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Some Problems of Predictive 
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Presented December 1-2, 1970, New York City 

Synopsis--TEST PROCEDURES available for the SAFETY EVALUATION of toiletties and 
COSMETICS are reviewed. Some obvious deficiencies of these tests, possible pitfalls, ques- 
tionable parameters, and the organization of an evaluation program are discussed. The in- 
terpretation of preclinical animal and of clinical human safety data and the importance of 
in-use tests in determining whether or not a product is safe are also considered. A few clini- 
cal experiences are presented to illustrate the discussion. 

INTRODUCTION 

Product safety is one of the primary concerns of all drug and cos- 
merit manufacturers. In the case of drugs, the term safety becomes rela- 
tive, and any side effects can be weighed against the benefits derived. 
The safety of drugs is one of degree, and consumer inconvenience or even 
risk can be tolerated depending on the product and what it will do for the 
patient. Drugs can be and often are an essential part of one's health and, 
in severe circumstances, can be life saving. On the other hand, cosmetics 
are not life saving, but contribute to general well-being by virtue of 
beautification, decoration, and camouflage. •qithin this framework, the 
manufacturer of cosmetics and toiletries must assume great responsibility 
for consumer safety, whether it be for reasons of morality or just plain 
good business sense. Consumer tolerance to irritation or inconvenience 
resulting from the use of cosmetics is very low; there is no room for side 
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effects; and safety under conditions of use must be as close to 100% as 
possible. 

As a result, the manufacturer of cosmetics needs reliable information 

on the probability of adverse reactions to his product in advance o[ its 
marketing. Cosmetics in general are a fairly innocuous class of products' 
if they were not, the manufacturers would have had to close their doors 
long ago. The fact that billions of dollars are spent annually on cos- 
metics confirms that consumers as a whole do not find cosmetics irritating. 

The skin of man has been constantly exposed to a wide variety of dif- 
ferent chemicals. The milieu of our modern industrial society further 
insults our skin with a wide range of chemicals in the form of clothing, 
industrial finishes, and dusts. Experience has made the elimination of 
known skin offenders from cosmetics a fairly simple task. Most potential 
irritants have been identified, and their use in cosmetics is almost nonex- 

istent. Kligman (1) pointed out, on the other hand, that "practically all 
substances are capable of being contact sensitizers for some persons under 
some conditions." However, the exclusion of all chemicals which--under 
one condition or other-could act as irritants or sensitizers would make 

the formulation of cosmetics impossible. 
With this in mind it becomes apparent why an evaluation of currently 

available predictive test procedures is important. A description of pre- 
dictive testing techniques, especially as they are applied to cosmetics, has 
recently been made by Brunner (2). A thoroughly annotated review of 
this subject has been prepared by Idson (3). In addition, a well-reasoned 
critique of standard test methods for cutaneous contact allergy has been 
published by Kligman (1), who concludes that the techniques are "insen- 
sitive" to moderately strong known sensitizers. In view of this he de- 
veloped his so called "maximization test" (4). 

In spite of some obvious deficiencies, predictive testing techniques for 
cosmetics appear to be reasonably reliable. If they were not, the inci- 
dence of reaction to newly introduced cosmetics would be expected to be 
much more common in our industry. In fact, we feel that a well-executed 
predictive program is most useful in keeping potentially troublesome 
products off the market. 

The purpose of this discussion is not to suggest new tests. Instead, 
the need for careful selection of predictive testing procedures and for 
judicious interpretation of the resulting data will be pointed out. In ad- 
dition, some problems which may be encountered during predictive test- 
ing will be explored. 
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PROBLEMS OF PREDICTIVE TEST PROCEDURES 

Availability of Test Procedures 

The existing techniques are widely used, and all ot5 them can help in 
predicting the safety of cosmetics if they are wisely selected and if the data 
obtained are properly applied. These procedures can and should be 
modified or exaggerated to suit the product; however, the application of 
results from a small-scale test to the population at large is statistically dif- 
ficult (5, 6) and leaves much to be desired, especially in view of the artifi- 
cial conditions which are employed in testing cosmetics. 

It is probably worthwhile to mention briefly the various groups of 
tests that are available. 

Animal tests may include the guinea pig immersion procedure (7), the 
"Draize" rabbit eye test (8), the standard "Draize" dermal irritation pro- 
cedure (8, 9), various guinea pig sensitization tests (8, 10, 11), and others. 

Human patch tests in a variety of forms have been used for many 
years. These may include the single (primary irritation) patch test (1, 3), 
the prophetic patch test (1), modification of the patch test to determine 
possible phototoxicity or photosensitization (3), repeated insult patch 
tests to determine sensitization (12-14) and, finally, the maximization test 
procedure of Kligman (1, 4, 15, 16). 

