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MMUNOSUPPRESSION ASSOCIATED

with human immunodeficiency vi-

rus (HIV) infection and the ac-

quired immunodeficiency syn-
drome (AIDS) markedly increases the
risk of Kaposi sarcoma (KS) and non-
Hodgkin lymphoma (NHL).' These ma-
lignancies and invasive cervical cancer
are the only AIDS-defining cancers in
HIV-infected individuals.* Other spe-
cific cancers also occur in excess, but the
risk pattern depends on the geographic
region and the HIV exposure group stud-
ied.** In industrialized parts of the world,
a high level of risk has been found for
anal cancer’ and Hodgkin disease,*® and
marginally significant increases were re-
ported for seminoma, multiple my-
eloma, and brain cancer.”® We used data
from the recently updated AIDS-
Cancer Match Registry Study to inves-
tigate the cancer pattern in the years sur-
rounding the time of AIDS diagnosis
among 302834 adult persons with HIV/
AIDS (PWAs) in the United States. Spe-
cifically, we aimed at identifying can-
cers that are likely to be influenced by
immunosuppression, distinguishing
them from those occurring in excess
among PWAs due to lifestyle-related ex-
posures linked to cancer risk indepen-
dently of immunosuppression.

METHODS

We linked cancer data to 366034 PWAs
from 11 areas, including the states of
Connecticut, Florida, Illinois, Massa-
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Context Large-scale studies are needed to determine if cancers other than Kaposi
sarcoma, non-Hodgkin lymphoma, and cervical cancer occur in excess in persons with
human immunodeficiency virus (HIV) infection or acquired immunodeficiency syn-
drome (AIDS).

Objectives To examine the general cancer pattern among adults with HIV/AIDS and
to distinguish immunosuppression-associated cancers from other cancers that may oc-
cur in excess among persons with HIV/AIDS.

Design, Setting, and Subjects Analysis of linked population-based AIDS and can-
cer registry data from 11 geographically diverse areas in the United States, including
302834 adults aged 15 to 69 years with HIV/AIDS. The period of study varied by reg-
istry between 1978 and 1996.

Main Outcome Measure Relative risks (RRs) of cancers, calculated by dividing the
number of observed cancer cases by the number expected based on contemporane-
ous population-based incidence rates. We defined cancers potentially influenced by
immunosuppression by 3 criteria: (1) elevated overall RR in the period from 60 months
before to 27 months after AIDS; (2) elevated RR in the 4- to 27-month post-AIDS
period; and (3) increasing trend in RR from before to after AIDS onset.

Results Expected excesses were observed for the AIDS-defining cancers, but non—
AIDS-defining cancers also occurred in statistically significant excess (n=4422; overall
RR, 2.7; 95% confidence interval [Cl], 2.7-2.8). Of individual cancers, only Hodgkin
disease (n=612; RR, 11.5; 95% Cl, 10.6-12.5), particularly of the mixed cellularity
(n=217; RR, 18.3; 95% Cl, 15.9-20.9) and lymphocytic depletion (n=36; RR, 35.3;
95% Cl, 24.7-48.8) subtypes; lung cancer (n=808; RR, 4.5; 95% Cl, 4.2-4.8); penile
cancer (n=14; RR, 3.9; 95% Cl, 2.1-6.5); soft tissue malignancies (n=78; RR, 3.3;
95% Cl, 2.6-4.1); lip cancer (n=20; RR, 3.1; 95% Cl, 1.9-4.8); and testicular semi-
noma (n=115; RR, 2.0; 95% Cl, 1.7-2.4) met all 3 criteria for potential association
with immunosuppression.

Conclusion Although occurring in overall excess, most non—-AIDS-defining cancers
do not appear to be influenced by the advancing immunosuppression associated with
HIV disease progression. Some cancers that met our criteria for potential association
with immunosuppression may have occurred in excess in persons with HIV/AIDS be-
cause of heavy smoking (lung cancer), frequent exposure to human papillomavirus
(penile cancer), or inaccurately recorded cases of Kaposi sarcoma (soft tissue malig-
nancies) in these persons. However, Hodgkin disease, notably of the mixed cellularity
and lymphocytic depletion subtypes, and possibly lip cancer and testicular seminoma
may be genuinely influenced by immunosuppression.
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chusetts, New Jersey, and New York, and
the metropolitan areas of Atlanta, Los
Angeles, San Diego, San Francisco, and
Seattle. Commercially available soft-
ware (AutoMatch versions 3.0 and 4.1;
MatchWare Technologies Inc, Burtons-
ville, Md) was used to implement a
probabilistic matching algorithm that
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evaluated the likelihood of subject link-
age on the basis of identical or near-
identical information in AIDS and can-
cer registries. Before data linkage, we
obtained institutional review board ap-
proval at all participating AIDS and can-
cer registries to ensure patient confiden-
tiality. Details of the linkage procedure
have been described elsewhere.’

This study describes the cancer pro-
file of 302834 adults (age 15-69 years)
diagnosed with AIDS between 1978 and
1996. We excluded 56669 persons
whose AIDS diagnoses occurred out-
side the period when corresponding can-
cer registries were considered com-
plete, 4954 children aged 0 to 14 years
at AIDS diagnosis (dealt with in detail
elsewhere'?), and 1577 persons aged 70
years or older at AIDS diagnosis. The pe-
riod covered varied by registry, but all
regions included the 12-year period from
January 1983 through December 1994,
except San Diego, where cancer regis-
tration started in January 1988. For 2.3%
of the study subjects, we backdated the
onset of AIDS to the date of an AIDS-
defining cancer (KS, n=5155; NHL,
n=1731; invasive cervical cancer,
n=182) recorded in the cancer registry
up to 5 years before the date of onset re-
corded in the AIDS registry. In exam-
ining the non—AIDS-defining cancers, we
studied only invasive cancers and used
the International Classification of Dis-
eases for Oncology, second edition'' to
define cancer categories. Analyses were
made for KS, NHL, and for specific sites
(excluding KSand NHL). We studied all
cancer types, except non-melanoma skin
cancers. The latter were disregarded, be-
cause non-melanoma skin cancers are
incompletely recorded in cancer regis-
tries and may include inadequately re-
corded cases of KS, the single most com-
mon cancer among PWAs.

