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ABSTRACT

The rate of tumor induction by UV-A radiation rises more slowly with
time and accumulated dose than that by I V-lt radiation. It has recently

been shown that this difference disappears when frank papillomas are
excluded from the analysis. Thus, the rate of development of "nonpapil-
lomas" (mainly squamous cell carcinomas and precursors) can be fully

characterized by a typical tumor induction time, e.g., the time until 50%
of the mice bear tumors. This has opened the possibility to investigate how
LV-A and UV-B exposures add up in the induction of squamous cell

carcinomas, which is an important issue in risk assessments of artificial
UV-A sources for cosmetic or medical purposes.

We present the results of an experiment in which 6 groups of 24 albino
SKI 1:111<I mice were treated daily for 600 days with either effective UV-A
radiation, effective UV-B radiation, or combinations of both. The observed

times it took for 50% of the mice to bear tumors in the combination groups
were compared with those calculated on the basis of arithmetical addition
of effective UV-A and effective UV-B doses. We did not find a statistically
significant (/' > 0.05) deviation from additivity.

INTRODUCTION

Skin cancer can be caused by various wavelengths in the UV (1).
The UV-B1 part of the spectrum is by far the most effective. UV-A

turned out to be carcinogenic, too, although approximately 1,000-
1(),()()()times less than UV-B (per J/m2) (2-5). It is a matter of great

practical interest how UV-A and UV-B risks add up, e.g., how the risk
of UV-A tanning booths adds to the risk of solar UV-B exposure in
everyday life. (Although the sun is quite a powerful UV-A source, the
major carcinogenic effect comes from its UV-B radiation.)

In trying to assess how the efficacies of combined UV-A and UV-B

irradiations add up in induction of skin tumors the simplest assump
tion is photoaddition: effective UV-A and UV-B doses can be arith

metically added to a total effective dose. An effective dose can be
ascertained from the corresponding tumorigenic response. Hitherto we
have by far the most information on the dose-response relationship for
UV tumorigenesis in the UV-B region. The relationship between daily
UV-B dose and rs(, has been derived from an experiment with albino
hairless mice (6). Over a range of daily UV-B doses (D), varying by

a factor of 33, this relationship is (Equation 1):

D oc
1

(1)

where * stands for direct proportionality and q = 1.61 (for the

smallest tumors).
Thus Equation 1 defines an effective dose in terms of ts<>.If the rso

of a UV-A/UV-B regimen equals the one calculated from the corn-
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bined effective doses of the separate UV-A and UV-B regimens, then

photoadditivity holds.
A complication for the straightforward approach described above is

that the kinetics of tumor development as well as the composition of
the tumor populations under UV-A exposure differ from those under
UV-B exposure. Under UV-A exposure the rate of tumor occurrences
rises more slowly with time and accumulated dose than under UV-B
exposure (3). Moreover, under UV-A exposure two different types of
tumors are observed: papillomas and SCC, whereas under UV-B ex

posure mainly SCC and precursor lesions, solar kÃ©ratoses,are ob
served (3, 6). It has recently been shown that when the papillomas are
excluded from the UV-A data, the rate of occurrence of the nonpap-

illomas (mainly SCC) with time appears to be the same as that of
tumors in groups under UV-B exposure (7). So UV-A and UV-B

carcinogenic responses can now be unambiguously compared, inde
pendently from a certain tumor prevalence level. Furthermore, this
opens the possibility to investigate how combined UV-A and UV-B

doses add up in the induction of SCC, as described above. The validity
of adding effective UV-A and UV-B doses is a necessary condition for

a meaningful definition of a carcinogenic UV dose, for which an
action spectrum (the carcinogenicity as a function of wavelength) has
recently been derived (1). However, antagonistic (8, 9) as well as
synergistic (10, 11) effects between UV-A and UV-B radiations have

been reported and are referred to as photorecovery and photoaugmen
tation, respectively. We therefore conducted an experiment in which
hairless mice were treated daily with effective UV-B exposures, or
effective UV-A exposures, or combinations of both.

