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People with HIV/AIDS (PWHA) have increased risk of some cancers. The introduction of highly active antiretroviral therapies

(HAART) has improved their life expectancy, exposing them to the combined consequences of aging and of a prolonged

exposure to cancer risk factors. The aim of this study was to estimate incidence rates (IR) in PWHA in Italy, before and after

the introduction of HAART, after adjusting for sex and age through direct standardization. An anonymous record linkage

between Italian AIDS Registry (21,951 cases) and Cancer Registries (17.3 million, 30% of Italian population) was performed.

In PWHA, crude IR, sex- and age-standardized IR and age-specific IR were estimated. The standardized IR for Kaposi sarcoma

and non-Hodgkin lymphoma greatly declined in the HAART period. Although the crude IR for all non-AIDS-defining cancers

increased in the HAART period, standardized IR did not significantly differ in the 2 periods (352 and 379/100,000,

respectively). Increases were seen only for cancer of the liver (IR ratio 5 4.6, 95% CI: 1.3–17.0) and lung (IR ratio 5 1.8, 95%

CI: 1.0–3.2). Age-specific IRs for liver and lung cancers, however, largely overlapped in the 2 periods pointing to the strong

influence of the shift in the age distribution of PWHA on the observed upward trends. In conclusion, standardized IRs for non-

AIDS-defining cancers have not risen in the HAART period, even if crude IRs of these cancers increased. This scenario calls,

however, for the intensification of cancer-prevention strategies, notably smoking cessation and screening programs, in

middle-aged

HIV-patients.

Individuals who are infected with HIV have an increased risk
of cancer.1–3 Since 1982, Kaposi sarcoma (KS), non-Hodgkin
lymphoma (NHL) and—since 1993—invasive cervical cancer
have been part of the clinical definition of AIDS.4 Evidence
of a cancer excess among people with HIV/AIDS (PWHA)
compared to the general population has accumulated over
the years for several other cancers, in particular Hodgkin
lymphoma, cancers of the ano-genital tract, liver and lung.1–3

HIV infection leads, through immune dysregulation, to
increased replication or persistence of oncogenic viruses (in
particular, Epstein Barr virus, KS-herpesvirus and human
papillomaviruses).5 Moreover, PWHA have higher prevalence
of oncogenic virus infection, compared to the general
population.

Although the introduction of highly active antiretroviral
therapies (HAART) in 1996 has greatly lowered the risk of
KS and NHL in PWHA,6,7 other cancers have not shown
equally favorable trends.8–11 In addition, improved survival
started exposing PWHA to the combined consequences of
aging and of the prolonged exposure to cancer risk factors
such as oncogenic virus infections and tobacco smoking.

Only a few studies reported population-based estimates of
age-adjusted incidence rates (IR) of cancers other than KS
and NHL among PWHA.12,13 This study intends to contrib-
ute to the current knowledge showing an update of cancer
incidence in a population-based study from a country
severely hit by AIDS and where women and injecting-drug
users are proportionally more common among AIDS patients
than in most other developed countries. A record linkage
between the National AIDS Registry and all Italian popula-
tion-based cancer registries was carried out with the aim to
estimate changes in cancer IRs in PWHA in Italy before and

after the introduction of HAART, after adjusting for age with
direct standardization. On account of the substantial aging of
PWHA after HAART availability, special attention was paid
to standardize IRs by sex and age and to compare age-spe-
cific IRs.

Material and methods
The general design of our record-linkage study has been
described previously.11,14 In brief, the notification of AIDS
cases from all over the Country to the National AIDS Regis-
try started in 1982 on a voluntary basis and became manda-
tory in November 1986. As the end of 2005, a total of 57,531
AIDS cases had been identified15 of whom 32% had been
reported in the HAART period (i.e., after the introduction of
HAART, since 1997).

