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Disparate SPF testing methodologies generate similar SPFs
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Synopsis

Regulatory agencies throughout the world have developed exclusive methodologies for assessing and classify-
ing sunscreen product efficacy in their respective markets. Three prevalent methods, the Food and Drug
Administration-Final Monograph (FDA-FM) method, the Australia/New Zealand (Aus/NZ) method, and
the COLIPA International (International) method, contain procedural and statistical dissimilarities with
undefined significance. The objective of our clinical trials was to evaluate the influence of these disparities on
sun protection factor (SPF) values. Our clinical trials evaluated the SPF of 59 test materials, using two or all
three of the aforementioned methods in simultaneous trials, providing two or three SPF values for each for-
mulation. A total of 135 trials were conducted. The consequent mean SPF values generated per trial were
used to compare methods in a correlation and variance analysis. The correlation coefficients for each method
pair, International vs. FDA-FM, Aus/NZ vs. FDA-FM, and International vs. Aus/NZ, were each 20.94. The
difference in least square mean SPF for each method pair was 0.12, 0.62, and 0.81, respectively. Our juxta-
position of the mean SPFs produced by these methods clearly illustrate that any disparities between average
SPF values produced by these methods are not clinically or statistically significant and that using one method
should be sufficient for SPF labeling in all three respective markets.

INTRODUCTION

The universal demand for reliable sunscreen products that protect users from the short-
term and long-term consequences of ultraviolet (UV) radiation has led to the develop-
ment of regional standards in sun protection factor (SPF) evaluation test methodologies.
Sunscreen products sold in American markets must comply with the current Food and
Drug Administration (FDA) Over-the-Counter (OTC) monograph (1-3), whereas identi-
cal formulations sold in Australia and New Zealand are generally evaluated with the
method developed by the Joint Australia and New Zealand Standards Committee (4).
Japan, Korea, and other Asian countries frequently evaluate the efficacy of sunscreen
products with the COLIPA International method (5,6). Since these clinical trials were
completed, the FDA has published the Labeling and Effectiveness Testing: Sunscreen
Drug Products for OTC Human Use or Final Rule (3) on June 17, 2011. The Interna-
tional Organization for Standardization (ISO) produced a new method (7). Australia/New
Zealand(Aus/NZ) published a revised method (8) that mirrors the ISO method (7). None
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of the research published herein used the FDA’s Final Rule, the ISO standard, or the re-
vised Aus/NZ methods to evaluate SPF.

Differences in these methodologies, including panel size, time frame for erythemal evalu-
ation, geometric progression of UV dose, reference sunscreen formulations, and statistical
criteria have been noted (9) and are shown in Table I. The mere existence of these differ-
ences has prevented international harmonization of SPF testing. However, the actual im-
pact of these methodological variations on SPF values has not yet been reported. Herein,
we report SPF values on the same formulations using the COLIPA International (Interna-
tional) method, the Aus/NZ method, and the FDA Final Monograph (FDA-FM) method.
The statistical analysis of the disparities between SPF values generated by these three
methodologies shows that no statistically significant differences exist.

MATERIALS AND METHODS
METHODS

Protocols based on the COLIPA International SPF test method (5,6), the FDA-FM SPF test
method (1) and the Aus/NZ standard SPF test method (4) were approved by Allendale
Institutional Review Board and used to evaluate the SPF of sunscreen formulations. Se-
lected details for each method are listed in Table I. Using the FDA and Aus/NZ, 28 formu-
lations were evaluated; 36 formulations were evaluated using the International and FDA
method; and 29 formulations were evaluated using the International and Aus/NZ Method.
Formulations designated numbers 1 through 17 were evaluated by all three methods. A
total of 59 formulations were evaluated in the course of 135 clinical trials (Table II).

The trials were conducted between October 10, 2005, and May 20, 2011, in harmony
with the World Medical Association Declaration of Helsinki (as amended), International
Conference on Harmonisation of Technical Requirements for Registration of Pharmaceu-
ticals for Human Use, Good Clinical Practice and Standard Operating Procedures at
Consumer Product Testing Company, Inc. Potential subjects were recruited from the
database at Consumer Product Testing Company, Inc.