Measures of Relative Risk

Using methods similar to those of a pre-
vious study,” which assessed cancer risks
in persons diagnosed with AIDS be-
tween 1978 and 1990, we studied the
relative risk (RR) of cancer from 60
months before to 27 months after AIDS
onset in the following intervals: from 60
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to 25 months before AIDS (distant pre-
AIDS period, during which most of the
PWAs were likely to be HIV-infected but
unlikely to have developed severe im-
munosuppression), from 24 to 7 months
before AIDS (recent pre-AIDS period, dur-
ing which most of the PWAs ap-
proached the time of opportunistic in-
fections and cancers that define AIDS),
from 6 months before to 3 months af-
ter AIDS (AIDS period), and from 4 to
27 months after AIDS (early post-AIDS
period, which was truncated at 2 years
after the AIDS period to avoid an over-
estimation of the number of PWAs un-
der surveillance). To extract the maxi-
mum information available for rare
cancers (ie, those with <25 cases), we
also studied cancers occurring from 28
to 60 months after AIDS (late post-
AIDS period, which was used only in the
evaluation of pre- to post-AIDS trends
for rare cancers). For each interval, the
RR was the ratio of observed to ex-
pected cancers derived from contempo-
raneous population-based incidence
rates. By definition, all PWAs who had
cancer in the 5 years prior to AIDS sur-
vived long enough after their cancer di-
agnosis to develop AIDS. Failure to take
this survival factor into account has a
major impact on the RR estimates.® Con-
sequently, estimates of the expected can-
cers, to which observed cases were com-
pared, had to take into account that some
individuals developed cancer and died
or were lost to follow-up before they de-
veloped AIDS. To do so, we calculated
survival-conditioned cancer incidence
rates covering each month back to 5
years before AIDS, as described else-
where.? Because reliable cancer sur-
vival data are not available for HIV-
infected persons, we used cancer survival
data from the Surveillance, Epidemiol-
ogy, and End Results (SEER) program
for the period 1981-1993 to adjust the
pre-AIDS incidence rates. The result-
ing survival-conditioned cancer inci-
dence rates were calculated for the 11
regions combined, in strata of sex, race
(white, black, other/unknown), and age
(5-year age groups). Stratum-specific
monthly survival-conditioned inci-
dence rates were multiplied by the ap-

propriate person-months of observa-
tion among the PWAs and the products
were summed to yield the expected
number of pre-AIDS cancers. For the
post-AIDS periods, we constructed 1
combined set of sex-, race-, age-, and pe-
riod-specific incidence rates for the 11
regions under study. Expected num-
bers of cancers were calculated as the
sum of stratum-specific products of
background cancer incidence and per-
son-months at risk among the PWAs.'?

To provide an overall RR estimate, we
used the sum of observed cancers over
the sum of expected cancers for the 7.25-
year period from 60 months before to 27
months after AIDS. We did not include
cancers from the late post-AIDS period
in this overall RR measure because the
number of PWAs under observation in
this interval may have been overesti-
mated (and RRs underestimated) due to
unrecorded late deaths and migration out
of the catchment areas. For the AIDS-
defining cancers, we only provide an es-
timate of the RR in the early post-AIDS
period since, by definition, none of these
cancers occurred before AIDS. We cal-
culated 95% confidence intervals (Cls)
assuming a Poisson distribution of the
observed cancers.!? When zero cancers
occurred, 1-sided exact 95% Cls are pro-
vided with the upper confidence limit
calculated as [ -1n(0.05)/expected num-
ber of cancers]. The RRs were calcu-
lated by sex, ethnic group (white, black,
Hispanic, other/unknown), and HIV ex-
posure group (homosexual contact [in-
cluding homosexual intravenous drug
users, men only]; heterosexual contact;
non-homosexual intravenous drug
users; patients infected during treat-
ment for hemophilia or other bleeding
disorders, or via transfusion or trans-
plantation; and other/unknown HIV
exposure), according to AIDS registry in-
formation. Sex-, ethnic group—, and age-
specific background rates were used to
calculate expecteds in all analyses. Since
background cancer rates were not avail-
able for Hispanics, expected cancers in
this group were based on cancer rates
for whites.

Malignancies may occur in excess
among PWAs for reasons unrelated to
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Table 1. Demographic Characteristics and Route of HIV Transmission Among 302 834 Adults
(Age 15-69 Years) With AIDS, AIDS-Cancer Match Registry Study, United States, 1978-1996*

Characteristic

Men, No. (%) Women, No. (%)

Age at AIDS diagnosis, y

- 39056 (15.4) 11243 (23.0)
30-39 116987 (46.1) 23532 (48.1)
40-49 70252 (27.7) 10334 (21.1)
50-59 21403 (8.4) 2776 (5.7)
60-69 6187 (2.4) 1064 (2.2)
15-69 253885 (100) 48949 (100)
Median (range) 37 (15-69) 35 (15-69)

Year of diagnosis, median (range) 1991 (1978-1996) 1992 (1979-1996)
Ethnic group
White 121464 (47.8) 10497 (21.4)
Black 80526 (31.7) 28020 (57.2)
Hispanic 49134 (19.4) 10093 (20.6)
Other/unknown 2761 (1.1) 339 (0.7)
Route of HIV acquisition
Homosexual contact 143619 (56.6)
Homosexual contact + intravenous drug use 15674 (6.2)
Heterosexual contact
With unspecified partner of opposite sex 7782 (3.1) 7312 (14.9)
With bisexual male partner 1249 (2.6)
With nonbisexual male partner S 8709 (17.8)
Intravenous drug uset 67096 (26.4) 24258 (49.6)
Transfusion or transplantation 1656 (0.7) 1361 (2.8)
Hemophilia or other bleeding disorders 1347 (0.5) 105 (0.2)
Unknown# 16711 (6.6) 5955 (12.2)

*HIV indicates human immunodeficiency virus; AIDS, acquired immunodeficiency syndrome; and ellipses, not appli-

cable.
TExcludes male homosexual intravenous drug users.

FIncludes 1 male and 2 females who were HIV-infected vertically.

