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Background: Cancer survival in persons with AIDS (PWA) after
introduction of antiretroviral therapies remains poorly characterized. The
aim is to provide population-based estimates of cancer survival, overall
and for the most important cancer types in PWA, and a comparison with
persons without AIDS (non-PWA) affected by the same cancer.

Methods: PWA with cancer at AIDS diagnosis or thereafter were
individually matched with non-PWA by type of cancer, sex, age, year
of diagnosis, area of living, and, for lymphomas, histological subtype.
Five-year observed survival and hazard ratios (HRs) of death in PWA
versus non-PWA with 95% confidence intervals (CIs) were estimated.

Results: We included 2262 Italian PWA and 4602 non-PWA with
cancer diagnosed during 1986–2005. Between 1986 and 1995, and 1996

and 2005, 5-year survival for all cancers in PWA improved from 12% to
41% and the corresponding HR versus non-PWA decreased from 5.1
(95% CI: 4.3 to 6.1) to 2.9 (95% CI: 2.6 to 3.3). During 1996–2005,
HRs were 2.0 (95% CI: 1.4 to 2.9) for Kaposi sarcoma, 3.4 (95% CI: 2.9
to 4.1) for non-Hodgkin lymphoma, and 2.4 (95% CI: 1.4 to 4.0)
for cervical cancer. HRs were 2.5 (95% CI: 2.1 to 3.1) for all non–
AIDS-defining cancers, 5.9 (95% CI: 3.1 to 11.2) for Hodgkin lym-
phoma, and 7.3 (95% CI: 2.8 to 19.2) for nonmelanoma skin cancer.
A #3-fold survival difference was found for cancers of the stomach,
liver, anus, lung, brain, and the most aggressive lymphoma subtypes.

Conclusions: The persisting, although narrowing, gap in cancer
survival between PWA and non-PWA indicates the necessity of
enhancing therapeutic approaches, so that PWA can be provided the
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same chances of survival observed in the general population, and
improving cancer prevention and screening.

Key Words: survival, AIDS patients, cancer, hazard ratio

(J Acquir Immune Defic Syndr 2014;66:428–435)

INTRODUCTION
HIV increases cancer risk, primarily by immunosup-

pression.1 Evidence was considered sufficient to establish that
HIV infection is causally linked to the occurrence of Kaposi
sarcoma (KS), non-Hodgkin lymphoma (NHL), Hodgkin
lymphoma (HL), and carcinoma of the cervix, anus, and con-
junctiva. Moreover, a positive association has been observed
between HIV infection and cancers of the liver, vulva, vagina,
penis, and skin (nonmelanoma).1

The life expectancy of people with HIV or AIDS has
dramatically increased in high-resource countries during the
antiretroviral therapy (ART) era,2 although it remains still
lower than that of the general population.3–5

Cancer continues to be an important cause of mortality
in persons with AIDS (PWA) in high-resource countries
during the ART era.4,6,7 It was estimated that NHL and KS
represented 15%–18% of all deaths with several 100-fold
higher risks of death than in the general population.8,9 In
addition, non–AIDS-defining cancers (ie, cancers other than
KS, NHL, and invasive cervical cancer—ICC) caused
approximately 10%–15% of all deaths in PWA,8–13 with
a 7-fold higher risk of death than that of the general
population.14

The survival of PWA after a diagnosis of cancer,
especially KS and NHL, has been explored by several
clinical-based investigations.15–20 However, population-based
studies on cancer survival in PWA are few21,22 and so are the
comparisons of cancer survival with the general population
(thereafter referred to as non-PWA).23

In Italy, a high-quality nationwide AIDS Registry has
been active since the beginning of the epidemic,24 along
with a network of cancer registries covering up to one-
third of the population in the same period.25 Taking advan-
tage of these opportunities, we carried out a record linkage
investigation to provide population-based information on
cancer survival in PWA.

Our study aim was to compare the survival for several
cancers in PWA with that of sex- and age-matched patients
with closely similar cancer types in the general population
without AIDS.

