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Introduction

The introduction of combination antiretroviral treatment 
(cART) has been followed by a dramatic decrease in the 
morbidity and mortality associated with HIV-infection, 
including the incidence of AIDS-defining cancers (1). At 
the same time, however, the incidence of various non-
AIDS-defining cancers (NADCs) seems to have risen (2-6).  
These so-called NADCs consist of a heterogeneous group 
of malignancies including cancers of the lung, liver, kidneys, 
anus, head and neck, and skin, and Hodgkin’s lymphoma, 
among others, and make concurrent treatment with 
antineoplastic agents and cART necessary. 

Increased life expectancy and the reduction of competing 
causes of death are both driving the increased incidence 
of NADCs in the HIV-infected population. Other 
contributors may also include the effects of HIV itself, the 

greater prevalence of co-infection with oncogenic viruses 
[e.g., human herpesvirus 8, human papilloma virus, Epstein-
Barr virus (EBV), and hepatitis B and C viruses], and 
different environmental factors such as tobacco and alcohol 
use (2). 

Of all the NADCs seen in HIV-infected patients, lung 
cancer is the most frequent, contributing to significant 
comorbidity in this population. This review focuses on the 
epidemiology, risk factors, and clinical management of lung 
cancer in HIV-infected patients.

Epidemiology and contributing factors 

The risk of lung cancer has been estimated to be 2-7 
times higher in HIV-infected patients than in the general 
population (2,4,7-12). Both aging and high prevalence of 
tobacco use in the HIV-infected population contribute to 

Review Article on Lung Cancer Immunotherapy

Lung cancer in HIV-infected patients in the combination 
antiretroviral treatment era

José Moltó1,2, Teresa Moran2,3, Guillem Sirera1,2, Bonaventura Clotet1,2,4,5

1Fundació Lluita contra la Sida, Hospital Universitari Germans Trias i Pujol, Badalona, Spain; 2Universitat Autònoma de Barcelona (UAB), 

Barcelona, Spain; 3Medical Oncology Department, Catalan Institute of Oncology (ICO-Badalona), Hospital Universitari Germans Trias i Pujol, 

Badalona, Spain; 4Fundació IrsiCaixa, Hospital Universitari Germans Trias i Pujol, Badalona, Spain; 5Universitat de Vic-Universitat Central de 

Catalunya (UVIC-UCC), Spain

Contributions: (I) Conception and design: J Moltó, T Moran, G Sirera; (II) Administrative support: None; (III) Provision of study materials or 

patients: None; (IV) Collection and assembly of data: J Moltó, T Moran, G Sirera; (V) Data analysis and interpretation: None; (VI) Manuscript 

writing: All authors; (VII) Final approval of manuscript: All authors.

Correspondence to: Teresa Moran. Medical Oncology Department, ICO-Badalona, Hospital Universitari Germans Trias i Pujol, Ctra. de Canyet s/n, 

08916 Badalona, Spain. Email: mmoran@iconcologia.net.

Abstract: The advent of combination antiretroviral treatment (cART) has been followed by a decrease in 
HIV-associated morbidity and mortality, but also by an apparent increase in the incidence of non-AIDS-
defining cancers (NADCs). The risk of lung cancer is substantially higher in HIV-infected patients than 
in the general population, in part due to aging and tobacco use, and it is the most frequent NADC. The 
management of lung cancer in HIV-infected patients has some peculiarities that need to be taken into 
account. This review focuses on the epidemiology, risk factors, and clinical management of lung cancer in 
HIV-infected patients. In addition, screening tools and future perspectives are also discussed.

Keywords: Lung cancer; non-AIDS-defining cancers (NADCs); HIV infection; antiretroviral treatment

Submitted Jul 29, 2015. Accepted for publication Aug 05, 2015.

doi: 10.3978/j.issn.2218-6751.2015.08.10

View this article at: http://dx.doi.org/10.3978/j.issn.2218-6751.2015.08.10



679Translational lung cancer research, Vol 4, No 6 December 2015

© Translational lung cancer research. All rights reserved. Transl Lung Cancer Res 2015;4(6):678-688www.tlcr.org

this elevated risk. Other possible risk factors of lung cancer 
among HIV-infected patients may also include the HIV 
itself, the presence of advanced immunosuppression, and 
chronic pulmonary inflammation. 

Just as in the general population, the incidence of lung 
cancer increases with age in HIV-positive population. Thus, 
as happens with other NADCs, any apparent increase in the 
incidence of lung cancer in HIV-positive patients may in 
part simply reflect the process of normal aging of the HIV-
infected population after the introduction of cART (5,9,13).