The Italian network of Cancer Registries (AIRTUM) has
been active in Italy since the early 1980s.16 In the late 1990s,
24 independent Cancer Registries had been established and
included a population of 17.3 million (30% of the total Italian
population).11,17 Cancer Registries served the regions of Friuli
Venezia Giulia, Romagna, Umbria, part of Veneto region; the
municipalities of Milan and Turin; the provinces of Alto
Adige/Südtirol, Biella, Ferrara, Florence and Prato, Genoa,
Macerata, Modena, Parma, Ragusa, Reggio Emilia, Salerno,
Sassari, Sondrio, Syracuse, Trento, Varese; and part of the
province of Brescia and Naples.11 Cancer registries varied
both in population size—ranging from �180,000 to nearly
2.1 million—and in number of registration years available,
but the routine indicators of data completeness and quality
were considered satisfactory for all registries.17
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A record linkage between National AIDS Registry and
Cancer Registries databases was performed using an ad hoc
software application previously validated18 and recently
updated.8 Briefly, records were linked by last and first name,
and by date of birth. Satisfaction of name–date algorithm
required: (i) that the records were identical for at least one
critical field and (ii) that the other 2 critical fields, if not
identical, differed only in prescribed ways. Since the system
operated under procedures that removed all personal identi-
fiers, the staff of each registry was blinded to which persons
had been linked.18

The present study was restricted to 21,951 people with
AIDS who: (i) were diagnosed with AIDS between 1986 and
2005; (ii) reported a legal residence in areas covered by Can-
cer Registries network; (iii) were aged between 16 and 69
years at the time of AIDS diagnosis. Person-years (PY) at
risk were computed between 60 months before AIDS diagno-
sis and the date of cancer incidence, death, 120 months after
AIDS diagnosis or 70 years of age whichever occurred earlier.
For non-AIDS-defining cancers, reliability of evaluation of
cancer risk in PWHA based on cancer experience 5 years
before AIDS has been demonstrated.19 For AIDS-defining
cancers (clinical definition triggering AIDS diagnosis) PY
were computed starting 4 months after AIDS.

Time intervals were left-censored or right-censored if no
complete Cancer Registries data were available in the corre-
sponding years. To obviate the incompleteness of follow-up
information in the National AIDS registry, the vital status of
PWHA was cross checked with the National Mortality
Database.20

Observed cases included 839 incident cancers reported to
Cancer Registries during the aforementioned PY at risk. Six
tumors arisen in patients at age 70 years or older were
excluded from the present analysis. Cancers were coded
according to International Classification of Disease, 10th revi-
sion21 and were revised for histology type and cancer site by
Cancer Registries coordinators. The basis of diagnosis was
reported either as microscopic confirmation, including histo-
logical, hematological or cytological confirmation, or other,
that is, clinical, instrumental diagnosis or death-certificate-
only (6.5% in pre-HAART and <1% in the HAART period).
When an AIDS-defining cancer was mentioned in both
National AIDS Registry and Cancer Registries, date of cancer
diagnosis was defined as the earliest one. When an AIDS-
defining cancer was reported to a Cancer Registry before the
date of AIDS diagnosis in National AIDS Registry, the date
of AIDS onset was backdated.

Crude IR, sex- and age-standardized IR and age-specific
IR were calculated dividing observed cases by the corre-
sponding PY at risk for 2 calendar periods: the pre-HAART
(1986–1996) and the HAART (1997–2004) period. IRs were
standardized for gender and age (in 5-year groups) based on
the AIDS population in the overall study, using the direct
method.22 IRs were shown for cancer sites/types for which at
least 3 cases were detected in each period. Corresponding

95% confidence intervals (CIs) were computed according to
the Poisson distribution. Age-specific IRs, standardized by
gender on the general population, were also computed among
PWHA in 1986–1996 and 1997–2004 in 4 age groups: 25–34
(herein referred to young adults); 35–44 and 45–54 (middle-
age people); and 55–69 (old people). For comparison sake,
age-specific IRs in the general population from the same
areas were also shown.17 To assess the role of immunodefi-
ciency on cancer incidence, IRs were also computed sepa-
rately by CD4 level at AIDS diagnosis (<50, �50 cells/ll)
and interval between first HIV-positive test and AIDS diag-
nosis (<1, �1 year). For these stratified analyses, we have
calculated IRs after AIDS (4–120 months) and in the post-
HAART period only, because: (i) information on CD4 cell
referred to the time of AIDS diagnosis and (ii) it was not col-
lected before 1996.

