in the analysis of
stability data that are amenable to statistical analysis for a quantitative attribute for
which there is a proposed acceptance criterion.

otzfoll M MEst= ME 39, X2 S

Add=of A SH 40| Jtset dEA

T ubed op A Xtel ofofct.
chel v x| ojole &M (Data Analysis for a Single Batch)

In general, the relationship between certain quantitative attributes and time is
assumed to be linear!. Figure 1 shows the regression line for assay of a drug
product with upper and lower acceptance criteria of 105 percent and 95 percent of
label claim, respectively, with 12 months of long-term data and a proposed shelf
life of 24 months. In this example, two-sided 95 percent confidence limits for the
mean are applied because it is not known ahead of time whether the assay would
increase or decrease with time (e.g., in the case of an aqueous-based product
packaged in a semi-permeable container). The lower confidence limit intersects the
lower acceptance criterion at 30 months, while the upper confidence limit does not
intersect with the upper acceptance criterion until later. Therefore, the proposed
shelf life of 24 months can be supported by the statistical analysis of the assay,
provided the recommendations in Sections 2.4 and 2.5 are followed.

dutroz S MITFAN SA 33 A|ZE Atole A= Mg =Helotn Jpgsich O3

2 x—l Et StE2 o

o T

stet 5{ 8 7|&F0l EAIZES 105%2F 95%0|1 Z7| ClolE Z|Zto|

A
1274golo of|d wma7(ZH o 3|7{Molct. of ofoilM AlZE
w2t gg 20t 57 | mfj=2ollcoll, gtFd E7|of

= 3074

o
il
2

H
07
o

Qb
00
N
MHA
=

H
10
Ofm
N

When data for an attribute with only an upper or a lower acceptance criterion are

analyzed, the corresponding one-sided 95 percent confidence limit for the mean is
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recommended. Figure 2 shows the regression line for a degradation product in a
drug product with 12 months of long-term data and a proposed shelf life of 24
months, where the acceptance criterion is not more than 1.4 percent. The upper
one-sided 95 percent confidence limit for the mean intersects the acceptance
criterion at 31 months. Therefore, the proposed shelf life of 24 months can be
supported by statistical analysis of the degradation product data, provided the
recommendations in Sections 2.4 and 2.5 are followed.
astet 518 7|& Jt2d St =4 &=F2o| HolHE
95% Al=[etAgt Mgsich a8 s &t=2l & Z|&FO0|
ool Z|zto| 127H&oln{ o™ ®&EZ[Zo| 2474l 2td|eletZe| 3|7 Mot

95% AlZ|Al= 3170 Aol 3{& Z[&E2 wXigER O22=2 M 2.42

Atgoll w2t 25 L= HiolEe] A =4LZ oE F&7|Z 2474

If the above approach is used, the mean value of the quantitative attribute (e.g.,
assay, degradation products) can be expected to remain within the acceptance
criteria through the end of the retest period or shelf life at a confidence level of 95
percent.

a7 HAlg AtSghet S

AElZEoM A I g 7l

T ACH

The approach described above can be used to estimate the retest period or shelf life
for a single batch, individual batches, or multiple batches when combined after
appropriate statistical tests described in Sections B.2 through B.5.

ME B.2FE B.57HA Zlsdt 4 A3 olFo St 7H4d °E

Ao

Ll
o{3f six|o] MAIH 7|2t £= 7E 7|ZH g = 2Uct.

0 24, 2 CIARl AlE el Hlolef &4 (Data Analysis for One-Factor,

Full-Design Studies)

For a drug substance or for a drug product available in a single strength and a
single container size and/or fill, the retest period or shelf life is generally estimated
based on the stability data from a minimum of three batches. When analyzing data
from such one-factor, batch-only, full-design studies, two statistical approaches can

be considered.
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/e o}
= ' 4 ololefol A AAIE
24 o Cixtel Mg HlOlEIE AT ), £

= y T

The objective of the first approach is to determine whether the data from
all batches support the proposed retest period or shelf life.

