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17.1 I n t r o d u c t i o n  

The computer i s  r a p i d l y  becomming an i n d i s p e n s i b l e  t o o l  t o  a l l  i n v o l v e d  

i n  the  pharmaceut ical  s t a b i l i t y  process. 

p a r t  o f  data a c q u i s i t i o n ,  storage, ana lys i s  and r e p o r t i n g .  I t s  v e r s a t i l i t y  

and e f f i c i e n c y  have brought a new dimension t o  hand l i ng  s t a b i l i t y  data,  p ro -  

v i d i n g  the means f o r  t he  pharmaceut ical  manufacturers t o  keep pace w i t h  t h e  

r a p i d l y  advancing s c i e n t i f i c  and r e g u l a t o r y  aspects o f  our  i n d u s t r y .  

c a l l y ,  t h i s  e v o l u t i o n  can be a t t r i b u t e d  t o  many events, some computer r e l a t e d  

and o t h e r s  stemming f rom s i g n i f i c a n t  changes i n  phi losophy wi th in t h e  pharma- 

c e u t i c a l  i n d u s t r y .  

I n  many f a c i l i t i e s  i t  i s  an i n t e g r a l  

H i s t o r i -  

The computer has changed d r a s t i c a l l y  s ince  t h e  f i r s t  commercial models 

came upon the  scene i n  t h e  1940's.  Improvements i n  s i ze ,  speed, c a p a c i t y  and 

p r i c e  have done much t o  e n t i c e  pharmaceut ical  s c i e n t i s t s  t o  r e l y  more h e a v i l y  

upon computerized systems. Very r e c e n t l y  the tremendous improvements i n  m ic ro  

c i r c u i t s  have increased memory c a p a c i t y  and decreased i t s  r e l a t i v e  c o s t  t o  

the  p o i n t  where any l a b o r a t o r y  can have a t  i t s  d i sposa l  what used t o  be termed 

a l a r g e r  computer. Also, many sof tware companies have taken advantage o f  

cheaper memory by develop ing h i g h e r  l e v e l  systems which are more "user  f r i e n d l y "  

These changes i n  computer technology, impor tan t  as they are,  p robab ly  

are n o t  the key reason f o r  t he  r a p i d  e v o l u t i o n  ev iden t  today w i t h i n  pharma- 
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1528 BOUDREAU 

ceut ical  s t a b i l i t y .  The key instead l i e s  in  a fundamental change i n  philosophy 

w i t h i n  the industry and more s p e c i f i c a l l y  w i t h i n  those units s p e c i f i c a l l y  

concerned with s t a b i l i t y .  

deal with data from the posi t ion t h a t  i t  i s  a sample from a much l a r g e r  d i s -  

t r i b u t i o n .  

can we make accurate statements concerning measured product var iab les .  Deal- 

ing with pharmaceutical products and processes from a mathematical or s t a t i s -  

t i c a l  point of view i s  not revolutionary, b u t  i t s  widespread appl icat ion 

and acceptance in  industry and the regulatory agencies i s  something q u i t e  

recent. Further, t h i s  concept i s  the key necessary t o  bridge the gap and 

provide modern computer technology with a usable framework t o  e f f i c i e n t l y  

handle pharmaceutical s t a b i l i t y  data .  

Only recent ly  have we seen a concerted e f f o r t  t o  

And only by understanding and defining t h i s  underlying d i s t r i b u t i o n  

17.2 Data Acquisition and Retention 

17.2.1 Fi le  Content 

Pharmaceutical s c i e n t i s t s  working i n  s t a b i l i t y  deal with many types of 

data s t e m i n g  from many sources. 

t o  be amintained i n  on-line computer f i l e s  i s  not as  easy a job  as i t  sounds. 

Consideration must be given t o  the type o f  data ,  our a b i l i t y  t o  capture i t ,  

t h e  volume of da ta ,  the purpose f o r  which i t  wi l l  be used and how frequent ly  

i t  wil l  be referenced. I t  i s  important t o  remember t h a t  just  because a com- 

puter  i s  avai lable  and capable of holding data ,  one should not automatically 

s t o r e  data  in  i t .  I t  takes resources t o  develop the data  systems, enter the 

data and maintain accurate f i l e s .  

and e f f o r t  must be ensured pr ior  t o  taking on the task .  

Determining which data  i s  important enough 

A proper return on t h i s  investment of  time 

Well then, j u s t  what type of data  should be placed i n  computer f i l e s  t o  

maintain an e f f e c t i v e  s t a b i l i t y  system? 

appl icable  answer t o  this quest ion,  b u t  the following i s  an out l ine  of types 

of data  t o  be considered: 

Obviously there  i s  no universal ly  

a .  S t a b i l i t y  protocols (number of batches, t e s t  s t a t i o n s ,  t e s t  

performed, e t c . ) .  

Batches on s t a b i l i t y  (batch number, type of batch, date  of 

manufacture, date  on s t a b i l i t y ,  type of container  and c losure ,  

b. 
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HANDLING STABILITY DATA 1529 

condi t ion o f  storage, t e s t s  performed, u n i t s  o f  measure, and 

r e s u l t s  found. 

c .  Sample storage locat ion.  

d. Product h i s t o r y  in format ion (equipment, process, and formu- 

l a t i o n  changes). 

Batch h i s t o r y  in format ion (rework in format ion,  minor manu- 

f a c t u r i n g  o r  process changes). 

S t a b i l i t y  t rend  data and i n v e s t i g a t i o n  r e s u l t s .  

Exp i ra t i on  da t i ng  periods (date determined, method o f  deter-  

mination, l i m i t i n g  va r iab le ) .  

Laboratory instrument and personnel t r a c k i n g  data. 

e. 

f. 

g. 

h. 

17.2.2 Data Capture 

It i s  obvious from the above l i s t  t h a t  s t a b i l i t y  technic ians must ob ta in  

data from a number o f  funct ions,  i .e . ,  Production, Packaging, Pharmaceutical 

Services, Qua1 i t y  Assurance Laboratories, Regulatory Compliance, e t c .  

