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TEE D m m T I O I O  OF PRODOCT m I R Y  DATES PROM SHORT 

A.J. Woolfa+*, and E.E.C. Wxthinqton. 
Sandos Products Limited, Horsforth, England 

Increasingly regis t ra t ion authorit ies are rmquesting 

expisy dating of pharm&ceuticals. A schane is mggaated 

based on short t e r m  a t ab i l i t y  data a t  .roan t-ature' 
for obtaining reliable expiry dates. The advantages and 

disadvantages of this mathod and methods using elevated 

temparatures and the Arrhanius p lo t  are d i m s s e d .  The 

s t a f i a t i c a l  equations neceasary to calculate the minimum 
predicted shalf l i f a  are given and d i f f i cu l t i e s  

ancauntered in their  use explained. 

STORAGE AT ROOM'WERAWRE 

In  the data given i n  an application to markat or 

conduct c l in i ca l  trial .  on & now pharmaceutical product 

many registration authorit ias are now insis t ing that the 

product sha l l  beat an data. In many Ca8.8 8- 

i l i t y  data W i l l  not be ami lab le  on batches 8tsr.d for 

the whole of t h e f o r e s a a n s h d f  l i f e .  and 8-0 form of 
+ 
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noom AND W O R ~ T O N  

prediction based on short t e r m  s t a b i l i t y  data has to be 

made. A l i t u a t u r e  search has shown tha t  storage a t  

elevated teaiperatures with m e  form of prediction 

baaed on the Arrheniua equation is the general method 

i n  uae. 

This paper suggests a scheme t o  obtain an expiry 

date f o r  a pharmaceutical product based on . h a t  t e r m  

s t a b i l i t y  data a t  "room temperature". By "room temp- 

erature" it ia not meant the actual temperature encoun- 

tered i n  some laboratory storage area over a period of 

time, as it is considered more meaningful t o  s to re  the  

product i n  a constant tauperatwe environment a t  say 

20 - 22 C for a tamperate country, or whatever mean 

tcanpuature i 8  conaidered mos t  l ikely t o  represent 

condition. encountered by the marketed product. 

0 

A l u g e  number of mall- laboratories still  do not 

have acceas to coaputu f a c i l i t i e a  and tho mathematics 

deacribod h a e  a r m  sui table  for calculation with bench 

top calculators. 

d a t e  b88.d on tosting the c h d c a l  s t a b i l i t y  of pharm- 

acoutical products. 

s t a b i l i t y  o f  products are arcludod. 

Arrheniu8 Prediction 

The mothod is concerned with an expiry 

A 8 p e c t 8  r e l a t ing  t o  the phyaical 

T h e 0  are a number of p a p a s  in tho literature on 

tho U I O  O f  data 0btah.d for 8amples 8tor.d a t  olovatod 
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DETeaMINATION OF PRODUCT EXPIRY DATES 

t.rparatures to calculate rate COnStaUt8 which are used 

in an Arrhenius p l o t  to give a stability prediction for 

a lowar temperature. 

matics involved in such an approach. and 8.ntloy2 

suggested modifications to give increased accuracy. 

Papars on this subject are mainly l i m i t e d  t o  l iquid 

preparations 'A &ere the c h d c a l  kinet ics  and orders 

of reactions are f a i r l y  easily obtainable and the 

Arrhmius equation k - A q (-E/kT) is applicable over 

a wide range of temperatures. 

is not always as 8imple as that stated and far  many 

systems A and E are also dependant on T . 

Oattett' f i r s t  gave the -the 

The Arrhmius equatian 

5 

It is always sati8fying to  be able to publish a 

paper showing that the Arrhunius equation gave the 

correct prediction for a pharaacoutical systaa. 

B0Vav.t the industr ia l  pharmaceutical formulator must 

be able to say w i t h  confidence that the Arrhenius 

equation is applicable to his product, without benefit  

of hindsight, and tha t  a prediction frm its use is 

valid. 

€or simple solution 8y.t- *ere solvolytic processes 

are responsible far  the degradation. Simple l iquids 

form only a s m a l l  pacentage of pharmaceutical farm- 

ulations and for most otbor types of formulation there 

are grave objections t o  the use of the Arrhanius method. 