MATERIALS AND METHODS

Animals and Their Maintenance. In this experiment albino hairless mice
(SKH:HR1; Charles River, Sulzfeld, Germany) were used. A total of 168
animals (84 female and 84 male) with ages ranging from 6 to 9 weeks were
aselectively divided into 7 groups of 24 animals. Animals were housed sepa
rately in steel cages subdivided in 12 compartments. Standard mouse chow
(Hope Farms RMH-B) and tap water were available ad libitum. The mice were
kept at an ambient temperature of 25 Â±1Â°C.The room was illuminated with

yellow fluorescent tubes (Philips TL40W/16) in a 12-h cycle (switched on at

6:00 a.m. and off at 6:00 p.m.). These lamps do not emit any measurable UV
radiation. No daylight entered the room.

Irradiation Set-up and Dose Groups. A bank of 3 closely packed, glass-
filtered fluorescent UV-A tubes (Philips TL40W/Cleo) was mounted above the

animal compartments (see Fig. 1). These three lamps were required to give a
sufficiently high daily UV-A dose to the mice for the induction of tumors
within their lifetimes (3). Consequently there was no place left for a UV-B tube
straight above the mice. The UV-B lamp was therefore placed beside the cage,

and the window glass filter (8 mm thick) was placed under such an angle that
the UV-B radiation was reflected into the animal compartments (Fig. I). The
UV-B sources were Westinghouse FS40 T12 sunlamps. Thus the glass served
two purposes: (a) to reflect the (UV-B) radiation from the FS40 tubes onto the
skin surface of the mice; and (b) to filter out the small amount of UV-B that

came from the Cleo tubes. The latter was to ensure that the effects induced by
the Cleo lamps were purely UV-A effects. Spectra of the unfiltered and the

filtered Cleo lamps and of the unreflected and the reflected FS40 lamps are
given in Fig. 2. The Cleo tubes were automatically switched on at 6:(H)h and

off at 18:00h and the FS40 tubes were automatically switched on at 11:45 h and
off at 13:00 h. The daily dose of UV-A and the daily dose of UV-B could be
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Fig. 1. Scaled schematic representation of a cross-section of the exposure configura

tion.

varied independently from cage to cage by electronic dimmer circuits that

controlled the radiant outputs of the lamps.
Mice in groups 1, 2, and 3 were put on a daily (dorsal) FS40 dose of 0.014

Â¡/cm2 (250-400 nm), as determined with a Robertson-Berger meter (Solar

Light Company, Philadelphia, PA) in combination with a microampere meter
(Keithley, Inc., Cleveland, OH) calibrated against an Optronics 742 photospec-

trometer (Optronic Laboratories, Inc., Orlando, FL) and against a Kipp Eil
thermopile (Kipp, Delft, The Netherlands). Mice in group 1 received an ad
ditional daily (dorsal) UV-Adose of 25 I/cm2 (315-400 nm); i.e., 100% UV-A

and mice in groups 2 and 3 got 50 and 0.8% of this UV-A dose, respectively,
as determined with a UV-A sensor of Waldmann (Waldmann, Schwenningen,

Germany) in combination with the microampere meter, calibrated against the
Optronics 742 photospectrometer and against the Kipp Eil thermopile. The
doses of group 3 were chosen this way to get the same UV-A/UV-B ratio as in

a previous experiment from our laboratory in which a very slight antagonistic
effect of UV-A on UV-B tumorigenesis was found (8). Group 4 received solely

the reflected UV (-B) radiation from the FS40 sunlamp. Groups 5 and 6
received solely the 100% UV-A and the 50% UV-A irradiations, respectively,

from the Cleo lamps. Mice in group 7 served as unirradiated controls. The dose
rates were measured and, if necessary, readjusted every 2 weeks.

Animal Observations, Definitions, and Data Analysis. Animals were
checked weekly and all deviations from normal skin appearance (redness,
scratching, hyperkeratosis, tumors, etc.) were recorded. The tumor locations on
the animal were mapped and numbered for each animal seperately. If a lesion
was spotted on an animal for the first time, the observation had to be confirmed
in the next checkup or else the observation was disregarded. During the
experiment we distinguished between evident papillomas (pedunculated, pro
truding tumors with a "cauliflower-like" surface) and other tumors by visual

inspection. Tumors were categorized accordingly into: all detectable tumors,
papillomas, and nonpapillomas. Tumors were also subdivided according to
diameter: <1 mm, al mm, and a 2 mm. The day of the first exposure of an
experimental group was defined as t = 0. If a tumor was first seen at i = tÂ¡,and
t = in was the previous checkup time, then the tumor induction time was

defined as (fÂ¡+ tÂ¡.Â¡)/2.Thus we get induction times for papillomas and
nonpapillomas with diameters <1 mm, 1 mm, and 2 mm for each mouse. Mice
with a large total tumor mass (0.5 to 1 cm3), and/or with heavy skin damage

caused by scratching (scratching marks on 30 to 40% of the surface of the
dorsal skin), and/or with ill health were sacrificed. Tumor response of a group
is described by the percentage of tumor-bearing mice, i.e., the prevalence.