E f f i c i e n t l y  acqu i r i ng  t h i s  ar ray o f  i n fo rma t ion  through automated means i s  a 

complex task. 

be l ess  e f f i c i e n t  f o r  another type. 

source must be c a r e f u l l y  examined before dec id ing upon the proper mode o f  

acqu is i t i on .  

Co l l ec t i on  systems which work we l l  f o r  one type of data may 

The requirements and needs o f  each data 

I n  areas where the speed o f  e n t r y  i s  n o t  c r i t i c a l  due t o  low volumes 

o f  data o r  a lack o f  t ime const ra in ts ,  manual data e n t r y  may be p e r f e c t l y  

su i tab le .  

information, formulat ion data and protocol  requirements. I n  each o f  these 

s i t u a t i o n s  we are q u i t e  l i k e l y  t o  have a l l  o f  t he  in format ion ava i l ab le  some 

t ime i n  advance t o  the  system needing i t .  

I n  s t a b i l i t y ,  we f i n d  these s i t u a t i o n s  i n  deal ing w i t h  scheduling 

a. Product scheduling i s  u s u a l l y  performed on a weekly o r  

monthly basis. 

and the necessary i n fo rma t ion  entered a t  t h a t  t i m e .  

According t o  cu r ren t  Good Manufacturing Pract ices , product  

formulat ions must be establ ished and approved p r i o r  t o  t h e i r  

Products placed on s t a b i l i t y  can be chosen 

b. 
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1530 BOUDREAU 

use. 

entered as the  i n f o r m a t i o n  i s  a v a i l a b l e .  

S t a b i l i t y  p r o t o c o l s  must be e s t a b l i s h e d  some t ime  p r i o r  t o  

product  manufacture and u s u a l l y  f a l l  i n t o  one o f  a smal l  

number o f  e s t a b l i s h e d  general  p r o t o c o l s .  

Any minor  changes t o  the  process o r  p roduc t  can be 

c. 

Also i n  each of these cases, t h e  amount o f  i n f o r m a t i o n  t o  be en te red  

i s  r e l a t i v e l y  smal l .  

I n  d i r e c t  con t ras t ,  t he re  are s i t u a t i o n s  i n  s t a b i l i t y  where da ta  

a c q u i s i t i o n  through a minicomputer o r  a microcomputer i s  a n e c e s s i t y  due 

t o  t h e  volume o f  data and t h e  speed a t  which i t  i s  accumulated. A pr ime 

example o f  t h i s  i s  seen i n  l a b o r a t o r y  data a c q u i s i t i o n  f rom HPLC, GC, I R  

and UV i ns t rumen ta t i on .  

severa l  t imes pe r  second so t h a t  peak he igh ts  o r  areas under t h e  curve can 

be determined, and subsequent c a l c u l a t i o n s  made. Manual t r a n s f e r  o f  t h i s  

raw data would be c lose  t o  impossib le  bu t ,  e l e c t r o n i c  capture through some 

" i n t e l l i g e n t "  dev ice ensures accuracy and e f f i c i e n c y  w i th  minimal i n t e r v e n t i o n .  

I n  c e r t a i n  instances a compromise m igh t  be necessary; one might  f a v o r  

Readings must be taken f rom these inst ruments 

automation w i t h  some a d d i t i o n a l  manual i n p u t .  Gather ing sample and i n s t r u -  

ment t r a c k i n g  data i s  an i d e a l  example o f  t h i s  s i t u a t i o n .  

f a c t o r s  here are the  low volume o f  i n fo rma t ion ,  i n f r e q u e n t  e n t r i e s ,  y e t  the 

need f o r  complete and t i m e l y  data.  Other examples o f  t h i s  b o d e r l i n e  case 

can be found i n  l a b  data f o r  phys i ca l  t e s t s ,  wet chemis t r y  a n a l y s i s  and 

d e s c r i p t i v e  i n fo rma t ion .  

s u f f i c i e n t  data t o  warrant  automat ic capture,  e.g., t i t r a t i o n  endpoints ,  

hardness measurements, weight  v a r i a t i o n ,  e t c .  I n  general  though, i t  i s  

d i f f i c u l t  t o  j u s t i f y  t h e  c o s t  o f  t o t a l  automat ion a lmost  any data i n p u t ,  b u t  

few o f  us a re  s t r i v i n g  f o r  reduced manual involvement regard less o f  cos t .  

Therefore,  prudence should l ead  us t o  a proper  marr iage o f  automated and 

manual data i n p u t .  

The impor tan t  

There a re  p o r t i o n s  o f  these t e s t s  which generate 

17.2.3 Accuracy Check 

Checking new data t o  ensure t h a t  it conforms t o  a l l  known expec ta t i ons  i s  

o f  utmost importance i f  t h e  computer i s  t o  serve a u s e f u l  purpose. The o n l y  
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HANDLING STABILITY DATA 1531 

way we can hope t o  g e t  accurate answers f rom t h e  computer i s  t o  g i v e  i t  good 

data.  Put  more s u c c i n c t l y ,  "garbage i n  - garbage ou t " .  Also,  i t  should n o t  

be assumed t h a t  these checks o n l y  apply  t o  manual ly entered data.  E l e c t r o n i c  

problems ( s i g n a l  no ise,  ma l func t i on ing  components, e t c . ) ,  as w e l l  as man made 

problems (poor  connect ions,  i napprop r ia te  parameter s e t t i n g s ,  e t c . )  , can cause 

d i r e c t  ou tpu ts  f rom inst ruments o r  equipment t o  be i n c o r r e c t ,  o r  a t  l e a s t  

d i f f e r e n t  f rom t h e  norm. 