The Arrhenius equation is  probably satisfactory 
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WtFE AND W0Rl"GMN 

In solid dosage forms 0.9. tablets or capsules, 

the most l ike ly  route of degradation is  that caused by 

soloolytic reactions resul t ing fran incomplete removal 

of granulating solvents or the presence of equilibrium 

concentrations of m i s t u r e  associated with the excipients 

i n  use. 

t o  drug is very much less than in simple l iquid systems 

and as the degradation reaction often involves one or 

more of the tablet excipients, the o r d e r  of the 

In this type of product the r a t i o  of solvent 

reaction is vary d i f f i c u l t  t o  detarmine. 

many of the reactions do not go to c c q l e t i o n  but  only 

go acme form of equilibrium s t a t e6 .  

more complicated nature of tho reaction mechr?nisma 

there are two added objections to uaing higher tamper-  

aturea to  predict  stability. 

may escape from the atorage containers a t  higher 

tmnparaturea which obviously invalidates any Arrheniua 

prediction on products where solvolysia i a  the main 

route of dmqradatioa. The second is that the solvent 

may be redistributod throughout the system e.g. t ab l e t s  

may dry out a t  the centrer or moisture may transfer 

E r a  one ccaponent to another# 0.9. moisture in gelat in  

capsule she l l s  may be driven off and reabsorbed by the 

drug or one of the excipianta. 

occur t o  differing extents a t  different  tmnperatures. 

In addition 

Apart fram the 

The f i r s t  is that solvent 

This w i l l  probably 
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DETEIMINATION OF PRDWICT EXPIBY MTES 

0th- types of dogradation such as oxidation or 

t h d  breakdown of the drug i t s e l f  often occur only 

above a certain critical taapaature,  and bolow that 

tomperafute the product is  quite stable, For acaaple 

meme ergot alkaloids will d e v o s e  c w l e k l y  w i t h i n  

a year above ~ s O C ,  but below 3 5 ' ~  their r a t e  of 

degradation is leas than one percent par year. 

A major coarplicating factor is  that many 

products moro than one dogradation route is operative 

a t  the sam time, 

different ra te  with different Arrhenius constants. This 

aakes any stability analysis lengthy and the stabi l i ty  

prediction prone to errors becau8e each reaction ra te  

must be determined separately which is umaally W a c -  

tical. 

Each reaction may proceed a t  a 

Another caql icat ion is that  the t h u  degrada- 

tion of axcipients such as sugars may catalyse the 

degradation of othor components'. 

high energies of activation and virtually do not proceed 

a t  roan tempatattaro. 

Theme pyrolyses have 

In a number of pharmaceutical fotms such as creams, 

ointm8nts. .Prmlsioas and 6uap8nsions the physical form 

of the product may change 8o drastically th8t data 

obtained a t  a high t-ature is meaningless for stab- 

f Z i t y  prediction a t  roam tmparature. The drug may 
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WOOLFE AND WORTBMCTON 

havo greater solubi l i ty  a t  the higher temporatwe or 

the pa r t i t i on  r a t i o  of the Qug between two immiscible 

solvents may bm changod canpletely or one of the phase8 

may be so l id  a t  roam tcraaperature and l iquid a t  higher 

tqeratures .  

For tho reasone outlined it may be preferable t o  

use an al ternat ive method of predicting product shelf 

lives bas4  on data obtained a t  the temperature they are 

atored a t  in normal use. 

This is not t o  say that high tumperature s t a b i l i t y  

data have no place in pharmaceutical development. It 

may bm possible by subjecting a number of possible 

formulations t o  olevated tmuperatures to  select, i n  a 

&at time. one or two which have promising s t a b i l i t y  

p ro f i l e s  in order to  c u t  down the awunt of long t e r m  

s t a b i l i t y  tes t ing a t  1- tamperatwas. 