In-use tests represent the third group of tests available (17). Although 
no formal procedures for this type of testing exist, the product is generally 
used in accordance with the manufacturer's direction after preclinical or 
clinical patch tests. In some instances, it may be desirable to exaggerate 
the conditions of use by increasing the amount and frequency of applica- 
tion. Preferably, the period of intensive use is followed by a rest period 
and then a "challenging" patch test. 

Problems of Selection 

The protocol 15or an effective predictive testing program requires a 
considerable amount of judgment. One of the most important limita- 
tions on test procedures is the fact that not all of them are applicable to 
all products, and the selection of the test is as important as the test itself. 
To subscribe to the concept that a product must pass a particular test be- 
[ore it can be considered safe for marketing eliminates all opportunity to 
modify a standard test. It also precludes the need for interpretation of 
the results obtained by the clinician and, in effect, voids his expert judg- 
ment. 
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In planning a well-organized safety program each preparation must be 
individually considered, and the tests employed should be appropriate 
for the product. Knowledge of the formula, familiarity with the in- 
tended use of the product, and directions for use of the marketed product 
are essential requirements for selecting the proper predictive test and any 
alterations that are needed. 

We feel that, by themselves, animal tests are of limited predictive 
value, whether they are negative or positive (18). It is generally agreed 
that these tests have their principal value in providing confidence to the 
investigator to proceed further with tests on human subjects (10, 13). In 
addition, animal testing procedures often offer useful clues to potential 
adverse reactions in human subjects. Any reaction in animal tests thus 
becomes a special alert to the clinician. On the other hand, a strong posi- 
tive reaction will be a warning to the investigator either to proceed with 
extreme caution or to abandon further testing. 

Animal test procedures are highly exaggerated and rightfully so. 
They should be carefully interpreted by the investigator so as to be used 
primarily for guidance to the formulator and not for the purpose of ab- 
solute judgment on a go or no-go basis. A typical example is the guinea 
pig immersion test during which animals are exposed to moderately con- 
centrated solutions of detergents for a prolonged period of time. This 
test will almost always result in skin reactions. The fact that damage oc- 
curs is unimportant, but the degree of damage can be used as a guide for 
the selection of "safe" detergents for a particular use. Similarly, one 
would certainly not test a waving lotion or a neutralizing solution via the 
subacute 20-day derreal irritation test with rabbits. The results of such 
a test would be meaningless and have no relationship to the frequency of 
use by humans. 

Human patch tests too must be selected with great care. For example, 
any closed patch test technique is exaggerated because both the tempera- 
ture and the humidity are raised in the occluded area and because evap- 
oration of any volatile materials is precluded. It is also common to use 
the same test population on more than one occasion. Actually, repeat 
exposure of the same test population may appear highly desirable because 
this group might exhibit cumulative irritation and occasional sensitiza- 
tion due to exposure in previous tests. On the other hand, such a popu- 
lation by repeated exposure may have become refractive, thus introduc- 
ing another limitation. The investigator should be aware of the poten- 
tial of the test population to react, and his interpretation of positive or 
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negative results should be tempered by this knowledge. He must, there- 
fore, not only select his test but also his test population. 

Not every product should have to be subjected to all known tests. For 
example, there is no reason to subject a vaginal deodorant, nor any other 
product not normally exposed to light, to a phototoxicity test. Similarly, 
it is extremely doubtful whether or not a closed patch test of a shampoo 
at full strength has any meaning since shampoos normally remain on the 
scalp only for two to three minutes, are diluted, and are almost completely 
removed by subsequent rinsing. Finally, a 24- or 48-hour closed patch 
test of a depilatory would be out of the question and of no value. 

Such use-related considerations alone form a solid rationale for the 

desirability of in-use testing. These procedures are also valuable for the 
study of topically applied products because protocol automatically in- 
cludes exposure to the natural elements, such as sun, wind, heat, and cold. 
The importance of this test will become more apparent when some clini- 
cal experiences are discussed later. For the moment, it will suffice to in- 
dicate that in-use tests employ the product at near normal frequency in 
and over the area of usual application and can also take into account the 
possible misuse or even abuse of a product. 

PROBLEMS OF INTERPRETATION 

Let us assume for a moment that the investigator has established in a 
series of animal safety tests that he can proceed with human testing of a 
new cosmetic product. He has then carefully selected the proper human 
tests and has taken into account specific modifications to suit the product 
and its intended use. The results of these tests are available, and the in- 

vestigator is now faced with the responsibility of establishing whether 
the product can be "safely distributed." It is at this point that our inad- 
vertent errors and our lack of complete scientific knowledge can impair 
clinical judgment. 

