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Ms. Jennie Butler 
Dockets Management Branch 
Food and Drug Administration 
Room 1061 
5630 Fishers Lane 
Rockville, MD 20852 

June I,2000 

Re: Petition OOP-12101 item code ZPl to Restrict Sale of Coal Tar-Containing 
Products 

Dear Ms. Butler, 

I have conducted some additional research after our initial submittal to FDA 
for the above mentioned petition and discovered several significant 
omissions from our package. The following epidemiological articles and 
other materials are attached for distribution for FDA to consider in the 
review: 

1) Maier, H., et al. (1996) “Skin Tumors in Photochemotherapy for Psoriasis: A 
Single-Center Follow-Up of 496 Patients”: 

This study finds that coal tar treatments for Psoriasis patients result in a 
Relative Risk of 9.92 for squamous cell carcinoma. 

2) Stern, Robert, S., et al. (1998) “Oral Psoralen and Ultraviolet-A Light 
(PUVA) Treatment of Psoriasis and Persistent Risk of Nonmelanoma Skin 
Cancer”: 

This cohort study of 1,380 psoriasis patients provides follow-up to 
previously published data by the same authors. With the additional 
years of follow-up, the study demonstrates that coal tar in combination 
with ultraviolet-B (UVB) treatments for Psoriasis patients results in a 
statistically significant Odds Ratio of 1.4 for squamous cell carcinoma. 
The authors conclude that their study may “underestimate the 
carcinogenic effects of these exposures”. 

3) Letzel, S., et al. (1998) “Occupationally related tumors in tar refinery 
workers”: 

This study of 606 workers from a coal tar refinery in Germany 
demonstrates a 25% incidence rate of squamous cell carcinoma (151 of 
606 workers). In addition, the authors note that 380 squamous cell 
carcinomas observed reverse the rate of basal cell to squamous cell 
carcinomas from an expected ratio of 1O:l 
demonstrates that UV light may not be a 
cohort. 
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4) Halprin, Kenneth M., et al. (1982) “Cancer in Patients with Psoriasis”: 
This study of 150 non-PUVA treated patients demonstrates a three fold 
increase in skin cancer incidence for psoriasis patients over a control 
group of diabetes patients. In addition, the observed ratio of basal cell 
to squamous cell carcinoma of 6:14 was much greater than expected. 

I have also enclosed examples of two current Dermatology textbooks that 
address coal tar shampoo application. I believe that these may prove useful 
in considering the exposure estimate as they demonstrate the following: 

a) That coal tar shampoos are used for infants with cradle cap 
(seborrheic dermatitis) who are known to have thinner skin and much 
greater skin absorption than adults; 
b) That the shampoos are intended to be kept on the hair for five 
minutes and not just rinsed off after application; 
c) and that at least one textbook currently in print suggest using coal tar 
shampoo frequently on infants with cradle cap to prolong remission. 

Please contact me if you have any questions at (415) 441-5199. 

Sincerely, 

Executive Director 
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Key Words Abstract 
Photochemotherapy Background: The.significance of oral psoralen photochemotherapy (PUVA) for 
Psoralen .- the development of nonmelanoma skin cancers (NMSC) is still controversial. 
Nonmelanoma skin cancer Objective: We evaluated 496 psoriatics, who received PUVA treatment accord- 

ing to the European PUVA protocol in order to reassess the influence of the 
cumulative WA dose on the development of NMSC and to answer the question 

.’ 

. . 

if there is a WA threshold dose above which the carcinogenic risk is increased. 
Methods: The study was conducted as a retrospective investigation. All patients 
were seen personally. Age, sex, skin type, cumulative WA dose and carcino- 
genic risk factors (arsenic, X-rays, tar, UVB, methotrexate) were recorded and 
investigated by marginal (MA) and partial effects analyses (PA) according to the 
Cox regression model. Results: In 14 patients (2.8%), one or multiple histo- 
logically confirmed NMSC were diagnosed. Nine patients (1.8%) had squamous 
cell carcinoma (SCC), 5 patients (1.0%) had basal cell carcinoma (BCC). No 
patient had both types of NMSC. None of the SCC had metastasized. By taking 
the appearance of BCC and SCC as the endpoint, arsenic [MA: relative risk 
(RR) = 7.62; PA: RR = 5.36], tar (MA: RR = 4.51; PA: RR = 3.83) and methotrex- 
ate (MTX; MA: RR = 4.97; PA: RR = 4.07) appear to produce strong and signif- 
icant effects (p < 0.05), both in MA and PA. Using the endpoint SCC only, the 
effect of the natural logarithm of UVA (In WA; RR = 2.47). arsenic (RR = 11.2). 
tar (RR = 9.92) and MTX (RR = 7.1) is significant (p < 0.05) in MA. In PA, only 
the effect of arsenic (RR = 5.19) is strong and significant (~~0.05) while the 
effects of tar (RR = 7.85). MTX (RR = 3.22) and In UVA (RR = 2.77) are strong 
but of borderline significance (p = 0.05-0.11). Nonlinear effects of In UVA on 
the risk of SCC were far from significant (p > 0.2). Conclusion: PWA with the 
European treatment protocol appears to be only a weak carcinogen by itself for 
SCC with a linear increase in tumor risk but not for BCC development. 
. . . . . . . . . . . . . . . . . . . . 
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Photochemotherapy with oral psoralens and UVA radia- 
tion (PUVA) has been introduced in 1974 as a new treat- 
ment for psoriasis [I]. Today it represents one of the fnst- 
line treatment modalities for severe disease and is well 
accepted by the patients. Although the molecular mecha- 
nisms which lead to the antipsoriatic effect are still subject 
to debate, the interactions of psoralens with DNA seem to 
play an important role [2,3]. Upon UVA irradiation bifunc- 
tional furocoumarins undergo photochemical reactions with 
DNA bases resulting in monofunctional adducts and inter- 
strand crass-links. The covalent binding to DNA, however, 
has raised considerable concern about the mutagenic and 
carcinogenic risk of such a treatment. 

Mutagenicity and carcinogenicity are well established 
effects of exposure to PUVA in vitro and in animal models 
[4-71. In 1979, an increased incidence of nonmelanoma 
skin cancers (NMSC) in psoriatics treated with long-term 
PUVA was reported [S]. The majority of tumor patients 
among the study population had a history of previous treat- 
ment with ionizing radiation or had suffered from NMSC 
before PUVA. Surprisingly only whole-body irradiation 
therapy but not local therapeutic irradiation was reported as 
a risk factor. This publication marked the beginning of an 
ongoing controversy about the role and relevance of pso- 
ralen photochemotherapy in human photocarcinogenesis. 

Numerous clinical trials have been conducted since in 
order to evaluate the risk of the development of NMSC 
in long-term PUVA patients [g-24]. Most authors appear 
to agree that PUVA patients with a cumulative UVA dose 
of more than 1,500-3,000 J/cm2 have an increased risk of 
NMSC. There is a high proportion of patients among these 
study populations who have received treatments of known 
or suspected carcinogenic potential such as arsenic, tar, X- 
rays, UVB, methotrexate (MTX) and other cytotoxic drugs. 
Obviously, these patients are at a higher risk to develop 
NMSC [8-11, 13, 15-18, 21-231. Only a small fraction of 
psoriatics who are long-term PUVA patients (because of the 
severity of their disease) have never received any other car- 
cinogenic treatment regimens [24]. 

Six years after our last follow-up [23], 496 psoriatics 
were evaluated in order to reassess the influence of the 
cumulative UVA dose on the development of NMSC in our 
PUVA patients and to answer the question if there is a UVA 
threshold above which the carcinogenic risk is increased. 
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Table 1. Characteristics of the study population 

Characteristic All patients Patient 

Number 
Sex 

Male 
Female 

Skin type 
I 
II 
III 
Iv 
n.d. 

Age, years 
Median 
Min./max. 
QlJQ3 

In UVA dose, J/cm* 
Median 
MinImax. 
QlJQ3 

Duration of follow-up, months 
Median 
Min./max. 

,Ql/Q3 
Risk factors 

Arsenic 
X-rays 
Tar 
UVB 

Retinoids 

496 

273 (55%) 
223 (45%) 

67 (13%) 
178 (36%) 
224 (45.3%) 
25 (5.1%) 
2 (1%) 

50 
I2/87 
39163 

6.17 (476) 
3.019.1 (20/8.60-t) 
5.23t7.0 (186I1.085) 

82 
3/206 

57I127.5 

58 
163 

(11.7%) 
(20.8%) 

193 (39%) 
111 (22.4%) 
44 (8.9%) 

237 (47.8%) 

n.d. = Not determined; Ql = first quartile; 43 = third quartile. 

Methods 

Patients 
This investigation was conducted as a retrospective study. We in- 

vited 1,149 patients in whom PUVA treatment had been initiated be- 
fore 1987 and who had received more than five exposures to PUVA. 
Only 496 patients accepted, and therefore we investigated the causes 
of noncompliance: 107 patients had moved to other places, 39 had 
died and 69 informed us that they were not interested in a follow-up. 
No information about the reason of noncompliance could be obtained 
in 438 cases although we contacted them twice. One patient died from 
stroke and another from heart attack. In ail other cases it was impossi- 
ble to obtain information about the cause of death. 

Most patients who did not appear at the follow-up had suffered 
only from mild psoriasis and had received only one or few PUVA 
courses. A large number of patients who did appear for the follow-up 
suffered from moderate or severe disease with many relapses and high 
cumulative UVA doses. 238 patients had cumulative UVA doses of 
more than 500 J/cm?. 54 patients had cumulative UVA doses of more 
than 2.000 J/cm’. 312 (62.9%) patients had a positive history of one or 
more risk factors with known or suspected carcinogenic potential. In 
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Table 2 

M.B. 
H.B.” 
E.B. 
D.F. 
AH. 
E K. 
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H.K. : 
A.M. I 
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Table 2. Tumor patients 

Patient Sex Age ‘. Skill Risk factors 
years type- AS X-ray tar 

. Retinoids NMSC WA Time 

UVB MTX J/cm* months 

MB. F 59 II 1 0 1 0 0 1 see 641 41 
H.B.’ M 58 II 1 0 0 0 0 -0 see 2,982 70 
E.B. M 54 I 1 I 1 0 1 0 see 886 68 
D.F. F 40 III 0 0 1 0 0 1 see 2,510 65 
A.H. M 66 III 1 o- 1 0 1 1 see 1,951 47 
EK. M 51 II 1 0 1 0 1 0 see 2,594 68 
E.S. M 54 I 1 0 1 0 0 I see 685 63 
EST. M 62 III 0 0 1 0 1 0 see 5,820 182 
M.F. F 81 II 0 1 1 1 0 1 see 1,390 183 
H.P.b M 45 III 1 1 1 0 0 0 BCC 185 57 
M.E. F 33 II 0 0 1 0 0 0 BCC 509 97 
H.K. M 64 III 0 0 0 0 0 0 BCC 82 101 
A.M. F 53 II 1 1 0 1 1 0 BCC 964 71 ‘VW 

O.SCH. M 48 I 0 0 1 0 0 1 BCC 142 47 

AS = Arsenic; 1 = positive history of retinoids and risk factors; 0 = negative history of retinoids and risk factors; time = time from onset of 
PUVA treatment to tumor event. 
1 Patient with noninvasive genital cancer. 
b Patient with multiple BCC at follow-up. 
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._ 

many ways, our patient group represented a high-risk population for 
the development of NMSC. 

All patients were seen personally by the authors at the follow-up. 
For patients with NMSC. the endpoint of follow-up was considered 
to be the date of the diagnosis of the first tumor. All suspicious le- 
sions were biopsied or excised, processed for routine histopathology 
and evaluated independently by two experienced dermatopatholo- 
gists. Age, sex, skin type, total cumulative UVA dose, accompanying 
treatment with retinoids and exposure to carcinogenic risk factors 
(arsenic, X-rays, tar, WB. MTX) were recorded. 

Statistical Methods 
The distribution of the factors of interest is described by frequencies 

in the dichotomous case and by medians in the continuous or ordinal 
case. Because of its skewness, the variable WA dose was transformed 
into the natural logarithm (In WA). The prognostic importance of the 
factors considered was analyzed by a univariate and multivariate analy- 
sis, more precisely by simple and multiple Cox proportional hazards re- 
gression models [25]. While the marginal results from univariate analy- 
sis refer to the effect of a prognostic factor ignoring other factors, the 
partial results from multivariate analysis refer only to those effects 

which cannot be explained by the other factors considered. Factors con- 
sidered are: sex, age, skin type, cumulative WA dose, exposure to ar- 
senic, X-rays, tar. WB, MTX and retinoids. The prognostic strength of 
these factors is described by the relative risk (RR) of NMSC when the 
value of a prognostic factor is increased by 1. The RR is directly related 
to the parameter b in a Cox regression: RR = exp(b). The results were 
obtained using program 2L of BMDP (261. All p values refer to two- 
sided tests. Further analyses deal with the evaluation of the relative im- 
portance of the possible risk factors according to Schemper [g. These 
rn&ods can provide answers of whether the RR associated with prog- 
nostic factors are significantly different. 
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Results 

Study Population 
496 patients (273 males, 223 females) who had received 

PUVA treatment according to the European PUVA protocol 
[28] participated in this study (table 1). The estimated me- 
dian follow-up period was 82 (3-206) months, In 84 pa- 
tients (16.9%), the follow-up period was 15 years or more. 
The median age was 50 (12-87) years, the median In UVA 
6.17 (3.0-9.1). 45% of the study population were of skin 
type III, 36% of skin type II, 13% of skin type I and 5% 
were of skin type IV. The skin type was not determined in 
1% of the study population. 171 patients (34.5%) had a his- 
tory of one carcinogenic risk factor, 94 patients (19%) of 
two, 38 patients (7.7%) of three and 9 patients (1.8%) had a 
history of four risk factors. 184 patients (37.1%) had no his- 
tory of risk factors. 58 patients (11.7%) had been treated pre- 
viously with arsenic, 103 patients (20.8%) with therapeutic 
X-rays, 193 patients (39%) with tar, 111 (22.4%) with UVB 
radiation and 44 (8.9%) had been treated with MTX. 237 
(47.8%) PUVA patients had received accompanying reti- 
noid treatment. 

Tumor Patients 
In 14 patients, one or multiple invasive and noninvasive 

NMSC were diagnosed (table 2). This was equivalent to a 
tumor frequency of 2.8%. Nine patients (1.8%) had squa- 



Fig. 1. Tumor location. 

