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The genetic factors that mediate the pathogenesis of
multiple primary cutaneous basal cell carcinomas (BCC)
are largely unclear. Thus, some patients suffer many BCC
(>30) and/or rapid accrual (number of tumours/year from
first presentation) of further lesions. We have studied, in
827 English Caucasians, the influence of polymorphism
in carcinogen-metabolizing enzymes on susceptibility to
this cancer. Accordingly, we describe, first, a cross-sectional
analysis of the influence of GSTM1, GSTT1, CYP2D6 and
CYP1A1 genotypes on tumour numbers, and secondly, a
longitudinal analysis, in 169 of these cases, of the effect of
these genes on tumour accrual. We have confirmed the
expected importance of age and number of lesions at
presentation, and male gender and skin type as risk
factors. Furthermore, the cross-sectional analysis showed
CYP1A1 m,m, (P = 0.004; rate ratio 1.242) and CYP2D6
EM (P < 0.001, rate ratio 1.266) are associated with
increased numbers of BCC. The longitudinal study showed,
after adjustment for age and tumour number at presenta-
tion, that GSTT1 null (P < 0.001, rate ratio 2.677) and
CYP2D6 EM (P < 0.001, rate ratio 2.154) were significant
determinants of accrual while CYP1A1 De/Ile was asso-
ciated with slower accrual than the Ile/Val and Val/Val
genotypes (P = 0.008, rate ratio 0.690). We believe these
are the first genetic factors to be associated with tumour
accrual. No significant interactions between genotypes were
identified, though the combinations GSTM1 null/skin type
1 (P < 0.001, rate ratio 2.702), CYP2D6 EM/male gender
(P = 0.049, rate ratio 1.279) and CYP2D6 EM/blue+green
eyes (P = 0.046, rate ratio 1388) influenced tumour
numbers. Previous studies indicate the importance of
effective repair of UV-damaged DNA in the pathogenesis
of multiple BCC,- indeed the influence of GSTM1 may
result from its ability to utilize 5'-hydroxymethyluracil.
However, the finding that CYP2D6 and CYP1A1 influence
tumour numbers and accrual indicates detoxification of
unknown molecules is important and supports the view that

•Abbreviations: BCC, basal cell carcinoma; UV, ultraviolet radiation; GST,
glutathione S-transferase; CYP, cytochrome P45O, CI confidence interval; Ah,
aryl hydrocarbon hydroxylase.

factors other than UV are important in the pathogenesis of
BCC.

Introduction

Patients with a basal cell carcinoma of skin (BCC*) are at
high risk of suffering further primary BCC (1,2). Importantly,
this risk depends on the number of lesions present. Thus, in
subjects with one lesion the 5-year risk is 27%, in those with
10 or more tumours the risk is 90% (1,2) suggesting accrual
of lesions is not just dependent on time, but rather some subjects
have an increased susceptibility (2). Ultraviolet radiation (UV)
is a critical factor in the pathogenesis of BCC though the
relationship between exposure and risk of multiple tumours is
complex; risk increases with age, male gender, exposure to
UV and response to sunlight with subjects who readily burn
and do not tan (skin type I) being at greatest risk (2). UV is
an important carcinogen that has pleiotrophic effects in the
skin including initiation of neoplastic change and impairment
of immunosurveillance (3,4). Exposure to UVA constitutes an
oxidative stress that leads to DNA strand breaks, peroxidation
of membrane lipids and photolysis of amino acids (5). It is
likely, therefore, individual differences in response to oxidative
stress will mediate susceptibility. Thus, the effectiveness of
repair of UV-damaged DNA is associated with risk of multiple
BCC (6). Furthermore, comparison of genotype frequencies in
patients with one BCC with those in patients with multiple
lesions (2 to 35 tumours) showed allelism at the glutathione
S-transferase GSTM1 locus also influences susceptibility (7,8).
Thus, GSTM]*A/GSTM1*B heterozygosity confers protection
against multiple BCC while homozygosity for GSTMl*0, in
combination with skin type 1 confers increased risk. While
both GSTM1 and theta class GSTT1 enzymes utilize lipid and
DNA products of oxidative stress, the influence of GSTT1 on
susceptibility to multiple tumours was less pronounced (8)
showing the importance of specific detoxification reactions.
Furthermore, allelism and, interactions between allelic variants
at other loci may also influence risk of multiple BCC. However,
while studies in Japanese with lung cancer showed interactive
effects between GSTM1 and CYP1A1 (odds ratio 9.1) (9), it
is unclear which combinations of genotypes mediate risk of
particular cancers.