MATERIALS AND METHODS

Subjects
The general design of our record linkage study has

been previously described.26,27 In brief, reporting of
AIDS cases to the Italian AIDS Registry started in 1982
on a voluntary basis and became mandatory in November
1986. At the end of 2005, a total of 57,531 AIDS cases
had been reported nationwide and HIV-positive patients
without AIDS diagnosis had not been included.24 The AIDS

Registry has been recording information on sociodemo-
graphic characteristics, CD4+ cell count (since 1990), time
at first HIV-positive test (since 1996), and ART before
AIDS diagnosis (since 1999). A network of cancer registries
has been active in Italy since the early 1980s.28 During the
late 1990s, 24 population-based cancer registries had been
established, including 17.3 million inhabitants (30% of the
total Italian population). They varied both in size (between
180,000 and 2 million) and in duration of activity. Routine
indicators of data completeness and quality of Italian cancer
registries were deemed to be satisfactory.25 Record linkage
between the AIDS Registry and each cancer registry was per-
formed using an updated version of a validated software.29,30

The present study was restricted to patients who had
been diagnosed with cancer at or after AIDS between 1986
and 2005 (ie, cancers diagnosed in HIV patients before the
AIDS diagnosis have been excluded) and who reported
a “legal residence” in areas covered by a cancer registry.
Further restrictions required that PWA had a cancer diagno-
sis (1) between 16 and 74 years of age and (2) in years in
which complete registry data were available. We excluded
cancer cases diagnosed only on the basis of death certificate
or autopsy (2.0% in PWA and 0.7% in non-PWA).28,31 Mul-
tiple primary tumors were included in the site-specific
survival analyses, but only the first or, in the case of syn-
chronous diagnoses, the most severe malignancy was con-
sidered for the estimation of all-cause observed survival.32

Cancer prognosis was based on 5-year relative survival in
Italy.28

An individual matching of cancer cases was conducted
to improve comparability between PWA and non-PWA.
Non-PWA were defined as cancer patients who were not
found in the AIDS registry. For each cancer case in PWA, 5
patients were randomly selected among non-PWA in the
anonymous database of Italian cancer registries by means of
an automated procedure.33 A different matching ratio had to be
used for KS (1:1) and NHL (1:2), on account of the rarity of
these malignancies in non-PWA of the same age as PWA.34–36

Matching criteria included the following: cancer type
(International Classification of Diseases, 10th Revision, 3 dig-
its), histological type (International Classification of Diseases
for Oncology, third edition- ICDO-3 for NHL, HL, ICC, and
nonmelanoma skin), sex, age at cancer diagnosis (in 5-year
groups), period of diagnosis (1986–1990, 1991–1995, 1996–
2000, and 2001–2005), and area (North, Center, South and
Islands).28 When no controls were found in the exact matching
category (mainly in the case of KS), a less stringent matching
criteria was used, which allowed the extraction from the nearest
categories of area of living, period, or age.

The Italian Cancer and AIDS Registries Linkage study
was approved by the institutional review boards of the
Centro di Riferimento Oncologico (Aviano) and of all
participating registries.

Statistical Methods
For each person, time at risk in days was calculated

from cancer diagnosis to death or December 31, 2009,28

whichever occurred earlier. The Kaplan–Meier method was
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used to generate observed 5-year survival curves for all
cancers and individual malignancies among PWA during
1986–1995 (pre-ART era); 1996–2000 or 2001–2005. We
used Cox models to estimate hazard ratios (HRs) of death
after 5 years from cancer diagnosis in PWA compared
with non-PWA and the corresponding 95% confidence
intervals (CIs) for all cancer types for which 5 or more
cases were observed among PWA during either 1986–
1995 or 1996–2005 (ART period). To distinguish differ-
ences in short-term and long-term survival37, we also
computed 1-year and 5-year survivals conditioned on
being alive at 1 year since diagnosis. The proportional
hazard assumption was assessed through the log(2log
(survival)) plots and including interactions with follow-

up time. No violation of this assumption was observed.
The Wald test was used to assess the heterogeneity of HRs
by different PWA characteristics.

All analyses were conditioned on individual matching
and additionally adjusted for age at cancer diagnosis in years
as a continuous variable.

RESULTS
Among 21,951 PWA (78% men) who had been reported

between 1986 and 2005 in Italian areas covered by a cancer
registry, 2262 were diagnosed with one or more cancer type.
The total number of cancers among PWA was 2337, in which
1042 were KS, 938 NHL, 67 ICC, and 290 were non–AIDS-

FIGURE 1. Number of cancer cases
and observed survival (OS) after
cancer in PWA (patients aged 16–74
years, in Italy) by period, during
1986–2005. Dotted lines represent
95% CIs.