Table 3. Results from Cox analysis (BCC and SCC as endpoint) 

Factors Marginal analysis Partial analysis 

RR P RR P 

Sex 
Age 
Skin type 
In WA 
Arsenic 
x-rays 
Taf 
UVB 
MTX 
Retinoid 

0.73 
1.01 
0.72 
1.39 
7.62 
1.60 
4.51 
0.41 
4.97 
0.58 

0.57 
0.47 
0.31 
0.15 
0.0002 
0.43 
0.021 
0.25 
0.0042 
0.31 

1.00 ,0,99 
0.99 0.72 
0.69 0.29 
1.17 0.61 
5.36 0.0059 
0.94 0.92 
3.83 0.04 
0.36 0.20 
4.07 0.028 
0.45 0.18 

mous cell carcinoma (SCC), 5 patients (1.0%) had basal cell 
carcinoma (BCC). No patient had both types of NMSC 
[29]. The median age of patients with NMSC was 60 
(33-81) years, the median ln WA was 6.83 (4.41-8.67). 
None of the SCC had metastasized to the lymph nodes at 
the follow-up or developed metastases later on [30]. 

All but 2 BCC were found on the trunk. One of these 
2 BCC was located on the nasolabial fold, the other on the 
knee. Patient HP., with a history of arsenic, tar, X-rays and 
an ln WA of 5.22 (185 J/cm’), presented with 11 BCC on 
the trunk at the follow-up (fig. 1). 

Carcinogenic Risk Factors and Tumor Frequency 
Among 184 PUVA patients, who had no history of car- 

cinogenic treatment regimens, only 1 BCC patient with an 
In WA of 4.41 (82 J/cm2, H.K; table 2) was found (0.5%). 
All other 13 tumor patients (4.2%) belonged to the sub 
group of 312 patients with carcinogenic risk factors. Eight 
of 58 patients (13.8%) with a history of arsenic suffered 
from NMSC. NMSC developed in 4 of 103 patients (3.99 J 

%nor Location 
The location of the individual tumors is demonstrated in 

figure 1. One SCC was located on the forearm, 1 on the 
back of the hand, 5 on the lower leg and 1 on the sole of 
the foot. Patient H.B., who had been exposed to arsenic and 
In UVA of 8.0 (2,982 J/cm’), presented with a genital SCC 
in situ. 

0 intisive SCC 

l Noninvasive SCC 

0 BCC 

l BCC found in patient 

H.P. at follow-up 

Table 4. Results from Cox analysis (only SCC as endpoint) 

Factors 

Sex 
Age 
Skin type 
In WA 
Arsenic 
x-rays 
Tar 
WB 

Retinoid 

Marginal analysis Partial analysis 

RR P / RR P 

0.67 0.58 2.00 0.44 
1.03 0.21 1.02 0.56 
0.66 0.31 0.45 0.11 
2.47 . 0.009 2.77 0.056 
11.2 0.0007 5.19 0.033 
1.14 0.87 0.77 0.77 
9.92 0.031 7.85 0.061 
0.32 0.28 0.19 0.18 
7.10 0.0036 3.22 0.11 
0.95 0.94 0.51 0.38 
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treated with X-rays, in 11 of 193 (5.7%) with tar, in 2 of 111 
patients (1.8%) with UVB radiation and in 5 of 44 patients 
(11.4%) with MTX. 

Using the appearance of BCC and SCC as the endpoint, 
he factors arsenic, tar and MTX appear to produce strong 
aad significant effects, both in the marginal and partial 
analysis (table 3). Using the endpoint SCC only, the effect 
of ln UVA. arsenic, tar and MTX is definitely significant in 
marginal analysis. In partial analysis, only the effect of ar- 
senic is significant and strong while the effects of tar, MTX 
and ln UVA are strong but with p values only in the range 
of 0.05-0.11 (table 4). As a general judgment using both 
marginal and partial results, the effects of In WA, arsenic, 
tar and MTX could be declared unfavorable. The results for 
the effect of In WA on the risk of SCC in tables 3 and 4 
refer to a possible linear increase in risk with increasing In 
UVA. Nonlinear effects (quadric, cubic) were checked in 
the modeling stage but in any case were far from significant 
(p>O.2). 

Analyses of possible differences in the importance of the 
factors considered could only confirm that the risk pro- 
duced by arsenic is higher (p < 0.05) than that produced by 
possibly unfavorable levels of skin type, WB, X-rays and 
sex and, similarly, that the risk associated with In WA 
exceeds the risk by X-rays. These results apply only to the 
marginal effects analyses in table 4. 

A measure of explained variability according to 
Schemper [m made it possible to grade dichotomous (ar- 
senic, X-rays, tar, MTX) and continuous (cumulative UVA 
dose) variables with regard to their carcinogenic potential 
as follows: (1) arsenic (2.6%). (2) In UVA, tar, MTX (1.7% 
each), (3) UVB (0.7%). 

Discussion 

Oral psoralen photochemotherapy has been used for 
20 years for the treatment of severe psoriasis. The actual 
PUVA regimens differ considerably between Europe and 
the USA [31]. The European approach maximizes and 
maintains doses at near phototoxic levels and gives more 
rapid clearing with lower cumulative WA doses [32]. Ad- 
ditionally, considerable variability exists in the practice of 
PWA in the different institutions. These differences are 
a possible source of the discordance of early reports on 
J’UVA carcinogenesis. Another source of discordance is the 
dgfmition of the NMSC patient: this means whether a pa- 
tient with multiple tumors is counted multiple times or is 
considered as one single case. Some studies counted each 
~currence of NMSC as a new case no matter whether it 
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appeared in the same patient or in a different one [13, 221. 
In the past 15 years, several clinical reports about PWA- 
induced NMSC have appeared in the literature [g-24]. 
Although the treatment regimens are variable and differ- 
ent approaches to assess the incidence of PUVA-induced 
NMSC were used, it seems clear that high cumulative doses 
(more than 1,500-3,000 J/cm?) represent a carcinogenic 
risk in PUVA patients. We had to conduct the study as a 
retrospective investigation with all the problems connected 
with a retrospective study design: different periods of fol- 
low-up, different distributions of risk factors and lack of 
an ideal control population. The ideal control population 
should consist of psoriatics with the same history of risk 
factors but without PUVA treatment. Such a control group 
does not exist for obvious reasons since in our patient pop 
ulation those with the severest psoriasis have been treated 
with PUVA during the past 20 years. Apart from that, infor- 
mation about the doses of other antipsoriatic treatment 
modalities was missing in most cases. 

NMSC developed in 2.8% of our study population, out 
of these 1.8% were SCC. This is rather low considering that 
the majority had a history of carcinogenic risk factors. In 
the patient group without risk factors only 1 tumor patient 
with an extremely low cumulative WA exposure was 
found. 

By using two different endpoints of our analysis 
(BCC + SCC, and SCC only), it turned out that previous 
treatment with arsenic, tar and MTX increases the risk of 
the development of both types of NMSC whereas in con- 
trast to other studies [8, 16, 19, 331 a positive history of 
treatment with X-rays seems to have no carcinogenic po- 
tential. Previous UVB treatment turned out to have no 
influence on NMSC development. This is in agreement 
with the results of other studies [8, 16, 19, 331. An increase 
in cancer risk by earlier UVB treatment was found by Lin- 
delof et al. [20]. Our finding that arsenic seems to have the 
strongest carcinogenic potential is in agreement with most 
studies on PUVA carcinogenesis [13, 15, 16, 18, 19, 20, 22, 
231. Whereas Stem et al. [8, 331 did not comment on the 
carcinogenicity of arsenic, the finding of the PWA-48 co- 
operative study that arsenic does not increase the NMSC 
risk [lo] was revised in their follow-up study 8 years later 
[18]. In the studies by Stem et al. [8] and Henseler et al. [16] 
tar did not increase the tumor risk. The statements in some 
of the studies mentioned above [8, 16, 19, 231 concerning 
the carcinogenic potential of MTX and other immunosup 
pressive drugs are contradictory. 

The cumulative UVA dose does not appear to strongly 
affect the risk of BCC development. The risk of the devel- 
opment of SCC increases continuously with the cumulative 
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WA dose. In other words, there is no dose-dependent 
threshold. This is in sharp contrast to other investigations 
on PWA carcinogenesis which found a clear increase in 
the tumor risk in patients with cumulative WA doses of 
more than 1,500-3,000-J/cm2 [16-19, 23, 241. 

The evaluated risk factors can be graded with regard to 
their carcinogenic potentiai as follows: (1) arsenic, (2) In 
WA, tar, MTX and (3) UVB. Apart from that, our data 
indicate that a cancer-protective effect of retinoids is rather 
unlikely. 

Considering the attitude to sun exposure of psoriatics we 
should not underestimate the contribution of solar irradia- 
tion to carcinogenesis. All but 1 SCC were located in areas 
which are exposed to natural sunlight during sunbathing, 
especially the lower extremities as was pointed out by two 
recent studies [24, 331. In contrast to one of these inves- 
tigations [33], only 1 BCC was found on the head and neck. 

Although the genital region of aI1 patients was not shielded 
during PUVA treatment, we did not find an extraordinar) 
increase in NMSC in the male genital region as reported b) 
one study [34]. This is in agreement with all other studies 
dealing with PWA carcinogenesis. 

In conclusion, our data indicate that PUVA with the Eu- 
ropean treatment protocol may be only a weak carcinogen 
by itself for SCC but not for BCC development. 

No increased risk of NMSC has been demonstrated SO 
far for PWA-treated vitiligo patients aithough they usually 
receive high cumulative WA doses over the years [35,36]. 
Severe psoriatics are quite commonly treated with man) 
different treatment modalities some of which have carcins 
genie potential. Obviously these patients are the ones who 
have also received the heaviest buiden of PUVA. However, 
it is of great importance to reduce the cumulative UVA dose 
wherever possible. 
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Oral Psoralen and Ultraviolet-A Light (PUVA) 
Treatment of Psoriasis and Persistent Risk o,f 
Nonmelanoma Skin Cancer 

Robert S. Stem, Elissa J. Liebman, Liisa Viikevii, and the 
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PUVA Follow-up Study* 

Background/Methods: The treatment of psoriasis with high- 
dose exposure to oral psoralen and ultraviolet-A light (i.e., 
PUVA) substantially increases the risk of cutaneous squa- 
mous cell cancer, but not of basal cell cancer, within a decade 
of beginning treatment. To assess the persistence of cancer 
risk among individuals treated with PUVA, including those 
who discontinued therapy long ago and those without sub- 
stantial exposure to other carcinogens, we prospectively 
studied a cohort of 1380 patients with psoriasis who were 
first treated during the period from January 1, 1975, 
through October 1, 1976, and evaluated risk factors associ- 
ated with the development of cutaneous squamous cell can- 
cers and basal cell cancers after 1985. Results: From 1975 
through 1996,237 patients developed 1422 cutaneous squa- 
mous ceil cancers. From 1986 through 1996,135 (12.5%) of 
1081 patients without a prior squamous ceII cancer devel- 
oped 593 such tumors. From 1975 through 1997,247 patients 
developed 1042 basal cell cancers; these patients included 
151 individuals with a first basal cell cancer after 1985. 
Among those without a squamous ceU or a basal cell cancer 
in the tirst decade of the prospective study, a strong dose- 
related increase in the risk OF squamous ceU cancer was 
observed in the subsequent decade (adjusted relative risk 
[a337 treatments versus <lOO treatments] = 8.6; 95% con- 
fidence interval = 4.9-15.2). Risk of basal ceII cancer was 
substantially increased only in those patients exposed to very 
high levels of PWA (2337 treatments). Conclusions: High- 
dose exposure to PWA is associated with a persistent, dose- 
related increase in the risk of squamous ceII cancer, even 
among patients lacking substantial exposure to other car- 
cinogens and among patients without substantial recent ex- 
posure to PUVA. Exposure to PWA has far less effect on the 
risk of basal ceU cancer. The use of PWA for psoriasis 
should be weighed against the increased cancer risk. [J Nat1 
Cancer Inst 1998;90:1278-84] 

Since its development in 1974, oral methoxsalen photoche- 
motherapy, i.e., psoralen and ultraviolet-A light (PUVA), has 
been widely used to treat patients with psoriasis (1). PWA 
treatment is mutagenic and carcinogenic (2). Both European and 
U.S. studies (3-6) have demonstrated that patients exposed to 
high doses of PUVA therapy have a significantly increased risk 
of squamous cell carcinoma of the skin. These data largely re- 
flect the experience of patients within the fust decade after start- 
ing PUVA therapy. Some investigators (7) claim that PWA acts 
largely as a promoter of squamous cell cancer. If this is true, this 
risk is likely to be greatest among patients with substantial pre- 

J cian. These pati, 

t; of whether they 
i since enrollmen 

we have used tc 
vious exposure to other cutaneous carcinogens and would di. lw7. ,n each c, 
minish if use of PUVA declines. A comparable increase in thl ‘at..d at,,,ut skj 
risk of basal cell cancer has not been observed, but epidemic psoriasis therap 
logic studies (8,9) suggest that the interval between exposure tc’ .co”firm=d 0” n 
a carcinogen and tumor development may be longer for basd I tkologist. Durin 

cell cancer than for squamous cell cancer. * ; sponsored strut 
t study patients h 

In the general U.S. population, most (about 65%) squamous. I study i”tervi~ 
cell cancers and basal cell cancers occur on the head and neciL for psoi-iasis i”c 
(l&12). Most patients using PUVA shield their head and nec$interviews and t 
for at least some of each treatment. In addition to less exposure’ md c=e~_~ ( 
to PWA than other sites, the head and neck are most after, 1 Overan aiid s’ 
exposed to sunlight, the most important risk factor for nonmeh risk factors for t 

) the skin-nccurr 
noma skin cancer in the general population (13). Therefore, WC- aparately co”s 
expected that the excess and attributable risk of skin tumors duc”among the smi 
to PWA might be less for the head and neck than for other hod! ‘: during the first t 
sites. through October 

The persistence of an increased risk of squamous cell cancer ‘tected in the fir 

after declining PUVA usage, the occurrence of excess tumo” 
I 

analyzed risk fa 
sites. 

among patients who survived at least a decade without a tumor 
and a higher risk of appearance of tumors on anatomic sites othe! 