immunosuppression such as smoking
and exposure to sexually transmitted
human papillomavirus. To identify can-
cers that are likely to be influenced by
the waning immune competence dur-
ing the course of HIV infection and
AIDS, we expanded previously de-
fined criteria” to also include the de-
mand for a statistically significantly el-
evated overall RR. Specifically, a cancer
was considered potentially influenced
by immunosuppression when all of 3
criteria were met: (1) the overall RR for
the period from 60 months before to 27
months after AIDS was significantly el-
evated; (2) the RR in the early post-
AIDS period was significantly el-
evated; and (3) there was a statistically
significant increasing trend in the RRs
from before to after AIDS onset. To
evaluate the trend, we modeled the RR
in a Poisson regression model as:
In(O/E)) =a+Bt;, where O, and E; were
the observed and expected numbers of
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cancers, respectively, in the indi-
vidual periods included in the trend test,
and a was the sum of observed di-
vided by the sum of expected cancers
for periods contributing information to
the trend test (with t;, the midpoint of
the time interval, measured from AIDS
onset). In this model, a 2-sided score
test’ of B=0 evaluated whether RR
changed over time. We attributed the
observation of rather extreme RRs in the
AIDS period for cancers at most sites
to the generally increased diagnostic ac-
tivity around the time of AIDS diagno-
sis (ascertainment bias). To avoid the
influence of such ascertainment bias,
we disregarded cancers occurring in the
AIDS period in the trend test. Conse-
quently, we used information from the
distant and recent pre-AIDS periods and
the early post-AIDS period in trend
tests, using midpoints for these inter-
vals (t=-42.5,-15.5, and 15.5 months,
respectively) as values of t,. However,

for cancers with fewer than 25 ob-
served cases, we also included data from
the late post-AIDS period (t=44
months) in the trend test, to use the
maximum information available. Since
underascertainment of deaths and mi-
gration out of the catchment areas ren-
ders the person-time at risk in the late
post-AIDS period too high, and thus the
corresponding RR too low, the trend
test for these less common cancers is
likely to be conservative.

We performed 2 sensitivity analyses
to assess the robustness of our find-
ings. In one, we based the trend test only
on cancers occurring in the 2 pre-AIDS
periods and the AIDS period (¢t values
of-42.5,-15.5, and-1.5 months,
respectively). This test is likely to be bi-
ased toward finding too many positive
trends because of high RRs in the AIDS
period due to ascertainment bias, as de-
scribed above. In the second, we split the
AIDS-relative time axis into 3 new pre-
AIDS periods (60 to 41 months, 40 to
21 months, and 20 to 7 months before
AIDS), the AIDS period (6 months be-
fore to 3 months after AIDS), and 2 new
post-AIDS periods (4 to 24 months and
25 to 60 months after AIDS), using mid-
points for the pre-AIDS periods
(t=-50.5,-30.5, and - 13.5 months) and
the early post-AIDS period (t=14
months). When numbers of cancers
were small (<25), we also used the late
post-AIDS period (t=42.5 months) in
trend tests.

RESULTS

Demographic characteristics and route
of HIV acquisition for the 302834 adult
PWAs are shown in TABLE 1. Nearly
half were between 30 and 39 years old
at AIDS onset and most were younger
than 50 years. Whites were the largest
group among men (47.8%), whereas
blacks predominated among women
(57.2%). Homosexual men (including
homosexual intravenous drug users)
constituted 62.8% of the men, and an
additional 26.4% were non-homo-
sexual intravenous drug users. Only
3.1% of the men were HIV-infected
through heterosexual contact. Among
women, 49.6% were infected through

©2001 American Medical Association. All rights reserved.



intravenous drug use, and 35.3% were
infected heterosexually (Table 1).

AIDS-Defining Cancers

Among men, KS was an AIDS-
defining cancer or occurred within 27
months after another AIDS-defining
event in 20848 persons (9.9%), while
NHL occurred in 8622 persons (3.4%).
Among women, corresponding num-
bers were 307 KS cases (0.8%), 728
NHL cases (1.5%), and 348 invasive cer-
vical cancer cases (0.7%). Among men,
the post-AIDS RR for KS (n=5823;
RR,175.8) was highest among homo-
sexual PWAs (n=5410; RR, 267.2)
while, among women, the post-AIDS
RR for KS (n=113; RR, 405.2) was high-
est among those who were HIV-
infected by a bisexual man (n=11; RR,
2044.2). The post-AIDS RR for NHL
was 72.8, with RRs of 71.7 among men
(n=3073) and 88.4 among women
(n=271). The post-AIDS RR for cervi-
cal cancer was 5.2 (n=46) (TABLE 2).

Non-AIDS-Defining Cancers

Overall, 4422 invasive cancers other than
AIDS-defining cancers and non-
melanoma skin cancers occurred vs
1611.3 expected (RR, 2.7; 95% CI,
2.7-2.8). The overall excess of non—
AIDS-defining cancers was seen in both
men (n=3757; RR, 2.8; 95% CI, 2.7-
2.9) and women (n=665; RR, 2.4; 95%
CI, 2.2-2.6). Significant overall ex-
cesses were seen for cancers at several
sites (Table 2). Of the more than 60 in-
dividual cancer types studied, all 3 cri-
teria for potential association with im-
munosuppression were met only for 6
cancers: Hodgkin disease, lip cancer,
lung cancer, soft tissue malignancies, pe-
nile cancer, and testicular seminoma
(Table 2, FIGURE). Other/unspecified
lymphatic/hematopoietic cancers, un-
specified types of cancer of brain and
central nervous system, and cancers at
unknown or ill-defined primary sites also
met all 3 criteria. However, these latter
groups of unspecified cancers likely
comprise considerable proportions of the
much more common AIDS-defining can-
cers, notably inaccurately classified cases
of NHL, including brain lymphoma. It
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should be noted that for data assessed
by trend test (Figure), the generally
higher frequency of cancers occurring
in the AIDS period is likely, in part, to
be an artifact of ascertainment bias. Be-
cause it is impossible to know the ex-
tent of possible bias, cancer data from
the AIDS period were not included in the
trend test.

Cancers Potentially Influenced
by Immunosuppression

Hodgkin Disease. The overall RR for
Hodgkin disease (n=612) was 11.5-
fold increased, being higher in men
(n=558; RR, 12.0) than in women
(n=54; RR, 8.3) (TABLE 3). However, for
each sex, differences were small among
the major HIV exposure categories (men:
homosexual contact [n=386; RR, 12.5];
heterosexual contact [n=14; RR, 11.0];
intravenous drug use [n=121; RR, 10.7];
women: heterosexual contact [n=17;
RR, 7.0]; intravenous drug use [n=25;
RR, 7.7]). For men and women com-
bined, the RR increased from 2.6 in the
distant pre-AIDS period to 9.8 in the re-
cent pre-AIDS period and 6.7 in the early
post-AIDS period (P for trend, <.001)
(Figure). Significant trends were seen in
separate analyses for men (P<<.001) and
women (P=.04), and for subgroups of
homosexual men (P<<.001) and intra-
venous drug—using men (P=.004).
The expected distribution of histo-
logic subtypes of Hodgkin disease was
nodular sclerosis (64%), mixed cellular-
ity (26%), lymphocytic predominance
(8%), and lymphocytic depletion (2%).
For PWAs with histologically specified
Hodgkin disease (n=403), the excess was
much greater for mixed cellularity (54%;
overall RR,18.3) and lymphocytic deple-
tion (9%; overall RR, 35.3) than for
nodular sclerosis (34%; overall RR, 4.7)
or lymphocytic predominance (3%; over-
allRR, 3.0) (Table 2). In the distant pre-
AIDS period, RRs for the mixed cellu-
larity (n=25; RR, 5.2) and lymphocytic
depletion (n=2; RR, 4.8) subtypes were
already increased, but not for nodular
sclerosis (n=12; RR, 0.9) or lympho-
cytic predominance (0 observed vs 1.6
expected) subtypes. Even in the late post-
AIDS period, the RR remained signifi-

cantly high for the mixed cellularity sub-
type (n=7; RR, 7.7;95% CI, 3.1-15.9).