PROPOSED 

1) S tab i l i t y  L i m i t 8  

The auggeated procedure is of application where 

mininrna wiry dates for normal pharmaceutical products 

f,e. t h o u  w i t h  sh r l f  l i v e s  greata  than on0 year are 

required. For products w i t h  ahortar shelf l i v e s  it is 

urnally possible to conduct s t a b i l i t y  tests over the 

who10 of the anticipated sholf l i f e  brfore infomatian 

is supplied to tho roqis t ra t ion authorit ies.  Tho 
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DETERnIMTION OF PRODUCT EXPIRY DATES 

mathematics to be used to obtain a confidence level  for  

the minimum predicted shelf life are the same, but t he  

analytical  errors are normally less significant and a 

much narrower f iducial  interval on the minimum predicted 

#half l i f e  is obtkind.  P W  .UCh short dated products 

it may also be possible to determine accurately the 

actual reaction o r d e r  involved. 

It is usually considered good manufacturing 

practice t o  give f ive  years as  the maxjmum q i r y  date 

for any pharmaceutical product. even i f  the s t a b i l i t y  

data giver a longer shelf l i f e  prediction. 

2) 5088 L M t S  

The normally accepted cr i ter ion far product expiry 

dates is tha t  the formulation should contain qreata 

than 90% of the label declaration of i n t ac t  drug 

throughout its shelf l i f e .  In a number of cases in the 

literature t h i s  9CZ4 of undegraded drug is assumed to be 

equivalent t o  1oX drug decomposition. Eowevar. in 

practical  terms the acceptable percentage drug degrada- 

t ion should be the differonce bet- the l o w a  Quality 

Control l i m i t  and SCnc of label claim. In other w d s ,  

if the Quality control acceptance limits are 95% t o  

105% of label declaration the maximum degradation allowed 

should be 5%. If the product has a S% overage and the 
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WooLPE AND WOBTBIN(;IDN 

Quality Control release limits are say 97.5% to 112.5% 

of label claim, the maxbum degradation allowed should 

be 7.94. 

When later  stability results becoaae available the 

predicted expixy date often increases aad the confidence 

limits decrease in width. It may be that  on s ix  months 

s tabi l i ty  data a 5% loaa l imit  gives too short a 

minimum shelf l i f e  a t  the required confidence level. 

In this case the manufacturing l imits should be tight- 

ened or the posaibility of a amall overage considered. 

It may then be posaible a t  a la ter  date when longer 

stability data is available to relax the manufacturing 

l imits alightly or omit the ovarage. 

The case of limitation of product shelf l ives 

through tho appoarance of toxic degradation productr is 

diSCus8.d latar.  

3) Confidence L e v e l  

In giving confidence Ifnits t o  a prediction frcm 

a rogressian equation both uppe and 10- l imits are 

given Mth-tidly. w i t h  q k y  dating Only the 

1- limit ia of intaro.+ because only the l eas t  -ti- 

r f 8 a C  fatOCut b0 r0li.d Upan. In Choo8hg a 

confidence levol tho formulator is tharefore only inter- 

e8t.d in a oncsidod probability lovel. For example if 
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I)-TION OF PRODUCT EXPIRY DATFS 

P = 0.95 (a = 0.051, and we take a Quality Control lowv 

release l i m i t  of 95% label claim together w i t b  an accep- 

table 1088 l i m i t  of 5%. 95 aut of 100 sawples a t  the 

lower Quality Control release l i m i t  will  contain greater 

than Sax intact  drug a t  the expiry date. 

to realise that in  practice. since most batches w i l l  

assay above the 1- release l i m i t .  more than 95 out of 

100 batches can be ewected t o  have the predicted ahelf 

l i fe .  

greater than 95.5% label claim it can be 8hOm statis- 

t ica l ly  that a t  the 95% confidence level only 1 batch in  

2000 batches 8hould be below 9a)L of undograded drug 

before the e w h y  date is reached. 

It is important 

I f  99 out of la0 batches assay in i t ia l ly  a t  

For th is  reawn the probability level to be taken 

depends to  a large extent on the likely variation i n  

drug content obtained on production batches. 

tablets that are a8say.d and i f  nece8sary adjusted a t  

the granulation stage, w i l l  have leas variation in  the 

A batch of 

f inal  Wleted form than a batch o f  tablets cwressed  

from an unassayed dry mix. 