Results
A total of 101,669 PY were available, 44% of which from the
1997–2004 period (Table 1). Figure 1 shows the marked shift
of study subjects in age-distribution in the HAART period.
In the pre-HAART period, the majority of PWHA were aged
25–34 years (58% of PY), whereas those aged 35 years or
older predominated (70% of PY) in the HAART period (Fig.
1). Injecting drug users accounted for 64% of PY in 1986–
1996, and for 48% in 1997–2004.

KS and NHL IRs greatly decreased in the HAART period
(IR ratio ¼ 0.12 and 0.19, respectively). The decline was less
marked for NHL than for KS (Table 1), making NHL the
most frequent cancer in 1997–2004 (IR ¼ 284/100,000). Cen-
tral nervous system NHL showed a greater decline in
HAART era than systemic NHL. Age-specific IRs of KS and
NHL are shown in Figure 2. Incidence curves for KS for
1997–2004 were well below those for 1986–1996 in all age
groups, though still much higher than the corresponding
curves for the general population. For NHL, IRs in the 2
periods converged at older ages.

Crude IR of non-AIDS-defining cancers (NADC)
increased by 73% in the HAART period, but age-standar-
dized IRs did not substantially change (IR ¼ 352/100,000 in
1986–1996, 379 in 1997–2004; IR ratio ¼ 1.08, 95% CI: 0.87,
1.34; Table 1). IRs increased for liver cancer (from 5.7 in
1986–1996 to 26.4/100,000 in 1997–2004, IR ratio ¼ 4.61;
95% CI: 1.25, 16.95) and lung cancer (from 36.9 to 65.1/
100,000, IR ratio ¼ 1.76; 95% CI: 0.98, 3.17). Conversely, the
IR for leukemia declined from 21.5 to 4.9/100,000 (IR ratio
¼ 0.23; 95% CI: 0.06, 0.87; Table 1). No change emerged for
Hodgkin lymphoma (IR ratio ¼ 0.82; 95% CI: 0.52, 1.29),
and no substantial difference in incidence was found between
mixed cellularity and other subtypes. IRs of other common
cancer types (i.e., colon-rectum, female breast and skin) did
not changed significantly between periods.

PWHA with CD4 levels <50 cells/ll at AIDS diagnosis
showed higher IRs for Kaposi sarcoma in comparison with
higher levels (371 and 189/100,000, respectively; Table 2).
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According to level of immunodeficiency, no IR difference
emerged for other cancers. IRs of NADS were 375 and 350/
100,000 for CD4 cell count < and �50, respectively. On the
other hand, IR increased with interval between first HIV-pos-
itive test and AIDS diagnosis for NHL (IRs from 149 to 378/
100,000 in PWHA whose interval was <1 and >¼1 year,
respectively) and for NADC (from 246 to 454/100,000,
respectively; Table 2).

