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da vivente
sul 2020Anno 2022 Anno 2021

Nel 2022 si consolida la netta ripresa dell’attività di trapianto già registrata 
nel 2021 rispetto al rallentamento degli interventi dovuto all’emergenza 
pandemica del 2020. La crescita complessiva dei trapianti è trainata dal 
programma da donatore deceduto. Infatti, i trapianti eseguiti da donatore 
deceduto sono stati 3.506 rispetto ai 3.417 del 2021 (+2,6%); quelli 
da donatore vivente sono stati 370, contro i 377 dell’anno precedente 
(-1,86%). Il 2022 ha fatto registrare il secondo migliore risultato di 
sempre. Tali risultati sono stati possibili grazie ad una sempre migliore 
organizzazione e pianificazione delle attività della Rete trapiantologica 
e grazie all’implementazione del programma di donazione DCD che 
ormai rappresenta una realtà sempre più consolidata nel nostro Paese 
raggiungendo circa il 6% dell’attività di procurement da donatore deceduto, 
ma con ulteriori grandi prospettive di crescita.
Stabile il programma da donatore vivente rispetto all’anno precedente; 
tuttavia, le difficoltà di crescita dell’attività da vivente merita uno spunto di 
riflessione per un rilancio della stessa (su cui il Cnt sta lavorando). 

LA FOTOGRAFIA DEL 2022
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CENTRI CHE HANNO ESEGUITO PIÙ TRAPIANTI DI RENE NEL 2022

Ospedale Niguarda
di Milano
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di Torino
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A.O.
di Padova
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Donatore
deceduto

Donatore
vivente

1.697

336

I trapianti di rene eseguiti in Italia nel 2022 sono stati 2.033. In dettaglio, 
i trapianti da donatore deceduto sono stati 1.697, dei quali 127 di rene doppio 
e 62 i trapianti combinati con un altro organo, mentre i trapianti da donatore 
vivente sono stati 336. Rispetto al 2021 il dato numerico è una conferma del 
riallineamento dell’attività di trapianto dopo il superamento della contrazione 
dovuta alla pandemia da SARS-CoV-2.
I pazienti che hanno ricevuto il trapianto da donatore deceduto nel 2022 
hanno atteso mediamente in lista 20,6 mesi (24,2 mesi nel 2021). I pazienti in 
età pediatrica hanno atteso mediamente 16,8 mesi.
Per quanto riguarda il Programma Nazionale Iperimmuni (PNI), nel 2022 
i nuovi ingressi nel programma sono stati 96 (79 nel 2021) mentre c’è stata 
una riduzione del numero dei trapianti del PNI (48 contro 68 nel 2021).  

I CENTRI 

Grazie anche al primato nell’attività da donatore vivente, l’A.O di Padova 
ottiene la leadership nazionale per numero di trapianti di rene in termini 
assoluti con 197 trapianti (147 da donatore deceduto e 50 da donatore 
vivente); seconda, la Città della salute e della Scienza di Torino con 192 
interventi (172 da deceduto e 20 da vivente). Seguono l’Ospedale Niguarda 
di Milano, il Policlinico S. Orsola di Bologna, l’Ospedale Civile di Verona 
e il Policlinico di Bari, tutti con un numero di interventi superiore a 100. 
Da segnalare le buone performances dei programmi di trapianto da donatore 
deceduto di Napoli (+40% sul 2021) e Salerno (+45% sul 2021).
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CENTRI CHE HANNO ESEGUITO PIÙ TRAPIANTI DI FEGATO NEL 2022
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Nel 2022 assistiamo ad un ulteriore aumento dell’attività di trapianto di 
fegato rispetto al 2021 che già aveva toccato livelli di attività mai raggiunti 
prima: i trapianti di fegato totali sono stati 1.479 (1.445 complessivi da 
donatore deceduto e 34 trapianti da donatore vivente; +6% rispetto al 
2021). Dei 1.445 trapianti di fegato eseguiti da donatore deceduto, 1.124 
(77,8%) sono stati eseguiti in condizioni standard (ovvero non in urgenza 
nazionale o di macroarea e non nell’ambito del programma nazionale 
pediatrico).
Il tempo medio di attesa (TMA) dei trapianti eseguiti nel 2022 (adulti 
e pediatrici) in condizioni standard è stato di 6 mesi, stabile rispetto al 2021.

 
I CENTRI

L’attività di trapianto della macroarea Nord, dove si colloca il 60% dei centri, 
è aumentata del 5,5% (906 trapianti) rispetto all’anno precedente (859 
trapianti). Anche l’attività della macroarea sud è aumentata e ha raggiunto 
539 trapianti di fegato, +7,8% rispetto al 2021 (500 trapianti). 

Tra i centri trapianto a volume più elevato della macroarea Nord ci sono l’A.O.U 
Pisana, l’A.O.U. Città della Salute di Torino, l’A.O.S. Orsola Malpighi di Bologna, 
A.O. Policlinico di Modena, l’A.O. di Padova e l’A.O. Niguarda Ca’ Granda 
di Milano. Nella macroarea sud si distinguono per volume di attività l’IsMeTT 
di Palermo, l’A.O. San Camillo Forlanini, l’A.O. Cardarelli. 

I TRAPIANTI DI FEGATO

INDICE
GENERALE

INDICE
TABELLE

55REPORT ANNUALE 2022 / IL TRAPIANTO DI ORGANI

CENTRI CHE HANNO ESEGUITO PIÙ TRAPIANTI DI CUORE NEL 2022
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25

A.O.U. Policlinico
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26
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Malpighi di Bologna

29

Nel 2022 è stata rilevata una minima variazione dei trapianti (+0.4%) rispetto 
all’anno precedente; in numeri assoluti, gli interventi sono stati 253 rispetto 
ai 252 del 2021 (anno che aveva fatto registrare un incremento dell’attività 
del 6% rispetto al 2020). Mentre i trapianti in favore di riceventi pediatrici 
si mantengono stabili (23), è aumentato il numero di quelli effettuati nei 
pazienti, adulti e pediatrici, in urgenza nazionale e di macroarea, passando 
da 116 (46%) nel 2021 a 149 (58,9%) nel 2022. Questo ha comportato una 
conseguente diminuzione del 21% dei trapianti in lista standard (118 nel 
2021 versus 93 nel 2022), mentre i rispettivi tempi medi di attesa (TMA) 
sono aumentati, passando da 19,4 a 20,8 mesi.

I CENTRI

Il Policlinico Sant’Orsola-Malpighi di Bologna, anche nel 2022, si conferma 
essere il primo centro in Italia per volume di attività con 29 trapianti (31 nel 
2021), seguito dall’AOU Policlinico di Bari con 26 interventi e dall’Azienda 
Ospedaliera di Padova (25). Nonostante l’attività venga svolta prevalentemente 
presso i centri della macroarea Nord (71,5%), nel 2022 abbiamo registrato 
un incremento dei trapianti nella macroarea Sud (+16,1%). Va sottolineato 
che l’AOU Policlinico di Bari ha aumentato in modo significativo la sua attività 
trapiantologica (26) rispetto agli anni precedenti, avendo effettuato nel 2021 
complessivamente 9 trapianti, e questo risultato gli consente di essere il primo 
centro della macroarea Sud per numero di trapianti di cuore effettuati, seguito 
dall’AO Monaldi di Napoli con 16 interventi. 
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TRAPIANTI COMBINATI
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L’anno 2022 può essere considerato l’anno della ripresa del trapianto di 
polmoni con un aumento del 18,8% del numero di interventi effettuati (139 
nel 2022 contro i 117 nel 2021).
Questi numeri, anche se non ci portano ai livelli pre-pandemici (153 
trapianti nel 2019), ci lasciano intravedere in ogni caso un trend in crescita. 
In 5 trapianti, pari al 3,6 % del totale, i polmoni sono stati prelevati da DCD. 
Anche questo è un programma che potrebbe essere ancora implementato 
per aumentare il numero di trapianti di polmone.

È stato anche effettuato 1 trapianto di polmoni combinato con il fegato 
e 2 trapianti di polmoni combinati col cuore, interventi molto complessi 
che richiedono un maggiore impegno non solo nella gestione pre e post 
operatoria da parte dei clinici trapiantatori, ma anche dal punto di vista 
organizzativo da parte dei professionisti della RNT impegnati nella gestione 
del donatore e nell’allocazione degli organi.
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Abstract. Patients infected with human immunodeficiency virus (HIV) are at increased risk for 
developing both non-HRdgkiQ¶V O\PShRPa (NHL) aQd HRdgkiQ¶V O\PShRPa (HL). EYeQ if WhiV 
risk has decreased for NHL after the introduction of combination antiretroviral therapy (cART), 
they remain the most common acquired immune deficiency syndrome (AIDS)-related cancer in 
the developed world. They are almost always of B-cell origin, and some specific lymphoma types 
are more common than others. Some of these lymphoma types can occur in both HIV-uninfected 
and infected patients, while others preferentially develop in the context of AIDS. HIV-associated 
lymphoma differs from lymphoma in the HIV negative population in that they more often present 
with advanced disease, systemic symptoms, and extranodal involvement and are frequently 
associated with oncogenic viruses (Epstein-Barr virus and/or human herpesvirus-8). Before the 
introduction of cART, most of these patients could not tolerate the treatment strategies routinely 
employed in the HIV-negative population. The widespread use of cART has allowed for the 
delivery of full-dose and dose-intensive chemotherapy regimens with improved outcomes that 
nowadays can be compared to those seen in non-HIV infected patients. However, a great deal of 
attention should be paid to opportunistic infections and other infectious complications, cART-
chemotherapy interactions, and potential cumulative toxicity. In the context of relatively sparse 
prospective and randomized trials, the optimal treatment of AIDS-related lymphomas remains a 
challenge, particularly in patients with severe immunosuppression. This paper will address 
epidemiology, pathogenesis, and therapeutic strategies in HIV-associated NHL and HL. 
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Introduction. Since the beginning of the acquired 
immune deficiency syndrome (AIDS) epidemic, in the 
early eighties, the association between lymphomas and 
the acquired immunodeficiency became evident and was 
reported before the discovery of human 
immunodeficiency virus (HIV) as the responsible agent 
for the syndrome. Diffuse large B-cell lymphoma 
(DLBCL), Burkitt lymphoma (BL) and primary central 
nervous system lymphoma (PCNSL) were soon 
recognized as AIDS-defining event in patients who lived 
with HIV infection (PLWH).1 Most of these patients 

could not tolerate the dosage of chemotherapy (CT) 
routinely employed in the HIV-negative population, and 
the majority died of these diseases. After the advent of 
combination antiretroviral therapy (cART) in 1996, the 
death rate from AIDS dramatically decreased as the risk 
of new opportunistic infections and the incidence of 
KapoVi¶V Sarcoma (KS). The incidence of l\mphomaV, 
however, did not decrease as sharply, and they became 
the most common AIDS-related cancer in the developed 
world.2 The widespread use of cART has given PLWH 
the opportunity to receive and tolerate a standard dose 
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of CT and has increased the probability of cure. 
However, in the context of relatively sparse prospective 
and randomized trials, the optimal treatment of AIDS-
related lymphomas (ARL) remains a challenge, 
particularly in patients with severe immunosuppression. 
In this review, we report the main information 
concerning epidemiology and pathogenesis of ARL and 
summarize the therapeutic strategies in Hodgkin (HL) 
and non-Hodgkin lymphoma (NHL), analyzing the 
lymphoma subtypes individually. We also briefly 
discuss some specific aspects of ARL clinical 
management, such as the use of concomitant cART, 
infectious prophylaxis, and prophylaxis of central 
nervous system (CNS) involvement by NHL. We also 
describe the main results with autologous (ASCT) and 
allogeneic stem cell transplantation (AlloSCT).  

 
Epidemiology. ARL usually present with advanced-
stage disease and follow an aggressive clinical course. 
They are almost always of B-cell origin, and some 
specific lymphoma types are more common than 
others.3 Some of these lymphoma types can occur in 
both HIV-uninfected and infected patients, while others 
preferentially develop in the context of AIDS or in 
patients with other immunodeficiencies (Table 1).4 In 
an early phase of the HIV epidemic, the relative risk to 
develop NHL for AIDS patients was >100-fold higher 
compared to the general population.5,6 After entering the 
cART era, the incidence of ARL has substantially 
decreased; however, they remain clearly higher than in 
the general population.7 In Italy, 500 fold higher risk to 
develop NHL than in the general population was 
reported in persons with AIDS between 1986-1996 and 
90 fold higher between 1997-2004.8 Actually, a wide 
range of increased risks for lymphoma has been reported 
in population-based studies, mainly depending on the 
population under observation and the calendar years 
examined. In the latest studies conducted in Switzerland 
and in the USA the relative increase in patients with 
HIV/AIDS appears lower, ranging between 10-20 fold 
higher than in the general population.9,10 A consortium 

of North American cohorts estimated that the probability 
to develop NHL (i.e., cumulative incidence) among 
PLWH in the cART era is 4%, even if it appears 
declining across 96-2009.11 However, the advent of 
cART had a different impact on the epidemiology of the 
various subtypes of NHL. While PCNSL dramatically 
decreased, the decline in DLBCL incidence was less 
impressive, and BL was not substantially affected.7-10 
The incidence of classical HL in PLWH is 
approximately 5 fold to 20 fold higher than in the 
general HIV negative population, and the risk of HL has 
remained stable or even increased since the introduction 
of cART.12 Even in the cART era, it appears that people 
with AIDS and NHL or HL have a significantly reduced 
survival in comparison with an HIV-negative population 
with the same diseases.13-15 Report from the Italian 
Cancer Registry showed, for the period 1996-2005, 5-
year survival of 64% among HIV-uninfected patients 
with NHL, compared to 25% among AIDS patients with 
NHL, and respectively 86% vs. 42% among patients 
with HL.13 

 
Pathogenesis. While it is clear that HIV increases the 
lymphoma risk, there is no evidence that HIV infection 
by itself leads to cell transformation.16 Only recently a 
possible direct effect of HIV through secreted or 
transmitted viral proteins has been hypothesised: some 
experimental evidence support oncogenic functions of 
HIV Tat, and specific variants of HIV p17 has been 
found to be associated with the development of 
lymphoma.17,18 However, HIV does not infect the 
lymphoma cells and is thought to have mainly an 
indirect role in lymphomagenesis, primarily causing 
immunosuppression, with the consequent attenuation of 
tumor surveillance. Indeed, an inverse association 
between CD4+ cell count and NHL onset has been 
demonstrated by several studies.19,20 However, as the 
risk of lymphoma in PLWH remains high even after the 
widespread use of cART, the relationship between 
immune status and lymphoma development appears 
more  complex. HIV-associated   DLBCL  and  PCNSL 

 

Table 1. Lymphomas associated with HIV infection (according to WHO classification of tumours of haematopoietic and lymphoid tissues, 
2008) * (Ref.4). 

* Raphael M, Said J, Borish B, Ceserman E, Harris NL. Lymphomas associated with HIV infection. In: Swerdlow SH, Campo E, Harris NL, 
Jaffe ES, Pileri SA, Stein H, Thiele J, editors. WHO classification of tumours of haematopoietic and lymphoid tissues. 4th ed. Lyon: IARC 
Press; 2008. 

Lymphomas also occurring in immunocompetent patients 
Burkitt lymphoma 
Diffuse large B-cell lymphoma 
Hodgkin lymphoma 
Other lymphomas (MALT lymphoma; peripheral T-cell and NK-cell lymphoma) 
Lymphoma occurring more specifically in HIV+ patients 
primary effusion lymphoma (PEL) 
plasmablastic lymphoma 
Lymphoma arising in HHV8-associated multicentric Castelmann Disease 
Lymphomas occurring in other immunodeficiency states 
Polymorphic lymphoid proliferations resembling PTLD 



Tabella 19 - Percentuale delle patologie indicative di AIDS in adulti, per biennio di diagnosi (percentuali di colonna)

 Biennio di diagnosi

 Patologie <2010 2010-11 2012-13 2014-15 2016-17 2018-19 2020-21

 Candidosi (polmonare ed esofagea)  21,5 14,2 13,6 12,0 12,0 13,1 11,0
 Polmonite da Pneumocystis jirovecii  20,5 20,7 23,2 24,3 24,0 25,7 24,3
 Toxoplasmosi cerebrale  7,7 6,4 5,6 6,2 5,8 5,3 5,0
 Micobatteriosia  6,5 6,8 6,9 5,7 7,2 6,5 6,3
 Altre infezioni opportunisticheb  14,7 17,1 17,5 19,1 18,4 18,2 22,3
 Sarcoma di Kaposi  5,1 7,6 6,5 7,3 7,1 7,7 6,8
 Linfomi   3,9 6,0 5,8 5,8 5,0 4,7 3,3
 Encefalopatia da HIV   6,7 6,5 6,2 5,3 5,0 4,8 5,6
 Wasting syndrome   7,8 9,2 8,8 10,0 9,7 9,2 12,2
 Carcinoma cervice uterina   0,4 0,4 0,4 0,2 0,1 0,2 0,3
 Polmonite ricorrente   2,1 1,5 1,6 1,1 1,6 1,3 0,9
 Tubercolosi polmonare   3,1 3,7 3,7 3,1 4,1 3,4 1,9
 Totali patologie n. 71.692 2.797 2.799 2.359 2.225 1.866 1.188

(a) Disseminata o extrapolmonare; (b) include: criptococcosi, criptosporidiosi, infezione da Cytomegalovirus, infezione da Herpes simplex,  
isosporidiosi, leucoencefalopatia multifocale progressiva, salmonellosi, coccidioidomicosi, istoplasmosi

37

Aggiornamento nuove diagnosi di infezione HIV e dei casi di AIDS 2021

DLBCL, PCNSL, BL
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4.5 Synthesis
HIV-1 increases the cancer risk in humans 

indirectly, primarily by immunosuppression.
Many of the AIDS-defining malignancies 

have a different primary cause, e.g. EBV, HPV, 
and KSHV.