I n i t i a l  data checks should determine whether o r  n o t  t he  incoming i n f o r -  

mat ion i s  o f  t he  proper  type - a lpha o r  numeric. Some a d d i t i o n a l  checks which 

can be s p e c i f i c a l l y  programmed i n t o  each system are:  

Alpha Data 

a .  Are s p e c i f i c  words o r  s t r i n g s  r e q u i r e d  i n  t h i s  f i e l d  so t h a t  

subsequent s o r t s  can be p r o p e r l y  performed? 

b. Are a l l  expected data f i e l d s  f i l l e d ?  Is t h e  e n t r y  sequence 

complete? 

Are any cha rac te rs  i nc luded  which cou ld  cause problems w 

o t h e r  r o u t i n e s  o r  programs? 

c. 

Plumeri c Data 

a. Does t h e  data f i t  w i t h i n  the expected range o f  numbers? 

t h  

The 

range can be es tab l i shed  based upon p a s t  h i s t o r y  o r  by de te r -  

m in ing  an approp r ia te  s t a t i s t i c a l  conf idence i n t e r v a l  u s i n g  a 

t a r g e t  va lue and the  associated s tandard d e v i a t i o n .  

( X  f 1.96s = 95% conf idence i n t e r v a l ) .  

Does the  data con ta in  the  proper  number o f  s i g n i f i c a n t  d i a i t s ?  b.  

c .  Are a l l  expected data f i e l d s  f i l l e d ?  

d. Is t he  check d i g i t  c o r r e c t  f o r  t he  incoming number o r  data? A 

check d i g i t  i s  an a d d i t i o n a l  number en te red  w i th  t h e  da ta  as a 

separate check f o r  a l l  o t h e r  d i g i t s  i n  the  data sequence. 

determined by an a l g o r i t h m  capable of  generat ing a unique d i g i t  

based upon the  preceeding sequence o f  numbers. 

Example: 

It i s  

(Simp1 i f  i e d  

548735 Check D i g i t  = 5 + 4 - 8 + 7 - 3 = 5 ) .  A check 
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1532 BOUDREAU 

d i g i t  i s  normally used when dea l i ng  w i t h  establ ished codes o r  

i d e n t i f i c a t i o n  numbers. 

I f  aberrant data i s  detected, the computer should i n d i c a t e  t o  the  op- 

e r a t o r  t h a t  a problem e x i s t s .  

ensure t h a t  the proper in format ion was entered o r  t ransmi t ted  t o  the  computer. 

A l te rna t i ve l y ,  a bypass i n s t r u c t i o n  can be given so t h a t  the data f l o w  i s  no t  

i n te r rup ted  and an i nves t i ga t i on  can be s t a r t e d  l a t e r .  

appropriate data must be screened and kept  from the f i l e s  t o  mainta in  maximum 

accuracy. 

A t  t h i s  p o i n t  a check can be i n i t i a t e d  t o  

I n  e i t h e r  event, i n -  

17.2.4 F i l e  Secur i ty  

As more data goes on the computer and i s  accessed by an i nc reas ing  number 

o f  personnel, i t  becomes important t o  secure the f i l e s  against  inadver tant  

change and inappropr ia te access. 

and indeed, the e n t i r e  process can be made extremely complex, b u t  i t  soon 

becomes apparent t h a t  a few basic precautions are a l l  t h a t  i s  requ i red  i n  most 

on l i ne  s t a b i l i t y  systems. These approaches are e f f e c t i v e  w i thou t  causing the 

secu r i t y  system t o  become a nightmare f o r  the system designer and user  a l i k e .  

Many l e v e l s  o f  s e c u r i t y  can be establ ished 

The f i r s t  precaution invo lves l i m i t i n g  who can ge t  i n t o  the system and 

how t h a t  person can i n t e r a c t  w i t h  the system. I n t e r a c t i o n  w i t h  the computer 

f i l e s  can be c o n t r o l l e d  by assigning access codes o r  passwords t o  personnel. 

The system should be programmed t o  recognize these codes and l i m i t  the type 

o f  operations ava i l ab le  t o  each user. They may a l l ow  personnel t o  a)  look a t  

f i l e s ,  b u t  n o t  copy o r  a l t e r  them, b) i n p u t  data, b u t  n o t  make any changes, 

c )  complete f i l e  access o r  d) no f i l e  access. 

Secondly, i t  i s  important t h a t  a l l  t ransact ions w i t h  the system and 

i t s  f i l e s  be recorded through an a u d i t  t r a i l .  

t o  reconst ruct  any f i l e  as i t  was a t  any p o i n t  i n  time. 

t o  t race other  changes w i t h i n  the system by knowing who performed the opera- 

t i o n ,  what the operation was, when i t  was performed and what e f f e c t  i t  had 

upon the system. 

This ensures t h a t  we are able 

I t  a l so  a l lows us D
ru

g 
D

ev
el

op
m

en
t a

nd
 I

nd
us

tr
ia

l P
ha

rm
ac

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
B

ib
lio

te
ca

 A
lb

er
to

 M
al

lia
ni

 o
n 

01
/2

1/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



HANDLING STABILITY DATA 1533 

A t h i r d  p recau t ion  which can be taken i s  f i l e  back up. A l l  data f i l e s  

should be p e r i o d i c a l l y  copied on to  a permanent s torage dev ice such as magnet ic 

tape which i s  i n  t u r n  s to red  i n  a remote l o c a t i o n .  This  m igh t  be done d a i l y ,  

weekly o r  even month ly  depending upon the system s i ze ,  comp lex i t y  and a c t i -  

v i t y .  

or i s  seve re l y  damaged i n  some way, i t  can be brought  back up as i t  was a t  

some p rev ious  p o i n t  w i t h o u t  hav ing t o  undergo a complete f i l e  r e c o n s t r u c t i o n .  

