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Guidancefor Industry

Testing Limitsin Stability Protocolsfor Standardized Grass Pollen
Extracts

This guidance document represents FDA's current thinking on testing limits in stability protocols
for standardized grass pollen extracts. It does not create or confer any rights for or on any

person and does not operate to bind FDA or the public. An alternative approach may be used if
such approach satisfies the requirements of the applicable statutes, regulations, or both.

INTRODUCTION

Standardized grass pollen extracts must demongtrate their potency in accordance with 21 CFR
680.3(€e), 610.10, and 600.3(s). Accordingly, manufacturers must demonstrate that their grass pollen
extracts maintain potency and are stable until the product's expiration date. The Center for Biologics
Evauation and Research (CBER) is stting forth this document to provide guidance on developing
dability protocols for sandardized grass pollen extracts. A specific Sability protocol that is consstent
with CBER lot rlease is provided, ong with al necessary formulas and illusgtrative numerical examples.
This document does not change lot release criteriafor these products. To the extent that prior guidance
from FDA isor may beinterpreted to be inconsstent with this document, this document supersedes
such previous guidance. This guidance document findizes the draft guidance entitled "Testing LimitsIn
Stahility Protocols For Standardized Grass Pollen Extracts' that was announced in the Federal Register
of August 25, 1997 (62 FR 44975).

Allergenic extracts are a complex mixture of proteins obtained from naturd sources. Consequently, a
measure of the relative potency with respect to a standard isa critical step in lot release testing for
dandardized dlergenic products. By their nature, such tests are relatively less precise and more costly
(in both time and resources) than chemicd tests for smple organic and inorganic compounds. Presently,
relative potency is primarily determined by Enzyme Linked Immunosorbent Assay (ELISA). Aswill be
shown below, the inherent variability of the measured potency associated with this assay |eads to specid
consderations when devising lot release and stability protocols.

By way of outline and synopsis, Section 2 reviews current CBER lot release criteria and related issues
of ELISA test variability. It is shown that when only 3 replicates are employed (rather than a3
replicate/2 replicate sequence), the statistically equivaent range for relative potenciesis 0.654-1.530.
Section 3 presents arguments as to why in certain cases of multiple testing, including those of
Standardized Allergenic Extracts, the bounds for Stability Studies should be widened with respect to
those for Lot Release. Section 4 develops stability bounds based on the Bonferroni adjustment for
multiple tests. As an example, it is shown that for a 10-test stability study (two lots; tests on each lot at
6, 12, 18, 24 and 36 months; assays consisting of 3 replicates), the approved limits for relative potency



are 0.568-1.759. When threelots are included in the sudy (atotd of 15 tests), the limits are dightly
expanded to 0.556-1.798. (Itisassumed in dl casesthat the initid time point satisfies lot release
requirements.) Section 5 considers retesting and the current good manufacturing practice prohibition of
“testing into compliance’. Section 6 presents options for the manufacturer when atest fallsat atime
point, and Section 7 explains how to extend dating.

Before proceeding to Section 2, it is useful to discuss, in generd terms, and in the context of this
document, the Satigtica notion of manufacturer’srisk. Thisterm has avery specific meaning in the
context of quaity control and, for the nonexpert, is much clearer than related terms from datistica
hypothesistesting (i.e., Type | and Type I errors). Aswith many statistical concepts, however, it can
be mideading when used incorrectly or out of context. In the present document, manufacturer’ srisk is
associated with the cost of losing properly formulated product because of assay variability. 1n essence,
to ensure that potency is consstent, CBER rgjects a fraction of lots whose true relative potency is 1.0.
This document shows how this risk may be taken into account when determining the number of
replicates and the bounds for lot release and stability protocols.

. CURRENT LOT RELEASE CRITERIA

The determination of relative potency (rp) in the current release testing for standardized dlergenic grass
pollen extractsis atwo step process, which is denoted the “3+2” method. Firg, therp is determined
from the average of 3 replicates. If this average is between 0.699-1.431 (the 95% confidence interval
for the assay, or a=0.05), the sample passes. If it is outsde this range, two additiond replicates are
determined. The sample passesif the average of dl 5 replicatesis within 0.758-1.320 (a =0.05);
otherwise, the samplefails. For later reference, these limits were obtained as

limits = 1025V N

@

where N is the number of replicates; s =0.1375 is the standard deviation of the assay; z isthe value of
the 1-a/2 percentile of the norma distribution.