In addition to HIV-1-mediated immuno-
suppression, other aspects of the HIV-1 biology 
contribute to the increased cancer incidence 
in AIDS patients. Suggested mechanisms 
include HIV-1-mediated immune dysregula-
tion, in particular B-cell hyperactivation, and 
perhaps effects of the secreted HIV-1 Tat protein. 
However, unlike what is known about other 
cancer-associated viruses, there is no evidence 
that HIV-1-infection by itself leads to cell trans-
formation or immortalization.

5. Evaluation

There is sufficient evidence in humans for the 
carcinogenicity of infection with HIV-1. Infection 
with HIV-1 causes cancer of the cervix, anus, and 
conjunctiva, and Kaposi sarcoma, non-Hodgkin 
lymphoma, and Hodgkin lymphoma. Also, a 
positive association has been observed between 
infection with HIV-1 and cancer of the vulva and 
vagina, penis, and hepatocellular carcinoma, and 
non-melanoma skin cancer

Infection with HIV-1 is carcinogenic to 
humans (Group 1).
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are often associated with Epstein-Barr virus (EBV) 
infection and tend to occur when immunosuppression is 
more pronounced. 

In contrast, HIV-associated BL tends to occur earlier 
in the course of the illness when CD4 counts are 
somewhat better preserved.21 HL occurs with relatively 
high frequency during the first few months after 
initiation of cART as the CD4 cell counts are increasing, 
suggesting that HL may be driven by immune recovery 
rather than by cell count depletion, at least in some 
cases.22 Anyway, while elimination of HIV from 
peripheral blood can be achieved with cART, viral 
replication can still occur in lymphoid tissues.23 
Moreover, the specific and direct role of other oncogenic 
viruses, such as EBV and human herpesvirus-8 (HHV-
8), in ARL pathogenesis is well documented, and most 
lymphomas with excess risk among PLWH are 
associated with these virus infections (Table 2). The 
incidence of some EBV-associated lymphomas, 
including BL and HL, remains high in the cART era and 
rates of HHV8-associated primary effusion lymphoma 
(PEL) and mXlWicenWer CaVWleman¶V diVeaVe (MCD) are 
unaffected by the use of cART.24 It is also known that 
chronic inflammation could contribute to 
lymphomagenesis; in clinical observation, even with 
long-term virological suppression, inflammatory 
biomarkers remain at high levels in HIV-infected 
people.25 In conclusion, HIV creates an environment in 
which chronic antigen stimulation, cytokine 
dysregulation, and coinfection with oncogenic viruses, 
in the background of genetic abnormalities and 
disrupted immune surveillance to tumor antigens, can 
lead to the emergence of monoclonal B cells.26,27 

 
Clinical Management. After a diagnosis of an ARL, in 
addition to the usual evaluation of lymphoid 
malignancy, assessment of HIV disease status including 
CD4 cell counts, HIV viral load, sensitivity of the virus 
to available antiretroviral drugs and prior history of 
AIDS-related complications is necessary. 
Understanding the prospects for successful long-term 
HIV management is essential. A patient with a high viral 
load and poor immune function, who is cART naïve, is 
likely to respond well to cART and have fewer 
complications of CT compared with a patient who has 
resistant HIV as a result of having had multiple cART 
regimens.  

 
Combination of HIV treatment and chemotherapy. 
Several HIV medications and CT agents have 
overlapping side effects, such as renal and hepatic 
toxicity, myelosuppression and peripheral neuropathy.28 
In addition, many CT drugs and HIV medications are 
metabolized through the cytochrome p450 (CYP) 
enzyme system of the liver. The cART can augment or 
inhibit the clearance of CT agents and   
 

Table 2. HIV-associated lymphomas and oncogenic viruses. 

HIV-associated lymphomas Associated oncogenic virus 

DLBCL Immunoblastic EBV 90% 
Centroblastic EBV 30% (Ref. 4) 

Burkitt lymphoma EBV 25-40% (Ref. 21) 

PEL EBV 80-100% 

HHV8 100% (Ref. 4,83) 

PCNSL EBV 80-100% (Ref. 94) 

PBL EBV 90-100% (Ref. 72) 

Hodgkin lymphoma EBV 90-100% (Ref. 4) 

MCD HHV8 100% (Ref. 105) 

DLBCL (diffuse large B-cell lymphoma), PEL (primary effusion 
lymphoma), PCNSL (primary central nervous system lymphoma), 
PBL (plasmablastic lymphoma), MCD (mXlWicenWer CaVWelman¶V 
disease), EBV (Epstein-Barr virus), HHV8 (human herpesvirus 8)  
 
which can lead to either increased CT-associated 
toxicity or a decrease in treatment efficacy.29,30 Notably, 
the HIV protease inhibitor ritonavir is a particularly 
potent inhibitor of the CYP system that can diminish the 
clearance of vinca alkaloids and should be avoided 
during ABVD therapy for HL.29 Several authors propose 
antiretroviral discontinuation during lymphoma 
treatment.31 However, a retrospective analysis of the 
trial AMC034 showed that in patients treated with 
concurrent cART dose adjusted-EPOCH + rituximab 
(R-DA-EPOCH) is well-tolerated and allows for faster 
recovery of immune function compared to consecutive 
CT and cART.32 A meta-analysis of 1546 patients with 
HIV-associated NHL demonstrated that concurrent 
cART and CT was associated with statistically improved 
complete remission (CR) rates with a trend toward 
improved overall survival (OS).33 Currently, it is 
suggested that all HIV-infected patients with 
malignancies should continue cART during CT.29,30 
There is some evidence of the detrimental effect of 
protease inhibitor (PI)-based cART, due to excess of 
toxicity and the use of integrase inhibitors might bring 
advantages concerning drug-drug interactions and 
allows for a faster decline of the viremia.34 

 
Infection prophylaxis. No comparative studies exist, and 
only one guideline has been published for opportunistic 
infections (OI) prophylaxis in HIV-associated 
malignancies.35 Cotrimoxazole prophylaxis against P. 
jiroveci pneumonia and toxoplasmosis should be 
administered during immuno-suppressive treatment 
regardless of the CD4 cell count.36 OWher infecWionV¶ 
prophylaxis is generally recommended at least in 
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HIV infected people are at higher risk of developing cancer, although it is globally diminished in the era of highly active
antiretroviral treatment (HAART). Recently, antioncogenic properties of some HAART drugs were discovered. We discuss the role
of HAART in the prevention and improvement of treatment outcomes of cancers in HIV-infected people. We describe different
trends in HAART–cancer relationships: cancer-predisposing as well as cancer-preventing. We cover the roles of particular drug
regimens in cancer prevention. We also describe the causes of cancer treatment with HAART drugs in HIV-negative people,
including ongoing clinical studies that may directly point to a possible independent anti-oncogenic activity of HAART drugs. We
conclude that despite potent antioncogenic activities of every class of HAART drugs reported in preclinical models, the
evidence to date indicates that their independent clinical impact in HIV-infected people is limited. Improved cancer prevention
strategies besides HAART are needed to reduce HIV-cancer-related mortality.

Introduction
The introduction of highly active antiretroviral therapy (HAART)
in 1996 has profoundly modified the overall survival rates of peo-
ple with HIV/AIDS. HAART suppresses viral replication, restores
the immunity and reduces mortality,1 but even in the era of
HAART, HIV-infected individuals still have a higher risk of
developing cancer compared to healthy individuals. They also
have a more severe clinical course of cancer and lower survival
rate compared to the noninfected population.2,3 In HIV+ patients,
10–20% of all deaths are attributable to cancer.4,5

Given the higher risks for HIV-positive population, develop-
ing cancer control strategies for this group is a rising challenge
to public health. To provide the context for further research, we
will discuss clinical aspects related to the cancer burden in
patients with HIV-infection and highlight details on the role of
antiretroviral drugs in the development of cancer, which is not
limited to viral suppression. Preclinical studies have shown that
many antiretroviral drugs could exert antitumor effects indepen-
dently of their capacity to suppress viral replication and recon-
stitute the immune system. Understanding the role of HAART
in HIV-cancer relationship is important to optimize cancer pre-
vention strategies, screening and clinical management of people
with HIV infection. The present review also discusses the clini-
cal impact of antiretroviral treatment in terms of cancer.

Search Strategy and Selection Criteria
The review is based on the works referenced in MEDLINE,
EBSCO OpenDissertations, Cochrane Library, Web of Science,
Scopus, Embase, ScienceDirect and Google scholar from January
1, 1996 to December 1, 2018. We also analyzed registers of clinical
trials (Cochrane Central Register of Controlled Trials [CEN-
TRAL]; ClinicalTrials.gov), abstracts of scientific meetings related
to cancer and reference lists of included studies relevant to the sub-
ject of the review. The search terms were “highly active antiretrovi-
ral therapy”, “HIV protease inhibitors”, “HIV reverse transcriptase
inhibitors”, “CCR5 receptor antagonists”, “HIV integrase inhibi-
tors” and “cancer/neoplasms”. The language of records was limited
to English. The final reference list was generated on the basis of
originality and relevance to the broad scope of this Review.

HIV and Cancer Risks in the HAART Era
HAART contributed to a slight reduction in overall cancer
rates in HIV-infected people.6–8 Nevertheless, nowadays people
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living with HIV still have a 1.6–1.7-fold greater overall risk of
cancer development relative to the general population,8,9 and
the risk is rising with age.10 This fact can be explained by
predisposing factors such as immunosuppression combined
with chronic inflammation due to virus persistence.11,12 HIV-
infected population is also more susceptible to cancer risk
behavior (men who have sex with men, intravenous drug use,
heavy alcohol consumption and smoking) than general popula-
tion and is prone to frequent coinfection with other oncogenic
viruses (Epstein Barr Virus [EBV], Human Herpesvirus Virus
8 [HHV-8], Human Papilloma Virus [HPV], Hepatitis B and
C Viruses [HBV, HCV]) exacerbated by loss of immune con-
trol.11,12 This results in a cumulative greater probability of can-
cer development. Some of these risk factors are modifiable.
Highly active antiretroviral therapy (HAART) restores the
immunity and suppresses viral replication,1 it was also shown
to possess preclinical antioncogenic activity, which will be dis-
cussed below (Fig. 1).

Prevalence of these risk factors among people with HIV
infection indicates a vital need for risk factor reduction efforts,13

including a possible pharmacological intervention. Indeed, a
combination of HIV and cancer produces a synergistic effect on
mortality rates, which become significantly higher than mortal-
ity rates for each disease taken separately.3

AIDS-defining cancers (ADCs: Kaposi’s sarcoma, non-
Hodgkin’s lymphoma [NHL], invasive cervical cancer) are tradi-
tionally distinguished in HIV-infected patients; other cancers
are referred to as non-AIDS defining cancers (NADCs).14

NADCs, in turn, are usually classified into virus-related cancers
(HPV-, EBV- and HCV-related cancers) and virus-unrelated
cancers.

AIDS-defining cancers
HAART contributed to a significant decline in the incidence of
ADCs, the outcome of such cancers has improved and mortal-
ity has decreased.8,15–18 However, the risks for developing all
ADCs are still largely elevated in HIV-infected people; this risk
is proportional to the HIV load and inversely proportional to
the CD4 cell count (Fig. 1).19,20 Immunosuppression is a strong
predictor for ADCs. For Burkitt’s lymphoma, albeit, immune
reconstitution is supposed to be, at certain CD4 cell counts, a
risk factor for the development of lymphoma, indicating a
more complex relationship with the immune status.21–23 Con-
sistently, it was shown that the incidence of Burkitt’s lym-
phoma is either rising in the HAART era,24,25 or remains
stable over time9,23 as opposed to other NHLs; the proportion
of Burkitt’s lymphoma among NHLs is growing.26

Non-AIDS defining cancers
The number of all non-AIDS defining cancers (NADCs) is
increasing since 1996 compared to the pre-HAART era and is
expected to continue to rise.27,28 Both virus-related and virus-
unrelated cancers contribute to this trend.29 NADCs represent
approximately 2/3 of all cancers in HIV-patients; they are two
times more frequent than ADCs.9,11 The rise of NADCs in the
HAART era is in part linked to the overall aging of people with
HIV, this provides more time for cancer to evolve.11,29 Con-
trary to ADCs, the association of risk of NADCs and CD4
counts or HIV load remains a matter of discussion, as some
researchers suppose they are not related,30 while others have
shown that immunodeficiency was a risk factor associated with
NADCs incidence.31–34 It appears that low CD4 cell count is a
specific risk factor exclusively for virus-related NADCs, but

Figure 1. Factors influencing the risk of cancer in HIV-infected people. Cancer risk factors are represented on the left. Immunosuppression
and chronic inflammation, caused by HIV infection, predispose to tumorigenesis. Besides, HIV-infected population is more susceptible to
cancer risk behavior (smoking, men who have sex with men, intravenous drug use, alcohol consumption) and coinfection with other
oncogenic viruses. Some of these risk factors are modifiable. Factors that reduce cancer risk are represented on the right. Highly active
antiretroviral therapy (HAART) restores the immunity and suppresses viral replication, it was also shown to possess preclinical antioncogenic
activity; however, the clinical relevance of this activity remains to be elucidated. [Color figure can be viewed at wileyonlinelibrary.com]
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situation when strand transfer reaction is blocked at only one
of two ends of viral DNA, which subsequently leads to
mutation-prone integration of a blocked end via the host
enzymes.171 Thus, these drugs are potentially mutagenic and
carcinogenic; however, there is no evidence for increased cancer
risk in patients exposed to INSTIs. INSTIs were also shown to
inhibit a metnase enzyme associated with chemotherapy resis-
tance173; thus, they can be potentially applied together with
antineoplastic drugs to increase their efficacy.

Finally, recent studies have shown that CCR5 antagonists
are also potent antioncogenic and antimetastatic effectors for
various cancer cell lines and xenografts.174–178 CCR5 blockade
results in a decreased invasion, migration, metastatic potential
cell proliferation and leads to proapoptotic signaling.174,176,179

Thus, the preclinical data on HAART components point to
its protective effect against cancer for virtually every class of
drug, which is very promising in terms of drug repositioning.
Still, it is important to reveal the causal impact of these drugs
on humans who undergo HIV and/or cancer treatment.

Antiretroviral Drugs and Cancer Treatment in HIV-
Negative Patients
As many in vitro studies have shown the anticancer activity of
HAART drugs, they were proposed for use in cancer treatment.
In addition, the use of antiretroviral drugs in HIV-negative peo-
ple with cancer can help us evaluate a possible protective effect
of HAART, independent of its antiretroviral activity per se. The
favorable treatment outcome of HIV-negative patients with

Kaposi’s sarcoma treated with indinavir (PI) points to its direct
antioncogenic properties in ADCs.180 At present, several clinical
trials of antiretroviral drugs in cancer are underway. They are
summarized in Table 2. However, the data addressing this ques-
tion are still limited, and the results obtained from clinical trials
are often inconclusive.

Promising results were obtained for nelfinavir (PI) as mon-
otherapy or combined with chemoradiotherapy in phase I clinical
trials: in locally advanced pancreatic cancer,181 in locally advanced
nonsmall cell lung cancer,182 in locally advanced rectal cancer,183

in multiple myeloma,184 in neuroendocrine tumors of the midgut
or pancreatic origin185 and in glioblastoma multiforme,186 where
the level of response was higher than reported before and the tox-
icity was acceptable. A phase II clinical trial of nelfinavir added to
bortezomib and dexamethasone in the proteasome inhibitor-
refractory multiple myeloma showed exceptional response rates
(~65%).184 A phase II clinical trial of nelfinavir combined with
chemoradiation in locally advanced inoperable pancreatic cancer
showed improved tumor oxygenation and perfusion, which might
lead to better treatment response, however, the study was discon-
tinued because of the unavailability of nelfinavir in Europe.187

Data from a phase I clinical trial of maraviroc (CCR5 antagonist)
in advanced colorectal cancer with hepatic metastases showed a
partial response in patients with previously refractory disease.179

Lopinavir/Ritonavir combination (PIs) was successfully used for
the treatment of HPV-positive high grade squamous intra-
epithelial lesions in HIV-negative women.188 There was also a
case report of successful thyroid papillary carcinoma treatment

Table 2. Clinical trials of antiretroviral drugs in non-HIV related cancer treatment (Continued)

NCT number Drug Condition Phase
Actual
enrollment Start date

NCT01275183 Raltegravir Squamous Cell Carcinoma
of Head and Neck

I 5 December 2010

CCR5 antagonist

NCT01736813 Maraviroc Metastatic Colorectal Cancer I 12 November 2012

NCT03274804 Maraviroc Metastatic Colorectal Cancer I 20 April 2018

The studies on AIDS-, EBV-, HBV-, HCV- and HTLV-related cancers are excluded.

