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vious exposure to other cutaneous carcinogens and would di-
Background/Methods:The treatment of psoriasis with high- minish if use of PUVA declines. A comparable increase in the
dose exposure to oral psoralen and ultraviolet-A light (i.e., risk of basal cell cancer has not been observed, but epidemio-
PUVA) substantially increases the risk of cutaneous squa- logic studieg(8,9) suggest that the interval between exposure to
mous cell cancer, but not of basal cell cancer, within a decade a carcinogen and tumor development may be longer for basqg
of beginning treatment. To assess the persistence of cancercell cancer than for squamous cell cancer. s
risk among individuals treated with PUVA, including those In the general U.S. population, most (about 65%) squamousa‘
who discontinued therapy long ago and those without sub- cell cancers and basal cell cancers occur on the head and ne%k
stantial exposure to other carcinogens, we prospectively (10-12).Most patients using PUVA shield their head and neck—n
studied a cohort of 1380 patients with psoriasis who were for at least some of each treatment. In addition to less exposure
first treated during the period from January 1, 1975, to PUVA than other sites, the head and neck are most ofte[gt
through October 1, 1976, and evaluated risk factors associ- exposed to sunlight, the most important risk factor for nonmela-=
ated with the development of cutaneous squamous cell can-noma skin cancer in the general populat{@8). Therefore, we §
cers and basal cell cancers after 198Results:From 1975 expected that the excess and attributable risk of skin tumors du%
through 1996, 237 patients developed 1422 cutaneous squato PUVA might be less for the head and neck than for other bodys
mous cell cancers. From 1986 through 1996, 135 (12.5%) ofsites.
1081 patients without a prior squamous cell cancer devel-  The persistence of an increased risk of squamous cell cancg
oped 593 such tumors. From 1975 through 1997, 247 patientsafter declining PUVA usage, the occurrence of excess tumors.
developed 1042 basal cell cancers; these patients includecamong patients who survived at least a decade without atumoEL
151 individuals with a first basal cell cancer after 1985. and a higher risk of appearance of tumors on anatomic sites other
Among those without a squamous cell or a basal cell cancer than the head and neck would all suggest that PUVA is a coms
in the first decade of the prospective study, a strong dose- plete carcinogen. If this is the case, PUVA should be consudere@
related increase in the risk of squamous cell cancer was carcinogenic for all patients with substantial lifetime exposure to
observed in the subsequent decade (adjusted relative risk this therapy. We have conducted a prospective study to assess
[=337 treatments versus <100 treatments] = 8.6; 95% con- the persistence of cancer risk among all treated patients, mclua%
fidence interval = 4.9-15.2). Risk of basal cell cancer wasing those who discontinued treatment long ago or lack substan%
substantially increased only in those patients exposed to very tial exposure to other carcinogens.
high levels of PUVA (=337 treatments).Conclusions:High-
dose exposure to PUVA is associated with a persistent, dose- Patients and Methods
related increase in the risk of squamous cell cancer, even At the time they enrolled in the PUVA study, all patients provided written

among patlents Iacklng substantial exposure to other car- informed consent. The PUVA Follow-up Study was approved by the institutional >
review boards at the participating centers. During the period from January 15

cinogens and among patients without substantial recent ex- 1975, through October 1, 1976, a total of 1380 patients were enrolled in a2
posure to PUVA. Exposure to PUVA has far less effect on the 16-university center prospective stddiat was designed to assess the long-term =
risk of basal cell cancer. The use of PUVA for psoriasis risks and benefits of PUVA therapy. The mean age of the patients at study entr%

should be weighed against the increased cancer risk. [J Natl was 44 years, and 65% of the cohort were male. Each patient's exposure te-

Cancer Inst 1998:90: 1278—84] alternative carcinogens, such as ionizing radiation (grenz rays or x-rays for the
T treatment of psoriasis), ultraviolet-B (UVB) radiation, tar, and methotrexate,

both before and after exposure to PUVA was documented. Patients were placed

Since its development in 1974, oral methoxsalen phOtOClﬂ-‘? a standard PUVA protocol. This protocol entails a patient receiving a dose of

4-0.6 mg/kg psoralen orally, followed 1.5-2.0 hours later by a UVA treatment
motherapy Le., psoralen and ultraviolet-A |Ight (PUVA) h %dmmlstered with the patient standing in an ultraviolet irradiation unit. The most

been W|de_|y used to_ treat patl_ents with psoriadiy PUVA  ¢ommon unit used is an approximately 7 foot vertical enclosure with an interior
treatment is mutagenic and carcinogef@t Both European and

