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ABSTRACT

Background. The impact of highly active antiretroviral thera-
pies (HAART) on the riskof non-AIDS-defining cancers (NADCs)
and the role of biological and clinical factors in their
pathogenesis are debated issues. The purpose of this review
is to examine the epidemiology, etiology, and not-yet-defined
pathogenic characteristics of NADCs anddiscuss topics such as
treatment strategies, comorbidity, andmultidrug interactions.
Four types of NADCs that deserve special attention are
examined: anal cancer, Hodgkin lymphoma (HL), hepatocellu-
lar carcinoma, and lung cancer.
Methods.The PubMed database and the Cochrane Library
were searched by focusing on NADCs and on the association
amongNADCs,HAART, aging, and/or chronic inflammation. All
articles were reviewed to identify those reporting variables of
interest.

Results. NADC incidence is twofold higher in patients with
HIV/AIDSthan in thecorrespondinggeneralpopulation, andthis
elevated risk persists despite the use of HAART. The mecha-
nisms that HIVmay use to promote the development of NADCs
are presently unclear; immunological mechanisms, either
immunodeficiency and/or immunoactivation, may play a role.
Conclusion. Recent clinical studies have suggested that
equivalent antineoplastic treatment is feasible and outcome
can be similar in HIV-infected patients on HAART compared
with uninfected patients for the treatment of HL and anal and
lung cancers. However, patients with advanced HIV disease
and/or aging-related comorbidities are likely to experience
worse outcomes and have poorer tolerance of therapy
compared with those with less advanced HIV disease.
The Oncologist 2014;19:860–867

Implications forPractice:This reviewprovides informationon theepidemiologyofnon-AIDS-defining cancers (NADCs), important
in view of the changing spectrum of AIDS-relatedmalignancies resembling cancers present in HIV-negative population. HIV patients
with NADCs experience advanced stages at diagnosis, aggressive behaviors of the disease, poor prognoses, are frequently
undertreated and die prematurely.The data reported here have implications in themanagement of HIV-associated cancers, since
preventionandscreeningprogramsforHIV-infectedpersonsneedtobeenforced.Specialistsmustbeawarethatevidencessuggest
that equivalent treatment is feasible, and outcomes can be similar, in HIV-infected patients on effective HAART compared to
uninfected patients. Further progress in the treatment of NADCs strongly depends on prospective clinical trials, including drug-
drug interaction studies.

INTRODUCTION

Life expectancy of HIV-infected persons has constantly im-
proved because of increasingly effective antiretroviral drugs
and enhanced management of the global burden of infection
[1]. However, the growing proportion of aged HIV-infected
persons, the residual immune deficit not controlled by
antiretroviral drugs, risky lifestyle factors, and coinfections
still put HIV-infected persons at higher riskof cancer than their
uninfected counterparts [2–4]. Although AIDS-defining can-
cers declined overall, the frequency of non-AIDS-defining
cancers (NADCs) has been steadily increasing over the past
two decades [2, 5–7]. Coinfections with oncogenic viruses are
responsible for the largest number of NADCs in HIV-infected

persons [8], but NADCs not associated with viral infections
(e.g., lung cancer) also play an important role [2, 6, 9].

The impact of antiretroviral therapies on the risk of NADCs
and the role of chronic immunoactivation and inflammation in
the NADC pathogenesis are debated issues, given that in the
era before highly active antiretroviral therapies (HAART),
competing causes of mortality concealed a potential associ-
ation of immune activation and cancer risk. HIV patients with
NADCs experience advanced stages at diagnosis, aggressive
behaviors of the disease, and poor prognoses. In addition,
these patients are frequently undertreated and die pre-
maturely [2, 6, 10, 11].
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Immune reconstitution induced by HAART, with improved
lifeexpectancy,hasmodifiedpatternsofmorbidityandmortality
for most NADCs. Consequently, the interaction between anti-
cancer and antiretroviral drugs became exceedingly complex,
and the aging of HIV-infected persons has produced an extra
burden of comorbid conditions, polypharmacy, and functional
decline. In this evolving scenario,NADCmanagement represents
a new challenge in the care of HIV-infected persons.

The purpose of this review is to examine epidemiology,
etiology, and some not well-defined pathogenic characteris-
tics of NADCs. Implications related to treatment strategies,
comorbidity, and multidrug interactions are also discussed.

