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I n  any pharmaceut ical  company the  number of product/pac- 

kaging combinations can be large and, w i t h  few except ions,  a l l  

of these have t o  be monitored f o r  s t a b i l i t y .  I n  a d d i t i o n ,  

s t a b i l i t y  t e s t i n g  is required because of product o r  packaging 

c h a n g e s  s t emming  f rom p r o d u c t  improvemen t  g o a l s ,  new 

compendia1 requirements,  c o s t  r educ t ion  programs, new sources  

o r  grades of raw materials o r  packaging materials, marketing 

d e c i s i o n s ,  and t h e  i n t r o d u c t i o n  o f  new p r o d u c t s .  Thus a 

s t a b i l i t y  program can become large, complex and c o s t l y ,  and i t  

is necessary,  p e r i o d i c a l l y  t o  reassess t h e  adequacy and rele- 

vancy of t h e  program. 

T h e  s t a b i l i t y  program f o r  marke ted  ba t ches  o f  A y e r s t  

Canada's Q u a l i t y  C o n t r o l  Depa r tmen t  i n c l u d e s  o v e r  200 

products,  many i n  more than one packaging system. For these, 
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1450 THOMPSON 

about 2000 batches are on s t a b i l i t y  and, on the average f i v e  

p a r a m e t e r s  a re  m o n i t o r e d  f o r  each batch. T h i s  r e s u l t s  i n  

about 10,000 s t a b i l i t y  tests each year o r  200 each week and, 

a s  there  a re  a b o u t  250 work ing  d a y s  i n  t h e  y e a r ,  a n  a n n u a l  

review of a l l  products  r e q u i r e s  t h a t  one product be reviewed 

almost every working day. 

I n  1979 t h e  s t a b i l i t y  s e c t i o n  reassessed the  adequacy of 

i t s  s t a b i l i t y  p r o g r a m  a n d  i n t r o d u c e d  a s i g n i f i c a n t  

m o d i f i c a t i o n .  De ta i l s  o f  t h e  o l d  and new p r o g r a m s  are  

provided below. 

OLD STABILITY PROGRAM 

Up u n t i l  e a r l y  1979 t h e  r o u t i n e  program f o r  m a r k e t e d  

batches was operated according t o  the i n d u s t r i a l  norm, i.e. 

batches on s t a b i l i t y  were tested a t  f i x e d  i n t e r v a l s  (e.g. 6, 

12 ,  24, 36, 48, 60 months)  f r o m  t h e  d a t e  o f  m a n u f a c t u r e ,  

g e n e r a l l y  i n  i s o l a t i o n  from o t h e r  batches of  the same product 

o r  product family. T h i s  program, which we now refer t o  as t h e  

F i x e d  I n t e r v a l  program, r e q u i r e d  c o m p l i c a t e d  o p e r a t i o n a l  

l o g i s t i c s ,  f o r  example; 

0 Each week, tes t  forms had t o  be prepared f o r  many d i f -  

f e r e n t  p r o d u c t s ,  r a r e l y  f o r  more t h a n  one ba t ch  o f  a 

given product a t  a time. This  was requ i r ed  s e v e r a l  times 

each year  f o r  each product,  depending on t h e  number of 

batches on s t a b i l i t y .  
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GANG STABILITY 1451 

0 Each week, s t a b i l i t y  samples from many d i f f e r e n t  products  

had t o  be r e t r i e v e d  from t h e  r e t e n t i o n  area and d i s t r i -  

buted t o  the l abora to r i e s .  

0 The t e s t i n g  l a b o r a t o r i e s  were locked i n t o  specif ied 

f u t u r e  retest dates which were no t  a lways convenient when 

they a r r i v e d  i f ,  f o r  example, work load from o t h e r  sour- 

ces was high. 