We classified 
at the follow-uJ 

than the head and neck would all suggest that PWA is a corn.! R-VA treatme” 
plete carcinogen. If’this is the case, PWA should be considerec’ Of a first ski” ’ 

following four F 
carcinogenic for all patients with substantial lifetime exposure tr\ mentS ,.eceived I 
this therapy. ‘We have conducted a prospective study to assess, 159 treatments, 
the persistence of cancer risk among all treated patients, includ. defined the high 
ing those who discontinued treatment long ago or lack substan.’ d=ite”fc”h”n 
tial exposure to other carcinogens. .;: (i.e.. 3337 PU\ 
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Patients and Methods carcinogens as h 

At the time they enrolled in the PWA study, all patients provided writtr: 
topical tar other 

informed consent. The PWA Follow-up Study was approved by the institutiona 
dose, s3~ u.ec 
trexate is gener 

review boards at the participating centers. During the period from January l., documentauon ( 
1975, through October 1, 1976. a total of 1380 patients were enrolled in ! 
16university center prospective study’ that was designed to assess the long-tenr, 

at entry into the 

risks and benefits of PWA therapy. The mean age of the patients at study enn! 
For all patier 

hnuary 1.1986, 
was 44 years, and 65% of the cohort were male. Each patient’s exposure Ii, calculated the e, 
dtemative cminogens, such a ionizing radiation (grenz rays or x-rays for thr I, neck for he p,.r 
treatment of psoriasis), ultraviolet-B (UVB) radiation, tar, and methouexau; for each stratum 
both before and after exposure to PWA was documented. Patients were placti’ and PwA ther 
on a standard PWA protocol. This protocol entails a patient receiving a dose 0: ’ WB rda~od, 
0.446 mg/kg psoralen orally, followed 1.5-2.0 hours later by a WA treatmec~ 
administered with the patient standing in an UhravioJet irradiation unit. The me’, 

x-raydgrenz ray 

common unit used is an approximately 7 foot vert&d enclosure with an inter@’ 
(RR) of each ty 
population incid 

;: calendar year (p 
Yearf13). TO cd 
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As in prior analyses, we characterized exposure to other potential cutaneous 
:arcinogens as high or not high (low) by use of the following definitions of high: 
Tical tar other than shampoos (high dose, P45 months), WB therapy (high 
fose. ,300 treatments), methotrexate (high dose, ,208 weeks of use; metho- 
rexate is generally given a),gdose of 7.5-25 mg/week), all as of 1989, and 
humentation of any exposure to x-rays or grenz rays for treatment of psoriasis 
u entry into the study (4). 

For all patients without a squamous cell cancer or basal ceU cancer as of 
l~l~ary 1.1986, on the basis of age-, sex-, and geographic area-specific rates, we 
:alculated the expected number of tumors of each type separately on the head or 
eck for the period 1986 through 1996 (and for basal cell cancer through 1997) 
&each stratum defined by levels of exposure to PWA up to January 1. 1986. 
d PWA therapy after 1985 as defined in Table I, by levels of exposure to 
Lm radiation/tar therapy and methotrexate, and by whether ever exposed to 
c-Ys/grenz rays for treatment of psoriasis. We first calculated the relative risk 
RR) of each type of skin cancer compared with that expected on the basis of 
ppuladon incidence rates, counting as an incident event only one tumor in each 
dalendar year (population rates) even if a patient developed multiple tumors that 
!eu (131. To calculate the site-specific expected number of tumors, we assumed, 
W tt~~ basis of previous studies (10-12). that in tbe general population about 
654 of squamous cell cancers and basal cell cancers occurred on the head and 
mk and 35% developed on all other skin sites. 

we next examined the relationship between various exposures (or levels of 
erWU) for both types of skin cancer and both body areas (head and neck and 
* areas); we counted each patient with a specific type of nonmelanoma 
* at either site @a&neck and other) only once. These analyses excluded 

From enrollment (January 1, 1975, through October 1, 1976) 
to September 1, 1997, a total of 1042 basal cell cancers were 
detected in 247 (17.9%) of 1380 patients. Ninety-six (39%) of 
these 247 patients developed their first basal cell cancer before 
1985 (15). and 151 (61%) did so after 1985. On av&age. about 
three times as many tumors of both types were detected each 
year after 1985 compared with the average number detected each 
year between 1975 and 1985. Therefore, the incidence was more 
than three times higher after 1986 than before 1986 (Table, 2), 
increasing from three cancers to 10 cancers per 100 person-years 
for squamous cell cancer and from two cancers to seven cancers 
per 100 person-years for basal cell cancer. 

kacones 
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Table 3 presents the RR compared with that expected on the 
basis of population incidence rates for each type of cancer at any 
site after 1985 among the surviving cohort members without a 
skin cancer of that type detected by January 1, 1986. The risk of 
squamous cell cancer was elevated more than that of basal cell 
cancer, both overall and at every dose level (Table 3). When 
tumors occurring after 1985 for all cohort patients were included 
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,m,,osed of fluorescent bulbs with emissions in the range of 32o-400 nm. The 
,+a& are started on low doses of WA, generally 1.5-S J/cm’ depending on 
Sir photosensitivity. During the clearing phase, the patients undergo two or 
w light treatments p& week. The dose of WA is gradually increased with 
crh treatment according to the degree of erythema or pigmentation produced. 
m patients typically reach a maximum WA dose of 8-15 J/cm’. As their 
5~ improves, the patients receive fewer light treatments per week and 
dOwly taper off therapy. When the patients’ disease flared, they were treated 
qin with PWA or other therapies for psoriasis as determined by their physi- 
>m. ‘fhese patients have been followed every year since enrollment. regardless 
I( whether they continued to use PWA (3,4). On average, every 15 months 
dse enrollment, the study personnel interviewed cohort patients. Since 1989, 
*e have used telephone interviews, completing the 18th cycle of interviews in 
1997. In each cycle, about 90% of surviving enrollees are interviewed. They are 
,,kd about skin cancer development, general medical problems, and current 
&asis therapy. Each time a patient reports a skin cancer, the diagnosis is 
:onfirmed on the basis of histologic findings as read by a board-certified pa- 
hok@st. During the period from 1977 through 1989. eight cycles of study- 
,pasored, structured follow-up physical examinations were conducted. Most 
ndy patients have severe psoriasis and am under regular dermatologic care. 
Study interviews document exposure to PWA therapy and other treatments 

~rpsoriasis including WB radiation, topical tar, and methouexate. Both patient 
nlerviews and the physical examinations focus on the detection of skin cancers 
nd cancers at other body sites. 
Overall and separately for the head and neck”and other body sites, we assessed 

IP factors for the development of squamous cell cancer and basal cell cancer of 
hc skin occurring more than 10 years after first treatment with PWA. We 
cparately considered the occurrence of squamous cell or basal cell tumors 
mong the surviving patients who did not have skin cancer of that type detected 
uring the first decade of st$y-from enrollment in the study (January 1; 1975, 
wugh October I, 1976) to December 31, 1985~and those with a tumor de- 
rted in the tirst decade. In addition to assessing overall risk, we separately 
nalyzed risk factors for tumors located on the head and neck and other body 
Iws. 
We classified PWA exposure according to the number of treatments recorded 

I the foXow-up interview closest to January 1. 1986, and by the number of 
‘WA treatments received subsequent fo this interview or up to the development 
f a tint skin cancer of that type (Table 1). ‘Ihe cohon was divided into the 
,Ilowing four PWA dose categories according to the number of PWA treat- 
KMS received prior to January 1, 1986: 1) fewer than 100 treatments, 2) lO& 
59 treatments, 3) 160-336 treatments, and 4) 337 treatments or more. We 
efined the highest dosage group as the number of treatments received by the top 
bile of cohort members who survived to 1986 without a squamous cell cancer 
‘i.e.. 3337 PWA treatments). 

Table 1. Number (and percent) of cohort patients followed after 198&&d. 
number.with a t?rst squamous cell cancer (SCC) or basal cell can&r (BCC) ’ _ 

by treatment duration and by level of exposure to PWA* 

AR’IX-I .ES 1374 

. No. (W) of patients with cancers 
developing after 1985 

Exposure 

PWA treatments up to 1986t 
<loo -- 
loo-159 
160-336 
,337 

Total* 
PWA treatments after 1985 

40 
350 

Totai$ 

Total see BCC 

435 (37) 18(13) 29 (19) 
243 (21) 15(11) 30 (20) 
373 (32) 68 (50) 58 (38) 
132(11) 34 (25) 34 (23) 

1183 135 151 

877 (74)s 66 (49) 99 (66) 
306 (26) 69 (51) 52 (34) 

1183 135 151 

*PWA = oral psoralen and ultraviolet-A light. 
tBased on data from interview nearest 10 and including January 1, 1986. 
$Excludes 197 patients who died before 1986 or who lack follow-up data after 

December 31, 1985. 
$Includes 669 patients who had no PWA treatments after 1985. 

, 2. 

patients with a tumor of that type at that site prior to 1986. In our multivariate _ 
analyses, to determine the association between exposure to PWA and the risk- 
of a first squamous cell cancer or basal cell cancer overall and on each of the two 
anatomic areas after 1985, we used Poisson regression models to adjust observed 
counts for other exposures that were significant predictors of risk in the univari- 
ate analyses. We ais0 tested for interactions between significant predictors of 
risk 114). All statistical tests are two-sided. 

Results 

From enrollment (January 1, 1975. through October 1, 1976) 
to October 2, 1996, a total of 1422 cutaneous squamous cell 
carcinomas were detected in 237 (17.2%) of 1380 patients. Of 
these 237 patients, 102 (43%) had a first tumor detected before 
January 1,1986 (25), and developed a total of 829 squamous cell 
cancers. As of 1986, there were 1081 surviving patients without 
a squamous cell cancer. From 1986 through 1996, 135 (12.5%) 
of these 1081 patients developed a first squamous cell cancer 
after the last interview in 1985. These 135 patients had a total of 
593 squamous cell carcinomas detected during that period. 



Table 2. Total number of nonmelanoma skin cancers by type of tumor, date 
of detection, and anatomic site, detected since enrollment among cohort 

patients receiving PWA* treatments 

Tumor type and 
anatomic site 

Squamous cell cancer3 
Head and neck 
Other sites 
Unknown site 

Totalf 

Basal cell cancer/l 
Head ind neck 
Other sites 

Total* 

_’ Date of detection 

Before 1986t Beginning in 1986 

43 118 
328 920 

4 9 
375 1047 

139 441 
82 380 _ 

221 821 

Total+ 

161 
1248 

13 
1422 

580 
462 

1042 

*PWA = oral psoralen and ultraviolet-A light. 
tTumor detection since enrollment (1975-1976) to December 31, 1985. 
$Anatomic site could not be determined for 13 squamous cell cancers (four in 

the before 1986 count and nine in the beginning in 1986 count). 
$Detected as of September 1996. 
IlDetected as of September 1997. 

(i.e., including those who had tumors in both the first and second 
decades after the treatment), among patients with exposure to at 
least 337 treatments, and only one squamous cell cancer per year 
was counted, the risk of squamous cell cancer after 1985 was 
increased more than lOO-fold compared with that expected on 
the basis of population incidence data (RR = 104; 95% confi- 
dence interval [CI] = 88.3-121.9). Except for patients exposed 
to at least 337 PUVA treatments, the risk of basal cell cancer 
was elevated only moderately compared with that expected on 
the basis of general population rates for the United States 
(Table 3). 

After 1985, a total of 54 patients developed a first squamous 
cell cancer of the head and neck and 119 developed a first tumor 
of this type on other anatomic sites. After 1985, there were 106 
patients with a first head and neck basal cell cancer and 95 with 
a first skin tumor of this type on other body sites. When we 
counted only a first tumor at each site in patients who had tumors 
in the first and/or second decade, after 1985 the risk of squamous 
cell cancer was increased fivefold (RR = 5.2,95% CI = 3.9- 
6.7) on the head and neck and 2 l-fold (RR = 21.2; 95% CI = 
17.6-25.8) on other body sites compared with that expected on 

Table 3. Relative risk (RR) and 95% confidence interval (Cr) of any fm 
squamous cell cancer (SCC) or first basal cell cancer (BCC) after 1985. 

following PWA* therapy among cohort Patients without a skin cancer of 
that type detected before 1986 compared with the number expected in the 

general population? 

Trpe of NmOr 

Total PWA treatments 
see BCC 

through 1986 RR 95% a RR 95% Cl 

<loo 5.1 3.5-7.2 1.7 I .2-2.3 
lo&159 a.4 5.6-12.1 3.9 3.b5.0 
160-336 26.5 22.2-31.4 4.5 3.5-5.7 
8337 68.5 54.9-84.5 11.7 9.3-14.5 

All dosages 17.6 15.6-19.8 4.1 3.7-4.6 

*PWA = oral psoralen and ultraviolet-A light. 
TAdjusted for age. sex. and area of residence; only one tumor of a given type 

is counted each year. 

the basis of population rates. For basal cell cancer, the COI;; 
sponding RRs were 2.5 (95% CI = 2.1-3.1) and 4.2 (95% Cl : 
3.4-5.2). (ohott expos 

Table 4 presents the results of the univariate analysis relatir 5). Recent ut 
level o<exposure to potentially carcinogenic treatments of & pith increast 
riasis to the risk of squamous cell carcinoma for each site. l-he, ,ifter adjust 

analyses are all adjusted for age, sex, and area of residence, n,. ,UVB radiat 
risk of a first squamous cell cancer after 1985 was substantial;, cell cancer \h 
increased even among patients with as few as 160 PUVA trej: head and nef 
ments by 1986 compared with patients with exposure to feat! 95% CI = 1 1 
than 100 PUVA treatments (not head and neck, RR = 4.5 [95’ Table 6 p 
CI = 2.5-8.01; head and neck, RR = 7.1 [95% CI = 2.;. includes all , 
18.31). The pattern of increasing risk with increasing exposure I I risk for that t 
PUVA was similar for tumors occurring on the head and net,, the multivarj 
and those occurring on other sites. Except for exposure t ’ Jid not have 
PUVA, higher levels of exposure to other potential carcinogeLy starting Pm 
did not have a substantial impact on risk of squamous cell cancrt be most iml 
(Table 4). Higher levels of exposure to PUVA in both the fip subsequent d 

and second decades were associated with substantially increase.’ (2337 pUV 
risks of squamous cell cancer. After adjustment for all si,onih increased in< 
cant risk factors including exposure to PUVA and considerin; decade. The 
all patients who had cancer in the first and/or the second decadi ,ignificmtly 
the risk of squamous cell cancer was four times higher for hod:, not of basal 
sites other than the head and neck than on the head and neck 
which are often shielded during PUVA treatments (odds rati, _ Discu& 
[OR] = 4.0; 95% CI = 2.9-5.6). ; 

For basal cell cancer, only exposure to at least 337 PUV!. ’ Except fc 
eluded 13 yl 

Table 4. Odds ratio (OR) and 95% confidence interval (Cl) for a first Table 5. Odd 
squamous cell cancer following PWA* therapy on head and neck and othc cell cancer fol] 

body sites after 1985 by exposure (univariate analysis)t 
I 

Body site i. 

Not head and neck Head and neci +* 

Exposure OR 95% CI OR 95% C! , Exposure 

PWA treatments through 1985 ‘-. PUVA treatmet 
Cl00 I$ I$ 

0.4-5.6 ; 
Cl00 

loo-159 1.8 0.9-3.7 1.5 loo-159 
160-336 4.5 2.5-8.0 7.1 2.7-181: 160-336 
2337 10.0 5.4-18.6 15.0 5.‘l-u: 2337 

All a100 4.2 2.5-7. I 5.1 2.1-11. All (a100 
PWA treatments after 1985 

do 1$ I$ 
, PUVA treatmet 

-50 
250 3.3 2.w.a 1.6 0.9-2.8 I ~50 

WB/tX~ 

&I 
1$ U 

-1 WB/tar$ 

1.7 1.1-2.5 1.5 (M-2.7 ” & 

Methotrexate(l 
LOW I$ 1$ 

! Methotrexate(l 
Low 

High 1.4 0.9-2.3 2.0 1.0-3.: ! High 
Grenz rays/x-raysp 

Not exposed 
Grcnz rays/x-r; 

I$ It 
Exposed 1.0 

Not exposed 
0.7-1.6 1.6 0.9-2.8 Exposed 

+PWA = oral psoralen and ultraviolet-A light. 1 ‘PWA = , 
tAll analyses were adjusted for age, sex, and area of residence. +A11 analyse 
*Referent stratum. 