The age-specific IRs for NADC in PWHA, were higher
than the corresponding curve in the general population
below 45 years of age in pre-HAART period and below 55
years of age in HAART period (Fig. 3). Conversely, among
PWHA aged 55 years or older no difference in IRs
emerged in comparison with the general population. Age-
specific IRs of NADC among injecting drug users showed
similar pattern as all PWHA. Conversely, PWHA infected
by sexual contacts (i.e., men having sex with men and

Table 1. Incidence rates (IR, per 100,000), corresponding to 95% confidence intervals (CI), and incidence rates ratios of Kaposi
sarcoma, non-Hodgkin lymphoma, invasive cervical cancer and selected non-AIDS-defining cancers in people
with HIV/AIDS by period (Italy, 1986–2004)

ICD10; Cancer site or type

1986–1996 1997–2004

IR Ratio (95% CI)1N
Crude
IR IR (95% CI)1 N

Crude
IR IR (95% CI)1

Person-years 56,643 45,026

C46; Kaposi sarcoma2 165 1,859 2,131 (1,818–2,482) 56 216 250 (189–325) 0.12 (0.08–0.18)

C82–C85, C96; Non-Hodgkin lymphoma2 136 1,480 1,483 (1,244–1,754) 91 343 284 (228–348) 0.19 (0.14–0.26)

Central nervous system 33 359 338 (233–475) 11 41.4 46.6 (23.1–83.8) 0.14 (0.06–0.30)

Other Non-Hodgkin lymphoma 103 1,121 1,137 (928–1,380) 80 301 236 (188–294) 0.21 (0.15–0.28)

C53; Invasive cervical cancer2 1 10.7 37.8 (0.0–216) 7 25.9 78.9 (31.3–163) 2.09 (0.25–17.37)

C00–C14, C30–C32; Head and neck 6 10.6 14.1 (5.1–30.9) 11 24.4 16.3 (8.0–29.2) 1.16 (0.45–2.94)

C16; Stomach 6 10.6 13.6 (4.9–29.7) 6 13.3 9.8 (3.5–21.4) 0.72 (0.22–2.38)

C18–C20; Colorectum 7 12.4 18.4 (7.3–38.1) 16 35.5 24.6 (13.9–40.0) 1.33 (0.54–3.30)

C21; Anus 6 10.6 14.5 (5.2–31.7) 11 24.4 19.8 (9.8–35.5) 1.37 (0.47–3.96)

C22; Liver 3 5.3 5.7 (1.1–16.9) 16 35.5 26.4 (15.0–42.9) 4.61 (1.25–16.95)

C34; Lung 17 30.0 36.9 (21.4–59.2) 42 93.4 65.1 (46.9–88.0) 1.76 (0.98–3.17)

C43; Melanoma 3 5.3 6.5 (1.2–19.4) 3 6.7 4.4 (0.8–13.1) 0.68 (0.14–3.39)

C44; Skin non melanoma 18 31.8 49.4 (29.2–78.2) 28 62.3 46.2 (30.7–66.8) 0.94 (0.50–1.73)

C50; Female breast 3 24.1 34.1 (6.4–101) 5 42.2 25.9 (8.2–60.8) 0.76 (0.18–3.19)

C51–C52–C54–C57; Female genital organs 4 31.1 40.7 (10.6–105) 4 36.2 21.9 (5.7–56.6) 0.54 (0.13–2.21)

C70–C72; Brain and central nervous system 8 14.1 15.1 (6.4–29.8) 8 17.8 14.5 (6.2–28.7) 0.96 (0.35–2.69)

C81; Hodgkin lymphoma 47 83.1 84.1 (61.8–112) 37 82.4 69.0 (48.5–95.1) 0.82 (0.52–1.29)

C81.2; Mixed cellularity 19 33.6 32.8 (19.7–51.3) 16 35.7 28.7 (13.3–46.6) 0.87 (0.43–1.77)

C81.0–1, C81.3–9; Other subtypes 28 49.5 51.2 (34.0–74.1) 21 46.8 40.2 (24.8–61.5) 0.78 (0.43–1.10)

C90; Myeloma 3 5.3 7.2 (1.3–21.2) 4 8.9 8.0 (2.1–20.8) 1.12 (0.22–5.79)

C91–C95; Leukemia 11 19.4 21.5 (10.7–38.6) 3 6.7 4.9 (0.9–14.5) 0.23 (0.06–0.87)

Total non-AIDS-defining cancers 162 287 352 (299–410) 221 496 379 (330–432) 1.08 (0.87–1.34)

1Standardized for gender and age according to people with HIV/AIDS. 2Person-years and incidence rates were calculated from 4 to 120 months after
AIDS diagnosis.