Potential subjects were given a verbal description of the risks and benefits of the trial.
They were allowed to ask questions to which they received answers in terminology that
they understood. Upon completion of the informed consent process, each potential sub-
ject executed an informed consent form by signing and dating the document. The poten-
tial subject then became a subject in the trial.

UV RADIATION SOURCE

Xenon Arc Solar Simulators from Solar Light Company, Philadelphia, PA, (150 Watt or
300 Watt) were used as the source of UV radiation (10). The spectral output for the 150 W
and the 300 W was essentially identical (11). The lamp output was measured with a UV
intensity meter (Model PMA2100, Solar Light Company, Philadelphia, PA) before and
after the test period. Solar simulators were equipped with 1-mm UG11 and WG320
filters, providing a spectral output in the UV range (290-400 nm) comparable to that of

Purchased for the exclusive use of nofirst nolast (unknown)
From: SCC Media Library & Resource Center (library.scconline.org)



299

DISPARATE SPF TESTING METHODOLOGIES

vase pazdazoidun a3
303 (,¢7' 1) vorssarSoid d1mawoan

papn[our a1 uorierpes
VAN jo siunowe syerrdordde
B3 2INSUD 03 DULIPEIIT A )

12303 913 JO %09 IVAN %0T TIVAN

001-6'66
0'L6—0'%6
<16
0°06-0°¢8
0°¢9-0°6¥
0801
10>
(%) vonerpey
®>Cuuu¢m —dgwﬁukum

00¥-06¢
0%¢-06C
0£€—06C
02¢—06C
01£-06C
00£-062

067>
(wu) oFuer y

®aJe paidazoidun ay3 10§
(,62°1) vorssaigoid >1139wWoa0)

wu (0F < 4319U3 9% ¢S
wu )Gz > £819U2 9% 1>
wu (O} 03 WU 67

NN Teuorstaoxd

¢'1 03 9°() = Jo 25ues

9SOP B YITM PIUTWIINIIP-2T
AN paazoidun

ydeis :(wu yF) sywry
adueidadde anq, pue pa3,

wu 062 > %10°0>

(T 1) 30 (LT 1) Iya1s
Jo uorssasgoid d1r3owoas
® yarm pasodxo aq [[eys
NN X IdS pa122dxa
23 UO PaI123uad $231SqNS

9ALf JO WNWIUTW ©
‘seare pai1datoid aya Jog
"ease paidazoidun ay3 103
(ZT' 1) 30 (,LT°T) YL
Jo uorssaiSoid drIaWoan)

papnjour are
uoneipes VA[] JO
syunowre 21eridordde
182 2JNSUD 01
2JUBIPLIIT A ) [I03 23

30 %09 TVAN %0C IIVAN
001-6°66 00%-06¢
0'L6—0F%6 07¢—06C
¢C6—¢<16 0€¢—06¢
0'06-0°¢8 02¢—06¢
0°¢9-0°6¥ 01¢-06¢

08—-0'1 00€-06¢

10> 067>

%IID" (wu) a3ues X

Spueq IUIIYIP
Ul pauyap 408 %

3s0p A [)] JO U0Issa1Z01g

sarnsodxa AN

IVAN/IIVAN 9909%
sarwry aoueadaddy

UOTIRIPEI A[] JO 22IM0g

1102 vad

6661 VA1

8661 ErEnsny

900 [PUOTILUIANUT

Siolowreied

(L)SPOYIdIN 0414 UT 1S Jo uosiredwo)

I 219EL

Purchased for the exclusive use of nofirst nolast (unknown)

From: SCC Media Library & Resource Center (library.scconline.org)



JOURNAL OF COSMETIC SCIENCE

300

(er¢

‘ds) €91 4ds

PIm (%0°€¢

au0zuagAX()