Graphical representation of the prevalence versus time is based on an actuarial
method described by Kaplan and Meier (12). This procedure, adapted to
carcinogenesis by Peto et. al. (13), computes the chance of tumor-free survival.

The death-corrected tumor prevalence is then given by one minus this chance.
Prevalences were fitted by a log-normal distribution using a maximum likeli
hood method (6) for a concise description of the observations in terms of fi =
In(i5(]) and the SD in ln(time-to-first-tumor/mouse). Differences in tumor in

duction between two exposure regimens were tested by the nonparametric
trend analysis as described by Peto et al. (13).

Deff were calculated from the i50 with Equation 2:

= 100 + T < (2)

(see Ref. 6, Fig. 4; Dcft ranged from 45 to 1500 J/m2 UV from an FS40 lamp.)

In this equation </>is the tumor diameter and D,>, 8, TB,and r are constants.
The values of these constants are, respectively, 554 Â±20 J/m2 (mean Â±SE),
54 Â±11 J/m2/mm, 16.7 Â±1.4 days/mm, and 0.62 Â±0.01 (6, 14). For the

calculation of SE in the Dcif we estimated the accuracy of the daily doses in the
present experiment to be Â±5%.

RESULTS

During the course of the experiment (600 days) one papilloma was
observed in the unirradiated control group after 75 weeks. In the
irradiated groups almost all animals contracted multiple skin tumors.
The tumors that arose in the UV-B group and in the UV-B + 0.8%
UV-A combination group were, by macroscopic appearance, almost

all classified as nonpapillomas. In the other irradiated groups both
papillomas and nonpapillomas were observed. Optimum values for
the Ã5())/u = In(Ã50),and the SD er of the log-normal distribution for the
different tumor categories are given in Tables 1-3. From these tables

some important observations can be made. The effect of the exclusion

325 390

B

300 325 350
wavelength (nm)

Fig. 2. A, relative spectral energy output of the Philips Cleo lamps before (dashed line)
and after (solid line) filtering with 8 mm window glass under 45 degrees. B, relative
spectral energy output of the Westinghouse FS40 lamps before (dashed line) and after
(solid line) reflection against 8 mm window glass under 45 degrees.
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Table 1 The log-normal parameters [i, i.e., /rtf
prevalence for the category "all tumors "

.vvin days) and a derived from the
for different tumor diameters

GroupUV-B'50Ma100%

UV-A'soMtr50%

UV-A'50Ji(TUV-B

+ 100%UV-A'5(1V-aUV-B

+ 50%UV-A'50V-aUV-B

+ 0.8%UV-A'50fia<1

mm2065.33

Â±0.03"0.16

Â±0.022685.60

Â±0.070.35
Â±0.053945.98

Â±0.070.32
Â±0.051615.08

Â±0.050.26
Â±0.041755.17

Â±0.060.27
Â±0.042175.38

Â±0.030.16
Â±0.03^1

mm2205.39

Â±0.030.14
Â±0.022855.65

Â±0.070.34
Â±0.054136.02

Â±0.060.27
Â±0.051855.22

Â±0.050.23
Â±0.031985.29

Â±0.060.28
Â±0.042335.45

Â±0.030.15
Â±0.0222

mm2475.51

Â±0.030.15
Â±0.033225.78

Â±0.060.31
Â±0.055106.23

Â±0.060.23
Â±0.042185.38

Â±0.050.23
Â±0.042525.53

Â±0.040.18
Â±0.032625.57

Â±0.040.18
Â±0.03

" Mean Â±SE.