In addition, the increase in survival associated with 
cART may also lead to increased exposure to oncogenic 
factors such as viral co-infections, tobacco, alcohol, or sun 
exposure, which may all contribute to an increased risk 
of NADCs. In particular, the high prevalence of smoking 
among HIV-infected patients contributes to the greater 
risk of lung cancer in this population (1,5,9,11). Thus, most 
lung cancers in HIV-infected patients occur in current 
or former heavy smokers, while only a small proportion 
of lung cancers occur in patients who never smoked (14).  
The substantial lung cancer risk at younger ages coupled 
with an advanced stage at diagnosis suggests that smoking 
causes more severe damage in HIV-infected patients as well 
as an accelerated pathogenesis (8). However, it is important 
to note that the risk of lung cancer in HIV-infected patients 
remains increased heightened even after accounting for 
tobacco use (7), suggesting that other factors may be 
involved. 

Besides classical risk factors, the increased risk of 
lung cancer in HIV-infected patients may reflect the 
consequences of increased immune activation and decreased 
immune surveillance, as well as direct effects of HIV. For 
example, the HIV itself may activate proto-oncogenes, cause 
alterations in cell cycle regulation, inhibit tumour suppressor 
genes, or cause genetic alterations leading to oncogenesis 
(15-17).  Additionally,  infected cells  may be more 
sensitive to the effects of environmental carcinogens (18).  
On the other hand, HIV-related immunosuppression can 
lead to chronic immune activation, inflammation, and 
immune system dysfunction, which can increase the risk 
of developing cancer (19-21). Comparative studies have 
shown that the pattern of cancers in HIV-infected patients 
is similar to that seen in immunosuppressed transplant 
patients (22), and immunosuppression associated with 
HIV infection has been established as a risk factor for 
various NADCs, including lung cancer (4). However, the 
relationship between CD4+ T cell count or duration of 
immunodeficiency and lung cancer risk remains uncertain, 

with some studies finding an association whereas others 
have not (1,5,8,11,23,24).

Finally, chronic lung inflammation due to pre-existing 
diseases, both infectious and non-infectious, has been 
associated with a trend towards increased risk of lung 
cancer. In this regard, some authors have reported that 
HIV-infected individuals with recurrent pneumonia may be 
at a significantly higher risk of lung cancer compared with 
those without such a history (5,25). 

Clinical characteristics

Lung cancer in HIV-infected individuals is frequently diagnosed 
at younger ages than in the general population (26-28), 
with a median age at diagnosis of 47 years compared to  
70 years in the general population (29-33). In addition, 
the vast majority of lung cancers in HIV-infected patients 
are diagnosed at advanced stages, with more than half of 
the cases being diagnosed at stage III or IV (8,12,26,34). 
Adenocarcinoma is the most common histological type, 
followed by squamous cell carcinoma, large-cell carcinoma 
and small-cell lung carcinoma (5,8,12,14,35).

Traditionally, HIV infection has been associated with 
poorer prognosis and overall survival in patients with lung 
cancer, suggesting that lung cancer has a more aggressive 
phenotype in HIV-infected patients. Biggar et al. (36) 
reported a 2-year survival rate of only 10% in patients 
with HIV, compared with 31% in the general population. 
Similarly, the 5-year survival rate for lung cancer was only 
10% in HIV-infected patients whereas it was 19% in HIV-
negative patients in a recently published study that evaluated 
the survival rates for incident NADCs in 22,081 HIV-
infected and 230,069 non-HIV-infected individuals (37).  
However, it is important to note that most of these data 
come from retrospective studies that grouped patients 
with non-small-cell and small-cell lung cancer, and that 
included a high number of patients from the pre-cART 
era. By contrast, Rengan et al. (38) found that survival rates 
were similar for both HIV-positive and HIV-negative 
patients diagnosed with non-small-cell lung cancer between 
2000 and 2005. Similarly, Hakimian et al. (39) reported 
comparable survival rates in patients with advanced non-
small-cell lung cancer between HIV-positive patients with 
CD4 cell counts >200 cells/mm3 and patients without HIV 
infection. Therefore, these data suggest that, although HIV 
infection could have been an adverse prognostic factor 
in the pre-cART era, this effect has diminished after the 
advent of cART.
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Clinical management