1 
tReferent st 

~Ultraviolet-B radiation (UVB)/tar high dose = 300 or more treatmen& G PL’ltraviolet. 
UVB and 45 months or more of topical tar application. LTB and 45 n 

Jpletbotrexate high dose = 208 weeks or more of use. JMetbotrexa 
pExposure or no exposure of patients to grenz rays and/or x-rays for them ~xpmure a 

peutic purposes. “ putic purpose 
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zatments was associated with a substantial (more than three- 
&) increase in risk compared with that for members of the 
.-r)ho~t exposed to low doses (fewer than 100 treatments) (Table 
il. Recent utilization of PUVA was not significantly associated 
,,h increased risk of basal cell cancer at either site (Table 5). 
\fier adjustment for all significantly associated risk factors 
cVB radiation, tar, x-rays, and grenz rays), the risk of a basal 
.CU cancer was only very modestly higher on sites other than the 
yad and neck compared with the head and neck (OR = 1.6; 
jyl CI = 1.2-2.2). 

Table 6 presents the results of the multivariate analysis that 
ziiudes all exposures. associated with a significantly increased 
ak for that type of tumor on either anatomic area. The results of 
:k multivariate analyses demonstrate that, among patients who 
:id not have a tumor detected during the first 10 years after 
wing PUVA treatment, the level of exposure to PWA was 
I! most important risk factor for squamous cell cancer in the 
.ubsequent decade. Only very high exposure to PUVA by 1985 
3337 PUVA treatments) was associated with a substantially 
xreased incidence of a first basal cell cancer in the subsequent 
bade. The extent of recent PWA treatment was weakly but 
+nificantly associated with the risk of squamous cell cancer but 
XII oi basal cell cancer. 

Diiussion 

Except for an earlier report by our study group (4) that in-’ 
:luded 13 years of follow-up, reports of the risk of nonmela- 

Tsbk 5. Odds ratio (OR) and 95% confidence interval (CD for a fint basal 
.rll cancer following PWA* therapy on head and neck and other body sites 

after 198.5 by exposure (univariate analysis)t 

Body site 

EpSlUC 

Not head and neck Head and neck 
- 

OR 95% CI OR 95% CI 

WA trea;ents through 1985 
Cl00 
loo-159 
MO-336 
,337 

All (2 100) 

RyA treatments after 1985 _ 
da 
254 

LVB/W5 
LOW 
High 

rlclhotrexate/( 
LOW 

W 
emu rays/x-raysq 

Sol exposed 
EQWd 

1$ 
2.8 
2.6 
5.9 
3.01 

I$ 
1.4 

1$ 
2.0 

I$ 
1.8 

I$ 
1.9 

1.4-5.3 
1.4-4.8 
3.1-11s 

1.79-5.23 

0.9-2.2 

1.3-3.1 

1.1-2.9 

1.2-2.9 

It 
1.6 
1.9 
4.4 
I .68 

1t 
1.4 

I$ 
1.4 

u 
1.0 

I$ 
1.4 

0.9-2.9 
1.1-3.2 
2.5-7.8 

0.92-3.07 

0.9-2. I 

0.9-2. I 

0.6-1.7 

0.9-2.1 

‘KvA = oral psoralen plus ultraviolet-A light. 
‘.Ul analyses were adjusted for age, sex. and area of nsidence. 
?Referent stratum. 
CCltraviolet-B radiation (WB)/m high dose = 300 or more treatments of 

ivB and 45 months or more of topical tar application. 
SkrhOtrexate high dose = 208 weeks or more of use. 
EErposure or no exposure of patients to grenz rays and/or x-rays for thera- 

F-4 Pq0se.s. 

Table 6. Multivariate adjusted odds ratios (ORs) and 95% confidence’ 
intervals (Us) for a tint squamous cell cancer and fust basal cell cancer of 

the skin after 1985 after exposure to PWA’ and other therapiest . 

Squamous cell cancer Basal cell cancer 
. 

Exposure OR 95% CI OR 95% CI 

PWA treatments through 1985 
<loo 1 1 
loo-159 I .6 0.9-3.1 2.0 1.3-3.1 
160-336 .- 4.5 2.7-7.4 2.1 1.4-3.1 
2337 8.6 4.9-15.2 4.7 3.1-7.3 

PWA treatments after 1985, 1.4 1.0-2.0 $ 
250 versus <50 

WB/tar.§ high versus low 

MethotrexateJ high versus low 

Grenz rays/x-rays,1 exposed 
versus not exposed 

I.4 1 S2.0 1.5 1.1-2.0 

1.3 0.9-1.9 1.1 0.7-1.5 

$ 1.5 1.1-2.0 

l PWA = oral psoralen plus uluaviolet-A light. 
tEach estimate was simultaneously adjusted for all other significant risk fac- 

tors as well as for age, sex, geographic area of residence, and anatomic site (head 
and neck or other). PWA treatments of cl00 exposures was the referent stra- 
tum. 

fNot a significant risk factor for this type of Nmor in univariate analysis. 
$Ultraviolet-B radiation (UVB)ltar high dose = 300 or more treatmen& of 

WB and 45 or more months of topical tar application. 
IlMethotrexate high dose = 208 weeks or more of use. 
pExposure or no exposure of patients to grenz rays and/or x-rays for thera- 

peutic purposes. 

,’ 

noma cancer among those treated with PUVA are generally 
confined to a decade or less of observation (3,#,7,15-22). 
Among studies with substantial power and reasonably complete 
follow-up (415-l 7,23), patients with high levels of exposure to 
PUVA had an i&eased risk of squamous cell carcinoma. Not 
only are these studies of limited duration but also a large pro- 
portion of patients studied were on active treatment with PWA. 
Therefore, these reports provide only limited information about 
the long-term effects of PUVA or the persistence of these effects 
after use of PUVA treatment diminishes. Our cohort’s mela- 
noma experience and the long latency between exposure to 
many carcinogens and the development of cancer further argue 
that data from shorter studies probably do not sufficiently define 
the full carcinogenic risk of PWA therapy (24). Additional 
reasons for concern that early and late carcinogenic effects of 
PWA might differ are the multiple effects of PUVA on the 
skin. PWA is immunosuppressive in the skin (25). As a result, 
during active treatment, it may increase the risk of skin cancer in 
a pattern similar to that observed with persons undergoing im- 
munosuppressive therapy (26). In this circumstance, one expects 
the highest risk to be observed in those with previous exposure 
to other carcinogens and to diminish if treatment is stopped. 
PWA, however, is not only immunosuppressive but also mu- 
tagenic; moreover, it is a potent photocarcinogen in animals 
(2,27). With the passage of time and because the utilization of 
PWA has decreased markedly among members of our cohort, it 
is now possible to evaluate the persistence of the carcinogenic 
effect of PUVA and to determine whether the increased risks of 
tumors are largely confined to persons with substantial exposure 
to other carcinogens. 

To our knowledge, our cohort was the first large group to 
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dli’ze PUVA treatments in the United States. Of the 1380 pa- 
ients originally enrolled in the PWA study, 984 were still alive 
n early 1996. During two decades of prospective study, these 
jatiints have developed more than 2900 squamous cell carcino- 
nas, squamous cell carcinoma in situ, and basal cell cancers, an 
lverage of more than two nonmelanoma skin cancers per en- 
ollee. 

We separately studied risk factors for squamous and basal 
ell cancers for a lo-year period beginning 10 years after first 
xposure to PUVA. Within our cohort, there was a significant 
.nd substantial absolute and dose-dependent increase in the risk 
If squamous cell carcinoma. Overall from 1986 to 1996, cohort 
latients with at least 337 PUVA treatments by 1986 had a more 
nan loo-fold increase in the risk of squamous cell cancer com- 
#ared with that expected from population incidence rates. In 
nalyses that excluded cohort members with a squamous cell 
ancer detected in the first decade of the prospective study (from 
nrollment to 1986), surviving patients exposed to fewer than 
00 treatments in the first decade had only a fivefold increase in 
le risk of squamous cell carcinoma. However, comparable pa- 
ents who had received at least 337 PUVA treatments by 1986 
ad a nearly 70-fold increase in this risk in the subsequent de- 
ade. Risks for basal cell cancer were much less dramatic. 

We believe that the incidence rates we used to calculate the 
rpected numbers of tumors of each type are the most appro- 
riate available to adjust for age, sex, and area of residence (13). 
R estimates that compare our cohort’s experience with that of 
me general population are subject to a number of potential bi- 
;es. The exclusion of patients with both basal and squamous 
:lI cancers from the calculations of the basal cell cancer inci- 
:nce provides an upward bias in RR estimates of about ?% for 
isal cell cancer RR. Less complete ascertainment in the federal 
lrvey or a temporal increase in skin cancer incidence in the 
:neral population would also upwardly bias these estimates. In 
lr primary analyses, we excluded the patients at highest risk 
.e., those with a tumor in the prior decade). This substantially 
wered our RR estimate. Since many patients treated with 
LAVA develop multiple tumors in a year, our counting only one 
mor per year per patient probably. underestimated the true RR 
’ these tumors in our cohort compared with the general popu- 
tion. 
The incidence of both squamous cell carcinoma and basal cell 

rcinoma has tripled in the second decade compared with the 
‘st decade of prospective study. At the same time, the propor- 
)n of cohort patients utilizing PWA and the intensity of treat- 
ent among those who continue to rely on PWA have dimin- 
led greatly. By 1996, we documented more than 274oOCl 
JVA treatments in our cohort. About 80% of these treatments 
zre provided from 1975 to 1985, and only 40% of the original 
lhort had any recorded exposure to PWA after 1985. In spite 
the substantial reduction in the use of PWA and even after 
elusion of those at highest risk for skin cancer (i.e., members 
the cohort who had developed a tumor of a specific type in the 
st decade), skin cancer incidence was still higher in the second 
HI in the frost decade of prospective study. 
A substantially increased risk in the second decade of both 
uamous and basal cell cancers among persons who survived 
: first decade without a skin cancer of that type supports the 
pothesis that the carcinogenic risks of PWA are not confined 

to those with substantial prior exposure to other carcinogen ! tti only patier 
This finding indicates that the carcinogenic effects of PUVA 4 ~,&ant.ia~,y incr 
unlikely to solely reflect the immunosuppressive effects i 9 
PWA in the skin, which diminish after curtailment of treatme: 

,#je of this inCKe 
~ssuamous cell ca 

(28). 
The p&&y risk factor for squamous cell cancer after 19~: 

! 
was the level of exposure to PUVA by 1986. After adjustme:. 
for PUVA exposure, sites other than the head and neck that z. 
most exposed to PUVA were at four times higher risk than ti: 
head and neck. Treatments after 1985 also added to the risk, 
squamous cell cancer on sites other than the head and net>, 
(which are often shielded for at least some of each treatmenl 
The higher risk associated with continued PWA treatment afti- 
1985 for sites other than the head and neck may reflect ti. 
increased use of shielding of the face and neck as the car&. 
genie risk of PWA became known (3,4,15). The very limite. 
additional risk associated with continued treatment after 1985, 
further evidence that PWA was not now acting primarily as. 
promoter. 

The risks associated with high levels of exposure to othr 
carcinbgenic treatments for psoriasis among patients who h& 
survived for at least a decade without a squamous cell canc~ 

1$&t the risk of 
witi epidemiolog 
cell cancer (8,9). 
carcinogenic exp 
long or that your 
fects than are 01 
persons who wer 
of these patients 
21 (29). 

In our cohort, 
stantial morbid@ 
are particularly ir 
squamous cell ca 
developed metast 
developed invasi 
penis or scrotum. 
tumors, necessita 
figuring surgery. 

were all small; none exceeded a twofold increase. Except f~’ cell cancer is les 
therapeutic ionizing radiation for which we compared any en- been detected in 
posure with no exposure, our analysis of other risk factors in. Although PU\I 
eluded low-dose-exposed patients in the referent stratum. There *for psoia&, the 
foie, our estimates of the risk attributable to exposure to hi& ‘and the persister 
doses of tar, UVB, or methotrexate might underestimate th\lquantified in this 
carcinogenic effects of these exposures, particularly if risk is nc only in those pat 
dose dependent. Our multivariate analysis confirmed these reh’ ‘its use (24,30). PC 
tionships. After adjustment for age, sex, area of residence. an~ be monitored cart 
other exposures, the risk of squamous cell carcinoma was sic ’ ‘after treatment is 
nificantly increased among patients with 160 or more exposun’ -can better help ql 
in the first decade and was increased more than eightfold amotx, ‘risk of PUVA th 
those individuals with more than 336 exposures compared wiit increase over tir 
patients exposed to fewer than 100 PUVA treatments. ’ lower doses of P 

The relationships between the risk of basal cell cancer ani ” 
exposure to PWA among individuals who had survived for. References 
decade without a basal cell cancer were very different from thon 
observed for squamous cell cancer. OVerdl, the incidence c’ (11 Parrish JA, Fiq 

basal cell cancer was elevated only modestly. Among patienl, of psoriasis witt 

with fewer than 100 exposures, the risk of a first basal cd’ J Med 1974291 

cancer on the head and neck was not significantly elevated COID : 
f2J Dunnick JK, Fo 

the skin in the 
pared with that expected from population incidence data, and thi i and WA radial 
risk of a first basal cell cancer on other anatomic sites was 5’ i (3) Stem RS. Laird 

most modestly increased among patients with little exposure tit - taneous squamo 

PWA. Only among patients with very high levels of exposure , 
to PWA in the first decade was a substantial increase in the ri<h 

,,, ~~m~~~ 

Photochemotha 
of basal cell cancer observed. .? (51 Lever LR, Farr 

Our data that now span 20 years document a persistent an; high-dose PW. 

substantial increase in the risk of squamous cell carcinoma ir : ‘6J Linde’of B* sig’ 
patients following high-dose exposure to PWA. This risk pep et al. PWA am 

tains to all patients with substantial exposure to PWA, ever,’ 
338:91-3. 