Noen do] SM2 2E Xl dlolEI ol  MAIY T2 E= 7= 7|2t

1 T

et st=X gotste Zolch

The objective of the second approach, testing for poolability, is to
determine whether the data from different batches can be combined for an
overall estimate of a single retest period or shelf life.

T o YHEER s' Jtsd ZddE)el SAH 2 stitel MMA™ 7|

o
o2 FX5H7| flstol M2 B2 Hix|e| Hio|HE ZEe

o

2E X7 A" MAIE 7|2 E= 7E 7|12te AEESI=X "HIH(Evaluating

A H

whether _all batches support the proposed retest period or shelf
life)

The objective of this approach is to evaluate whether the estimated retest periods
or shelf lives from all batches are longer than the one proposed. Retest periods or
shelf lives for individual batches should first be estimated using the procedure
described in Section B.1 with individual intercepts, individual slopes, and the pooled
mean square error calculated from all batches. If each batch has an estimated
retest period or shelf life longer than that proposed, the proposed retest period or
shelf life will generally be considered appropriate, as long as the guidance for
extrapolation in Sections 2.4 and 2.5 is followed. There is generally no need to
perform poolability tests or identify the most reduced model. If, however, one or
more of the estimated retest periods or shelf lives are shorter than that proposed,
poolability tests can be performed to determine whether the batches can be
combined to estimate a longer retest period or shelf life.

o ol =EXME2 ZE HxE HIE2Z FHEor MAIH [zt

J)zbect o 7l el

grotst=d ot HA ZE six|e| Ho|HE EUZE A

o
o M&E 2, 4 HEny 7|27|2 44 B.1ol ZlsE EXHE olEdsh JHE sixlof i
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FO|
=Yg

ol o d 712

ozl A 71zt

Alternatively, the above approach can be taken during the pooling process
described in Section B.2.2. If the regression lines for the batches are found to have
a common slope and the estimated retest periods or shelf lives based on the
common slope and individual intercepts are all longer than the proposed retest
period or shelf life, there is generally no need to continue to test the intercepts for
poolability.
= MM B.2.20 JlEE AR S Ao AT UACt  Hi x| S2
S 7187|8 2ol 3& 7|27« 2 A KAl Z]ZtolLt
ofd AR 2|zt |2ttt 2% 2 HH9

tsd 488 Ase

B.2.2 Hix| XI2 S8 JtsM AZA(Testing for poolability of batches)

B.2.2.1 &&4f £4/(Analysis of covariance)

Before pooling the data from several batches to estimate a retest period or shelf life,
a preliminary statistical test should be performed to determine whether the
regression lines from different batches have a common slope and a common time-
zero intercept. Analysis of covariance (ANCOVA) can be employed, where time is
considered the covariate, to test the differences in slopes and intercepts of the
regression lines among batches. Each of these tests should be conducted using a
significance level of 0.25 to compensate for the expected low power of the design
due to the relatively limited sample size in a typical formal stability study.
Kxlo| Hlol&{E S&tstod MAIY 72 2= 78
AAls M=z chkE Hix|el E[FHMol B&

HEel <ol o] six| 3|Fe

A(ANCOVA)E AAg £ Uch F

L =

m-Zol Clxtele] %2 HEHY
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If the test rejects the hypothesis of equality of slopes (i.e., if there is a significant
difference in slopes among batches), it is not considered appropriate to combine
the data from all batches. The retest periods or shelf lives for individual batches in
the stability study can be estimated by applying the approach described in Section
B.1 using individual intercepts and individual slopes and the pooled mean square

error calculated from all batches. The shortest estimate among the batches should

be chosen as the retest period or shelf life for all batches.