TABLE 1. HR of Death and 95% CIs at 5 years from cancer diagnosis in PWA* Versus Non-PWA† During 1986–1995

Cancer Type‡

PWA Non-PWA

HR§ (95% CI)Cases Deaths Survival (%) Cases Deaths Survival (%)

All patients 965 850 12 1667 563 66 5.1 (4.3 to 6.1)

KS 520 447 14 520 107 79 5.1 (3.4 to 7.6)

NHL 377 348 8 754 319 58 4.6 (3.7 to 5.7)

Invasive cervical cancer 15 6 60 75 11 85 5.6 (1.5 to 21.9)

All non–AIDS-defining cancers 72 67 7 360 151 58 7.6 (5.1 to 11.3)

Colon–rectum 6 6 0 30 20 33 6.3 (1.8 to 22.9)

Lung 9 9 0 45 30 33 2.5 (1.0 to 5.9)

Brain 5 5 0 25 15 40 24.4 (2.7 to 220)

HL 19 16 16 95 15 84 11.6 (4.6 to 29.4)

*Patients aged 16–74 years, in Italy.
†Matched by type (1:1 for KS, 1:2 for NHL, 1:5 for other cancers), histology (for NHL, ICC, skin, and HL), sex, age, period of diagnosis, and area in Italy.
‡Only cancer types with $5 cases have been shown.
§Estimates from the Cox proportional hazard model conditioned on matching variables and adjusted for age at diagnosis in years.
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defining cancers (see Table, Supplemental Digital Content
1, http://links.lww.com/QAI/A524).

The relative contribution of non–AIDS-defining can-
cers to all cancers increased from 7.3% during 1986–1995
to 27.6% during 2001–2005 (see Figure, Supplemental
Digital Content 2a, http://links.lww.com/QAI/A524) and
so did the proportion of diffuse large B-cell lymphoma
(35.6%–45.9% of all lymphomas) and HL (4.8%–10.3%
of all lymphomas) (see Figure, Supplemental Digital
Content 2b, http://links.lww.com/QAI/A524).

The majority (55%) of KS among PWA occurred
among men having sex with men, whereas approximately
50% of NHL and other cancers were diagnosed among
injecting drug users. For KS and, to a lesser extent, NHL, the
age distribution of cancer cases in PWA differed from that
in non-PWA. For all other cancers, the distribution of
matching variables did not differ between PWA and

non-PWA (see Table, Supplemental Digital Content 3,
http://links.lww.com/QAI/A524).

Figure 1 shows observed all-cancer survival in PWA
in 3 periods. Five-year survival was low in the pre-ART
period (12%; 95% CI: 10% to 14%) with a median survival
of 7.7 months, but it improved during 1996–2000 (41%; 95%
CI: 38% to 45%) and 2001–2005 (44%; 95% CI: 38%
to 49%).

Table 1 shows 5-year survival for all cancers, AIDS-
defining cancers, all non–AIDS-defining cancers, and the most
frequent non–AIDS-defining cancers in PWA during 1986–
1995 and the corresponding HRs of death in PWA versus
non-PWA. Only 12% of the PWA with cancer survived 5 years
or more, compared with 66% of matched non-PWA (HR of
death = 5.1; 95% CI: 4.3 to 6.1). An HR of approximately 5
was found for KS, NHL, and ICC, whereas it was 7.6 (95% CI:
5.1 to 11.3) for all non–AIDS-defining cancers.

TABLE 2. HR of Death and 95% CIs at 5 years from cancer diagnosis in PWA* Versus Non-PWA† During 1996–2005

Cancer Type‡

PWA Non-PWA

Cases Deaths Survival (%) Cases Deaths Survival (%) HR§ (95% CI)

All patients 1297 751 42 2935 1042 65 2.9 (2.6 to 3.3)

KS 522 202 61 522 121 77 2.0 (1.4 to 2.9)

NHL 561 418 25 1122 402 64 3.4 (2.9 to 4.1)

NHL, CNS (all histologies) 47 43 9 94 67 29 3.1 (1.6 to 6.2)

NHL, DLBC and immunoblastic 264 187 29 528 180 66 3.0 (2.3 to 3.8)

NHL, Burkitt 39 29 26 78 43 45 1.2 (0.7 to 2.2)