Table 3. Summary of the role of HAART in HIV–cancer relationship

Parameter All cancers ADCs

NADCs

Virus-related Virus-unrelated

Cancer incidence compared to the general
population in the pre-HAART era

"" """ " =1

Cancer incidence compared to the general
population in the HAART era

" "" " #

Cancer incidence in the HAART era compared
to the pre-HAART era

# ###2 " "

The risk of cancer with HAART use compared
to no treatment

# ### " =

Sources195,196: and other articles cited in the text.
1Due to a small cohort size and a large 95% confidence interval.
2Except Burkitt’s lymphoma.
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HIV infected people are at higher risk of developing cancer, although it is globally diminished in the era of highly active
antiretroviral treatment (HAART). Recently, antioncogenic properties of some HAART drugs were discovered. We discuss the role
of HAART in the prevention and improvement of treatment outcomes of cancers in HIV-infected people. We describe different
trends in HAART–cancer relationships: cancer-predisposing as well as cancer-preventing. We cover the roles of particular drug
regimens in cancer prevention. We also describe the causes of cancer treatment with HAART drugs in HIV-negative people,
including ongoing clinical studies that may directly point to a possible independent anti-oncogenic activity of HAART drugs. We
conclude that despite potent antioncogenic activities of every class of HAART drugs reported in preclinical models, the
evidence to date indicates that their independent clinical impact in HIV-infected people is limited. Improved cancer prevention
strategies besides HAART are needed to reduce HIV-cancer-related mortality.

Introduction
The introduction of highly active antiretroviral therapy (HAART)
in 1996 has profoundly modified the overall survival rates of peo-
ple with HIV/AIDS. HAART suppresses viral replication, restores
the immunity and reduces mortality,1 but even in the era of
HAART, HIV-infected individuals still have a higher risk of
developing cancer compared to healthy individuals. They also
have a more severe clinical course of cancer and lower survival
rate compared to the noninfected population.2,3 In HIV+ patients,
10–20% of all deaths are attributable to cancer.4,5

Given the higher risks for HIV-positive population, develop-
ing cancer control strategies for this group is a rising challenge
to public health. To provide the context for further research, we
will discuss clinical aspects related to the cancer burden in
patients with HIV-infection and highlight details on the role of
antiretroviral drugs in the development of cancer, which is not
limited to viral suppression. Preclinical studies have shown that
many antiretroviral drugs could exert antitumor effects indepen-
dently of their capacity to suppress viral replication and recon-
stitute the immune system. Understanding the role of HAART
in HIV-cancer relationship is important to optimize cancer pre-
vention strategies, screening and clinical management of people
with HIV infection. The present review also discusses the clini-
cal impact of antiretroviral treatment in terms of cancer.

Search Strategy and Selection Criteria
The review is based on the works referenced in MEDLINE,
EBSCO OpenDissertations, Cochrane Library, Web of Science,
Scopus, Embase, ScienceDirect and Google scholar from January
1, 1996 to December 1, 2018. We also analyzed registers of clinical
trials (Cochrane Central Register of Controlled Trials [CEN-
TRAL]; ClinicalTrials.gov), abstracts of scientific meetings related
to cancer and reference lists of included studies relevant to the sub-
ject of the review. The search terms were “highly active antiretrovi-
ral therapy”, “HIV protease inhibitors”, “HIV reverse transcriptase
inhibitors”, “CCR5 receptor antagonists”, “HIV integrase inhibi-
tors” and “cancer/neoplasms”. The language of records was limited
to English. The final reference list was generated on the basis of
originality and relevance to the broad scope of this Review.

HIV and Cancer Risks in the HAART Era
HAART contributed to a slight reduction in overall cancer
rates in HIV-infected people.6–8 Nevertheless, nowadays people
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HIV infection increases cancer risk and is linked to can-
cers associated to infectious agents classified as carcino-
genic to humans by the International Agency for
Research on Cancer. Lymphomas represent one of the
most frequent malignancies among individuals infected
by HIV. Diffuse large B-cell lymphoma remains a leading
cancer after the introduction of combined antiretroviral
therapy (cART). The incidence of other lymphomas includ-
ing Burkitt lymphoma, primary effusion lymphomas, and
plasmablastic lymphoma of the oral cavity remain stable,
whereas the incidence of Hodgkin lymphoma and Kaposi
sarcoma-associated herpesvirus (KSHV)-associated multi-
centric Castleman disease has increased. The heterogene-
ity of lymphomas in individuals infected by HIV likely

depends on the complexity of involved pathogenetic
mechanisms (ie, HIV-induced immunosuppression,
genetic abnormalities, cytokine dysregulation, and coin-
fection with the gammaherpesviruses Epstein-Barr virus
and KSHV) and the dysregulation of the immune
responses controlling these viruses. In the modern cART
era, standard treatments for HIV-associated lymphoma
including stem cell transplantation in relapsed/refractory
disease mirror that of the general population. The combi-
nation of cART and antineoplastic treatments has
resulted in remarkable prolongation of long-term sur-
vival. However, oncolytic and immunotherapic strategies
and therapies targeting specific viral oncogenes will
need to be developed.

Introduction
Lymphomas are among the most common malignancies among
people living with HIV.1 Since the early stages of the AIDS pan-
demic, HIV infection has had a strong impact on cancer incidence.
The original case definition of AIDS included the association of
HIV infection with Kaposi sarcoma (KS) and primary central ner-
vous system lymphoma (PCNSL).2 Subsequent epidemiologic
studies demonstrated that HIV infection increases the risk of other
cancers.3 Before the development of effective combination antire-
troviral therapy (cART), the relative risk for non-Hodgkin lym-
phoma (NHL) was estimated as 60- to 200-fold compared with
the general population.4-6 Consistent with epidemiologic data,
HIV was classified as carcinogenic to humans by the International
Agency for Research on Cancer.7 HIV plays a carcinogenic and
lymphomagenic role through immunosuppression, immune dysre-
gulation, chronic antigenic stimulation, and possibly direct viral
activity via the secretion of viral proteins.7-10

Starting in 1992, AIDS-defining cancers included, in addition to
PCNSL, Burkitt lymphoma (BL), diffuse large B-cell lymphomas
(DLBCL), and invasive cervical cancer.11,12 The definition of AIDS-
defining lymphomas has not officially been revised, but now it refers
to all aggressive B-cell NHL in HIV-infected patients, including new
subtypes observedmore frequently in HIV-infected individuals than
in noninfected individuals, such as primary effusion lymphoma
(PEL),13 large B-cell lymphoma arising in multicentric Castleman

disease (MCD),14 and plasmablastic lymphoma (PBL) of the oral cav-
ity type.15 Then, the categories of hematologic cancers in individuals
infected by HIV include the same aggressive lymphomas that
develop sporadically in the absence of HIV infection and lympho-
mas occurring specifically in patients with AIDS,16 despite cART
use.17,18 The incidence of all AIDS-definingmalignancies has signifi-
cantly decreased in the cART era, but the risk remains significantly
elevated for each AIDS-defining NHL subtype, specifically DLBCL
standardized incidence ratio (SIR 10), and BL (SIR 20).19-23 It is note-
worthy that among cART users, the risk for Hodgkin lymphoma (HL)
has become comparable to that forNHL (SIR 8-20).19,20,24

Thewidespreadavailability of cART, alongwithbettermanagement
of opportunistic infections, led to a substantial improvement in life
expectancy for individuals infected by HIV. This has resulted in
changes in the demographics of population of individuals infected
by HIV who are now older and generally have higher CD4 cell
counts.25 The combination of cART and antineoplastic treatment
has produced prolonged survival in individuals with HIV infection
and cancer. However, lymphoma survival still differs between HIV-
infected patients and the general population, which emphasizes
the need to wider dissemination of the best treatment protocol. In
particular, with the introduction of cART in clinical practice, it is pos-
sible to consider dose-intensive chemotherapy regimens plus
cART, including autologous and even allogenic stem cell transplan-
tation in patients with relapsed/refractory lymphoma. This review
includes an update on the spectrum of hematologic cancers in
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individual infectedbyHIV, on themain viral andmolecular pathoge-
netic pathways, and on the management of these patients in the
modern cARTera.

Distribution over time of lymphoma histotypes
Table 1 shows data from 2 studies on large cohort based on
lymphoma patients from the United States and Europe, respec-
tively.25,26 In the late-cART era (2006-2015) the most common
histotypes of lymphoma are DLBCL (Figure 1), shifting from 63%
in the pre-cART era to 35% to 37% in the late-cART era, and BL
(Figure 2), shifting from 3% in the pre-cART era (1986-1995) to
16% to 20% in the late-cART era. HL, 1 of the most frequent
categories in the non–AIDS-defining cancers,20 increased from
20% to 26%. Therefore, over 3 decades, there has been an
increase in lymphoma entities (ie, BL and HL), which are associ-
ated with moderate immunosuppression but adverse out-
come.25,26 Conversely, in the late cART decade, aggressive
types of lymphomas (ie, PBL and PEL) have been observed
more frequently than the previous decades (Table 1). Another
study on a cohort based on patients with lymphoma from
Japan27 analyzed the histologic differences between cases in
the pre-cART era (1987-1997) and those in the cART era (1997-
2012). Putting the results of the 3 studies together, the inci-
dence of BL has increased significantly in the United States,
Europe, and Japan.25-27 The incidence of DLBCL has signifi-
cantly decreased in Europe and Japan, but it is stable in the
United States.25-27 In the highly active antiretroviral therapy era,
DLBCL of the germinal center B-cell subtype is more common
than previously seen, whereas DLBCL of the activated B-cell
(immunoblastic subtype) has decreased.28 The incidence of HL
was very low in the pre-cART era27 and was probably underesti-
mated at that time, because HL was not recognized as part of
the AIDS spectrum. The increased incidence in HL is in the
mixed cellularity subtype, which is typically Epstein-Barr virus
(EBV) positive.

Main viral and molecular pathogenic pathways
The pathogenesis of hematologic malignancies in individuals
infected by HIV is complex. HIV infection results in chronic B-cell

activation both indirectly through altered cytokine production and
directly through HIV proteins, including gp120, p17, and
TAT.8,10,28,29 For example, patients receiving cART are still
infected, with persistent production of viral proteins. The TAT pro-
tein appears to be possibly involved in the pathogenesis of BL.30

Different genetic alterations and viral infection occur in the patho-
genetic pathways underlying the spectrum of lymphoproliferative
disorders in individuals infected by HIV. Pathogenetic mecha-
nisms in HIV-related lymphomagenesis specifically also include
coinfection with the gammaherpesviruses EBV and Kaposi
sarcoma-associated herpesvirus (KSHV).8,31 These 2 gammaher-
pesviruses escape the host's immunologic control, and cooperat-
ing with HIV seems to be crucial in promoting lymphomagenesis.

The pathogenetic pathway in BL (Figure 2) involves activation of
MYC (100% of cases), inactivation of TP53 (50% to 60% of cases),
and infection by EBV (30%-50% of cases).10,28 The pathogenesis
of the 2 HIV-associated DLBCL variants (ie, centroblastic [CB] and
immunoblastic [IB]; Figure 1) is more heterogeneous (see also
below). Infection with EBV occurs in 90% of DLBCL with IB mor-
phology and 30% of DLBCL with CB morphology. Many EBV-
positive IB DLBCLs express the EBV-encoded transforming pro-
tein LMP-1. There is an association (20%) between molecular
changes in the BCL6 proto-oncogene and HIV-associated CB
DLBCL.10,28 Unclassifiable lymphomas with features intermediate
between BL and DLBCL and high grade B-cell lymphoma with
double or triple hit are overlapping categories and show rear-
rangements in BCL2 (and BCL6) andMYC genes.32 In addition to
consistent infection by KSHV, PELs (Figure 3) are also commonly
infected by EBV (80%).31 Molecular studies of cells in PEL have
shown no rearrangements in BCL2, BCL6, and MYC genes.13

However,mutations in theBCL6 5' noncoding region are common
in PEL.33 Regarding the molecular pathogenesis of PBL of the oral
cavity type (Figure 4), EBV infection of the neoplastic clone has
been frequently (70%) reported.16MYC translocation or amplifica-
tion is observed in 50%of cases.16 The genomic landscape of plas-
mablastic lymphoma in HIV-positive individuals identify pervasive
mutations in JAK-STAT3 and RAS-MAPK signaling pathways.34

Table 1. Distribution of lymphoma histotypes in individuals infected by HIV over 30 years in a European cohort
(615 patients) compared with the CNICS USA cohort (476 patients)

Histotype

1986-1995;
London (158
patients)

1996-2005;
London (200
patients)

2006-2015;
London (257
patients)

1996-2000;
CNICS (132
patients)

2001-2005;
CNICS (201
patients)

2006-2010;
CNICS (143
patients)

BL 3% 10% 20% " 7.6% 10.9% 16.8% "

DLBCL 63% 59% 37% # 43.9% 45.8% 35.7% #

HL 4% 11% 26% " 15.2% 15.4% 19.6% "

PCNSL 14.4% 10.4% 9.8% #

PBL 0 2% 6% "

PEL 2% 1% 5% "

Other 18.9% 17.4% 18.2%

Since the introduction of cART, the incidence of NHL has decreased by 50% mainly because of decreased PCNSL and the immunoblastic histologic subtype of DLBCL, consistent
with CD4 counts. In contrast, the burden of HIV-associated BL and HL has increased16: pre-cART decade (1986-1995); early cART decade (1996-2005); late cART decade (2006-
2015). European cohort26; CNICS USA cohort.25 ", increase of proportion in late cART decade; #, decrease of proportion in late cART decade.
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lymphoma, primary CNS lymphoma is associated with 
greater immuno suppression and presents with the 
lowest CD4 count at diagnosis.30 By contrast, the risk for 
Burkitt lymphoma is strongly associated with cumulative 
HIV viraemia, and is most common in patients who are 
less immunodeficient.3,30 Both profound immuno supp-
ression and prolonged viraemia greatly increase the risk 
of diffuse large B-cell lymphoma.3 However, this 
observation does not completely explain why the risk of 
non-Hodgkin lymphoma remains increased, albeit mod-
estly, among people with HIV with viral suppression and 
immunological recovery.31,56 Co-infection with Epstein-
Barr virus or human herpesvirus 8 contributes to 
lymphomagenesis of certain subtypes of high-grade 
B-cell non-Hodgkin lymphoma.42,58 Epstein-Barr virus 
infection is strongly associated with primary CNS 
lymphoma and plasmablastic lymphoma, and is freq-
uently associated with primary effusion lymp homa.34,42,58 
Human herpesvirus 8 is causally asso ciated with primary 
effusion lymphoma and evidence of infection is a diag-
nostic requirement.59 The association between human 
herpesvirus 8 infection and plasma blastic lymphoma is 
not as well defined.35,59

In the combination ART era, the epidemiology of HIV-
associated non-Hodgkin lymphoma is changing.30 First, 
improved access to combination ART is increasing the 
proportion of patients with high CD4 cell counts and 
suppressed HIV viraemia.56 In this context, the incidences 
of primary CNS lymphoma and diffuse large B-cell 
lymphoma have decreased,56,60 whereas the incidence of 
Burkitt lymphoma has remained largely stable.45,46 Given 
the rarity of T-cell non-Hodgkin lymphoma and other 
high-grade B-cell subtypes, data trends on incidence since 
the introduction of combination ART have not been 
clearly described in the published literature. Second, 
perhaps reflecting trends in the population of people with 
HIV as a whole, patients are older at the time of diagnosis,30 
although non-Hodgkin lymphoma continues to occur a 
decade earlier relative to the general population. This 
finding was shown in a French cohort in which the 
median age at cancer diagnosis was 41·2 years compared 
with 52·5 years for the general population, after adjusting 
for underlying population age differences.31 Future projec-
tions suggest that overall incidence of non-Hodgkin 
lymphoma will continue to decline in the USA for people 
with HIV.61

In LMICs, the incidence of non-Hodgkin lymphoma for 
people with HIV is low compared with rates seen in the USA 
and Europe (table 1). For example, in a record-linkage 
study done in Uganda, Mbulaiteye and colleagues52 found 
an incidence rate of 19 per 100 000 person-years, which is 
much lower than in the USA (193 per 100 000 person-
years) over a similar period.45 A similar study from 
2004 to 2010, estimated an incidence rate of 85 per 
100 000 person-years in South Africa.62 The low incidence 
of non-Hodgkin lymphoma in these African studies is 
probably due, in part, to under diagnosis, a younger age 

Non-Hodgkin lymphoma* Hodgkin lymphoma

Engels et al (2008),39 USA, registry-linkage study (n=57 330)

1991–95 DLBCL: 14·0 (10·0–20·0), BL: 7·1 (0·2–40·0), PCNSL: 490·0 
(260·0–840·0)

2·8 (0·9–6·6)

1996–2002 DLBCL: 7·9 (5·9–10·0), BL: 17 (8·6–31·0), PCNSL: 170·0 
(96·0–280·0)

6·7 (4·5–9·5)

Gibson et al (2014),45 USA, registry-linkage study (n=273 705)

1996–2002 DLBCL: 23·2 (21·6–24·8), BL: 31·9 (26·0–38·8), PCNSL: 56·4 
(50·1–63·2)

Not reported

2003–10 DLBCL: 13·4 (12·3–14·5), BL: 34·9 (29·7–40·7), PCNSL: 37·5 
(32–43·6)

Not reported

Hernández-Ramírez et al (2017),4 USA, registry-linkage study (n=448 258)

1996–99 DLBCL: 26·7 (23·4–30·4), BL: 28·3 (16·5–45·3), PCNSL: 872·0 
(715·0–1054·0)

9·1 (6·7–12·0)

2000–04 DLBCL: 13·2 (12·3–14·3), BL: 23·1 (19·1–27·0), 226·0 
(194·0–263·0)

8·6 (7·5–9·7)

2005–08 DLBCL: 9·8 (9·1–10·5), BL: 22·5 (19·2–26·1), PCNSL: 139·0 
(118·0–161·0)

7·9 (7·1–8·8)

2009–12 DLBCL: 7·3 (6·8–7·9), BL: 15·9 (13·3–18·8), PCNSL: 59·5 
(47·3–74·0)

6·7 (5·9–7·6)