As a general rule a probability level of p = 0.95 

is used. 

choaen on the minimum predicted shelf l i f e  w i l l  be 

dmaonstrated. 

The actual effect of the probability lwel 
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WGQLF'E AND W0R"GTON 

4) Analytical Precision 

This paper is limited t o  products with shelf l i v e s  

of imre than one yaar. 

(those with a t  most 5% ovarage) a maxianm 1088 of pure 

drug of h 8 8  than 1oX is  involved. This means that the 

assay m u s t  have good precision t o  obtain meaningful 

results.  It m u s t  be eaaphasised strongly t h a t  the 

smaller the spread of r e s u l t s  due t o  analytical  

imprecision the narrowar will be the f iducial  limits 

and the longer will be the minimum predicted expiry date. 

M o s t  arrsays for i n t ac t  drugs will involve stme form 

of chrcoutography. Relative atandard deviations of l ea s  

than 1.W should be obtainable for assays uaing GLC or 

HPLC and r e l a t ive  standard deviations of less than 1.34 

are  obtainable with quantitative %C. 

precision are obtainablo by trained unqualified 

technicians. 

For nearly all preparations 

There levels  of 

Assay8 With a standard deviation of greater than 

2.m are probably unsuitable for obtaining useful 

predictions f r a a  short  time periods. This r u l e s  out 

most biological a88aya. 

altarnative8 are Arrhaaius predictia!, vaiting far long 

t a m  stataqe results, OT tes t ing of a larger nuarba of 

s t a b i l i t y  batches. 

In these circumstances the only 
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DETEBMINATION OF PRODUCT EXPIRY DATES 

It has been .uggested8’9 that mare .laphamis should 

be placed on the rate of accumulation of a degradation 

product as the accuracy i n  detarmining t o t a l  breakdown 

is greater i.e. 0.1% degradation product can be measured 

within say 0.05% to 0.15% whereas 99.9% intact drug can 

only be measured between say 98.9% and 100.9% 

general we f ee l  th is  approach is to be avoided. 

drugs degrade by more than one route, and many 

degradation products thmselves degrade further. This 

leads ua to mnphasiae tho need for analytical specif ic i ty  

i n  the i n t ac t  drug assay method. Thare is also the 

dangez t h a t  as a r e s u l t  of dovelopment of new or 

improved technique., an additional degradatian product 

may be detected which, although saparatod &om i n t ac t  

drug by the chromatographic technique, was not knom 

when the batch of product was placed on s t a b i l i t y  test. 

In 

Wany 

If a degradation product has a greater toxicity 

than the pure drug, then i t 8  rate of formation munt be 

monitored. I f  a maximUm l i m i t  is set, an expiry date 

with confidence limits can be calculated in a similar 

way to  that  described for  loas of in t ac t  drug. 

loss l i m i t  may be more stringent than t ha t  imposed by 

potency loss considerations. 

Such a 
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W L F E  AND WORTHINGTON 

5) Reaction R a t e  

:t is impossible, when deal ing with less than 10% 

degradation to detarmine accurately the reac t ion  order 

involved, assuming only one reac t ion  is onvolved. I t  

can be rhown mathanraticallylo that even w i t h  good assay 

precis ion ' f i r s t "  and .zero" o r d e r  reac t ions  cannot be 

dist inguiahed above 90% re ta ined  potency. 

Unless there is st rong evidence t o  the contrary,  a 

rtandard procedure i a  t o  aaaume t h a t  pseudo f i r a t  order 

condi t ions apply. This is similar t o  the procedure used 

by L o r d i  and Scott'' who discussed the errors involved in 

such an approach i n  r e l a t i o n  to Arrhenius predict ion.  