0 If s t a b i l i t y  t e s t i n g  was delayed f o r  one o r  two months, 

the age of t h e  batch a t  the a c t u a l  time of t e s t i n g  d i d  

not  co inc ide  w i t h  any of  t he  f i x e d  i n t e r v a l  ages that the 

computer was programmed t o  accept. Whenever t h i s  occured 

i t  introduced some d i s t o r t i o n  i n t o  the  data base as, f o r  

example, data obtained on a batch f o r  which the  t e s t i n g  

was d e l a y e d  f rom 12 months u n t i l  1 4  months had t o  be 

entered as being tested a t  12 months. 

0 Each week, t h e  data r e s u l t i n g  from t h e  t e s t i n g  o f  many 

d i f f e r e n t  t y p e s  o f  s a m p l e s  had t o  be r e v i e w e d  by t h e  

s t a b i l i t y  s ec t ion ,  en te red  i n t o  the  computer and f i l e d .  

N E W  STABILITY PROCRAM 

Under t h i s  program, once each year  a l l  s t a b i l i t y  ba t ches  

of  a product are gang-tested on a selected date, i r r e s p e c t i v e  

of t h e i r  age a t  the time of t e s t ing .  T h i s  program, which w e  

now re fer  t o  as  t h e  Se lec t ed  Date p rogram,  h a s  g r e a t l y  

s i m p l i f i e d  o p e r a t i o n a l  l o g i s t i c s  as: 
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1452 THOMPSON 

A l l  test forms required f o r  a product f o r  t h e  year  are 

prepared a t  the  same time. 

C A l l  s t a b i l i t y  samples f o r  a product are r e t r i e v e d  from 

t h e  r e t e n t i o n  area and s e n t  t o  t h e  l a b o r a t o r i e s  only once 

each year. 

* The s t a b i l i t y  t e s t  s c h e d u l i n g  i s  f l e x i b l e  and c a n  be 

changed i f  o t h e r  work load is high. 

* The actual age of t h e  batch a t  t h e  time of  t e s t i n g  can be 

entered i n t o  t h e  computer. 

* The years  t e s t  r e s u l t s  f o r  a p r o d u c t  are  r e c e i v e d  

s imultaneously by t h e  s t a b i l i t y  s e c t i o n ,  which provides  a 

s t i m u l u s  and a d i s c i p l i n e  f o r  t h e  prompt review of data 

and t h e  r egu la r  issuance of  r epor t s .  

COMPARISON OF THE PROGRAMS 

Data Distribution 

W i t h  t h e  F i x e d  I n t e r v a l  program, on a t y p i c a l  t e s t  

o c c a s i o n  o n l y  one new r e s u l t  became a v a i l a b l e  (Fig.  la). 

Consequently, t he  comparison tha t  could be made w i t h  old data 

was v e r y  l i m i t e d ,  f o r  example ,  was t h e  new r e s u l t  w i t h i n  

s p e c i f i c a t i o n s ? ,  was it  g r e a t l y  d i f f e r e n t  from t h e  o l d  data? 

With t h e  S e l e c t e d  Date program, on a t y p i c a l  t e s t  

occasion many new r e s u l t s  become a v a i l a b l e  a t  t h e  same time 

(Fig. lb). The new data set  can be r e a d i l y  compared wi th  t h e  

o l d  data f o r  s l o p e ,  i n t e r c e p t ,  da ta  v a r i a t i o n ,  t r e n d s  and 
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GANG STABILITY 1453 

a b e r r a n t  r e s u l t s .  The t y p i c a l  new data set  shown i n  Fig.  l b  

i n d i c a t e s ,  even without  f u r t h e r  processing,  t h a t  t h e  new data 

confirm t h e  s t a b i l i t y  p a t t e r n  of t h e  o l d  data. 

Data V a r i a t i o n  

The Selected Date program has  resul ted i n  reduced data 

va r i a t ion .  T h i s  i s  because w i t h  gang- t e s t ing ,  t h e  reagents ,  

s tandards,  instrument  condi t ions,  a n a l y s t  p ro f i c i ency ,  etc. 

are cons t an t  f o r  a l l  t h e  batches being tested a t  t h e  annual 

t e s t i n g  time. 