SEARCH STRATEGY
We searched the PubMed database and the Cochrane Library
by focusing on NADCs and on the association among NADCs,
HAART, aging, and/or chronic inflammation. We then com-
bined the searches with the “AND” boolean operator. We
searched the PubMed database using the following combined
heading search strategy: (non-aids-defining*[title abstract
(tiab)] OR non-AIDS*[tiab] OR (HIV-associated*[ti] AND
“not”[ti]) OR nonacquired immune deficiency syndrome[tiab]
OR nonaids*[tiab]) AND (neoplasms[mesh] OR malignan*
[tiab] OR cancer[tiab] OR tumor*[tiab] OR tumor*[tiab] OR
NHL[tiab] OR non-Hodgkin lymphoma[tiab] OR lymphoma*
[tiab] OR leukemia*[tiab] OR sarcoma*[tiab] OR lung[tiab] OR
anal[tiab] OR hepatocellular[tiab] OR vulva*[tiab] OR vagina*
[tiab] OR cervi*[tiab] OR genital*[tiab] OR skin[tiab] OR
carcinoma*[tiab] OR commorbities[tiab] OR malignan*[tiab])
(* is the truncation symbol).No restrictionsof languageor time
use included.

The authors reviewed all the articles to identify those
reporting quantitative estimates or demographic, epidemio-
logical, clinical, and/or laboratory variables of interest. Studies
regarding the pathogenetic mechanisms involved in NADC
development were also included.

EPIDEMIOLOGICAL CONSIDERATIONS
In HIV-infected persons, the spectrum of cancer sites with
significantly elevated incidence rates is large. The overall
relative risk for all NADCs is about twofold higher than in the
general population of the same age and sex, with substantial
variations in riskestimates according to cancer types and sites,
study period, and geographic area [8]. Although for some
cancers, mostly related to viral infections, the relative riskmay
beelevatedmore than50-fold, for themostcommonepithelial
cancers (e.g., colon, breast, and prostate), little evidence of
increased risk in patients with HIV/AIDS (PWHA) has ac-
cumulated [12–14]. Four types of NADCs deserving special
attention are examined in this review: anal cancer (AC),
Hodgkin lymphoma (HL), hepatocellular carcinoma (HCC), and
lung cancer. Attention was restricted to these malignancies
because they were documented to arise at particularly
elevated frequencies in nearly all investigations, and they
represent a major cause of morbidity and mortality in HIV-
infected patients in the HAART era. Moreover, these NADCs
still present intriguing etiopathogenetic and clinical issues that
are of potential interest for both researchers and clinicians in
the field of HIV-associated cancers.

The overall relative risk for all NADCs is about twofold
higher than in the general population of the same age
and sex, with substantial variations in risk estimates
according to cancer types and sites, study period, and
geographic area. Although for some cancers, mostly
related to viral infections, the relative risk may be
elevated more than 50-fold, for the most common
epithelial cancers, little evidence of increased risk in
patients with HIV/AIDS has accumulated.

ANAL CANCER
Incidence rates of invasive AC among HIV-infected persons
were between 11 and 24 cases per 100,000 HIV-infected
people per year in the U.S. and Europe [15–18], with up to
50-fold excess risk (Table 1). Groups at high risk include men
who have sex with men, current smokers, and HIV-infected
persons with a low number of CD41 cell counts up to 7 years
prior to cancer diagnosis [19]. AC occurs as a consequence of
human papillomavirus (HPV) infection, mainly with HPV-16,
but the oncogenic mechanisms have yet to be defined; HPV
has been postulated to have similar oncogenic mechanisms
in the cervix and in the anus, but preclinical models of anal
carcinogenesis are not currently available [20, 21]. The role of
immune deficiency is uncertain, with AC risk associated with
thecumulativedurationof lowCD4countand/orhighHIVRNA
[22], particularly 6–7 years prior to cancer diagnosis [19]. This
observation suggests that cancer progression is likely to take
place even with immune reconstitution [23].

In the HAART era, the prognosis in HIV-infected patients
with invasive AC improved steadily, becoming similar to that in
the uninfected population [24–26], except in one study [27]
(Table 2) with 5-year survival rates ranging from 61% to 77%.
Additionally, in theU.S., 2-year overall survival (OS)was 77% in
HIV-positive patients and 75% in HIV-negative patients [28].
HAART has improved tolerability to concurrent chemoradia-
tion (CRT), includingmitomycinor cisplatin plus 5-fluorouracil.
Significant predictors of survival were age, sex, metastasis at
diagnosis, andcomorbidity score.1 (i.e., 90% increasedriskof
death) but not HIV status [28].