We choose f i r s t  order condi t ions fo r  a number of 

reasons as l i a t e d  below : 

a) If degradation were of a higher order ,  them this 

would r e a u l t  in a more favourable she l f  l i f e  than would 

pseudo f i r s t  order.  

b) The r a t i o  betveen the amount of drug and exc ip ien ts  

is genaral ly  00 much to the disadvantage of tho drug 

than any inf luence of me upon the other may ba expected 

t o  load to pseudo f i r s t  order  conditions.  

c) If tho reac t ion  was in tact 2.10 o r d a  b u t  was 

p lo t t ed  a8 f i r s t  o r d a  it would mako l i t t l e  d i f fe rence  

to the s t a b i l i t y  predict ion.  Far axample i f  the f o l l -  

owing results ware obtained I n i t i a l  = looX 3 months = 
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DETERHINATION OF PRODUCT EXPIRY DATES 

97.5% 6 months - 95.m i .e. zero order giving a 

prediction of 12 months for 10.0% degradation, would 

give a prediction of 12.3 months i f  plotted as f i r s t  

order. Similarly I n i t i a l  - 100% 6 months = 99% 

12 months = 98% i.e. zero o rde r  giving a prediction of 

60 months for 10.0% degradation would give a prediction 

of 63 months i f  plotted as  f i r s t  order. 

d) Most l iquid systams give f i r s t  order kinetics. 

e) The few papers giving reaction rates far solid 

systems give f i r s t  order kinet ics  6*12*13 

f )  

f i r s t  ordar kinet ics  . 
Many solids degrade t o p o c h d c a l l y  giving pseudo 

6 

SUGGESTED PROCELURE 

-st regis t ra t ion authorit ies require s t a b i l i t y  

r e n r l t s  frcm a t  l e a s t  three batchrs of new product, and 

three batches is also the minimum number needed t o  

obtain meaningful statistical information. 

It is  important t ha t  the i n i t i a l  assay figure is  

accurate and so duplicate analysis by each of two 

analysts, i.e. 4 assays i n  t o t a l  is recamuended. The 

analysis a t  each subsequent s t a b i l i t y  point is then 

performed i n  duplicate by one analyst. The r e su l t s  for 

each s t a b i l i t y  point are then averaged to the nearest 

0.1%. 
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WOOLFE AND WORl'HINGTON 

Shelf l i f e  predictions should not be attempted 

u n t i l  r e s u l t s  f r om a t  l e a s t  two s t a b i l i t y  points apart  

frQa the initial are available. In general 3 months 

and 6 months figures are  suggested, although shorter 

periods such as  1 month and 3 months can be used for 

products where previous knowledge indicates a r e l a t ive ly  

short  shelf l i f e .  

The mean asnay results for  each batch a t  any one 

time period are  taken rather  than the individual assay 

results, as the regression l i n e  required is that giving 

the functiondl re lauonship between in t ac t  drug content 

of a batch of product and time. The variation of assay 

r eau l t s  a t  oach t h o  period for each batch should not be 

confused with the vat ia t ion in drug content of the t o t a l  

population of batches with time. 

Tho moan results should than be scaled to give 1OO.OX 

far each init ial  assay. Par example the result8 h Table 

I w i l l  give those in Table 11. 

The assay results should then be convarted t o  

logarithm8. A t  loast 5 and preferably 7 place tables 

should bo usad to obtain tha necessary accuracy in 

subsequent calculations. For t h i s  reason the use of 

log,,, 

placo tables for log, is preferred. This al terat ion 

tablos. which are mere readi ly  available than 7 
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DETERMINATION OF PRODUCT EXPIRY DATES 

TABLE I 

I 

I n i t i a l  i 3m~ontha 6 months 
! 

I I 
Batch 101.2 100.8 100.2 100.5 

1 j lJbanl00.7% 

I 
I Mean 98.9% Mean 99.1% M.M 97.9% / I  

Batch 99.0 98.7 99.2 98.6 98.9 99.3 97.9 97.9 

Batch/ 99.9 99.9 99.7 100.0 99.5 98.7 99.0 98.8 
3 1  Mean 9 9 . S  Mean 99.1% Hean 9 8 . S  

C i 

Batch 2 100.S 100.2% 

makes no difference to  the expiry date prediction but 

the regresoion l i n e  .lop* must be multiplied by 2.3026 

for the 1st order rate constant. 