U.S. studieg3—-6) have demonstrated that patients exposed to
hlgh doses of PUVA therapy have a S|gn|f|cantly increased risk *Affiliation of authors: Department of Dermatology, Beth Israel Deaconess

of squamous cell carcinoma of the skin. These data largel re pedical Center, Harvard Medical School, Boston, MA.
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flect the experience of patients within the first decade after stairel peaconess Medical Center, Harvard Medical School, 330 Brookline Ave.,
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largely as a promoter of squamous cell cancer. If this is true, thi$ee Notes” following “References.”
risk is likely to be greatest among patients with substantial pre-Oxford University Press
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composed of fluorescent bulbs with emissions in the range of 320-400 nm. Th&able 1. Number (and percent) of cohort patients followed after 1985 and
patients are started on low doses of UVA, generally 1.5-53ftepending on  number with a first squamous cell cancer (SCC) or basal cell cancer (BCC)

their photosensitivity. During the clearing phase, the patients undergo two or by treatment duration and by level of exposure to PUVA*
three light treatments per week. The dose of UVA is gradually increased witt

each treatment according to the degree of erythema or pigmentation produced. No. (%) of patients with cancers
The patients typically reach a maximum UVA dose of 8-15 3icAs their developing after 1985

disease improves, the patients receive fewer light treatments per week
slowly taper off therapy. When the patients’ disease flared, they were treated
again with PUVA or other therapies for psoriasis as determined by their phyBIUVA treatments up to 19861

osure Total SCC BCC

cian. These patients have been followed every year since enrollment, regardle§zéLOO 435 (37) 18 (13) 29 (19)
of whether they continued to use PUVA,4). On average, every 15 months 128:%22 g?g g;g ég g(l); gg gg;
since enroliment, the study personnel interviewed cohort patients. Since 1989, 55 132 (11) 34 (25) 34 (23)
we have used telephone interviews, completing the 18th cycle of interviews in  Tqta+ 1183 135 151
1997. In each cycle, about 90% of surviving enrollees are interviewed. They YEVA treatments after 1985

asked about skin cancer development, general medical problems, and currep 0 877 (74)§ 66 (49) 99 (66)
psoriasis therapy. Each time a patient reports a skin cancer, the diagnosis isgq 306 (26) 69 (51) 52 (34)
confirmed on the basis of histologic findings as read by a board-certified pa- Totalt 1183 135 151

thologist. During the period from 1977 through 1989, eight cycles of study
sponsored, structured follow-up physical examinations were conducted. MostPUVA = oral psoralen and ultraviolet-A light.
study patients have severe psoriasis and are under regular dermatologic carefBased on data from interview nearest to and including January 1, 1986.

Study interviews document exposure to PUVA therapy and other treatments-Excludes 197 patients who died before 1986 or who lack follow-up data afte
for psoriasis including UVB radiation, topical tar, and methotrexate. Both patiebecember 31, 1985.
interviews and the physical examinations focus on the detection of skin cancer§includes 669 patients who had no PUVA treatments after 1985.
and cancers at other body sites.

Overall and separately for the head and neck and other body sites, we assessed
risk factors for the development of squamous cell cancer and basal cell cancesgfents with a tumor of that type at that site prior to 1986. In our multivariate %
the skin occurring more than 10 years after first treatment with PUVA. Wanalyses, to determine the association between exposure to PUVA and the risk
separately considered the occurrence of squamous cell or basal cell tumigfirst squamous cell cancer or basal cell cancer overall and on each of the twg]
among the surviving patients who did not have skin cancer of that type detecgfhtomic areas after 1985, we used Poisson regression models to adjust observed
during the first decade of study—from enroliment in the study (January 1, 19%aunts for other exposures that were significant predictors of risk in the univari-o'
through October 1, 1976) to December 31, 1985—and those with a tumor @es analyses. We also tested for interactions between significant predictors df
tected in the first decade. In addition to assessing overall risk, we separaigdy (14). All statistical tests are two-sided. ®
analyzed risk factors for tumors located on the head and neck and other body

sites. B _ Results
We classified PUVA exposure according to the number of treatments recorded

at the follow-up interview closest to January 1, 1986, and by the number of From enroliment (January 1. 1975 through October 1. 1976F

PUVA treatments received subsequent to this interview or up to the development
of a first skin cancer of that type (Table 1). The cohort was divided into th%) October 2, 1996, a total of 1422 cutaneous squamous Ce&

following four PUVA dose categories according to the number of PUVA trea@rcinomas were detected in 237 (17.2%) of 1380 patients. O§
ments received prior to January 1, 1986: 1) fewer than 100 treatments, 2) 16hese 237 patients, 102 (43%) had a first tumor detected befor%
159 treatments, 3) 160-336 treatments, and 4) 337 treatments or more. Y¥¢uary 1, 198615),and developed a total of 829 squamous cell &
defined the highest dosage group as the number of treatments received by th‘“cg.’ﬁcers. As of 1986, there were 1081 Surviving patients Withoug
decile of cohort members who survived to 1986 without a squamous cell cancer 0 &
(ie., =337 PUVA treatments). a'squamous cell cancer. From 1986 through 1996, 135 (12.5 /@
As in prior analyses, we characterized exposure to other potential cutane8fisthese 1081 patients developed a first squamous cell cancer
carcinogens as high or not high (low) by use of the following definitions of higtafter the last interview in 1985. These 135 patients had a total OE
topical tar other than shampoos (high dosel5 months), UVB therapy (high 593 squamous cell carcinomas detected during that period. &
dose, =300 treatments), methotrexate (high dos®08 weeks of use; metho- From enroliment (January 1, 1975, through October 1, 197GB
trexate is generally given at a dose of 7.5-25 mg/week), all as of 1989, indS tember 1. 1997 total of 1042 b | I
documentation of any exposure to x-rays or grenz rays for treatment of psori Qs ep em eri, » atolal o A asa_ ce c.ancers werg
at entry into the study4). detected in 247 (17.9%) of 1380 patients. Ninety-six (39%) of§
For all patients without a squamous cell cancer or basal cell cancer astlhese 247 patients developed their first basal cell cancer beforg
January 1, 1986, on the basis of age-, sex-, and geographic area-specific rateg,985 (15), and 151 (61%) did so after 1985. On average, abouﬁ
calculated the expected number of tumors of each type separately on the he e times as many tumors of both types were detected each
neck for the period 1986 through 1996 (and for basal cell cancer through 1997 .
for each stratum defined by levels of exposure to PUVA up to January 1, 19é/ ,ar after 1985 compared with the average nu_mt_)er detected each
and PUVA therapy after 1985 as defined in Table 1, by levels of exposure ¥§ar between 1975 and 1985. Therefore, the incidence was more
UVB radiation/tar therapy and methotrexate, and by whether ever exposedh@n three times higher after 1986 than before 1986 (Table 2),
x-rays/grenz rays for treatment of psoriasis. We first calculated the relative rigicreasing from three cancers to 10 cancers per 100 person-years

(RR) of_ ea(_:h pre of skin cancer compare_d vynh that expected on the b‘aS|s»T(9£I1 squamous cell cancer and from two cancers to seven cancers
population incidence rates, counting as an incident event only one tumor in eac 100 person-years for basal cell cancer

calendar year (population rates) even if a patient developed multiple tumors HE ’
year(13).To calculate the site-specific expected number of tumors, we assumed, 1 able 3 presents the RR compared with that expected on the

on the basis of previous studi¢s0-12),that in the general population aboutbasis of population incidence rates for each type of cancer at any
65% of squamous cell cancers and basal cell cancers occurred on the headsied after 1985 among the surviving cohort members without a

neck and 35% developed on all other skin sites. skin cancer of that type detected by January 1, 1986. The risk of
We next examined the relationship between various exposures (or levels of

exposure) for both types of skin cancer and both body areas (head and neck3gamous cell cancer was elevated more than that of basal cell
other areas); we counted each patient with a specific type of nonmelanof@NCer, both overall and at every dose level (Table 3). When
cancer at either site (head/neck and other) only once. These analyses exclidedors occurring after 1985 for all cohort patients were included

dny wouy pepeojumoq

e/1oul/woo”

lo11]

Journal of the National Cancer Institute, Vol. 90, No. 17, September 2, 1998 ARTICLES 1279



Table 2. Total number of nonmelanoma skin cancers by type of tumor, datthe basis of population rates. For basal cell cancer, the corre-

of detection, and anatomic site, detected since enrollment among COhortSponding RRs were 2.5 (95% e 2_1_3_1) and 4.2 (95% Ck
patients receiving PUVA* treatments

3.4-5.2).
Date of detection Table 4 presents the results of the univariate analysis relating
Tumor type and ,__ level of exposure to potentially carcinogenic treatments of pso-
anatomic site Before 1986t Beginning in 1986 Totalt . . . . .
riasis to the risk of squamous cell carcinoma for each site. These
Squamous cell cancer§ analyses are all adjusted for age, sex, and area of residence. The
Head and neck 43 118 161 sk of a first squamous cell cancer after 1985 was substantiall
Other sites 328 920 1248 ! q : : y
Unknown site 4 9 13 increased even among patients with as few as 160 PUVA treat-
Totalf 375 1047 1422 ments by 1986 compared with patients with exposure to fewer
Basal cell cancdr than 100 PUVA treatments (not head and neck, RR.5 [95%
Head and neck 139 - 280 €l = 25-8.0]; head and neck, RR 7.1 [95% Cl = 2.7-
Totalt 221 821 1042 18.3]). The pattern of increasing risk with increasing exposure to
PUVA was similar for tumors occurring on the head and neck
*PUVA = oral psoralen and ultraviolet-A light. and those occurring on other sites. Except for exposure to

llumtor ‘_’ete_ftion Slijnceteb”“y"?e”t,(1%7f5‘11%76) to Decemtl’ler 31, 198f5- PUVA, higher levels of exposure to other potential carcinogensy
e e S0 e e e e s coumy - (°dt ot have a substantial mpact on isk o sauamous cllcancet
§Detected as of September 1996. (Table 4). Higher levels of exposure to PUVA in both the first §
|Detected as of September 1997. and second decades were associated with substantially increasgd
risks of squamous cell cancer. After adjustment for all signifi-
nt risk factors including exposure to PUVA and considering=.
patients who had cancer in the first and/or the second decade,
Irisk of squamous cell cancer was four times higher for bodys
tes other than the head and neck than on the head and neck,
ich are often shielded during PUVA treatments (odds ratio$
[OR] = 4.0; 95% Cl= 2.9-5.6). o
d For basal cell cancer, only exposure to at least 337 PUVAG

(i.e., including those who had tumors in both the first and secoff
decades after the treatment), among patients with exposure t
least 337 treatments, and only one squamous cell cancer per
was counted, the risk of squamous cell cancer after 1985 W
increased more than 100-fold compared with that expected
the basis of population incidence data (RR104; 95% confi-
dence interval [Cl]= 88.3-121.9). Except for patients expose

Q
. o
to at least 337 PUVA treatments, the risk of basal cell cancer 3
was elevated only moderately compared with that expected on 3.
v . g ) 0 ) . ) Q.
the basis of general populatlon rates for the United States Table 4. Odds ratio (OR) .and 95% confidence interval (Cl) for a first S
Table 3 squamous cell cancer following PUVA* therapy on head and neck and other 5
( able ) . ) body sites after 1985 by exposure (univariate analysis)t o
After 1985, a total of 54 patients developed a first squamous. 8
cell cancer of the head and neck and 119 developed a first tumor Body site 3
of t_hls type on qther anatomic sites. After 1985, there were 106 Not head and neck Head and neck 3
patients with a first head and neck basal cell cancer and 95 with . . g
a first skin tumor of this type on other body sites. When wgXPosure OR 9% Cl  OR  9%wcl g
counted only a first tumor at each site in patients who had tuma@rgVvA treatments through 1985 a
in the first and/or second decade, after 1985 the risk of squamous]%° 1t 1 g
Il cancer was increased fivefold (RR 5.2; 95% Cl= 3.9— 0019 18 0937 15 040 e
ce &5 oLl= 3. 160-336 45 2.5-8.0 71 27-183 §
6.7) on the head and neck and 21-fold (RR21.2; 95% Cl= =337 10.0 54-186 150 5.4-41.2 g—
17.6—25.8) on other body sites compared with that expected on All =100 42 2571 51 22120 3
PUVA treatments after 1985 o
<50 1% 1% &
Table 3. Relative risk (RR) and 95% confidence interval (Cl) of any first =50 3.3 2.3-4.8 1.6 0.9-2.8 =
squamous cell cancer (SCC) or first basal cell cancer (BCC) after 1985, S
: . ) ’ UVB/tar§ S
following PUVA* therapy among cohort patients without a skin cancer of | 5 1% 1+ EN
that type detected before 1986 compared with the number expected in the High 1.7 1.1-2.5 15 0.8-2.7
general populationt Methotrexatp
T ‘ Low 1% 1%
ype of tumor High 1.4 0.9-2.3 20 1.0-3.7
SCC BCC Grenz rays/x-raysf
Total PUVA treatments Not exposed 1t 1t
through 1986 RR 95% ClI RR 95% ClI Exposed 1.0 0.7-1.6 1.6 0.9-2.8
<100 51 3.5-7.2 1.7 1.2-2.3 R . .
100-159 8.4 56-12.1 3.9 3.0-5.0 PUVA = oral psoralgn and ultraviolet-A light. ‘
160-336 26.5 22.2-31.4 4.5 3.5-5.7 TAll analyses were adjusted for age, sex, and area of residence.
=337 68.5 54.9-84.5 11.7 9.3-14.5 tReferent stratum.
All dosages 17.6 15.6-19.8 4.1 3.7-4.6  8Ultraviolet-B radiation (UVB)/tar high dose= 300 or more treatments of
UVB and 45 months or more of topical tar application.
*PUVA = oral psoralen and ultraviolet-A light. [[Methotrexate high dose= 208 weeks or more of use.
TAdjusted for age, sex, and area of residence; only one tumor of a given typ&Exposure or no exposure of patients to grenz rays and/or x-rays for thera-
is counted each year. peutic purposes.
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treatments was associated with a substantial (more than threeTable 6. Multivariate adjusted odds ratios (ORs) and 95% confidence
fold) increase in risk compared with that for members of thdntervals (Cls) for a first squamous cell cancer and first basal cell cancer of
cohort exposed to low doses (fewer than 100 treatments) (Table the skin after 1985 after exposure to PUVA* and other therapiest

5). Recent utilization of PUVA was not significantly associated Squamous cell cancer  Basal cell cancer
with increased risk of basal cell cancer at either site (Table 5).
After adjustment for all significantly associated risk factors
(UVB radiation, tar, x-rays, and grenz rays), the risk of a bas@VVA treatments through 1985

posure OR 95% ClI OR 95% CI

. . <100 1 1

cell cancer was only very m0(_:iestly higher on sites other than thg,, ", 54 16 0.9-3.1 20 1331

head and neck compared with the head and neck €OR.6; 160-336 45 2.7-7.4 2.1 1.4-3.1

95% Cl = 1.2-2.2). =337 8.6 4.9-15.2 47  31-73
Table 6 presents the results of the multivariate analysis ttRatVA treatments after 1985, 1.4 1.0-2.0 ¥

includes all exposures associated with a significantly increased>° versus <50

risk for that type of tumor on either anatomic area. The results g¥B/tar.§ high versus low 14 1.0-2.0 15  11-20

the multivariate analyses demonstrate that, among patients \Wgghotrexate, high versus low 13 0.9-1.9 11 07-15

did not have a tumor detected during the first 10 years aft@renz rays/x-rays,f exposed % 15  1.1-20

starting PUVA treatment, the level of exposure to PUVA wag Ve'Sus not exposed

the most important risk factor fo_r squamous cell cancer in thekF,UVA _ oral psoralen plus ultraviolet-A light.
subsequent decade. Only very high exposure to PUVA by ]:985Each estimate was simultaneously adjusted for all other significant risk fac2
(=337 PUVA treatments) was associated with a substantiallys as well as for age, sex, geographic area of residence, and anatomic site (he3d
increased incidence of a first basal cell cancer in the subsequmndtneck or other). PUVA treatments of <100 exposures was the referent streg’

ojumoq

decade. The extent of recent PUVA treatment was weakly HEIIEpl.\lot a significant risk factor for this type of tumor in univariate analysis 3
significantly associated with the risk of squamous cell cancer bugultraviolet—B radiation (UVB)/tar high dose= 300 or more treatmeni/s o.f g
not of basal cell cancer. UVB and 45 or more months of topical tar application. §
. i [[Methotrexate high dose= 208 weeks or more of use. 2
Discussion fExposure or no exposure of patients to grenz rays and/or x-rays for thera3
peutic purposes. o
Except for an earlier report by our study gro(#) that in- e
cluded 13 years of follow-up, reports of the risk of nonmela- E
noma cancer among those treated with PUVA are generall%
Table 5. Odds ratio (OR) and 95% confidence interval (CI) for a first basalconfined to a decade or less of observati@4,7,15-22). %
cell cancer following PUVA* therapy on head and neck and other body sittAmong studies with substantial power and reasonably completé
after 1985 by exposure (univariate analysis)t follow-up (4,15-17,23)patients with high levels of exposure to &
Body site PUVA had an increased risk of squamous cell carcinoma. N0§
only are these studies of limited duration but also a large pro=
Not head and neck  Head and neck o tion of patients studied were on active treatment with PUVA.g
Exposure OR 95% ClI OR 95% cl  Therefore, these reports provide only limited information about§
PUVA treatments through 1985 the long-term effects of PUVA or.thg per3|stence of these effect%
<100 1% 1% after use of PUVA treatment diminishes. Our cohort’s meIa-\g
igg—égg g-g 1-2—33 i-g (1)-51?—5.2 noma expgrience and the long latency between exposure to
=337 9 31115 a4 55 7 Many carcinogens and thg development of cancer 'further argL@
All (=100) 3.01 1.79-523 1.68 0.92-3.07that data from shorter studies probably do not sufficiently defineS
PUVA treatments after 1985 the full carcinogenic risk of PUVA therapy24). Additional S
<50 1F 1F reasons for concern that early and late carcinogenic effects af
=50 14 08-22 14 0.9-21 pyvA might differ are the multiple effects of PUVA on the =
UVB/tar§ skin. PUVA is immunosuppressive in the sKb). As a result, E
h?é"{] Eo 13-31 1f4 0.9-21 during activ_e t_reatment, it may increqse the risk of skin cancer in
Methotrexatp a pattern similar to that observed with persons undergoing im-
Low 1% 1% munosuppressive theraf36). In this circumstance, one expects
High 1.8 1.1-2.9 1.0 0.6-1.7 the highest risk to be observed in those with previous exposure
Grenz rays/x-raysf to other carcinogens and to diminish if treatment is stopped.
Not exposed 13 ¥ PUVA, however, is not only immunosuppressive but also mu-
Exposed 1.9 1.2-2.9 1.4 0.9-2.1 . L , . .
tagenic; moreover, it is a potent photocarcinogen in animals
*PUVA = oral psoralen plus ultraviolet-A light. (2,27). With the passage of time and because the utilization of
tAll analyses were adjusted for age, sex, and area of residence. PUVA has decreased markedly among members of our cohort, it
FReferent stratum. is now possible to evaluate the persistence of the carcinogenic

8Ultraviolet-B radiation (UVB)/tar high dose= 300 or more treatments of effect of PUVA and to determine whether the increased risks of

UVB and 45 months or more of topical tar application. . . .
IMethotrexate high dose- 208 weeks or more of use tumors are largely confined to persons with substantial exposure

fExposure or no exposure of patients to grenz rays and/or x-rays for thdi@-Other carcinogens.
peutic purposes. To our knowledge, our cohort was the first large group to
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utilize PUVA treatments in the United States. Of the 1380 p#& those with substantial prior exposure to other carcinogens.
tients originally enrolled in the PUVA study, 984 were still aliveThis finding indicates that the carcinogenic effects of PUVA are
in early 1996. During two decades of prospective study, thegelikely to solely reflect the immunosuppressive effects of
patients have developed more than 2900 squamous cell carciBVA in the skin, which diminish after curtailment of treatment
mas, squamous cell carcinorimesitu, and basal cell cancers, an(28).
average of more than two nonmelanoma skin cancers per enThe primary risk factor for squamous cell cancer after 1985
rollee. was the level of exposure to PUVA by 1986. After adjustment
We separately studied risk factors for squamous and bag@ PUVA exposure, sites other than the head and neck that are
cell cancers for a 10-year period beginning 10 years after fiiglost exposed to PUVA were at four times higher risk than the
exposure to PUVA. Within our cohort, there was a significarfead and neck. Treatments after 1985 also added to the risk of
and substantial absolute and dose-dependent increase in thediglamous cell cancer on sites other than the head and neck
of squamous cell carcinoma. Overall from 1986 to 1996, cohq{fhich are often shielded for at least some of each treatment).
patients with at least 337 PUVA treatments by 1986 had a mofge higher risk associated with continued PUVA treatment after
than 100-fold increase in the risk of squamous cell cancer coRygs for sites other than the head and neck may reflect the
pared with that expected from population incidence rates. ii-reased use of shielding of the face and neck as the carcino-
analyses that ex_cluded_ cohort members with a squamous @%III'IiC risk of PUVA became know(8,4,15).The very limited 9
cancer detected in the first decade of the prospective study (fr§fyjitional risk associated with continued treatment after 1985 i§
enrollment to 1986), surviving patients exposed to fewer thafyher evidence that PUVA was not now acting primarily as a2
100 treatments in the first decade had only a fivefold increase -Fbmoter.

the risk of squamous cell carcinoma. However, comparable A The risks associated with high levels of exposure to othef

tients who had recelyed at Ieagt 33.7 P.UV.A treatments by 19 grcinogenic treatments for psoriasis among patients who hag
had a nearly 70-fold increase in this risk in the subsequent ¢

_ : irvived for at least a decade without a squamous cell cancer
cade. Risks for basal cell cancer were much less dramatic.

. - were all small; none exceeded a twofold increase. Except fof

We believe that the incidence rates we used to calculate the S o . Y

€rapeutic ionizing radiation for which we compared any ex-%

expected numbers of tumors of each type are the most appro- . : . .3

) . . . posure with no exposure, our analysis of other risk factors in=-
priate available to adjust for age, sex, and area of residgdi®e

. ) . : C|lf|ded low-dose-exposed patients in the referent stratum. Theré
RR estimates that compare our cohort's experience with that 0 . ) . .S
re, our estimates of the risk attributable to exposure to high,

the general population are subject to a number of potential Ci)— . .
9 bop ) P es of tar, UVB, or methotrexate might underestimate thes

ases. The exclusion of patients with both basal and squam . . . PR
cell cancers from the calculations of the basal cell cancer in&@'¢nogenic effects of these exposures, particularly if risk is noé

dence provides an upward bias in RR estimates of about 7% g&se dependent. Our multivariate analysis confirmed these rela:

basal cell cancer RR. Less complete ascertainment in the fedg%ﬂsmps' After adJ#Stmim :or age, sex, alrlea of.re5|dence, a,”%
survey or a temporal increase in skin cancer incidence in fher exposures, the risk of squamous cell carcinoma was sigs

general population would also upwardly bias these estimatesNficantly increased among patients with 160 or more exposures:

our primary analyses, we excluded the patients at highest rigkhe first decade and was increased more than eightfold among
(i.e., those with a tumor in the prior decade). This substantiafij)oSe individuals with more than 336 exposures compared withg
lowered our RR estimate. Since many patients treated wRRt€Nts exposed to fewer than 100 PUVA treatments. -
PUVA develop multiple tumors in a year, our counting only one The relationships between the risk of basal cell cancer ané
tumor per year per patient probably underestimated the true RiPOsure to PUVA among individuals who had survived for aé
of these tumors in our Cohort Compared W|th the genera' porﬁiﬁcade without a basal cell cancer were Very different from thOS%
lation. observed for squamous cell cancer. Overall, the incidence of
The incidence of both squamous cell carcinoma and basal d&@sal cell cancer was elevated only modestly. Among patients;
carcinoma has tripled in the second decade compared with Wigh fewer than 100 exposures, the risk of a first basal cell>
first decade of prospective study. At the same time, the propéancer on the head and neck was not significantly elevated conf
tion of cohort patients utilizing PUVA and the intensity of treatpared with that expected from population incidence data, and thé
ment among those who continue to rely on PUVA have diminisk of a first basal cell cancer on other anatomic sites was at
ished greatly. By 1996, we documented more than 274 00®st modestly increased among patients with little exposure to
PUVA treatments in our cohort. About 80% of these treatmen®JVA. Only among patients with very high levels of exposure
were provided from 1975 to 1985, and only 40% of the originab PUVA in the first decade was a substantial increase in the risk
cohort had any recorded exposure to PUVA after 1985. In spiiébasal cell cancer observed.
of the substantial reduction in the use of PUVA and even after Our data that now span 20 years document a persistent and
exclusion of those at highest risk for skin cancer (i.e., membeygbstantial increase in the risk of squamous cell carcinoma in
of the cohort who had developed a tumor of a specific type in tipatients following high-dose exposure to PUVA. This risk per-
first decade), skin cancer incidence was still higher in the secataéhs to all patients with substantial exposure to PUVA, even
than in the first decade of prospective study. those without substantial exposure to other carcinogens and with
A substantially increased risk in the second decade of bdittle exposure to PUVA in recent years. Patients developing a
squamous and basal cell cancers among persons who surviuest squamous cell cancer in the second decade after starting
the first decade without a skin cancer of that type supports tR&JVA were younger and had fewer other risk factors for skin
hypothesis that the carcinogenic risks of PUVA are not confin@ancer than those who developed these tumors in the first de-
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cade. Only patients exposed to very high levels of PUVA had &) Gallagher RP, Hill GB, Bajdik CD, Coldman AJ, Fincham S, McLean DI,
substantially increased risk of basal cell cancer, and the magni- ©t @l Sunlight exposure, pigmentation factors, and risk of nonmelano-
tude of this increase in risk was still far lower than that seen for C‘gf ;k'n cancer. II. Squamous cell carcinoma. Arch Dermatol 1995;131:
squamous cell cancer. Recent use of PUVA did not substantigh) gajiagher RP, Ma B, McLean DI, Yang CP, Ho V, Carruthers JA, et al.
affect the risk of basal cell cancer. These findings are consistent Trends in basal cell carcinoma, squamous cell carcinoma, and melanoma
with epidemiologic studies relating sunlight exposure and basal of the skin from 1973 through 1987. J Am Acad Dermatol 1990;23:
cell cancer(8,9). These studies suggest that the latency between 413-21.

. . 11) Giles GG, Marks R, Foley P. Incidence of non-melanocytic skin cancer
carcinogenic exposure and the development of these tumor& reated in Australia. Br Med J (Clin Res Ed) 1988:290:13-7.

long or that younger persons are more Susceptlble to these s magnus K. The Nordic profile of skin cancer incidence. A comparative
fects than are older persons. Our cohort includes only a few epidemiological study of the three main types of skin cancer. Int J Cancer
persons who were less than 18 years old at enroliment, but one 1991;47:12-9.

of these patients did develop multiple basal cell cancers by a{é@ Scotto J, Fears TR, Fraumeni JF Jr. Incidence of non-melanoma skin cancer
21 (29) in the United States. Bethesda (MD): National Institutes of Health, National

h I . h lted i Cancer Institute; 1983 Report No.: DHHS Publ No. (NIH)82-2433.
In _Our co .Or_t' Squamous cell carcinoma has resu tg n SLﬂPAI) STATA reference manual, version 5. College Station (TX): Stata Press;
stantial morbidity and even death. Metastases and genital tumors 1997.

are particularly importan(30). Nine (3.8%) of 237 patients with (15) Stern RS, Lange R. Non-melanoma skin cancer occurring in patients§
squamous cell carcinoma, including four younger than age 50 treated with PUVA five to ten years after first treatment [published erratum S

! ! ; .99 .019
developed metastases. Twenty-two (2_5%) of 876 male patients appears in J Invest Dermatol 1989;92:300]. J Invest Dermatol 1988,91.3

. . . . . 120-4.
developed invasive ain situ squamous cell carcinoma of the 16) Chuang TY, Heinrich LA, Schultz MD, Reizner GT, Kumm RC, Cripps

penis or ScrOtur_n- |_n addition, some patient; deVG'_Opeq mU|tip|_e DJ. PUVA and skin cancer. A historical cohort study on 492 patients. J Am

tumors, necessitating repeated and sometimes disabling or dis- Acad Dermatol 1992;26:173-7.

figuring surgery. In general, the morbidity associated with badal) Forman AB, Roenigk HH Jr, Caro WA, Magid ML. Long-term follow-up

Ce" cancer |S Iessl NO metastases from basal Ce“ cancer haveof skin cancer in the PUVA-48 COOperatiVe Study Arch Dermatol 1989;

; 125:515-9.

beeATtr?eteﬁti%I\?Aour Co.hort' ti Ilv effective treat r5%8) Henseler T, Christophers E, Honigsmann H, Wolff K. Skin tumors in the
O.UQ. remains an e_xcep. lonally € ep lve reaime European PUVA Study. Eight-year follow-up of 1,643 patients treated with

for psoriasis, the recently described increased risk of melanoma pyyAa for psoriasis. J Am Acad Dermatol 1987;16:108-16.

and the persistent increased risk of squamous cell carcino(® McKenna KE, Patterson CC, Handley J, McGinn S, Allen G. Cutaneous;

quantified in this study indicate that PUVA should be utilized neoplasia following PUVA therapy for psoriasis. Br J Dermatol 1996;134:

only in those patients who would benefit sufficiently to justify 639-42. _ , _ , R

it 24.30).P d to high d f PUVA d ([20) Torinuki W, Tagami H. Incidence of skin cancer in Japanese psorlat|c§

s use( ! ) ersons exposed 1o high doses o need o patients treated with either methoxsalen phototherapy, Goeckerman regi=-

be monitored carefully for the development of skin cancers, even men, or both therapies. A 10-year follow-up study. J Am Acad Dermatol o

olwapeoe//:sdyy wodj pa

uljwoo dno

after treatment is stopped. Continued surveillance of our cohort 1988;18:1278-81. S
can better help quantify and document the ultimate carcinogefd& Reshad H, Challoner F, Pollock DJ, Baker H. Cutaneous carcinoma in
risk of PUVA therapy and determine whether these risks will ggg”;;'sc patients treated with PUVA. Br J Dermatol 1984;110: S
. . . o -305. 3
Increase over time, espeually among individuals exDOSEd (59) Stern RS, Thibodeau LA, Kleinerman RA, Parrish JA, Fitzpatrick TB. Risk g
lower doses of PUVA. of cutaneous carcinoma in patients treated with oral methoxsalen photo®

chemotherapy for psoriasis. N Engl J Med 1979;300:809-13. a
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