The data v a r i a t i o n  of the two programs f o r  niacinamide i n  

a mul t iv i t amin  p repa ra t ion  is compared i n  Fig. 2. The zone 

between t h e  upper and lower t o l e r a n c e  bounds (i.e. t h e  zone 

w i t h i n  which 95% of i n d i v i d u a l  assays should f a l l )  i s  about 

30% smaller  f o r  t h e  da t a  ga thered  unde r  t h e  S e l e c t e d  Date 

program, than t h e  same zone f o r  t h e  Fixed I n t e r v a l  program. 

S i m i l a r l y ,  t h e  zone between t h e  upper and lower confidence 

bounds (Le. t h e  zone w i t h i n  which the r e g r e s s i o n  l i n e  should 

f a l l ,  w i t h  95% confidence) is smaller f o r  t h e  Selected Date 

program than f o r  t h e  Fixed I n t e r v a l  program. 

Reduced data v a r i a t i o n  has  been found t o  be t y p i c a l  of  

t h e  S e l e c t e d  Date program, as  is  shown i n  Fig.  3, which 

compares t h e  r e l a t i v e  spread between the t o l e r a n c e  bounds, and 

between t h e  confidence bounds f o r  data gathered under t h e  two 

programs on a series of v i t a m i n s  i n  a mul t iv i t amin  product. 

I n  t h e  example  shown i n  Fig.  3, t h e  r e d u c e d  v a r i a t i o n  was 
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1454 THOMP SON 

found  f o r  a u t o m a t e d  chemical m e t h o d s  f o r  n i a c i n a m i d e ,  

r i b o f l a v i n ,  py r idox ine  and th i amine ,  f o r  a manual chemical 

method f o r  v i t a m i n  C a n d  f o r  a microbiological method f o r  

v i t amin  B I Z .  

OPERATION OF THE SELECTED DATE PROGRAM 

The f o l l o w i n g  are the  e s s e n t i a l  steps i n  t h e  o p e r a t i o n  o f  

t h e  Selected Date S t a b i l i t y  program; 

a Each yea r ,  select batches o f  each p roduc t  t o  go  o n t o  t h e  

s t a b i l i t y  program. 

* Once a y e a r  o r  i f  n e c e s s a r y  more  f r e q u e n t l y ,  s e l ec t  a 

date compa t ib l e  w i t h  l a b o r a t o r y  work l o a d  and data needs,  

f o r  t h e  s t a b i l i t y  t e s t i n g  of a p roduc t .  

@ On t h a t  date s i m u l t a n e o u s l y  test, selected s t a b i l i t y  bat-  

ches of t h e  p roduc t  i r r e s p e c t i v e  o f  t h e i r  age. 

* Superimpose t h e  r e s u l t s  on a p l o t  of  t h e  r e g r e s s i o n  l i n e  

and conf idence  and t o l e r a n c e  bounds of  t h e  o l d e r  data. 

When possible  e x p r e s s  t h e  data as p e r c e n t  claim, as t h i s  

f a c i l i t a t e s  compar isons  between d i f f e r e n t  s t r e n g t h s  of 

t h e  same product .  

SB V i s u a l l y  assess t h e  new data set f o r  bias. I f  there is 

an obvious  p o s i t i v e  or n e g a t i v e  b i a s  as shown i n  Figs .4a 

and 4b, look f o r  a s o u r c e  of s y s t e m a t i c  e r r o r  such  as a n  

i n c o r r e c t l y  p r e p a r e d  r e a g e n t ,  a d e f i c i e n t  i n s t r u m e n t  

c o n d i t i o n ,  a new o r  inexpe r i enced  a n a l y s t  etc. A skewed 

r e l a t i o n s h i p  between t h e  new and o l d  data as shown on 
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GANG STABILITY 1455 