It  should be noted that by converting the assay8 to 

99.0% 

logarithms, i f  t h a e  is very l i t t l e  or no degradation 

and the assay apread is above and below 1- due solely 

to asaay imprecision, then the f i r s t  order p l o t  w i l l  

a t i l l  have a very small negative slope. 
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WOLF% AND WORl"GTON 

ff the slope of the regramsion line is posit ive,  

which w i l l  normally only occux w i t b  no  degradation and 

a 1088 in weight of the product e.g Loss of 80lVant from 

a cream through the walls of a p l a s t i c  tube,the predicted 

shelf l i f e  w i l l  be a t  a negative date. Bowwat a posi- 

t i v e  confidence l i m i t  can usually s t i l l  be obtained to 

enable one to clay that the minimum predicted shelf life 

is greater than t h i s  minimum value. 

C%OJIATION 

m i r y  dates are calculated by regression analysis 

fram storage r e s u l t s  o f  the type given in Table I1 

The regrassion line i e  given as 

C - b T + a  (1) 

Where C is log10 percantage assay, T is time i n  months, 

and a and b are constants. 

nh.l.0 n is tbe t o t a l  number of mean assay resul ts .  

slope of the rsgrossion line, b, i s  given by 

The 

b = u  
sll 

The intercept is 
a = =  - bfi 

n n 
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D-TION OF PRODUCT EXPIRY DATES 

The slope b 8hould be negative for a loss of intact  drug 

with time. 

It may be more correct to calculate separate reg- 

ression line8 for each batch of product, and then cmpare 

a l l  the regression lines 80 obtained. 

done w i t h  a caapputer and is outside the scope of t h i s  

This can only be 

paper. 

No weighting is applied to any of the results; the 

precision of mast assay methods for intact  drugs is the 

same a t  9C% as a t  1- intact  drug. 

t o  might the in i t i a l  results a t  T = 0 as these are 

obtained from four individual assay re8ults instead of 

two individual results for a l l  other time periods. This 

is not generally necessary. The fact  that a l l  three 

batches have T = 0 C = 2.0000000 (la) serves to 

ensure the intercept on T = 0 i 8  dlwayrr very close to 

2.0000000 without further mighting. 

It would be possible 

Far the example in Table 11 

b = -0,00053278 

a = 2.oooO9697 

If the Quality Control limits for t h i s  product WQ 

95% to 10%. 

Then the predicted time far 5% loss would be given by 

Cg5 = bT + a Cg5 = 1.9777243 

Therefore T = 42.0 
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WOOLFE AND WORTBWCTON 

The predicted time for 5% l o s s  is 42 months. 

In obtaining the regression line and in  subsequent 

work t o  obtain the confidence limits, the assumption is  

made that the values of C a t  any given assay time point 

are normally distributed. This w i l l  be t rue for mall 

losses in  i n t ac t  drug when the dist r ibut ion i n  values of 

C w i l l  be governed by assay imprecision. 

the l o s s  of i n t ac t  drug is greater, say 4%5% this w i l l  

not always be true. If fot example the degradation route 

in a tableted product depends on the amount of granulating 

solvent present, a l i m i t  on the residual solvent content 

of the granules w i l l  uma l ly  be fixed. This w i l l  mean 

that: the distribution i n  values of C w i l l  have a lowar 

limit corresponding t o  tho degradation caused by the 

However when 

maximum permitted amount of solvent. C w i l l  then have a 

posit ive skow. This should not a f f ec t  the val idi ty  of 

the statistics.14 

COWIDENCE LIMITS 

Tbi gaaeral formula fo r  tho det-ation of 

confidence (fiducial)  lMt8 i8  given by F i o l l o r ' s  

fotrmd5+16 . 
(y2 - dv,, 1 - 2 a k q  - 3 v x ,  1 + & x *  - t 

l i m i t s  a of a r a t i o  Y / x  are given by 

v,, 1 - 0 (7) 

Wheo t i8 tho -Student" t doviato. V X X  and Vyy are the 

vatianc.8 of x and y ,  and V X ~  i r r  the covariance. The 

.qua+fan of the straight l i n e  ( q u a t i o n  1) may bo writtaa 
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DETEFXINATION OF PRODUCT EXPIRY DATES 

(8 )  
- 

T - T  = C - C  
b 

Where i and ? are tlr. mean value8 of T and C reapec+ipely. 