17) Maier H. Schen 
those without substantial exposure to other carcinogens and wilf tumors in photo 
little exposure to PWA in recent years. Patients developing: 4% patients. DC 

frost squamous cell cancer in the second decade after startin:: “’ Ga”agher RPs 1 
PWA were younger and had fewer other risk factors for skir 

el al. Sunlight 

cancer than those who developed these tumors in the fast de 
Cytic skin cam 
157-63. 
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2. I* 

;JJe, Only patients exposed to very high levels of PWA had a 
,bta&lly increased risk of basal cell cancer, and the magni- 
?I* of this increase in risk was still far lower than that seen for 
+unous ceil cancer. Recent use of PWA did not substantially 
lifect the risk of basal cell cancer. These findings are consistent 
rib epidemiologic studies relating sunlight exposure and basal 
~1 cancer (8.9). These studies suggest that the latency between 
;minogenic exposure and the development of these tumors is 
:ong or that younger persons are more susceptible to these ef- 
[tits than are older persons. Our cohort includes only a few 
~mns who were less than 18 years old at enrollment, but one 
,,j these patients did .develop multiple basal cell cancers by age 
II r29:. 

12 our cohort, squamous cell carcinoma has resulted in sub- 
.tatial morbidity and even death. Metastases and genital tumors 
ore particularly important (30). Nine (3.8%) of 237 patients with 
+mous cell carcinoma, including four younger than age 50, 
kveloped metastases. Twenty-two (2.5%) of 876 male patients 
kveloped invasive or in situ squamous cell carcinoma of the 
,$s or scrotum. In addition, some patients developed multiple 
!umors, necessitating repeated and sometimes disabling or dis- 
Quring surgery. In general, the morbidity associated with basal 
<cl! cancer is less. No metastases from basal cell cancer have 
Len detected in our cohort. 

Although PUVA remains an exceptionally effective treatment 
for psoriasis, the recently described increased risk of melanom,a 
md the persistent increaseh risk of squamous cell carcinoma 
quantified in this study indicate that PUVA should be utilized 
‘!nly in those patients who would benefit sufficiently to justify 
11s use (24,301. Persons exposed to high doses of &JVA need to 
k monitored carefully for the development of skin cancers, even 
dftrr treatment is stopped. Continued surveillance of our cohort 
i;lll better help quantify and document the ultimate carcinogenic 
ntk of PUVA therapy and determine whether these risks will 
:ncrease over time, especially among individuals exposed to 
lower doses of PUVA. 
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Occupationally related tumors in tar I .. 
refinery workers 

Stephan Letzel, MD,a and Hans Drexler, MDb Erlungen and Aachen, Germany - 

Background: The study comprised 606 workers with tar-induced dermatosis employed in 
a German tar refinery. During the period from 1946 to 1996 they were recognized as hav- 
ing an occupational disease. 
Objective: The aim of this study was to characterize the histologic findings and the local- 
ization of the occupational derrnatosis and to determine the latency period of the carcino- 
mas from the beginning of exposure in the tar refinery to the first occucTence of malignant 
skin tumors. Furthermore, the study aimed to check whether other skin changes were fre- 
quently diagnosed in addition to known tar-induced tumors. 
MelIJods: The data were collected retrospectively from the documents of the Employer’s 
Liability Insurance Association. 
Results: Surgical removal of 4754 skin tumors was documented up to the end of 1996 in 
the study, In 90% of cases the histologic diagnosis was confirmed. Among other condi- 
tions, this yielded 2490 precancerous stages, 380 squamous cell carcinomas, 218 basal cell 
carcinomas, and 182 keratoacanthomas. The skin tumors were found mainly in the facial 
area, as-well as on the forearms and hands. Latency from the fust exposure in the tar refin- 
ery until manifestation of tar-induced dermatosis covered a period of 57 years. 
Conclusion: In comparison to the general population, the ratio of squamous cell to basal 
cell carcinomas was shifted toward the squamous cell carcinomas (1.7:l). Sunlight is 
known to be a cofactor in the.pathogenesis of keratosis, squamous cell carcinomas, and 
basal cell carcinomas. However, the difference in location of these tumors shows that the 
role sunlight plays in the pathogenesis of precancerous lesions and squamous cell carci- 
nomas may be overvalued. The latency period from the beginning of exposure to the man- 
ifestation of squamous cell carcinomas could not be evaluated because of an intervention 
bias as a result of preventive excisions of precancerous lesions. The frequent occurrence of 
keratoacanthomas (in 18.7% of the workers) and the early age at which this disease 
became manifest relative to the general population (median, 55 years) indicate that 
emDlovment in a tar refinery can primarily or secondarily cause keratoacanthomas. 
(J ,&n-Acad Dermatol 1998:,39:7i2-20.) - 

Substances s&g as tar, soot, crude paraffin, 
anthracene, pitch, and substances with similar tox- 
icologic effects after usually long-term and inten- 
sive exposure can lead to skin cancer or skin 
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changes that tend to develop into cancer.‘-‘0 Since 
1925 in Gqq~~y this has led to the recognition of 
tar-induced malignant skin mmors (squamous cell 
carcinomas, basal cell carcinomas) and their pre- 
liminary stages as an occupational disease,* pro- 
vided that the sociolegal requirements are fulfilled. 
In Germany a continuous decrease in occupation- 
ally related tar-induced skin diseases has been 
observed during recent decades. 

‘According to the “Sozialgesetzbuch VIT’ in Germany [o 9 (1) SGB 
vrr] (Federal Insurance Code), occupational diseases are irregular 
conditions of the body and mind, which, according to medical sci- 
encc, ate caused by particular influences to which certain groups of 
persons are subjected through their work to a much greater degree 
than the rest of the population. The only adverse effects on health 
that can be considered an occupational disease in Germany a~ 
those which the government has listed by statutory order in the 
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This decrease is certainly due to the change in 
workplace conditions and in personal hygiene; 
however, the reduction over the past decades in the 
number of workplaces with such a potential hazard 
must also be taken into consideration. There is, or 
was in earlier times, an occupational risk involved 
when handling the aforementioned substances in 
such workplaces as tar refineries or impregnating 
works during the production of briquettes and 
electrodes and in road construction. Studies have 
been published with regard to technical procedures 
and details on these substances.3~4JjJ2-17 Changes 
to the skin earlier observed in chimney sweeps, 
which fall under this occupational disease, are 
today only of historical importance in Germany. 

The skin changes that are observed with differ- 
ing latency periods after exposure to soot, crude 
paraffin, tar, anthracene, pitch, and similar sub- 
stances can be classified as acne, acute photoder- 
ma&is, precancerous stages, and malignant 
tumors of the skin. Without any latency period, 
occasionally only after marginal contact, and an 
individual predisposition, tar acne (or pitch, soot, 
or oil acne) can develop. . . 

The most common sites are, in contrast to 
acne vulgaris; the forearms, thighs, and trunk. 
Comedones, inflammatory papules, pustules, and 
abscesses occur.s~tO The reasons for this are prob- 
ably a substance-induced impairment in follicle 
:omification with impeded desquamation and a 
listurbance in microbial colonization. 

Within hours after exposure acute photoder- 
natitis similar to sunburn can occur on areas of the 
ady exposed to sunlight because of the photosen- 
itizing effect of these substanoes. After recurrent 
xposure diffuse hyperpigmentation, similar to 
lat seen in melanodermatitis toxica, can be 
rplained. ** The characteristic changes to the skin 
:curring mainly on the face after years of expo- 

appendix to the currently valid Berufkrankheitenverordoung. 
3owever. with the admission of a disease in the liss only the gen- 
xal character of an occupational disease is recognized. The duty to 
:ompensate presupposes that in each individual case the essential 
‘ause of the disease can be found in all probability in the occupa- 
ional activity. According to the “Sozialgesetzbuch VII” [o 9 (2) 
GB VU], however, a disease not listed in the appendix also can be 
ompensated like an occupational disease. The pretequisite is the 
proof of an abundance of similar health impairments and the long- 
7111 monitoring of such symptoms in order to he able to conclude 
ith certainty that the cause of the disease lies in hazardous wok’ 
he current appendix to the Berufskrankheitenverordnung in 
many lists 67 diseases or groups of diseases as b&g worthy of 
~mpe~y&o~,hhdiiicd axding I0 11 
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sure are similar in their clinical symptoms to 
Favre-Racouchot disease and are probably also 
induced by UV light. 

On skin previously damaged in this way, but 
also without these changes, even after cessation of 
the exposure, precancerous stages, squamous cell 
carcinomas, and basal cell carcinomas are 
observed. After exposure that complies with crite- 
ria established by the regulations for occupational 
diseases in Germany, these diseases can be recog- 
nized as an occupational disease and financially 
compensated under No. 5102* of the occupational 
diseases list. In this context, present knowledge 
indicates that malignant melanoma is not caused 
by the aforementioned substances. Moreover, it 
has heen observed that after occupational exposure 
to tar and toxicologically similar substances, kera- 
toacanthomas frequently 0ccur.~~-2~ 

Areas particularly at risk of tar- or pitch- 
induced skin tumors, which macroscopically have 
the appearance of warts, are exposed to light (eg, 
face, hands); the scrotum is also at particular 
risk.sJ2J3 In addition to sunlight, localization also 
appears to be dependent on the kind of exposure 
and the substances concerned.3 

Tar or pitch keratosis seems to be an obligatory 
precancerous stage. The tumors may be clinically 
diagnosed as verrucae vulgares, verrucae planae 
juveniles, and, on the extremities, stucco keratoses 
or arsenic keratoses. The latter often cannot be dif- 
ferentiated histologically from tar or pitch kerato- 
sis.24 In addition, young seborrheic warts and 
Hopf’s acrokeratosis verruciformis may have sim- 
ilar histologic features. z5 Bowen’s disease, like 
keratosis, can also he induced by tar and related 
substances. In addition to squamous cell carcino- 
mas, which develop from untreated keratoses, sin- 
gle or, more rarely, multiple basal cell carcinomas 
can occur.t~26 The latency period up to the devel- 
opment of malignant changes as a rule lasts sever- 
al years to decades for these occupationally relat- 
ed skin diseases. Fabry’ has stated a period, 
depending on the person’s age, of approximately 
IO to 15 years. Because of the relatively long 
latency periods in some cases between the first 
skin contact with tar, soot, crude paraffin, 
anthracene, pitch, or other toxic substances and the 
occurrence of skin conditions that need treating, an 

‘BK-Nr. 5102: “Hautkrebs oder zur Krebsbildung neigende 
Hautver&&ungen durch Rti, Rohparafhn. Teer, Anthrazen. Pech 
oder ?%nIiche Stoffe? 
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Table I. Frequ;ncy of histologic skin diagnosis 
in tar refinery workers 

Diagnosis No. % 

Keratosis 
Squamous cell carcinoma 
Verruca seborrheica 
Fibroma 
Basal cell carcinoma 
Keratoacanthoma 
Cell nevus 
Verruca vulgaris 
Epidermal cyst 
Bowen’s disease 
Malignant melanoma 
Others 
Total 

2456 57.4 
380 8.9 
309 7.2 
243 _ 5.7 
218 5.1 
182 4.3 
105 2.5 
107 2.5 
95 2.2 
34 0.8 
5 0.1 

146 3.4 
4280 100 

_’ 

occupational relationship is not always apparent. 
Therefore the pathogenesis of all occupationally 
related precancero-us stages and malignant tumors I 
of the skin is not always correctly detetmined. 

METHOD 

A collective of exposed workers from a tar refinery 
in Germany who had tar dermatosis recognized as an 
occupational disease was investigated to clarify the 
question of the carcinogenic potency of coal tar and its 
components. One of the aims of the study was to clari- 
fy the following points, bearing in mind what is already 
known: 

1. What kind of tar-induced skin tumors were diag- 
nosed? 

2. Which regions of the body were mainly affected by 
these tumors? 

3. How long was the latency period from the beginning 
of exposure in the tar refinery to the occurrence of 
malignant changes to the skin? 

4. In addition to the known tar-induced tumors (pre- 
cancerous stages, squamous cell carcinomas, basal 
cell carcinomas), are there in the collective other fre- 
quent skin tumors that could indicate a tar-induced 
pathogenesis? 

The collective consisted of all 606 workers (601 men 
[99.2%], 5 women [0.8%]) from a German tar refinery 
in which crude coal tar is broken down into its individ- 
ual components. During the period from Jan 1, 1946 to 
Dee 3 1, 1996, these workers were recognized as having 
an occupational disease, either for the first time or 
recurrently, in accordance with No. 5 102 currently valid 
in the German occupational diseases list. The retro- 
spective collection of data was done with the use of a 

I \ 
4.. +-*.* 
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standydized questionnaire based on the individual’s 
occupational disease records. This procedure included 
consulting regularly documented dermatologic reports, 
which, as a rule, have been drawn up since the mid- 
1950s by the same physician. Only those skin tumors 
classified aS being kept under observation or in need of 
treatment were considered in the coding of the skin 
changes. In addition to the location of the tumor, the 
date of diagnosis, the therapy, and, when available, the 
histologic evaluation were taken into account. The his- 
tologic reports were assumed to be accurate; consider- 
ing the long observation period (51 years), it was not 
possible to retrospectively check the accuracy of the 
reports. All known findings up until Dee 31, 1996 were 
included in the evaluation. In addition, the company’s 
safety engineers, in collaboration with the works com- 
mittee, determined the specific exposure times. 

The results were represented descriptively. Bearing 
in mind the wide distribution of birth dates (see next 
paragraph) and the selection bias regarding health 
toward the persons included in the study, the inclusion 
of a control collective in the evaluation was not possi- 
ble. The beginning of tar-induced skin disease was 
defined as the date of the first surgical removal of a tar- 
related skin tumor (precancefous lesion, squamous cell 
carcinoma, basal cell carcinoma). 

Because of the relatively long observation period (5 1 
years), there was a large variation in the dates of birth 
(from 1882 to !960; median, 1922). On the date of eval- 
uation (Dee 31, 1996) 323 patients (53.3%) had already 
died, 277 (45.7%) were still alive, and no information 
was available on the vital status of 6 persons (1.0%). 
The distribution of the age at death (median, 71 years; 
range, 41-93 years) showed no anomalies relative to the 
general population. The median age on the date of eval- 
uation of persons still living was 66 years (range, 36-87 
years). Approximately one third of the persons (n = 204, 
33.7%) had already started working in the tar refinery 
before 1940. The earliest date for beginning employ- 
ment was 1908, the latest, 1987. No exact information 
-on the begin&g or the end of employment at the tar 
refinery could be gained from 24 persons (4%) because 
of, among other things, the loss of documents during 
and after the war. More than 77% of the workers from 
the collective were employed in the tar refinery for 
more than 20 years (median, 32 years; range, 2-51.5 
years). 

RESULTS 

In the collective a total of 4754 skin tumors 
were surgically removed. Histologic diagnosis was 
available in 90% of cases (n = 4280). In 10% of 
cases (n = 474) no histologic investigation was 
carried out on the removed tissue or the findings 
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Fig 1. Distribution of histologically determined carcinomas, basal cell carcinomas, and 
keratoacanthomas. , 

were no longer available. The findings are listed in 
Table I. The skin changes (keratosis, Bowen’s dis- 
ease, squamous cell carcinomas, basal cell carci- 
nomas) known to be related to tar exposure were 
of particular interest. Furthermore, during the col- 
lection of data, keratoacanthomas were shown to 
be more frequently diagnosed than was expected 
(for further details see below). 

