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Malignancies that Occur before and after Anal Cancer:
Clues to Their Etiology

Morten Frisch,'? Jergen H. Olsen,? and Mads Melbye'

With the use of two different approaches to study multiple primaries in anal cancer
patients, the authors sought clues to the etiology of anal cancer. Based on data from
the Danish Cancer Registry for 1943-1989, previous cancers in 831 anal cancer patients
were compared with cancers in 12,376 matched population controls, and subsequent
cancers in 955 anal cancer patients were compared with expected numbers based on
population rates. Overall, previous cancers were in excess among anal cancer patients
(odds ratio (OR) = 1.7, 95% confidence interval (Cl) 1.3-2.1). Elevated risks were
observed especially for the vulva/vagina (OR = 15.4, 95% ClI 4.9-48.0), cervix (OR =
4.3, 95% Cl 2.7-6.9), and lymphoma/leukemia (OR = 3.9, 95% Cl 1.5-10.4). Subse-
quentcancers were also in excess (relative risk (RR) = 1.4,95% Cl 1.1—1 .7), particularly
for the lung (RR = 2.3, 95% CI 1.3-3.7), bladder (RR = 2.3, 95% CI 1.0-4.6), breast
(RR = 2.0, 95% CI 1.2-3.3), vulva/vagina (RR = 12.3, 95% Cl 4.0-28.7), and small
intestine (two cases) (RR = 10.8, 95% ClI 1.2-39.0). Colorectal cancers were reduced
(RR = 0.3, 95% C1 0.1-0.9). The data support a multifactorial etiology for anal cancer,
in which an infectious agent and smoking may be involved. The association with
lymphatic/hematopoietic cancers may indicate a possible role for immunodeficiency in
anal cancer development. Multiple cancers occurred predominantly in patients diag-
nosed with anal cancer at a young age (<60 years), which raises the possibility of a
genetic predisposition for some cases. The authors recommend that, in future hypoth-
esis generating and hypothesis testing multiple cancer studies of rare malignancies, the
combined study of cancer events both prior to and following an index cancer should be
considered. Am J Epidemiol 1994;140:12-19.
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Anal cancer has increased in incidence
during the past 20-30 years (1-3). This
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trend has been most marked among women
and residents of large cities, but consider-
able evidence has also linked anal cancer
with male homosexual behavior (1, 3-10).
The epithelium of the anal region also ap-
pears to be susceptible to factors of impor-
tance for cancers of the lower female genital
tract (11, 12). Sexually transmitted agents,
espeCtally human papillomaviruses, are
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;fstronglgf suspected to be involved in the eti-
7 ology (13-18). Recently, cigarette smoking
has been suggested as another common risk
factor for the anogenital epidermoid cancers
(6, 7, 19), and the observation of a signifi-
cant increase in lung cancers following anal
cancer supports this hypothesis (20). To ex-
tend the study of these and other potential
associations, we investigated multiple pri-
maries prior and subsequent to a diagnosis
of anal epidermoid carcinoma in a well-
, monitored, unselected population.

MATERIALS AND METHODS

National incidence data on all cancers
have been collected in the Danish Cancer
Registry since 1943 (21). A total of 970 in-
vasive epidermoid anal cancer patients di-
agnosed during 1943-1989 were identified
from the registry files as described previ-
ously (1). Patients with other cancers in the
anorectal region (adenocarcinomas and
melanomas) were not included, because
there is no evidence to suggest a shared eti-
ology with epidermoid anal cancer. Vital
and migration statuses as of December 31,
1989 were obtained for every person under
study by linkage to the Central Population
Register.

Previous cancers

Among anal cancer patients, we investi-
gated cancers diagnosed during the period
from January 1, 1943 (or date of birth for
persons born later) until one month before
the anal cancer diagnosis. To evaluate the
expected cancer incidence, we designed a
matched case-control study. Controls were
drawn from the Central Population Register,
which was initiated on April 1, 1968. Of the
970 anal cancer patients, 831 were alive on
that date. For each case, 15 sex- and age-
matched (£ one day) population controls
were chosen who were alive on the date of
diagnosis of the anal cancer in the case. Con-
sequently, corresponding cases and controls
had exactly the same time at risk prior to the
anal cancer diagnosis. Out of 12,465 con-
trols, 89 (0.7 percent) were excluded from

the analysis because they had emigrated or
were lost to follow-up (0.04 percent) before
the date of diagnosis of the index anal can-
cer. Left in the study of previous cancers
were 831 anal cancer cases (264 men and
567 women) and 12,376 controls (3,922
men and 8,454 women). All recorded inva-
sive cancers in the Danish Cancer Registry
that occurred among cases and controls were
identified. By means of conditional logistic
regression analysis for matched data, odds
ratios adjusted for sex and marital status
were calculated as indicators of the relative
risk (22).