+%0°L O
STeWIpEd) ¢d

XZTET XCT'T
XO0'T XL8'0 X9L°0 :¢1< AdS

XP1 X0 1

X001 XE8°0 X69°0 :¢T 03 8 AdS
X9¢'T XCT'T

X00'T X080 X¥9°0 ‘8 > AdS

(X) AdS p23122dx2 21 03 SurpIoddy

amsodxa arpprw a2

punose paderd sarmsodxa 1930

om snjd Jq§ paidadxa ay3 praih

01 paserd st arnsodxa a[ppru

ay3 239ym 21ns0dxa AL JO $I1I3S
J1119W035 seare paidazord o Joq

(6L2°1:AS) LV'Y AdS
YIIM 948 91[eSOWOL]

XTETXCT'T
XLOT X00'T X€6°0
XL8°0 X9L°0 :¢1 < AdS
XPh T X0
X60°1 X00'T X160
XE8°0 X690 :CT 03 8 AdS
X9C T XCT'T XOT'T X00'1
X06°0 X08°0 XF9°0 ‘8 > AdS
() dds
Ppa12adxa ay3 01 Surpioddy
arnsodxa a[pprw 2y punoie
paserd samsodxa 19130 oma
snd g4s pa1dadxa aa
pro14 03 paserd st aynsodxa
S[pPPIWw ay3 239ym 2rnsodxa
AT JO SATIAS J1IIPWOIT
seare pa1da10id oy Jog

SI[NS3J 3533 SIT VO PI0OII
[ed130381Y S A303RI0qR]
93 WOIJ PIATIAP SanN[eA 10

CCT AdS U ¢d

LYy AdS
YIIM 948 918[eSOWOL]

2394219 123(qns yoes uQ

€T ddS I 8IT' IS

C¢°1 UBY3 2J0W OU
$93ISQNS U22MIq SIUIWIOU]

IdS pa32adxa
a1 Aq parpdnnu st aSues
2s0p a3 urys paidarord Jo1

s102(qns (]
SB[ I® JO SILIAS
awes ay3 ur 32a3lqns
£39A5 1O Pa1sal Aq
03 SeY| 20U2I9JJ dWes Y J,

¢diozd
‘0T Z 4dS pa1vadxy

Ld 10 ¢d
30 7d 107 > AdS paradxy
mGOCN—SEuO.w uaa1dsuns uucuuumum

pasn suoneMWIoy
U2210SUNS 20UIY

CZ < AdS pa322dxo 10§
pasn aq Isnw 71°1 Jo
uorssargord wnuwrxew

110 vad

6661 VA4

8661 Erensny

9007 [PUOTIRUIAIUT s1919WweIed

panunuo)
I°198L

SCC MediaLibrary & Resource Center (library.scconline.org)

Purchased for the exclusive use of nofirst nolast (unknown)

From



301

DISPARATE SPF TESTING METHODOLOGIES

ON

papn[axa aq
ued s122(qns 22113 03 d)

WNWIXeW OU (PIfeA ()] IS 1Y

ON

papnpxa aq
ued s122[qns aay 01 d)

cgJo
WNWIXB {PITeA ()7 ISBA] Iy

3[Nsa3 pIfeA
10} 4dS UeaW JO 9% /[ WHS

paugepun

WNWIXE ‘(T JO WNWIUIA

AdS ueaw jo
% L1F UIQ3IA 1) pInoys
[BAI9IUT 3DUIPYUOD %¢C6

CZ JO wnuwrIxepn
‘0T Jo wnwiury

UOLIIID [e21ISTILIG

$122[qns 3s93 JO JaquINN

S1[NSaJ puT SUOIIR[NI[E))

1102 vad

6661 VAL

8661 ®Iensny

900 [eUOIIBUIANIU]

Siolowered

panunuo)
I°198L

Purchased for the exclusive use of nofirst nolast (unknown)

From: SCC Media Library & Resource Center (library.scconline.org)



302 JOURNAL OF COSMETIC SCIENCE

Table 11
Mean SPF Values For Formulations 1-59 by Method
International FDA-FM Aus/NZ