F i n a l l y ,  i t  i s  impor tan t  we ensure t h a t  c r i t i c a l  areas w i t h i n  t h e  system 

Maintenance o f  these back up tapes ensures t h a t  i f  t h e  system crashes 

are f u n c t i o n i n g  p r o p e r l y .  

w i t h  check data.  

known o u t p u t  o r  change i n  the system. Wi th  a l i t t l e  p l a n n i n g  and thought,  d a t a  

can be cons t ruc ted  so t h a t  i t  t e s t s  c r i t i c a l  l i m i t s  and areas w i t h i n  the  system 

t o  ensure t h a t  no i n a d v e r t a n t  changes have occurred.  

be a p r e v i o u s l y  recorded ins t rumen t  s i g n a l  i n p u t  coupled w i t h  e s t a b l i s h e d  

manual i n p u t s  which should y i e l d  a g iven assay va lue o r  a n a l y t i c a l  r e s u l t  a f t e r  

a s e r i e s  o f  c a l c u l a t i o n s .  

This  can be accomplished through p e r i o d i c  t e s t s  

B a s i c a l l y ,  check da ta  i s  an i n p u t  which should t r i g g e r  a 

An example o f  t h i s  m igh t  

17.3 Data Ana lys i s  

S t a b i l i t y  systems, much t h e  same as many o t h e r  systems, a re  n o t  de- 

s igned t o  generate data f i l e s  as an end i n  i t s e l f .  

bent  upon b u i l d i n g  an e f f e c t i v e  d e c i s i o n  making t o o l .  

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

I n  the  prev ious sec t i ons  we l a i d  t h e  ground work f o r  b u i l d i n g  data f i l e s  and 

now we w i l l  l ook  a t  some approaches t o  data a n a l y s i s .  

Instead,  our  e f f o r t s  a r e  

Th is  r e q u i r e s  two b a s i c  

1) accurate and comprehensive da ta  and 2 )  meaningful  data ana lys i s .  

- 17.3.1 General Comparisons 

J u s t  because s t a b i l i t y  data i s  c o l l e c t e d  i n  an automated f a s h i o n  and 

s to red  i n  a computer, again one should n o t  jump t o  the  conc lus ion  t h a t  a l l  

data a n a l y s i s  must be t o t a l l y  automated. 

b r a i n  t o  d e t e c t  unusual p a t t e r n s  o r  t rends i s  e x c e l l e n t .  I t  i s  impor tan t  

t h a t  any comprehensive data ana lys i s  system i n c l u d e  adequate p r o v i s i o n s  f o r  

data s o r t i n g  and d i s p l a y  so t h a t  i t  may be subjected t o  such "eyeba l l "  ana lys i s .  

The a b i l i t y  o f  t he  human eye and 
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1534 BOUDREAU 

A general approach t o  t h i s  might be t o  use the computer t o  s o r t  data by 

product, container/closure, formula rev i s ion ,  date o f  manufacture and t e s t .  

Fol lowing t h i s  the data should be displayed i n  tabu la r  o r  graphic form and 

"eyeballed" i n  an attempt t o  detect  changes i n  t e s t  l e v e l ,  v a r i a t i o n  o r  any 

other  reoccurr ng pat terns.  

many instances detect  changes o r  trends and make a dec is ion as t o  whether o r  

no t  a s t a b i l i t y  problem e x i s t s .  This manual o r  human approach e l im ina tes  t o  

a large ex ten t  the expense o f  generating the formal programs o r  rou t i nes  t o  

perform these operations i n  an automated fashion. 

complexity o f  such a task i f  we were t o  take i n t o  account a l l  of the many 

and var ied p o s s i b i l i t i e s  f o r  trends and changes. 

I n  t h i s  manner, s t a b i l i t y  analysts  cou ld  i n  

You can we l l  apprec iate the 

17.3.2 Linear Regression 

In d i r e c t  cont rast ,  there are areas o f  s t a b i l i t y  data ana lys i s  where the 

computer plays the primary r o l e ,  i .e .  , determining appropr ia te p r e d i c t i v e  models. 

In recent years, the model which has been genera l l y  accepted i n  s t a b i l i t y  i s  

l e a s t  squares l i n e a r  regression. The acceptance o f  t h i s  model w i th in . the  i n -  

dust ry  has no t  been a r b i t r a r y ,  bu t  i s  based instead upon some fundamental 

mathematical concepts. 

Most drug products which undergo degradation f o l l o w  a zero o r  a f i r s t  

That i s ,  the measured amount of a c t i v e  i ng red ien t  o r  order reac t i on  r a t e .  

some other  t e s t  value changes i n  a l i n e a r  fashion o r  a l o g  l i n e a r  fashion w i t h  

time. 

f i n e d  as X, then the mathematical formulas associated w i t h  these two reac t i on  

orders are: 

If  the measured va r iab le  i s  def ined as Y and the elapsed t ime i s  de- 

Zero Order : Y = a + b x  

F i r s t  Order : Log Y = a + bx 

Where: a = Y I n te rcep t  

b = Slope 

Armed w i t h  these basic concepts and the  c a p a b i l i t y  o f  modern computer tech- 

nology, an ana lys t  can make some f a i r l y  prec ise statements concerning the 

s t a b i l i t y  o f  a drug product. 
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HANDLING STABILITY DATA 1535 

The acuta l  mechanics o f  determining the bes t  f i t  equation can be approached 

from several d i rec t i ons .  S t a t i s t i c a l  packages such as SAS ( a v a i l a b l e  through 

SAS I n s t i t u t e ,  Inc. ,  Cary, N.C.) and A P l  S t a t i s t i c s  Package ( a v a i l a b l e  through 

In te rna t i ona l  Business Machines Corp., Data Processing D iv i s ion ,  White Pla ins,  

N . Y . )  inc lude subroutines t o  determine the l e a s t  squares bes t  f i t  f o r  the 

l i n e a r  regression given a set  o f  Y and X p a i r s  ( s t a b i l i t y  r e s u l t s ) .  

n a t i v e l y ,  the ca l cu la t i ons  f o r  t h i s  operat ion can be programmed as p a r t  o f  a 

complete s t a b i l i t y  system. I f  t h i s  approach i s  taken, reference can be made 

t o  a general s t a t i s t i c a l  t e s t  (1) .  With e i t h e r  approach, the speed and 

accuracy o f  the computer becomes the  cen t ra l  f a c t o r  i n  determining a good 

s t a b i l i t y  model f o r  the respect ive product and t e s t .  