Subsequent cancers

Of the 970 anal cancer patients, 15 pa-
tients who died within one month after di-
agnosis were excluded, leaving 955 patients
(323 men and 632 women) in the study of
subsequent primaries. The period of fol-
low-up for cancer occurrence was calculated
from the month following the date of diag-
nosis of the anal cancer to the date of death,
emigration, or December 31, 1989, which-
ever came first. The age-, sex-, and period-
specific national incidence rates were ap-
plied to the appropriate person-years under
observation to obtain the number of cancers
expected had the anal cancer patients expe-
rienced the same cancer incidence as pre-
vailed in the general population of Den-
mark. We used the ratio of observed to
expected cancers as a measure of the relative
risk, and 95 percent confidence intervals
were calculated using Byars limits (23), as-
suming a Poisson distribution of the ob-
served cancer events. To test if zero ob-
served second cancers in a specific site
was significantly below the expected, onc-
sided exact 95 percent confidence intervals
were calculated as: (0.0; —=In(0.05)/expected
number).

RESULTS

Previous cancers

Among men, 21 anal cancer patients had
22 previous cancers compared with 200 con-
trols with 212 cancers. Among women, 59
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+anal cahcer patients had 62 previous cancers
compared with 560 controls with 603 pre-
vious cancers. An overall 1.7-fold risk (95

percent confidence interval (CI) 1.3-2.1) of

a previous cancer was observed in anal can-
cer patients of both sexes (table 1). Men di-
agnosed with anal cancer at a younger age
(<68 years) had previous cancers diagnosed
much more frequently than did controls
(odds ratio (OR) = 8.9, 95 percent CI 4.1-
19.3) (table 2). In men above age 60 years,
the corresponding odds ratios were not sig-
nificantly elevated. In women, no signifi-
cant excess risk of previous cancers was ap-
parent in younger anal cancer patients (<60
years).

Women with anal cancer had a marked
excess of previous gynecologic cancers
(OR = 3.1, 95 percent CI 2.1-4.6). In par-
ticular, patients with cancers of the vulva
and vagina were at risk of developing anal
cancer (OR = 15.4, 95 percent CI 4.9-48.0),
but cervical cancer patients also had an in-
creased risk (OR = 4.3, 95 percent CI 2.7-
6.9) (table 3). The number of previous can-
cers of the uterine corpus and ovary did not
differ significantly from the number ex-
pected.

More anal cancer patients than controls
had previous lymphoma/leukemia (OR =

3.9, 95 percent CI 1.5-10.4) (table 1). Three
men were diagnosed in 1961, 1975, and
1982 with a non-Hodgkin’s lymphoma
(OR = 7.1, 95 percent CI 1.8-27.6),
whereas two women had a chronic lym-
phatic leukemia and multiple myeloma prior
to the anal cancer (OR = 2.5, 95 percent CI
0.6~11.1). The number of previous respira-
tory cancers (larynx, n = 1; lung, n = 2)
appeared high as well, but this finding was
not statistically significant (OR = 2.3, 95
percent CI 0.7-7.6).

Subsequent cancers

After the anal cancer, 323 men were fol-
lowed for 1,655 person-years and 632
women for 3,531 person-years. In total, we
observed 36 subsequent cancers in 36 men
and 57 subsequent cancers in 51 women
(relative risk (RR) = 1.4, 95 percent CI 1.1~
1.7) (table 4). '

Men had 2.2 and women 3.1 times more
respiratory system cancers than expected
(95 percent CI 1.1-3.9 and 1.4-5.9, respec-
tively). Lung cancer (RR = 2.3, 95 percent
C11.3-3.7) constituted the majority of these
cases (n = 16), but even higher relative risks
were found for second cancers of other parts
of the respiratory tract: nasal cavity and

TABLE 1. Odds ratios (OR) for previous cancers in various organ systems in 831 anal cancer
patients and 12,376 matched population controls, Denmark, 1943-1989