7127 €4 7Hdol Z|HEctE 03 sixle| Z|=27|7t welolet X0 EelctH), 2E

Hix|2| HiolE{E & MAEsictn = 5 @ich

MAS Z12F 2= RE 7[22, 2& HiA[2] HO[HZ ALt

g2d/7127|=2, M4 B.10l 7E

FHRE ZE R[] MAIH 7|

If the test rejects the hypothesis of equality of intercepts but fails to reject that the
slopes are equal (i.e., if there is a significant difference in intercepts but no
significant difference in slopes among the batches), the data can be combined for
the purpose of estimating the common slope. The retest periods or shelf lives for
individual batches in the stability study should be estimated by applying the
approach described in Section B.1, using the common slope and individual
intercepts. The shortest estimate among the batches should be chosen as the retest
period or shelf life for all batches.

HH tdol Z|zt=l x|t 7|77t Sdstct

Fololet xfolE Ho|x|gk

If the tests for equality of slopes and equality of intercepts do not result in rejection
at a level of significance of 0.25 (i.e., if there is no significant difference in slope
and intercepts among the batches), the data from all batches can be combined. A
single retest period or shelf life can be estimated from the combined data by using
the approach described in Section B.1 and applied to all batches. The estimated
retest period or shelf life from the combined data is usually longer than that from

individual batches because the width of the confidence limit(s) for the mean will
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become narrower as the amount of data increases when batches are combined.
712712 dHel Z¢M ZHZEO| 0.259 e F=FdAM J|ZEX|

Zl2212f #doll wololgt Ato|7t 8le &), ZE Bixl| HlolHE

Mgslof S8 HolEZRE Siutel WA T2 e
. B8 HoledN E58 =F
=

AEct o 4ot sixE S5t HlolE e

The pooling tests described above should be performed in a proper order such that
the slope terms are tested before the intercept terms. The most reduced model (i.e.,
individual slopes, common slope with individual intercepts, or common slope with
common intercept, as appropriate) can be selected for retest period or shelf life
estimation.

flolM MHS X2 &

AAIStCH THAR 7|

712712k JHE HH,
B.2.2.2 7/E} BE/(Other methods)

Statistical procedures?® other than those described above can be used in retest
period or shelf life estimation. For example, if it is possible to decide in advance the
acceptable difference in slope or in mean retest period or shelf life among batches,
an appropriate procedure for assessing the equivalence in slope or in mean retest
period or shelf life can be used to determine the data poolability. However, such a
procedure should be prospectively defined, evaluated, and justified and, where
appropriate, discussed with the regulatory authority. A simulation study can be
useful, if applicable, to demonstrate that the statistical properties of the alternative
procedure selected are appropriate’.

flolM ™S A ol2le| CE SH WHe=zEE MAIE 7|2F =
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B.3 ciea, 2k clXiel Algel dlole 24 (Data Analysis for Multi-Factor,

Full-Design Studies)

The stability of the drug product could differ to a certain degree among different
factor combinations in a multi-factor, full-design study. Two approaches can be
considered when analyzing such data.

Chea 2 CIxfel AIEolA of2f 24 TE Alolo] oloHE or¥Aol o HE CfE &

-

UCE HIO[El &4 Alof|l & JiX] g4 S g 5 Uch

The objective of the first approach is to determine whether the data from
all factor combinations support the proposed shelf life.
Ao gHol FME ZeE 4 =l HolErt od ®& 77t
SR SH=X| #Ilst= Zolch,
The objective of the second approach, testing for poolability, is to
determine whether the data from different factor combinations can be
combined for an overall estimate of a single shelf life.