Disparities in cancer treatment between HIV-infected 
patients and the general population may contribute to the 
worse prognosis of lung cancer among HIV-infected patients. 
Suneja et al. (28) reported that only 60.3% of HIV-infected 
patients with lung cancer were offered cancer treatment 
compared with 77.5% of HIV-negative patients. Possible 
reasons for this disparity include the lack of specific cancer 
treatment guidelines for HIV patients, the false perception 
of an HIV-positive individual as having a lower performance 
status, and the greater risk of potential drug interactions 
and/or drug toxicity. However, noting that in instances of 
lymphoma it has been shown that full doses of chemotherapy 
can be safely administered in combination with cART, 
resulting in increased survival rates, we can postulate that the 
same approach will be equally effective for other NADCs. 
In fact, several retrospective studies have suggested an 
acceptable toxicity profile when chemotherapy is combined 
with cART. As a result, there is an increasing tendency to 
consider exactly the same cancer treatment options for both 
HIV-infected people and the general population.

Nonetheless, the question of whether combining 
cART with chemotherapy outweighs the potential risk of 
increased toxicity has remained controversial. Some authors 
have justified postponement or interruption of cART 
during chemotherapy based on the risk of overlapping 
toxicities and the potential for difficult-to-manage drug-
drug interactions between antineoplastics and antiretroviral 
drugs. However, early and effective cART during 
chemotherapy has been shown to increase survival rates in 
several studies (34,40,41). For example, Lavolé et al. (34) 
reported a 60% reduction in overall mortality associated 
with the use of cART in HIV-infected patients with non-
small-cell lung cancer. On the other hand, interruption 
of cART has been associated with higher risk of death, 
AIDS, and serious non-AIDS morbidity (42). In light of 
these findings, initiation or maintenance of cART is now 
recommended for HIV-infected patients with cancer (43), 
and concomitant treatment with cART and chemotherapy 
is growing increasingly common. 

The timing of diagnoses of HIV and malignancy may guide 
therapy decisions. If a patient is known to be HIV-positive 
and is diagnosed with a curable malignancy while he is already 
taking cART, all attempts should be made to achieve proper 
exposure of the antineoplastic drugs in order to maximize the 
chance of cure and, at the same time, minimize any toxicity. 
On the other hand, if a patient is diagnosed with both HIV 

infection and a malignancy at the same time, antineoplastics 
should be started first, followed by cART, once the patient is 
tolerating antineoplastic therapy (44).

There are no current guidelines to address lung cancer 
treatment in HIV-infected individuals, and HIV infection 
may be perceived as a challenge by treating oncologists. 
Two crucial aspects need to be taken into account in 
this situation. First, drug interactions that may modify 
the concentrations of one or several drugs are possible, 
potentially leading to excessive toxicity and/or decreased 
efficacy; and, second, there may be overlapping toxicities 
between antiretroviral and antineoplastic drugs that should 
be considered when prescribing both treatments. In such 
a scenario, interdisciplinary collaboration is mandatory 
for the optimal treatment of the oncologic process and 
HIV infection. The discontinuation of a single drug in the 
antiretroviral regimen thought to be responsible for an 
interaction or an overlapping toxicity with chemotherapy 
must be avoided, as this may decrease the efficacy of cART, 
as well as the temporary discontinuation of cART (45). 
Both oncologic and cART treatments must be tailored by 
oncologists and HIV specialists in order to maximize the 
chances of response with minimal toxicity.

Management of antineoplastic treatment

As shown in Table 1, there are several antineoplastic 
drugs currently available for the management of patients 
with lung cancer in different scenarios. Various factors 
need to be considered when designing an antineoplastic 
regimen for a patient with lung cancer. These include the 
presence of underlying molecular alterations which may be 
specifically targeted by therapy, the performance status of 
the patient, prior administered drugs, and toxicities related 
to prior treatments. 

Patients harbouring tumours with mutations in the EGFR 
gene deserve special attention. There are some case reports 
of HIV-infected patients with lung cancer harbouring EGFR 
mutations who were treated with the EGFR-TKI erlotinib 
or gefitinib (49,50). Lung cancer therapy outcomes in terms 
of response and duration of response were good, and data 
were in line with prior results from the literature, providing a 
novel therapeutic strategy for these patients. The prevalence 
of EGFR mutations in HIV-infected patients with lung 
cancer has been found to be similar to the general population 
in a Japanese cohort study (51), with EGFR mutations being 
present in 35.7% of the patients. Thus, although specific 
clinical trials are still lacking, these data suggest that HIV 
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Table 1 Common drugs used in lung cancer treatment (46-48)