An important source of error is the grading of reactions which may 
depend entirely upon the patch test material (14) and on the observer 
who grades the reaction. Occasionally, reactions may be due to improper 
application of the patch, i.e., friction. Inadequate tissue contact of the 
material and improper placement (which may lead to loosening of the 
occlusive covering) can reduce the severity of reaction to the patch test. 
Climatic conditions are also believed to have an influence on the reac- 

tivity of human skin, and there is some evidence that there is greater re- 
activity during winter months (19, 20). 
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Cross sensitization and what has been termed skin fatigue or cumula- 
tive reactions add to the problems already facing the investigator. He 
must now, for example, consider the possible influence of drugs on the 
reactivity of the test subject or the ultimate user. The age of the patient 
influences reactivity due to lack of previous exposure or by virtue of the 
development of the immunological apparatus. Pre-existing skin condi- 
tions, such as eczema, may or may not have a direct effect on the final re- 
sults of the patch test or on the consumer. A further problem is gener- 
ated by the fact that often patch tests are conducted using more than one 
and sometimes as many as a dozen products at the same time. The ques- 
tion then arises whether simultaneous patch testing with different mate- 
rials could have an influence on the reaction to one or more of the prod- 
ucts tested. This fact could be an advantage or a disadvantage. Our in- 
ability to be more specific is, in fact, a limitation in itself. In this con- 
nection it is noted that racial influences and skin color must also be con- 

sidered, although to date there is relatively little known about the sensi- 
tivity of different races to any given chemical (21). It is not surprising 
that heredity plays an important role in allergic contact dermatitis (22) 
and this may also apply to reactivity to cosmetics. 

Finally, the investigator must take into account that the sensitivity 
potential of a population to a product can change with time. This type 
of latent sensitivity was studied by Baer et al. (23), who attribute this 
phenomenon to increased opportunity to exposure to allergic sensitizers. 
It is conceivable that the safety of chemicals or products established some 
years ago is no longer applicable today. The relationship of these ob- 
servations to Agrup's (24) conclusion that patch testing can lead to sen- 
sitization is by no means clearly established. 

It must be concluded that the interpretation of predictive human 
patch testing is made difficult by two factors: (a) possible experimental 
error and (b) the influence of unknown extraneous factors on the test sub- 
jects and eventually on the population of potential users. The careful 
experimenter can usually overcome the limitations due to inadvertent 
error. He cannot make up for the holes in our knowledge, i.e., the un- 
known. 

Some known and some unknown parameters, both of which may in- 
fluence the results of patch testing or the response during use, are shown 
in Tables I and II. 

Many of the questions raised above exert an important influence on 
the results of a well-conducted in-use test. The results from such a test 
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Table I 

Parameters Known to Influence Human Skin Reaction 

Parameter Response Reference 

Site of application 
(in sensitization 
test) 

Mode of applica- 
tion (in sensiti- 
zation test) 

Type of patch used 

Dose 

Trauma (at site of 
application) 

Sex 

1. Back > abdomen > extremities 

2. Reapplication to same site > 
new site 

Epicutaneous > intradermal 

Closed > open 

1. Response depends on amount 
deposited per unit area, not 
total dose 

2. One large dose is more sensi- 
tizing than several small doses 

Chemical trauma > mechani- 

cal trauma 

Male > female 

Kligman (21), Magnusson (25) 
Kligman (1, 21) 

Kligman (21) 

Magnusson (14, 25, 26) 

Kligman (21) 

Lowney (27) 

Rebello (28), Kligman (21) 

Lanman (15) 

Table II 

Parameters Which May Influence Human Skin Reaction 

Parameter Comment Reference 

Age 

Trauma to skin 

(at a remote site) 

Race and heredity 

Seasonal variation 

Pregnancy 

Diet 

Effect in sensitization not 

clearly established 

Probably increases reaction 

Probably important 

1. Response nfinimum occurs 
during summer 

2. Greater reaction during winter 
3. Sweating under patch does not 

increase reaction 

Not known 

Not studied 

Sipos (29) 

Kligman (21), Forsbeck (22) 

Hjorth (30) 

Justice (20), Kligman (19) 
Bettley (31) 
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are unequivocal: The product causes adverse effects or it does not. The 
in-use test still has many important limitations, such as: number of sub- 
jects; their age and sex; period of use; geographical locale; and possible 
lack of sensitivity to misuse or deliberate abuse. These problems can 
sometimes be resolved by careful consideration of the product's intended 
use and the manufacturer's recommended directions. A major problem 
is the reliability of the test subjects who must be able to communicate 
with the investigator and must be depended on to use the product. This 
problem has been noted by Maibach and Epstein (12), who feel that such 
a test is frequently not a test at all. This is, of course, a matter of experi- 
mental design, but does not detract from the value of properly supervised 
and controlled in-use tests. 