Table 2 The log-normal parameters /*, i.e., Inft^, in days) and <rderived from the
prevalence for the category "nonpapillomas " for different tumor diameters

Group 2:2 mm

UV-B
'50

P
<T

100% UV-A

'50

H
tr

50% UV-A
'50

M

UV-B + 100% UV-A
'so
M
<T

UV-B + 50% UV-A

'50

UV-B + 0.8% UV-A

'50

208
5.34 Â±0.03"

0.15 Â±0.02

326
5.79 Â±0.04
0.18 Â±0.03

467
6.15 Â±0.05
0.21 Â±0.04

176
5.17 Â±0.05
0.22 Â±0.03

193
5.26 Â±0.04
0.22 Â±0.03

217
5.38 Â±0.03
0.16 Â±0.03

222
5.40 Â±0.03
0.13 Â±0.02

342
5.84 Â±0.04
0.17 Â±0.03

481
6.18 Â±0.05
0.20 Â±0.04

200
5.30 Â±0.04
0.18 Â±0.03

217
5.38 Â±0.05
0.22 Â±0.03

233
5.45 Â±0.03
0.15 Â±0.02

252
5.53 Â±0.03
0.15 Â±0.03

366
5.90 Â±0.03
0.16Â±0.03

552
6.31 Â±0.06
0.22 Â±0.05

227
5.42 Â±0.04
0.18 Â±0.03

254
5.54 Â±0.04
0.19 Â±0.03

262
5.57 Â±0.04
0.18 Â±0.03

" Mean Â±SE.

of the papillomas on the /_,â€žand on the cr is the most dramatic in the
UV-A groups and somewhat less in the UV-B + 100% UV-A and the
UV-B + 50% UV-A combination groups. There is hardly any effect in
the UV-B and in the UV-B + 0.8% UV-A groups because papillomas

were rare in these groups. Although the papillomas occur earlier than
the nonpapillomas, the prevalence of papillomas increases more
slowly (a ranging from 0.34 to 0.68) than does that of nonpapillomas
(a ranging from 0.13 to 0.22). This faster increase of the prevalence
with time results in a smaller fso for the nonpapillomas than for the
papillomas.

If we plot the tumor prevalence on a probability scale versus time
on a logarithmic scale the points fall along a straight line: a cumulative
log-normal distribution. Prevalences for the smallest tumors (a
Kaplan-Meier plot) and the fitted log-normal distributions for the
categories "all tumors" and "nonpapillomas" for the 100%UV-A

group, for the UV-B group, and for the UV-B+ 100%UV-A group are

given in Fig. 3. In these plots it can be seen that the prevalence curves
run roughly parallel after exclusion of the papillomas. It is now
meaningful to compare the ts(, (which determine the position of the
prevalence curves on the time axis) of the three groups. For the

Table 3 The log-normal parameters ft, i.e., ln<t_win days) and a derived from the
prevalence for the category "papillomas " for different tumor diameters. Many

papillomas in the 100% UV-A groups and in the UV-B + 50% UV-A group are
scratched off before reaching a diameter of 2 mm (see "Discussion ")

Group100%

UV-A'50ft(r50%

UV-A'50Â¡lerUV-B

+ 100%UV-A'50/*<rUV-B

+ 50%UV-A'50MO"<1

mm3445.84

Â±0.12Â°0.55
Â±0.105376.29

Â±0.150.56
Â±0.132165.38

Â±0.080.36
Â±0.073275.79

Â±0.170.68
Â±0.1621

mm3705.91

Â±0.120.55
Â±0.115386.29

Â±0.120.46
Â±0.112425.49

Â±0.080.34
Â±0.073355.81

Â±0.150.61
Â±0.14

Mean Â±SE.

A
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Fig. 3. A, Kaplan-Meier plot for the prevalence of all tumors (<1 mm) for the 100%
UV-A group (â€¢),the UV-B group (O), and the UV-B + 100% UV-A group (d). B,
Kaplan-Meier plot for the prevalence of nonpapillomas (<1 mm) for the 100% UV-A
group (â€¢),the UV-B group (O), and the UV-B + 100% UV-A group (A). The cr represents
the SD of the log-normal distribution and is inversely proportional to the steepness of the
prevalence curve.
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nonpapillomas in the 100% UV-A group, the UV-B group, and the
UV-B + 100% UV-A group, these are 326 Â±13 (mean Â±SE), 208 Â±

6, and 176 Â±9 days, respectively (Table 2). This latter value may be
compared with the /5()calculated for this group on the basis of addition
of the UV-A and UV-B doses (according to Equation 1). This calcu

lation yields a isn of 163 Â±8 days. Similarly, we can compare the
measured response of the UV-B + 50% UV-A group with the response
calculated from the separate UV-B and 50% UV-A regimens. The i50

of the separate regimens are 208 Â±6 and 467 Â±23 days, respectively.
Using Equation 1 we then get a fsn for the combination group of 179
Â±11 days. The measured i50 of the UV-B + 50% UV-A combination

group is 193 Â±8 days; the observed and calculated values do not,
therefore, differ significantly.

For the 1- and the 2-mm tumors the calculations are somewhat more

complicated. The reason for this is that for these tumors, Equation 1
does not hold. In the dose-response study from which Equation 1 has

been derived, a gradual deviation from direct proportionality between
the daily dose and the inverse of (Ã•5())qwas seen for larger tumors. This
is explained by a UV-independent outgrowth of a tumor after initiation
(6). So, for the 1- and the 2-mm tumors the isn is considered to be built
up by a rin and a fgr; /50 = ÃÂ¡n+ /gr. This leads to a more complicated
formula; see Equation 2. [For the sub-l-mm tumors, fgr is negligible

in comparison with /in (see Ref. 6); hence, Equation 2 simplifies into
Equation 1.] Thus calculated fso for the 1- and for 2-mm tumors in the
UV-B + 100% UV-A group and in the UV-B + 50% UV-A group do

not differ significantly from the observed values.
In a previous experiment from our group the tumor induction by

a UV-B regimen was compared with that by the UV-B regimen
plus a small daily UV-A dose. A slight antagonistic effect was found,

which was only statistically significant for the smallest tumors (8).
In the current animal experiment we took one combination group
with the same ratio in daily UV-B/UV-A doses as in that previous
experiment, the UV-B + 0.8% UV-A group. For the smallest tumors
the /.s,, for the UV-B group is 208 Â±6 days compared with 217 Â±7
days for the UV-B + 0.8% UV-A group; the difference between these
values is not significant, nor is it signficant for the 1- or 2-mm tumors

(Table 2).
In all three combination groups the deviations from additivity are in

a direction that might suggest that the carcinogenic effect of combi
nations of UV-B and UV-A is slightly smaller than would be expected

on the basis of addition of the Deff (176 Â±9 versus 163 Â±8 days, 193
Â±8 versus 179 Â±11 days, and 208 Â±6 versus 217 Â±7 days).
However, the three comparisons depend on the same UV-B group. An

independent, simultaneous comparison can be made by estimating the
FS40 contribution to the total Deft in the separate combination groups
by subtracting the DKÃ•Â¡from the Cleo lamps. Table 4 shows the Dcf( for
the combination groups, for the Cleo groups, and for the differences.
The latter values represent the estimated Dcfr from the FS40 lamps.
They do not differ significantly (\2 = 5.14; df = 3; 0.10 < P < 0.25).

There is, however, a suggestion of a trend, i.e., a decrease in effec
tiveness of the FS40 doses with increasing UV-A dose. This trend
appears to be not significant, either (one-tailed / test on the slope
yields t = 2.56; df = 2; 0.05 <P < 0.10).

Table 4 The estimated Dt.fffrom the FS40 lamps in the three combination groups and
the Dfff in the FS40 group. The Dfff are calculated from the UV-B dose-response

relationship (see Ref. 6) and are expressed in Jim- UV radiation from an FS40 lamp

(not reflected). The given D^are the geometrical averages of the Dcfffor the three
tumor categories within a group

IrradiationCleo

+ FS40
Cleo
FS40UV-B

+
100%UV-A233

(23)Â°

91.5(7.1)
141 (24)UV-B

+
50%UV-A197

(20)
48.0 (4.8)
149 (20)UV-B

+
0.8%UV-A173(13)

0.00
173(13)UV-B191

(13)

191 (13)
" Numbers in parentheses, SE.

To control the classification of tumors by macroscopic appearance
histological examination was performed on an aselective sample of 20
tumors, of which 5 were macroscopically classified as papillomas and

15 as nonpapillomas. By light microscopy after hematoxylin and eosin
staining the 5 visually identified papillomas were indeed classified as
papillomas. Of the 15 nonpapillomas 8 were classified as squamous
cell carcinomas, 5 were classified as solar kÃ©ratoses,and 2 were
classified as Bowenoid solar kÃ©ratoses(15).

DISCUSSION

As found in earlier experiments, the exclusion of the papillomas
from the present data makes the induction kinetics of the remaining
tumors (mainly SCC) similar for UV-A and for UV-B irradiations.
Hence it could be investigated how UV-A and UV-B doses add up in
the induction of SCC. Combinations of UV-A and UV-B radiations

yield fs() which do not significantly differ from the ;â€ž>calculated by
arithmetical addition of the separate effective UV-A and UV-B doses.

Although in all three combination groups induction of SCC took
somewhat longer than calculated from photoaddition, this was not
statistically significant at the P = 0.05 level. Our results certainly do

not give any indication of photoaugmentation, an enhancement of the
UV-B effect by UV-A radiation stronger than would be expected on

the basis of addition of the effective doses.
The antagonistic effect of a small UV-A dose on UV-B tumorigene-

sis, which was reported earlier (8), could not be reproduced in the
current experiment. A possible explanation for this can be the different
duration of the daily UV-A irradiation and its timing with regard to the
daily UV-B irradiation. In the earlier experiment UV-A and UV-B

radiations were given simultaneously during 75 min every day. In the
current experiment the UV-A irradiation was spread out over 12 h/day
and the UV-B irradiation was given in 75 min in the middle of these
12 h. In the UV-B + 100% UV-A and the UV-B + 50% UV-A groups
we needed a 12-h period/day to attain sufficiently high daily UV-A
doses. For that reason, we gave the 0.8% UV-A also in a 12-h expo

sure time; in comparison to the earlier experiment this more extended
UV-A exposure might have lowered the UV-A antagonistic effect on
UV-B-driven tumor induction in the UV-B + 0.8% UV-A group.

Our results are conflicting with those of Urbach et al. (10) and
Willis et al. (11) who reported that photoaugmentation had occurred in
the induction of skin cancers in mice. However, in both experiments
photoaugmentation was not the only possible explanation for the
differences between the UV-B groups and the UV-B + UV-A groups.
In both experiments the emission spectrum in the UV-B region in the
UV-B group was different from that in the UV-B + UV-A group. In

the first case the exposure times were also different. Longer exposure
times are known to increase the carcinogenic effectiveness (16). In the
second case the dose rate in the UV-B + UV-A group was so high that

it also must have heated up the exposed skin appreciably. Elevated
temperatures could increase UV-carcinogenesis (17, 18). For a more

extensive treatment of this subject the reader is referred to a recent
publication of van der Leun (19).

In sum, UV-A is carcinogenic and the carcinogenicity of UV-A
doses adds up arithmetically to that of UV-B doses. Low-level UV-A
radiation might have a very slight inhibitory effect on UV-B carcino

genicity, but it did not reach a level of significance in the present
experiment.

Our group reported earlier that under UV-A exposure scratching
occurred, while under UV-B exposure it did not (3). We suggested that
this difference might be due to the longer exposure time in the UV-A
groups (12 h/day) than in the UV-B groups (75 min/day) (7). In the
current experiment the 100% UV-A regimen induced scratching,
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whereas the 50% UV-A regimen (also a 12-h exposure/day) did not.
This together with the finding that when the UV-B exposure was

spread over 12 h/day heavy scratching did not occur (7, 16), make the
former explanation based on exposure time less likely. So, the induced
scratching seems to be determined by the daily radiant dose and
wavelength.

Thus far there is hardly any information about the dose-time rela
tionship for UV-A tumorigenesis. This relationship is complicated

because two different tumor types arise with widely differing appear

ance rates (3). The relationship between Ã5(,and daily dose can gen
erally be described by Equation 1, which can also be written as
(20-22):

'so (3)

For the induction of SCC by UV-B radiation r is 0.62 (6). In a recent

article from our group it is made plausible that for the induction of
SCC by UV-A, r exceeds 0.4 (7). We can test whether the induction
of SCC in our two UV-A groups obeys the dose-time relationship for
induction of SCC by UV-B. In the original UV-B experiment from

which this relationship has been derived, two groups had f5()close to
those for the present UV-A groups and they had daily doses which also

differed by a factor of 2. This makes a direct comparison possible. The
parameters iso with SE of the earlier UV-B groups are 321 Â±6 and
464 Â±9 days (6). For the 100% UV-A group and the 50% UV-A group

in the current experiment, /,â€žand SE for the nonpapillomas are 326 Â±
13 and 467 Â±23, respectively (Table 2). So, the induction of SCC by
those two UV-B groups is virtually the same as in these two UV-A
groups. This strongly suggests that the dose-time relationship for
induction of SCC by UV-A is the same as that for UV-B.

We can get a rough idea of the dose-time relationship for the other
tumor type, the papillomas, on the basis of the two UV-A groups in

this experiment. From Equation 3 it follows that the parameter r is
equal to the slope of the line connecting the points [ln(ri(,),lnD]. Thus
r is estimated to equal 0.65 Â±0.05. This suggests that the dose-time
relationship for the induction of papillomas by UV-A is about the same
as for the induction of SCC by UV-A or by UV-B radiation.

From Table 3 it is clear that a daily UV-B exposure enhances the
induction of papillomas by UV-A radiation. In both the UV-B + 100%
UV-A group and the UV-B + 50% UV-A group the is(, is decreased
compared with the 100% UV-A and the 50% UV-A. So why did we

not see more than only incidental occurrences of papillomas in the
UV-B group? If we assume that UV-A and UV-B doses are photoad

ditive in induction of papillomas we can determine what the /_â€ž,should
have been for the papillomas in the UV-B group. Using the same

approach as described for the SCC we can calculate the fs<>for the
UV-B group from the 100% UV-A and the UV-B + 100% UV-A data
or from the 50% UV-A and the UV-B + 50% UV-A data. Using the

first combination we calculate a rs() of 321 Â±46 days and using the
latter combination we get a i_s(,of 473 Â±106 days for the induction of
papillomas in the UV-B group. Despite the large error margins we can
see that in the UV-B group the appearance of papillomas should have

taken place long after the appearance of SCC in this group (/_â€ž,for the
smallest SCC is 208 days; Table 2). Due to the large number of SCC,
most of the mice in the UV-B group were sacrificed after about 260

days, well before a substantial prevalence of papillomas could be
detected.

On the basis of the /5I, for the papillomas in the UV-A groups and
the above-calculated /5â€žfor the papillomas in the UV-B group, we can

get an impression of the wavelength dependence of the induction of
papillomas. The ratio between the UV-B efficacy and the UV-A effi

cacy for the induction of papillomas can be compared with that for the

induction of SCC. From the UV-B dose-response relationship we can

determine the daily FS40 dose the mice have to be exposed to in order
to get the same rM>for the SCC as that of the current 100% UV-A
group. After correction for a 25% increase in effectiveness for a 12-h
exposure relative to a 1.25-h exposure (16), this yields a daily FS40
dose of 0.0056 J/cm2. So, per unit energy, the radiation from the FS40
lamp is 4.5 X IO-1times (25 J/cm2/0.0056 J/cm2) as effective in

induction of SCC as the glass-filtered radiation from the Cleo lamp.

For the induction of papillomas this ratio can be deiermined by using
the calculated t5(, for papillomas in the UV-B group and by extrapo
lating the UV-A dose that would be needed to get the same /5(>(i.e.,
321 and 473 days). Using r = 0.62 we find, in the one case, that
radiation from the FS40 lamp is 2.5 X 10J, and, in the other case, 2.7
X 103as effective in induction of papillomas as the glass-filtered

radiation from the Cleo lamp. From this we can conclude that the
decrease in effectiveness going from wavelengths in the UV-B to
wavelengths in the UV-A is somewhat less steep for the induction of

papillomas than it is for the induction of SCC.
In conclusion, we found that UV-A and UV-B doses add up arith

metically in induction of SCC in hairless mice. The current experi
ment did not detect an anticarcinogenic effect of UV-A radiation at
any statistically significant level. This study therefore supports pho-
toadditivity for effective UV-A and UV-B doses in risk analysis of

increased UV loads, e.g., from cosmetic or medical UV sources.
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