1 16.5+1.9 (z=10) 18.0 2.4 (n=21) 17.3£2.8(n=10)
2 243+ 44 (n=10) 223119 (n=20) 21.7+£3.3 (n=10)
3 18.0£ 2.5 (n=10) 17.3 £ 1.3 (n=20) 18.41+2.7 (n=10)
4 18.2t2.1 (n=10) 17.3+£ 1.3 (n=20) 19.6+x1.3(n=10)
5 16.1£1.8 (»=10) 16.0 £ 1.5 (n=20) 16.1+£1.8(2=10)
6 17.7£4.6 (n=10) 18.2 1.8 (n=20) 17.6 3.7 (n=10)
7 17.3+2.4 (n=10) 16.8 £ 2.4 (n=20) 18.3x1.2(n=10)
8 17.6 £ 1.8 (=10) 16.0 £ 1.4 (n =20) 169+ 2.5 (n=10)
9 15.7£3.1 (n=15) 16.4 .7 (n=20) 17.2£1.9 (n=10)
10 26.4+3.7 (n=10) 22.7t1.5 (n=20) 253138 (»=10)
11 103+ 1.3 (=10) 8.7+ 0.9 (n=20) 9.9+ 1.25 (n=10)
12 17.6 £ 1.8 (n=10) 157+ 1.4 (n=25) 18.1+£2.6 (n=10)
13 9.8t 2.1 (n=10) 8.4 0.7 (n=20) 9.7+£1.9 (=10)
14 10.5£10.5 (2 =10) 8.6 0.9 (n=20) 9.0t 1.3 (2=10)
15 18.0+ 2.6 (n=10) 17.6 £ 1.8 (n=20) 16.6 2.4 (n=10)
16 17.211.9 (»=10) 17.5 £ 0.9 (n =20) 21.7%x3.1 (n=10)
17 189t 2.8(2=10) 17.0 £ 1.0 (n = 20) 18.21£3.3 (n=10)
18 16.7 £ 1.7 (n = 20) 19.1 4.0 (n=10)
19 27.6 1.6 (n=20) 27.4%2.0(»=10)
20 15.9 £ 1.8 (n=20) 162124 (n=10)
21 16,5+ 1.6 (n=20) 16.6 2.4 (n=10)
22 15.9x 2.3 (n=20) 17.6 £ 1.8 (n=10)
23 16.3 £ 1.8 (n=20) 17.2£1.9 (n=10)
24 16.9 £ 2.0 (n = 20) 18423 (n=10)
25 17.3 £ 1.9 (n=20) 18.21£3.3 (n=10)
26 15.9+0.8 (n = 20) 16.5+1.9 (n=10)
27 23.4+2.2 (n=20) 222132 m=10)
28 23.111.7 (n=20) 222%+24(m=10)
29 16.9+£2.0 (n=10) 16.7 1.6 (n=20)

30 18.2%£3.6 (n=10) 16.8 £ 1.9 (n=20)

31 17432 (n=10) 16.6 £ 1.8 (n=20)

32 17.0£3.2 (n=10) 16.8 £ 1.8 (n=20)

33 17.4+3.2(n=10) 169+ 1.9 (n =20)

34 19.0+ 3.4 (=10) 16.8 £ 2.1 (n =20)

35 18.0+ 1.6 (=10) 17.0 £ 2.2 (n = 20)

36 16.5+1.9(z=10) 16.7 £ 2.4 (n = 20)

37 30.5£3.8(z=10) 31.0£3.3 (n=20)

38 33.9%+2.6 (n=10) 33.31£2.2 (n=20)

39 34.4+3.1(n=10) 32.6+2.2 (n=20)