Lung Cancer. Lung cancer (n=808)
was the most frequently diagnosed non—
AIDS-defining cancer. The RRs in-
creased from 1.2 in the distant pre-
AIDS period to 2.7 in the recent
pre-AIDS period and 2.8 in the early
post-AIDS period (P for trend<<.001)
(Figure). The crude lung cancer inci-
dence in the early post-AIDS period was
slightly higher in male than female
PWAs (80.1 vs 68.0 per 100000), but
the overall RR was higher in women (RR,
7.1) than men (RR, 4.3) (Table 3). Al-
though many women developed lung
cancer (n=110), the pre- to post-AIDS
trend was significant only in men and
in subgroups of whites (P=.002) and
homosexuals (P<<.001). All 3 statisti-
cal criteria for potential association with
immunosuppression were met for squa-
mous cell carcinoma, adenocarci-
noma, and other and unspecified types
of lung cancer (Table 2).

Penile Cancer. Anogenital cancers of
the cervix, anus, vulva/vagina, and pe-
nis occurred in significant overall ex-
cess, but the trend test was significant
only for penile cancer (n=14) (Table
2, Figure). Blacks, Hispanics, and in-
travenous drug users were at particu-
larly elevated risk (Table 3).

Soft Tissue Malignancies. Seventy-
eight malignant tumors originated in soft
tissues (overall RR, 3.3) (Table 2).
Twenty-five (32%) were histologically
unspecified, 14 (18%) were soft tissue
sarcomas, and 12 (15%) were leiomyo-
sarcomas. Including 6 leiomyosarco-
mas at sites other than soft tissues, the
overall RR for leiomyosarcoma was
2.3 (Table 2). The excess risk for leio-
myosarcoma was statistically signifi-
cant only among the 15- to 29-year-old
PWAs (n=7; overall RR, 17.3; 95% CI,
6.9-35.7). Angiosarcomas occurred in
approximately 13-fold excess, but the
trend test was not significant (Table 2).

Lip Cancer. The overall RR for lip
cancer was 3.1 (Table 2). All 20 cases
of lip cancer occurred in males, but only
0.14 cases were expected in women.
For men and women combined, RRs
increased steadily from 1.6 in the
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Table 2. Relative Risk of Cancer Among 302 834 Adults (Age 15-69 Years) With AIDS From 60 Months Before to 27 Months
After AIDS Onset, AIDS-Cancer Match Registry Study, United States, 1978-1996*

Pre- to Post-AIDS Period$ Early Post-AIDS Period§
(-60 to +27 mo) (+4 to +27 mo)
I 1 I ] P Value for
No. of PWAs No. of PWAs Pre- to Post-AIDS
Cancert With Cancer RR (95% ClI) With Cancer RR (95% Cl) Trend||
AIDS-defining cancers
Kaposi sarcomafl 21155 NA 5936 177.7 (173.2-182.3) NA
Non-Hodgkin lymphoma 9350 NA 3344 72.8 (70.4-75.3) NA
Cervical carcinoma 348 NA 46 2(3.8-6.9) NA
Non-AIDS-defining cancers 4422 2.7 (2.7-2.8) 1127 1(2.0-2.3) <.001
Lymphatic/hematopoietic system, 1008 8.0 (7.5-8.5) 195 3(4.6-6.1) <.001
except non-Hodgkin lymphoma
Leukemia, overall 175 6(3.1-4.1) 35 1(1.5-2.9) .57
ALL 37 4 (5.2-10.3) 2 1(0.1-3.9) .99
CLL 12 9(0.5-1.7) 2 6(0.1-2.3) .30
ATLL 10 445 (21.4-81.9) 2 14.7 (1.8-52.9) .93
AML 35 .2(2.9-5.9) 10 .5 (1.2-4.5) .15
CML 19 6 (1.0-2.5) 2 6(0.1-2.1) .06
Other/unspecified leukemias 62 6.2 (4.7-7.9) 17 4.3 (2.5-6.8) .23
Hodgkin disease 612 11.5 (10.6-12.5) 81 6.7 (5.3-8.3) <.001
Mixed cellularity 217 18.3(15.9-20.9) 24 9.1 (5.8-13.5) .02
Lymphocytic depletion 36 35.3(24.7-48.8) 3 10.7 (2.2-31.2) .39
Lymphocytic predominance 11 0(1.5-5.4) 1 3(0.0-7.2) .56
Nodular sclerosis 139 7 (3.9-5.5) 18 8(1.7-4.5) .002
Unspecified types 209 31.8 (27.6-36.4) 35 17.2 (12.0-23.9) .02
Multiple myeloma 49 .6(1.9-3.4) 10 .7(0.8-3.0) .70
Other/unspecified lymphatic/ 172 32.8(28.1-38.1) 69 31.1(24.2-39.3) <.001
hematopoietic cancers
Lip, oral cavity, and pharynx 260 2.7 (2.4-3.1) 70 2.3(1.8-2.9) .054
Lip 20 3.1 (1.9-4.8) 7 5.1 (2.0-10.4) .04
Tongue 54 2.8(2.1-3.6) 12 1.7 (0.9-3.0) 42
Other mouth 74 1(2.4-3.9) 23 2(2.0-4.7) .35
Salivary glands 21 5(1.5-3.8) 4 8(0.5-4.5) .84
Tonsil 29 4(1.6-3.5) 8 8(0.8-3.6) .37
Oropharynx 17 0(3.5-9.7) 3 3(0.5-6.7) 71
Nasopharynx 27 6 (1.7-3.7) 6 8(1.0-6.1) .26
Digestive organs 637 3(2.1-2.5) 166 6(1.3-1.8) .08
Esophagus 33 6(1.1-2.3) 13 2(0.7-2.1) .10
Stomach 60 (1 5-2.5) 22 (1 0-2.4) .08
Small intestine 10 3(0.6-2.4) 1 4(0.0-2.1) 72
Colon/rectum 158 9(0.8-1.04) 34 6 (0.4-0.9) .80
Anus, not specified as SCC 16 11.9 (6.8-19.2) 7 14.3 (5.7-29.5) .57
Anus, SCC 221 33.8 (29.5-38.6) 50 22.8 (16.9-30.0) .95
Liver/intrahepatic bile ducts 87 7 (6.1-9.4) 23 1(2.0-4.6) .25
Pancreas 45 4(1.7-3.2) 15 3(0.7-2.2) .82
Respiratory and intrathoracic organs 960 1(3.9-4.4) 271 6 (2.3-2.9) <.001
Larynx 118 2.8(2.3-3.3) 21 1.7 (1.1-2.6) .97
Lung# 808 4.5 (4.2-4.8) 241 2.8 (2.4-3.1) <.001
Small cell carcinoma 68 3.2(2.5-4.1) 22 2.0(1.2-2.9) .66
SCC 191 3(3.7-4.9) 59 9(2.2-3.7) .02
Adenocarcinoma 228 4(3.9-5.1) 60 4(1.9-3.1) .04
Bronchioloalveolar carcinoma 15 3.2(1.8-5.3) 3 1.8(0.4-5.1) 43
Other/unspecified lung cancer 313 4 (4.8-6.0) 98 4(2.7-4.1) .02
Heart, mediastinum, pleura 20 6(2.8-7.1) 5 5(0.8-5.9) 51
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Table 2. Relative Risk of Cancer Among 302 834 Adults (Age 15-69 Years) with AIDS From 60 Months Before to 27 Months
After AIDS Onset, AIDS-Cancer Match Registry Study, United States, 1978-1996" (cont)