Fig. 4c, could i n d i c a t e  tha t  more r e c e n t  batches are less 

stable than older batches, and f u r t h e r  i n v e s t i g a t i o n  is 

necessary. To date, skewness h a s  been observed only once 

i n  over 2,000 data sets examined. For 95% o f  new data 

se t s  no obvious bias was detected, and data d i s t r i b u t i o n  

resembled t h a t  shown i n  F ig .  4d. Even i f  b i a s  is  n o t  

o b v i o u s ,  i t  i s  s t i l l  n e c e s s a r y  t o  t e s t  f o r  i t  

s t a t i s t i c a l l y .  Do t h i s  w i t h  s i g n  t e s t s  ( t w o  s i d e d  

binomial tests of  p = 0.5) a t  t he  0.10 l e v e l  of s i g n i f i -  

cance. Two tests are used. With the  first test, compare 

t h e  proport ion of t h e  new data set above the upper 95% 

confidence bound f o r  the h i s t o r i c a l  r e g r e s s i o n  l i n e ,  w i t h  

t h a t  below t h e  lower 95% c o n f i d e n c e  bound. With t h e  

second tes t ,  compare the  proport ion of the new data set 

above the r eg res s ion  l i n e  f o r  t h e  h i s t o r i c a l  data, w i t h  

t h a t  below the  r eg res s ion  l i ne .  From binomial  tables 

assess t h e  s i g n i f i c a n c e  of these proportions.  If  t he  new 

data set passes  both s i g n  tests add it  t o  t h e  data base. 

If bias is p resen t  t o  any apprec iab le  degree, 

i d e n t i f y  and i f  p o s s i b l e  e l i m i n a t e  t h e  source of  bias. 

I f  t h i s  i s  n o t  p o s s i b l e ,  retest ,  n o t  e m p l o y i n g  gang  

t e s t i n g ,  but  assaying each batch s e p a r a t e l y  over a per iod 

of time. 

To d a t e  we have  o b s e r v e d  b i a s  i n  o n l y  5% o f  da t a  

sets  obtained under t h i s  program. Occasionally,  a l though 

no bias is detected, an i n d i v i d u a l  result may be aber- 
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1456 THOMPSON 

rant.  Retest and, i f  the  aberrance is confirmed, inves- 

t i g a t e  t o  see i f  t h e  b a t c h  has a n  a t y p i c a l  s t a b i l i t y  

p a t  t e rn .  

* Pool t h e  unbiased data w i t h  t h e  h i s t o r i c a l  data base and 

c a l c u l a t e  i n d i v i d u a l  batch s l o p e s  and i n t e r c e p t s .  

0 Use a n  F t es t  t o  d e t e r m i n e  i f  t h e r e  a re  s t a t i s t i c a l l y  

s i g n i f i c a n t  d i f f e r e n c e s  between batches i n  either s lope  

o r  i n t e rcep t .  Each time a v a r i a b l e  such as ind iv idua l  

s l o p e s  o r  i n d i v i d u a l  i n t e r c e p t s  is t o  be e l imina ted  from 

a s t a b i l i t y  model, a comparison of the p r e c i s i o n  of  the 

model w i t h  t h e  va r i ab le ,  t o  the p r e c i s i o n  of the model 

without  t h e  v a r i a b l e  must be made by use of  t h e  F statis-  

tic. A s i g n i f i c a n t  F s t a t i s t i c  i n d i c a t e s  t h a t  t h e  given 

v a r i a b l e  has a s i g n i f i c a n t  effect on the  estimated va r i a -  

b l e  and s h o u l d  r e m a i n  i n  t h e  model. C o n v e r s e l y ,  a n  

i n s i g n i f i c a n t  F s t a t i s t i c  i n d i c a t e s  t h a t  t h e  given var ia-  

b l e  can be e l iminated.  