Franceschi et al (2010),46 Switzerland, registry-linkage study (n=9429)

1985–96 103·0 (88·8–119·0) 9·2 (3·6–19·0)

1997–2001 26·7 (19·9–35·1) 21·0 (10·8–36·8)

2002–06 16·2 (11·1–22·9) 28·1 (14·9–48·2)

Calabresi et al (2013)47 and Gotti et al (2013),48 Italy, registry-linkage studies (n=5090; n=5085)

1999–2009 21·1 (1·7–25·7) 21·8 (15·3–31·0)

Vogel et al (2011),49 Germany, registry-linkage study (n=1476)

1996–2008 35·0 (23·3–49·2)† 38·7 (16·5–70·2)†

Hleyhel et al (2013)31 and Hleyhel et al (2014),50 France, registry-linkage study (n=98 556; n=84 504)

1992–96 116·7 (109·9–123·9) Not reported

1997–2000 33·6 (30·8–36·6) 33·5 (28·5–39·1)

2001–04 15·4 (13·9–17·1) 21·6 (18·2–25·5)

2005–09 9·1 (8·3–10·1) 26·5 (23·2–30·1)

Godbole et al (2016),51 India, registry-linkage study (n=32 575)

1996–2008 10·6 (5·9–17·5) 7·7 (2·1–19·7)

Mbulaiteye et al (2006),52 Uganda, registry-linkage study (n=12 607)

1988–2002 6·7 (1·8–17·0)‡ 8·8 (1·0–32·0)‡

Zhang et al (2011),53 China, registry-linkage study (n=3554)

2004–08 34·5 (11·7–89·9) Not reported

Stein et al (2008),54 South Africa, case-control study (n=377)§

1995–04 5·9 (4·3–8·1)¶ 1·6 (1·0–2·7)¶

Dhokotera et al (2019),13 South Africa, registry-linkage study (n=95 279)

2004–14 2·89 (2·7–3·1)¶ 1·43 (1·3–1·6)¶

Mpunga et al (2018),55 Rwanda, case-control study (n=341)||

2012–16 2·5 (1·4–4·6)¶ 5·2 (2·3–11·6)¶

Data are the standardised incidence ratio (95% CI), unless otherwise stated. Studies were included if HIV and cancer 
ascertainment was complete and they reported estimates (standardised incidence ratio or odds ratio) by lymphoma 
category (either non-Hodgkin lymphoma or Hodgkin lymphoma). DLBCL=diffuse large-B-cell lymphoma. 
BL=Burkitt lymphoma. PCNSL=primary CNS lymphoma. *Estimates for other types of non-Hodgkin lymphoma are 
not included in these studies. †Estimates for non-Hodgkin lymphoma and Hodgkin lymphoma were available for 
men only; the standardised incidence ratio for non-Hodgkin lymphoma among women was 18·2 (95% CI 1·7–52·1). 
‡Uganda estimates are standardised incidence ratios for the immediate period (4–27 months) after HIV 
registration.§Non-Hodgkin lymphoma cases (n=223); Hodgkin lymphoma cases (n=154). ¶Adjusted odds ratio 
estimates.  ||Non-Hodgkin lymphoma cases (n=265); Hodgkin lymphoma cases (n=76).

Table 1: A summary of standardised incidence ratios for lymphoma subtypes in people living with HIV
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lymphoma, primary CNS lymphoma is associated with 
greater immuno suppression and presents with the 
lowest CD4 count at diagnosis.30 By contrast, the risk for 
Burkitt lymphoma is strongly associated with cumulative 
HIV viraemia, and is most common in patients who are 
less immunodeficient.3,30 Both profound immuno supp-
ression and prolonged viraemia greatly increase the risk 
of diffuse large B-cell lymphoma.3 However, this 
observation does not completely explain why the risk of 
non-Hodgkin lymphoma remains increased, albeit mod-
estly, among people with HIV with viral suppression and 
immunological recovery.31,56 Co-infection with Epstein-
Barr virus or human herpesvirus 8 contributes to 
lymphomagenesis of certain subtypes of high-grade 
B-cell non-Hodgkin lymphoma.42,58 Epstein-Barr virus 
infection is strongly associated with primary CNS 
lymphoma and plasmablastic lymphoma, and is freq-
uently associated with primary effusion lymp homa.34,42,58 
Human herpesvirus 8 is causally asso ciated with primary 
effusion lymphoma and evidence of infection is a diag-
nostic requirement.59 The association between human 
herpesvirus 8 infection and plasma blastic lymphoma is 
not as well defined.35,59

In the combination ART era, the epidemiology of HIV-
associated non-Hodgkin lymphoma is changing.30 First, 
improved access to combination ART is increasing the 
proportion of patients with high CD4 cell counts and 
suppressed HIV viraemia.56 In this context, the incidences 
of primary CNS lymphoma and diffuse large B-cell 
lymphoma have decreased,56,60 whereas the incidence of 
Burkitt lymphoma has remained largely stable.45,46 Given 
the rarity of T-cell non-Hodgkin lymphoma and other 
high-grade B-cell subtypes, data trends on incidence since 
the introduction of combination ART have not been 
clearly described in the published literature. Second, 
perhaps reflecting trends in the population of people with 
HIV as a whole, patients are older at the time of diagnosis,30 
although non-Hodgkin lymphoma continues to occur a 
decade earlier relative to the general population. This 
finding was shown in a French cohort in which the 
median age at cancer diagnosis was 41·2 years compared 
with 52·5 years for the general population, after adjusting 
for underlying population age differences.31 Future projec-
tions suggest that overall incidence of non-Hodgkin 
lymphoma will continue to decline in the USA for people 
with HIV.61

In LMICs, the incidence of non-Hodgkin lymphoma for 
people with HIV is low compared with rates seen in the USA 
and Europe (table 1). For example, in a record-linkage 
study done in Uganda, Mbulaiteye and colleagues52 found 
an incidence rate of 19 per 100 000 person-years, which is 
much lower than in the USA (193 per 100 000 person-
years) over a similar period.45 A similar study from 
2004 to 2010, estimated an incidence rate of 85 per 
100 000 person-years in South Africa.62 The low incidence 
of non-Hodgkin lymphoma in these African studies is 
probably due, in part, to under diagnosis, a younger age 

Non-Hodgkin lymphoma* Hodgkin lymphoma

Engels et al (2008),39 USA, registry-linkage study (n=57 330)

1991–95 DLBCL: 14·0 (10·0–20·0), BL: 7·1 (0·2–40·0), PCNSL: 490·0 
(260·0–840·0)

2·8 (0·9–6·6)

1996–2002 DLBCL: 7·9 (5·9–10·0), BL: 17 (8·6–31·0), PCNSL: 170·0 
(96·0–280·0)

6·7 (4·5–9·5)

Gibson et al (2014),45 USA, registry-linkage study (n=273 705)

1996–2002 DLBCL: 23·2 (21·6–24·8), BL: 31·9 (26·0–38·8), PCNSL: 56·4 
(50·1–63·2)

Not reported

2003–10 DLBCL: 13·4 (12·3–14·5), BL: 34·9 (29·7–40·7), PCNSL: 37·5 
(32–43·6)

Not reported

Hernández-Ramírez et al (2017),4 USA, registry-linkage study (n=448 258)

1996–99 DLBCL: 26·7 (23·4–30·4), BL: 28·3 (16·5–45·3), PCNSL: 872·0 
(715·0–1054·0)

9·1 (6·7–12·0)

2000–04 DLBCL: 13·2 (12·3–14·3), BL: 23·1 (19·1–27·0), 226·0 
(194·0–263·0)

8·6 (7·5–9·7)

2005–08 DLBCL: 9·8 (9·1–10·5), BL: 22·5 (19·2–26·1), PCNSL: 139·0 
(118·0–161·0)

7·9 (7·1–8·8)

2009–12 DLBCL: 7·3 (6·8–7·9), BL: 15·9 (13·3–18·8), PCNSL: 59·5 
(47·3–74·0)

6·7 (5·9–7·6)

Franceschi et al (2010),46 Switzerland, registry-linkage study (n=9429)

1985–96 103·0 (88·8–119·0) 9·2 (3·6–19·0)

1997–2001 26·7 (19·9–35·1) 21·0 (10·8–36·8)

2002–06 16·2 (11·1–22·9) 28·1 (14·9–48·2)

Calabresi et al (2013)47 and Gotti et al (2013),48 Italy, registry-linkage studies (n=5090; n=5085)

1999–2009 21·1 (1·7–25·7) 21·8 (15·3–31·0)

Vogel et al (2011),49 Germany, registry-linkage study (n=1476)

1996–2008 35·0 (23·3–49·2)† 38·7 (16·5–70·2)†

Hleyhel et al (2013)31 and Hleyhel et al (2014),50 France, registry-linkage study (n=98 556; n=84 504)

1992–96 116·7 (109·9–123·9) Not reported

1997–2000 33·6 (30·8–36·6) 33·5 (28·5–39·1)

2001–04 15·4 (13·9–17·1) 21·6 (18·2–25·5)

2005–09 9·1 (8·3–10·1) 26·5 (23·2–30·1)

Godbole et al (2016),51 India, registry-linkage study (n=32 575)

1996–2008 10·6 (5·9–17·5) 7·7 (2·1–19·7)

Mbulaiteye et al (2006),52 Uganda, registry-linkage study (n=12 607)

1988–2002 6·7 (1·8–17·0)‡ 8·8 (1·0–32·0)‡

Zhang et al (2011),53 China, registry-linkage study (n=3554)

2004–08 34·5 (11·7–89·9) Not reported

Stein et al (2008),54 South Africa, case-control study (n=377)§

1995–04 5·9 (4·3–8·1)¶ 1·6 (1·0–2·7)¶

Dhokotera et al (2019),13 South Africa, registry-linkage study (n=95 279)

2004–14 2·89 (2·7–3·1)¶ 1·43 (1·3–1·6)¶

Mpunga et al (2018),55 Rwanda, case-control study (n=341)||

2012–16 2·5 (1·4–4·6)¶ 5·2 (2·3–11·6)¶

Data are the standardised incidence ratio (95% CI), unless otherwise stated. Studies were included if HIV and cancer 
ascertainment was complete and they reported estimates (standardised incidence ratio or odds ratio) by lymphoma 
category (either non-Hodgkin lymphoma or Hodgkin lymphoma). DLBCL=diffuse large-B-cell lymphoma. 
BL=Burkitt lymphoma. PCNSL=primary CNS lymphoma. *Estimates for other types of non-Hodgkin lymphoma are 
not included in these studies. †Estimates for non-Hodgkin lymphoma and Hodgkin lymphoma were available for 
men only; the standardised incidence ratio for non-Hodgkin lymphoma among women was 18·2 (95% CI 1·7–52·1). 
‡Uganda estimates are standardised incidence ratios for the immediate period (4–27 months) after HIV 
registration.§Non-Hodgkin lymphoma cases (n=223); Hodgkin lymphoma cases (n=154). ¶Adjusted odds ratio 
estimates.  ||Non-Hodgkin lymphoma cases (n=265); Hodgkin lymphoma cases (n=76).
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Epidemiology of haematological malignancies in people 
living with HIV
Stephen M Kimani, Matthew S Painschab, Marie-Josèphe Horner, Mazvita Muchengeti, Yuri Fedoriw, Meredith S Shiels, Satish Gopal

People living with HIV or AIDS are at increased risk of Hodgkin and non-Hodgkin lymphoma compared with 
HIV-negative individuals. Data on the risk of multiple myeloma or leukaemia are inconsistent and of low quality 
but the risk does not seem to be increased. Specific haematological malignancies occur in different contexts of age, 
CD4 cell count, HIV control, viral co-infections, or chronic inflammation, and the expansion of combination 
antiretroviral therapy has led to varied demographic and epidemiological shifts among people with HIV. Increased 
use of combination antiretroviral therapy has substantially reduced the risks of diffuse large B-cell lymphoma, 
Burkitt lymphoma, and primary CNS lymphoma, and to a lesser extent, Hodgkin lymphoma. There is no effect of 
combination antiretroviral therapy use on multiple myeloma or leukaemia. Although many cases of HIV are in 
low-income and middle-income countries, high-quality epidemiological data for haematological malignancies from 
these regions are scarce. Closing this gap is an essential first step in decreasing mortality from HIV-associated 
haematological malignancies worldwide. Finally, although multicentric Castleman disease is not a neoplastic 
condition, it is an emerging precursor to neoplastic high-grade B-cell lymphoproliferation among people with HIV, 
especially for individuals on long-term combination antiretroviral therapy with well controlled HIV.

Introduction
In 2018, an estimated 37·9 million people were living 
with HIV globally, two-thirds of whom were receiving 
com bination antiretroviral therapy (ART).1 People living 
with HIV have a high risk of some cancers compared 
with the general population. A high rate of previously rare 
malig nancies observed among patients with AIDS in the 
early days of the HIV pandemic led to use of the term 
AIDS-defining cancers. However, the grouping of AIDS-
defining cancers originates from the earliest syndromic 
case definitions of AIDS, before HIV was discovered, and 
does not reflect the aetiological understanding of cancer 
development in people with HIV.2 Immune dysregulation, 
co-infection with certain oncogenic viruses, and lifestyle 
factors, such as tobacco and alcohol use, are thought to be 
responsible for increased cancer burden in this popu-
lation.3–7 The global HIV/AIDS response, including the 
UNAIDS 90-90-90 worldwide campaign, has led to the 
expansion of combination ART programmes worldwide.8 
However, marked regional differences persist worldwide 
with respect to population-level HIV control and exposure 
to carcinogenic cofactors among people with HIV.9 As 
a result, regional differences in the distribution of cancers 
in this population exist. For example, in high-income 
countries, despite a declining rate of classical AIDS-
defining cancers (eg, Kaposi’s sarcoma, aggressive 
non-Hodgkin lymphoma, and cervical cancer), an ageing 
population and decreased mortality from infectious dis-
eases have led to a net increase in cancer burden, primar-
ily from an increased incidence of non-AIDS-defining 
cancers.10,11 By contrast, AIDS-defining cancers remain the 
most common cancers for people with HIV in low-
income and middle-income countries (LMICs), including 
in sub-Saharan Africa.12–15

In most high-income countries, combination ART 
became widely available in the mid-1990s.16 In LMICs, 
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population and decreased mortality from infectious dis-
eases have led to a net increase in cancer burden, primar-
ily from an increased incidence of non-AIDS-defining 
cancers.10,11 By contrast, AIDS-defining cancers remain the 
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whichever occurred earlier. This interval was left or right censored
if no complete CR data were available for the corresponding years.
To reduce losses to follow-up, dates of death were updated through
record linkage with the National Mortality Database.
Observed cases included incident cancer cases reported to CRs

during the above-defined person-years at risk. Cancer site and type
were classified according to the International Classification of
Disease, 10th revision (World Health Organisation, 1992) and were
checked for quality by CR coordinators. The basis of diagnosis was
reported either as microscopic confirmation, including histologi-
cal, haematological, or cytological confirmation, or as other, that
is, clinical, instrumental diagnosis, or death-certificate-only. When
an AIDS-defining cancer was mentioned in both the AIDS Registry
and a CR, the earliest date of cancer diagnosis was retained. When
KS was reported in a CR before the date of AIDS diagnosis in the
AIDS Registry, AIDS onset was backdated. The same was done for
NHL and ICC when they had been reported to a CR within 5 and 2
years, respectively, before AIDS diagnosis.

Expected numbers of different cancers were computed for each
CR from sex-, age-, and period-specific incidence rates (Parkin
et al, 1992, 1997, 2002; Curado et al, 2007). Observed numbers of
cancer in PWHA were compared with expected numbers by means
of standardised incidence ratios (SIRs), and corresponding 95%
confidence intervals (CI) were computed using the Poisson
distribution (Breslow and Day, 1987).
SIR were calculated for calendar period, distinguishing the pre-

HAART (1986–1996) from the post-HAART (1997–2004) period. For
1997–2004, and for cancers showing a significantly increased risk and
at least 10 cases, SIRs were also computed separately by age group
(16–34, and 35–69 years), HIV transmission category (injecting drug
users (IDUs), men who have sex with men (MSM), heterosexuals) and
time of cancer occurrence in respect to AIDS diagnosis (4–60 months
before, from 3 months before to 3 months after, 4–60 months after,
and 61–120 months after). SIR were also computed separately by
interval between first HIV-positive test and AIDS diagnosis (o1, 1–9,
X10 years), and country of birth (Italy or other).