Long-term local tumor control and sphincter preservation
remained a major problem in patients with low adherence to
radiotherapy (RT) or CRT, longer duration of RT, and reduced
use of mitomycin due to high toxicity rates [24]. When
appropriate treatments and HIV multidisciplinary care are
adopted, HIV-infected patients present treatment compli-
ance and functional outcomes comparable to those ob-
served in HIV-negative patients [25]. The evaluation of
comorbidity and toxicity of treatment, including CRT plus
HAART, and infection prophylaxis needs to become a key
component of the multidisciplinary management of NADCs,
including AC. The challenge facing clinicians is to reduce
acute toxicity and to improve long-term quality of life of
HIV-infected patients with AC. Preliminary results suggest
that combination of chemotherapy and intensity-modulated
radiation therapy may represent a successful therapeutic
strategy for these patients [29]. Concerns still exist about
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unexpected interactions between antiretroviral drugs and
CRT because HIV-infected patients tend to be excluded from
clinical trials.

HODGKIN LYMPHOMA

The incidence rate of HL is 22–82 new cases per 100,000 HIV-
infected people per year [15–17], corresponding to a 10- to
20-fold excess risk in comparison with the general population
[7, 8, 16, 18] (Table 1).

In the HAART era, the gap in survival after HL between
PWHA and the general population remains wide. In the period
1996–2000, 55% of PHWA survived 24months after diagnosis
comparedwith 89% forHIV-negativepersons [30].The relative
risk of death for HL patients among PWHA was estimated at
.100 in the period 1999–2006 [11]. The pathology of HIV-
associated HL markedly differs from that recorded in the
general population. In fact, a greater proportion of mixed
cellularity and lymphocyte-depletion subtypes are specifically
related to immunosuppression. During HAART, however, the
partial restoration of the immune system seemed to be
paralleled by an increased risk of developing the nodular
sclerosis subtype of HL [31]. However, this suggestion was
rebutted by further work [32]. The Epstein–Barr virus (EBV)
coinfection is documented in .80% of HL cases seen in HIV-
positive persons comparedwith 40% in the general population
[33]. The expression of LMP-1 viral protein suggests that EBV
playsapathogenetic rolebymimickinganactiveCD40receptor
[34, 35].

The association between the degree of immunodeficiency
and HL occurrence is controversial. In the Swiss HIV Cohort
Study, a lower ratio of CD41 to CD81 at 1–2 years before HL

diagnosis was significantly associated with increased HL risk,
andHL riskdid not appear to increase in recent years or among
HIV patients using combination antiretroviral therapy in
Switzerland. Moreover, there was no evidence that HL risk
should be increased in the setting of improved immunity [32].

The sequestration of lymphocytes at the tumor site makes
difficult to interpret the role of CD4 cell counts preceding HL
onset. Accordingly, the definition of the pathogenetic effects
of immunoreconstitution, immune activation and inflamma-
tionduringHAARTemergedasamajor challenge in the last few
years [36, 37].

At diagnosis, the majority of HIV-HL patients present un-
favorable clinical characteristics, such as B symptoms and ad-
vanced stages of disease with involvement of extranodal sites,
bone marrow, liver, and spleen [38–41]. Primary bone marrow
HL was found in 3%–14% of cases and was characterized by
aggressive clinical course [41, 42]. Standard ABVD chemother-
apy (doxorubicin, bleomycin, vinblastine, dacarbazine) without
HAARTresulted in a low complete response (CR) rate (43%) and
poor outcome [43]. The concomitant use of HAART caused
significant improvement inCRrate (74%–87%),OS(76%–81%at
5 years), and event-free survival (EFS; 59%–72% at 5 years) [44,
45]. The use of granulocyte-colony stimulating factor plus
prophylaxis for major opportunistic infections made intensive
chemotherapy protocols feasible in HIV-HL. The Stanford V
regimen (mechlorethamine, doxorubicin, vinblastine, vincris-
tine,bleomycin, etoposide,prednisone) followedbyRTresulted
in a CR rate of 81% and estimated 5-year OS of 59% [46]. The
VEBEP regimen (epirubicin, bleomycin, vinorelbine, cyclophos-
phamide, prednisone) was less toxic than Stanford V, but the