40 33.6 2.7 (n=10) 33.6£2.0 (n=20)
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Table 11
Continued
International FDA-FM Aus/NZ
41 32.8£1.9(=10) 33.4%2.6 (n=20)
42 11.5+1.3 (»=10) 11.9%+ 1.2 (n=20)
43 17.6 1.8 (n=10) 1691 1.1 (n=20)
44 31.1 £ 1.7 (»=10) 33.2+£2.2 (n=20)
45 23.314.0 (n=10) 21.2+2.0 (n=20)
46 26.4+2.6(n=10) 26.9 £ 2.4 (n=20)
47 11.8x 1.8 (2=10) 12.21 1.3 (n=20)
48 21.6+3.1 (n=10) 22.1%6.0 (n=10)
49 232143 (n=10) 22.6+£3.9(n=10)
50 28.1 2.3 (»=10) 287t 1.7 (n=10)
51 231122 #®=10) 254+ 4.2 (n=10)
52 162124 (n=10) 15.613.0(z=10)
53 18.5£2.7 (n=10) 16.5+£1.9(z=10)
54 18.21£2.9 (n=10) 17.6 £ 1.8 (n=10)
55 17.0£2.9 (n=10) 19.9+3.4(n=10)
56 169+ 2.0 (n=10) 17.4+3.2(n=10)
57 169+ 2.8 (n=10) 15.7+ 1.6 (n=10)
58 16.0+3.1 (n=10) 14.5+2.6 (n=10)
59 225%+2.6 (n=10) 241 %34 (n=10)

natural sunlight and that meets international and FDA standards. Irradiation beams were
a minimum of 1 cm’ with a beam uniformity of 10%, and they exhibited less than 20%
time-related fluctuation. All solar simulators were calibrated and adjusted to deliver ener-
gies within 10% variance.

SPF DETERMINATION

An individual sun protection factor (SPFi), defined as the ratio of the Minimal Erythemal
Dose on protected skin (MEDp) to the Minimal Erythemal Dose on unprotected skin
(MEDu) on the same subject, was calculated for each subject as follows:

MED:i (protected skin)  MEDpi

SPFi= =
MED: (unprotected skin) ~ MEDui

The mean SPF for each trial, defined as the arithmetical mean of the individual SPFi val-
ues obtained from the total number (1) of subjects used, expressed to one decimal point,
was calculated as follows:

(X SPFi)

n

SPF =
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STATISTICAL ANALYSES

Scatterplots of mean SPF values show each method pair, International vs. Aus/NZ, Inter-
national vs. FDA-FM, and Aus/NZ vs. FDA-FM.

The 29 test materials evaluated by the International method and the Aus/NZ method
were designated a unique point and graphed in Figure 1 as follows:

POintMaterial A (PA) = (SPF AUS/NZn’SPFInternational)

The 36 test materials evaluated by the International method and the FDA-FM method
were designated a unique point and graphed in Figure 2 as follows:

Pointypacerial A (PA) = (SPFrpa-pM,SPFrncernational)

The 28 test materials evaluated by the FDA-FM and the Aus/NZ method were designated
a unique point and graphed in Figure 3 as follows:

Pointymgacerial A (Pa) = (SPFaAusNZz,SPFEDA-FM)

The correlation coefficients and best-fit line for each scatterplot were determined.
An Analysis of Variance was performed for each study pair to compare the overall mean
of each method. The variability was considered statistically significant if p < 0.05.

RESULTS AND DISCUSSION

The data in Figures 1, 2, and 3 display the trial results for evaluating the SPF of test
materials with two test methods, International vs. Aus/NZ, International vs. FDA-FM,
and Aus/NZ vs. FDA-FM, respectively. The statistical analysis results are summarized
in Table ITI. The correlation coefficents for International vs. Aus/NZ, International vs.
FDA-FM, and Aus/NZ vs. FDA-FM, were 0.94, 0.99, and 0.95, respectively, illustrating

35

y =0.8797x +2.0876
R? =0.8867

30

25

International
n
o

5 10 15 20 25 30 35
Australia/NZ

Figure 1. Correlation analysis of mean SPF values produced by international method and the Aus/NZ method.
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Figure 2. Correlation analysis of mean SPF values produced by international method and the FDA-FM.

a strong positive correlation between each pair. The differences in least square mean SPF
for each method pair were 0.12, 0.62, and 0.81, respectively; these differences also show
no statistically significant differences between the mean SPFs obtained using the different
testing methods.