I n  applying t h e  F s t a t i s t i c  t o  a s t a b i l i t y  model, 

f i rs t  assume t h e  a c t i v e  i n g r e d i e n t  c o n c e n t r a t i o n  i n  a 

p r o d u c t  can  be  a t t r i b u t e d  t o  b o t h  s a m p l e  age and t o  

i n d i v i d u a l  batches. Estimate the  a c t i v e  i n g r e d i e n t  con- 

c e n t r a t i o n  by the l i n e a r  model: 

Yi = a i  + B i X  

where : 
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GANG STABILITY 1457 

Yi is a c t i v e  i n g r e d i e n t  concen t r a t ion  of  
batch i; 

X i s  t h e  age; 

fli  

t i  

is t h e  i n t e r c e p t  of  batch i; 

is t h e  s lope  o f  batch i; 

Assume d i f f e r e n t  s l o p e s  ( 6 i) and i n t e r c e p t s  ( ail 

f o r  each batch. Should t h e  F test i n d i c a t e  t ha t  batch t o  

batch v a r i a t i o n  of slopes is no t  s i g n i f i c a n t ?  assume a 

commone s l o p e  ( R )  f o r  a l l  batches and reduce model (1) 

to:  

Yi = ai + BX (2) 

Shou ld  t h e  F t e s t  i n d i c a t e  t h a t  ba t ch  t o  b a t c h  

v a r i a t i o n  o f  i n t e r c e p t s  i s  n o t  s i g n i f i c a n t ?  a s s u m e  a 

common i n t e r c e p t  (a) for a l l  batches and reduce model (2) 

t o :  

Yi = a +  Bx (3) 

TYPES OF STABILITY PATTERNS 

The s t a b i l i t y  data  w i l l  i n d i c a t e  one of t h e  f o l l o w i n g  

p a t t e r n s  depending on which mathematical model is app l i cab le :  

Different Intercepts and Different Slopes 

To date ,  about 5% of data bases have shown s i g n i f i c a n t  

batch t o  batch v a r i a t i o n  i n  both s l o p e  and in t e rcep t .  Pro- 
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1458 THOMPSON 

d u c t s  having  t h i s  t y p e  of s t a b i l i t y  p a t t e r n  have a r e g r e s s i o n  

a n a l y s i s  similar t o  t h a t  shown on Fig.  5. 

Different Intercepts and Common Slope 

To d a t e ,  a b o u t  35% o f  data  bases  h a v e  shown b a t c h  t o  

batch v a r i a t i o n  i n  i n t e r c e p t  bu t  a common slope.  P r o d u c t s  

having t h i s  t y p e  of s t a b i l i t y  p a t t e r n  have a r e g r e s s i o n  ana ly-  

sis similar t o  t h a t  shown on Fig.  6. 

Common Intercept and Conanon Slope 

To date, abou t  60% o f  data bases have shown no batch t o  

batch v a r i a t i o n  i n  e i t h e r  s l o p e  o r  i n t e r c e p t .  P r o d u c t s  having  

t h i s  t y p e  o f  s t a b i l i t y  p a t t e r n  h a v e  a r e g r e s s i o n  a n a l y s i s  

similar t o  t h a t  shown i n  Fig. 7. 

Batch t o  ba t ch  v a r i a t i o n  i n  i n t e r c e p t  can be expec ted  i n  

some i n s t a n c e s ,  and is u s u a l l y  a t t r i b u t a b l e  t o  d i f f e r e n t  l o t s  

of raw materials, e r r o r s  i n  raw material a s say ,  manufac tu r ing  

v a r i a t i o n  b e t w e e n  b a t c h e s ,  v a r i a b l e  e x t r a c t a b i l i t y  o f  t h e  

a c t i v e  i n g r e d i e n t  f rom the  f i n i s h e d  p roduc t  etc. 

Batch t o  batch v a r i a t i o n  i n  s l o p e  i s  more i m p o r t a n t  and 

w a r r a n t s  f u r t h e r  i n v e s t i g a t i o n ,  e s p e c i a l l y  if t h e  most r e c e n t  

batches are less stable. We a lways  r ev iew i n d i v i d u a l  batch 

s l o p e s ,  e v e n  i f  t h e  F t e s t  d o e s  n o t  i n d i c a t e  s i g n i f i c a n t  

v a r i a t i o n  i n  s lope.  V a r i a t i o n  i n  s l o p e  is u s u a l l y  a t t r i b u t -  

a b l e  t o  c h a n g e s  i n  t h e  s o u r c e  o r  g r a d e  o f  raw materials,  

a c t i v e  or i n a c t i v e ,  changes i n  t h e  manufac tur ing  p r o c e s s  o r  

changes i n  the packaging materials o r  systems.  Whenever a 
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GANG STABILITY 1459 

common s l o p e  i s  found f o r  a da t a  base i n c l u d i n g  da ta  f r o m  

batches with and without  a product change, i t  is a good i n d i -  

c a t i o n  t h a t  t h e  change had no s i g n i f i c a n t  effect  on t h e  pro- 

d u c t  s t a b i l i t y .  