The release criteria a so place an upper bound on the sample standard deviation of log relative potency,
dlog(rp)]:

CZ
s[log(rp)] <'s
N-1 (2)

where o isthe upper 1% critica value of the chi-squared distribution for N-1 degrees of freedom. (N
istypicaly 3or 5.



The acceptance characteristics for the “ 3+2” determination of rp arelisted in Table 1. From this Table,
the probability of acceptance for alot of rp=1 is 0.980, indicating that equivalence (to reference) is
being tested at the a =0.02, or 98% confidence leve (the consequence of successve determinations at
a=0.05). Thesereaults can be used to develop aternative testing protocols with smilar characteritics.
For example, if only 3 replicates are taken, the appropriate a=0.02 intervd is 0.654-1.530; this
interva is obtained by subdtituting z=2.326 into Eq. (1). The 3 replicate procedure will be utilized for
the remainder of this Guideline, because its satistica properties are easer to caculate.

Inherent in CBER' s current release testing is that about 2% of lots whose true rp equals 1.0 (i.e,, the
reference itsdf) will fal thetest. Thisis manufacturer’ srisk discussed in Section 1. These limits ensure
that alot of rp > 3 or rp < 0.3 has anegligible probahility of passing release testing. Likewise, thereis
an gpproximately 3% chance of passing lotswith rp =2 or 0.5 (see Table 1).

For an equivaence assay (such as ELISA), the manufacturer’ srisk can be reduced by increasing the
number of replicates. Thisis not practical, however, for Standardized Allergenic Extracts: afactor of
ten increase in replicate number is required to obtain a Sgnificant improvement, availability of serum
pool islow, and cost of the test is high.

It isaso noted that different analyses are appropriate when the bounds of the release criteriaare
independent of the assay (e.g., bounds of 80-120% of a set value and an assay precision of 1%).

[1l.  LOT RELEASE VERSUSSTABILITY PROTOCOL

Obvious vaues for upper and lower limitsin a stability protocol are the ot release bounds themselves.
As shown below, this gpproach is not feasible for alergenic extracts a present because of assay
vaiahility.

The following terms are introduced for notational smplicity:

10-test study. A protocol consisting of 2 lots tested at 5 time points (e.g., 6, 12, 18, 24 and 36
months), assuming, as dways, that the initid point (O months) has passed lot release.

15-test study. A protocol consisting of 3 lots tested at 5 time points.

ideal product. A product inwhich every lot is equivdent to the reference a dl time points (i.e,, it has
full potency and there is no decay of potency with time).

(Boththe 10 and 15-test studies have been approved as stability protocols for sandardized grass
pollen extracts.)

Condder now a 10 test study, where fallure is designated as the first instance in which a sample tests
outside of CBER release limits. Given a probability of failure of 0.02 for each test, the probability that



an ided product receives full dating is then (0.98)™° =0.82. The acceptance rates would be lower for
samples whose relative potencies differ from the reference. For example, suppose that the relative
potencies of the two lots under study were 0.9 and 1.1; such lots pass CBER lot release with a
probability of 0.95. Even if there were no decay in ether lot, the probability that the grass extract
would obtain full dating is (0.95)*° =0.60.

An additional consderation for dlergenic extractsis that the find product is frequently a mixture of
different grasses. Since the mixture's shelf life is limited by the shortest lived component, the probability
that amixture of, for example, 7 ided products having a 36 month shdlf lifeis (0.98)° =0.24.

Returning to the terminology of risk, the preceding examples demonstrate how the manufacturer’ s risk
can be increased to very high levels, and the statistical variability in accepted lots can be reduced to
levels far below those congdered necessary when devising the release criteria Consequently, it is
appropriate to modify the ELISA test limits for purposes of stability testing.

Similar considerations may apply to other products where lot release criteria and assay variability are of
comparable magnitude.