The use of 25% exposure increments or 15% exposure increments produce similar SPF
values when utilizing the same test method (12). Our data illustrate that incremental
doses in irradiation sites, ranging from 12% to 25%, in combination with the other
methodology variables existing between the FDA-FM method, the Aus/NZ method, and
the International method, have no significant impact on the mean SPF value produced.

Likewise, statistically equivalent SPF values are produced by 10 subject trials as by 20
subject trials. Furthermore, using different sunscreen standards in a clinical trial induces
no significant change in mean SPF value. We conclude that the procedure discrepancies

35
y =0.9987x - 0.7867
R =0.8984
30
*
25 ~
*
= *e .
w
< 20
(]
»
w * ‘0 *
) / i
10 v
5 ‘ . : ' ; :
5 10 15 20 25 30 35

Australia/NZ

Figure 3. Correlation analysis of mean SPF values produced by FDA-FM and the Aus/NZ Method.
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Table II1
Statistical Analysis Summary
International International
Methods used method Aus/NZ method FDA-FM FDA-FM Aus/NZ
Nmaterials 29 36 28
LSM SPF 18.22 18.34 19.93 19.31 17.12 17.93
|SPFy — SPFy| 0.12 0.62 0.81
R 0.94 0.99 0.95

in FDA-FM method, Aus/NZ Method, and the International method are inconsequen-
tial; either the differences have no impact on mean SPF value, or, less likely, the differ-
ences produce equally and opposite changes in mean SPF, thus cancelling any effects.

Marketed sunscreens labeled according to the mean efficacy value as determined by any of
these methods would produce a universally definable SPE. However; formulations evalu-
ated with the International method (5,6) or Aus/NZ Method (4) are designated a label
with the mean SPF value when it fits within statistical criterion testing for precision and
accuracy. In contrast, the FDA-FM (1) method and the more recently published FDA
Final Rule (3) subtract an “A” value from the mean SPF to calculate the SPF label. The A
value is composed of the product of the upper 5% point of the t-distribution and the
standard deviation, divided by \(n), where n equals the number of subjects. The authors
are not aware of any other drug that has a clinically determined efficacy value altered to
a different label efficacy value. This calculation decreases the SPF determined by the
FDA-FM and FDA Final Rule to a value that could be statistically different from the SPF
value determined by either the International method or the Aus/NZ method, likely re-
sulting in identical formulations labeled with different SPF values.

Recently, there has been a flurry of newly published sunscreen standards. The FDA pub-
lished the Labeling and Effectiveness Testing: Sunscreen Drug Products for OTC Human
Use or Final Rule (3) on June 17, 2011; the International Organization for Standardiza-
tion produced a new method (7); and Aus/NZ published a revised method (8) that mir-
rors the ISO method (7). While we have no dataset to compare these methods to the
FDA-FM method, we know of no reason to believe that these three new methods would
produce SPF values with statistically significant differences from the three methods com-
pared herein. One notable change implemented by the FDA, reduction of a panel size
from 20 to 10, is substantiated by the data presented herein.

In conclusion, the contemporary method of being able to sell sunscreen products in all
markets requires the concurrent utilization of all three methods. The data presented
herein illustrates the equivalency of mean SPFs generated using each method. The differ-
ences inherent in each method, such as panel size, time frame for erythemal evaluation,
geometric progression of UV dose, SPF of reference sunscreen formulations, and statisti-
cal criteria, do not have a significant impact on the mean SPF value produced. These
compulsory testing standards are similar enough to render simultaneous use of all three
as redundant; compliance with one should suffice for SPF labeling in all markets. This would
reduce the number of subjects experiencing the risks of SPF trials unnecessarily (13)
while also bringing the static sunscreen testing methodology to the brink of international
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harmonization; the disparate mathematical alteration of the mean SPF value, or lack
thereof, is the only significant factor remaining to be resolved.
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