Pre- to Post-AIDS Period} Early Post-AIDS Period§
(-60 to +27 mo) (+4 to +27 mo)

[ 1 I ] P Value for
No. of PWAs No. of PWAs Pre- to Post-AIDS

Cancer With Cancer RR (95% Cl) With Cancer RR (95% CI) Trend||
Malignant melanoma 145 1.3(1.1-1.6) 27 1.0 (0.7-1.5) .83
Soft tissues 78 3.3(2.6-4.1) 25 3.6 (2.3-5.3) <.001
Angiosarcoma 23 13.4 (8.5-20.1) 7 12.9 (5.2-26.6) 14
Leiomyosarcoma 18 2.3(1.4-3.6) 6 2.3(0.9-5.1) 12
Breast 143 1.1(0.9-1.2) 17 0.5 (0.3-0.8) .02
Female genital organs™* 57 1.7 (1.3-2.2) 14 1.5(0.8-2.5) .62
Vulva/vagina 18 6.8 (4.1-10.8) 8 10.5 (4.5-20.8) .64
Corpus uteri 12 0.9 (0.5-1.5) 3 0.8 (0.2-2.4) .69
Ovary 23 1.5(1.0-2.3) 2 0.5(0.1-1.6) .96
Male genital organs 328 1.1(1.0-1.2) 70 0.8 (0.6-1.0) .61

Penis 14 3.9 (2.1-6.5) 5 5.1 (1.7-11.9) .046
Prostate 145 0.7 (0.6-0.9) 35 0.5 (0.4-0.7) .10

Testicular seminoma 115 2.0 (1.7-2.4) 22 1.8 (1.1-2.6) .003
Testicular non-seminoma 52 1.4(1.0-1.8) 8 1.0 (0.4-2.0) .51
Urinary system 128 1.0 (0.8-1.1) 33 0.9 (0.6-1.2) .16
Kidney 79 1.5(1.2-1.8) 21 1.2(0.7-1.8) 45
Bladder 41 0.6 (0.4-0.8) 7 0.4 (0.2-0.8) .69
Eye 10 2.0 (1.0-3.7) 4 3.1(0.8-8.0) .87

Brain and CNS 156 3.5(3.0-4.1) 55 3.6 (2.7-4.7) <.001
Specified types 72 1.7 (1.4-2.2) 14 1.0 (0.5-1.6) .31
Astrocytoma 33 1.7 (1.2-2.4) 1.1(0.4-2.4) .25
Glioblastoma multiforme 15 1.6 (0.9-2.7) 0.4(0.1-1.4) .85

Unspecified types 84 42.1(33.6-52.1) 41 46.3 (33.2-62.7) <.001
Thyroid 34 0.8 (0.5-1.1) 6 0.6 (0.2-1.3) .96

Cancer at unknown or ill-defined 454 14.8 (13.4-16.2) 170 10.3 (8.8-12.0) <.001

primary sites

*AIDS indicates acquired immunodeficiency syndrome; PWA, persons with human immunodeficiency virus infection or AIDS; RR, relative risk; ClI, confidence interval; NA, not
analyzed; ALL, acute lymphoid leukemia; CLL, chronic lymphoid leukemia; ATLL, adult T-cell leukemia/lymphoma; AML, acute myeloid leukemia; CML, chronic myeloid leukemia;
SCC, squamous cell carcinoma; and CNS, central nervous system.

TSpecified types of cancer that meet all 3 criteria for potential association with immunosuppression are marked in bold type. These criteria include the following: (1) a statistically
significantly elevated overall RR for the period from 60 months before to 27 months after AIDS; (2) a statistically significantly elevated RR in the early post-AIDS period; and (3) a
statistically significant increasing pre- to post-AIDS trend in the RR.

FNumbers for the AIDS-defining cancers pertain to the AIDS period and the early post-AIDS period. All cancers other than non-melanoma skin cancers with 10 or more cases are
listed in the table. Not listed are 77 cancers at the following sites: Pyriform sinus (n = 5), hypopharynx (n = 5), lip/oral cavity/pharynx, not otherwise specified (NOS) (n = 8), gall-
bladder (n = 2), other biliary tract (n = 4), gastrointestinal organs, NOS (n = 1), nasal cavities and middle ear (n = 5), accessory sinuses (n = 6), trachea (n = 1), thymus (n = 2),
bones/joints/cartilage (n = 9), retroperitoneum/peritoneum (n = 3), uterus, NOS (n = 3), placenta (n = 1), male genital organs, NOS (n = 2), renal pelvis (n = 5), ureter (n = 2), uri-
nary organs, NOS (n = 1), meninges (n = 2), adrenal glands (n = 8), and other endocrine organs (n = 2).

§Persons were considered at risk for Kaposi sarcoma, non-Hodgkin lymphoma, or cervical cancer in the early post-AIDS period only if they had not already been diagnosed with
Kaposi sarcoma, non-Hodgkin lymphoma, or cervical cancer, respectively, in connection with the AIDS diagnosis.

||All P values are 2-sided. All P values <.05 indicate statistically significant increasing trends in the RR from the pre-AIDS to the post-AIDS period, except for breast cancer, where
RRs decreased significantly from the pre-AIDS to the post-AIDS period.

fINumbers and post-AIDS RR for Kaposi sarcoma are based on 250 150 PWAs (211 246 men and 38 904 women) in all geographical areas studied, except Florida.