IV. A MODIFIED STABILITY PROTOCOL

A gatigicad method of taking into account an unacceptably high rejection rate associated with multiple
testing isto widen the origind limits so as to maintain a specified overdl probability of acceptance; thisis
known as the Bonferroni procedure. (This, and other adjustments for multiple comparisons, are
discussed in many datidticstexts. See, for example, Principles of Biostatistics, Pagano and Gauvreau,
Duxbury Press, 1993.) Suppose that the a=0.02 level is deemed to be an acceptable leve for the
gability study defined above. Thisimpliesthat 2% of ided productswill fal (on average) to obtain the
full 36 month dating. The Bonferroni procedure adjusts each of the 10 tests to the a/10=0.002 level
(z=3.0902); if there are 15 tests (3 lots in the protocal), each test is performed at the a/15=0.00133
level (z=3.2087). Subdtituting the preceding vaues of z into Eq. (1) leads to the acceptance intervals
0.568-1.759 (2 lots), and 0.556-1.798 (3 lots). Falure a onetime by alot leadsto alot dating of the
previous test time.

Table 2 ligts the performance of the proposed limitsin setting the dating period when gpplied to three
different relative potencies. The results indicate that the idedl product will achieve full dating 98% of the
time whether two or three lots are included in the protocol. The manufacturer's risk, however, is
lowered as the number of lots under study isincreased. In either case, alot of rp=0.5 is rejected very
quickly, with less than 3% of the lots remaining after 18 months and 0.2% a 36 months.

The 10-test study (defined in Section 3) for Standardized Grass Pollen Extracts is acceptable to CBER.
A dability protocol congsting of more determinations (e.g., apoint a 30 months) or fewer
determinations (e.g., yearly points only) would have wider or narrower limits, respectively. These are
graightforward to calculate from Eqg. (1) and atable of the standard norma distribution.



A preparaion containing a mixture of grasses should still be dated according to its shortest lived
component. Hence, using this method it is anticipated, for example, that (0.98)" or 87% of mixtures
with 7 components would obtain full dating.

The manufacturer could opt for the "3+2" replicate method (with the gppropriate tighter intervas), but
should specify thisin a supplement to its PLA.

Lastly, the date of initiation of extraction is an acceptable time point for the beginning of the expiration
dating period (i.e., the zero time point of a stability study).

V. RETESTING

Retedting is an important issue, in that rgjection of asmal fraction of otherwise acceptable lotsisan
inherent part of the procedure. The possbility of gross analytical error must aso be recognized
(athoughit is aso presumed to be rare). Hence, retesting is permitted to establish, for example, the
presence of instrument mafunction or degraded reagents. If andytica error can be demondtrated, the
results of the origind test can be discarded (athough an investigation as to the cause of the error should
also be carried out).

In generd, there are two cases to consder in the context of retesting:

A) when one of the 3 origind replicatesis very different from the other 2, causing the average to
fdl out of specificaions,

B) when d| three replicates are within gatistical error, but the averageis out of specifications.
Case A has aready been excluded by the limits placed on the standard deviation in the present release
protocol (Section 2); e.g., from EQ. 2, §1og(rp)]<0.2951 when N=3. Consequently, atest with
replicates rp=0.55, 0.85 and 0.20 (afailing average of 0.45), would be excluded because
qlog(rp)]=0.32. (Note that the average has been calculated as log (rp), and then transformed to rp.)
Case A, therefore, need not be considered further when analyzing standardized grass pollen extracts.
Continuing to Case B, andyticd error could be demondrated as follows:

i) the result of the retest consisting of a least 6 replicates should be within specifications;

i) the average of the retest should be significantly different from the origind result, as
demonstrated by atwo sided t-test at the a=0.05 level using the observed pooled variance.

Pursuant to the concepts of current good manufacturing practice, averaging the results of the origind and
retest is not permissible. This restriction eiminates objections associated with “testing into compliance’



if the origina test results are not valid, then they should not be used; if they are vdid, they cause the lot
to fall, as consstent with the protocol.