In th ia  case y = C - t and x = b and 
- 

vxy = 0 (11) 

Wherec is the standard deviation given by /vF- (12) 

- 
Therefore the I M t a  for T - T are given by 

(13) 

This i a  a quadratic equation in (I and may be 801- in 

the n d  way. m e  solution may be simplified to give 

1 - g  (14) 

Where T’ is the predicted time (she l f  l ife) fropp the 

regression equation. 

g = t2r2 
b2 STT 

t i s  the “Student. t factor for a one sided test for 

n - 2 degrees of freedom. 

(151 
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UOOLHE AND WORTLUNGMN 

A simplif ied version of this equation 

T L  = T’ 2 J,,X (T’-?)‘ (16) 
b 

is of ten  given i n  books on statistics fo r  the standard 

error of a predict ion.  This equation (16) is  an approx- 

imation and g ives  near ly  the t r u e  answer when g is  small. 

Finney” states that when g is less than 0.05, which 

requi res  t h a t  ( for  the 0.95 probabi l i ty  l eve l )  b is  a t  

Peast  nine times its standard error ,  g may be ignored. 

For the  type of data discussed i n  this paper b is usual ly  

very small i.e. the r a t e  of loss of drug is  very small. 

In fact b is of ten  similar or less than i ts  standard 

error. The approximate equation (16) should therefore  

- not be used i n  this type of work. 

Because b is  very s m a l l  this gives  rise t o  c e r t a i n  

d i f f i c u l t i e s  i n  solving equation (14). These d i f f i -  

c u l t i e s  are now discussed. 

i) g 6 l  

This is the simplest case and the equation w i l l  
/ 

give two values  for  TI one above and one below T . 
are i n t e re s t ed  only in the lowar limit, so a s  t o  be able 

to say w i t h  a certain confidence l e v e l  that fo r  a par t -  

i cu l a r  percentage loss of i n t a c t  drug the minimum predicted 

shelf  l i f e  is greater than the lower f i d u c i a l  l i m i t .  

ii) g = 1 i.e. ,,z tZr2 

W e  

s T T  
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DE-ION OF PRODUCT EWIRY DATES 

In this case no solutian is possible to  oquation (14) 

as the upper l i m i t  t o  TL is infinity.  

which is the one required can be found fram oquation ( 7 )  

The lowat l i m i t  

and is 

(17) 1 q =T/+1 - S n  (1 +;I 
2 

n (T'-7) 

iii) g 5 1  
I In t h i s  case both limits for  TL are lower than T 

Fie l l e r  gives the euiest  mathematical intarpretation of 

+his1', but a simple urplanation is to say that the lowar 

of the two limits arises fran the f a c t  that frcm the data 

used to obtain the regression line, there is a f i n i t e  

possibi l i ty  that b has a posit ive slope and thrt the 

mount of drug in the product is increasing and so C95 

was reached before T - 0. 

This is of course meaningless when applied to 

s t a b i l i t y  data and only the upper of the two limits is 

of pract ical  interest .  

In  the example quoted earlier, i f  wa take a probab- 

i l i t y  level  of 0.99 for a one sided test. 

g = 1.509 

and T, - 19.5 or - 165.9 

W e  could therefore say for t h i s  product t h a t  the 

predicted time for 5% loss is 42 months, w i t h  a confid- 
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UOOLFE AND WOBTBINGTON 

a c e  level  o f  99% that the time will not be less than 

19.5 months. 

The e f fec t  of differcurt probabili ty levels  is shown 

in T a b l e  111. The requked f iducial  l i m i t  is underlined. 