Table 2 Observed (Obs) and expected (Exp) cancers in persons with HIV/AIDSa, standardised incidence ratio (SIR), and corresponding 95% confidence
interval (CI) by year of cancer diagnosis. Italy, 1986–2004

Year of cancer diagnosis

1986–1996 (56 643 py) 1997–2004 (45 026 py)

ICD10; Cancer type or site Obs Exp SIR (95% CI) Obs Exp SIR (95% CI)

AIDS-defining cancers
C46; Kaposi sarcoma 507 0.3 1792 (1640–1956) 294 0.5 572 (508–641)
C82–C88, C96; NHL 420 0.8 497 (450–546) 352 3.8 93.4 (83.9–104)
C53; Cervix uteri 9 0.2 51.0 (23.1–97.3) 30 0.7 41.5 (28.0–59.3)

Non-AIDS-defining cancers
C00–C14, C30–C32; Head and neck 6 4.4 1.4 (0.5–3.0) 11 6.0 1.8 (0.9–3.3)
C15; Oesophagus 0 0.6 — 2 0.8 2.5 (0.2–9.1)
C16; Stomach 6 3.2 1.9 (0.7–4.1) 6 3.9 1.6 (0.6–3.4)
C18; Colon 2 3.9 0.5 (0.0–1.9) 9 6.2 1.4 (0.7–2.7)
C19–C20; Rectum and rectosigmoid junction 5 2.0 2.5 (0.8–5.9) 7 3.1 2.3 (0.9–4.7)
C21; Anus 6 0.2 35.5 (12.8–77.7) 11 0.3 44.0 (21.8–78.9)
C22; Liver 3 1.4 2.1 (0.4–6.4) 16 2.5 6.4 (3.7–10.5)
C23–C24; Biliary tract 0 0.4 — 2 0.5 3.9 (0.4–14.5)
C25; Pancreas 2 1.2 1.7 (0.2–6.3) 2 1.8 1.1 (0.1–4.1)
C33–C34; Trachea and lung 17 8.2 2.1 (1.2–3.3) 42 10.3 4.1 (2.9–5.5)
C37–C38; Thymus, heart, mediastinum, pleura 1 0.3 3.9 (0.0–22.6) 1 0.3 3.3 (0.0–18.7)
C40–C41; Bone and articular cartilages 1 0.4 2.5 (0.0–14.0) 1 0.4 2.6 (0.0–14.6)
C43; Melanoma 3 3.4 0.9 (0.2–2.6) 3 5.3 0.6 (0.1–1.7)
C44; Skin non-melanoma 18 8.7 2.1 (1.2–3.3) 28 15.6 1.8 (1.2–2.6)
C45; Mesothelioma 0 0.3 — 1 0.4 2.2 (0.0–12.8)
C47, C49; Peripheral nerves, soft/connective tissues 0 0.8 — 3 0.9 3.2 (0.6–9.5)
C50; Breastb 3 4.0 0.8 (0.1–2.2) 5 8.7 0.6 (0.2–1.4)
C54; Endometrium 0 0.4 — 1 0.7 1.5 (0.0–8.3)
C56; Ovary 1 0.6 1.7 (0.0–9.7) 0 0.8 —
C51, C52, C57; Vulva and vagina 2 0.1 24.6 (2.3–90.6) 3 0.1 24.3 (4.6–71.8)
C55; Utero, unspecified 1 0.0 25.2 (0.0–145) 0 0.0 —
C60, C63; Penis 0 0.1 — 3 0.2 12.0 (2.3–35.5)
C61; Prostate 2 1.5 1.3 (0.1–4.7) 0 5.3 —
C62; Testis 5 3.5 1.4 (0.5–3.4) 2 2.9 0.7 (0.1–2.5)
C64–C66, C68; Kidney 3 2.5 1.2 (0.2–3.6) 3 4.0 0.7 (0.1–2.2)
C67; Bladder 3 4.5 0.7 (0.1–2.0) 2 6.4 0.3 (0.0–1.2)
C70–C72; Brain and central nervous system 8 2.3 3.5 (1.5–7.0) 8 2.5 3.2 (1.4–6.3)
C73; Thyroid 0 2.2 — 0 3.6 —
C81; Hodgkin lymphoma 47 2.6 18.0 (13.2–23.9) 37 1.8 20.7 (14.6–28.5)
C90; Multiple myeloma/plasma cell neoplasm 3 0.5 5.5 (1.0–16.4) 4 1.0 3.9 (1.0–10.0)
C91–C95; Leukaemias, all 11 2.2 4.9 (2.4–8.8) 3 2.7 1.1 (0.2–3.3)
C26, C39, C48, C76, C80; Unk/ill-defined primary site 3 1.2 2.5 (0.5–7.4) 5 1.3 3.9 (1.2–9.2)

Total non-AIDS-defining cancers 162 68.3 2.4 (2.0–2.8) 221 100.7 2.2 (1.9–2.5)

py¼ person-years, NHL¼ non-Hodgkin lymphoma, Unk¼ unknown. aCancers reported to cancer registries in people with AIDS, aged 16–69 years, between 1986 and 2004
from 5 years prior to 10 years after AIDS diagnosis (at/after AIDS for AIDS-defining cancers). bWomen only.
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cal, haematological, or cytological confirmation, or as other, that
is, clinical, instrumental diagnosis, or death-certificate-only. When
an AIDS-defining cancer was mentioned in both the AIDS Registry
and a CR, the earliest date of cancer diagnosis was retained. When
KS was reported in a CR before the date of AIDS diagnosis in the
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CR from sex-, age-, and period-specific incidence rates (Parkin
et al, 1992, 1997, 2002; Curado et al, 2007). Observed numbers of
cancer in PWHA were compared with expected numbers by means
of standardised incidence ratios (SIRs), and corresponding 95%
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C16; Stomach 6 3.2 1.9 (0.7–4.1) 6 3.9 1.6 (0.6–3.4)
C18; Colon 2 3.9 0.5 (0.0–1.9) 9 6.2 1.4 (0.7–2.7)
C19–C20; Rectum and rectosigmoid junction 5 2.0 2.5 (0.8–5.9) 7 3.1 2.3 (0.9–4.7)
C21; Anus 6 0.2 35.5 (12.8–77.7) 11 0.3 44.0 (21.8–78.9)
C22; Liver 3 1.4 2.1 (0.4–6.4) 16 2.5 6.4 (3.7–10.5)
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C37–C38; Thymus, heart, mediastinum, pleura 1 0.3 3.9 (0.0–22.6) 1 0.3 3.3 (0.0–18.7)
C40–C41; Bone and articular cartilages 1 0.4 2.5 (0.0–14.0) 1 0.4 2.6 (0.0–14.6)
C43; Melanoma 3 3.4 0.9 (0.2–2.6) 3 5.3 0.6 (0.1–1.7)
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C45; Mesothelioma 0 0.3 — 1 0.4 2.2 (0.0–12.8)
C47, C49; Peripheral nerves, soft/connective tissues 0 0.8 — 3 0.9 3.2 (0.6–9.5)
C50; Breastb 3 4.0 0.8 (0.1–2.2) 5 8.7 0.6 (0.2–1.4)
C54; Endometrium 0 0.4 — 1 0.7 1.5 (0.0–8.3)
C56; Ovary 1 0.6 1.7 (0.0–9.7) 0 0.8 —
C51, C52, C57; Vulva and vagina 2 0.1 24.6 (2.3–90.6) 3 0.1 24.3 (4.6–71.8)
C55; Utero, unspecified 1 0.0 25.2 (0.0–145) 0 0.0 —
C60, C63; Penis 0 0.1 — 3 0.2 12.0 (2.3–35.5)
C61; Prostate 2 1.5 1.3 (0.1–4.7) 0 5.3 —
C62; Testis 5 3.5 1.4 (0.5–3.4) 2 2.9 0.7 (0.1–2.5)
C64–C66, C68; Kidney 3 2.5 1.2 (0.2–3.6) 3 4.0 0.7 (0.1–2.2)
C67; Bladder 3 4.5 0.7 (0.1–2.0) 2 6.4 0.3 (0.0–1.2)
C70–C72; Brain and central nervous system 8 2.3 3.5 (1.5–7.0) 8 2.5 3.2 (1.4–6.3)
C73; Thyroid 0 2.2 — 0 3.6 —
C81; Hodgkin lymphoma 47 2.6 18.0 (13.2–23.9) 37 1.8 20.7 (14.6–28.5)
C90; Multiple myeloma/plasma cell neoplasm 3 0.5 5.5 (1.0–16.4) 4 1.0 3.9 (1.0–10.0)
C91–C95; Leukaemias, all 11 2.2 4.9 (2.4–8.8) 3 2.7 1.1 (0.2–3.3)
C26, C39, C48, C76, C80; Unk/ill-defined primary site 3 1.2 2.5 (0.5–7.4) 5 1.3 3.9 (1.2–9.2)

Total non-AIDS-defining cancers 162 68.3 2.4 (2.0–2.8) 221 100.7 2.2 (1.9–2.5)

py¼ person-years, NHL¼ non-Hodgkin lymphoma, Unk¼ unknown. aCancers reported to cancer registries in people with AIDS, aged 16–69 years, between 1986 and 2004
from 5 years prior to 10 years after AIDS diagnosis (at/after AIDS for AIDS-defining cancers). bWomen only.
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R Tessandori25, R Tumino26, B Suligoi27, S Franceschi28 for the Cancer and AIDS Registries Linkage (CARL)
Study29

1Epidemiology and Biostatistics Unit, Centro di Riferimento Oncologico IRCCS, Via Gallini 2, Aviano 33081, Italy; 2Friuli Venezia Giulia Cancer Registry,
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Veneto, Istituto Oncologico Veneto IRCCS, Passaggio Gaudenzio 1, Padua 35131, Italy; 9Registro Tumori Lombardia – Provincia di Varese, Istituto
Nazionale Tumori, Via Venezian 1, Milan 20133, Italy; 10Piedmont Cancer Registry, City of Torino, Centro di Prevenzione Oncologica, Via San Francesco
da Paola 31, Torino 10123, Italy; 11Modena Cancer Registry, Department of Oncology and Haematology, University of Modena and Reggio Emilia, Via
Dal Pozzo 71, Modena 41100, Italy; 12Brescia Health Unit Cancer Registry, Via Cantore 20, Brescia 25128, Italy; 13Reggio Emilia Cancer Registry,
Department of Public Health, Via Amendola 2, Reggio Emilia 42100, Italy; 14Parma Province Cancer Registry, Azienda Ospedaliera di Parma, Via
dell’Abbeveratoia 4, Parma 43100, Italy; 15Umbria Cancer Registry, Dept. of Surg. Med. and Public Health, University of Perugia, Via del Giochetto,
Perugia 06100, Italy; 16Ferrara Cancer Registry, Sez. Anatomia Patologica, Dip. Med. Sperimentale & Diagnostica, Ferrara University, Via Fossato di
Mortara 64, Ferrara 44100, Italy; 17Trento Cancer Registry, Osservatorio Epidemiologico, Viale Verona, Trento 38100, Italy; 18Cancer Registry of Sassari
(ASL1), Via Tempio 5, Sassari 07100, Italy; 19Salerno Cancer Registry, via Loria 24, Salerno 84129, Italy; 20Piedmont Cancer Registry, Province of Biella,
Epidemiology Unit – Prevention Department ASL 12, Via Don Sturzo 20, Biella 13900, Italy; 21Alto Adige/Südtirol Cancer Registry, Corso Italia 13/M,
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A record-linkage study was carried out between the Italian AIDS Registry and 24 Italian cancer registries to compare cancer excess
among persons with HIV/AIDS (PWHA) before and after the introduction of highly active antiretroviral therapy (HAART) in 1996.
Standardised incidence ratios (SIR) were computed in 21951 AIDS cases aged 16–69 years reported between 1986 and 2005. Of
101 669 person-years available, 45 026 were after 1996. SIR for Kaposi sarcoma (KS) and non-Hodgkin lymphoma greatly decreased
in 1997–2004 compared with 1986–1996, but high SIRs for KS persisted in the increasingly large fraction of PWHA who had an
interval of o1 year between first HIV-positive test and AIDS diagnosis. A significant excess of liver cancer (SIR¼ 6.4) emerged in
1997–2004, whereas the SIRs for cancer of the cervix (41.5), anus (44.0), lung (4.1), brain (3.2), skin (non-melanoma, 1.8), Hodgkin
lymphoma (20.7), myeloma (3.9), and non-AIDS-defining cancers (2.2) were similarly elevated in the two periods. The excess of
some potentially preventable cancers in PWHA suggests that HAART use must be accompanied by cancer-prevention strategies,
notably antismoking and cervical cancer screening programmes. Improvements in the timely identification of HIV-positive individuals
are also a priority in Italy to avoid the adverse consequences of delayed HAART use.
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Three types of cancer that occur in HIV-positive individuals,
namely Kaposi sarcoma (KS), non-Hodgkin lymphoma (NHL),
and invasive cervical cancer (ICC), are currently included in the
European clinical AIDS definition (Ancelle-Park, 1993). How-
ever, excesses of some non-AIDS defining cancers have been
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Three types of cancer that occur in HIV-positive individuals,
namely Kaposi sarcoma (KS), non-Hodgkin lymphoma (NHL),
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Unit of Epidemiology, Research Institute of the Tuscany Region, Via di S Salvi 12, Florence 50135, Italy; 7Genoa Province Cancer Registry and Genova
University, Istituto Nazionale per la Ricerca sul Cancro IRCCS, Largo Rosanna Benzi 10, Genoa 16132, Italy; 8Università di Padova, Registro Tumori del
Veneto, Istituto Oncologico Veneto IRCCS, Passaggio Gaudenzio 1, Padua 35131, Italy; 9Registro Tumori Lombardia – Provincia di Varese, Istituto
Nazionale Tumori, Via Venezian 1, Milan 20133, Italy; 10Piedmont Cancer Registry, City of Torino, Centro di Prevenzione Oncologica, Via San Francesco
da Paola 31, Torino 10123, Italy; 11Modena Cancer Registry, Department of Oncology and Haematology, University of Modena and Reggio Emilia, Via
Dal Pozzo 71, Modena 41100, Italy; 12Brescia Health Unit Cancer Registry, Via Cantore 20, Brescia 25128, Italy; 13Reggio Emilia Cancer Registry,
Department of Public Health, Via Amendola 2, Reggio Emilia 42100, Italy; 14Parma Province Cancer Registry, Azienda Ospedaliera di Parma, Via
dell’Abbeveratoia 4, Parma 43100, Italy; 15Umbria Cancer Registry, Dept. of Surg. Med. and Public Health, University of Perugia, Via del Giochetto,
Perugia 06100, Italy; 16Ferrara Cancer Registry, Sez. Anatomia Patologica, Dip. Med. Sperimentale & Diagnostica, Ferrara University, Via Fossato di
Mortara 64, Ferrara 44100, Italy; 17Trento Cancer Registry, Osservatorio Epidemiologico, Viale Verona, Trento 38100, Italy; 18Cancer Registry of Sassari
(ASL1), Via Tempio 5, Sassari 07100, Italy; 19Salerno Cancer Registry, via Loria 24, Salerno 84129, Italy; 20Piedmont Cancer Registry, Province of Biella,
Epidemiology Unit – Prevention Department ASL 12, Via Don Sturzo 20, Biella 13900, Italy; 21Alto Adige/Südtirol Cancer Registry, Corso Italia 13/M,
Bolzano 39100, Italy; 22Campania Cancer Registry, Azienda Sanitaria Locale Napoli 4, Piazza San Giovanni, Brusciano (NA) 80031, Italy; 23Syracuse
Province Registry of Pathology (RTP), Corso Gelone 17, Syracuse 96100, Italy; 24Macerata Province Cancer and Mortality Registry, Dip. Medicina
Sperimentale e Sanità Pubblica, Camerino University, Via Gentile III da Fabriano, Camerino (MC) 62032, Italy; 25Sondrio Cancer Registry, Azienda
Sanitaria Locale, Via Sauro 38, Sondrio 23100, Italy; 26Ragusa Cancer Registry, Department of Oncology – Azienda Ospedaliera ‘Civile M.P.Arezzo’, Via
Dante 109, Ragusa 97100, Italy; 27National Institurte of Health, Viale Regina Elena 299, Rome 00161, Italy; 28International Agency for Research on
Cancer, 150 cours Albert Thomas, Lyon cedex 08 69372, France

A record-linkage study was carried out between the Italian AIDS Registry and 24 Italian cancer registries to compare cancer excess
among persons with HIV/AIDS (PWHA) before and after the introduction of highly active antiretroviral therapy (HAART) in 1996.
Standardised incidence ratios (SIR) were computed in 21951 AIDS cases aged 16–69 years reported between 1986 and 2005. Of
101 669 person-years available, 45 026 were after 1996. SIR for Kaposi sarcoma (KS) and non-Hodgkin lymphoma greatly decreased
in 1997–2004 compared with 1986–1996, but high SIRs for KS persisted in the increasingly large fraction of PWHA who had an
interval of o1 year between first HIV-positive test and AIDS diagnosis. A significant excess of liver cancer (SIR¼ 6.4) emerged in
1997–2004, whereas the SIRs for cancer of the cervix (41.5), anus (44.0), lung (4.1), brain (3.2), skin (non-melanoma, 1.8), Hodgkin
lymphoma (20.7), myeloma (3.9), and non-AIDS-defining cancers (2.2) were similarly elevated in the two periods. The excess of
some potentially preventable cancers in PWHA suggests that HAART use must be accompanied by cancer-prevention strategies,
notably antismoking and cervical cancer screening programmes. Improvements in the timely identification of HIV-positive individuals
are also a priority in Italy to avoid the adverse consequences of delayed HAART use.
British Journal of Cancer (2009) 100, 840–847. doi:10.1038/sj.bjc.6604923 www.bjcancer.com
Published online 17 February 2009
& 2009 Cancer Research UK
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Three types of cancer that occur in HIV-positive individuals,
namely Kaposi sarcoma (KS), non-Hodgkin lymphoma (NHL),
and invasive cervical cancer (ICC), are currently included in the
European clinical AIDS definition (Ancelle-Park, 1993). How-
ever, excesses of some non-AIDS defining cancers have been
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NON-AIDS RELATED CANCER RISK IS NOT 
AFFECTED BY cART IN ICONA COHORT
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BASELINE CHARACTERISTICS OF 11688 PWHAs

Characteristics
Female sex, n (%) 2602 (22.3)
Age at enrollment (years), median (IQR) 37 (30-45)
Age at enrollment (years), n (%)

<30 2613 (22.4) 
30-39 4440 (38.0)
40-49 2909 (24.9)
50-59 1278 (10.9)
60-69 448 (3.8)

Year of enrolment, median (IQR) 2011 (2004-2014)
Mode of HIV transmission, n (%)

Homosexual/ Bisexual 
Heterosexual

IVDU
Other or unknown

4946 (42.3)
4826 (41.3)

1052 (9.0)
864 (7.4)

Total Follow-up PYs
median (IQR)

67449.9
4.6 (1.9-8.2)
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ADMs	(All)
KS	(C46)
ICC	(C53)

NHL	(C82-85,	C96)

NADMs	(All)

All	NADMs	virus-related
Anus	(C21)
Liver	(C22)
HL	(C81)

NADMs	not	virus-related	(All)
Oral	cavity	(C00-14)

Stomach	(C16)
Colon	(C18)

Rectum	(C20)
Pancreas	(C25)

Bonchus	and	lung	(C34)
Skin,	melanoma	(C43)
Breast,	female	(C50)

Prostate	(C61)
TesQs	(C62)
Kidney	(C64)
Bladder	(C67)

CNS	(C71)
Thyroid	(C73)

Skin,	non-melanoma	(C44)

All	(C00-C97)
0.1 1 10 100

STANDARDIZED INCIDENCE RATIO (SIR)

SIR

LNH, SIR=7

LH, SIR=11
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NON-HODGKIN'S LYMPHOMA (90 casi): incidenza in base a CD4 a inizio cART

Dei 16761 pazienti arruolati nella coorte ICONA (diagnosi di HIV dal 1996 al 2023),15372 (93.9%) hanno iniziato terapia cART.
Nei 15372 pazienti sono stati diagnosticati 109 NHL (nel file Word sono 118 diagnosi di NHL perché 9 sono in pazienti che non hanno effettuato art).
19 pazienti presentano diagnosi di NHL prima dell’inizio della cART, per cui non verranno considerati nell’analisi è 90 NHL
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Nei 15372 pazienti sono stati diagnosticati 54 HL (nel file Word sono 55 le diagnosi di HL perché 1 paziente non ha iniziato art).
4 pazienti presentano diagnosi di HL prima dell’inizio della cART, per cui non verranno considerati nell’analisi è 50 HL
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I LINFOMI NELLA POPOLAZIONE GENERALE ITALIANA;

INFEZIONE DA HIV-AIDS E ATTVITA’ DI TRAPIANTO DI ORGANO SOLIDO IN ITALIA.