Table 1. Crude incidence rates of selected cancer sites in people with HIV/AIDS from registry-linkage studies in the U.S., Italy, and

Switzerland in the HAART era

Country: study No. of cancer cases Incidence ratea RR (95% CI)

All non-AIDS defining cancers

U.S.: Engels et al. [15], Engels et al. [18] 563 229 [15] 1.7 (1.6–1.9) [18]

Italy: Polesel et al. [17], Dal Maso et al. [7] 375 496 [17] 2.2 (1.9–2.5) [7]

Switzerland: Franceschi et al. [16] 140 324 2.2 (1.8–7.2)

Anal cancer

U.S.: Engels et al. [15], Engels et al. [18] 43 11 [15] 20 (14–26) [18]

Italy: Polesel et al. [17], Dal Maso et al. [7] 11 24 [17] 44 (22–71) [7]

Switzerland: Franceschi et al. [16] 6 25 50 (18–109)

Hodgkin lymphoma

U.S.: Engels et al. [15], Engels et al. [18] 72 22 [15] 14 (11–17) [18]

Italy: Polesel et al. [17], Dal Maso et al. [7] 37 82 [17] 21 (15–29) [7]

Switzerland:Franceschi et al. [16] 13 53 2.8 (15–48)

Hepatocellular carcinoma

U.S.: Engels et al. [15], Engels et al. [18] 20 10 [15] 3.3 (2.0–5.1) [18]

Italy: Polesel et al. [17], Dal Maso et al. [7] 16 36 [17] 6.4 (3.7–11) [7]

Switzerland: Franceschi et al. [16] 5 17 6.1 (1.9–14)

Lung cancer

U.S.: Engels et al. [15], Engels et al. [18] 111 64 [15] 2.6 (2.1–3.1) [18]

Italy: Polesel et al. [17], Dal Maso et al. [7] 42 93 [17] 4.1 (2.9–5.5) [7]

Switzerland: Franceschi et al. [16] 12 34 2.6 (1.3–4.6)
aIncidence per 100,000 person-years.
Abbreviations: CI, confidence interval; RR, relative risk.
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percentagesofCR,OS,andEFSwere less favorable [47].Thevery
intensive BEACOPP regimen (bleomycin, etoposide, doxorubi-
cin, cyclophosphamide, vincristine, procarbazine, prednisone)
has been tested recently in a stage- and risk-adapted treatment
study [48]. The outcomes of patients treated with ABVD or
BEACOPP followed by RT in the presence of bulky or residual
diseasewere similar in all patients.Treatment-relatedmortality
wasclose to6%forallbutoneofthedeathsoccurring inpatients
who received BEACOPP [48]. Data from clinical trials are
reportedinTable3.ABVDplusHAARTshouldthusbeconsidered
as standard treatment for HIV-HL. Despite these impressive
improvements, unresolved concerns related to treatment
modalities of HL in HIV-positive patients still exist. In particular,
drug-drug interactions cause increased frequency of peripheral
neuropathy andhematologic toxicity [49].To overcome the lack
of guidelines for dose adjustment, a HAART regimen including
raltegravir, an integrase inhibitor with lower potential for drug
interaction than protein inhibitors, and/or sequential toxicity
monitoring may be used to reduce side effects in patients on
chemotherapy plus HAART [50].

High-dose chemotherapy and autologous stem cell trans-
plantation(ASCT)mayrepresentapossibility forHIV-HLpatients
after relapse or lymphoma progression [51]. A recent study
provided further evidence that HIV status does not affect the
long-term outcome of ASCT for lymphomas; therefore, these
patients should be included in transplant clinical trials [52].

HEPATOCELLULAR CARCINOMA

HIV-infectedpeopleareat greater riskof acquiringanddyingof
HCC. In the HAART period, the incidence of liver cancer was
10–36 new cases per 100,000 HIV-infected people per year.
This corresponded to threefold to sixfold excess risk in
comparison with the general population (Table 1). Moreover,
between 1999 and 2006, it was reported that liver cancer was
among themostcommoncausesofdeath for peoplewithAIDS
[11, 53, 54].

In persons coinfectedwith HIV and hepatitis B virus (HBV),
HCC pathogenesis presents peculiar characteristics. A muta-
tion in the precore or core region of HBV, common in HIV-HBV
coinfected persons, is associated with higher HBV DNA levels
than in HBV-monoinfected persons [55], but it is not clear
whether this contributes to oncogenicity [56]. HIV may have
a direct oncogenic effect on hepatocytes through the Tat
protein [57, 58] or an indirect effect through the modulation
of the anti-HBV immune response [59]. The pathogenetic
mechanisms involved in the development of HCC in persons
infected with hepatitis C virus (HCV) and HIV are less defined.
For instance, the high levels of intrahepatic HCV detected in
HIV-positive patients with ongoing HCV replication may
increase inflammation or skew immune response [60]. The
relationship between HCC development and immune dysre-
gulation is still under scrutiny. Immune deficiency may favor
carcinogenesis [61, 62], but immune activation caused by
microbial translocation in the gut may accelerate tumor
development [37, 63].

The relationship between HCC development and
immune dysregulation is still under scrutiny. Immune
deficiency may favor carcinogenesis, but immune
activationcausedbymicrobial translocation in thegut
may accelerate tumor development.

Clinically, most HIV-infected patients present advanced
tumor stage with multifocal invasive or extrahepatic lesions
(Table 4) [64, 65].Themajority of them received no treatment
or received supportive therapy only, whereas one-third
underwent nonsurgical locoregional treatment and ,10%
received hepatic resection. In a recent series, despite HCC
diagnosed at an early stage, survival was significantly shorter
in HIV-infected persons compared with uninfected persons
(median: 35 months vs. 59 months; p 5 .05). Prognostic

Table 2. Outcomes of patients with anal cancer treated with concurrent chemoradiotherapy, by HIV status

HIV
status Study

Calendar
year

No. of
patients

Age, years
(mean) HAART (%) Therapy type CR (%)

Local control,
% (years)

OS, %
(years)

HIV1 Oehler-Jänne
et al. [24]

2008 40 48 100 CRT1, CRT2, RT 92 38 (5)a 61 (5)

HIV2 Oehler-Jänne
et al. [24]

2008 81 62 CRT1, CRT2, RT 96 87 (5) 65 (5)

HIV1 Abramowitz
et al. [26]

2009 44 45 98 Surgery-RT, CRT2 82 77 (3) 85 (3)

HIV2 Abramowitz
et al. [26]

2009 107 62 Surgery-RT, CRT2 75 67 (3) 84 (3)

HIV1 Fraunholz
et al. [25]

2011 25 47 88 CRT1 84 65 (5) 71 (5)

HIV2 Fraunholz
et al. [25]

2011 45 57 CRT1, 93 78 (5) 77 (5)

HIV1 Munoz-Bongrand
et al. [27]

2011 20 46 98 CRT2, RT 50 37 (5) 39 (5)

HIV2 Munoz-Bongrand
et al. [27]

2011 26 62 77 84 (5) 84 (5)

ap, .05.
Abbreviations: CR, complete response; CRT1, chemoradiotherapy with mitomycin and 5-fluorouracyl; CRT2, chemoradiotherapy with cisplatin and
5-fluorouracyl; DFS, disease-free survival; OS, overall survival; RT, radiotherapy.
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factors for survival were retreatment at recurrence and tu-
mor characteristics but not HIV status [66]. Currently, liver
transplantation represents another therapeutic option for
HIV-infected patients with HCC. However, direct drug-drug
interactions and the combination of HAARTwith antirejection
immunosuppressive treatments for liver transplant are con-
cerns and pose challenging questions. Pharmacokinetic
interactions between HAART and immunosuppressive drugs
can be reduced by the use of new antiretrovirals with low
pharmacologic interference.Triple anti-HCV therapy, including
the new protease inhibitors telaprevir or boceprevir, in
addition to pegylated interferon and ribavirin has shown
increase sustained viral clearance in HIV-HCV coinfected
patients [61–67]. As previously demonstrated for other
NADCs, a multidisciplinary and standardized care approach in
combination with effective antiretroviral therapy may ensure
the same outcome as that recorded among HIV-negative
patients with HCC [68].

LUNG CANCER
In the HAART era, lung cancer was the most frequent NADC
diagnosed in PWHA (34–93 new cases per 100,000 HIV-
infected people per year). More than twofold excess risk, in
comparison with the general population, was reported by
almost all studies (Table 1).

The relationship between HIV-related immunosuppres-
sionand lungcancer is controversial andstrongly influencedby
cigarette smoking. In high-resource countries, where.70%of
PWHA are smokers [69], these neoplasms are mostly attribut-
able to smoking habits [70, 71], although not completely
accounting for the lung cancer increase observed in PWHA
during the HAART era [72]. Aging of the HIV-infected pop-
ulation has minimal effects on lung cancer risk [17].

The role of HIV as a cofactor in the development of lung
cancer is still controversial. Wistuba et al. [73] found elevated
frequencies of microsatellite alterations and of loss of heterozy-
gosity in tissues from HIV-positive patients with lung cancer.
Given that viral sequences were absent in neoplastic cells, an

indirect effect of HIV was supposed. Conversely, HIV-1 Tat pro-
tein modulates proto-oncogene expression in bronchoalveolar
carcinoma cell lines, suggesting a direct oncogenic role for HIV
[74]. Lung cancer in HIV-positive subjects does not seem
closely related to CD41 cell count or HIV viral load [72, 75], but
conflicting data have been reported [21, 76].

Common characteristics of lung cancer in HIV-positive
persons include younger age at diagnosis, non-small cell
histotype (88%–100%), adenocarcinoma morphology (up to
70%), and late-stagediagnosis,with.75%ofcasesbeing stage
III or IV [39, 71, 76–80]. Treated and untreated HIV-positive
patients have higher mortality rates than HIV-uninfected
patients. In the general population, 5-year OS ranges from
80% for stage I to,1% for stage IV disease [81], whereas it is
significantly shorter for HIV-infected patients in almost all
case-control studies (median: 2–9 months vs. 7–9.4 months,
respectively). Major unfavorable prognostic factors for
survival were advanced stage of cancer, poor performance
status, and lack of appropriate therapy, as in the general
population [76–80]. It has been estimated that 55%–90% of
HIV-positive lung cancer patientswereonHAART,withmedian
CD41 cell counts not exceeding 300–350 cells per mL [39, 71,
76–80, 82]. The beneficial effects of first-generation HAART
regimens were limited, whereas encouraging findings have
emerged formodern drug regimens. In an updated series from
Italy, the OS rate was significantly better for HAART compared
with pre-HAART patient groups (3.8 months vs. 7,0 months;
p5 .01) [83].Two other recent series showed that HAARTuse
after non-small cell lung cancer diagnosis significantly in-
creased survival by 74% (hazard ratio [HR]: 0.26; 95% CI:
0.09–0.74) and by 60% (HR: 0.40; 95% CI: 0.20–0.90) [79, 82].
Between 1995 and 2009, patients with local stage were less
likely to receive the standard of care treatment, defined as
either surgery or radiation [84]. In addition, two-thirds of
patients were deemed ineligible for surgery based on
advanced cancer stages at presentation, poor performance
status, or AIDS-related comorbidities [84]. However, when
early stage patients underwent surgery, survival was similar

Table 3. Major clinical trials on HIV-Hodgkin lymphoma in the HAART era

Study
Calendar
year Regimena

No. of
patients

C-HAART
(%)

CD4 count/mL
(median)

IPS >2
(%)

Stage
III/IV (%) CR (%)

OS, %
(years)

EFS, %
(years)

Follow-up,
months
(median)

Spina
et al. [47]

2002 Stanford V 59 88 238 56 71 81 51 (3) DFS: 68
(3)

17

Xicoy
et al. [44]

2007 ABVD 62 98 129 NA 100 87 76 (5) 71 (5) 47

Montoto
et al. [45]

2012 ABVD 93 99 ,2005 51% 68 80 74 81 (5) 59 (3) 60

Hentrich
et al. [48]

2012 (a) ABVD I/II 108 94 240 47 66 96 91 (2) PFS: 92
(2)

26

(b) BEACOPP
I/II plus RF1

100

(c) BEACOPP
III/IV ABVD
III/IV plus RF2

86

aThe Stanford V regimen ismechlorethamine, doxorubicin, vinblastine, vincristine, bleomycin, etoposide, prednisone.The ABVD regimen is doxorubicin,
bleomycin, vinblastine, dacarbazine. The BEACOPP regimen is bleomycin, etoposide, mechloretamine, doxorubicin, cyclophosphamide, vincristine,
procarbazine, prednisone. RF1 is bulky mediastinal tumor, extranodal disease, or more than three lymph node areas. RF2 is performance status.2 or
advanced HIV disease.
Abbreviations: c-HAART, concurrenthighlyactiveantiretroviral therapies;CR, complete remission;DFS,disease-freesurvival; EFS,event-freesurvival; IPS,
International Prognostic Score; NA, not available; OS, overall survival; PFS, progression-free survival; RF1, risk factor 1; RF2, risk factor 2.
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in HIV-infected and uninfected patients [85]. Presently, data
from retrospective studies provide evidence that therapeutic
decision making for HIV-infected persons with lung cancer
must consider HIV disease, HAART use, and comorbidities.

DISCUSSION

In this review we described evidence accumulated in the
modern HAART era on NADCs, with respect to epidemiology,
etiology, pathogenic characteristics, and treatment strategies.
Although population-based studies [30, 86] showed improved
survival of PHWAwith cancer in recent years, NADCswere still
a major cause of death in the HAART era, accounting for
approximately 10%–15% of all deaths [54, 86–88].

The bulk of the evidence did not support claims of an adverse
influence of HAART per se or of HAART-related immune re-
constitution on cancer risk. In addition, the observed pattern of
neoplasms in PWHAdid not change for at least 10 years after AIDS
diagnosis,withanarrowedbutpersistinggapinOSbetweenPHWA
with cancer and persons with cancer alone [30]. Prevention and
screeningprogramsforHIV-infectedpersonsneedtobemandated,
particularly those aimed at smoking and alcohol cessation and
treatment of HCV infection andpreneoplastic HPV-related lesions.

The mechanisms that HIV may use to promote the
development of NADCs are presently unclear; immunologic
mechanisms, either immunodeficiency and/or immunoacti-
vation, may play a role. The use of more specific, clinically
applicable, immunologic markers is needed to clarify this

aspect [2]. Because infectious agents play a prominent role
in the development of NADCs, screening and prevention
campaigns and early initiation of HAART are expected to have
an impact on different virally associated cancers.

Because infectious agentsplayaprominent role in the
development of NADCs, screening and prevention
campaigns and early initiation of HAART are expected
to have an impact on different virally associated
cancers.

HAART is a key component of treatment of all HIV-infected
patients with cancer, including NADCs. Studies have suggested
thatequivalent treatment is feasibleandoutcomescanbesimilar
in HIV-infected patients on effective HAART compared with
uninfectedpatients,althoughpatientswithadvancedHIVdisease
and/or aging-related comorbidities have poorer tolerance for
therapy and are likely to experience worse outcomes. Unique
strategies for these patients need to be urgently evaluated in
prospective clinical trials, includingdrug-drug interaction studies.
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Table 4. Major retrospective studies on hepatocellular carcinoma by HIV

Study Puoti et al. [64] Braü et al. [65] Berretta et al. [66]

Country Italy U.S. Italy

Calendar year 2004 2007 2011

HIV status HIV1 HIV2 HIV1 HIV2 HIV1 HIV2

No. of patients 41 701 63 226 104 484

Study period 1986–2002 1992–2005 1997–2010

Age, years (median) 42 65a 52 64a 48 66a

HCV (%) 88 41a 71 67a 54 63a

CP score (%)

A 27 41b 49 36 43 50

B 39 26b 40 48 32 33

C 29 18b 11 16 25 16

BCLC stage (%)

A 35 45 26 21 28 13a

B NA NA 24 21 39 29

C 63 59b 50 58 34 58a

No therapy (%) 40 62b 49 62 14 35

Type of therapy (%)c

Potentially curative 5 NA 29 27 45 51b

Effective noncurative 35 19 4 45 51

Palliative 3 6 12 3b

1-year OS (%) 28 51a 22 33 82 86b

ap, .001.
bp# .05.
cPotentially curative therapy is defined as hepatic resection, liver transplantation, radiofrequency ablation, or percutaneous ethanol injection. Effective
noncurative therapy is defined as transarterial chemoembolization. Palliative therapy is defined as systemic chemotherapy, radiotherapy, or sorafenib.
Abbreviations: BCLC, Barcelona Clinic Liver Cancer; CP, Child-Pough; HCV, hepatitis C virus; NA, not available; OS, overall survival.
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