Several members of the cytochrome P450 family including
CYP1A1 and CYP2D6 are candidates for cancer susceptibility
(10-12). Both CYP1A1 and its ligand-dependent transcription
factor, the Ah receptor, are widely expressed in extra-hepatic
tissues including skin (10) and though the gene has largely
been studied in the context of environmental pollutants (e.g.
polycyclic aromatic hydrocarbons), there is evidence its prod-
ucts utilize endogenous ligands and participate in defence
against oxidative stress (11,12). Thus, aryl hydrocarbon
hydroxylase activity in rodent skin is increased by UV presum-
ably because of photoproducts that induce expression. Indeed,
in vitro studies show UV irradiation of amino acids such as
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tryptophan, that are present in skin, results in oxidized products
that bind to the Ah receptor with high affinity (13). CYP1A1
is polymorphic (9-15) with a mutation in the 3'-non-coding
region giving a restriction site in the m2 allele. The effects of
this mutation are unclear though it is reported to segregate
with a high CYP1A1 inducibility phenotype (9,14,15) and in
Japanese, but not Caucasian smokers, is associated with
increased risk of lung cancer (9,10,14). A mutation in exon 7
causes an Ile>val change in the haem binding region and may
influence activity towards benzo[a]pyrene (14).

Skin is exposed to carcinogens that mimic the effects of
endogenous ligands on activities such as proliferation and
apoptosis (12). Effective metabolism of the products of such
exposure is likely to mediate risk of multiple BCC. We now
describe the influence of allelism at CYP1A1, CYP2D6,
GSTM1, GSTT1 and physical characteristics (gender, skin
type, hair colour, eye colour) on susceptibility assessed in
terms of tumour numbers and their accrual (number of tumours/
year from first presentation). The influence of allelism on
numbers of BCC has been studied in a cross-sectional study
as previously, we only compared genotypes in patients with
one tumour with those in patients with more than 1 lesion
giving a dichotomous outcome (7,8). We now describe associ-
ations with tumour numbers used without transformation, as
the outcome. We also present a longitudinal study of the
influence of genotypes, characteristics, patient age and number
of lesions at first presentation on accrual of BCC.

Materials and methods
Patients

Cross-sectional study. The influence of genotypes and physical characteristics
on BCC numbers was studied in 827 unrelated English Caucasians with
histologically proven BCC. They were recruited between November 1991 and
July 1995 from Dermatology out-patient clinics in the Midlands (North
Staffordshire Hospital, Stafford District General Hospital) and South of
England (Royal Cornwall Hospitals, William Harvey Hospital, Kent), and
represented cases from a mix of urban and rural environments. Four-hundred-
and-thirty-five patients comprised the BCC case group described by Heagerty
et al. (7). Data on GSTM1 genotype frequencies in these subjects was included
in the present study. Genotype frequencies in the original case group and the
further 392 subjects recruited between October 1993-July 1995 were not
different. 565 patients suffered one tumour, and 262 patients between 2 and
35 tumours. All patients were examined and interviewed by a trained
Dermatologist (JTL, AHMH, AS, BB, CRP) to obtain information on hair
and eye colour at 21 years of age, skin type (types 1-5) (8), smoking history
allowing subjects to be classified as ever or never smokers. All case notes
were carefully reviewed during August 1995 (JTL, BB) to determine sites
and numbers of tumours, tumour recurrence, accrual and the presence of other
malignancies (both skin and internal) Recurrences were excluded from the
total number of primary BCC. Cases with basal cell naevus syndrome or BCC
and another malignancy were excluded. The cases composed over 60% of
those in the participating centres and were a typical sample of this patient
group. The remaining 40% patients were lost to follow-up. None of those
approached refused to participate.

Longitudinal study. The influence of genotypes and characteristics on tumour
accrual was studied in 169 of the patients described above selected because
accurate data on the time between first presentation and August 1995, and the
number of primary lesions could be recovered by JTL and BB.