Keratosis and Bowen’s disease are classified 
under precancerous stages in our study. Including 
the keratoacanthomas, a total of 3270 skin tumors 
could be attributed to occupational activity in this 
study population. 

In total, 151 persons were affected by the 380 
histologically determined squamous cell carcino- 
mas and 98 persons by the 218 basal cell carcino- 
mas. Bearing in mind the multiple occurrence of 
malignant tar-induced skin tumors in 1 patient, the 
598 squamous cell carcinomas and basal cell car- 
cinomas occurred in 207 persons (34.2%). The 
ratio of squamous cell to basal cell carcinomas was 
1.7:1. The frequency distribution of histologically 
determined squamous cell carcinomas and basal 
cell carcinomas in the persons was skewed to the 
right (ie, the majority of patients only had 1 squa- 
mous cell carcinoma and/or 1 basal cell carcino- 
ma) (Fig 1). A similar distribution pattern could 
also be seen for the keratoacanthomas. The maxi- 
mum in 1 patient* was 41 squamous cell carcino- 
mas of the skin and 6 keratoacanthomas. In addi- 

-is patient (born 1905, died 1977) died of metastatic carcinoma of 
the large intestine and had been employed in the tar refinery from 
1928 to 1962: the first tar-induced skin tumor appeared in I 938. 

--. 

tion, in this patient 14 histologically determined 
precancerous-lesions were surgically removed. 

The histologically determined precancerous 
lesions, keratoacanthomas, squamous cell carcino- 
mas, and basal cell carcinomas in the study collec- 
tive were present mainly in the head area, particu- 
larly on the face, as well as on the forearms, wrists, 
and hands (Table II). Although location of the 
basal cell carcinomas did not differ greatly from 
the preferred places known in the general popula- 
tion (eye region, temples, cheeks, side of the nose, 
bridge of the nose, nasolabial groove)+ some 
anomalies were seen in the precancerous stages, 
keratoacanthomas, and squamous cell carcinomas. 
The upper lip was more frequently affected than 
the lower lip (precancerous lesions, 44: 18; kera- 
toacanthomas, 6: 1; squamous cell carcinomas, 
13: 11) and the forearms more frequently than the 
back of the hand (precancerous lesions, 297:244; 
keratoacanthomas, 13: 10; squamous cell carcino- 
mas, 41:32). Furthermore, skin tumors (72 precan- 
cerous lesions, 4 keratoacanthomas, 10 carcino- 
mas) were found more frequently on the less sun- 
exposed parts of the nose (eg, around the nostrils) 
than on the more light-exposed bridge of the nose 
(22 precancerous lesions, 3 keratoacanthomas, 7 
carcinomas). 

The temporal course of tar-induced skin disease 
is shown in Table III. The diagnosis of occupa- 
tionally related tar-induced skin tumors was first 
made in 1934.’ Although squamous cell carcino- 
*Some persons of the collective had their fmt tar-induced tumor 

before the observation period. .- 
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Table II. Localikation of histologically determined precanc&ous stages, keratoacanthomas, squamous 
cell carcinomas, and basal cell carcinomas . 

Localization t4ecancemus stages Keratoacanthomas Squamous cell carcinomas Besal cell carcinomas 

Head 
Hair region 
Forehead 
Periorbital area 
Nose 

Root 
Bridge 
Side 
TiP 
Nasal septum 
Columeila 
Nostril 
Nasal cavity 
Nasolabial grove 
Nose in general 

Mouth 
Upper lip 
Lower lip 
Comer of the mouth 
Oral cavity 
Tongue 
Mouth in general 

Lower jaw 
I External ear 

Behind the ear 
Cheek 
Temples 
Face in general 

Neck 
Back of the neck 
Trunk, shoulder, buttock 
Axilla 
Upper - 
Elbow 
Forearm 
wrist >’ 
Hand 

Dorsum 
Finger _ 
Palm 
Lateral aspect 
Hand in general 

Genitals/Anal region 
Perianal area 
Perineum 
Inguinal area 
scrotum 
Penis 
No details 

Upper leg 
Knee 
Lower leg 
Foot, ankle 
No details 

Total 

18 
53 -. 

217 

2; 
53 
16 
5 
3 

72 
3 
9 

13 

44 
18 
14 
2 
1 
0 

61 
115 
22 

119 
63 
2 

131 
52 

155 
43 
36 
42 

297 
75 

244 
193 
13 
2 

29 

0 
1 

18 
20 
5 
2 

53 
24 
41 
48 
12 

1 
4 

22 

5 
3 
5 
2 
0 
1 
4 
0 
0 
4 

6 
1 
0 
0 
0 
0 

11 
9 
7 

15 
8 
1 

11 
1 

14 
0 
0 
0 

13 
8 

10 .---.-- 
7 
0 
0 
2 

0 
0 
0 
0 
0 
0 
2 
2 - 
2 
1 
0 

1 
10 
35 

4 
7 

16 
7 
2 
1 

10 
0 
0 
4 

13 
11 
2 . 
0 
0 / 
0 
9 

45 
10 
38 
6 
2 
3 
5 
5 
0 

A 
41 

7 

32 
12 
0 
0 
4 

0 
0 
4 

20 
0 
0 
2 
2 
2 
4 
3 

0 
19 
32 

1 
10 
12 
5 
0 
0 
1 
0 
5 
4 

2 
1 
0 
0 
0 
0 
3 

19 
10 
21 
33 

1 
4 
1 
8 
0 
0 
0 

14 
0 

10 
0 
0 
0 
0 

0 
0 
0 
0 

: 
0 
0 
0 
2 ’ 
0 

2490 182 380 _ 218 
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Table III. Temporal course of tar-induced skin diseases: Squamous cell carcinomas, basal cell 
carcinomas, and keratoacanthomas 

Variable 
No. of First Third 

persons Mean Minimum quartile Median quartile MtiIUll 

Diagnosis of tax-induced skin disease 
Year 
Age (~1 - ’ 
Latency period from first employment in 
the tar refinery to occurrence of 
disease (y) 

589 
589 

--. 579 

1967 
47.0 
20.2 

First diagnosis of a squamous cell carcinoma 
Year 
Age (Y) 
Latency period from first employment in 
the tar refinery to first diagnosis of a 
skin carcinoma (y) 

Fiit diagnosis of a basal cell carcinoma 
YeSr / 

Age (Y) 

148 1964 
148 55.2 
142 29.4 

Latency period from frost employment in 
the tar refinery to lirst diagnosis of a 
basal ceil epitheiioma (y) 

Fit diagnosis of a keratoacanthoma 
Year *-’ 

Age (Y) 
Latency period from first employment in 
the tar refinery to first diagnosis of a 
keratoacanthoma (y) 

98 1977 
98 60.7 
95 34 

113 1974 
113 55.7 
110 29.7 

_ .-. 

1934 
16.0 

Cl 

1938 
25 
2 

1954 
35 

<l 

l&l 
21 
3 

_- 

i959 
38 
10 

1953 
47 
19.8 

1968 
55.8 
24 

1970 
47 
19 

1968 
47 
19 

1964 
55 
28 

1976 
61.5 
35 

1973 
55 
29 

1974 
55 
28 

1971 
64 
39.5 

1987 
66 
44 

i978 
64 
40 

1996 
82 
57 

1996 
79 
61 

1996 
84 
-69 

1996 
80 
63 

mas of the skin were diagnosed for almost all of 
the observation period, a keratoacanthoma was 
t%st diagnosed in 1961. 

The range of ages at which a tar-induced skin 
disease was diagnosed was 16 to 82 years. A 16- 
year-old male adolescent had a tar-induced tumor 
diagnosed in 1965 after a latency period of approx- 
imately 3 years after he began working in the tar 
refinery. ln the following years (1965 to 1972) 7 
precancerous lesions found on the face (n = 3), 
forearm (n = 3), and upper leg (n = 1) were surgi- 
tally removed. 

Anomalies were seen in the age distribution of 
the first manifestation of a keratoacanthoma. 
Keratoacanthomas occurred before 60 years of 
age in more than half of the affected persons (n = 
67). The latency period from first exposure in the 
tar refinery to first manifestation of a tar-induced 
skin disease could be exactly determined in 579 
persons (in 27 persons data were missing on the 
beginning of exposure or the first manifestation 
of a skin tumor, or both). The median latency 
period for tar-induced skin disease was 19 years, 

- 

. 

for squamous cell carcinoma 28 years, basal cell 
carcinoma 35 years, and keratoacanthoma 29 
years. In 46 persons the tar-induced skin disease 
did not occur until 1 to 41 years (median, 6 years) 
after giving up the hazardous activity in the tar 
refinery. 

DISCUSSION 

-The collective comprised persons whose skin 
&as strictly monitored and evaluated for decades. 
As a rule, conspicuous skin changes were given 
surgical therapy very early and in the majority of 
cases (approximately 90%) a histologic investiga- 
tion of the excised tumors was carried out. This 
certainly caused both selection and intervention 
bias. Quantification of these effects is not possible 
for methodical reasons. Furthermore, no suitable 
control collective was available because of the age 
distribution of the study collective (range [year of 
birth], 1882 to 1960) and the strict dermatologic 
monitoring; therefore exact quantification of the 
skin diseases caused by tar and related substances 
is also not possible. 
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Moreover, exact classification of the precancer- 
ous lesions in some cases caused methodologic 
problems because histologic findings from many 
decades were drawn up by various pathologists. 
Correspondingly varied was the nomenclature, 
which retrospectively did not always allow a clear 
diagnosis (eg, “benign tar wart,” “pitch wart,” 
“keratosis already with certain precancerous 
changes”). Furthermore, during the collection of 
the data, the impression arose that in those patients 
in whom tar-induced skin disease had already been 
acknowledged, the histologic diagnosis of a tar 
wart was given more generously. 

We believe that the diagnostic certainty is greater 
with regard to the malignant tumors (squamous cell 
and basal cell carcinomas) and keratoacanthomas. 
For this reason we concentrated on these lesions. 
The 380 squamous cell carcinomas were observed 
in 151 persons. In comparison, the 218 basal cell 
carcinomas in 98 persons exposed to tar were rarer. 
Bearing in mind the known ratio of basal cell to 
squamous cell carcinomas in Germany (about 
10: 1 ),2*.*7,** the reversal of the relationship to 1: 1.7 
is particularly noteworthy, which makes the induc- .- 
tion of basal cell carcinomas by tar seem less 
important. The locations of these occupationally 
caused basal cell carcinomas do not differ from the 
common sites known for this tumor.** 

UV light is accorded high importance as a 
cofactor in the carcinogenesis of tar can- 
cer.t,5~ts~*2.*6 However, there is some question 
about the particular importance of W light. The 
initial histologic changes in tar warts can typically 
be detected in the follicle ostium. Therefore in an 
early stage differentiation of interfollicular solar 
keratosis is frequently possible.*3 In addition, 
according to an extensive study, photosensitive, 
sandy-haired, light-skinned men are not affected 
by tar warts any more often than their dark- 
skinned colleagues.2 Finally, there is a total lack of 
any exposure to light in the frequently described 
incidence of tar warts on the distal lower legs and 
feet.‘5 Likewise, the distribution of precancerous 
lesions and carcinomas we found compared with 
the basal cell carcinomas does not indicate that 
UV light is the predominant inducer of these 
lesions. The localization of the carcinomas on the 
upper lip, which is otherwise rare,****9 seems to be 
particularly worth mentioning; this could not be 
explained by holding tar-coated items in the 
mouth. In the case of carcinomas on the upper lip, 
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the possibility of exposure to tar should therefore 
always be examined. On the bridge of the nose, 
which is often exposed to sunlight, there were also 
markedly fewer precancerous lesions and carcino- 
mas than in the area of the nostril, which is cer- 
tainly less exposed to light but, via the inspired air, 
more exposed to tar. The back of the hand, an oth- 
erwise preferred region of the squamous cell carci- 
noma,*’ was affected less often than the certainly 
more seldom sun-exposed forearm. Here, just as 
on the feet and distal lower legs, a more intensive 
contact with the hazardous agent via soiled work- 
ing clothes can be assumed. 

Such intensive contact can probably be held 
responsible for the scrotal carcinomas already 
described by Pottg in 1775. However, because of 
changes in hygienic conditions, the scrotum no 
longer is affected to this extent. Nevertheless, 20 
precancerous lesions and 20 squamous cell carci- 
nomas of the scrotum were still found. Because the 
prognosis for these carcinomas, because of early 
metastasis, is much worse than for other areas of 
the body,*3 the genital area of exposed persons 
must be carefully examined during occupational- 
medical health checks. 

The range of the latency period from the first 
day of employment in the t& refinery up to diag- 
nosis of a tar-induced skin disease was approxi- 
mately 57 years and increased continuously 
depending on age. We believe that the values on 
the latency period up to the first occurrence of a 
malignant tar-induced skin change are difficult to 
evaluate, at least for squamous cell carcinomas. 
Considerable intervention bias because of preven- 
tive excision of precancerous lesions probably 
plays an important role because tar-induced skin 
tumors that have not yet become malignant can no 
longer develop into squamous cell carcinomas 
after surgical removal. This is conftrmed by the 
various latency periods from first exposure to the 
first excision among the patients with malignant 
and nonmalignant tar-induced skin tumors. The 
formation of squamous cell carcinomas therefore 
seems to be greatly dependent, in addition to 
individual factors, on timely operative interven- 
tion and the health consciousness of individual 
patients. 

Anomalies were found with regard to keratoac- 
anthomas, especially the year in which this tumor 
was first diagnosed, their frequency distribution. 
localization, the latency period from the first expo- 
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sure to the first manifestation of a keratoacan- 
thorna, and the age at which this benign skin tumor 
was diagnosed. 

A keratoacanthoma was diagnosed for the first 
time in 196 1. If one considers the long observation 
period, this is surprising, particularly considering 
that more than one third (41.9%) of the ca& of 
squamous cell carcinomas had already been diag- 
nosed for the first time by 1961. This finding pos- 
sibly occurred because, despite being described for 
the first time in 1888 by Hutchinson, the kerato- 
acanthoma only drew scientific attention in the 
second half of this century in Germany3o and thus 
medically only became generally known at this 
time. Therefore, in older German textbo0k.s on 
dermatology, this tumor is not mentioned.31 
However, this means, perhaps, that in earlier times 
keratoacanthomas may not have been diagnosed 
but were subsumed in other diagnoses. The inci- 
dence of this skin tumor in the study collective 
would then be even higher than can be substantiat- 
ed by the results. 