CLINICAL EXPERIENCES 

So far, the discussion has been primarily in terms of the possible 
chance of error or possible problems in the interpretation of results. In 
order to illustrate these problems and to re-emphasize the need for care- 
fully controlled in-use tests, two examples from the authors' experiences 
will be discussed. 

Approximately six years ago a patch test study of a make-up product 
elicited no evidence of either primary irritation or of sensitization via 
the repeated insult technique. More recently, this composition was re- 
examined for primary irritation and sensitivity by the same technique at 
a different test locality. Surprisingly, the product now caused primary ir- 
ritation and could not even be subjected to the repeated insult test be- 
cause of the high incidence of irritation. Our approach to this riddle 
was a pragmatic one: A series of break-down products, in which one or 
more ingredients were deleted, was subjected to patch and sensitization 
tests. After much effort, the offending ingredient was identified, and the 
product was then reformulated to yield a new, hopefully safer composi- 
tion. 

Although a definitive explanation cannot be offered, several things 
could have taken place during the intervening five or six years: There 
may have been subtle changes in the raw material due to a different 
process of manufacture. The time of year during which the tests were 
conducted was different. The selection of test subjects could have played 
a role in causing the second test to show positive results, whereas six 
years ago the product was considered safe and ready for marketing. Last, 
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but not least, the change in testing facilities may have been the influenc- 
ing factor. Interestingly enough, the incidence of complaints from con- 
sumers did not change during the intervening years. 

What does this all mean? Are our tests too sophisticated or are the 
artificial test conditions too severe and thus prejudicial to the product? 
Of course, we do not know the answer, although Baer's (23) report on the 
changing sensitivity of the population may offer a clue. Regardless, this 
is a typical example of how the responses to chance patch testing can trig- 
ger research activities.. 

A more interesting example is a fairly recent experience using a trans- 
lucent facial make-up product. This product was put through the bat- 
tery of tests using established patch test methods and found to be free of 
irritation and sensitizing liability. However, in an in-use test, over 75% 
of the test panelists were unable to tolerate the test product. At first it 
was believed that the geographical location of the test site might have pre- 
cipitated the responses. Alternately, exposure to natural sunlight could 
have caused the reactions. Accordingly, photopatch tests (on the back) 
were conducted with negative results. Another in-use test was initiated 
at another site, which confirmed the results of the first in-use test. In 

view of these adverse results, the product was reformulated in an attempt 
to eliminate the offending agent or agents. After much work, some 
minor constituents were eliminated from the formulation, and a third 

in-use test was conducted. Now, the revised product was tolerated by 
100% of the test population. It was concluded that neither light nor oc- 
clusion triggered the reaction. In this case it seems evident that the lo- 
cation of the skin, i.e., face vs. back, was the primary factor in producing 
the adverse effects. If the initial patch test results had been used as the 
sole criteria in judging the product safe, the original product would have 
been marketed on the basis of established procedures and in good faith. 

, 

The product would, nevertheless, have caused adverse reactions in many 
consumers. Based on this example, exaggerated in-use testing would 
seem to be an important part of any predictive skin testing program. 

It should be emphasized that the two examples cited here are unusual. 
Normally, repetitive patch tests of the same product yield comparable 
results. Similarly, in-use tests normally confirm the safeness of products 
established in a patch test series. Our many years of experience indicate 
that a well-designed and well-conducted predictive testing program is an 
almost foolproof method of establishing the safety of products before 
they are marketed. 
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CONCLUSION 

Potential problems of predictive testing of the safety of a cosmetic 
product have been pointed out. Particularly troublesome are the follow- 
ing: The selection of the test(s) and of the test population; inadvertent 
experimental errors; problems of interpretation, which are related pri- 
marily to the absence of well-documented scientific information. It is 
pointed out that in-use testing under clinical supervision is highly desir- 
able and should be seriously considered as an adjunct to the battery of 
known skin predictive procedures. Two unusual examples from the 
authors' files illustrate these problems and support these inferences. In 
the authors' experience, the results of a sound predictive testing program 
are useful for anticipating the product's safety in the market place. 

(Received December 21, 1970) 
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