The upper limit to the number of replicatesin the retest is not pecified here, but it should be
incorporated into the testing SOP. Three replicates are not acceptable because thereis no strong
scientific reason to choose the second three in favor of thefird. Additiondly, given the variance of the
test, it is difficult to distinguish two means with adequate Satistical confidence with a smal number of
replicates. For example, suppose that the original test failed with replicates rp=0.55, 0.85 and 0.35 (an
average of 0.547, cdculated from log(rp)), and the retest (3 replicates) resulted in rp=0.9, 1.0 and 1.3
(an average of 1.054). Perhapsintuitively, the difference between 0.547 and 1.054 appears o large
that the initia test should bergected. Thisisnot so. Thet-test resultsin ap-value =0.11, indicating
that the difference is not sgnificant. Consequently, the origind result should not be rgjected and the lot
fals. Asasecond example, an initid determination (3 replicates) with rp=0.4 and glog(rp)]=0.2, can
be regjected if the 6 replicate retest results are rp>1.026 and glog(rp)]=0.1375 (p<0.05). The 6
replicates suggested hereis a compromise between the cost of retesting and discriminatory power.

The limitsfor the retest are determined by the number of replicates and can be Bonferroni-adjusted for
the total number of tests. For asingletest (eg., lot release) conssting of 6 replicates, the alowed
intervd for rpis0.740-1.351 (Eq. 1, a=0.02; N=6) and glog(rp)] < 0.2389 (Eg. 2). Ina10 test
gability study (a=0.002; N=6) the limits on rp for the retested point are 0.671-1.491; for 15 tests
(a=0.00133; N=6) these limits are 0.661-1.514.

VI.  DEALING WITH TEST FAILURE

Related to retesting is the question of whether a product can ever obtain full deting if one of the test lots
faled a a paticular ime. CBER dlows this possibility, under the following conditions:

(A) datafor the full dating period is provided;
(B) the satistical confidenceis at the a=0.02 levdl.

This could be accomplished by putting additiona lots under sudy and carrying out the gppropriate
datigtical anayss. CBER would dso consder data on the failed lots for periods greater than 3 years.
For example, if two lots are under test and one registers rp =0.560 at 36 months, the product obtains
24 month dating (assuming that a retest indicates that the result cannot be rgjected). If the study is
extended to 5 years with determinations at 42, 48, 54 and 60 months, Bonferroni-adjusted limits can be
caculated onthe basis of 18 tests. Thisleadsto theinterva 0.551-1.815. If the new samplesare
within these limits, the 36 month sample (rp=0.560) no longer causes failure. In fact, the product can be
given ashdf life of 5 years.



VIlI. EXTENSION OF DATING

If aproduct obtains full 3 year dating, the manufacturer may choose to continue monitoring the stability
with the intention of requesting an extension of the dating. In these cases new data can be andyzed
usng Bonferroni-adjusted vaues for the total number of actual tests. For example, if datafor two lots
are presented for time points 42, 48, 54 and 60 months to support 5 year dating, an adjustment for 18
tests can be used (i.e., the same limits presented in Section 6).

Table 1. The probability of acceptance for a lot of specified reative potency (p) usng the
CBER "3+2" criteria described in the text. These values were cdculated from Monte Carlo
amulation with ten million samples

rp  Pr(accept) rp  Pr(accept)

0.10 0.00000 1.60 0.28166
0.20 0.00000 1.70 0.17780
0.30 0.00000 1.80 0.10663
0.40 0.00114 1.90 0.06118
0.50 0.03372 2.00 0.03375
0.60 0.20868 2.10 0.01803
0.70 0.53281 2.20 0.00933
0.80 0.81436 2.30 0.00474
0.90 0.94792 2.40 0.00230
1.00 0.97955 2.50 0.00113
1.10 0.95404 2.60 0.00055
1.20 0.87433 2.70 0.00026
1.30 0.74291 2.80 0.00012
1.40 0.58055 2.90 0.00006
1.50 0.41895 3.00 0.00003




Table 2. Probabilities of acceptance for products of representative relaive potencies at
different times and number of lots tested, assuming 5 determinations for each lot.

lotson rp per test dating > dating of
test acceptance 18 months 36 months
2 1.00 0.998 0.988 0.980
0.75 0.935 0.818 0.716
0.50 0.241 0.014 0.001
3 1.00 0.999 0.988 0.980
0.75 0.949 0.855 0.770
0.50 0.280 0.022 0.002