NHL, follicular and SLL/CLL 11 8 27 22 2 91 27.4 (1.1 to 757)

NHL, T cell 13 8 38 26 3 88 20.9 (1.6 to 268)

NHL, other specified histology 7 5 29 14 5 64 15.6 (1.3 to 186)

NHL, NOS 180 138 23 360 102 72 5.3 (3.8 to 7.5)

Invasive cervical cancer 52 23 56 260 54 79 2.4 (1.4 to 4.0)

Squamous 30 18 40 150 31 79 4.3 (2.2 to 8.4)

Other and NOS 22 5 77 110 23 79 0.9 (0.4 to 2.5)

All non–AIDS-defining cancers 218 153 30 1090 496 55 2.5 (2.1 to 3.1)

Head and neck 8 7 13 40 18 55 5.2 (1.7 to 16.1)

Stomach 8 7 13 40 25 38 2.5 (0.9 to 6.8)

Colon–rectum 14 10 29 70 22 69 3.9 (1.6 to 9.3)

Anus 10 7 30 50 24 52 2.2 (0.8 to 5.9)

Liver 13 12 8 65 50 23 1.9 (0.9 to 4.2)

Lung 46 40 13 230 199 13 1.6 (1.1 to 2.3)

Skin, nonmelanoma 28 11 61 140 10 93 7.3 (2.8 to 19.2)

Squamous 13 9 31 65 4 94 21.2 (4.5 to 98.9)

Basal 10 2 80 50 3 94 4.9 (0.7 to 35.2)

NOS 5 0 100 25 3 88 0 (—)

Brain 7 6 14 35 23 34 2.1 (0.7 to 5.7)

HL 36 21 42 180 25 86 5.9 (3.1 to 11.2)

HL, mixed cell 17 7 59 85 14 84 2.7 (1.0 to 7.3)

HL, nodular sclerosis 9 7 22 45 5 89 19.9 (3.6 to 109)

HL, NOS 10 7 30 50 6 88 8.8 (2.5 to 30.9)

Leukemias 6 6 0 30 13 57 6.5 (1.7 to 24.2)

Other non–AIDS-defining cancers 42 26 38 210 87 59 2.4 (1.5 to 3.9)

*Patients aged 16–74 years, in Italy.
†Matched by type (1:1 for KS, 1:2 for NHL, 1:5 for other cancers), histology (for NHL, ICC, skin, and HL), sex, age, period of diagnosis, and area in Italy.
‡Only cancer types with $5 cases have been shown.
§Estimates from the Cox proportional hazard model conditioned on matching variables and adjusted for age at diagnosis in years.
NOS, not otherwise specified; CNS, central nervous system; DLBC, diffuse large B-cell; SLL/CLL, chronic lymphocytic leukemia/small lymphocytic lymphoma.
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All-cancer 5-year survival in PWA in the ART period
was 42% (Table 2), with a nearly 3-fold higher risk of death
than non-PWA (HR = 2.9, 95% CI: 2.6 to 3.3). Five-year
overall survival was 61% for KS and 56% for ICC, although
it remained significantly worse than in non-PWA (HR = 2.0,
95% CI: 1.4 to 2.9; and 2.4, 95% CI: 1.4 to 4.0, respectively).
Five-year survival in PWA was 25% after any NHL (HR ver-
sus non-PWA = 3.4; 95% CI: 2.9 to 4.1) and 29% after diffuse
large B-cell lymphoma (HR = 3.0; 95% CI: 2.3 to 3.8), the
most common NHL subtype. However, HRs varied substan-
tially by NHL subtype, ranging between 1.2 for Burkitt lym-
phoma and 27.4 for follicular or small lymphocytic lymphoma.

