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ABSTRACT: The American Medical Association has questioned whether expiration 
dating markedly underestimates the actual shelf life of drug products. Results from the 
shelf life extension program (SLEP) have been evaluated to provide extensive data to 
address this issue. The SLEP has been administered by the Food and Drug 
Administration for the United States Department of Defense (DOD) for 20 years. This 
program probably contaillil the most extensive source of phannaceutical stability data 
extant. This report summarizes extended stability profiles for 122 different drug products 
(3005 different lots). The drug products were categorized into five groups based on 
incidence of initial extension failures and termination failures (extended lot eventually 
failed upon re-testing). Based on testing and stability assessment, 88% of the lots were 
extended at lea..% 1 year beyond their original expiration date for an average extension of 
66 months, but the additional stability period was highly variable. The SLEP data 
supports the assertion that many drug products, if properly st.ored, can be extended past 
the expiration date. Due to the lot-to-lot variability, the stability and quality of extended 
drug products can only be assured by periodic testing and systematic evaluation 
of each lot. © 2006 Wiley-Liss, Inc. and the American Pharmacists Association J Pbarm Sci 
95:1549-1560, 2006 
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INTRODUCTION 

The concern that expiration dating may markedly 
underestimate the actual shelf life of drug 
products has been an issue. 1-

3 The American
Medical Association (AMA) recently reviewed the 
procedures for setting pharmaceutical expiration 
dates and the clinical and fiscal consequences of 
setting such dates. 4 The AMA concluded. that the
actual shelf lives of some products are greater 
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than then· labeled expiration dates and acknowl­
edged that best evidence to support this resides in 
the shelf life extension program (SLEP). Smaller 
studies have addressed the long-term stability of 
drug products5•6 and drug substances. 7 One study
detennined that four products, captopril tablets, 
:flucloxacillin capsules, cefoxitin injection, and 
theophylline tablets st-ornd under ambient tem­
peratures maintained at least 98% of label claim 
for drug content for 18-170 months past the 
labeled expiration dates. 5 In a modification to the
Ai.'\tIA Policy H-115.983, the pharmaceutical 
industry, the Food and Drug Administration 
(FDA) and the United States Phannacopeia 
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Table 4. Group lC: Products With No Failures (3-4 Lot.s Tested) 

Drug Product Dosage Form 

Acetaminophen pseudophedrine Capsules 
Benzonatate Capsules 
Bretylium tosylate Inj ection-so1ution 
Bupivacaine HCl Injection-solution 
Ceftriaxone sodium Powder 
Chloroquine HCl Injection-solution 
Chlorpromazine HCl Injection-solutiona

Dextrose 10% Injection-solution 
Dextrose and sodium chloride Injection-solution 
Dobutamine HCI Injection-solution 
Edrophonium chloride Injection-solution 
Erythromycin lactobionate Powder 
Hydrocortisone sodium succinate Injection-solution 
Mafenide acetate Cream 

Mepivacaine HCl Cartridge-needle 
Naproxen Tablets 
Neostigmine methylsulfate Injection-solution 
Penicillin G benzathine Suspension 
Phenylephrine HCI Injection-solution 
Prochloroperazine edisylate Injection-solution 
Protamine sulfate Powder 
Sulfisoxazole Tablets 
Tubocurarine chloride Injection-solution 

a-see "tablet" dosage form (Group 2i. 

average of 67 months. Termination was due to a 
variety oftest failures as indicated in the table. The 
range of extension times for the active lots is 
annotat.ed in the table. The average extension for 
these dormant lots was 81 months and the average 
extension for these active lots was 79 months. The 
average extension time for all of the lots (termi­
nated, dormant, and active) from these 16 products 
was 76 months, ranging from 12 to 266 months. The 
ointment dosage form of povidone-iodine was 
assigned to Group lB. 

Each of the 10 products assigned to Group 5 
(Tab. 8) had most of the lots denied initial 
extension (�50% occurrence) and some of the 
extended lots were terminated due to failure 
(periodic retest). Of the 83 lots tested, 23 lots were 
extended and 60 lots were denied extension. 
Extension denials were due to a variety of test 
failures as indicated in the table. Of the ex-tended 
lots, 7 lots eventually failed and were terminated, 
16 lots are now dormant, and none of the lots are 
currently active. For the terminated lots, the 
amount of shelf life extension before the failure 
ranged from 17 to 94 months with an average of 
49 months. Termination was due to a variety of test 
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Number of Lots Extension Time (mo.) 

Tested Dornumt Active Mean Range 

3 3 0 24 24-24

4 4 0 44 12-73
4 4 0 49 15-71
3 3 0 88 79-95
4 4. 0 60 44-69
4 4 0 64 27-98
3 3 0 74 59-88
4 4 0 25 23-29
4 4 0 64 51-73
3 3 0 47 29-79
4 4 0 65 33-114
4 4 0 60 38-83
3 3 0 43 37-56

3 3 0 59 56-63
3 3 0 41 33-45
4 4 0 52 46-62
4 4 0 60 31-78
4 4 0 70 61-84
4 4 0 60 53-78
4 4 0 43 28-66
4 4 0 64 57-77
4 4 0 56 45-68
4 4 0 59 47-69

failures as indicated in the table. The average 
extension for the 16 dormant lots was 33 months. 
The average extension time for all of the lots 
(terminated and dormant) from these 10 products 
was 38 months, ranging from 14 t.o 94 months. For 
the individual products, the mean extension times 
and the ranges of extension times in the table 
represent a combination of the terminated and 
dormant lots. The spray dosage form of diphenhy­
d:ramine HCl was assigned to Group 1A 

DISCUSSION 

Performance Evaluation 

Each product tested was assigned to one of five 
groups {as listed in Tah. 1) based on an explicit 
classification system. Products with no failures 
(initial extension failure or termination failure) 
were assigned to Group 1. This does not imply 
that these products ¥!"ill be stable indefinitely. 
Based on past performance, these products may 
be eonsidered the best candidates for shelf life 
extension. Other factors, including the number of 
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