2. IMMUNODEPRESSIONE DA HIV/AIDS E LINFOMI: 
INCIDENZA, 
SOPRAVVIVENZA
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NON-HODGKIN LYMPHOMA AMONG YOUNG ADULTS WITH AND WITHOUT
AIDS IN ITALY
Luigino DAL MASO1*, Giovanni REZZA2, Paola ZAMBON3, Giovanna TAGLIABUE4, Emanuele CROCETTI5, Marina VERCELLI6,
Roberto ZANETTI7, Fabio FALCINI8, Giuseppe TONINI9, Lucia MANGONE10, Vincenzo DE LISI11, Stefano FERRETTI12, Rosario TUMINO13,
Giorgio STANTA14, Susanna VITARELLI15, Diego SERRAINO16 and Silvia FRANCESCHI17 for the Cancer and AIDS Registry Linkage
Study
1Servizio di Epidemiologia, Centro di Riferimento Oncologico, Aviano (PN), Italy
2Centro Operativo AIDS, Istituto Superiore di Sanità, Roma, Italy
3Registro Tumori del Veneto, U.A. di Epidemiologia dei Tumori, Azienda Ospedaliera di Padova, Padova, Italy
4Registro Tumori Lombardia-Provincia di Varese, Istituto Nazionale per lo Studio e la Cura dei Tumori, Milano, Italy
5Registro Tumori Toscano, UO di Epidemiologia Clinica e Descrittiva, Azienda Ospedaliera “Careggi,” Firenze, Italy
6Registro Tumori Ligure, Istituto Nazionale per la Ricerca sul Cancro, Genova, Italy
7Registro Tumori Piemonte, Centro per la Prevenzione Oncologica, Torino, Italy
8Registro Tumori della Romagna, Divisione di Oncologia, Ospedale Morgagni-Pierantoni, Forlı̀, Italy
9Registro Tumori della Provincia di Latina, SIO Epidemiologia, Istituto Regina Elena, Roma, Italy
10Registro Tumori della Provincia di Modena, Modena, Italy
11Registro Tumori della Provincia di Parma, Divisione di Oncologia Medica, Azienda Ospedaliera di Parma, Parma, Italy
12Registro Tumori della Provincia di Ferrara, Università di Ferrara, Dipartimento di Medicina Sperimentale e Diagnostica,
Ferrara, Italy
13Registro Tumori della Provincia di Ragusa, Azienda Ospedaliera Civile M.P. Arezzo, Ragusa, Italy
14Registro Tumori della Provincia di Trieste, c/o Ospedale S. Santorio, Trieste, Italy
15Registro Tumori della Provincia di Macerata, Dipartimento di Scienze Igienistiche e Sanitarie-Ambientali,
Università di Camerino, Camerino (MC), Italy
16Servizio di Epidemiologia delle Malattie Infettive, IRCSS “Lazzaro Spallanzani,” Roma, Italy
17Field and Intervention Studies Unit, International Agency for Research on Cancer (IARC), Lyon, France

To compare the presentation and prognosis of non-
Hodgkin lymphoma (NHL) in people with AIDS (PWA) and
in the general Italian population, a record linkage study was
carried out. The fraction of NHLs attributable to HIV/AIDS
was also estimated. Information from the National AIDS
Registry (RAIDS) was linked with records from 13 cancer
registries (CR), covering about 15% of the Italian population.
During the period 1985–94, among PWA ages 15–49, 136
NHLs were identified (8% of all NHLs) and were compared
with 1,481 concurrent incident NHL cases of the same age
group among non-PWA. Percentages above 13% of all NHLs
were registered in the northern areas of Genoa and Varese,
i.e., the most heavily affected by the AIDS epidemic. Between
1 year prior to and 3.5 years after AIDS diagnosis, PWA
showed an overall standardised incidence ratio (SIR) for NHL
of 302. SIR was particularly high (394) within 3 months after
AIDS diagnosis and subsequently declined to 170. SIR was
somewhat higher in females (428) than in males (280) but
similar among intravenous-drug users (299) and other HIV-
transmission groups (309). High-grade NHL, particularly im-
munoblastic and Burkitt’s lymphoma, were twice as frequent
among PWA than non-PWA. Conversely, low-grade NHL
were less frequent. Except for the high proportion of brain
localisation, no clear difference emerged in the pattern of
NHL presentation site in PWA compared with non-PWA. At
variance with NHL in the general population, among PWA
histological grade had little impact on survival, which overall
appeared to be very poor (2-year survival: 10%; 95% confi-
dence interval: 3%–17%). Our present linkage of RAIDS and
CRs represents an efficient tool for the surveillance of trends
in incidence and survival of NHL among PWA in Italy.
© 2001 Wiley-Liss, Inc.

Key words: AIDS; non-Hodgkin lymphoma; linkage

Non-Hodgkin lymphoma (NHL) accounts for approximately 4%
of cancer cases and cancer deaths in the general population.1,2 In
the last 3 decades, NHL incidence rates increased more rapidly
than those of most other tumours.3,4 NHL is a recognised compli-
cation of immunosuppression, and both primary and iatrogenic
immunodeficiency are associated with an increased risk of NHL.5

In Italy, as in other developed countries, NHL is the second
most common malignancy associated with HIV infection, the first
being Kaposi’s sarcoma.6 The spectrum of HIV-related NHL in-
cludes: (i) systemic NHL (i.e., immunoblastic and Burkitt’s lym-
phoma); (ii) primary brain lymphoma; and (iii) body cavity-based
lymphoma, a very rare condition recently related to coinfection
with human herpes virus 8 (HHV8).5
Clinical series and cohort studies have provided data on the

frequency and characteristics of NHL in HIV-positive individu-

Grant sponsor: Istituto Superiore di Sanità, Rome; Grant numbers:
20B/1.1, 20C/1.1.
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PWA but 17% in non-PWA. According to CR records, 10% of
NHL among PWA had no histological confirmation compared
with less than 1% of NHL in the general population. As compared
with non-PWA, the SIR among PWA was 105 for low-grade and
103 for miscellaneous NHLs, 383 for high-grade NHLs and 286
for not-otherwise-specified NHL.
A high proportion of primary brain lymphoma was observed

among PWA (17% vs. 1% in non-PWA), whereas the proportion of
NHL in lymphoid tissue was relatively low (5% in PWA vs. 19% in
non-PWA) (Table IV). After brain, digestive tract was the most
common localisation among either PWA and non-PWA. No skin
NHLwas recorded among PWA (vs. 6% in non-PWA). However, the
primary site was unknown in a greater proportion of NHLs among
PWA (26%) than among NHL in non-PWA (5%) (Table IV).
Among the 57 NHL cases notified to both RAIDS and CRs, a

good agreement was found between histological diagnoses. Four
cases with an NHL reported at RAIDS as immunoblastic were
coded at CRs with a low-grade NHL: 2 plasmacytoid and 2 small
cleaved cell follicular (i.e., non-HIV-related histology).
Between 1985 and 1994, survival in PWA with NHL was poor:

30% (95% CI: 19%–41%) of PWA with NHL were alive 1 year

after NHL diagnoses and 7% (95% CI: 0%–13%) more than 3.5
years after diagnosis. The corresponding numbers among non-
PWA with NHL were 84% (95% CI: 82%–86%) and 68% (95%
CI: 65%–71%), respectively (Fig. 1). Survival rates for PWA and
non-PWA are shown by histological grade in Figure 2. Among
non-PWA a lower histological grade was associated with signifi-
cantly higher survival: 2 year after diagnosis 61% of cases with
high-grade were alive, 77% with intermediate-grade and 85% with
low-grade NHLs. Conversely, among PWA, grade did not seem to
influence 2-year survival (7% in high-, 14% in intermediate- and
11% in low-grade NHLs).

DISCUSSION

Our study provides new information on frequency, presentation
pattern and risk of NHL among PWA compared with non-PWA in
a southern European population. Although based on a smaller
number of NHLs, our present findings are, to many extents, in
agreement with larger record linkage studies from the United
States.9,10 In Italy, from 1985–94, PWA represented approximately
8% of all NHL cases from 15–49 years of age. Few NHLs among
PWA occurred in middle and old age.

FIGURE 1 – Kaplan-Meier survival after diagnosis of non-Hodgkin lymphoma by AIDS status in Italy, 1985–94. PWA, people with AIDS.

TABLE IV – DISTRIBUTION AND RISK OF NON-HODGKIN LYMPHOMA AGES 15–49 BY SITE AND AIDS STATUS IN ITALY1, 1985–94

Site
People without AIDS People with AIDS

SIR (95% CI)
Obs (%) Obs (%) Exp2

Nodal site 578 (42) 36 (28) 0.146 246 (172–341)
Extranodal site
Brain 18 (1) 22 (17) 0.010 2306 (1,443–3,496)
Lymphoid tissue 259 (19) 6 (5) 0.063
Digestive tract 165 (12) 11 (9) 0.042 203 (142–282)
Skin 88 (6) 0 (0) 0.021
Other 194 (14) 19 (15) 0.051
All extranodal 724 (53) 58 (46) 0.187 311 (236–402)

Unknown primary site 67 (5) 33 (26) 0.024 1383 (952–1,945)

Exp, expected; Obs, observed; SIR, standardized incidence ratio; CI, confidence interval.–1Cancer registries with missing data on NHL site
(Latina and Trieste) were excluded.–2Expected number of cases were computed from period-, age- and gender-specific incidence rates in each
cancer registry.
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EPIDEMIOLOGY AND PREVENTION

Survival After Cancer in Italian Persons With AIDS,
1986–2005: A Population-Based Estimation

Luigino Dal Maso, PhD,* Barbara Suligoi, MD,† Silvia Franceschi, MD,‡ Claudia Braga, ScD,*
Carlotta Buzzoni, ScD,§k Jerry Polesel, ScD,* Antonella Zucchetto, ScD,*¶ Pierluca Piselli, ScD,#
Fabio Falcini, MD,** Adele Caldarella, MD,k Roberto Zanetti, MD,†† Marina Vercelli, MD,‡‡

Stefano Guzzinati, ScD,§§ Antonio Russo, PhD,kk Giovanna Tagliabue, MD,¶¶ Francesco Iachetta, MD,##
Stefano Ferretti, MD,*** Rosa M. Limina, MD,††† Lucia Mangone, MD,‡‡‡ Maria Michiara, MD,§§§
Fabrizio Stracci, MD,kkk Daniela R. Pirino, MD,¶¶¶ Silvano Piffer, MD,### Adriano Giacomin, MD,****

Susanna Vitarelli, MD,†††† Guido Mazzoleni, MD,‡‡‡‡ Arturo Iannelli, BSc,§§§§
Maria L. Contrino, MD,kkkk Mario Fusco, MD,¶¶¶¶ Rosario Tumino, MD,####
Anna C. Fanetti, PhD,***** Paolo De Paoli, MD,††††† Adriano Decarli, PhD,¶
Diego Serraino, MD,*‡‡‡‡‡ and the Cancer and AIDS Registries Linkage Study

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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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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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,
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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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PRE-HAART: survival 8% a 5 aa

HAART: survival 25% a 5 aa



1. INTRODUZIONE: 

I LINFOMI NELLA POPOLAZIONE GENERALE ITALIANA;

INFEZIONE DA HIV-AIDS E ATTVITA’ DI TRAPIANTO DI ORGANO SOLIDO IN ITALIA.
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INCIDENZA, 
SOPRAVVIVENZA 
MORTALITA’

3. IMMUNODEPRESSIONE POST-TRAPIANTO E PTLD



ONCOLOGIA 
E HIV: 
è necessario condividere 
un percorso di prevenzione 
e terapia? 

EPIDEMIOLOGY AND PREVENTION

Non–AIDS-Defining Cancer Mortality: Emerging
Patterns in the Late HAART Era

Antonella Zucchetto, PhD,* Saverio Virdone, ScD,* Martina Taborelli, ScD,*
Enrico Grande, ScD,† Laura Camoni, PsyD,‡ Marilena Pappagallo, ScD,†
Vincenza Regine, ScD,‡ Francesco Grippo, ScD,† Jerry Polesel, ScD,*

Luigino Dal Maso, PhD,* Barbara Suligoi, MD,‡ Luisa Frova, PhD,† and
Diego Serraino, MD*

Background: Non–AIDS-defining cancers (non-ADCs) have
become the leading non-AIDS-related cause of death among people
with HIV/AIDS. We aimed to quantify the excess risk of cancer-
related deaths among Italian people with AIDS (PWA), as compared
with people without AIDS (non-PWA).

Methods: A nationwide, population-based, retrospective cohort
study was carried out among 5285 Italian PWA, aged 15–74 years,
diagnosed between 2006 and 2011. Date of death and multiple-
cause-of-death data were retrieved up to December 2011. Excess
mortality, as compared with non-PWA, was estimated using sex- and
age-standardized mortality ratios (SMRs) and the corresponding
95% confidence intervals (CIs).

Results: Among 1229 deceased PWA, 10.3% reported non-ADCs
in the death certificate, including lung (3.1%), and liver (1.4%),
cancers. A 7.3-fold (95% CI: 6.1 to 8.7) excess mortality was
observed for all non-ADCs combined. Statistically significant SMRs
emerged for specific non-ADCs, ie, anus (5 deaths, SMR = 227.6,
95% CI: 73.9 to 531.0), Hodgkin lymphoma (12 deaths, SMR =
122.0, 95% CI: 63.0 to 213.0), unspecified uterus (4 deaths, SMR =
52.5, 95% CI: 14.3 to 134.5), liver (17 deaths, SMR = 13.2, 95% CI:
7.7 to 21.1), skin melanoma (4 deaths, SMR = 10.9, 95% CI: 3.0 to
27.8), lung (38 deaths, SMR = 8.0, 95% CI: 5.7 to 11.0), head and
neck (9 deaths, SMR = 7.8, 95% CI: 3.6 to 14.9), leukemia (5 deaths,
SMR = 7.6, 95% CI: 2.4 to 17.7), and colon-rectum (10 deaths,
SMR = 5.4, 95% CI: 2.6 to 10.0). SMRs for non-ADCs were
particularly elevated among PWA infected through injecting drug use.

Conclusion: This population-based study documented extremely
elevated risks of death for non-ADCs among PWA. These findings

stress the need of preventive interventions for both virus-related and
non–virus-related cancers among HIV-infected individuals.

Key Words: HIV/AIDS, multiple causes of death, excess mortality,
standardized mortality ratio
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INTRODUCTION
The increasing survival of HIV-infected individuals

with access to highly active antiretroviral therapy (HAART)
has led to dramatic changes in mortality patterns of people
with HIV/AIDS.1,2 Although mortality rates for AIDS-related
conditions have been decreasing over time, those of non–
AIDS-related ones remained unchanged or decreased very
slightly.3–5 In particular, non–AIDS-defining cancers (non-
ADCs, ie, cancers other than Kaposi sarcoma, non–Hodgkin
lymphoma, and cervix uteri) have become the leading non–
AIDS-related causes of death in the late HAART era, among
both people with HIV1,3 and people with AIDS (PWA).6

Nonetheless, the risk of death as compared with the
HIV-uninfected population is still far from being assessed for
each cancer site/type in the late HAART era, as only few
studies have quantified excess mortality for specific cancers
among people with HIV4 or PWA.6 In addition, most
mortality studies were solely based on the underlying cause
of death (ie, the disease or injury which initiated the train of
morbid events leading directly to death),7 which is poorly
informative of the complexity of the morbidity conditions
that affect people with HIV/AIDS. Furthermore, such
approach does not allow a direct comparison with the
uninfected population because most death certificates of
people with HIV/AIDS report “HIV/AIDS” as the underlying
cause of death.6,8 To overcome such limits, several methods
have been used.3–6,8,9 For instance, in a previous Italian
investigation aimed at quantifying the excess cancer mortal-
ity among PWA, as compared with the general population,
we reassigned the underlying cause of death by excluding
HIV/AIDS reference in the death certificates.10,11

Currently, the availability in Italy of multiple-cause-
of-death (MCoD) data (ie, all the conditions reported in
death certificates, beyond the underlying cause of death)
allows making a direct comparison of the death certificates
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Background: Non–AIDS-defining cancers (non-ADCs) have
become the leading non-AIDS-related cause of death among people
with HIV/AIDS. We aimed to quantify the excess risk of cancer-
related deaths among Italian people with AIDS (PWA), as compared
with people without AIDS (non-PWA).