Haf HHAR s& Jtsd dF)el ZH2 stHtel vE Y

Hsot7| flstod M2 Chg 24 =3e| HolHE

=

2E 24 =go| o™ wE 7|12t2 SEES=Xl HIH(Evaluating whether

all factor combinations support the proposed shelf life)

The objective of this approach is to evaluate whether the estimated shelf lives from
all factor combinations are longer than the one proposed. A statistical model that
includes all appropriate factors and factor combinations should be constructed as
described in Section B.3.2.2.1, and the shelf life should be estimated for each level

of each factor and factor combination.

of Yo =X zE 24 J\zbEct o 2l

[

Zolx|

gotsted ok 2E 2 2d B.3.2.2.101
7|=¢%t diol| w2t st 7 detct
If all shelf lives estimated by the original model are longer than the proposed shelf
life, further model building is considered unnecessary and the proposed shelf life

will generally be appropriate as long as the guidance in Sections 2.4 and 2.5 is
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followed. If one or more of the estimated shelf lives fall short of the proposed shelf
life, model building as described in Section B.3.2.2.1 can be employed. However, it
is considered unnecessary to identify the final model before evaluating whether the
data support the proposed shelf life. Shelf lives can be estimated at each stage of
the model building process, and if all shelf lives at any stage are longer than the

one proposed, further attempts to reduce the model are considered unnecessary.
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This approach can simplify the data analysis of a complicated multi-factor

study compared to the data analysis described in Section B.3.2.2.1.

MM B.3.2.2.10 7|&=. HoOlE =AMzl HWSHH, o A2
cC

Aol Hlolel 42 EeatAZ 5 UCH

B.3.2 XAl= &g 7ts4 HZHE(Testing for poolability)

The stability data from different combinations of factors should not be combined
unless supported by statistical tests for poolability.

JHss £ AHo=m SwEsX orow

1 Mz o2 24 =ptel oryy

y —

B.3.2.1 HiX| 7l HAH(Testing for poolability of batch

factor only)

If each factor combination is considered separately, the stability data can be tested
for poolability of batches only, and the shelf life for each non-batch factor
combination can be estimated separately by applying the procedure described in
Section B.2. For example, for a drug product available in two strengths and four
container sizes, eight sets of data from the 2x4 strength-size combinations can be

analyzed and eight separate shelf lives should be estimated accordingly. If a single
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shelf life is desired, the shortest estimated shelf life among all factor combinations
should become the shelf life for the product. However, this approach does not take
advantage of the available data from all factor combinations, thus generally

resulting in shorter shelf lives than does the approach in Section B.3.2.2.
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B.3.2.2 ZE 4 Y 4 xdte| A7 E& JtsM ZHAE(Testing for poolability of

all factors and factor combinations)

If the stability data are tested for poolability of all factors and factor combinations
and the results show that the data can be combined, a single shelf life longer than
that estimated based on individual factor combinations is generally obtainable. The
shelf life is longer because the width of the confidence limit(s) for the mean will
become narrower as the amount of data increases when batches, strengths,

container sizes and/or fills, etc. are combined.

Az s 7tsdE

Analysis of covariance can be employed to test the difference in slopes and
intercepts of the regression lines among factors and factor combinations” 8. The
purpose of the procedure is to determine whether data from multiple factor

combinations can be combined for the estimation of a single shelf life.
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The full statistical model should include the intercept and slope terms of all main
effects and interaction effects and a term reflecting the random error of
measurement. If it can be justified that the higher order interactions are very small,
there is generally no need to include these terms in the model. In cases where the
analytical results at the initial time point are obtained from the finished dosage
form prior to its packaging, the container intercept term can be excluded from the
full model because the results are common among the different container sizes

and/or fills.
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The tests for poolability should be specified to determine whether there are
statistically significant differences among factors and factor combinations. Generally,
the pooling tests should be performed in a proper order such that the slope terms
are tested before the intercept terms and the interaction effects are tested before
the main effects. For example, the tests can start with the slope and then the
intercept terms of the highest order interaction, and proceed to the slope and then
the intercept terms of the simple main effects. The most reduced model, obtained
when all remaining terms are found to be statistically significant, can be used to

estimate the shelf lives.
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All tests should be conducted using appropriate levels of significance. It is

recommended that a significance level of 0.25 be used for batch-related terms, and
a significance level of 0.05 be used for non-batch-related terms. If the tests for
poolability show that the data from different factor combinations can be combined,
the shelf life can be estimated according to the procedure described in Section B.1

using the combined data.
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If the tests for poolability show that the data from certain factors or factor
combinations should not be combined, either of two alternatives can be applied: (1)
a separate shelf life can be estimated for each level of the factors and of the factor
combinations remaining in the model; or (2) a single shelf life can be estimated
based on the shortest estimated shelf life among all levels of factors and factor
combinations remaining in the model.
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B.3.2.2.2 7/E} BHH(Other methods)