#Seven patients had 2 types of lung cancer.

**|nvolving female genital organs other than cervical cancer.

distant pre-AIDS period to 5.8 in the late
post-AIDS period (P for trend=.04).
Testicular Seminoma. Of 167 tes-
ticular cancers, 115 (69%) were semi-
nomas. The RR for testicular semi-
noma was 0.7 in the distant pre-AIDS
period, 2.0 in the recent pre-AIDS
period, and 1.8 in the early post-AIDS
period (P for trend=.003). The major-
ity of seminomas (78%) occurred in ho-
mosexual men (RR, 2.2) (Table 3). A

©2001 American Medical Association. All rights reserved.

high risk was seen in hemophilia pa-
tients (RR, 14.5;95% CI,3.9-37.1), but
numbers were small (n=4).

Other Cancers

Other cancers occurred in excess over-
all or in the early post-AIDS period (Table
2), including leukemia, multiple my-
eloma, and cancers of the oral cavity, sali-
vary glands, pharynx, esophagus, stom-
ach, anus, liver and intrahepatic bile

ducts, pancreas, larynx, heart, medias-
tinum and pleura, vulva/vagina, kid-
ney, and specified types of brain and cen-
tral nervous system cancers, as well as
melanoma, testicular non-seminoma,
and conjunctival carcinoma (n=7; over-
allRR, 14.0; 95% CI, 5.6-28.8). None of
these met the criterion of increasing trend
in RR in relation to AIDS onset.

The pattern for breast cancer was un-
usual. Overall, the number of breast
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Figure. Relative Risks in Relation to Time of AIDS Onset for Non-AIDS-Defining Cancers That Met Predefined Statistical Criteria for Potential
Association With AIDS-Related Immunosuppression
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The statistically significant overall relative risk (RR) with 95% confidence interval (Cl) (period from 60 months before AIDS to 27 months after AIDS onset) and the
2-sided P value for pre- to post-AIDS trend in RR are provided for each cancer category. Trend tests are based on cancer risks in the distant pre-AIDS period (-60
to—25 months), the recent pre-AIDS period (—24 to—7 months), the early post-AIDS period (4 to 27 months) and, for penile cancer and lip cancer, the late post-AIDS
period (28 to 60 months) and exclude the AIDS period (6 months before through 3 months after AIDS diagnosis; gray bars). AIDS indicates acquired immunodeficiency
syndrome; HIV, human immunodeficiency virus. Error bars indicate 95% confidence intervals.
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Table 3. Selected Non—AIDS-Defining Cancers Among 302 834 Adults (Age 15-69 Years) With AIDS, Post-AIDS Incidence and Overall
Relative Risks (RRs) by Sex, Ethnic Group, and HIV Exposure, AIDS-Cancer Match Registry Study, United States, 1978-1996*

Non-AIDS-Defining Hodgkin Lung Penile Soft Tissue Lip Testicular
Cancers, Overall Disease Cancer Cancer Malignancies Cancer Seminoma
No. of Observed Cancers (Incidence per 100 000 Person-years) in Period 4-27 mo After AIDS Onset
1127 (365.5) 81(26.3) 241 (78.2) 5(1.6) 25(8.1) 7(2.3) 22(7.1)
No. of Observed Cancers (Overall RR [95% Cl]) for Period From 60 mo Before to 27 mo After AIDS Onsett
f/lee)r(1 3757 (2.8 [2.7-2.9]) 558(12.0[11.0-13.0]) 698 (4.3 [4.0-4.6]) 14 (3.9[2.1-6.5) 72(3.4[2.7-4.3) 20(3.2[1.9-4.9) 115(2.0[1.7-2.4)
Women 665 (2.4 [2.2-2.6]) 54(8.3[6.2-10.8]) 110 (7.1[5.9-8.6)) .. 6(1.9[0.7-4.2) 0(0[0-21.4) o
Men and 4422 (2.7 [2.7-2.8]) 612(11.5[10.6-12.5]) 808 (4.5[4.2-4.8]) 14(3.9[2.1-6.5]) 78(3.3[2.6-4.1) 20(3.1[1.9-4.8) 115(2.0[1.7-2.4)
women

Ethnic group
White 2133 (2.9[2.8-3.0]) 316 (11.7 [10.4-13.0]) 340 (4.5[4.1-5.0)) 3(1.9[0.4-55]) 31(29[2.0-4.2) 19(4.3[2.6-6.6]) 93(2.5[2.0-3.0)
Black 1533 (2.8[2.7-2.9]) 169 (12.5[10.7-14.5)) 379 (4.9[4.4-5.4]) 8(5.5[2.4-10.9]) 22 (2.5[1.6-3.9) 1(4.3[0.1-23.9) 7(1.9[0.8-4.0)
Hispanict 711 (2.4[2.2-2.6]) 124(10.2[8.5-12.2]) 81(3.2[2.5-4.0) 3(5.6[1.1-16.2]) 22 (5.0 [3.2-7.6)) 0(0[0-1.9) 15(1.0[0.6-1.6))
Other/unknown  45(2.7 [2.0-3.6])  3(9.5[2.0-27.8)) 8(6.9[3.0-13.6]) 0 (0[0-69.9)) 3(12.3[2.5-36.0])) 0(0[0-22.4) 0(0[0-7.2)

HIV exposure
Homosexual8 2308 (2.9 [2.8-3.0]) 386 (12.5[11.3-13.8]) 336 (3.7 [3.3-4.1]) 6(2.9[1.1-6.3]) 60(4.7[3.6-6.0) 16(3.5[2.0-5.7]) 90 (2.2[1.8-2.7))

Heterosexual 366 (2.2[2.0-2.4]) 31(8.4[5.7-11.9)  65(4.2[3.3-54)) 0(0[0-18.2) 3(1.6[0.3-4.7) 0(0[0-15.1) 1(0.910.0-5.2))

Intravenous 1213 (2.9[2.7-3.0]) 146 (10.0[8.5-11.8]) 310(6.8[6.1-7.6]) 7 (7.2[2.9-14.8]) 5(0.7 [0.2-1.7)) 3(2.7[0.6-8.0) 17(1.4[0.8-2.2)
drug use

Hemophilia/ 144 (2.8[2.3-3.3)  7(9.9[4.0-20.4) 12(1.9[1.0-3.4]) 0(0[0-39.0) 1(24[0.1-13.3) 1(5.2[0.1-28.8) 5(9.7[3.1-22.5)
transfusion||
Unknown 391 (2.4[2.1-2.6])) 42(12.6[9.1-17.1]) 85(4.3[3.4-5.3) 1(3.0[0.1-16.9) 9(4.7[2.2-8.9) 0(0[0-7.4) 2(0.8[0.1-3.0)

*AIDS indicates acquired immunodeficiency syndrome; HIV, human immunodeficiency syndrome; RR, relative risk; Cl, confidence interval; and ellipses, not applicable.

TFor all cancers, the RR is the ratio of observed to expected cancers for the period 60 months before to 27 months after AIDS. When zero cancers were observed, exact 1-sided
95% Cls are provided.

FExpected numbers of cancers among Hispanics are based on cancer incidence rates among whites.

§Men only; includes homosexual men who use intravenous drugs.

|Includes persons who were HIV-infected during treatment for hemophilia or other bleeding disorders, or during blood product transfusion or organ transplantation.
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cancers was close to the expected (over-
all RR, 1.1). However, among women
(n=134; overall RR, 1.0; 95% CI, 0.9-
1.2) the pre- to post-AIDS trend de-
creased significantly (P for trend=.01),
and the RR in the early post-AIDS pe-
riod was significantly low (n=14; RR,
0.4). In contrast, among men, there was
a slight excess of breast cancer (n=9;
overall RR, 1.8; 95% ClI, 0.8-3.3), par-
ticularly among intravenous drug users
(n=5;overall RR, 3.9;95% CI, 1.3-9.2).

Sensitivity Analysis

To assess robustness of our findings, we
performed 2 alternative trend tests. The
first, likely to be biased toward finding
too many positive trends, was based on
cancers occurring only in the 2 pre-
AIDS periods and the AIDS period. For
the majority of the more than 60 differ-
ent cancer categories studied, trend re-
sults were reassuringly similar. In this al-
ternative trend test, the only differences
were that lip cancer lost formal statisti-
cal significance (P for trend=.19), while
trends for anal squamous cell carci-
noma (P for trend=.01) and tongue can-
cer (P for trend=.007) achieved statis-
tical significance. In the second sensitivity
analysis, we divided the time window
around AIDS into 6 new intervals. Trend
results were also essentially unchanged
in this analysis. No new sites emerged as
potentially influenced by immunosup-
pression, but the trend test for penile can-
cer, significant in the original trend analy-
sis, now failed to reach statistical
significance (P for trend=.08).

COMMENT

PWAs in the United States are at con-
siderably increased cancer risk com-
pared with the general population.
However, of all cancers observed in the
period from 60 months before to 27
months after AIDS onset, most (87%)
were those already considered as AIDS-
defining cancers, notably KS and NHL.2

Our RR estimates for KS (RR, 177.7)
and NHL (RR, 72.8) in the early post-
AIDS period are lower than estimates
from the early HIV epidemic,'* partly be-
cause we used contemporaneous inci-
dence rates (which include KS and NHL

©2001 American Medical Association. All rights reserved.
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cases among PWAs) to calculate ex-
pected numbers. Also, the risk compo-
sition of the HIV/AIDS population has
changed. The highest RRs for KS were
seen in homosexual men and among
women who were HIV-infected through
sexual contact with a bisexual man,
probably reflecting the concurrent epi-
demics of HIV and human herpesvirus
8, the viral cause of KS, among homo-
sexual/bisexual men.” The use of highly
active antiretroviral therapy'® cannot
have affected our findings for KS and
NHL substantially, as the coverage pe-
riod in our study ended in 1996.

The PWAs had an excess of a num-
ber of cancers without established links
to immunosuppression. Some of these
cancers have been linked etiologically
to HIV-unrelated exposures that are
common among PWAs, including can-
cers of lung and lip, which are consid-
ered smoking-related,'”'® and penile
cancer, which may be related to infec-
tion with human papillomavirus."

It is difficult to determine if, and to
what extent, moderate excesses of non—
AIDS-defining cancers are associated
with immunosuppression. We used 3
statistical criteria to assist in this pro-
cess, but none of the criteria, alone or in
combination, can determine whether im-
munosuppression truly plays a causal
role. Our findings must be evaluated in
the context of other contributing or con-
flicting evidence. Causality criteria in-
clude strength of association, dose-
response gradient, specificity, consistency
with previous studies, and analogies to
other states of immunosuppression.?**!
Our overall RR estimates measured the
strength of the association between HIV/
AIDS-related immunosuppression and
cancer risk. The RR in the early post-
AIDS period and the trend test served as
indicators of a possible dose-response
gradient, assuming parallelism be-
tween AIDS-relative time and level of im-
munosuppression. By demanding statis-
tical significance for each of these 3
measures, the list of cancers studied was
reduced to a handful deserving further
attention.

The non—-AIDS-defining cancer most
likely to be genuinely associated with

declining immunity is Hodgkin dis-
ease. This type of lymphoma was 11.5-
fold elevated overall and met our 3 cri-
teria for potential association with
immunosuppression in all major strata
of sex, race, and HIV exposure. More-
over, our findings are consistent with
several smaller studies.' %% As sum-
marized previously,' the most fre-
quent Hodgkin disease subtype among
PWAs was mixed cellularity. Epstein-
Barr virus DNA is detectable in high
proportions of HIV/AIDS- and trans-
plantation-associated Hodgkin dis-
ease.”®?” AIDS-associated NHLs are
Iso more often Epstein-Barr virus-
positive than non-AIDS-associated
NHLs,?® and most cases of both Hodg-
kin disease and NHL appear to de-
velop from transformed B-lympho-
cytes.?” We hypothesize that the
Epstein-Barr virus—associated subsets of
Hodgkin disease may be associated with
immune dysfunction through mecha-
nisms similar to those underlying the
established association with NHL.

Our findings for lip cancer are also
characterized by consistency with other
studies, dose-response relationship with
level of immunity (as measured by AIDS-
relative time), and analogies to other im-
munosuppressed states. Our observa-
tion of a steady increase in the RR in
relation to onset of AIDS adds weight to
the 5-fold risk observed by Grulich et
al.® The lip cancer excess was not re-
stricted to any 1 HIV risk group in men,
and the lack of an association in female
PWAs could well be due to limited sta-
tistical power. Lip cancer risk has been
found to be increased in organ trans-
plant recipients®®! and patients treated
with immunosuppressive drugs.* Squa-
mous cell carcinoma of the skin might
be similarly influenced by immuno-
suppression,®*** but reliable non-
melanoma skin cancer data are lacking
in large-scale prospective studies and in
registry studies such as ours.