Methods: A nationwide, population-based, retrospective cohort
study was carried out among 5285 Italian PWA, aged 15–74 years,
diagnosed between 2006 and 2011. Date of death and multiple-
cause-of-death data were retrieved up to December 2011. Excess
mortality, as compared with non-PWA, was estimated using sex- and
age-standardized mortality ratios (SMRs) and the corresponding
95% confidence intervals (CIs).

Results: Among 1229 deceased PWA, 10.3% reported non-ADCs
in the death certificate, including lung (3.1%), and liver (1.4%),
cancers. A 7.3-fold (95% CI: 6.1 to 8.7) excess mortality was
observed for all non-ADCs combined. Statistically significant SMRs
emerged for specific non-ADCs, ie, anus (5 deaths, SMR = 227.6,
95% CI: 73.9 to 531.0), Hodgkin lymphoma (12 deaths, SMR =
122.0, 95% CI: 63.0 to 213.0), unspecified uterus (4 deaths, SMR =
52.5, 95% CI: 14.3 to 134.5), liver (17 deaths, SMR = 13.2, 95% CI:
7.7 to 21.1), skin melanoma (4 deaths, SMR = 10.9, 95% CI: 3.0 to
27.8), lung (38 deaths, SMR = 8.0, 95% CI: 5.7 to 11.0), head and
neck (9 deaths, SMR = 7.8, 95% CI: 3.6 to 14.9), leukemia (5 deaths,
SMR = 7.6, 95% CI: 2.4 to 17.7), and colon-rectum (10 deaths,
SMR = 5.4, 95% CI: 2.6 to 10.0). SMRs for non-ADCs were
particularly elevated among PWA infected through injecting drug use.

Conclusion: This population-based study documented extremely
elevated risks of death for non-ADCs among PWA. These findings

stress the need of preventive interventions for both virus-related and
non–virus-related cancers among HIV-infected individuals.
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ADCs, ie, cancers other than Kaposi sarcoma, non–Hodgkin
lymphoma, and cervix uteri) have become the leading non–
AIDS-related causes of death in the late HAART era, among
both people with HIV1,3 and people with AIDS (PWA).6

Nonetheless, the risk of death as compared with the
HIV-uninfected population is still far from being assessed for
each cancer site/type in the late HAART era, as only few
studies have quantified excess mortality for specific cancers
among people with HIV4 or PWA.6 In addition, most
mortality studies were solely based on the underlying cause
of death (ie, the disease or injury which initiated the train of
morbid events leading directly to death),7 which is poorly
informative of the complexity of the morbidity conditions
that affect people with HIV/AIDS. Furthermore, such
approach does not allow a direct comparison with the
uninfected population because most death certificates of
people with HIV/AIDS report “HIV/AIDS” as the underlying
cause of death.6,8 To overcome such limits, several methods
have been used.3–6,8,9 For instance, in a previous Italian
investigation aimed at quantifying the excess cancer mortal-
ity among PWA, as compared with the general population,
we reassigned the underlying cause of death by excluding
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become the leading non-AIDS-related cause of death among people
with HIV/AIDS. We aimed to quantify the excess risk of cancer-
related deaths among Italian people with AIDS (PWA), as compared
with people without AIDS (non-PWA).

Methods: A nationwide, population-based, retrospective cohort
study was carried out among 5285 Italian PWA, aged 15–74 years,
diagnosed between 2006 and 2011. Date of death and multiple-
cause-of-death data were retrieved up to December 2011. Excess
mortality, as compared with non-PWA, was estimated using sex- and
age-standardized mortality ratios (SMRs) and the corresponding
95% confidence intervals (CIs).

Results: Among 1229 deceased PWA, 10.3% reported non-ADCs
in the death certificate, including lung (3.1%), and liver (1.4%),
cancers. A 7.3-fold (95% CI: 6.1 to 8.7) excess mortality was
observed for all non-ADCs combined. Statistically significant SMRs
emerged for specific non-ADCs, ie, anus (5 deaths, SMR = 227.6,
95% CI: 73.9 to 531.0), Hodgkin lymphoma (12 deaths, SMR =
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particularly elevated among PWA infected through injecting drug use.
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with HIV/AIDS.1,2 Although mortality rates for AIDS-related
conditions have been decreasing over time, those of non–
AIDS-related ones remained unchanged or decreased very
slightly.3–5 In particular, non–AIDS-defining cancers (non-
ADCs, ie, cancers other than Kaposi sarcoma, non–Hodgkin
lymphoma, and cervix uteri) have become the leading non–
AIDS-related causes of death in the late HAART era, among
both people with HIV1,3 and people with AIDS (PWA).6

Nonetheless, the risk of death as compared with the
HIV-uninfected population is still far from being assessed for
each cancer site/type in the late HAART era, as only few
studies have quantified excess mortality for specific cancers
among people with HIV4 or PWA.6 In addition, most
mortality studies were solely based on the underlying cause
of death (ie, the disease or injury which initiated the train of
morbid events leading directly to death),7 which is poorly
informative of the complexity of the morbidity conditions
that affect people with HIV/AIDS. Furthermore, such
approach does not allow a direct comparison with the
uninfected population because most death certificates of
people with HIV/AIDS report “HIV/AIDS” as the underlying
cause of death.6,8 To overcome such limits, several methods
have been used.3–6,8,9 For instance, in a previous Italian
investigation aimed at quantifying the excess cancer mortal-
ity among PWA, as compared with the general population,
we reassigned the underlying cause of death by excluding
HIV/AIDS reference in the death certificates.10,11

Currently, the availability in Italy of multiple-cause-
of-death (MCoD) data (ie, all the conditions reported in
death certificates, beyond the underlying cause of death)
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under treatment in a large multi-cohort collaboration3 and
from 7% to 16.9% between 1996–1997 and 2006–2011
among PWA in San Francisco.6

Among the main strengths of this study is the use of
MCoD data, which allowed direct comparisons with non-
PWA for all the conditions contributing to death without the

TABLE 3. Standardized Mortality Ratios According to Malignant Neoplasms Reported in Death Certificates* of PWA, as Compared
With non-PWA by Age at Death: Italy, PWA 15–74 Years, 2006–2011

Cancer Site/Type
(ICD-10 Codes)*

Total (14,180 Person-Years) 15–49 yrs (10,080 Person-Years) 50–74 yrs (4100 Person-Years)

Obs./Exp.
SMR

(95% CI) Obs./Exp.
SMR

(95% CI) Obs./Exp.
SMR

(95% CI)

AIDS-defining 282/0.7 433.4 (384.3 to 487.0) 173/0.2 821.4 (703.6 to 953.4) 109/0.4 247.7 (203.4 to 298.8)
Kaposi sarcoma (C46) 63/,0.1 10,108 (7767 to 12,932) 36/,0.1 38,426 (26,913 to 53,197) 27/,0.1 5098 (3360 to 7417)
Cervix uteri (C53) 6/,0.1 179.4 (65.9 to 390.6) 6/,0.1 281.0 (103.1 to 611.6) 0/,0.1 0.0 (0.0 to 247.8)
Non–Hodgkin lymphoma

(C82–88, C96)
221/0.6 361.5 (315.4 to 412.4) 137/0.2 727.5 (610.8 to 860.0) 84/0.4 198.6 (158.4 to 245.8)

Non–AIDS-defining†‡ 127/17.3 7.3 (6.1 to 8.7) 56/3.9 14.2 (10.8 to 18.5) 71/13.4 5.3 (4.1 to 6.7)
Head and neck (C00–14, C30–32) 9/1.1 7.8 (3.6 to 14.9) 4/0.3 14.4 (3.9 to 37.0) 5/0.9 5.7 (1.9 to 13.4)
Stomach (C16) 4/1.2 3.5 (0.9 to 8.8) 3/0.3 10.6 (2.2 to 30.9) 1/0.9 1.1 (0.0 to 6.4)
Colon-rectum (C18–20) 10/1.8 5.4 (2.6 to 10.0) 4/0.4 11.1 (3.0 to 28.4) 6/1.5 4.0 (1.5 to 8.8)
Anus (C21) 5/,0.1 227.6 (73.9 to 531.0) 3/,0.1 491.1 (101.3 to 1435.2) 2/,0.1 126.1 (15.3 to 455.4)
Liver and bile ducts (C22) 17/1.3 13.2 (7.7 to 21.1) 9/0.2 38.8 (17.7 to 73.6) 8/1.1 7.6 (3.3 to 14.9)
Bronchus and lung (C34) 38/4.7 8.0 (5.7 to 11.0) 15/0.7 22.0 (12.3 to 36.2) 23/4.1 5.7 (3.6 to 8.5)
Skin melanoma (C43) 4/0.4 10.9 (3.0 to 27.8) 1/0.2 5.8 (0.1 to 32.3) 3/0.2 15.3 (3.2 to 44.7)
Uterus, not otherwise

specified (C55)
4/,0.1 52.5 (14.3 to 134.5) 1/,0.1 26.7 (0.7 to 148.7) 3/,0.1 78.2 (16.1 to 228.5)

Hodgkin lymphoma (C81) 12/,0.1 122.0 (63.0 to 213.0) 6/,0.1 119.6 (43.9 to 260.2) 6/,0.1 124.5 (45.7 to 270.9)
Leukemia (C91-95) 5/0.7 7.6 (2.4 to 17.7) 1/0.2 4.7 (0.1 to 26.1) 4/0.4 8.9 (2.4 to 23.0)

*Using the MCoD data (ie, each death certificate reports more than one cause), the sums can exceed the total. Causes of death reported in the same death certificate within the same
ICD-10 group were counted only once.

†Secondary malignant neoplasms or unspecified cancers (C77–80) excluded.
‡It includes sites/types with ,4 observed deaths among total PWA, which were not shown in table.
obs./exp., observed/expected deaths.

TABLE 4. Standardized Mortality Ratios According to Malignant Neoplasms Reported in Death Certificates* of PWA, as Compared
With non-PWA by Mode of HIV Transmission: Italy, PWA 15–74 Years, 2006–2011

Cancer Site/Type (ICD-10 Codes)*

Injecting Drug Use
(4048 Person-Years)

Sexual Intercourse†
(9302 Person-Years)

Obs./Exp. SMR (95% CI) Obs./Exp. SMR (95% CI)

AIDS-defining 69/0.1 571.7 (444.8 to 723.5) 186/0.5 388.8 (334.9 to 448.8)
Kaposi sarcoma (C46) 11/,0.1 14,784 (7380 to 24,453) 50/,0.1 10,203 (7573 to 13,451)
Cervix uteri (C53) 2/,0.1 201.1 (24.4 to 726.4) 4/,0.1 188.9 (51.5 to 483.7)
Non–Hodgkin lymphoma (C82-88, C96) 58/0.1 526.8 (400.0 to 681.0) 137/0.5 302.7 (254.1 to 357.8)

Non–AIDS-defining‡§ 55/2.7 20.0 (15.1 to 26.1) 64/13.1 4.9 (3.8 to 6.2)
Head and neck (C00-14, C30-32) 5/0.2 23.6 (7.6 to 55.0) 3/0.9 3.5 (0.7 to 10.3)
Stomach (C16) 1/0.2 5.2 (0.1 to 29.0) 3/0.9 3.4 (0.7 to 10.1)
Colon-rectum (C18-20) 3/0.3 11.0 (2.3 to 32.1) 5/1.4 3.5 (1.1 to 8.3)
Anus (C21) 2/,0.1 440.4 (53.3 to 1591) 3/,0.1 189.5 (39.1 to 553.9)
Liver and bile ducts (C22) 14/0.2 74.7 (40.8 to 125.3) 3/1.0 3.0 (0.6 to 8.8)
Bronchus and lung (C34) 18/0.6 29.3 (17.4 to 46.3) 19/3.7 5.1 (3.1 to 8.0)
Uterus, not otherwise specified (C55) 3/,0.1 156.8 (32.3 to 458.2) 1/,0.1 19.8 (0.5 to 110.4)
Hodgkin lymphoma (C81) 4/,0.1 176.1 (48.0 to 450.9) 8/,0.1 115.9 (50.0 to 228.4)
Leukemias (C91-95) 0/0.1 0.0 (0.0 to 24.3) 4/0.5 8.2 (2.2 to 21.0)

*Using the MCoD data (ie, each death certificate reports more than one cause), the sums can exceed the total. Causes of death reported in the same death certificate within the same
ICD-10 group were counted only once.

†Including both men having sex with men and heterosexuals.
‡Secondary malignant neoplasms or unspecified cancers (C77–80) excluded.
§It includes sites/types with ,4 observed deaths among total PWA, which were not shown in table.
obs./exp., observed/expected deaths.
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NHL/AIDS, RISCHIO DI MORTE:
361.5 VOLTE ELEVATO 
VERSO NHL NON AIDS 



ONCOLOGIA 
E HIV: 
è necessario condividere 
un percorso di prevenzione 
e terapia? 

ANALISI DEI CERTIFICATI DI MORTE ISTAT: 2003-2019

Numero di decessi nel cui certificatO di morte compare 
indicazione di infezione da HIV e/o AIDS. ITALIA: 2003-2019, 
Uomini e Donne -tutte età  
 

 Uomini Donne Totale 
Tumore nel 
certificato di morte: 

   

Si 4240 1012 5252  (32,0%) 
No 8508 2659 11167 (68,0%) 
Totale  12748 3671 16419 

 
  



ONCOLOGIA 
E HIV: 
è necessario condividere 
un percorso di prevenzione 
e terapia? 

ANALISI DEI CERTIFICATI DI MORTE ISTAT: 2003-2019
Distribuzione delle patologie oncologiche nei 5252 certificati di morte in persone con HIV/AIDS,  

in base alla classificazione IARC. Italia, 2003-2019, uomini e donne, tutte età. 
 

 Uomini Donne 
 Età Età 
 <50 50-64 65+ Tutte <50 50–64  65+ Tutte 
TUMORI: N. N. N. N. (%) N. N. N. N. (%) 
AIDS-Defining:         

Linfomi Non Hodgkin 543 311 74 928 (21,9) 129 35 16 180 (17,8) 
Sarcoma di Kaposi 201 107 54 362 (8,5) 27 5 6 38 (3,8) 

Cervice - - - - 36 10 2 48 (4,7) 
HIV- Gruppo 1 IARC:         

Linfoma di Hodgkin 83 46 17 146 (3,4) 15 10 2 27 (2,7) 
Ano 38 41 18 97 (2,3) 19 16 1 36 (3,6) 

Associazioni positive 
secondo IARC: 

        

Fegato 285 402 51 738 (17,4) 48 53 10 111 (11,0) 
         

Totale sedi citate IARC    2271 (53,6)    329 (32,5) 

         
Altre sedi non citate IARC:         

Polmone 147 277 119 543 (12,8) 43 54 20 117 (11,6) 
Pancreas 29 70 16 115 (2,7) 10 10 5 25 (2,5) 

Retto 31 29 11 71 (1,7) 3 6 2 11 (1,1) 
Stomaco 20 32 13 65 (1,5) 9 6 2 17 (1,7) 

Laringe 15 40 6 61 (1,4) 5 6 0 11 (1,1) 
Vescica 4 28 20 52 (1,2) 3 2 2 7 (0,7) 

Mammella 1 0 1 2 (0,0) 29 26 10 65 (6,4) 
Tumore maligno di 

sede non specificata 
142 145 42 329 (7,8) 51 28 10 89 (8,8) 

         
Tutti gli altri tumori 
con piccoli numeri 

235 313 183 731 (17,2) 115 98 17 230 (22,7) 

Tutti    4240     1012 
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Simple Summary: Solid-organ transplant recipients are known to be at higher risk of developing
several cancer types, mainly virus-related malignancies. Monitoring trends in the incidence of post-
transplant cancers among individuals who received solid organ transplantation helps to improve
preventive measures and outcomes. This cohort study aimed to examine, over a 25-year period
in Italy, variations in the occurrence of post-transplant cancers among 11,418 recipients of kidney
transplantation (KT). Cancer incidence over three periods (1997–2004; 2005–2012; and 2013–2021)
was analyzed within the cohort and in comparison with the general population. After multivariate
adjustment, both approaches highlighted reduced risks of Kaposi’s sarcoma, whereas no statistically
significant changes over time in the incidence of other cancers were noted. Accordingly, the results of
this study highlighted the need to sustain and strengthen cancer-preventive actions in KT recipients.

Abstract: This cohort study examined 25-year variations in cancer incidence among 11,418 Italian
recipients of kidney transplantation (KT) from 17 Italian centers. Cancer incidence was examined
over three periods (1997–2004; 2005–2012; and 2013–2021) by internal (Incidence rate ratio-IRR) and
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of cancer made during the 5 years preceding KT or within 30 days after KT (n = 104). Thus,
the final population in study consisted of 11,418 subjects (Figure 1).
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Figure 1. Flow chart of kidney transplant (KT) recipients selection.