Alternative statistical procedures?® to those described above can be applied. For
example, an appropriate procedure for assessing the equivalence in slope or in
mean shelf life can be used to determine the data poolability. However, such a
procedure should be prospectively defined, evaluated, properly justified, and,
where appropriate, discussed with the regulatory authority. A simulation study can
be useful, if applicable, to demonstrate that the statistical properties of the

alternative procedure selected are appropriate’.
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=2l c|&xtel Alge| dlole 24 (Data Analysis For Bracketing Design

Studies)

The statistical procedures described in Section B.3 can be applied to the analysis of

stability data obtained from a bracketing design study. For example, for a drug
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product available in three strengths (S1, S2, and S3) and three container sizes (P1,
P2, and P3) and studied according to a bracketing design where only the two
extremes of the container sizes (P1 and P3) are tested, six sets of data from the
3x2 strength-size combinations will be obtained. The data can be analyzed

separately for each of the six combinations for shelf life estimation according to

Section B.3.2.1, or tested for poolability prior to shelf life estimation according to

Section B.3.2.2.
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The bracketing design assumes that the stability of the intermediate strengths or
sizes is represented by the stability at the extremes. If the statistical analysis
indicates that the stability of the extreme strengths or sizes is different, the
intermediate strengths or sizes should be considered no more stable than the least
stable extreme. For example, if P1 from the above bracketing design is found to be
less stable than P3, the shelf life for P2 should not exceed that for P1. No
interpolation between P1 and P3 should be considered.
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B.5 o EElA C|AIQl Algel Hlo[E 24 (Data Analysis For Matrixing Design

Studies)

A matrixing design has only a fraction of the total number of samples tested at any
specified time point. Therefore, it is important to ascertain that all factors and
factor combinations that can have an impact on shelf life estimation have been
appropriately tested. For a meaningful interpretation of the study results and shelf

life estimation, certain assumptions should be made and justified. For instance, the
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assumption that the stability of the samples tested represents the stability of all
samples should be valid. In addition, if the design is not balanced, some factors or
factor interactions might not be estimable. Furthermore, for different levels of
factor combinations to be poolable, it might have to be assumed that the higher
order factor interactions are negligible. Because it is usually impossible to
statistically test the assumption that the higher order terms are negligible, a
matrixing design should be used only when it is reasonable to assume that these
interactions are indeed very small, based on supporting data.
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The statistical procedure described in Section B.3 can be applied to the analysis of
stability data obtained from a matrixing design study. The statistical analysis should
clearly identify the procedure and assumptions used. For instance, the assumptions
underlying the model in which interaction terms are negligible should be stated. If a
preliminary test is performed for the purpose of eliminating factor interactions from
the model, the procedure used should be provided and justified. The final model on

which the estimation of shelf life will be based should be stated. The estimation of

shelf life should be performed for each of the terms remaining in the model. The

use of a matrixing design can result in an estimated shelf life shorter than that
resulting from a full design.
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Where bracketing and matrixing are combined in one design, the statistical

procedure described in Section B.3 can be applied.
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B.7 J8 (Figures)

Figure 1

Shelf life Estimation with Upper and Lower Acceptance Criteria Based on Assay at
25C/60%:RH
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Figure 2

Shelf life Estimation with Upper Acceptance Criterion Based on a Degradation
Product at 25C/60%RH
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