The estimated s h e l f - l i f e  and any overage mod i f i ca t ions  

are c a l c u l a t e d  using t h e  lower bound which g i v e s  t h e  r equ i r ed  

l e v e l  of assurance of conformance t o  s p e c i f i c a t i o n s ,  i.e. t h e  

confidence or  t o l e r a n c e  bound f o r  e i t h e r ,  t h e  average of t h e  

product,  i n d i v i d u a l  batches,  o r  i n d i v i d u a l  assays. 

RESERVE SAMPLE REVIEW 

I n  a d d i t i o n  t o  t e s t i n g  s t a b i l i t y  samples, we a l s o  examine 

r e se rve  samples of va r ious  ages t o  determine i f  there are any 

changes i n  appearance i n d i c a t i v e  of s t a b i l i t y  problems. 

Fig. 8 shows a form s u i t a b l e  f o r  recording t h e  results of such 

a review. 

STABILITY REPORT 

When a l l  t e s t i n g  i s  completed we i s s u e  an i n  depth re- 

po r t ,  commenting on: 

0 The e s t ima ted  confo rmance  p e r i o d s  f o r  a l l  a c t i v e  

i n g r e d i e n t s ;  

* Any adjustment i n  overage, which may be required;  

0 The o v e r a g e  r e q u i r e d  t o  c o m p e n s a t e  f o r  s t a b i l i t y  

l o s s  and/or manufacturing loss; 

0 The conformance pe r iods  of o t h e r  a t t r i b u t e s  such as 

pH, d i s i n t e g r a t i o n ,  d i s s o l u t i o n ,  moisture ,  etc.; 
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1460 THOMPSON 

a The s p e c i f i c i t y  of t h e  a n a l y t i c a l  methods; 

0 The adequacy of t h e  p re sen t  s t a b i l i t y  schedule;  

0 The f i n d i n g s  of t he  r e s e r v e  sample review. 

Once t h e  s t a b i l i t y  of a product is well  cha rac t e r i zed  w e  

l i m i t  f u t u r e  r e p o r t s  t o  a one-page summary of t he  type shown 

on Fig. 9, un les s  t h e  product o r  its s t a b i l i t y  have s i g n i f i -  

c a n t l y  changed. 

APPLICABILITY 

Gang-testing under t h e  S e l e c t e d  Date program is app l i c -  

able t o  any w e l l  cha rac t e r i zed  product,  i r r e s p e c t i v e  of 

whether  i t  i s  s t ab le  o r  not .  F o r  new o r  r e v i s e d  p r o d u c t s ,  

where t h e r e  are less data and less assurance of  conformance, 

we schedule s t a b i l i t y  t e s t i n g  more f r e q u e n t l y  t o  bu i ld  up t h e  

data base more rapidly.  I f  we d i s c e r n  an unexpected s t a b i l i t y  

t r end  f o r  an e s t a b l i s h e d  product,  we test  more extensively.  

EXPERIENCE WITH THE PROGRAM 

To date we have issued over  500 reviews on 200 products. 

These reviews have enabled use t o  reduce over 100 overages 

with concomitant s av ings  i n  a c t i v e  raw materials, without  

compromising product qual i ty .  I n  a d d i t i o n ,  gang-test ing h a s  

r e d u c e d  o u r  s t a b i l i t y  t e s t i n g  c o s t s  by a b o u t  30% and t h e  

corresponding s t a b i l i t y  s e c t i o n  work load. 
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