Identification ofGSTMI, GSTT1, CYP2D6 and CYPIA1 genotypes in leuco-
cyte DNA

Blood (5 ml) was taken with Ethics Committee approval, into EDTA and
stored at -50°C. GSTM1 null, A, B and A/B were identified using a PCR
approach that identifies GSTMI*0 homozygotes and GSTM1*A/GSTMI*B
heterozygotes and the GSTM1 A and GSTM1 B phenotypes. It does not
distinguish GSTM1*O/GSTM]*A and GSTM1*A/GSTM1*A or equivalent
GSTM1 B genotypes (7,8). GSTT1 null and expressers were also identified
by PCR (8). Two mutant CYP2D6 alleles (G>A transition at intron 3/exon
4, base pair deletion in exon 5) were identified (8,11). Together, these assays
are 90% predictive of phenotype in British Caucasians (11). Two mutant
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Table I. Patient demographics

(i) Cross-sectional analysis: influence of genotypes and physical
characteristics on numbers of BCC
Number of BCC

Mean age (years)
Males/females
Blue and green eyes
Brown eyes
Skin type 1
Skin type 2-6
Ever smoker
Never smoker
Brown and black hair
Blonde and red hair

1-35 tumours (n = 827)
>5 tumours (n = 62)
>10 rumours ( n= 23)
67.3 ± 12.4 (SD) (n = 823)
55.8%/44.2% (n = 813)
72.8% (n = 418)
27.2% (n = 156)
14.2% (n = 78)
85.8% (n = 473)
62.5% (n = 367)
37.5% (n = 220)
74.9% (n = 242)
25.1% (n = 81

(n) Longitudinal analysis: influence of genotypes and physical
characteristics on accrual of BCC
Number of patients 169
Median number of BCC 3 (range 1-30)
Median number of new tumours/year 0.31 (range 0-18 7)
Median follow up (years) 4.54 (range 0-28.5)
Median number of new tumours during 1 (range 0-29)
follow-up

CYP1A1 alleles (exon 7 Ile>Val and 3' flanking region) were detected using
PCR with restriction digestion. The exon 7 mutation was identified using
primers to intron 6 and exon 7 with the reverse primer modified at the
penultimate base to generate a second Ncol site on amplification of the wild-
type, but not mutant allele (16). Both wild-type and mutant alleles amplified
a 322 bp fragment with a common Ncol site that acted as internal control to
ensure digestion. Homozygous wild-type DNA gave 232, 70, 20 bp fragments,
homozygous mutant DNA gave fragments of 252 and 70 bp. Mutations at the
3'-end were identified as described (14).

Statistical analysis

Cross-sectional analysis. Poisson regression was used to model count data
using the EGRET statistical package (SERC, Seattle, 1993). The model
assumes the Poisson rate parameter (mean number BCC) may be expressed
as a function of a set of covariates, i.e. age, skin type 1, eye colour, hair
colour, gender, genotypes. A rate ratio, defined as the multiplicative effect of
a change of a covariate by 1 was calculated (for these data usually being a
change from 0 to 1). Thus, the rate ratio for males [1] (1.43) against females
10] is mean number BCC in males (2.38)/mean number BCC in females
(1.66), when gender alone (i.e. not in the presence of other covariates) is
considered. In the Poisson regression, this will change in the presence of
other covariates. The Poisson regression approach has the advantage that it
allows study of the ratio of the mean number of BCC corrected for other
covariates such as age and number of tumours at presentation.
Longitudinal analysis. Poisson regression with a rate multiplier was used to
adjust for the number of person years at risk since the increase in the number
of BCC is likely to change depending on the number of years between first
presentation and August 1995. The rate multiplier therefore, corrected for the
different numbers of person years at risk in different patients, this is not
present in the cross-sectional study. Cases were omitted when appropriate
data were missing for that analysis. Only results significant at the 5% level
or approaching this significance are described.

Results

Cross-sectional study: influence of genotypes and individual
characteristics on number of primary BCC
Patient characteristics. Table I shows the characteristics of
the study group and numbers of BCC in these patients; 62
subjects had five or more tumours, and 23, 10 or more lesions.
As expected, the proportion of males was greater than in age-
matched controls (47%) from the study centres (8). Table II
shows the frequencies of GSTM1, GSTT1, CYP2D6 and
CYP1A1 genotypes in these patients. These were not signific-
antly different from those in the 561 controls described
previously (8). Comparison of the frequencies of homo- and
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Table II. Frequency of GSTM1, GSTT1, CYP2D6 and i

GSTM1

GSTT1

CYP2D6

CYPlAl
exon 7 mutation

Mspl 3'-flanking region

Null
392
(52.9%)
Null
122
(17.4%)
EM
429
(63.4%)
He/He
572
(85.0%)
n^m.
561
(82.0%)