No. of previous cancers

Site ot Men and

previous Men Women women

cancer Cases* Controlst ORf$ (95% CI§) Cases Controls OR (95% Ci) OR (95% CI)
All malignancies|| 21 200 1.7 (1.1-2.8) 59 560 1.6(1.2-22) 1.7(1.3-2.1)
Lip, mouth, pharynx i 13 1.3 (0.2-10.0) 0 13 0 0.6 (0.1-4.2)
Digestive organs 5 39 2.2 (0.8-5.6) 3 75 06(0.2-19) 1.1(0.5-2.2)
Respiratory system 2 12 2.6 (0.6-12.1) 1 8 1.9(0.2-15.3) 2.3(0.7-7.6)
Breast 0 1 0 10 154  1.0(0.5-1.9) 1.0(0.5~1.8)
Female genital organs 35 177  3.1(2.1-4.6)
Male genital organs 2 33 0.9 (0.2-3.9)
Urinary system 4 41 1.5 (0.54.1) 1 23 0.7(0.1-4.9) 1.2(0.5-29)
Skin 4 61 1.0 (0.4-2.8) 8 112 1.0(05-2.1) 1.0(0.6-1.9)
Lymphoma/ieukemia 3 7 7.1(1.8-27.6) 2 12 25(0.6-11.1) 3.9(1.5-10.4)
Other 0 4 0 2 23 1.3(0.3-5.5) 1.1(0.3-4.7)

* Anal cancer patients,

t Population controls matched by sex and age (* one day).

$ Odds ratios adjusted for sex and marital status.

§ CI, confidence interval.

|| The odds ratios for the category “All malignancies” were caiculated based on persons with previous cancer diagnoses irrespective
of the number of cancers in the individual patients. One male case and 7 controls (1 man and 6 women) had two distinct previous
cancers within the same organ system. Each counted only once in the odds ratio calculations for the respective organ system.
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;“I‘ABLE . Odds ratios (OR) by age and sex for previous cancers in 831 anal cancer patients and
; 12,376 matched population controls, Denmark, 1943-1989

No. of previous cancers

Men and

(ygg?s) Men Women women
Cases* Controlst OR% (95% CI§) Cases Controls OR (95% Ct) OR (35% CI)
<60 11 21 8.9 (4.1~19.3) 1 98 1.7 (0.9-3.3) 2.9(1.8-4.7)
60-69 5 40 2.0(0.7-5.2) 23 172 2.2 (1.3-3.4) 2.1 (1.4-3.2)
=70 5 139 0.6 (0.2-1.4) 25 290 1.3 (0.9-2.0) 1.1 (0.7-1.6)
Total 21 200 1.7 (1.1-2.8) 59 5GQ 1.6 (1.2-2.2) 1.7 (1.3-2.1)

* Anal cancer patients.

t Poputation controls matched by sex and age (* one day).
$ Odds ratios adjusted for sex and marital status.

§ CI, confidence interval. :

|| Age at diagnosis of anal cancer in cases or corresponding age in controls.

TABLE 3. Odds ratios (OR) for previous gynecologic cancers and relative risks (RR) for subsequent
gynecologic cancers in women with anal cancer and population controls, Denmark, 1943-1989

Site of No. of previous cancers before anal cancer* No. of subsequent cancers after anal cancert

cancer Cases Controls ORt (95% Ci§) Observed  Expected RRY (95% CI)
Vulva and vagina 6 6 15.4 (4.948.0) 5 04 12.3 (4.0-28.7)
Uterine cervix 23 82 4.3 (2.7-6.9) 2 1.6 1.3(0.1-4.5)
Uterine corpus 3 65 0.7 (0.2-2.2) 1 2.2 0.5 (0.0-2.5)
Ovary 3 25 1.9 (0.6-6.2) 1 1.9 0.5 (0.0-2.9)
Total 35 1779 3.1(2.1-4.6) 9 6.1 1.5(0.7-2.8)

* Previous gynecologic cancers among 567 female anal cancer patients and 8.454 sex- and age-matched (= one day) controls.
t Subsequent gynecologic cancers among 632 female anal cancer patients compared with the entire Danish female population.

t Odds ratios adjusted for marital status.
§ Cl, confidence interval.

Il Relative risk estimated as the ratio of observed to expected numbers.

1 One control had two previous gynecologic cancers.

paranasal sinuses (n = 1) (RR = 7.9, 95
percent CI 0.1-43.9), larynx (n = 2) (RR =
4.4, 95 percent CI 0.5-15.8), and pleura
(n=1)(RR = 6.0, 95 percent C1 0.1-33.1).
Numbers were too small, however, to be sig-
nificantly elevated.

Women had 2.6 and men 1.7 times the
expected incidence of urinary system tu-
mors (95 percent CI 1.0-5.7 and 0.5-3.9,
respectively). Bladder tumors (including
one urethral tumor) were the most frequent
urinary system tumors (n = 8, RR = 2.3,95
percent CI 1.0-4.6). Cancer of the kidney
was diagnosed in three patients (RR = 1.6,
95 percent Cl 0.3-4.7).

A significantly increased risk of acquiring
a subsequent breast cancer was found in
women with anal cancer (RR = 2.0, 95 per-
cent CI 1.2-3.3).

Five cancers of the vulva and vagina were
observed compared with 0.4 expected
(RR = 12.3, 95 percent CI 4.0-28.7) (table
3). We found more cancers of the vulva/

vagina and cervix than expected (RR = 3.5,
95 percent CI 1.4-7.2) but fewer than ex-
pected cancers of the uterine corpus and
ovary (RR = 0.5, 95 percent CI 0.1-1.8).
Six out of seven male genital cancers oc-
curred in the prostate (RR = 1.6, 95 percent
CI 0.6-3.5). One case of penile cancer was
observed compared with 0.1 expected.

Only 12 cancers of the digestive organs
were observed compared with 19.7 expected
(RR = 0.6, 95 percent CI 0.3-1.1): stomach
cancer in two patients (RR = 0.5, 95 percent
Cl 0.1-1.7), colorectal cancer in three pa-
tients (RR = 0.3, 95 percent CI 0.1-0.9).
and cancer of the small intestine (both car-
cinoid tumors) in two patients (RR = 10.8.
95 percent Cl 1.2-39.0).

Patients diagnosed with anal cancer at an
earlier age (<60 years) had a high incidence
of subsequent cancers (RR = 2.1, 95 percent
CI 1.6-2.7), whereas older patients did not
experience such an excess (table 5). The
anatomic distribution of subsequent cancers
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patients, Denmark, 1943-1989

i TABLE 4. Relative risks (RR) for subsequent cancers in various organ systems in 955 anal cancer

No. of subsequent cancers

Site of _ Men and
subsequent Men Women women
cancer Observed* Expectedt AR (95% CI§) Observed Expected RA (95% Cf) 1 (95% C)
All malignancies 36 27.3 1.3 (0.9-1.8) 57 41.2 1.4(1.0-1.8) 1.4(1.1-1.7)
Lip, mouth, pharynx 1 0.7 1.4 (0.0-8.0) 0 0.5 0(0.0-5.9) 0.8(0.0-4.6)
Digestive organs 6 8.1 0.7 (0.3-1.6) 6 116 05(0.2-1.1) 0.6(0.3-1.1)
Respiratory system 11 5.0 2.2(1.1-3.9) 9 29 3.1(14-59) 2.5(1.5-3.9)
.Breast 0 0.0 16 78 20(1.2-3.3) 2.0(1.2-3.3)
Female genital
organs 9 6.1 1.5 (0.7-2.8)
Male genital organs 7 3.9 1.8 (0.7-3.7)
Urinary system 5 3.0 1.7 (0.5-3.9) 6 23 26(1.0-5.7) 2.1(1.0-3.7)
Skin 4 3.6 1.1 (0.3-2.8) 5 53 0.9(0.3-2.2) 1.0(0.5-1.9)
Lymphoma/leukemia 2 1.6 1.3(0.14.5) 2 2.1 0.9 (0.1-34) 1.1(0.3-2.8)
Other 0 1.3 0 (0.0-2.3) 4] 26 1.6 (0.44.0) 1.0(0.3-2.7)

* Observed numbers of subsequent cancers in 955 anal cancer patients (323 men and 632 women).
t Expected numbers of subsequent cancers based on population rates.
$ Relative risk estimated as the ratio of observed to expected numbers.

§ Ci, confidence interval.
)| Three cases of brain cancer and one thyroid cancer.

TABLE 5. Relative risks (RR) by age and sex for subsequent cancers in 955 anal cancer patients,

Denmark, 1943-1989

No. of subsequent cancers

Men and

( yAeg?s) Men Women women
Observed®  Expectedt RRt (95% Ci§) Observed  Expected AR (95% CI) RR (95% C)
<60 16 9.7 1.7 (0.9-2.7) 36 15.2 24 (1.7-33) 2.1(1.6-2.7)
60-69 9 7.0 1.3 (0.6-2.4) 8 12.2 0.7 (0.3-1.3) 0.9(0.5-1.4)
=70 11 10.5 1.0 (0.5-1.9) 13 13.8 0.9 (0.5-1.6) 1.0(0.6-1.5)
Total 36 27.3 1.3 (0.9-1.8) 57 41.2 1.4(1.0-1.8) 1.4(1.1-1.7)

* Observed numbers of subsequent cancers in 955 anal cancer patients (323 men and 632 women).
t Expected numbers of subsequent cancers based on population rates.
$ Relative risk estimated as the ratio of observed to expected numbers.

§ Ci, confidence interval.
|| Age at diagnosis of anal cancer.

in the younger age group did not differ from
that in the patient population as a whole, but
associations were generally stronger (respi-
ratory system cancers, RR = 3.9; bladder
cancer, RR = 3.3; breast cancer, RR = 3.2;
vulval/vaginal cancer, RR = 31.9; and
lymphoma/leukemia (one woman with non-
Hodgkin’s lymphoma and two men with
leukemia), RR = 2.3).

DISCUSSION

Subsequent cancers have been widely
studied to generate and examine risk factor
hypotheses (24). The basic idea is that new
malignancies that occur in non-random ex-
cess following an index cancer may have

- one or more risk factors in common with the
index cancer. A measure often used is the
standardized morbidity ratio (SMR) (23), in
which expected numbers of cancers are cal-
culated on the basis of rates in a reference
population weighted according to the age
distribution in the patient group under study
(indirect standardization). The ratio be-
tween observed and expected cancers is an
estimate of the relative risk of subsequent
malignancies.

It seems reasonable to assume that studies
of previous cancers are as informative and
hypothesis generating as studies of second
cancers. This view, however, has not gained
general acceptance among researchers. One
reason is probably that it is not possible to
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apply the SMR method in studies of prevx-
ous cancers. The composmon of prevxous
cancers in any patient group is skewed in
favor of malignancies with a relatively good
prognosis compared with cancer experi-
ences in the general population. Therefore,
population rates do not serve as a proper
means to calculate expected numbers for the
SMR. We have overcome this problem by
using a matched case-control design, in
which cases and controls were matched on
1 sex, age, and vital status on the date of anal
cancer diagnosis in the case. In this way, we
have adjusted for the survivor status of the
case group, which otherwise could intro-
duce a serious selection bias toward a re-
duced relative risk for lethal cancers.

Patients diagnosed with anal cancer at a
younger age were particularly at increased
risk of other malignancies both before and
after the anal cancer. Apart from a possible
overlap in external risk factors between these
malignancies, a case for an increased under-
lying genetic susceptibility should be con-
sidered. Recent laboratory investigations
have detected an overexpression of identical
oncogene products in different cancers, in-
cluding epidermoid anal cancer (25), which
theoretically could contribute to the observed
associations with other malignancies.

A recent study of cancers after anal neo-
plasms (20) revealed associations essen-
tially identical to those presented here, even
though both’in-situ and non-epidermoid le-
sions were included in the study. We ob-
served a 4.3-fold risk of cervical cancer
prior to the diagnosis of anal cancer, which
supports previous findings of a link between
anal and cervical cancer (11, 12). Interest-
ingly, the association was less obvious with
respect to cervical cancer after a diagnosis
of anal cancer (RR = 1.3). A similar result
was observed by Rabkin et al. (20). The high
risk of cervical cancer before but not after
anal cancer probably reflects the much
younger age distribution for patients with
cervical cancer (11). Furthermore, increased
cervical smear screening activity in anal
cancer patients may to some extent have
lowered the number of subsequent invasive

cervical cancers. A clearer association (12-
to 15-fold risk) appeared with vulval/
vaginal cancer both prior to and after anal
cancer. This strongly argues for overlapping
risk factors.

Theoretically, the risk of anal and lower
gynecologic cancers could be influenced by
previous radiotherapy. Of the subsequent
cancers of the vulva, vagina, and cervix that
occurred at a median time period of 7.2
years (range 30-402 months) after anal can-
cer, only one patient (14 percent) had re-
ceived radiotherapy for the anal carcinoma.
Likewise, of 29 anal cancer patients who
had a lower genital organ cancer at a median
time period of 17.9 years earlier (range
1-486 months), only 15 (52 percent) had re-
ceived radiotherapy for the gynecologic ma-
lignancy (one of six with vulval cancer; 14
of 23 with cervical cancer). Therefore, it is
unlikely that radiotherapy has played an im-
portant role in the observed close associa-
tion between anal and lower gynecologic
cancers.

Case-control studies have found an in-
creased risk of anal cancer in heavy smokers
(6,7.19,26). We found a significant excess
of subsequent respiratory system cancers in
both sexes (RR = 2.5). The corresponding
relative risk before anal cancer was of the
same magnitude (OR = 2.3), but this esti-
mate was statistically unstable, probably be-
cause of the few long-term survivors from
lung cancer. The risk of another smoking-
associated cancer, bladder cancer, was simi-
larly elevated after (RR = 2.3), but not prior
to, anal cancer. The possible influence of
radiotherapy should be taken into consider-
ation here as well. However, only one of
eight subsequent bladder tumor patients had
received radiation therapy for the anal can-
cer. Rather than reflecting an effect of ra-
diotherapy. it seems plausible that the ex-
cess risk of lung and bladder cancers mirrors
overlapping risk factors.

Immunologic dysfunction may promote
anogenital carcinogenesis. We (14) and oth-
ers (27-29) have previously documented a
strong positive correlation between reduced
immune status and the presence of anal in-
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# traepitﬁelial abnormalities in homosexual/
‘' bisexual men infected with human immu-
nodeficiency virus (HIV), and immuno-
suppressed renal transplant patients have
been found to be at elevated risk of anal and
other anogenital cancers (30). If our present
finding of a nearly four times increased oc-
currence of previous lymphoma/leukemia
reflects a real association, it might either be
explained by a common risk factor or by the
hypothesis that lymphoma/leukemia in-
creases the risk of anal cancer. The observed
lymphomas (all in men) were diagnosed in
1961, 1975, and 1982, i.e., 8, 9, and 3 years
before the anal cancer, respectively, and al-
though all were of the non-Hodgkin’s type,
they are unlikely to represent a strong as-
sociation with HIV. Only one of these lym-
phomas was diagnosed in an unmarried man
after the introduction of the acquired immu-
nodeficiency syndrome epidemic in Den-
mark (31). All other men with previous can-
cers had married and were statistically at
low risk of HIV. We speculate whether im-
munodeficiency caused by lymphoma or
‘eukemia per se or by the cytotoxic or ra-
diation therapy of these malignancies some-
how facilitates the carcinogenic process in
anal lesions. However, although the asso-
ciation appears rather strong, data are too
sparse to reach any firm conclusions. Simi-
larly, further studies are needed to determine
whether the observed sex difference is real.

Only three cases of subsequent colorectal
cancers were observed compared with 10.1
expected (RR = 0.3), giving no support for
etiologic parallels between these tumors. By
contrast, the number of observed cases of
cancer of the small intestine was above the
expected. Prior to the diagnosis of anal can-
cer, one patient had this rare malignancy
(OR = 15.0, 95 percent CI 0.9-239.4), and
after anal cancer diagnosis, two patients
were diagnosed with cancer of the small in-
testine compared with 0.2 expected (RR =

10.8, 95 percent CI 1.2-39.0). Previously,
cancer of the small intestine has been re-
ported (20) to be in excess among survivors
from cervical cancer. Although these obser-
vations are limited, the data raise the pos-

sibility of shared risk factors for small in-
testine and anogenital cancers.

To our knowledge, our observation that
breast cancer occurred in excess after, but
not prior to, the diagnosis of anal cancer has
not been observed before. Recent advances
in molecular biology have revealed identical
gene alterations in breast cancer and anal
cancer tissue (32, 33). Thus, if the observed
association represents a real link, it might be
explained by genetic predisposition. Alter-
natively, the carcinogenic agents respon-
sible for anal and breast cancer might. op-
erate by causing the same somatic mutations
in anal and breast tissue.

Our results and those of other investigators
suggest a multifactorial etiology of anal can-
cer. We confirmed previous findings of a
strong link between anal cancer and lower
gynecologic cancers, particularly cancers of
the vulva and vagina. The excess risks of can-
cers of the lung and bladder support the hy-
pothesis that smoking plays a role in anal
cancer pathogenesis. It is hypothesized that
immunologic dysfunction several years prior
to the diagnosis of anal cancer may play some
role, but this association and the finding of a
high risk of multiple cancers in young pa-
tients with anal cancer need further study.
Finally, we believe that future multiple can-
cer studies, particularly of rare malignancies,
could benefit from the investigation of both
previous and subsequent cancer experiences,
since in such studies it is important to use
optimally the total cancer experience in each
of the few patients available.
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