In the international literature only limited data 
can be found on the incidence of keratoacanthoni&. 
To date, only 1 prospective investigation specifical- 
ly on the frequency of keratoacanthomas in the gen- 
eral population has been done.32 An incidence of 
104 cases of keratoacanthomas per 100,000 inhabi- 
tants a year was found for the white inhabitants of 
the island of Kauai, Hawaii. In the collective of per- 
sons with occupationally related tar-induced skin 
diseases described herein, at least 1 keratoacan-’ 
thoma was seen during the observation period in 
18.7% of subjects (n = l l!).,-Because the total pop- 
ulation from which this collective came cannot be 
determined retrospectively, no incidences can be 
calculated from the available data. Even taking into 
consideration possible selection effects (see above), 
it is nevertheless clear that in approximately every 
sixth person a keratoacanthoma developed. Because 
OUT collective consisted of persons whose skin was 
intensively exposed to coal tar and diverse con- 
stituents of coal tar, which must be regarded as 
proven by the occurrence of tar-induced skin dis- 
eases, occupational skin contact seems to represent 
an important factor in the development of a kera- 
toacanthoma. This observation is supported by sev- 
eral reports. 19-21 

The latency period from the first exposure in the 
tar refinery to the first manifestation of a kerato- 
acanthoma was almost identical to the latency 
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period of the squamous cell carcinomas of the 
skin, as histologically determined. If one assumes 
this is not an artefact, it could indicate that similar 
pathogenic mechanisms are responsible for the 
formation of both skin tumors. 

The age distribution for the first manifestation 
of a keratoacanthoma was particularly unusual. It 
is generally assumed that this tumor usually occurs 
in the later decades of life in the general popula- 
tion.22.33 In systematic investigations a median age 
of 67.2 years for development of a keratoacan- 
thoma was observed in the collective of Chuang et 
a132; Hundeiker* reported that keratoacanthoma 
developed at a median age of approximately 64 
years. However, this benign skin tumor occurred in 
our collective at a median age of 55 years, on aver- 
age 12.2 or 9 years earlier than in the 2 above- 
mentioned studies. We believe that this unusual 
age distribution also indicates that occupational 
exposure is an important factor in the formation of 
keratoacanthoma. / 

The pathogenesis of keratoacanthoma is possi- 
bly multifactorial. If one considers the course of 
the disease to consist of a relatively fast growth 
phase, subsequent arrest of growth, followed by 
spontaneous remission, it would be pathogenically 
plausible (eg, considering a viral genesisJo) that 
coal tar and some of its constituents, or chemical- 
ly related substances similar to sunlight, can trig- 
ger the formation of this skin tumor. 

The answers to the questions of the investiga- 
tion as posed earlier in this article can be summa- 
rized as fouows: 

1. After histologic diagnosis keratotic and 
hyperkeratotic tar-induced skin changes were most 
numerous; Bowen’s disease played only a minor 
role. Compared with the general population the 
ratio of squamous cell carcinomas to basal cell 
carcinomas was shifted toward the squamous cell 
carcinomas. In addition, we found frequent occur- 
rence of keratoacanthomas. 

2. The head, forearm, and hand (including the 
wrist) were primarily affected by tar-induced skin 
changes. On further differentiation of the localiza- 
tion, there was some question as to the importance 
of the influence of sunlight in the genesis of tar- 
induced precancerous lesions and carcinomas 
compared with direct skin contact. 

l Hundeiker M. Keratoakanthoma. Presented at Sofia Dermatological 
Days, Sofia, Bulgaria Nov 3-5. 1994. 
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3. An evaluation of the latency period from the 
first exposure to the first occurrence of malignant 
skin changes is not possible because of the inter- 
vention bias caused by preventive excision of pre- 
cancerous stages. 

4. The frequent occurrence of keratoacan- 
thomas and the earlier age at which the tumor first 
occurred relative to the general population indicate 
that occupational activity in a tar refinery can con- 
tribute to development of keratoacanthoma, either 
primarily or secondarily. 
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Cancer in patients with psoriasis 
Kenneth M. Halprin. M.D.. Mary Cornerford, B.A., and J. Richard Taylor, M.D. 
Miccwi, FL 

In a study of 150 non-PUVA-treated patients with psoriasis matched 
against a control group of patients with diabetes, the incidence of 
skin cancer in the psoriasis group was 1.96/yr. which was three 
times that of the diabetes patients. This figure is statistically 
significant. The prevalence of internal cancer was only half that of 
the patients with diabetes. This figure, however, is not significant. 
(J AM ACAD DERhv,-fOL 7:633-638, 1982.) 

F”‘.‘\ has been accused of being a promoter’.” 
n bi;!;lzs in which patients receiving PUVA who 
lad also been treated with x-ray’ or arsenic” de- 
{eloped skin cancers at a rate (2Q/yr) above that 
If the normal (OS%/yr) population not treated 
with either of these substances. Control proups of 
psoriasis patients treated with jusr x-ray or just 
arsenic have not been reported. It is important to 
know how many of these patients treated with a 
:arci,:nzen and PUVA would have developed skin 
:an-,.--*,\ithout PUVA. 

We have previously reported”.’ that approxi- 
mately 10% (about 2Wyr) of patients uith psori- 
asis who have not been treated with PUVA develop 
rkin cancer. The twenty-nine patients reported who 
developed skin cancer did so especially during their 
fifties. Fourteen had skin cancers in non-sun- 
exposed areas of the skin. Thirteen of these four- 
teen patients had squamous cell lesions (including 
one :;cratoacanthoma and one Bowen‘s disease). 

The previously reported patients were found by 
searchin: for them among our private practice and 
Veterans Administration patients. and it was im- 
Possible to draw accurate conclusions as to the 
true incidence of cancer in patients with psoriasis. 
we are now reporting a study of 150 non- 

Fmm the \’ c~erans Administration Medical Center and the Depsn- 
met: kmatology. University of Xfiami School of Medicine. 

Funde, .;. part. by the Arthur and Gullan Wellman Foundation. 
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Reprint requests to: Dr. Kenneth M. Halprin. 1201 S.W. 16th St.. 
Mimi. FL 33125. 

PUVA-treated patients with psoriasis matched 
with a control group of diabetes patients. The in- 
cidence of skin cancer in the psoriasis group 
( 1.96%/yr) was three times that of the diabetes 
group. However, the prevalence of internal malig- 
nancies in the psoriasis patients was half that of 
the patients in the diabetes group. 

XIETHODS 

The medical records of 150 patients with psoriasis 
were examined. These patients had all been hospi- 
talized at the Miami Veterans Administration Medical 
Center during the years 1976 through 1980 for treat- 
ment of psoriasis. This number (150) represents ap- 
proximately one third of the psoriasis patients hospi- 
talized during this time period. and they were randomly . 
selected. No stringemdefinition of psoriasis was used. 
We included in this study patients who had psoriasis to 
such an extent that the disease required hospital treat- 
ment. Ordinarily this would mean that. at the least. 
3% of the body surface was involved and that the 
patient could no longer manage his disease. Most of 
these patients had had re=ed hospitaliza.ad a..s”*j --.--- 
been treated .ww-more than one treatment modality 
(Table I). 

--- __-. -y-/-L. “. . . ..I.“---.-.---~-. . . ...-_” 

The following information was extracted from each 
record: year of birth. sex of patient. race,_ee~~~@ty ---y----: ----------- -...._- _._-. 
[Jewish or HIspanIc descent). treatment history, smok- 
‘iiig%t&y, and the date of the first and last visit to the -.-. . . _. L _ 
%%p’iial’~rhosqig$ clinic. Srn8k’&;.histo$ was’&ded 
acco;ding.&‘&e State of Florida Cancer Data System. 

Each record was then checked for a diagnosis of skin e.- 
cancer made during the period of Jan. 1, 197 1, to Dec. - . -. _ ..- 
30. 1980. Only diagnoses supported by a pathology 
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Table I. Treatment modalities used 
(1971-1980) 

Treatment No. treated (N = 150) ‘3 treated 

uv + coal tar 95 63 
Methotrexate 57 32 
Nitrogen mustard 44 23 
Hydroxyurea I5 IO 
Topical steroids 23 16 

only 

report were counted. For each skin cancer diaenosis the -- _---- .._ -.“----.~-.--_-._4 - 
type of skin cancer, the date of d&nosis, and the loca- __... r, ..,. _,. ..,. “..-ri.A”r(-~ --- .-I .” . . .U1. .A... ._ ,,,,_ 
tlon ot the cancer were noted. The records were also ,, . _ ,_ ,. ,..I -L. . . . . ., ,r, .rllll .: “V - ‘3.: 
checked for a diagnosis of Internal malignancy. All 

diagnoses of internal cancers were recorded and were 
not limited to the IO-year span used for skin cancer 
recording. Date of diagnosis and location of the internal 
cancer were also noted. 

For comparisqn pcrposes: .a g~qup ,of p,atients. who . 
had beep -diagnosed ..as. hav.ing adult-onset diabetes 
mellitus without complications an< hospitaliz.cd for 
-contr&~f”?Eib;eies ,wa>.,ma&.d, to the psoriasis pa- ,., :. ._ _ 
tiZii~ach psoriasis patient n’as matched to a diabetes 
j%%&nt for year of birth. sex and race. The hospital’s r_ * _I_. . .._. .._ ,“. .,.. *. _, _ .._. “l._. 
Diagnostic Index, which lists all patients discharged 
from the hospital by diagnosis on a quarterly basis, was 
used to obtain the pool of diabetes patients. A stratified 
randm.iz.ation-pxrpced.gre was used to select &%&- -.- 
.iduaI patients to be included. 

The date the patient was initially seen and the date he 
ivas last seen at the Medical Center were recorded to 
determine the number of years these patients had been 
followed. The average foiiow-uewas’6.8~ars. In ad- --?-... 
dition. this al!owed us to ensure that the matched 
psoriasis patient and the control diabetes patient were 
followed for the same length of time. Thus. if one or 
the other had a diagnosed cancer after the last visit of 
the patient with whom he was matched. that diagnosis 
was not tabulated. 

Data were then entered into our Clinfo on-line com- 
puter system and analyzed. 

RESULfS 

Each group was composed of 147 male and 
three female patients. The preponderance of males 
reflects the fact that the patients were drawn from 
a Veterans Administration Hospital. The mean 
age was 62 with a range from 24 to 92. 

The psoriasis patients had histories of psoriasis 

--- .-_-.---- 
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ranging from over 40 years to 1 year. The treat- 
ment modalities used between 1970 and 1980 are 
shown in Table I. Only 24 or 16% of the patients 
had been treated with topical steroids alone, 
Seventy or 46% had been treated with two or more 
treatment modalities, other than topical steroids, 
during the IO-year period. Thirty-eight (25%) of 
our patients also had psoriatic arthritis. 

There were seven blacks in each group. There 
was no statistically significant difference between 
the psoriasis group and the diabetes group in the 
number of patients of Jewish and Hispanic des- 
cent, which are the largest ethnic groups in 
iMiami. Neither was there a si_gnificant difference 
in the smoking habits of the two groups. 

Skin cancers 

Only skin cancers for which there was natho- 
logic evidence and which were diagnosed between 
January, 197 1, andDecember. 19801 werecounted. 
Twenty of the psoriasis -.I-. -.--.-.--.. . . . . . . _... r .,._ patients had a diagnosed, 
biopsy-proved skin can&F ~~<$~&~P”~~-%& of . . .rr I - ,, .+ _.,_,., 
the diabetes patients. Thjs was a sigr+ficavt dlffer- 
ence ip,.=, q,OO9, x’ 5.~j.88)~ 

.T__ 

The psoriasis patients and the diabetes patients 
having skin cancers were approximately the same 
age at the time of diagnosis: 60 was the mczn age 
for psoriasis patients and 62 for the diabetes pa- 
tients. Fig. 1 shows the cumulative frequency of 
skin cancers at the age of diagnosis of both 
groups. In both groups the largest proportion of 
cancers were diagnosed between the ages of 50 
and 60. 

Using the first diagnosed skin cancer for analy- 
sis, squamous cell carcinomas outnumbered basal 
cell carcinomas 14 to 6 in the group of psoriasis 
patients. Eight of the squamous cell carcinomas 
were in non-sun-exposed areas of the body, as 
was 1 of the basal cell carcinomas. In the diabetes 
group there were 3 squamous cell carcinomas and 
4 basal cell carcinomas. All of the skin cancers in 
the diabetes patients occurred in sun-exposed parts 
of the body except for one squamous cell carci- 
noma on the shoulder (Table II). 

Of the 20 psoriasis patients with skin cancer, 9 
had multiple skin cancers; 4 of the diabetes pa- 
tients had multiple cancers. Two of the psoriasis 
patients had. by history, in excess of 20 cancers 
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Fig. 1. Cumulative frequency at age of diagnosis of skin cancer for psoriasis patients and 
diabetes patients. 

:a&:: .;i total number of skin cancers in the 
psoriasis group was in excess of 56. The greatest 
lumber of skin cancers on one patient in the diabe- 
.es group was 16: the total number of cancers was 
27. However, since all of these multiple cancers 
:ould not be documented by pathology reports, it 
was not possible to consider them in our analysis. 
Rather, we used the first documented skin cancer 
)etwcen 1971 and 1980 for our analysis. 

T‘ ._. -;catment history of the psoriasis patients 
with skin cancer is shown in Table III. In the 
group of patients with skin cancers in non-sun 
exposed areas. all but one had received previous 
treatment with a known carcinogen. The treatment 
most frequently noted was ultraviolet light and tar 
(Goeckerman therapy). Two patients had been 
treated uith PUVA. but in each case the cancer 
was diagnosed very soon after starting PUVA 
then 3v--3 weeks in one case and 3 months in the 
other:-lt is interesting to note that one patient had a 
squamous ceil carcinoma on the thumb and this 
Patient had received x-ray therapy to his hands in 
the past. 

Internal cancers 

The psoriasis group had half the number of in- 
ternal cancers as did the diabetes group: however, 
this not a significant difference. There were 
nine ,;.boriasis patients with a diagnosed internal 
malignancv and eiehteen diabetes patients. The 
mean age-at the t;me of diagnosis was 65 for 

Table II 

Parameler Psoriasis Diabetes 

Average age at diagnosis 60 62 
Patients with skin cancer 20 7 

Squamous:basal 14:6 3:4 
Exposed areas II 6 

Squamous:basal 5:5 7:4 
Nonexposed areas 9 I 

Squamous:basal 8:l I:0 
Multiple cancers 9 4 
Incidence (‘%lyr)* 1.96 0.69 

Squamous cell 1.3 0.3 
Basal cell 0.6 0.4 

‘Incidence (Wyr) of skin cancers = prevalence + average follow- 

up (>II. 

psoriasis patients and 52 for diabetes patients. Fig. 
2 shows the cumulative frequency of the internal 
cancers in the two groups. 

Table IV shows the location of the internal 
malignancies. Five or 55% of the psoriasis pa- 
tients with internal cancers had cancer of the gas- 
trointestinal tract. One patient had a long-standing 
diagnosis of leukemia. There were no lung cancers 
in the psoriasis group. Two psoriasis patients and 
one diabetes patient had both skin and internal 
cancers. 