It can be seen that for the r e su l t s  quoted in Table 

I there is l i t t l e  pract ical  difference between say 0.90 

probabili ty and 0.95 probability. It  also show8 that 

unless tho assay precision i a  vary good the minimum 

8 h d f  l i f e  w i l l  bo very much 

from the regrosaion line 

ahartu than that predicted 

In t h i s  caso no so lu t ion  is possible because a t  

tho probabili ty lwel chosen a can have any value from 

+ 00 to - 0 0 .  A rosu l t  can only be obtained by reducing 

the  probability lwd  a& honer t and thorefore g until 

tho left hand side is groat- than  0. In  dealing with 

a t a b i l i t y  data t h i s  problem will only occur whon the 

TABLE I11 

Probabilitv Level 9 

0.90 0.3379 

0.95 0.5989 

0.975 0.9336 

0.99 1.5090 

Fiducial Limits 

77.1 and 96.1 

- 24.3 and 175.1 

- 21.9 and 1152.7 

-165.9 and 19.5 
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DETEBHINATION OF PRODUCT WPIXY DATES 

assay is very impr.ci8e and r e s u l t s  for T S O  are 

widespread above and below looX. 

Uhile a value of b > O  is unlikely, and although 

as  mentioned earlier the predicted ahelf l i f e  is mean- 

ingloss, a posit ive upper fiducial  l i m i t  w i l l  probably 

exist and can be calculated using equation (14) similar 

to  that described u n d a  iii), If the accumulation of a 

by-product i a  asaayed 

can be obtainad in a sMlar way to  those described 

b w i l l  be posit ive and limits 

previously . 
Care must be exercised i f  the a t a t i a t i c a l  method is 

used for  purpoaes other than the s t a b i l i t y  scheme outlined. 

In particular the calculation of a prediction from a 

single batch should be avoided if a t  a l l  poaaible. N o t  

only w i l l  the r e su l t s  obtained g i m  no information on batch 

variation but with only two or three individual result8 a t  

T>O t h e e  is a high probability that one arronooua result, 

which may be due t o  assay imprecision, w i l l  have a large 

influence on the f i n a l  prediction and i t a  calculated 

confidence limits. 

%.in t r i a l  cauparisons of d i f f a i n g  formulations, but  great 

care must be taken before putting weight on any one prediction. 

Occasionally such remalts have t o  be uaed, 

Carstensan discussed the following aingle batch resul t8  '' 
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WLFE AND U0Bl"GTON 

Calculation of these r e s u l t s  gives a posi t ive slope and 

no minimum prediction is  possible as  the r e su l t s ,  due t o  their 

imprecision f a l l  i n to  category i v ) ,  a t  the 95% confidence 

level. If there i s  evidence that the T = 0 assay can be re l i ed  

upon t o  a greater extent than the other figures,  eg r ep l i ca t e  

analyses, then it is possible t o  constrain the regression. 

l i ne  through T = o c = 2.0000000.  

In this case it is  simpler mathematically t o  p lo t  

D = C - loglo 1- against time T, where D = bT (18) 

Then the slope b = 
ET 

(19) 

- b2 E'? 
n - 1  

( 2 0 )  

I f  h = t2d (t is for n - 1 degrees of freedom) 
b2 ZT (21) 

L 

1 - h  

Doing this with the data in Table IV gives a pred- 

icted shelf l i f e  of 48 months w i t h  a 95% confidence 

level t ha t  the time to reach loX loss will be greater 

than 9 months. 

This technique has not be- applied t o  the reco- 

laprndd mothod for two reasma. 

1) 

ace incorrect 

Thue  is a f i n i t e  possibi l i ty  t ha t  the T = 0 assays 
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TiXIe 

Assay 

2) If the degradation reaction has a r a t e  order>  1 or 

In i t ia l  1 month 2 months 3 mcmths 

1- 96% 101% 9 s  

if it reaches an equilibrium, by constraining the 

regression line through T - 0 D = 0 the slope b w i l l  be 

too large and w i l l  give too short a predicted w i r y  

date. 

co3scu1810~ 

The suggested procedure hra advantages o v a  the 

Arrhenius method currently in uae by m y  laboratories. 

P w  sane products, whore elwatod temperature s t a b i l i t y  

studies are not meaningful, it provides a m e t b o d  far 

estimating w i r y  dates for newly marketed products. 
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