CYPlAl genotypes

A
213
(28.7%)
Exoresser
579
(82.6%)
HET
205
(30.3%)
Ile/val
94
(14.0%)
m|iTi7
119
(17.4%)

in patients

Table III. Age-corrected factors and interactions influencing number of BCC

(a) Individual factors*
(i) Male gender (n = 755)

(ii) Skin type 1 (n = 529)
(iii) Blue+green eyes ( n= 522)
(IV) CYP2D6 EM (n = 623)
(v) CYPlAl m,m, (n = 635)

(b) Interactions between factors6

(i) GSTM1 null.skin type 1 (n = 463)
(ii) CYPlAl m^.blue+green eyes (n = 446)

(iii) CYP2D6 EM.blue+green eyes
(iv) CYP2D6 EM.male gender (n =

! (n = 429)
= 614)

P

<0.001
<0.001

0.001
<0.001

0.004

<0.001
0.002
0.046
0.049

with single and

B
114
(15.4%)

PM
43
(6.4%)
val/val
7
(1.0%)
mjmj
4
(0.6%)

multiple basal cell carcinoma

A/B
22
(3.0%)

rate ratio

1.487
1.393
1.361
1.266
1.242

2.702
1.917
1.388
1.279

n
741

n
701

n
dll

n
673

n
684

95% Q

1.342-1.648
1.205-1.609
1.187-1.559
1.125-1.425
1.071-1.441

1.964-3.717
1.279-2.873
1.005-1.915
1.001-1.633

The base-line is the complement (i.e female gender, not skin type 1, etc).
"Results shown are for individual factors alone (i.e. not in the presence of other factors).
bResults for interactions are corrected for age in the presence of the main effects.

heterozygotic combinations of the exon 7 and 3'-mutations in
CYPlAl showed, as reported (14,17), they were in linkage
disequilibrium {y} = 56.12; P < 0.0005).

Factors influencing the numbers of BCC. Table III shows
the genotypes and individual characteristics associated with
increasing numbers of BCC. The data are adjusted for age
since, as expected, this was a risk factor for multiple tumours
(P = 0.013, rate ratio 1.005, 95% CI 1.001-1.009, n = 769)
(1,2). Neither GSTM1 null, GSTT1 null nor smoking were
significant risk factors. CYPlAl Ile/Ile did not influence
tumour numbers though both the CYPlAl n^m, and the
CYP2D6 EM genotypes were associated with increased num-
bers of primary tumours (Table III). Male gender, skin type 1,
and blue and green eyes were also significantly associated
with increased numbers of BCC.

Interactions between enzyme genotypes, male gender and skin
type 1. Table III shows significant, age-corrected interactions
in which the interaction term was more significant than either
of the main effects. Thus, the rate ratio for the interaction
between GSTM1 null and skin type 1 (2.702) was the highest
identified. Significant interactions between CYP2D6 EM and
male gender, and this genotype, and blue and green eyes, as
well as between CYPlAl m,m| and, blue and green eyes were
also identified. Significant interactions between male gender
and GSTM1 null (P = 0.045), gender and skin type 1 (P <
0.001) and, skin type 1 and CYPlAl m,m, (P = 0.012) were
identified, but appeared to result from the strength of the main

effects. No significant interactions between genotypes were
identified though the interaction between CYP2D6 EM and
CYPlAl mini! approached significance (P = 0.095; rate
ratio 1.326).
Longitudinal study: influence of genotypes and individual
characteristics on accrual of BCC
Patient characteristics. Table I shows the details of the 169
patients in whom accurate information on the time between
first presentation and August 1995, and the number of BCC
was obtained. The median follow-up time (i.e. time between
first presentation and August 1995) and median number of
new lesions are recorded.
Factors influencing accrual of new BCC. Table IV shows the
factors that influenced the rate of appearance of new BCC. As
expected male gender, the number of lesions and age at first
presentation were significant factors. Male gender appeared a
particularly influential factor (rate ratio 2.260) though both
CYP2D6 EM and GSTT1 null were significantly associated
with the rate at which new tumours appeared. Current and ex-
smoking (ever smokers) was also significantly associated with
more rapid appearance of further tumours. The influence of
GSTM1 null and CYPlAl Ile/Ile on the rate of accrual of
tumours also approached significance. Table IV also shows
that GSTT1 null, CYP2D6 EM, male gender and skin type 1
were associated with faster appearance of new tumours after
adjustment for the effect of age and the numbers of BCC at
presentation. Comparison of the rate ratios indicated GSTT1
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Table IV. Factors influencing accrual of BCC