Figure 1. Distribution of person-years of observation by age group

and period (Italy, 1986–2004).

E
pi
de
m
io
lo
gy

1440 Cancer incidence in people with AIDS

Int. J. Cancer: 127, 1437–1445 (2010) VC 2010 UICC



heterosexuals) showed an excess of NADC only in young
adults in 1986–1996 and in middle-age people in the
HAART period (Fig. 3).

Figure 4 shows age-specific IRs by period for the 4 most
frequent types of NADC in PWHA and in the general popu-
lation. Only in 1997–2004 were cases of liver cancer reported
in middle aged PWHA and age-specific IRs were well above
the corresponding IRs in the general population. Age-specific
IRs for lung cancer in PWHA did not significantly increase
between the pre-HAART and HAART period but in 1997–

2004 they became significantly higher than in the general
population in the middle-age groups. Age-specific IRs for
non-melanomas skin cancer in PWHA were similar in the 2
periods, and they were significantly higher than in the gen-
eral population in PWHA aged 45-54 years in the HAART
period. No case of Hodgkin lymphoma were found in people
aged �45 years in 1986–1996. In HAART period, IRs for
Hodgkin lymphoma in PWHA were significantly higher than
in the general population in all age groups considered. In
HAART period, IRs for Hodgkin lymphoma in PWHA were

Table 2. Incidence rates (IR, per 100,000), and corresponding 95% confidence intervals (CI)1 of Kaposi sarcoma, non-Hodgkin lymphoma,
invasive cervical cancer and selected non-AIDS-defining cancers in people with HIV/AIDS by CD4 cells count at enrollment and time since
first HIV-positive test (Italy, 1997–2004)

ICD10; Cancer site or type

CD4 cell count at AIDS2 Time since first HIV-positive test3

<50 cells/ll �50 cells/ll <1 year �1 year

N IR (95% CI) N IR (95% CI) N IR (95% CI) N IR (95% CI)

Person-years 10,377 15,668 6,779 13,618

C46; Kaposi sarcoma 25 371 (240–549) 31 189 (129–269) 18 251 (149–398) 22 264 (165–400)

C82–C85, C96; Non-Hodgkin lymphoma 32 289 (197–409) 54 279 (210–365) 15 149 (83.2–247) 58 378 (287–489)

C53; Invasive cervical cancer 2 44.2 (4.2–163) 5 110 (34.7–259) 1 45.0 (0.0–258) 3 74.7 (14.1–221)

C18–C20; Colorectum 3 22.9 (4.3–67.7) 7 29.1 (11.5–60.2) 3 21.4 (4.0–63.4) 7 44.1 (17.4–91.4)

C21; Anus 3 19.6 (3.7–57.9) 6 32.8 (11.8–71.8) 1 6.4 (0.0–36.7) 5 23.1 (7.3–54.3)

C22; Liver 2 11.6 (1.1–42.5) 4 14.7 (3.8–38.2) 1 8.7 (0.0–49.6) 2 8.3 (0.8–30.4)

C34; Lung 10 64.9 (30.9–120) 14 63.9 (34.8–108) 6 48.5 (17.4–106) 13 107 (56.5–183)

C44; Skin non melanoma 7 50.8 (20.1–105) 11 47.2 (25.1–81.0) 3 16.4 (3.1–48.4) 10 43.3 (20.6–79.9)

C81; Hodgkin lymphoma 9 75.7 (34.3–144) 11 54.3 (26.9–97.4) 4 52.3 (13.6–135) 12 71.6 (36.8–126)

Total non-AIDS-defining cancers 46 375 (275–501) 77 350 (276–438) 29 246 (164–353) 69 454 (353–574)

1Standardized for gender and age according to people with HIV/AIDS. Person-years and incidence rates were calculated from 4 to 120 months after
AIDS diagnosis. 21,114 person-years (4.1%) and 6 cancer cases (4.7%) were excluded because of missing values. 36,762 person-years (24.9%)
and 31 cancer cases (24.0%) were excluded because of missing values.

Figure 2. Age-specific incidence rates for Kaposi sarcoma and non-Hodgkin lymphoma in people with HIV/AIDS and general population by

period. Person-years and incidence rates were calculated from 4 to 120 months after AIDS diagnosis. Vertical bars represent 95%

confidence intervals (Italy, 1986–2004).
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significantly higher than in the general population in all age
groups considered.

Discussion
The present study showed the strong influence of aging on
changes in the crude IRs of cancers other than KS and NHL
among PWHA after the introduction of HAART. After
adjustment for age, through direct standardization, IRs
showed that the majority of NADCs have not increased
between the pre-HAART and the HAART period. With
respect to the few cancer types for which we did show a signif-
icant increase (i.e., liver and lung), full allowance for the effect
of age is very difficult as nearly all the few NADCs in the pre-
HAART period involved young adults whereas after 1996, the
vast majority of NADCs arose in middle age. Age-specific IRs

for liver cancer in 1986–1996 and 1997–2004, for instance, can
only be compared among PWHA younger than 35 years of
age and, due to small number of cases, no significant differ-
ence was detectable. The high IRs that were seen after 1996
greatly exceeded the corresponding rates in the general popu-
lation, and mainly involved middle age PWHA. They repre-
sented, therefore, a new phenomenon made possible by the
improved survival followed by HAART use.

Our present study confirmed the decrease in IRs of KS
and, to a lesser extent, NHL already reported by many stud-
ies in high-income countries.10–13,23–25 Investigations on
HAART users showed that the KS and NHL occurrence
halved in the first 6 months of treatment, and remained low
up to 10 years since starting HAART.6,7 The assessment of
IRs of invasive cervical cancer was especially hampered by

Figure 3. Age-specific incidence rates for non-AIDS-defining cancers in people with HIV/AIDS and in the general population by period,

overall and by HIV transmission category (Injecting drug users vs. Sexual intercourses). Person-years and incidence rates were calculated

from 60 months before to 120 months after AIDS diagnosis. Vertical bars represent 95% confidence intervals (Italy, 1986–2004).
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the restriction to the post-AIDS period. Out of the recorded
44 invasive cervical cancers, only 8 had occurred 4 months
or more after AIDS diagnosis. Anal cancer, that is also asso-
ciated with human papillomavirus infection,26 was also rare
in PWHA largely due to the small fraction in Italy of men
having sex with men.11,15

In agreement with previous studies,9,25,27–29 we found
that lung cancer incidence was increased in PWHA com-
pared to general population in both periods. However, the
difference became statistically significant only after 1996. No
substantial decrease in the disease was expected in the HAART
period as low CD4 cell count does not seem clearly associated
with lung cancer risk.8,9,29 Although an excess of lung cancer
risk was also reported among transplant-recipients1,25 and
seemed to persist among PWHA after attempts to adjust for
smoking habits,9 the association between intensity and duration
of tobacco smoking with lung cancer is so strong30 that a con-
founding effect from tobacco smoking, is extremely difficult to
rule out.

Liver cancer is increasingly reported among PWHA,2,10,13

and, together with lung cancer, is one of the rising causes of
cancer-related death.31 Hepatitis B and/or C virus infection is
the strongest risk factors for liver cancer and is substantially
more frequent among PWHA than in the general population.
Although HAART may have hepatotoxic effects, a recent
investigation from the Swiss HIV Cohort Study did not sup-
port a direct association between HAART and liver cancer
risk.32 HAART-improved survival, however, is certainly
allowing PWHA to experience more often the long-term
complications of HBV and HCV infection.33

Hodgkin lymphoma incidence remained stable after HAART
introduction in our study, in agreement with some previous
works12,24,34 but at variance with some reports where
standardized incidence ratios before and after HAART were
compared.10,13,35 The age-standardized and age-specific IRs,
that we have used in the present study to compare incidence of
Hodgkin lymphoma in the pre-HAART and in the HAART
period, avoid some of the dangers of relying upon standardized

Figure 4. Age-specific incidence rates for cancer of the liver, lung, skin non-melanoma and Hodgkin lymphoma in people with HIV/AIDS and

general population by period. Person-years and incidence rates were calculated from 60 months before to 120 months after AIDS

diagnosis. Vertical bars represent 95% confidence intervals (Italy, 1986–2004).
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incidence ratios. Using standardized incidence ratios, age
is taken into account in the comparison of cancer risk
between PWHA and the general population but the changes in
age distribution of the AIDS population across periods are
not considered. This problem is aggravated by the difference
in the age distribution of Hodgkin lymphoma sub-types. The
bi-modal age distribution of Hodgkin lymphoma seen in the
general population in our study and elsewhere chiefly derives
from the age distribution of nodular sclerosis subtype.36 In
contrast, mixed cellularity, which is the most frequently
detected subtype in PWHA, does not show a decline after 35
years of age.36 Figure 4 clearly shows that Hodgkin incidence
among PWHA did not decrease with age as it did in the gen-
eral population. An accurate comparison of the Hodgkin lym-
phoma incidence in PWHA and the general population
would, therefore, require larger numbers of Hodgkin lympho-
mas in individual histological subtypes than those available in
our present study.

Systematic reporting of HIV infections is limited to few
areas in Italy15 and, therefore, in the present study we had to
rely on the linkage of AIDS cases with cancer registries.
AIDS, however, which once was an irreversible stage of HIV
progression, after the introduction of HAART became a
much rarer and largely reversible condition.37 The use in our
present study of an extended period of observation (60
months before and 120 months after AIDS diagnosis) should
have helped, however, to reduce the bias associated with
delay of AIDS diagnosis and improvement of prognosis after
the introduction of HAART.

Survival bias (i.e., PWHA with cancer have to survive
long enough to develop AIDS to be included in the present
analysis) may also have affected our results. The exclusion of
person-years prior to AIDS diagnosis would prevent this type

of bias. However, it would also lead to the loss of a large
amount of information before/at AIDS, especially in the pre-
HAART period, and to other types of bias due to the change
in the meaning of AIDS diagnosis in the HAART period.37

Mathematical models may be applied to adjust PY and
observed cases,19,38 but they would require many questionable
assumptions. No such models have been validated yet. The
only formal comparison of the methodological approaches
used in AIDS and cancer linkage studies demonstrated that
cancer risk in PWHA may be reliably estimated based on
cancer experience 5 years before AIDS.19

Strengths of the present study included the number of
AIDS cases and person-years available, both before and after
the introduction of HAART. Completeness and good quality
of AIDS and cancer registration in Italy have been shown17,39

and so has the accuracy of our linkage procedures.18 Vital sta-
tus of the PWHA is not always updated in the National AIDS
registry but record-linkage with National Mortality Database20

helped distinguishing deaths from losses to follow-up.
In conclusion, we have shown that, using appropriate tools

to account for the changes in the age distribution of PWHA,
concerns about increases in cancer risk and possible new can-
cer causes (including the possible carcinogenicity of HAART)
should not be overemphasized, and that the downward trends
in KS and NHL predominate on the overall cancer trends in
the HAART period. In absolute terms, however, the number
of NADC is rising due to the increasing longevity of PWHA;
therefore, an intensification of cancer prevention, notably
smoking cessation and screening programs, is needed.
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(Italian) 2008;21:3–23.

16. AIRT Working Group. Italian cancer
figures-report 2006: 1. Incidence, mortality
and estimates. Epidemiol Prev 2006;30 (1
Suppl 2):8–28. Available at:
www.registritumori.it.

17. Curado MP, Edwards B, Shin HR, Ferlay J,
Heanue M, Boyle P, Storm H, eds. Cancer
incidence in five continents. IARC Sci Publ
N. 160, vol. IX. Lyon: International Agency
for Research of Cancer, 2008.

18. Dal Maso L, Braga C, Franceschi S.
Methodology used for ‘‘software for
automated linkage in Italy’’ (SALI). J
Biomed Inform 2001;34:387–95.

19. Li Y, Law M, McDonald A, Correll P,
Kaldor JM, Grulich AE. Estimation of risk
of cancers before occurrence of acquired
immunodeficiency syndrome in persons
infected with human immunodeficiency
virus. Am J Epidemiol 2002;155:153–8.

20. Serraino D, Zucchetto A, Suligoi B,
Bruzzone S, Camoni L, Boros S, De Paoli
A, Dal Maso L, Franceschi S, Rezza G.
Survival after AIDS diagnosis in Italy,
1999–2006: a population-based study. J
Acquir Immune Defic Syndr 2009;52:
99–105.

21. World Health Organization. International
classification of diseases, 10th revision.
Geneva: WHO, 1992.

22. Breslow NE, Day NE. Statistical methods
in cancer research. The design and analysis
of cohort studies. IARC scientific
publication No. 82, vol. II. Lyon:
International Agency for Research of
Cancer, 1987.

23. International Collaboration on HIV and
Cancer. Highly active antiretroviral therapy
and incidence of cancer in human
immunodeficiency virus-infected adults. J
Natl Cancer Inst 2000;92:1823–30.

24. Bedimo R, Chen RY, Accortt NA, Raper
JL, Linn C, Allison JJ, Dubay J, Saag MS,
Hoesley CJ. Trends in AIDS-defining and
non-AIDS-defining malignancies among
HIV-infected patients: 1989–2002. Clin
Infect Dis 2004;39:1380–4.

25. Serraino D, Piselli P, Busnach G, Burra P,
Citterio F, Arbustini E, Baccarani U, De
Juli E, Pozzetto U, Bellelli S, Polesel J,
Pradier C, et al. Risk of cancer following
immunosuppression in organ transplant
recipients and in HIV-positive individuals
in southern Italy. Eur J Cancer 2007;43:
2117–23.

26. IARC. IARC Monographs on the
evaluation of carcinogenic risks to
Humans. Human papillomavirus, vol. 90.
Lyon: IARC Press, 2007.

27. Herida M, Mary-Krause M, Kaphan R,
Cadranel J, Poizot-Martin I, Rabaud C,
Plaisance N, Tissot-Dupont H, Boue F,
Lang JM, Costagliola D. Incidence of non-
AIDS-defining cancers before and during
the highly active antiretroviral therapy era
in a cohort of human immunodeficiency
virus-infected patients. J Clin Oncol 2003;
21:3447–53.

28. Bower M, Powles T, Nelson M, Shah P,
Cox S, Mandelia S, Gazzard B. HIV-related
lung cancer in the era of highly active
antiretroviral therapy. AIDS 2003;17:371–5.

29. Chaturvedi AK, Pfeiffer RM, Chang L,
Goedert JJ, Biggar RJ, Engels EA. Elevated
risk of lung cancer among people with
AIDS. AIDS 2007;21:207–13.

30. IARC. IARC Monographs on the
evaluation of carcinogenic risks to

Humans. Tobacco smoke and involuntary
smoking, vol. 84. Lyon: IARC Press,
2004.

31. Lewden C, May T, Rosenthal E, Burty C,
Bonnet F, Costagliola D, Jougla E, Semaille
C, Morlat P, Salmon D, Cacoub P, Chene
G, et al. Changes in causes of death among
adults infected by HIV between 2000 and
2005: the ‘‘Mortalité 2000 and 2005’’.
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