A l t e r -  

Example 

Select  data f o r  a given product and t e s t  from the s t a b i l i t y  data base 

( f i l e )  and subject  i t  t o  l i n e a r  regression analys is .  

it is not necessary t o  determine whether the  component degrades according t o  

a zero order o r  a f i r s t  order reac t i on  because over the area o f  i n t e r e s t  both 

models can be approximated by a s t r a i g h t  l i n e .  

would supply a r e p o r t  l i s t i n g  the best f i t  equation Y = a + bx, the p red ic ted  

values from the equation, the 95% confidence i n t e r v a l  f o r  l i n e  o f  best f i t , 

and a p l o t  o f  the data. Using the r e -  

gression l i n e  o r  the 95% confidence i n t e r v a l  f o r  the regress ion l i n e ,  the 

analyst  would make a p r e d i c t i o n  o f  how long the product would remain w i t h i n  

spec i f i ca t i on .  

(Note: In most instances 

See Figure 1 ) .  The computer 

(See Tables I and I 1  and F igure 2 ) .  

Depending upon the computer resources avai 1 able, a d d i t i o n a l  t e s t s  could 

be run t o  determine the appropriateness o f  the model se lec t i on  and whether the 

data was p roper l y  pooled. Most s t a t i s t i c a l  packages o f f e r  several t e s t s  f o r  

determining proper model f i t  as p a r t  o f  the regress ion r e p o r t .  

a separate analys is  o f  variance may be performed, (2)  res idua ls  may be sub- 

j ec ted  t o  nonparametric t e s t  ( 3 )  o r  the data may be p l o t t e d  and examined 

v i s u a l l y .  Also, t e s t s  may be performed upon regress ion l i n e s  ca l cu la ted  

from subsets o f  the pooled data t o  determine i f  there are s i g n i f i c a n t  d i f -  

ferences between slopes, i n te rcep ts  and v a r i a b i l i t y  about the  l i n e  ( 4 ) .  
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1536 BOUDREAU 

100 

90 

80 

% 
COMPONENT 

70 

60 

50 

7 
3ight line is a good approximation 

[ to all three reactions in this area. 

SECOND 
f ORDER 

' \  \\> FIRST ORDER 

6 12 18 24 30 36 

TIME (Months) 

FIGURE 1 

TABLE I 

Room Temperature Stability Data 
Vitanin Capsule (HDPE Bottle) 

Calcium Pantothenate (Units/Cap) 

Size Control 0 M 6 M 12 M 18 M 24 M 36 M 48 M 

50 q7L 32.7 22.0 20.0 16.5 14 .1  12.0 10.1 

- - - - - - - - -  

100 GKM 31.3 23.0 27.0 18.0 

100 TES 30.9 26.9 24 .4  18.7 

50 TGZ 27.4  22.0 

50  DHE 33.c  27 .4  
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HANDLING STABILITY DATA 1537 

TABLE I1 

Linear Equation: Y = 29.0567 - 0.4864X 

Initjal 6 M 12  M 18 M 24 M 36 M 48 M 

95% Confidence 30.70 27.45 24.39 21.59 18 .98  14 .05  4 .24  

Predicted Value 29.06 26.14 23.22 20.30 17.39 11.55 5 . 7 1  

95% Confidence 27.42 24 .83  22.05 19 .02  15 .79  9 .05  2.18 

- - - - - - -  

6 12  18 24 30 36 42 48 

TIME (Months) 

(A) Lower Product Specification 
(B) Upper 95% Confidence Limit 
(C) Line of Best Fit 
(D) Lower 95% Confidence Limit 

FIGURE 2 

Room Temperature Stability Data 
Vitamin Capsule (Calcium Pantothenate) 

D
ru

g 
D

ev
el

op
m

en
t a

nd
 I

nd
us

tr
ia

l P
ha

rm
ac

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
B

ib
lio

te
ca

 A
lb

er
to

 M
al

lia
ni

 o
n 

01
/2

1/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



1538 BOUDREAU 

This would i n d i c a t e  whether o r  n o t  the data was drawn from several s i g -  

n i f i c a n t l y  d i f f e r e n t  processes. 

17.3.3 Other Models- 

Even though today l i n e a r  regression i s  the most widely  accepted model 

f o r  p red ic t i ng  drug s t a b i l i t y ,  one should no t  preclude the use o f  o the r  models. 

The speed and v e r s a t i l i t y  o f  the computer provides us w i t h  the oppor tun i t y  t o  

t r y  o ther  re la t i onsh ips  i n  an attempt t o  f i n d  the most usefu l  p r e d i c t i v e  t o o l .  

Among the p o s s i b i l i t i e s  are the Arrhenius r e l a t i o n s h i p  and the Weibul l  d i s -  

t r i b u t i o n .  The basic mathematical ca l cu la t i ons  used i n  each o f  these a l te rna -  

t i v e  models are ava i l ab le  i n  most s t a t i s t i c a l  packages, and can be combined i n  

an ove ra l l  program t o  generate the respect ive s t a b i l i t y  model 

17.3.4 Reports 

Although repo r t s  are n o t  i n  the s t r i c t e s t  sense a form o f  

5,6).  

data analys is  , 
they are so c lose ly  t i e d  t o  i t  t h a t  i t  i s  d i f f i c u l t  t o  review one w i thou t  

the other. 

data analys is  and the u l t i m a t e  conclusions reached. 

p i l i n g  of repo r t s  i s  another area where the computer and automation i n  general 

proves t o  be ind ispensib le .  

Reports are the  media through which we show the l o g i c  behind our 

The fo rma t t i ng  and com- 

The simplest type o f  repo r t  associated w i t h  s t a b i l i t y  i s  a data p r i n t -  

The a b i l i t y  t o  go i n t o  the data f i l e s  out, w i t h  o r  wi thout  a specia l  s o r t .  

and r e t r i e v e  in format ion t o  make dec is ions i s  a very important aspect o f  a 

computerized s t a b i l i t y  system. The programs necessary t o  achieve t h i s  are 

usua l l y  p a r t  o f  any good e d i t o r  r o u t i n e  inc luded i n  major operat ing systems. 

Previously mentioned systems such as SAS and APL ( i n  the ADRS subsystem) 

have a l l  o f  the software necessary t o  s o r t  data according t o  s p e c i f i c  v a r i -  

ables and p r i n t  subsequent repor ts .  A l t e r n a t i v e l y ,  a user can w r i t e  the 

necessary rou t i nes  t o  s o r t  and p r i n t  the data w i t h i n  t h e i r  own automated 

s t a b i l i t y  system. 

A more complex form o f  r e p o r t  r o u t i n e l y  used w i t h i n  s t a b i l i t y  i s  the re -  

This would t y p i c a l l y  inc lude s p e c i f i c  in format ion gression analys is  repor t .  
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HANDLING STABILITY DATA 1539 

on the regression l i n e ,  i .e.,  slope, i n te rcep t ,  95% confidence i n t e r v a l  on 

the l i n e ,  etc.,  as we l l  as s t a t i s t i c a l  data regard ing goodness o f  f i t  o f  the 

regression, i . e . ,  analys is  of variance, t t e s t  f o r  slope and i n t e r c e p t ,  l i s t -  

i n g  o f  res iduals ,  e t c .  

are genera l ly  produced as p a r t  o f  the s t a t i s t i c a l  package analys is .  

t h i s  does assume t h a t  the data i s  subjected t o  ana lys i s  by some package such 

as SAS Regression o r  APL Regression. I n  conjunct ion w i t h  the  w r i t t e n  repo r t s  

produced w i t h  regression analysis, i t  i s  usua l l y  very i n fo rma t i ve  t o  have a p l o t  

o f  the regress ion e i t h e r  using a p r i n t e r  o r  a p l o t t e r .  

example from SAS us ing a p r i n t e r ) .  

(See Figure 3 f o r  an example from SAS). These r e p o r t s  

O f  course 

(See Figure 4 f o r  an 

Analyzing data may lead t o  i n d i c a t i o n  o f  change i n  product s t a b i l i t y  f o r  

i n d i v i d u a l  batches o r  even groups o f  batches. Therefore, a formal method o f  

t rend  n o t i f i c a t i o n  must be a p a r t  o f  any s t a b i l i t y  system. 

no t i ce  repo r t s  can be composed and issued by the computer. 

gathered from inves t i ga t i ons  of the t rend can be s tored i n  the computer us ing 

key words o r  phrases so t h a t  i t  can be q u i c k l y  scanned t o  check any sub- 

sequent s i m i l a r  trends. 

t o  ensure t h a t  a l l  t r end  not ices are brought t o  some appropr ia te conclusion. 

F i n a l l y ,  one should n o t  overlook the u t i l i t y  o f  the computer i n  the day 

These t rend  

Any in format ion 

Also, the computer can be used as a fo l low-up device 

t o  day operat ion o f  t he  s t a b i l i t y  system. 

the in format ion necessary t o  prepare work schedules and l i s t  work loads ex- 

pected over  a per iod o f  t ime. 

through management repo r t s  i s  a necess i ty  i n  today 's  expense conscience world. 

Data f i l e s  usua l l y  conta in  a l l  o f  

E f f e c t i v e  u t i l i z a t i o n  o f  t h i s  i n fo rma t ion  

17.4 D i f f e r e n t  Approaches 

A l l  t h a t  we have discussed so f a r  i nd i ca tes  the computer i s  a usefu l  

t o o l  f o r  the s t a b i l i t y  funct ion,  bu t  exac t l y  how can i t  be accomplished? 

What types o f  hardware and software (programs) are needed? 

these questions s t a r t s  out  w i t h  t h a t  t e r r i b l e  phrase, "it depends". 

depends upon the s ize o f  the operat ion we are deal ing w i th ,  i .e . ,  how b i g  

the company i s ;  how many s t a b i l i t y  samples are i n  the program; what type o f  

computer f a c i l i t i e s  are already in-house? There are many opt ions depending 

upon the answers t o  these questions and a host o f  o ther  var iab les.  

The answer t o  

I t  
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1542 BOUDREAU 

17.4.1 I n t e r i m  Systems 

The f i r s t  set  o f  opt ions are what can be termed i n t e r i m  systems. These 

approaches are i dea l  f o r  small companies o r  young s t a b i l i t y  programs w i t h  un- 

defined growth pat terns.  

data and the means t o  perform the ca l cu la t i ons  necessary t o  determine ex- 

p i r a t i o n  da t i ng  periods and s t a b i l i t y  trends. 

work they might even provide some rudimentary scheduling funct ions.  

I n  general, they provide f o r  storage o f  s t a b i l i t y  

With a l i t t l e  imagination and 

The most basic system capable o f  performing s t a b i l i t y  f unc t i ons  a t  t h i s  

l eve l  would be a l a rge  programmable c a l c u l a t o r  o r  a micro computer. 

machines would be expected t o  conform t o  the f o l l o w i n g  minimum s p e c i f i c a t i o n s :  

These 

a. 

b. 

c. Support a s c i e n t i f i c  language 

d. Provide p r i n t e d  output 

e. Support some s o r t  o f  s t a t i s t i c a l  package 

48K bytes random access memory 

250 K bytes on l i n e  storage 

Due t o  the p r i c e  and general a p p l i c a t i o n  o f  t h i s  type o f  computing 

device, f i n d i n g  preprogrammed s t a b i l i t y  packages f o r  them would be d i f f i c u l t .  

Most programing f o r  s t a b i l i t y  systems would have t o  be performed in-house. 

A t  best, some use could be made o f  preprogrammed s t a t i s t i c s  o r  r e p o r t  w r i t i n g  

packages. 

The second type o f  system i n  t h i s  category would make use o f  a l a rge  mini 

computer o r  a cen t ra l  computer a l ready in-house and being used by some other  

func t i on  l i k e  accounting, marketing o r  warehousing. 

g raming  work, the c a p a b i l i t y  o f  t h i s  type o f  computer can be used t o  perform 

many funct ions requi red by s t a b i l i t y .  

With a minimum o f  pro- 

The approach would be as fo l l ows :  

a. B u i l d  data f i l e s  using the o n - l i n e  e d i t o r  system 

ava i l ab le  w i t h  most machines o f  t h i s  s ize.  

b. Purchase o r  lease an appropr ia te s t a t i s t i c a l  package t o  

perform regression analyses and o the r  requ i red  s t a t i s t i c a l  

ca lcu lat ions.  Some systems capable of  performing these 
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HANDLING STABILITY DATA 1543 

ca lcu la t i ons  are SAS, APL S t a t i s t i c s  Package, and RS-1. 

(RS-1 i s  ava i l ab le  through B o l t ,  Beranck and Newman, Inc., 

Moulton S t ree t ,  Cambridge, Mass.). 

Wr i te  software t o  e d i t  and modify the data f i l e s  as 

requi red by the respect ive s t a t i s t i c a l  package. 

U t i l i z e  ava i l ab le  p r i n t i n g  hardware and software 

f o r  producing repor ts .  

c. 

d. 

Admittedly, these i n t e r i m  systems do n o t  produce the po l i shed  product  t h a t  

a more formal system would. 

manipulat ion, bu t  they do provide the computing 

w i t h  the basic requirements o f  the government and cu r ren t  i n d u s t r y  standards 

f o r  drug product s t a b i l i t y .  Further, t h e i r  use provides a p e r i o d  o f  t r a i n i n g  

f o r  s t a b i l i t y  personnel which should ensure a b e t t e r  d e f i n i t i o n  o f  the design 

requirements f o r  any formal s t a b i l i t y  system t o  be used l a t e r .  

They l a c k  secu r i t y ,  ease o f  data e n t r y  and 

power necessary t o  comply 

17.4.2 Formal Systems 

Systems designed s p e c i f i c a l l y  f o r  handling s t a b i l i t y  programs may be pur- 

chased o r  programmed in-house. 

genera l ly  be a l a rge  m in i  o r  a main frame computer. 

the software w i l l  depend upon the s p e c i f i c  circumstances o f  t h e  company in-  

volved. 

be the s t a f f  ava i l ab le  i n  the data processing department and the amount o f  

t ime a l l o t e d  t o  complete the job.  

I n  e i t h e r  case, the requ i red  computer w i l l  

The method o f  ob ta in ing  

Generally the two most c r i t i c a l  var iab les i n  the dec i s ion  process w i l l  

Many s t a b i l i t y  people invo lved i n  t h i s  type o f  dec is ion are op t i ng  t o  

purchase a preprogrammed (canned) package. 

most important o f  these i s  reduced l a g  t ime t o  completion o f  the system. 

c i d i n g  t o  buy from an outs ide concern does no t  e l im ina te  many o f  the pre- 

l i m i n a r y  planning steps and does n o t  t o t a l l y  e l im ina te  programming. 

many modi f icat ions o f  the system are necessary t o  ensure t h a t  the spec ia l i zed  

needs o f  the i n d i v i d u a l  company a re  met.) 

hours o f  designing, programming and debugging can go i n t o  the s t a b i l i t y  system 

This has many bene f i t s ,  b u t  the 

De- 

(Of ten 

It does ensure thousands of man 
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1544 BOUDREAU 

without  a c t u a l l y  t ak ing  months o r  years t o  implement it. 

n i f i c a n t  b e n e f i t  i s  t h a t  i t  usua l l y  has a p r i c e  tag  which i s  l ess  than the 

t o t a l  cost t o  develop a comparable system in-house. 

Another very s ig -  

I f  the opt ion t o  design and program a s t a b i l i t y  system in-house i s  your  

choice there are some aids ava i l ab le .  

Ma te r ia l s  has prepared a number o f  repor ts  through t h e i t  Committee E-31 which 

w i l l  g ive some h e l p f u l  h i n t s  regarding l abo ra to ry  automation and l a b  systems 

i n  .general. 

E730, E731 ava i l ab le  through American Society  f o r  Testing Ma te r ia l s ,  Race 

Street ,  Phi ladelphia, PA). There are t e x t s  ava i l ab le  which deal w i t h  de- 

f i n i n g  and developing management i n fo rma t ion  systems ( 7 ) .  

Business Machines Corporation markets an independent study program e n t i t l e d ,  

"Managing the Appl i a a t i o n  Development Process: P r o j e c t  Reviews" ( I B M  Corporation, 

DPD Educaion - Publishing/Media Support, Education Center, South Road, Pough- 

keepsie, N.Y.) .  

most important i npu t  w i l l  come from the s t a b i l i t y  s c i e n t i s t  based upon h i s  

understanding of the needs and requirements o f  a pharmaceutical s t a b i l i t y  

program. 

The American Society f o r  Test ing and 

(Refer t o  ASTM Standard Guidel ines E622, E623, E624, E626, E672, 

I n t e r n a t i o n a l  

I n  general though, these w i l l  on l y  serve as guide l ines;  the 

17.5 Advantages Achieved 

U n t i l  t h i s  p o i n t  we have d e a l t  t o  a greater  o r  l esse r  degree w i t h  the 

mechanics o f  computerized s t a b i l i t y  systems. This i s  a l l  very i n t e r e s t i n g ,  

b u t  what do we r e a l l y  ga in from computerized systems? How can t h i s  approach 

t o  s t a b i l i t y  be so ld  t o  management? Thoroughly answering these questions 

could r e s u l t  i n  a complete book i n  i t s e l f  and w i l l  n o t  be attempted here. 

stead, a l i s t  o f  the more important improvements achieved through computer- 

i z a t i o n  w i l l  be o f fe red  as a s t a r t i n g  p o i n t  upon which you can b u i l d .  