Rate ratio 95% CI

(a) Unadjusted"
(i) Male gender (n = 143) <0.001

(ii) BCC number at presentation (n = 146) <0.001
(iii) Age at presentation (n = 140) 0.002
(iv) CYP2D6 EM (n = 128) <0.001
(v) GSTT1 null (n = 126) <0.001

(vi) Ever smoking (n =110) 0.048
(vii) GSTM1 null (n = 143) 0.067

(viii) CYP1A1 lle/lle (n = 121) 0.079

(b) Adjusted for number of BCC and age at presentation1

GSTT1 null (n = 121) <0.001
Male gender (n = 135) <0.001
CYP2D6 EM (n = 122) <0.001
Skin type 1 (n = 94) 0.035
CYP1A1 lle/lle (n = 115) 0.008

(c) Interactions adjusted for number of BCC and age at presentation1"
Male gender.CYP2D6 EM (n = 121) <0.001

2.260
1.213
1.014
2.398
2.321
1.282
0.828
0.785

2.677
2.174
2.154
1.386
0.690

2.633

1.793-2.848
1.167-1.260
1.005-1.022
1.880-3.059
1.821-2.959
1.002-1.639

2.075-3.452
1.720-2.749
1.653-2.807
1.024-1.877
0.524-0.909

1.510-4.593

The base-line is the complement (i.e. female gender, not skin type 1, etc.)
•Results shown are for individual factors alone (i.e. not in the presence of other factors).
•"Results for interactions are corrected for number of BCC and age at presentation in the presence of the main effects.

null was the most influential. The CYP1A1 lle/lle genotype
was also found to be a significant factor. The rate ratio (0.690)
indicated it was associated with slower accrual of new tumours,
and that it was relatively less influential than GSTT1 and
CYP2D6 EM. No significant interactions between genes were
identified. A significant interaction between CYP2D6 EM and
male gender was observed, though significant interactions
between male gender and GSTM1 null (P = 0.035) and skin
type 1 (P = 0.009) appeared to result from the strength of the
main effect.

Discussion

Previous studies from our laboratory have used a case-control
approach to show that polymorphism in loci encoding carcino-
gen-metabolising enzymes influences susceptibility to BCC
(7,8). We have now described further studies designed to
determine, within the case group, the influence of these
polymorphisms on tumour numbers and accrual. These studies
comprised a cross-sectional analysis of the influence of GST
and CYP genotypes on BCC numbers and a longitudinal
analysis of the effect of these genotypes on tumour accrual.
The first study allowed recruitment of large numbers of cases
though, because follow-up was variable, the influence of
genotypes may be underestimated as further lesions develop
in some patients. The expected influence of gender, age and
skin type was found indicating the value of this approach. The
second study includes the variables shown to influence BCC
numbers (1,2); however, since data on the time of accrual (or
lack of accrual) was not always available the number of cases
was smaller. The biochemical processes that determine BCC
numbers and accrual are largely unclear because the relation-
ship between each lesion and exposure to UV, a tumour
initiator and promoter, is unknown. These parameters must
reflect complex interactions between an initiating event(s) (UV
and/or other factors), the extent of damage to host targets,
their repair, immune surveillance and time. Thus, while the
genetically mediated response to and detoxification of products
of UV-induced oxidative stress will be important in determining
numbers and accrual of lesions, some common and some
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different biochemical activities and polymorphisms may
mediate these endpoints. We have confirmed the expected
importance of male gender, skin type and, age and number of
lesions at presentation (1,2). Furthermore, the cross-sectional
analysis showed CYP1A1 n^m, and CYP2D6 EM are asso-
ciated with increased numbers of BCC and the longitudinal
study, after adjustment for age and tumour number at presenta-
tion, that GSTT1 null, CYP2D6 EM and CYP1A1 lle/lle were
significant.

While there is no apparent association between exposure to
environmental pollutants and disease risk, we found allelism in
the carcinogen-metabolizing enzyme CYP2D6 was associated
with both increased numbers and accrual of BCC. The role of
this enzyme is unclear (18). Its expression is mainly hepatic
and, though found in brain and intestine, it has not been detected
in skin (10). However, the association between CYP2D6 PM
and susceptibility to Parkinson's disease suggests in vivo
substrates include endogenous neurotoxins and possibly
molecules containing amine- or guanidino- groups (11,19).
Furthermore, as systemic agents such as arsenic predispose to
multiple BCC (20), CYP2D6-mediated hepatic detoxification
of photosensitizing agents may be important. Data showing
UV-oxidized tryptophan binds to the Ah receptor and UV
effects increased enzyme expression in skin suggest a role for
CYP1AI in skin carcinogenesis (10,13,21,22) though studies in
Caucasians have generally failed to demonstrate an association
between allelism at this locus and disease susceptibility (16,17).
We found CYP1A1 genotypes were associated with altered
risks of both BCC numbers, and accrual though m,mi influ-
enced numbers and the lle/lle genotype was associated with
slower accrual. While these results appear contradictory and
difficult to explain given uncertainty regarding the con-
sequences of these mutations, it is noteworthy that the extent
of altered risk associated with CYP1A1 genotypes is only
moderate compared with other genes. If the 3'-mutation is
associated with greater expression, m|m| may confer less
effective detoxification of an unknown carcinogen though it
is suggested the Val/Val genotype is associated with greater
activity towards benzo[a]pyrene. However, as argued for
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GSTT1 (23), the influence of a genotype must depend on
causative substrates and it is possible the two CYP1A1
mutations effect different responses on expression of CYP1A1
and other phase 2, Ah-dependent genes (12).

GSTM1 and GSTT1 had different effects on numbers and
accrual of lesions. GSTT1 null did not influence the numbers
of lesions possibly because its effect is diluted in a group that
includes subjects who accrue tumours quickly, slowly or not
at all. We speculate the influence of GSTM1 results from its
ability to metabolize the products of UV-induced oxidative
stress in skin, a view supported by the finding that GSTM1
null is also associated with increased production of anti-Ro
(but not anti-La) antibodies in patients with systemic lupus
erythematosus (24). Importantly, production of anti-Ro anti-
bodies in the absence of anti-La antibodies is associated with
photosensitivity. Available data are less clear regarding the
function of GSTT1. Thus, GSTT1 null, but not GSTM1
null is associated with increased risk of astrocytoma and
meningioma (25), pathologies not associated with inflamma-
tion, as well as total ulcerative colitis (26). These data
emphasize current uncertainty of the role of GSTT1 and,
therefore, the significance of the polymorphism. This appears
to depend on substrate; while GSTT1 utilizes monohalome-
thanes and expressers are protected against the sister chromatid
exchange induced by these compounds (23), GST5-5, the
rat GSTTl homologue, has dehalogenase activity against
dichloromethane giving rise to formaldehyde. Thus, expression
of GST5-5 in the Ames test leads to enhanced mutagenicity
of dichloromethane (23).

This study has identified significant interactions between
genotypes and individual characteristics associated with risk.
As expected, skin type 1 and male gender were associated
with increased numbers of BCC (1,2). These characteristics
are related as women have higher skin reflectances and,
oestrogens stimulate melanin production (27). Interactions
between these characteristics, and GSTM1 null and CYP2D6
EM were identified though the rate ratio for the CYP2D6 EM/
male gender interaction mediating tumour numbers, but not
accrual, was relatively small. While blue eyes have been linked
with increased risk of cutaneous malignancy (28), it has been
argued blue and green eyes are not independently related to
risk of BCC (1,2). We found eye colour was associated
with increased numbers of lesions presumably because it is
associated with skin complexion. Interactions between eye
colour and CYP2D6 EM and CYP1A1 niim, were also
identified. Exposure to sunlight, whilst an important parameter,
is notoriously difficult to assess and studies showing that
susceptibility to UVB-induced inhibition of contact hypersens-
itivity appears a better indicator of non-melanoma skin cancer
risk than cumulative, life-time sun exposure indicate the
importance of host genetic factors (29).

We have identified genetic traits associated with suscepti-
bility to increased numbers of BCC and, for the first time, that
influence tumour accrual. Previous studies have shown the
importance of DNA repair, indeed the influence of GSTM1
may result from its ability to utilize 5'-hydroxymethyluracil
(11). However, the finding that CYP1A1 and, particularly,
CYP2D6 influence tumour numbers and accrual, while not
predictable, is in keeping with the view these genes are
susceptibility markers for many cancers. The mechanism of
their effect is unclear, though may involve detoxification
of unidentified molecules possibly containing amino- or
guanidino-groups, or indole or steroid ring structures. Indeed,

our finding that ever-smoking is associated with faster accrual
of tumours also suggests the importance of carcinogen-meta-
bolising enzymes such as members of the CYP 1 and 2
families. Our data, therefore, provide further support for the
view that factors other than UV influence the pathogenesis of
this cancer (29). Host genetic factors appear important in this
process (30).
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