HR in the ART era was 2.5 (95% CI: 2.1 to 3.1) for all
non–AIDS-defining cancers. The magnitude of HRs for the
worst prognosis cancer types, ie, lung (1.6, 95% CI: 1.1 to
2.3), liver (1.9; 95% CI: 0.9 to 4.2), and brain (2.1; 95% CI:
0.7 to 5.7), was lower than that recorded for other non–AIDS-
defining neoplasms, like cancer of the colon–rectum (3.9;
95% CI: 1.6 to 9.3), nonmelanoma skin cancer (7.3, 95%
CI: 2.8 to 19.2), and leukemias (6.5, 95% CI: 1.7 to 24.2).
The HR for all types of HL combined was 5.9 (95% CI: 3.1 to
11.2), but it was 19.9 (95% CI: 3.6 to 109) for the nodular
sclerosis subtype (5-year survival of 22%). Notably, and at
variance with non-PWA, a poor outcome emerged for PWA
with squamous-cell carcinoma of the skin (5-year survival of
31%). The exclusion of patients with nonmelanoma skin can-
cers, or multiple primaries, did not substantially modify the
risk of death for PWA versus non-PWA (HR = 3.0 and 2.8,
respectively, data not shown).

In the ART era (1996–2005), survival curves after
cancer were consistently lower in PWA than in non-PWA
for all the most frequent cancer types (ie, KS, NHL, ICC,
nonmelanoma skin cancer, and HL) except for lung cancer

in which the difference diminished with time since diag-
nosis (see Figure, Supplemental Digital Content 4,
http://links.lww.com/QAI/A524).

Table 3 shows that HRs in PWA versus non-PWA
after 1 year (3.1; 95% CI: 2.7 to 3.6) tended to be higher,
though nonstatistically significant, than HRs after 5 years
conditioned to be alive 1 year after cancer (2.4; 95% CI:
1.9 to 3.1). This pattern was consistent in AIDS-defining
and non–AIDS-defining cancers, with the exception of HL
(HR = 10.5 and 3.3, respectively).

In the ART era, no significant differences in HR for
type-specific cancers or all cancers combined were found
between men and women, age groups, and calendar periods
(Table 4). However, being an injecting drug user vs. other
categories, having a history of HIV positivity lasting one or
more years vs. less than one year, and ART use before AIDS
vs. no use were all associated to significantly greater HRs.
The difference in HRs by transmission category was mainly
driven by worse survival for KS in injecting drug users
compared with other groups, whereas the unfavorable influ-
ence of other characteristics on 5-year survival tended to be
found consistently in each AIDS-defining cancer and in the
combination of non–AIDS-defining cancers.

DISCUSSION
This population-based study showed that cancer

survival in PWA substantially improved in the ART era,
in Italy. The 5-year all-cancer survival for those diagnosed
during 2001–2005 (44%) was higher than the 1-year sur-
vival recorded in the pre-ART period (40%). Moreover, the
gap in all-cancer survival between PWA and non-PWA
decreased from 5-fold in the pre-ART period to 3-fold

TABLE 3. HR of Death in PWA* Versus Non-PWA According to Time Since Cancer Diagnosis During 1996–2005

Cancer Type†

At 1 yr After Diagnosis At 5 yrs After Diagnosis, Conditioned to be Alive After 1 yr

Cases Deaths HR‡ (95% CI) Cases Deaths HR‡ (95% CI)

All patients 1297 547 3.1 (2.7 to 3.6) 750 204 2.4 (1.9 to 3.1)

KS 522 125 2.0 (1.3 to 3.1) 397 77 2.0 (1.1 to 3.6)

NHL 561 341 3.5 (2.9 to 4.2) 220 77 3.3 (2.2 to 4.9)

Invasive cervical cancer 52 9 2.8 (1.2 to 6.6) 43 14 2.2 (1.1 to 4.3)

All non–AIDS-defining cancers 218 105 2.7 (2.1 to 3.4) 113 48 2.3 (1.6 to 3.4)

Head and neck 8 2 2.6 (0.4 to 18.4) 6 5 7.6 (1.8 to 32.7)

Stomach 8 5 3.6 (1.1 to 12.1) 3 2 1.2 (0.2 to 6.9)

Colon–rectum 14 6 4.6 (1.5 to 14.4) 8 4 3.1 (0.8 to 12.1)

Anus 10 4 2.4 (0.7 to 8.5) 6 3 2.1 (0.4 to 10.2)

Liver 13 7 1.7 (0.7 to 4.4) 6 5 2.5 (0.5 to 13.1)

Lung 46 33 1.8 (1.2 to 2.8) 13 7 0.9 (0.3 to 2.4)

Skin, nonmelanoma 28 3 5.0 (1.0 to 25.0) 25 8 9.0 (2.6 to 31.0)

Brain 7 5 2.2 (0.7 to 6.8) 2 1 1.0 (0.1 to 12.9)

HL 36 13 10.5 (4.0 to 27.7) 23 8 3.3 (1.3 to 8.5)

Leukemias 6 6 6.7 (1.8 to 25.6) — — —

Other non–AIDS-defining cancers 42 21 3.0 (1.7 to 5.2) 21 5 1.2 (0.4 to 3.2)

*Patients aged 16–74 years, in Italy.
†Only cancer types with $5 cases have been shown.
‡Estimates from the Cox proportional hazard model conditioned on matching variables and adjusted for age at diagnosis in years.
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thereafter. The number of non–AIDS-defining malignan-
cies proportionally increased among PWA, and improve-
ment in their survival as compared with non-PWA was
larger (from 7.6- to 2.5-fold difference) than for AIDS-
defining cancers, although the difference in survival for
the worst prognosis cancers was less than 2-fold. Cancer
survival among PWA tended, however, to be worse among
injecting drug users than in other HIV transmission cate-
gories and in PWA who had a history of HIV positivity
lasting one or more years or who had been already using
ART before AIDS diagnosis.

These findings are in substantial agreement with
previous evidence from population-based study of cancer
survival in PWA22,23,38 and with several clinical-based
studies.19,20,39 It should be noted, however, that survival
estimates in clinical series tended to be more favorable
than survival in population-based series.

The proportion of KS among all cancers in PWA
decreased from 52% in the pre-ART period to 31% in the

ART period, and the corresponding survival gap compared
with non-PWA diminished from 5.1 to 2.0. The risk of dying
after NHL in PWA as compared with non-PWA decreased
from 4.6 before 1996 to 3.4 in the ART period, in agreement
with findings from the United States.17,19,23 However, the sur-
vival gap in the ART period varied substantially by NHL
subtype. Although no difference was found with regard to
Burkitt lymphoma, more than 20-fold difference emerged
for some better prognosis subtypes, which are common in
non-PWA but very rarely detected in PWA, ie, follicular,
small lymphocytic (chronic lymphoid leukemias), or T-cell
lymphoma. Despite a clear reduction in the survival gap,
the 2-fold higher risk of dying after ICC compared with
non-PWA provides evidence that participation rates and qual-
ity of cervical cancer screening in HIV-infected women in
Italy need improvement.40

The assessment of survival after individual non–AIDS-
defining cancers is, as elsewhere,23 hampered by the small
number of cases. Lung cancer was by far the most frequent

TABLE 4. HR* of Death and 95% CIs at 5 years from cancer diagnosis in PWA† Versus Non-PWA According to Selected
Characteristics‡ During 1996–2005

All Patients

Cancer Type

KS NHL
Invasive Cervical

Cancer
All Non–AIDS-Defining

Cancers

Cases
HR

(95% CI) Cases
HR

(95% CI) Cases
HR

(95% CI) Cases
HR

(95% CI) Cases
HR

(95% CI)

Sex

Men 1057 2.9 (2.5 to 3.4) 478 2.1 (1.4 to 3.1) 447 3.4 (2.8 to 4.1) — — 178 2.5 (2.0 to 3.2)

Women 240 2.8 (2.2 to 3.6) 44 1.5 (0.5 to 4.2) 114 3.7 (2.5 to 5.4) 52 2.4 (1.4 to 4.0) 40 2.5 (1.5 to 4.2)

Age group (yrs)

16–39 677 3.0 (2.5 to 3.6) 268 1.5 (0.8 to 2.6) 307 3.4 (2.7 to 4.3) 40 2.0 (1.1 to 3.7) 83 3.2 (2.3 to 4.6)

40–74 620 2.8 (2.3 to 3.3) 254 2.4 (1.5 to 3.8) 254 3.4 (2.6 to 4.3) 12 3.6 (1.3 to 9.7) 135 2.2 (1.7 to 2.9)

Period of cancer diagnosis

1996–2000 986 2.9 (2.5 to 3.3) 420 2.2 (1.4 to 3.2) 430 3.3 (2.7 to 4.0) 44 2.0 (1.1 to 3.6) 126 2.7 (2.1 to 3.5)

2001–2005 311 2.9 (2.3 to 3.7) 102 1.3 (0.6 to 3.1) 131 4.0 (2.8 to 5.8) 8 4.4 (1.4 to 13.8) 92 2.3 (1.7 to 3.3)

Transmission category

Injecting drug users 461 3.7 (3.0 to 4.7)§ 104 3.4 (1.3 to 8.7)§ 240 4.0 (3.1 to 5.2) 32 2.8 (1.5 to 5.4) 97 3.4 (2.5 to 4.7)

Men who have sex
with men

429 2.5 (1.9 to 3.2) 275 1.8 (1.1 to 3.0) 128 3.4 (2.4 to 5.0) — — 52 2.4 (1.5 to 3.6)

Heterosexuals/other 407 2.3 (1.9 to 2.8) 143 1.7 (0.9 to 3.2) 193 2.7 (2.0 to 3.6) 20 1.8 (0.8 to 4.2) 69 1.9 (1.3 to 2.7)

CD4 at AIDS diagnosis
(cells/mL)

,100 618 3.1 (2.6 to 3.7) 276 2.3 (1.4 to 3.7) 238 4.2 (3.2 to 5.6) 16 4.1 (1.7 to 9.6) 117 2.3 (1.7 to 3.0)

$100 625 2.6 (2.2 to 3.2) 229 1.6 (0.9 to 2.8) 296 2.8 (2.2 to 3.5) 35 1.7 (0.9 to 3.3) 90 3.2 (2.3 to 4.5)

Years since first HIV
positivity

,1 466 2.0 (1.6 to 2.6)§ 265 1.6 (1.0 to 2.5)§ 170 2.9 (2.1 to 4.0) 9 1.4 (0.4 to 5.1) 33 1.1 (0.7 to 2.0)§

$1 831 3.3 (2.8 to 3.8) 257 2.9 (1.6 to 5.3) 391 3.6 (3.0 to 4.5) 43 2.6 (1.5 to 4.6) 185 3.0 (2.4 to 3.8)

ART before AIDSk
Yes 197 3.1 (2.3 to 4.2)§ 59 1.2 (0.4 to 3.7) 106 3.3 (2.2 to 4.8) 12 4.0 (1.5 to 10.4) 24 3.7 (2.0 to 7.0)

No 318 1.8 (1.4 to 2.4) 160 1.0 (0.5 to 1.8) 120 2.4 (1.7 to 3.5) 6 1.7 (0.4 to 6.7) 41 1.5 (0.9 to 2.4)

Missing 165 3.0 (2.2 to 4.0) 27 1.8 (0.5 to 6.5) 48 3.0 (1.7 to 5.3) 6 4.7 (1.2 to 18.9) 104 3.1 (2.2 to 4.2)

*Estimates from the Cox proportional hazard model conditioned on matching variables and adjusted for age at diagnosis in years.
†Patients aged 16–74 years, in Italy.
‡Numbers of cases and controls may not sum to these totals because of missing values.
§P value for heterogeneity ,0.05, missing values not included in the heterogeneity test.
kNot systematically collected before 1999.
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non–AIDS-defining cancer in Italy. In the ART period, it was
associated with a poor 5-year survival (13%) in our study and
in previous reports.21,23,38,41 The increase in the risk of dying
after lung cancer in PWA versus non-PWA was concentrated
in the first year after cancer diagnosis pointing to the possi-
bility of later stage diseases or less effective treatment proto-
cols in PWA.39,42 An approximately 2-fold lower survival in
PWA versus non-PWA was also found for bad prognosis
neoplasms (stomach, liver, brain) and for anal cancer.16,23

HL is one of the cancer types showing the largest
survival difference between PWA and non-PWA in our
study (HR = 5.9), notably in histological subtypes other than
mixed-cell HL. Population-based studies showed less favor-
able HL survival than recent clinical-based studies43 that
endorsed the possibility to use similarly aggressive chemo-
therapy regimens in PWA and in non-PWA.44 The largest
survival gap between PWA and non-PWA was found for
nonmelanoma skin cancer, especially squamous-cell carci-
noma, which was reported to be a more strongly associated
HIV infection than basal-cell carcinoma.45 It is unclear
whether skin cancer in PWA is more aggressive than in
non-PWA, as it is in organ transplant recipients.46 Differ-
ences in cancer survival between PWA and non-PWA may
be explained by later diagnosis and less adequate treatment
because of comorbidities that affect range of cancer treat-
ment options in addition to overall survival per se.3,47

The most important strength of this population-based
national record linkage study, including a 20-year period
across the introduction of ART, is reliance on population-
based survival in unselected and well-matched PWA and
non-PWA. Completeness and good quality of AIDS report-
ing and cancer registration in Italy have been shown25,48 and
so has the accuracy of our linkage procedures.29,30 In addi-
tion, the similarly active follow-up of PWA and non-PWA
through death certificates and cancer registry data4,28 pro-
vides reassurance on the accuracy and good comparability
of our findings. Our study is the first population-based sur-
vival analysis in which PWA and non-PWA were individ-
ually matched using a strict criteria, including, when
relevant, histological subtype that greatly differs in terms
of prognosis.22,23 Finally, we applied rigorous criteria for
dealing with multiple cancers in PWA (6.5% of all cancers)
and in non-PWA (5.5%).32

Our study has also some limitations. As in all
population-based cancer studies, it is almost impossible to
separate cancer-specific mortality from overall mortality.
Therefore, HRs in our study merely inform on the risk of
dying of PWA after cancer compared with non-PWA. Two
major possible confounding factors included stage differences
and differences in treatment between PWA and non-PWA.
This information is not routinely collected by cancer regis-
tries, and, in particular, treatment approaches to cancer have
changed significantly over this period and may have differed
between PWA and non-PWA. Moreover, as in most
population-based survival studies,28 information on other cor-
relates of survival (eg, tobacco or injecting drug use)4 were
not available. In addition, variations in case-mix across
periods, sexes, or other characteristics should be kept
in mind when comparing survival estimates because of the

concomitant differences in cancer prognosis, eg, KS versus
lung cancers.28 The restriction to PWA, rather than people
living with HIV, can be considered another weakness of
our study. PWA has become a rather ill-defined group in
the ART era49 because, even in countries such as Italy in
which AIDS definition is based on AIDS-defining diseases
rather than CD4 count, people with HIV can benefit from
immune reconstitution at any time in their infection history.
Cancer survival in PWA is likely to provide a less favorable
picture of cancer outcome than survival in people living with
HIV. Restriction to PWA, however, had no impact on sur-
vival analyses of AIDS-defining cancers because their detec-
tion determines an AIDS diagnosis. Conversely, some HIV-
infected patients would have certainly died from a non–
AIDS-defining cancer before progressing to AIDS. Although
the impact of this bias on our findings is uncertain, it is
unlikely to be large.

In conclusion, our population-based study demonstrates
still persistent differences in cancer survival between PWA
and non-PWA in the ART era, thus indicating a need to
enhance the therapeutic approach to offer PWA the same
chances of survival observed in the general population.50
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APPENDIX
Members of the Cancer and AIDS Registries Linkage study include the

following: Saverio Virdone (Epidemiology and Biostatistics Unit, Aviano);
Rosa Vattiato (Romagna Cancer Registry, Meldola); Mariangela Autelitano
(Cancer Registry of Milan); Emanuele Crocetti (Tuscany Cancer Registry);
Antonella Puppo (Genoa Province Cancer Registry, Genova); Carmen Fiorella
Stocco (Registro Tumori del Veneto, Padova); Andrea Tittarelli (Registro
Tumori Lombardia—Provincia di Varese); Stefano Rosso (Registro Tumori
Piemonte, City of Torino); Claudia Cirilli (Modena Cancer registry); Francesco
Donato (Brescia Health Unit Cancer Registry); Massimo Vicentini (Reggio
Emilia Cancer Registry); Paolo Sgargi (Parma Province Cancer Registry); Fran-
cesco La Rosa (Umbria Cancer Registry); Maria Gentilini (Trento Cancer
Registry); Loris Zanier (Friuli Venezia Giulia Cancer Registry); Rosaria Cesar-
accio (Cancer Registry of Sassari); Gennaro Senatore (Salerno Cancer Regis-
try); Pier Carlo Vercellino (Piedmont Cancer Registry, Province of Biella);
Andreas Bulatko (Alto Adige/Südtirol Cancer Registry); Maria Francesca Vi-
tale (ASL Napoli 3 Cancer Registry); Francesco Tisano (Siracusa Province
Cancer Registry, ASP of Siracusa); Elena Moroni (Sondrio Cancer Registry);
Giuseppe Cascone (Ragusa Cancer Registry); Laura Camoni, Vincenza Regine,
and Stefano Boros (National Institutes of Health, Rome).
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