I n -  

17.5.1 Improved Scheduling 

Greater laboratory  e f f i c i e n c y  can be achieved through computer ass is ted 

scheduling o f  laboratory  t e s t i n g .  

f o r  long- and short-term checks i n t o  the numbers and types o f  s t a b i l i t y  samples 

Readily accessible s t a b i l i t y  data al lows 
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HANDLING STABILITY DATA 1545 

coming up f o r  t e s t .  

the samples t o  make the best  use o f  ava i l ab le  personnel and inst rumentat ion.  

Also, ana lys i s  o f  peaks and va l l eys  i n  the o v e r a l l  l abo ra to ry  work l oad  a l lows 

f o r  proper se lec t i on  o f  new batches f o r  s t a b i l i t y  so t h a t  a more constant  

workload i s  maintained i n  the fu tu re .  

inst rumentat ion i s  a very impor tant  f a c t o r  i n  reducing t o t a l  costs and im-  

prov ing the r e t u r n  o f  your investment f o r  s t a b i l i t y  t es t i ng .  

With t h i s  i n fo rma t ion  supervisors can p roper l y  p la toon 

Maximum u t i l i z a t i o n  o f  personnel and 

17.5.2 Reduced Laboratory Retests 

The power o f  the computer can be used t o  e f f e c t i v e l y  reduce one o f  t he  

most important con t r i bu to rs  t o  s t a b i l i t y  costs - labo ra to ry  r e t e s t s .  The 

95% confidence i n t e r v a l  f o r  the po in ts  about the  regression l i n e  may be used 

t o  screen ind i v idua l  data po in ts  t o  determine the p r o b a b i l i t y  o f  t h e i r  being 

members o f  the populat ion def ined by the regression model. 

I f  an i n d i v i d u a l  p o i n t  exceeds these l i m i t s ,  then and on ly  then, i s  i t  r e -  

tested. 

absolute ly  necessary t o  make a decision. 

these decisions are consis tant  and s t a t i s t i c a l l y  v a l i d  as requ i red  by the 

cu r ren t  Good Manufacturing Practices. 

(See F igure 5) .  

This ensures the expense f o r  r e t e s t i n g  i s  on l y  i ncu r red  when 

A f u r t h e r  b e n e f i t  i s  gained i n  t h a t  

17.5.3 Improved Decision Making Capab i l i t y  

Having s t a b i l i t y  data r e a d i l y  ava i l ab le  on - l i ne  encourages i t s  more 

e f f e c t i v e  use throughout the company. 

proper ty  o f  one i n d i v i d u a l  o r  group, i t  becomes the  proper ty  o f  the e n t i r e  

company, ava i l ab le  t o  research, i n t e r n a t i o n a l ,  formulat ions improvement, e tc . ,  

f o r  t h e i r  d a i l y  dec is ion making processes. 

make a decision, the e f f e c t i v e  cos t  o f  generating i t  i s  reduced. 

accessible data tends t o  e l im ina te  redundant e#periments and increases the 

corporate a b i l i t y  t o  make t ime ly  dec is ions based upon f a c t s ,  n o t  conjecture.  

Instead o f  a f i l e  being the personal 

Each t ime the data i s  used t o  

A system o f  

17.5.4 E f f i c i e n t  Data Handling 

On-l ine s t a b i l i t y  data f i l e s  remove the drudgery and expense o f  en te r ing  

and reenter ing data each t ime a new c a l c u l a t i o n  is performed o r  a r e p o r t  i s  
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(A) Upper 95% Confidence Limit for Individual Points 
(B) Lower 95% Confidence Limit for Individual Points 

FIGURE 5 

Room Temperature Stability Data 
Vitamin Capsule (Calcium Pantothenate). 

generated. 

s o r t  the data and prepare repo r t s  t o  meet s p e c i f i c  requests, such as: 

A few simple commands are a l l  t h a t  i s  necessary t o  p roper l y  

a. 

b. 

c. 

d. 

e. 

f. 

Per iod ic  NDA or  ANDA updates 

Data necessary t o  r e g i s t e r  products i n  f o r e i g n  countr ies 

Analyses o f  data t o  i n v e s t i g a t e  trends 

Data requested f o r  marketing purposes 

S t a b i l i t y  i n fo rma t ion  requested by pharmacies o r  h o s p i t a l s  

Data requ i red  by s t a t e  agencies 

The a b i l i t y  t o  a c t i v e l y  work w i t h  the s t a b i l i t y  data f i l e s  t o  meet 

these demands r e s u l t s  i n  s i g n i f i c a n t  t ime savings which i n  t u r n  t r a n s l a t e s  
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i n t o  d o l l a r  savings. 

I n  these instances,  raD id  data r e t r i e v a l  enables q u i c k e r  rev iews and dec i s ions .  

Also,  t h e r e  are s i t u a t i o n s  where t ime i s  o f  t he  essence. 

17.6 Summary 

The computer c e r t a i n l y  i s  n o t  a panacea f o r  s t a b i l i t y ,  b u t  i t  does seem 

t o  p rov ide  he lp  i n  many s i g n i f i c a n t  areas. 

acqui res da ta  which can be s to red  i n  a manner which i s  accessable y e t  can be 

made secure. I t  i s  capable o f  per forming many complex and r e p e t i t i v e  mathe- 

ma t i ca l  analyses i n  a cons is ten t  and r a p i d  fashion.  

n i f i c a n t l y  i n  schedul ing and managing l a b o r a t o r y  operat ions.  I n  genera l ,  t h e  

e f f o r t  expended t o  des ign and implement a computer ized s t a b i l i t y  system i s  

u s u a l l y  recovered many f o l d .  

It e f f i c i e n t l y  and a c c u r a t e l y  

It can c o n t r i b u t e  s i g -  

I t s  r e t u r n  on investment  i s  r e a l  and j u s t i f i a b l e .  
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