The role of immunosuppression in
testicular cancer remains unclear. Tes-
ticular seminoma met all our criteria for
potential association with immunosup-
pression, and the lack of a similar pat-
tern for non-seminoma testicular can-

(Reprinted) JAMA, April 4, 2001—Vol 285, No. 13 1743



ASSOCIATION OF CANCER WITH AIDS-RELATED IMMUNOSUPPRESSION

cers adds specificity to the association.
However, the strength of the associa-
tion (overall RR, 2.0) does not suggest
a major impact of declining immunity
on seminoma risk. Corroborative evi-
dence from the literature is sparse. Pre-
vious studies either failed to find an in-
creased risk of testicular seminoma?**>3>
or did not have sufficient power to iden-
tify increased risks as statistically sig-
nificant,®® except by inclusion of non-
testicular seminomas.” We note that the
excess of seminomas was seen predomi-
nantly in whites and homosexual men.
An infectious etiology has been sug-
gested for testicular seminoma,**>* but
the putative agent remains elusive.

All our statistical criteria were also
met for soft tissue malignancies, lung
cancer, and penile cancer, but these can-
cer excesses are unlikely to be related
to immunosuppression. A significant
excess of soft tissue malignancies was
seen only in homosexual men, the
group at highest risk for KS. This, com-
bined with the large proportion of
histologically unspecified soft tissue ma-
lignancies, suggests a major contribu-
tion by inaccurately coded cases of KS.
None of the specified types of sar-
coma met our trend criterion. The risk
for leiomyosarcoma is markedly in-
creased in children with AIDS,'%** but
in this study of adult PWAs, the risk was
only 2.3-fold increased and the pre- to
post-AIDS trend was not statistically sig-
nificant. Of note, however, the risk for
leiomyosarcoma was 17.3-fold el-
evated among the 15- to 29-year-old
PWAs, thus possibly representing a
continuation of the even greater leio-
myosarcoma risk in 0- to 14-year-old
children with AIDS.*

It is to be expected that PWAs, who
smoke more than the general popula-
tion,* have an excess of lung cancers."”
Small case series have suggested a par-
ticular excess of lung adenocarcino-
mas.** In accordance with some®® but
not all studies,?>*>* we observed an ex-
cess lung cancer risk in PWAs. How-
ever, this excess was neither restricted
to nor particularly pronounced for ad-
enocarcinomas. Although we observed
a statistically significant pre- to post-
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AIDS trend for lung cancer, this trend
was only significant in men (despite large
numbers of lung cancer in women). The
inconspicuous RR in the distant pre-
AIDS period (RR, 1.2) may be too low
and, consequently, the significant trend
for lung cancer may be an artifact. Lung
cancers in PWAs carry an especially poor
prognosis, with few patients surviving
more than a few months.** The lung
cancer survival estimates we obtained
from SEER data and used to derive ex-
pected cancers in the pre-AIDS period
might have been too optimistic when ap-
plied to an HIV-infected population.

Asreported previously, cervical can-
cer® and anal cancer’ occurred fre-
quently, and vulvar/vaginal and pe-
nile cancers also were in significant
excess. Of these, only penile cancer met
our trend criterion, but our sensitivity
analyses suggested that this was not a
robust finding. Human papillomavirus—
associated malignancies in PWAs are
considered in detail elsewhere.’

Breast cancer was the only cancer to
exhibit a statistically significant pattern
of decreasing RRs with AIDS-relative
time. This finding is compatible with the
suggestion* that physiological immune
activity may somehow facilitate breast
carcinogenesis and, consequently, that
immunosuppression might reduce breast
cancer risk.* However, the overall risk
for breast cancer was not reduced. It
appears that female PWAs have a nor-
mal, butredistributed, breast cancer inci-
dence, perhaps resulting from height-
ened medical attention around the time
of AIDS diagnosis. If HIV-mediated
immunosuppression were truly protec-
tive, we would have expected an over-
all reduction in breast cancer risk.
Although rare, male breast cancer risk
was not reduced but, indeed, almost
4-fold increased in non-homosexual
intravenous drug—using men. Further
detracting from the idea that immuno-
suppression protects against breast
cancer,” a study of 5692 renal trans-
plant patients in Nordic countries found
that breast cancer incidence was not
reduced.*

Our study confirms prior findings of
elevated risks for multiple myeloma,

anal cancer, brain cancer, and conjunc-
tival carcinoma in PWAs in the United
States.”’ Grulich et al® also reported an
elevated risk of multiple myeloma in a
separate linkage analysis. These can-
cer excesses do not seem associated
with HIV-mediated immunosuppres-
sion. With our current, substantially
larger database, these cancers exhib-
ited no consistent post-AIDS excess, and
none showed statistically significant
pre- to post-AIDS trends.

This is the first population-based study
with sufficient power to examine the gen-
eral cancer risk among PWAs by sex,
race, and HIV risk group. We had con-
siderable statistical power to detect even
moderate increases in the risk for the ma-
jor cancers. However, despite these ad-
vantages, certain limitations need con-
sideration. As discussed for lung cancer,
we believe that RRs in the distant pre-
AIDS period, particularly for cancers with
poor survival rates, may be underesti-
mated due to the use of too optimistic
population-based survival rates. Also, if
cancer treatment in HIV-infected indi-
viduals leads to hastened progression
from HIV infection to clinical AIDS, this
acceleration would tend to move ob-
served cancers from the distant pre-
AIDS period to the recent pre-AIDS pe-
riod and thus produce too low RRs in the
distant pre-AIDS period. Such artificial
lowering of the starting point for the
trend test would increase the likeli-
hood of detecting spurious increasing
trends. Reassuringly, however, this po-
tential bias seems not to have had a ma-
jor impact on our results, since only a
handful of cancers met our criteria for
potential association with immunosup-
pression in the original analysis and in
the 2 sensitivity analyses.

In summary, PWAs are at increased
risk of cancers other than KS, NHL, and
cervical cancer. For most cancers, ex-
cesses are probably attributable to life-
style factors among PWAs or to inaccu-
rate recording in cancer registries of the
more common AIDS-defining cancers.
However, 3 specific types of cancer, no-
tably Hodgkin disease, but possibly also
lip cancer and testicular seminoma, may
be genuinely influenced by immuno-
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suppression. Our finding of clearly in-
creased risks of Hodgkin disease in all
groups of PWAs, and a statistically sig-
nificant pre- to post-AIDS trend, show
that the risk of Hodgkin disease in-
creases with advancing immunosup-
pression and suggest it be considered as
an AIDS-defining condition.
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