At each participating center, trained personnel collected appropriate information from
clinical records and checked the quality of data for completeness and accuracy. Collected
data included demographic and transplant characteristics of KT recipients, plus follow-up
data. Cancer and vital status information was actively elicited from medical records till
31 December 2021. Since an active follow-up on return to dialysis, vital status, and cancer
occurrence is planned on a yearly basis, there were some centers that had not yet updated
the requested information as of December 2021; thus, for 3055 KT recipients (26.8%), the
last information was collected in December 2020.

All tumor diagnoses (coded according to the International Classification of Diseases
and Related Health Problems, 10th revision—ICD-10 [16]) were histologically confirmed.
Multiple primary tumors were considered in site-specific analyses.

The ICD-10 codes used to define each cancer site or group are shown in Supplementary
Table S1.

Statistical Analysis
Person-years (PYs) at risk were accumulated from 30 days after KT, in 3 calendar

periods: 1997 to 2004 (a); 2005 to 2012 (b); and 2013 to 2021 (c); roughly corresponding
to: prevalent cyclosporine use (a); progressive switch to tacrolimus (b); and larger use of
combinations with mTOR-inhibitors (c). In each period, PYs accruement was terminated
at the date of cancer diagnosis, date of death, date of return to dialysis, date of loss to
follow-up, or December 31 of the last year of the period, whichever occurred first. Overall,
individuals were not censored at their first cancer diagnosis as they were still at risk of
other types of cancers included. When considering site-specific analyses, after a cancer
diagnosis patients did not further contribute follow-up time to the determination of PYs
at risk for that specific tumor, but they continued to add follow-up time for other tumor
sites/types.

To assess changes in cancer incidence rates (IRs) across periods, incidence rate ratios
(IRRs) and corresponding 95% confidence intervals (CIs) were estimated using Poisson
regression models adjusted for sex, age, residence area, and length of follow-up. For each
model, P values for linear trends across periods were computed [14].

2023 13.245 trapiantati di rene
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Figure 2. Standardized incidence ratios (SIR) and 95% confidence intervals (CI) for major cancer
sites. Sites/types with <4 observed cases are not shown in figure. Abbreviations: NHL, non-Hodgkin
lymphoma; NMSC, nonmelanoma skin cancer; obs/exp, observed/expected; PTLD, post-transplant
lymphoproliferative diseases. Bold text indicates results that are statistically significant (p < 0.05).

Table 3. Standardized incidence ratios (SIR) and 95% confidence intervals (CI) for major cancer sites
by calendar period of cancer diagnosis.

1997–2004 2005–2012 2013–2021 Ptrend

Cancer Site SIR (95% CI) SIR (95% CI) SIR (95% CI) Unadjusted Adjusted a

All 2.54 (2.26–2.85) 2.38 (2.21–2.55) 1.99 (1.83–2.16) <0.01 <0.01
All but NMSC 1.96 (1.70–2.26) 1.52 (1.38–1.67) 1.23 (1.10–1.38) <0.01 <0.01

NMSC 6.40 (5.18–7.83) 8.05 (7.23–8.95) 6.52 (5.77–7.33) 0.40 0.42
Solid tumors 1.27 (1.04–1.52) 1.29 (1.16–1.44) 1.12 (0.99–1.26) 0.14 0.17

Kidney 5.33 (3.10–8.53) 5.17 (3.78–6.89) 5.56 (4.04–7.46) 0.81 0.38
Prostate 1.28 (0.68–2.19) 1.34 (1.00–1.75) 0.85 (0.59–1.20) 0.07 0.09

Bronchus and lung 1.16 (0.64–1.95) 1.33 (0.96–1.78) 1.35 (0.97–1.83) 0.68 0.86
Breast 0.73 (0.33–1.38) 1.08 (0.74–1.52) 0.74 (0.44–1.17) 0.78 0.71

Colon-rectum-anus 0.61 (0.24–1.25) 0.85 (0.57–1.22) 0.73 (0.47–1.10) 0.87 0.83
Bladder 1.66 (0.86–2.90) 1.38 (0.93–1.97) 0.73 (0.41–1.21) 0.02 0.12

Head and neck 1.08 (0.40–2.36) 1.49 (0.90–2.33) 1.64 (0.96–2.63) 0.40 0.45
Skin melanoma 2.42 (0.97–5.00) 1.66 (0.89–2.84) 1.47 (0.70–2.70) 0.34 0.58

Stomach 1.34 (0.44–3.13) 1.44 (0.79–2.42) 0.90 (0.39–1.77) 0.38 0.15
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Table 3. Cont.

1997–2004 2005–2012 2013–2021 Ptrend

Cancer Site SIR (95% CI) SIR (95% CI) SIR (95% CI) Unadjusted Adjusted a

PTLD 4.34 (3.01–6.07) 2.51 (1.87–3.29) 2.37 (1.72–3.20) 0.02 0.11
NHL 6.77 (4.42–9.92) 3.96 (2.82–5.42) 3.74 (2.54–5.31) 0.04 0.17

Kaposi’s sarcoma 189.16 (138.49–252.32) 75.66 (54.76–101.92) 20.19 (9.68–37.14) <0.01 <0.01
a Adjusted for sex, age, area of residence, and length of follow-up. Abbreviations: NHL, non-Hodgkin lymphoma;
NMSC, nonmelanoma skin cancer; PTLD, post-transplant lymphoproliferative diseases. Bold text indicates
statistically significant (p < 0.05) results.

4. Discussion
In this cohort study, we provided estimates of cancer incidence over a period of

25 years among Italian KT recipients. Although our analysis by periods showed—through
an internal and external comparison—a decreasing trend in the incidence of all cancers
combined among KT recipients, we found no significant changes in the incidence over time
for the major cancer types, with the exception of Kaposi’s sarcoma.

The present study allowed us to update our previous estimates of cancer risk among
Italian KT recipients [5], focusing on the analysis of time trends. Approximately 13% of
KT recipients included in the analysis developed cancer during the considered follow-up
period, equivalent to a 2.3-fold higher risk of developing cancer than the corresponding
general population. We found very high excess risks for KS, NHL, lip cancer, and salivary
gland cancer—in line with our previous studies [5] and investigations conducted in other
high-income countries [1–3,12,13]—supporting an important role of viral infections in
augmenting such risk in a context of drug-induced immunodeficiency [9]. Furthermore,
the spectrum of virus-unrelated cancers for which we observed excess risks, such as
skin melanoma and cancers of the lung and kidney, confirmed previous evidence of an
increased risk presumably associated with unhealthy lifestyle behaviors (e.g., heavy alcohol
consumption, tobacco smoking, or excessive sun exposure) and with factors related to
the underlying cause of end-stage renal disease [12,13]. Noteworthy among malignancies
frequently found in the general population, colorectal (SIR = 0.76) and liver (SIR = 0.31)
cancers were not increased in KT recipients, but we noted a significantly reduced risk
compared to the general population; a similar consideration could also be made for breast
cancers, which showed a tendency to a decreased risk (SIR = 0.89), although not significant.
Among the reasons for the lack of excess of these cancers in KT recipients, pre-transplant
screening is likely to have played a prominent role.

We found a significant reduction over time in the incidence rates of all cancers com-
bined excluding NMSC. Nevertheless, there was an increased incidence of NMSC, lung
cancer, and kidney cancer in the unadjusted analysis. These trends disappeared after multi-
variate adjustment, and we did not also notice a trend in risks compared with the general
population. Renal cell carcinoma (RCC) of native kidneys is a frequent malignancy among
KT recipients [19]. The increased incidence over time of kidney cancer could partially
reflect the changing prevalence of the risk factors affecting RCC (e.g., older age at KT,
smoking, or excess body weight) [20]. Similarly, increasing age and changes in smoking
habits contributed to the rising trend in lung cancer incidence. Although data on smoking
were not available for this analysis, our findings highlighted that more emphasis should be
placed in screening for smoking in the pre-transplant evaluation and during the follow-up
visits after KT. A potential reason for the augmented rates of NMSC could be ascribed to
the increased dermatological surveillance in more recent years among KT recipients [21,22].
However, our findings are in contrast with the reduced risk of cutaneous carcinomas (either
squamous- or basal-cell carcinomas) in SOT recipients observed in recent decades by other
studies conducted in the SOT setting [23,24].

We found a strong decline in KS incidence rates, clear also in the adjusted analysis.
It is important to note that there might be some differences in the impact of oncogenic
viruses on cancer development in patients of different countries. In this regard, the very
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Abstract

Kidney transplant (KT) recipients are known to be at risk of developing several cancer

types; however, cancer mortality in this population is underinvestigated. Our study

aimed to assess the risk of cancer death among Italian KT recipients compared to the

corresponding general population. A cohort study was conducted among 7373 individ-

uals who underwent KT between 2003 and 2020 in 17 Italian centers. Date and cause

of death were retrieved until 31 December 2020. Indirect standardization was used to

estimate standardized mortality ratios (SMRs) and corresponding 95% confidence inter-

vals (CIs). Cancer was the most common cause of death among the 7373 KT recipients,

constituting 32.4% of all deaths. A 1.8-fold excess mortality (95% CI: 1.59-2.09) was

observed for all cancers combined. Lymphomas (SMR = 6.17, 95% CI: 3.81-9.25), kidney

cancer (SMR = 5.44, 95% CI: 2.97-8.88) and skin melanoma (SMR = 3.19, 95% CI:

1.03-6.98) showed the highest excess death risks. In addition, SMRs were increased

about 1.6 to 3.0 times for cancers of lung, breast, bladder and other hematopoietic and

lymphoid tissues. As compared to the general population, relative cancer mortality risk

remained significantly elevated in all age groups though it decreased with increasing age.

A linear temporal increase in SMR over time was documented for all cancers combined

(P < .01). Our study documented significantly higher risks of cancer death in KT recipi-

ents than in the corresponding general population. Such results support further investi-

gation into the prevention and early detection of cancer in KT recipients.

Abbreviations: CI, confidence interval; HR, hazard ratio; IQR, interquartile range; KT, kidney transplant; NHL, non-Hodgkin lymphoma; PTLD, post-transplant lymphoproliferative diseases;

PY, person-year; SMR, standardized mortality ratio.
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population of the same sex, age, period and area. The magnitude of

increased risks varied by cancer site, with particularly elevated

increases observed for cancers frequently diagnosed among KT recipi-

ents, such as lymphomas, kidney cancer, cutaneous melanoma and

lung cancer.

Despite the large number of studies that have explored cancer

incidence in the context of KT, cancer mortality in this population has

been poorly investigated. Nevertheless, available epidemiological evi-

dence has suggested that the prognosis of KT recipients diagnosed

with cancer is much worse than that of cancer-free transplanted

patients or subjects with cancer in the general population.9,13-15 In

our study, cancer was found to be the most common cause of death

among KT recipients, representing 32.4% of all deaths after 30 days

post-transplantation. This finding suggests that cancer may have over-

taken cardiovascular diseases as the leading cause of death among

Italian individuals undergoing KT.

We found that, in comparison with the general population, cancer

mortality risk was increased almost 2-fold among KT recipients. In

contrast, a large investigation that examined cancer mortality among

164 078 US KT recipients reported no excess risk of cancer mortality

compared to the general population, a finding attributed to the com-

peting risk of non-cancer death.21 Our results are consistent with

those from studies carried out in Canada,13 Northern Europe,9,22

Australia and New Zealand,14,15 where excess cancer mortality risks

ranging from 1.9 to 2.9 times have been reported. According to other

cohort studies,13-15 we also found that the excess risk of cancer

TABLE 1 Distribution of 7373
kidney transplant (KT) recipients and of
664 KT recipients deceased, by selected
characteristics.

Characteristics

Total Deaths

(N = 7373) (N = 664)

No. (%) No. %

Sex

Male 4692 (63.6) 459 9.8

Female 2681 (36.4) 205 7.6

Age at transplantation

<40 1663 (22.6) 39 2.3

40-49 1663 (22.6) 83 5.0

50-59 2164 (29.3) 213 9.8

≥60 1883 (25.5) 329 17.5

Calendar year at transplantation

2003-2005 2540 (34.4) 311 12.2

2006-2009 2563 (34.8) 246 9.6

2010-2020 2270 (30.8) 107 4.7

Area of residence

Northern Italy 4149 (56.3) 354 8.5

Central Italy 959 (13.0) 97 10.1

Southern Italy 2233 (30.3) 210 9.4

Abroad 32 (0.4) 3 9.4

Status of the donor

Alive 795 (10.8) 23 2.9

Deceased 6578 (89.2) 641 9.7

Primary cause of kidney failure

Glomerulonephritis 2602 (35.3) 217 8.3

Polycystic kidney disease 1315 (17.8) 109 8.3

Pyelonephritis/Interstitial nephritis 657 (8.9) 56 8.5

Hypertensive nephropathy/vascular disease 464 (6.3) 56 12.1

Diabetes 473 (6.4) 55 11.6

Other/uncertain 1862 (25.3) 171 9.2

Follow-up (years)

Median (IQR) 5.8 (3.0-8.3) 4.4 (1.8-7.0)

Total person-years 43 162.7 3100.0

Abbreviation: IQR, interquartile range.
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Rischio di morte di  7.373 trapiantati di rene con vari tumori
Vs pop. generale con lo stesso tipo di tumore



(A) All-cause mortality (B) Cause-specific mortality
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F IGURE 1 Cumulative incidence of all-cause (A) and cause-specific mortality (B) in kidney transplant recipients by time since transplantation.
The gray filled area represents the 95% confidence interval.

Deaths of KT recipients
(N = 664)

Cancer site (ICD-10 codes)
Observed Expected

SMR (95% CI)
deaths (%) deaths

All malignant neoplasms (C00-C97) 215 (32.4) 117.4 1.83 (1.59-2.09)

Lip, oral cavity, pharynx (C00-C14) 4 (0.6) 3.0 1.32 (0.36-3.14)
Oesophagus (C15) 2 (0.3) 1.9 1.04 (0.13-3.34)
Stomach (C16) 11 (1.7) 6.6 1.66 (0.83-2.88)
Colon, rectum and anus (C18-C21) 11 (1.7) 11.8 0.93 (0.47-1.62)
Liver (C22) 5 (0.8) 7.8 0.64 (0.21-1.41)
Pancreas (C25) 8 (1.2) 7.8 1.03 (0.44-1.94)
Larynx (C32) 2 (0.3) 1.7 1.20 (0.15-3.88)
Trachea, bronchus, lung (C33-C34) 47 (7.1) 29.9 1.57 (1.15-2.07)
Skin melanoma (C43) 5 (0.8) 1.6 3.19 (1.03-6.98)
Breast (C50) 13 (2.0) 6.1 2.12 (1.13-3.52)
Other and unspecified parts of uterus (C54-C55) 3 (0.5) 1.1 2.65 (0.55-7.09)
Ovary (C56) 1 (0.2) 1.8 0.57 (0.01-2.66)
Prostate (C61) 4 (0.6) 3.5 1.13 (0.31-2.69)
Kidney (C64) 14 (2.1) 2.6 5.44 (2.97-8.88)
Bladder (C67) 8 (1.2) 3.1 2.56 (1.10-4.82)
Brain and central nervous system (C70-C72) 4 (0.6) 3.7 1.07 (0.29-2.55)
Thyroid (C73) 1 (0.2) 0.4 2.84 (0.07-13.27)
PTLD (C81- C96) 34 (5.1) 8.9 3.81 (2.64-5.26)
Hodgkin disease and Lymphomas (C81-C86) 21 (3.2) 3.4 6.17 (3.81-9.25)
Leukaemia (C91-C95) 7 (1.1) 3.5 2.00 (0.81-3.93)
Other of lymph./haematopoietic tissue (C88,C90,C96) 6 (0.9) 2.0 2.95 (1.08-6.09)
Other malignant neoplasmsa 38 (5.7) 13.8 2.75 (1.95-3.73)

0.01 0.1 1 10 100

SMR (95% CI)

F IGURE 2 Site-specific cancer observed deaths vs expected deaths and standardized mortality ratios (SMR) among kidney transplant
(KT) recipients. aIt includes cancer sites (ICD-10 codes: C17, C23-C24, C26-C31, C37-C41, C44-C49, C51-C52, C57-C60, C62-C63, C65-C66,
C68-C69, C74-C80, C97) for which cause-specific mortality data were not available, among these (n ≥ 3 cases): 12 nonmelanoma skin cancers
(C44), 6 mesotheliomas (C45), 3 Kaposi's sarcomas (C46) and 6 unspecified malignant cancers (C80). CI, confidence interval; PTLD, post-
transplant lymphoproliferative diseases.
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SMR= 3.8 PER PTLD
NEI TRAPIANTATI DI RENE CON PTLD
IL RISCHIO ID MORTE E’ RISULTATO 
ELEVATO DI 3.8 VOLTE RISPETTO AI 
NON TRAPIANTATI CON PTLD DELLO 
STESSO SESSO ED ETA’

SMR=6.2 PER HL & ALTRI LINFOMI
NEI TRAPIANTATI DI RENE CON HD E 
ALTRI LINFOMI 
IL RISCHIO ID MORTE E’ RISULTATO 
ELEVATO DI 6.2 VOLTE RISPETTO AI 
NON TRAPIANTATI CON HL DELLO 
STESSO SESSO ED ETA’



CONCLUDENDO: 
IMMUNODEPRESSIONE ACQUISITA E LINFOMI

T
R
I
A
D
E

ETA’

INFEZIONI /EBV

STATO IMMUNITARIO/TERAPIE:


