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Abstract

The cancer risk of people with HIV (PWH) enrolled in the Italian COhort of Naives to

Antiretrovirals (ICONA) with HIV diagnosis occurred between 01/1997 and 12/2023

has been compared to that of the corresponding general population of Italy. Incident

cancers were grouped according to their association with viral infections. Standard-

ized incidence ratios (SIRs) were estimated as the ratio between the observed num-

ber of cancers among PWH and the expected ones among the general population.

Competing risks cumulative incidence curves and Gray's test were used to compare

incidence between groups (gender and CD4+ T-cells values at diagnosis) with death

as a competing risk. Overall, 17,298 PWH (79.1% males) contributing to 133,851

person-years of follow-up were included; 763 (4.4%) developed > = 1 incident

cancers, the most frequent cancers being KS (N = 204), NHL (N = 127) and lung-

trachea-bronchus (N = 66). PWH were at 1.6-times higher risk for all cancers com-

pared to the general population (SIR = 1.6, 95% CI: 1.5–1.8), with significantly

increased SIR for almost all virus-related cancers, including KS (SIR = 145), NHL

(SIR = 5.8), ICC (SIR = 6.0), anal cancer (SIR = 21.0) and Hodgkin lymphoma

(SIR = 10.0). Apart from lung cancer risk (SIR = 1.3), none of the non-virus-related

cancers turned out to be more frequent among PWH. PWH with CD4 + <200 cells/

mm3 at cART initiation showed the highest cancer incidence, 5% after 5 years, versus

3% for CD4+ 200–349 and 2% for CD4+ >350 (p < .001). These findings underscore

the need to continue prevention efforts in PWH, including behavioral risk reduction,

early cART initiation, screening, and vaccination.

Abbreviations: ADM, AIDS-defining malignancies; AIDS, acquired immune deficiency virus; cART, combined antiretroviral therapy; HCC, hepatocellular carcinoma; HL, Hodgkin lymphoma; ICC,

invasive cervical cancer; ICONA, Italian Cohort of naïves to antiretrovirals; KM, Kaplan Meier; KS, Kaposi's sarcoma; NADM, non AIDS-defining malignancies; NHL, non-Hodgkin lymphoma;

PWH, people living with HIV; SIR, standardized incidence ratio.

Icona Foundation Study Group details are provided in Appendix A.
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What's New?

Immune suppression induced by HIV infection significantly increases the risk of certain cancers

among people with HIV (PWH). In the present study, the authors investigated cancer incidence

among HIV-infected individuals in Italy using data from the Italian Cohort Naïve Antiretrovirals.

Comparison with the corresponding general population in Italy over the past 25 years reveals

excess cancer incidence among PWH, despite the availability of combination antiretroviral ther-

apy to control HIV. The most frequently occurring cancers in PWH included Kaposi sarcoma,

non-Hodgkin lymphoma, and cancers of the lung–trachea–bronchus. The findings underscore

the need for tailored cancer prevention strategies for PWH in Italy.

1 | INTRODUCTION

Human Immunodeficiency virus (HIV) infection is associated with an

increased risk of several cancer types that often manifest with an

aggressive clinical course and poor prognosis.1 In addition to three

malignancies that are included in the AIDS definition, that is, Kaposi sar-

coma (KS), non-Hodgkin lymphomas (NHL), and invasive cervical cancer

(ICC),2 several other cancer types occur at a higher frequency among

people with HIV (PWH).3 These cancers are mostly related to chronic

viral infections, such as Epstein Barr Virus-related cancer (Hodgkin

lymphoma—HL, NHL), HPV-related cancers (anal cancer, vulvar, vaginal,

penile cancer), HBV- and HCV-related cancer (liver cancer), or to expo-

sure to well-established individual risk factors (e.g., tobacco use and

lung cancer or consumption of alcoholic beverages and liver cancer).4

It is well known that HIV-induced immune suppression plays a

key role in increasing the cancer risk of PWH, particularly for virus-

related cancers, and risk has been shown to increase with low CD4

cell count, high HIV viral load, and a prior AIDS diagnosis.5 Following

the introduction of combined antiretroviral therapy (cART), the natural

course of HIV infection has dramatically changed, with a strong

decline in the frequency of AIDS-defining conditions including AIDS-

defining malignancies (ADM), and considerable improvements in the

life expectancy of PWH.6 Conversely, also in the ART era non-AIDS

defining malignancies (NADMs) represent the most frequent condi-

tion7 and the second most common cause of death.6 The risk of

NADM in PWH is multifactorial and particularly impacted by highly

prevalent oncogenic viral co-infections and smoking.8 Another impor-

tant driver is identified in HIV-induced immune activation and persis-

tent inflammation.9 Chronic immune activation can persist even

among virally suppressed PWH, leading to an exhaustion of the

immune resources, mimicking the process of aging-associated immune

senescence, and installing an immune dysfunction.10

In a recent review, it was proposed that the terms ADMs along

with the opposing one NADMs should be considered obsolete, sug-

gesting to consider each cancer type arising in PWH individually, with

a particular focus on tumors associated with virus (e.g., anal cancer

and Hodgkin lymphoma).11

Currently, several studies, up to date, compared Europe and

North America12,13 the cancer incidence among PWH and the

general population, but no recent investigations were carried out

in Italy.

This study aimed to assess the cancer risk of PWH enrolled in the

multicentric Italian cohort study ICONA and to compare it with the

age and sex corresponding to the Italian general population.

2 | METHODS

2.1 | Study population

The Italian Cohort Naïve Antiretrovirals (ICONA) is an ongoing

national HIV cohort set up in 1997 in Italy, enrolling antiretroviral

(ART) naïve persons with HIV (PWH) from 57 infectious diseases cen-

ters whose Institutional Review Boards approved the ICONA Founda-

tion Study protocol.14,15 PWH naïve from ART are enrolled after

providing written informed consent to study participation and proces-

sing of personal data, according to the Helsinki Declaration.

After enrolment, at least 2 study visits are being conducted every

year to collect sociodemographic, clinical, and laboratory data using

medical records through a standardized protocol (www.icona.org):

smoke, drug use, body weight, height, blood pressure, AIDS diagnosis,

details on antiretroviral therapy used and reasons for changes, non-

AIDS comorbidities, comedication, hospitalization, and instrumental

diagnostic evaluation are collected at every visit. All available HIV-

related and laboratory results are also collected at each visit: virology,

immunology, chemistry, hematology, and serologies on viral co-

infections. HIV genotype resistance tests, HCV and HBV genotypes,

and viral load are collected when available. Furthermore, additional

liver diagnostic information (fibroscan, liver pathologies, HBV vaccina-

tion, and treatments) is collected. Dates of loss to follow-up and of

death are collected together with the cause of death using the Coding

of Death format.

All PWH enrolled in the ICONA cohort with HIV diagnoses that

occurred between January 1997 and December 2023 were included

in this analysis. Data collected included demographic and socio-

behavioral indicators at the time of enrolment; plasma HIV-RNA and

CD4 cell count at enrolment and at each clinical visit (on an average,

every 4–6 months), and clinical events both HIV- or non-HIV-related.
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The study period spanned from 30 days after the first HIV diagnosis

to the date of the occurrence of cancer, the last clinical visit, or death.

For this reason, individuals with follow-up shorter than 30 days from

HIV diagnosis were excluded from this analysis.

For the purpose of this analysis, all cancer diagnoses were histo-

logically confirmed and coded according to the International Classifi-

cation for Disease and Related Health Problems 10th revision

(ICD-10). A cancer diagnosis received before HIV diagnosis or those

that occurred within the first 30 days after HIV diagnosis were con-

sidered as prevalent cancer cases, and they were excluded from the

present analysis of the incidence of de novo malignancies after HIV

diagnosis. In situ carcinomas and other pre-neoplastic lesions (ICD-

O-2 behavior codes 0–2) were also excluded as well as recurring and

metastatic cancers and non-melanoma skin cancers.

Incident (de novo) cancers were further grouped in virus-related

malignancies (i.e.,: KS, NHL, ICC, Hodgkin lymphoma—HL, anal, liver,

vulvar, penile cancer and Merkel cell carcinoma), non-virus related

malignancies, and those not otherwise specified cancers. Multiple pri-

mary tumors were separately analyzed in site-specific sites. Supple-

mentary Table S1 shows the ICD-10 codes used to define each

cancer site or specific group.

2.2 | Statistical analysis

For each patient, person-years (PYs) at risk of cancer were computed

from 30 days after the first HIV-positive test to the date of cancer

diagnosis, date of death, or date of last follow-up, whichever occurred

first.

After a cancer diagnosis, patients no longer contribute to the

determination of person-time at risk of that specific cancer type.

However, we did not censor these individuals at their first cancer

diagnosis, because they could still be at risk of developing other types

of cancer, continuing to add follow-up time to the determination of

PYs at risk for further specific tumor.

To determine absolute risk estimates of de novo malignancies,

cumulative incidence functions were estimated using a competing risk

approach with nonparametric indicators, with death as a competing

event.

We computed age-specific cancer incidence rates for major

cancer types and plotted them against the age-specific incidence

of the specific cancer type among the corresponding general Ital-

ian population.

Standardized incidence ratios (SIRs) were estimated as the ratio

between the observed number of cancer cases among cohort mem-

bers and the expected one among the corresponding general popula-

tion of Italy. The expected number of cases was computed by

multiplying the PYs at risk among cohort members with sex, age

(5-year groups), residence area, and calendar period-specific incidence

rates from all Italian cancer registries as published by the International

Agency for Cancer (IARC) in Cancer Incidence in Five Continents,

vol. VIII (1993–1997), vol. IX (1998–2002), vol. X (2003–2007), vol. XI

(2008–2012) and vol. XII (from 2013 thereafter). Corresponding 95%

confidence intervals (CIs) for SIRs were calculated assuming a Poisson

distribution.

A further analysis was conducted to evaluate the cumulative

incidence of cancers after cART initiation, considering death as a com-

peting risk, using Gray's test to compare CD4+ T-cell categories at

cART. In this analysis, similarly to what was performed in the general

incidence analysis, incident cancers were considered all malignancies

diagnosed at least 30 days or beyond cART initiation.

A two-tailed p-value<0.05 was considered statistically significant.

Statistical analyses were performed using Stata release 17 (StataCorp

LLC, 2021; College Station, TX), R version 4.4 (R Foundation for Sta-

tistical Computing, Vienna, Austria), or SPSS version 29 (IBM Corp.

Released 2023. Armonk, NY: IBM Corp).

3 | RESULTS

Overall, 17,298 PWH (79.1% males) were included, contributing to a

total of 133,851 PYs of follow-up (median follow-up 6.6 years; Inter-

quartile range, IQR: 2.7–11.1) (Table 1). The median age at HIV diag-

nosis was 37 years in males and 35 years in females, and most of the

cohort members acquired HIV infection through sexual intercourse:

among males, 56.3% reported sexual relations with other men (MSM)

and 29.5% sexual relations with females; 85.2% of females turned out

to have acquired HIV infection through heterosexual intercourse. At

the time of inclusion in the study group, 47.6% of cohort members

had as a first CD4+ cell count less than 350 CD4+ cells/mm3 (46.5%

in males, and 51.6% in females), while 9.9% were diagnosed with AIDS

(Table 1). 543 (3.1%).

During the follow-up, a total of 789 incident cancer diagnoses

were documented in 763 PWH (4.4%) (Table 1). As shown in Table 1

and in Supplementary Table S1, KS (204 cases, 192 in males) was the

most frequent cancer, followed by NHL (127 cases, 109 of which in

males). Among other virus-related cancers, 57 cases of Hodgkin lym-

phoma were reported, 32 anal, 25 liver cancer, and 18 ICC. Con-

versely, among the remaining non-virus-related malignancies, the

most frequent were trachea, bronchus, and lung cancers (66 cases,

52 in males), followed by prostatic cancer (36 cases), female breast

cancer (29 cases) and bladder cancers (28 diagnoses) (see Table 2 and

Supplementary Table 1).

Figure 1 illustrates the cumulative incidence of cancer according

to the time elapsed from the first HIV-positive test in total and

according to gender, showing that overall, roughly 10% of the PWH

included in the analysis were diagnosed with cancer up to 20 years of

observation. Males present a cumulative incidence of cancer higher

than females, in particular in the long run (2.6% vs. 1.9% in the first

3 years from HIV diagnosis, 10.8% vs. 8.8% at 20 years). Supplemen-

tary Figure S1 shows the timing of type of cancer diagnoses according

to period, showing that Kaposi's sarcoma incident cases hugely

decreased over time, with 62 cases diagnosed in the first period

(1997–2008; which represented 39% of de novo malignancies diag-

nosed in the period) to 48 cases in the last period (2018–2023; 19%

proportion). It is to be noted conversely that non-virus-related
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malignancies concurred to 31% of de novo cancers in the first period,

increasing to 54% in the last one (Supplementary Table S1).

Figure 2 compares age-specific incidence rates observed in PWH

with those expected in the corresponding general population. In gen-

eral (panel A) PWH showed significantly higher incidence for all age

categories at least up to 54 years of age, while for those 55 or older,

PWH, the risk was comparable. When considering virus-related can-

cers, incidence rates were higher in PWH than in the general popula-

tion for Kaposi's sarcoma, invasive cervical cancer, and Hodgkin

lymphoma in all age groups, while for NHL and anal cancers, the risk

generally higher showed a tendency to equivalence only in the older

age group (60 or more years of age) (panel B). In contrast, no differ-

ence in terms of incidence over age was observed for more frequent

cancers in the non-virus-related malignancies group (panel C) such as

lung, breast female, colon-rectum, or skin melanoma (see Figure 2).

As compared to the corresponding general population, PWH in

our study group turned out to be at 1.6 times higher risk for all can-

cers (SIR = 1.6, 95% CI: 1.5–1.8) (Table 2). Increased SIRs were noted

for virus-related cancers and in particular for Kaposi's sarcoma

(SIR = 145, 95% CI: 126–166; higher in females, SIR = 230), NHL

TABLE 1 General characteristics of
17,298 people living with HIV enrolled in
the ICONA Cohort Study: Italy,
1997–2023.

Total Male Female
N (%) N (%) N (%)

All 17,298

(100.0)

13,680

(79.1)

3618 (20.9)

Age at HIV-diagnoses (years)

18–24 1762 (10.2) 1303 (9.5) 459 (12.7)

25–34 5909 (34.2) 4558 (33.3) 1351 (37.3)

35–44 5101 (29.5) 4150 (30.3) 951 (26.3)

45–54 2900 (16.8) 2373 (17.4) 527 (14.6)

55+ 1626 (9.4) 1296 (9.5) 330 (9.1)

Calendar period of HIV-diagnoses

1997–2008 4513 (26.1) 3271 (23.9) 1242 (34.3)

2008–2012 3766 (21.8) 3035 (22.2) 731 (20.2)

2013–2017 5061 (29.3) 4111 (30.1) 950 (26.3)

2018–2023 3958 (22.9) 3263 (23.9) 695 (19.2)

Mode of HIV acquisition

Men who have sex with men 7695 (44.5) 7695 (56.3) 0 (�)

Heterosexual intercourse 7112 (41.1) 4031 (29.5) 3081 (85.2)

Use of intravenous drugs 1338 (7.7) 1056 (7.7) 282 (7.8)

Other/unknown 1153 (6.7) 898 (6.6) 255 (7.1)

First CD4+ count/mm3

<200 4974 (28.8) 3829 (28.0) 1145 (31.7)

200–349 3246 (18.8) 2526 (18.5) 720 (19.9)

350–499 3489 (20.2) 2840 (20.8) 649 (17.9)

500+ 5518 (31.9) 4435 (32.4) 1083 (29.9)

Unknown 71 (0.4) 50 (0.4) 21 (0.6)

AIDS diagnosis at enrolment:

No 15,578 (90.1) 12,362

(90.4)

3216 (88.9)

Yes 1720 (9.9) 1318 (9.6) 402 (11.1)

Patients with prevalent cancers at enrolment 543 (3.1) 441 (3.2) 102 (2.8)

Person-years of follow-up

Total 133,851 10,366 30,185

Median (inter quartile range) 6.6 (2.7–
11.1)

6.5 (2.7–
10.9)

6.9 (2.8–
11.9)

Patients with one or more cancera diagnoses at

follow-up

763 (4.4) 624 (4.6) 139 (3.8)

Total cancera diagnoses 789 641 148

aDe novo malignancies diagnosed at least 30 days after HIV diagnosis, excluding non-melanoma skin

cancers.
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(SIR = 5.8, 95% CI: 4.8–6.9), Hodgkin lymphoma (SIR = 10.0, 95% CI:

7.6–13.0), anal cancer (SIR = 21.0, 95% CI: 14.4–29.7) and ICC

(SIR = 6.0, 95% CI: 3.6–9.5). In non-virus-related cancers, statistically

increased risks were noted only for trachea, bronchus, and lung cancer

(SIR = 1.3, 95% CI: 1.0–1.7), with a risk 2.6-fold significantly increased in

females (95% CI: 1.4–4.3). Conversely, significantly decreased risks were

observed for stomach cancer (SIR = 0.3), colon-rectum (SIR = 0.5), breast

(female, SIR = 0.7), prostate (SIR = 0.6), and thyroid cancer (SIR = 0.5).

An overall picture showing SIR estimation according to type of cancer is

depicted in Figure 3.

TABLE 2 Standardized incidence ratios (SIR) and 95% confidence intervals (CI) for incident cancers according to gender.

ICD-10 codesa

No. of cancer cases

SIR (95% CI)

No. of

cancer
cases

SIR (95% CI)

Type/site Observed Expected
Male/
Female Male Female

Virus-related

Anus C21 32 1.5 21.0 (14.4–29.7) 31/1 27.6 (18.7–39.2) NC

Liver C22 25 16.4 1.5 (1.0–2.3) 21/4 1.4 (0.9–2.1) 3.8 (1.0–9.7)

Kaposi's sarcoma C46 204 1.4 144.8 (125.6–166.1) 192/12 141.6 (122.2–163.1) 230.0 (118.9–401.8)

Invasive cervical cancer C53 18 3.0 6.0 (3.6–9.5) �/18 - 6.0 (3.6–9.5)

Penis C60 3 1.0 3.1 (0.6–9.0) 3/� 3.1 (0.6–9.0) -

Hodgkin lymphoma C81 57 5.7 10.0 (7.6–13.0) 48/9 10.4 (7.7–13.8) 8.3 (3.8–15.8)

Non-Hodgkin

Lymphomas (All types)

C82-85, C96 127 21.9 5.8 (4.8–6.9) 109/18 5.9 (4.9–7.1) 5.1 (3.0–8.1)

Non virus-related

Oral cavity C00-10 11 9.8 1.1 (0.6–2.0) 10/1 1.1 (0.5–2.1) NC

Esophagus C15 7 3.6 1.9 (0.8–4.0) 5/2 1.5 (0.5–3.4) NC

Stomach C16 5 16.6 0.3 (0.1–0.7) 5/0 0.3 (0.1–0.8) -

Colon-rectum C18-20 24 51.3 0.5 (0.3–0.7) 21/3 0.5 (0.3–0.8) 0.4 (0.1–1.1)

Pancreas C25 12 12.9 0.9 (0.5–1.6) 8/4 0.7 (0.3–1.5) 2.0 (0.5–5.1)

Larynx C32 6 7.9 0.8 (0.3–1.7) 5/1 0.7 (0.2–1.5) NC

Trachea,

bronchus and lung

C33-34 66 50.3 1.3 (1.0–1.7) 52/14 1.2 (0.9–1.5) 2.6 (1.4–4.3)

Skin melanoma C43 19 27.7 0.7 (0.4–1.1) 14/5 0.6 (0.4–1.1) 0.8 (0.3–1.9)

Other connective

and soft tissue

C49 4 3.7 1.1 (0.3–2.8) 4/0 1.3 (0.4–3.4) -

Breast, female C50 29 43.3 0.7 (0.5–1.0) �/29 - 0.7 (0.5–1.0)

Corpus uteri C54 8 5.2 1.5 (0.7–3.0) �/8 - 1.5 (0.7–3.0)

Ovary C56 5 3.8 1.3 (0.4–3.1) �/5 - 1.3 (0.4–3.1)

Prostate C61 36 61.5 0.6 (0.4–0. 8) 36/� 0.6 (0.4–0.8) -

Testis C62 9 11.5 0.8 (0.4–1.5) 9/� 0.8 (0.4–1.5) -

Kidney C64 15 20.6 0.7 (0.4–1.2) 14/1 0.8 (0.4–1.3) NC

Bladder C67 28 38.1 0.7 (0.5–1.1) 27/1 0.7 (0.5–1.1) NC

Brain C71 6 9.9 0.6 (0.2–1.3) 4/2 0.5 (0.1–1.2) NC

Thyroid gland C73 11 21.3 0.5 (0.3–0.9) 6/5 0.5 (0.2–1.1) 0.5 (0.2–1.2)

Multiple myeloma C90 5 6.4 0.8 (0.3–1.8) 3/2 0.6 (0.1–1.6) NC

Leukemia C91-92 8 12.1 0.7 (0.3–1.3) 7/1 0.7 (0.3–1.4) NC

All, but non-

melanoma

skin cancersb,c

789 479.4 1.6 (1.5–1.8) 641/148 1.7 (1.6–1.9) 1.4 (1.2–1.6)

Note: SIR that are statistically significant are highlighted in bold (p-value <.05) or italic (p-value <.10). NC: not calculated if less than 3 cases. ICONA Cohort

Study: Italy, 1997–2023.
aICD-10: International Classification of Diseases, tenth revision.
bSites/types with <3 observed cases and those not otherwise specified cancers are not shown in the table (see Supplementary Table S1 for details).
cNon-melanoma skin cancers excluded.
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PWH with CD4+ cell count < 200/mm3 at cART initiation

showed the highest cumulative cancer incidence, about 4% after

5 years from first cART, as compared to 3% of those with CD4 cell

counts between 200 and 349/mm3 at cART initiation and 2% of those

with CD4+ cell counts >350/mm3 (Gray's test p < .001). A similar pic-

ture emerged in PWH who developed KS and NHL (Figure 4). No dif-

ference in cumulative incidence of trachea, bronchus, and lung cancer

according to CD4+ count at cART initiation (Gray's test p = .106).

4 | DISCUSSION

The results of this cohort study show that over the past 25 years,

despite the survival successes that ART has enabled, one out of

10 PWH enrolled in the ICONA cohort, accounting for more than

20,000 PWH, was diagnosed with cancer. Overall, the most frequent

cancer observed was KS and NHL among the virus-related cancers,

and trachea/bronchus/lung among non-virus-related ones. Neverthe-

less, if the different periods were considered, an increased proportion

of non-virus-related cancers and a strong reduction of virus-related

ones were observed over the years. An excess incidence of cancer in

PWH compared to what is observed in the general population has

been observed for most of the cancers included in the analysis (cumu-

lative SIR 1.6), remarkably for all virus-related cancers.

Regarding virus-related cancers, rates of KS, NHL, and cervical

cancer have declined sharply in developed countries during the highly

active antiretroviral therapy era,2 and a similar decline has been

observed even in the present analysis; nevertheless, their incidence

ratios remain elevated compared with the general population, as pre-

viously reported.2 The relative increased risk of virus-related cancers

compared to nonvirus-related malignancies observed in the first

5 years of observation could be interpreted as an increased risk still

associated with the presence of immunological dysregulation in the

first years of cART; a switch in incidence toward virus-related non-

AIDS malignancies could be due to competitive oncogenic risk in the

long run on which the effect of ART is not well defined.16,17

In a recent meta-analysis of studies published between 1992 and

2022, nearly all types of the 20 virus-related non-AIDS defining can-

cers occurred at increased rates among PWH in comparison with the

general population, as analyzed through standard incidence rates

(SIR). The highest SIRs were observed in HPV-related cancers of the

anogenital sites, including cancers of the anus, anal canal, and penis.

Cancers with markedly increased rates also included Hodgkin lym-

phoma, neck cancer, and liver cancer, which are related to Epstein–

Barr virus (EBV), human papillomavirus (HPV), and hepatitis B/C virus

(HBV/HCV) respectively.18 In our study, a highest incidence ratio for

anal (SIR 21.0, 27.6 in male population), Hodgkin's disease (SIR 10.0),

ICC (SIR = 6.0) and NHL (SIR = 5.8) was observed. Data on anal can-

cer suggest that screening in the HIV-infected population, despite

being indicated in all guidelines,19,20 should be reinforced. It has not

yet penetrated so far into clinical practice to date, and the high inci-

dence reported in our study may certainly be influenced by the large

F IGURE 1 Cumulative incidence of de novo malignancies (not including skin non-melanoma cancers), according to diagnostic group and time
since first HIV-positive test: ICONA Cohort Study: Italy, 1997–2023.
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period of our cohort and the total absence of guidelines in the earlier

years. Data from NA-ACCORD documented a decline in the risk of

anal cancer of 2.2% per year in the North American PWH from 2001

to 2016, varying by geographic area, closely correlated with the prev-

alence of screening in clinical practice.21

The excess of Hodgkin's disease in PWH over that observed in

the general population found in our study is consistent with that

reported in a recent meta-analysis. The 10-fold increased risk sug-

gests, as in the case of anal cancer, that the correlation with viral

oncogenesis, EBV-related in this case, keeps the incidence of this neo-

plasm high in PWH despite the viroimmunological control achievable

with modern cART.22

Looking at incidence rates according to age, an overall signifi-

cantly higher incidence of cancers compared to the general popu-

lation has been observed in this study for all age categories at least

up to 54 years of age, while for those 55 or older the risk was com-

parable. Nevertheless, considering virus-related cancers, incidence

rates were higher in PWH than in the general population for KS,

invasive cervical cancer, and Hodgkin lymphoma in all age groups,

while for NHL and anal cancers, the risk showed a tendency to

equivalence only in those more than 60 years old. On the contrary,

no difference in terms of incidence over age was observed for

non-virus-related cancers.

This result is partially in line with previous studies showing an ear-

lier age at cancer diagnosis for some cancers, in particular for lung

cancer, anal cancer, and myeloma.23–25 Another study, using the

French Hospital Database on HIV, observed younger ages at diagnosis

for lung, but not anal cancer.26

One possible explanation for younger ages at the diagnosis for

certain cancers in PWH is that HIV may accelerate the time from the

initiation of the carcinogenic process, or it could be due also to earlier

or stronger exposure to key risk factors in PWH,27 such as smoking,

HPV persistent infection among men who have sex with men (MSM),

the risk group with the highest anal cancer risk,28 or, in turn, an

increased prevalence of anal Pap testing in PWH, particularly MSM.29

Our analysis showed a slightly increased risk of liver cancer (SIR

1.5, p-value<.10) in PWH compared to the general population, lower

compared to what has been reported in other studies.18 It is well

known that prevention of liver cancer includes treatment of the Hepa-

titis B virus and hepatitis C infection, as well as controlling metabolic

and behavioral risk factors associated with liver cancer (diabetes,

hypertension, cardiovascular diseases, potus). Italy is one of the

(A)

(C)

(B)

F IGURE 2 Comparison of age specific cancer incidence rates by cancer types in the ICONA cohort versus the general population. Panel (A):
All, but non-melanoma skin cancers; panel (B): Virus-related malignancies; panel (C): Non-virus related malignancies.
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leading countries in terms of liver cancer incidence overall; for this

reason, the relative risk should be lower than observed in other

cohorts.30 Moreover, HBV vaccination has been associated with

reductions in HCC incidence, and in Italy, HBV vaccination has been

widely spread among PWH as a component of routine monitoring of

HIV infection, and, besides HBV vaccines, treating chronic hepatitis B

with nucleoside analogs has been included in most PWH as a compo-

nent of cART during the years of the cohort. For HCV, the treatment

of existing HCV infections with direct-acting antiviral (DAA) therapies,

being the most effective way to prevent new cases of HCC, has been

widely used in PWH in Italy, as demonstrated by ICONA cohort data.

According to sex, it is worth mentioning a high SIR for trachea/

bronchus/lung emerged among females, suggesting a higher fre-

quency of tobacco smoking among HIV-infected young adult females

than in their counterparts in the general population.

A lower incidence of breast cancer among females with HIV com-

pared with the general population was also found. Previous studies pro-

posed that it might be because HIV could bind to the chemokine receptor

CXCR4 expressed by breast cancer cells, resulting in apoptosis.31,32

Consistent with other studies, we did not observe overall differ-

ences by HIV status in the risk of non-infectious related cancers,33

except for trachea, bronchi, and lung (SIR 1.5). This is largely34 linked

to the higher proportion of smokers in PWH than in the general

population, potentially contributing to a higher incidence of cancers

induced by smoking.35

The immunological implications that can be derived from the

results of our study are two. First, the highest incidence of cancers was

observed in PWH with CD4 cell counts of less than 200/mm3. This

finding is further confirmation of the fact that immunological deficiency

is a risk factor for the development of both AIDS and non-AIDS related

events and in particular neoplasms; in a recent cohort study in Ontario,

from 1997 to 2020, among 4771 PWH, low baseline CD4 (<200 cells/

mm3), nadir below 200 cells/mm3, low time-updated CD4, and time-

updated CD4:CD8 ratio were associated with an increased rate of

infection-related cancers.36 These results further reinforce the need for

early diagnosis and linkage to care and high antiretroviral therapy

uptake as a pivotal strategy combined with oncological screening and

vaccine uptake to reduce the cancer incidence in PWH.

Second, HIV infection leads to chronic immune activation/

inflammation that can persist in virally suppressed persons on cART,

increasing the risk of malignancies both virus-related and non-virus-

related.8 The CD4:CD8 ratio represents a surrogate marker of defec-

tive T lymphocytes and enhanced immune activation in HIV infection

and may characterize a subpopulation with distinct immunological

abnormalities and chronic inflammation.37 Recently, a lower CD4:CD8

ratio (<0.5) has been shown in a large multi-cohort study across

F IGURE 3 Standardized incidence ratios (SIR) and 95% confidence intervals (CI) for incident cancers. ICONA.
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Europe and Australia to be associated with an increased risk of several

cancers.38

Our study has some limitations. First of all, although ICONA is a

cohort strongly representative of the reality of PWH in Italy, it is not

the equivalent of a national surveillance system in terms of the extent

of events collection; secondly, ICONA is representative of PWH

linked to care, therefore inferences on the incidence of neoplasms in

PWH is limited only by considering linked to care individuals. Never-

theless, it must be considered that the number and the characteristics

of new diagnoses of HIV infection in PWH enrolled in the ICONA

cohort in recent years are in line with what has been reported at the

Italian level by the registry data of the “Istituto Superiore di Sanità,”
demonstrating that ICONA is relevantly representative of the entire

population living with HIV in Italy.15 Third, our study investigates the

role of HIV status as the total effect of it, without dissecting whether

the different risk compared to the general population is led by HIV

infection itself and its effects (immunodeficiency, inflammation, long-

term antiretroviral toxicities) or by the different behaviors of HIV indi-

viduals. Fourth, by using the SIRs we have accounted for sex, age, res-

idence area, and calendar period, but other residual confounding

cannot be ruled out.

In conclusion, in this cohort study covering the last 25 years of

HIV infection, the incidence risk of cancers in PWH is still remarkably

high compared to that in the general population. Our results further

confirm the need to implement prevention strategies in people with

HIV both related to the direct management of HIV infection (early ini-

tiation of antiretroviral therapy and linkage to care), periodic screening

and vaccination for diseases for which a vaccine is available, and

behavioral risk reduction strategies toward environmental oncogenes.

Furthermore, based on the results of our and other studies, it could be

advisable, for public health reasons, to consider virus-related NADMs,

namely anus and penile HPV-related cancer and Hodgkin lymphoma,

as AIDS-defining illnesses, similar to cervical cancers in females.
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