DISCCSSION 

Recent reports’-” have demonstrated that con- 
trary to previous thought”.’ patients with psoriasis 



Journal of rhc 

American Academy of 

Dermatology 

‘Ighle III. Treatment history 

Sun exposed/ 

non-sun exposed 

Slill-c.l-posetl 
Basal cell carcinoma 

1 
7 
i 
4 
5 

Squamous ccl1 carcinoma 
I 
7 
i 
-4 

;: 
Noli-.slr/7-c~.g~o.s~~~l 

Basal cell carcinoma 
I 

Squamous ccl1 carcinoma 
I 
7 
i 
1 
5 
6 
7 
8 

Lfx3tion ‘I‘rcatment historv 

Nose UV f tar. HN! 
Arm Steroids 
Nose UV + tar. MTX. hyciroxyurea 
Ear MTX. HN, 
Nose Steroids 

F~lcc Steroids 
Thumb X-ray to hands. HN?. arsenic 
Lip UV f tar. MTX. HN>. hydroxyurea 
F&x Steroids 
Face uv + tar 
5eck UV i tar. MTX 

Trunk UV + tar 

Perianal X-ray. 14TX. UV + tar 
Back IHN,. MTX. UV + tar 
Scrorum HN:. MTX. UV + tar. grenz ray. arsenic 
Penis LITX 
Shin UV + tar. HNI 
Call’ UV. HN: 
Perianal %ITX. HN,. UV + tar. hydrox>,urea. PL’VA’” 
Leg HN,. UV -I- tar. PUVA? 

do get skin cancers. Our study indicates that 
psoriasis patients are getting significantly more 
skin cancers than at least one segment of the 
population-people with diabetes. 

We chose diabetes patients for our matched 
control because the two diseases have common 
characteristics. The tendency to have the disease is 
genetic. Neither disease is curable but each can be 
controlled with appropriate therapy. Management 
of the disease can require intermittent hospitaliza- 
tion and does require continuing outpatient medi- 
cal attention. Each group of patients was part of 
the same Veterans Administration Hospital popu- 
lation during the same 4-year period and thus the 
climatic. environmental. and socioeconomic fac- 
tors for both the psoriasis patients and the diabetes 
patients should be similar. 

We seriously considered alternative groups for 

use as the control. We felt that the general hospital 
population would be inappropriate since this 
would include emergency and short-term proce- 
dures as well as patients with a primary diagnosis 
of cancer. It seemed to us. for the reasons men- 
tioned above. that the diabetes patients would be 
an appropriate control. 

We also considered the problem of underascer- 
tainment of skin cancers in the diabetes group. 
While it is true that dermatologists would be more 
likely than internists to diagnose skin cancers, all 
skin problems at the Miami Veterans Administra- 
tion Medical Center are referred to the Dermatol- 
ogy Service for consultation. Also. we did not rely 
on the patient’s memory or on reported but un- 
documented skin cancers. All skin cancers tabu- 
lated were supported by biopsy reports. We chose 
a group of diabetic patients who had no complica- 
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Fig. 2. Cumulative frequency at age of diagnosis of internal cancers for psoriasis patients 
and diabetes patients. 

lions such as acidosis. nervous system complica- 
tions. .:, 3 complications. ulcer complications, or 
gangrc:ilt. It was felt that in this group. because of 
the lack of extenuating complications. physicians 
would not hesitate to biopsy suspicious lesions. 
Furthermore. all inpatients are given a thorough 
physical examination upon admission. and it 
seems unlikely that a significant number of skin 
cancers which are progressively enlarging would 
remain undetected in this chronicall), followed 
popu’.:;ion of diabetic patients. 

A .gi.:her question which must be considered is 
the degree to which our non-PUVA-treated pa- 
tients are representative of psoriasis patients in 
general, particularly of those patients with severe 
psoriasis who are being treated with PLTVA. Our 
patients do have severe psoriasis and have re- 
quired hospitalization for treatment, usually with 
Goeckerman therapy or methotrexate therapy. At 
the present time we have no facilities ior PUVA 
therapy and therefore cannot offer this treatment to 
our patients. Many of these patients. however? 
would be candidates for PUVA if it tvere avail- 
able. Furthermore, if our patients have less severe 
Psoriasis than PUVA patients in general, this 
should result in our skin cancer incidence being 
lower than the incidence reported in PCVA stud- 
ies if, in fact, psoriasis therapies are carcinogenic. 

Onr:-third as many diabetes patients (-4.7% or 
0.69 )‘r) as psoriasis patients ( 13.35 or I .96%/ 
I’r) had skin cancers. Over half of rhe diabetes 
Patients with skin cancer had a basai sell carci- 

Table IV. internal cancers 

Pswiasis Diabetes 

Imation patients palients 

Gustrointestinal tract 5 6 
Genitourinary tract 7 6 
Lung 0 -1 
Oropharyngeal I 0 
Leukemia I 0 
Lymphoma 0 I 
Central nervous system 0 I 
Total 9 18 

noma: only one diabetes patient had a skin cancer in 
a non-sun-exposed area. This indicates that dia- 
betes patients are getting their skin cancers the way 
most people do---through exposure to sunlight.“*” 

As would be expected, the psoriasis patients 
also developed skin cancers in sun-exposed areas 
of the body. However. this group developed al- 
most twice as many skin cancers in sun-exposed 
areas as did the diabetes _eroup. The psoriasis pa- 
tients did probably spend more time in the sun, as 
this is known to be helpful for their psoriasis. 
They were also exposed to known carcinogens in 
addition to the sunlight. All but four of the 
psoriasis patients with skin cancers in sun-exposed 
areas had previously been exposed to a carcinogen 
for the treatment of psoriasis. 

In contrast to the one skin cancer found in a 
non-sun-exposed area in the diabetes group. the 
psoriasis group had nine such cancers. Stem et al’ 
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also found a high incidence of skin cancer in non- 
sun-exposed parts of the body in a PUVA-treated 
group of psoriasis patients: an increased number of 
squamous cell carcinomas was also found in this 
group. We, too. found a higher incidence of squa- 
mous cell to basal cell carcinoma (14:6) than 
would be expected.“.“’ especially in the non-sun- 
exposed areas (5: I ). Stern et al suggested that this 
increase in skin carcinomas in psoriatics was due 
to PUVA treatment: i.e.. PUVA was acting as a 
promoter. Our findings suggest that severe psori- 
asis patients who have not received PUVA therapy 
but have been exposed to carcinogenic agents (ul- 
traviolet light B.!’ tar.” ionizing radiation.‘” arse- 
nic.“’ and nitrogen mustard”) are developing skin 
cancers at a rate ( I .96/yr) uhich may be similar to 
[hose who have had PUVA 123/yr). 

While it was not statistically significant ,p = 
0.066). the psoriasis patients had half the number 
of internal malignancies as did the diabetes group. 
Five of the nine infernal cancers in the psoriasis 
‘Troup were cancers of the = 2 crastrointestinal tract: 
there were no lung cancers and only two senito- 
urinary malignancies. This loiver number of inter- 
nal malignancies in the psoriasis group was some- 
what surprising since diabetics are thought to have 
;I lower mortality rate from cancer’: and a lower 
incidence rate of cancer”’ than the general popula- 
tion. However. Bailin et al” reported that psori- 
:lsis patients receiving methotrexate therapy had 
a normal incidence of internal cancer. Also a 
follow-up of low-risk patients in the 16 Cen- 
ter Trial showed a normal death rate from vari- 
ous malignancies (including lung) as compared 
with the national expected ai’erage.‘” A recent 
study from the Ma!,0 Clinic also found a normal 
amount of internal malignancies in psoriasis 
patients.” 

In summary, our patients \vith psoriasis are not 
developing either significantly fewer or sipnifi- 
cantly more internal malipnancies than patients 
without psoriasis. Our patients with severe psori- 
asis are. however. developing two to three times 
more skin cancers than our control group despite 
the absence of PUVA. 
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Figure 8-26 
Seborl helc dermatitis (crad!e Cap) Diffuse v?flammallon 
with secondary InfectIon Much of the scale from this child’s 
scalp was removed with shampoos. 
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I,ioj)5\ \I III sho\v a sparse I!mphocytic: illfiltratc ot 

IIl(n (>p1dorniis \\,ith necrotic kerdtinoc!.tes i.IosoI!. dp- 
i~ro~~inatin~ single infiltrating I!.mphuc:!.tcs [“s,itcllitc 
( (>I1 [It’( rosis”). For a detiniti\.c diagnosrs. I\~rnphoid 
(ilimcrism or an increased number of acti\.ated T 
cc)IIs stlould be sought. 

;\llergic and Irritant Contact Dermatitis l The na- 
lurr of these eruptions can often be ascertained b\ 
il:t’~r distribution and a history of contact. 

Pityriasis Rosea l Csuall!, this disorder can be 
( I~~drl~. distinguished b\, its sudden onset and short 
LOU& dnd its well-delineated plaques \vith fine pe- 
ril)hcral scale that are scattered o\‘er the trunk in a 
fir-tree distribution. 

Psoriasis l Although psoriasis is an uncommon 
ciisurdcr in infants. it ma). mimic seborrheic derma- 
:I~IS S’e\,ertheless. psoriasis can usually be distin- 
~~ulshed hf. sharpI\, defined plaques of erythema of 
IjltJ siult’di cleft. l&alization to sites of trauma Lvith 
I>omorphic Koebner’s phenomena. nail involvement. 
t~rnil~~ history. or a poor response to mild topical 
tht:rapies. or a combination of these. In adults. pso- 
r1,151s is usually easily distinguished from seborrheic 
~l~,rmatitis because psoriasis is not an eczematous 
condition and presents with marked epidermal hy- 
I)t:rprotiferation. If an adult patient has evidence of 
both psoriasis and seborrheic dermatitis the term 
,~~horrhiasis is often used. 

.\utoeczematization l Autoeczematization is a sym- 
nlt:tric. often’generalized. eczematous dermatitis that 
I)( [.urs iI1 response to a local dermatitis. One can 
cliticrentiate seborrheic dermatitis from this entit!, on 
thk> basis of e\,olution and resolution. Autoeczemati- 
/dtlon resolires ivithin a few weeks \vhen the local 
ticrmatitis is appropriateI\- treated \vith either topical 
hteroids or antifungals. 

Darier’s Disease l This familial dyskeratotic con- 
[Jltion may initially assume the appearance of sebor- 
~.Il~‘ic dermatitis: hotsever. bjops!, esamination isilt 
!‘Lis~l!. differentiate the tlvo diseases. 

Pityriasis Rubra Pilaris l Pityriasis rubra pilaris is 
‘111 uncommon. chronic. noneczematous. hyperprolif- 
m>rati\,e epidermal disorder: however, its clinical pres- 
Ixrltdtion \vhen limited to the scalp may appear similar 
to seborrheic dermatitis. As the disease progresses to 
ill\.ilt\.e glabrous areas. it becomes easily distin- 
tiulstjed from seborrheic dermatitis bg its marked 
ii! perkeratosis. acanthosis. and characteristic plugged 
l)dtuic.us follicles. 

Erythrasma l Seborrheic dermatitis of the groin 
must be differentiated from erythrasma. which is also 
ottcn present between the fourth and the fifth toes. 
L:trrial cultures will !rield Corynebacterium minu- 
Il5jrmurn. and LYood’s light examination will re\:eal 
(1 I haracteristic coral-red fluorescence typical for the 
I)clrph!.rin made by this bacterium. 

Dermatophyte Infection l Extensive dermatophyte 
infection. especially in AIDS patients, may mimic 
\i>!)orrheic dermatitis (Pernaciaro and Peters, 1986). 

Benign Familial Chronic Pemphigus l Intertrigi- 
110~s seborrheic dermatitis must be distinguished 
irum benign pemphigus. which is transmitted as an 

autosomal dominant trail. Iiisl(~I)atllol~)~!. 15 IIIIII~U~’ 

rc~\~t:atii~g prominoni iiltrac:llltit:rnlaI \.osic.It35 d11~1 l)t~l- 
lar. ac:anlhol!.sis \vith ttlt: forrnatioll ot ( Iksttb ,II)o\.~~ 
!tlC tEJSL3l C:Ctl ld!W OIltO LVhiCh the d~.?lllfhJi~~tl~ ( (‘II> 

“tumble.” a basal ceIt la!*er that remains attac:ht!d tiJ 

the dermis. and occasional prematureI>, kt‘ratlnizt:ci 
cells. 

Pemphigus Erythematosus * Scaling. crusted cc-ze- 
matous-appearing plaques of the midback and ~hesi 
\vith a history of lupus is suggestive of pemphi~us 
erythematosus. Histopathologic findings ot pomphi- 
gus foliaceus and immunofluorescence sho\\,inl,: IgL 
and complement in the intercellular and bascmerlt 
membrane sites are diagnostic. 

TREATMENT 

Conservative l Because the disease can ha\,e a ivide 
spectrum of appearances. different treatment modal- 
ities are utilized. Initial scaling ma\’ onl\, rcqulre 
scalp cleansing with a mild baby shampoo-and skin 
hydration with emollients and creams. Daily baths 
are required, but irritating soaps should be a\.oided. 
More advanced disease may require the use of dall!. 
to two-times-weeklv use of antidandruff shampoos. 
Those containing zinc pyrithione (Sebulon. Danes. 
Head & Shoulders). 1% selenium sulfide (Selsun 
Blue). tar derivatives. and salicviic acid and sulfur 
[Sebulex) may be used. These modalities ivhen used 
should remain on the scalp for approximateI>, 3 min- 
utes. Because the scalp is being treated. not the hair. 
the residua of malodorous medicated sharnpo~l~ 
can be remolfed by a more cosmetic.,lll~~ pl~~is111:: 

shampoo. 
Intensive l If conservati\.e regimens idil to rt>hol\,ka 

the condition. either ketoconazole cream or milti 
topical steroids (1--2(/o h!rdrocortisone cream I up !cJ 

three times a day may be necessar!’ to treat glabrous 
lesions. Refractory cases for the most part cd11 h> 

handled effectively \vith overnight tar prepardtlons 
such as 5. 10. 20% liquori carbonis detcrgurls; III 
.Yi\,ea oil or Aquaphor and c:o\.ered b!, a stockinette. 
Although these preparations are malodorous. patients 
rvith se\*ere disease \vill usual/!, cornpI>, \\.ith therd- 
peutic suggestions. Combination treatments can bc 
used as alternate-day therapies or variations that the 
patient finds most pleasing. In infants the USC Ot 

agents such as salicvlates and stronger topical steroids 
should be avoided because iIlc:reased absorption rates 
can lead to systemic side effects. 

Special consideration is given to the treatment oi 
blepharitis. The use of hot compresses i\.ith gentlc 
debridcment !vith a cotton-tipped applicator anti bdby 

shampoo one or more times dail!, is ad\.ocatcd. .-\I1 
other treatment modalities arc best a\roicied semndar\~ 

to both tht: irritating effects and the prosimit!‘ to the 
eye. 

COURSE/PROGNOSIS 

Seborrheic dermatitis itself is self-limited and r(‘- 
sponds \vctl to con\.entional topical therapies. HOIY- 
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