Drugs Mechanism of action Indications in lung cancer Frequent side effects

Cytostatics

Cisplatin Alkylating agents Adjuvant, definitive CTRT, 1L 

advanced NSCLC

Nausea, vomiting, renal tubular damage, 

loss of hearing, myelosuppression, 

peripheral sensory neuropathy, allergic 

reactions

Carboplatin Alkylating agents 1L advanced NSCLC Myelosuppression, peripheral sensory 

neuropathy, allergic reactions

Etoposide Topoisomerase II blocker 1L advanced SCLC, CTRT for 

SCLC and NSCLC

Myelosuppression, allergic reactions, liver 

dysfunction, mucositis

Vinorelbine Vinka alkaloids Adjuvant, definitive CTRT, 1L 

advanced NSCLC, 2L advanced 

NSCLC

Peripheral neuropathy, myelosuppression

Taxotere Taxane (antimicrotuble agent) 2L/1L advanced NSCLC Neutropenia, allergic reactions, stomatitis, 

fluid retention, nail toxicity

Paclitaxel Taxane (antimicrotuble agent) 1L advanced NSCLC Neutropenia, allergic reactions 

Gemcitabine Antimetabolites 1L advanced NSCLC Myelosuppression, liver dysfunction, 

pulmonary toxicity, hemolytic-uremic 

syndrome

Pemetrexed Antimetabolites 1L/2L advanced NS-NSCLC Myelosuppression, mucositis, diarrhea, 

rash

Targeted agents

Bevacizumab MoAb anti VEGFR 1L advanced NS-NSCLC Hypertension, proteinuria, 

thromboembolic events, stroke

Erlotinib, gefitinib, 

afatinib

TKI-EGFR 1L advanced NSCLC with EGFR 

mutations; 2L/3L NSCLC

Rash, diarrhea, liver dysfunction

Crizotinib ALK-inhibitor 1L/2L NSCLC with ALK 

rearrangements

Nauseas, diarrhea, visual disorders, liver 

dysfunction

Co-medications

Dexamethasone steroids Antiemetic, rash and fluid 

retention prevention

Increased appetite, weight gain, irritability, 

mood changes, immunosuppression

Ondansetron 5-HT3 receptor antagonists Emesis Headache, weakness, constipation

Zoledronic acid Biphosphonates Bone metastases, hypercalcemia Flu-like syndrome, renal dysfunction, 

osteonecrosis of the jaw

CTRT, chemoradiation; 1L, first line; NSCLC, non-small-cell lung cancer; SCLC, small-cell-lung cancer; 2L, second line; MoAB, 

monoclonal antibody; VEGFR, vascular endothelial growth factor receptor; EGFR, epidermal growth factor receptor; 3L, third line; 

ALK, anaplastic lymphoma kinase; 5-HT3, 5-hydroxytryptamine.

infection should not be a reason to modify the general lung 
cancer work-up process. In patients with non-squamous 
NSCLC histology and no or light smoking history, the 
screening for underlying molecular alterations such as EGFR 
mutations and ALK translocations should be performed in 
order to offer the most appropriate therapy to those patients 
who test positive. 

Drug interactions between antiretroviral and 
antineoplastic agents

Although controlled studies have not been performed, 
clinically relevant interactions between chemotherapy 
regimens and cART have been reported in the literature. 
Table 2 lists antiretroviral drugs in current use according to 
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their interaction potential with antineoplastic agents, and 
Table 3 summarizes main possible drug interactions between 
antiretrovirals and antineoplastics in common use to treat 
patients with lung cancer. The potential for interactions 
appears to be particularly high with antiretroviral 
regimens that include strong enzyme inhibitors such as 
ritonavir-boosted protease inhibitors (PIs). Ritonavir 
is a potent inhibitor of cytochrome P450 enzymes and 
drug transporters which are involved in the disposition 
of numerous drugs, leading to marked increases in drug 
exposure (52). Consequently, the use of ritonavir-boosted 
PIs has been shown to substantially raise the risk of adverse 
events in HIV-infected patients treated with antineoplastics 

including vinca alkaloids, taxanes, etoposide, and tyrosin 
kinase inhibitors (41,53-55). Moreover, Torres et al. (41) 
have recently reported results of a retrospective study 
comparing different cART regimens in 154 HIV-infected 
patients who received chemotherapy due to different types 
of cancer. In this study, PI-based regimens were the least 
favourable, both because of higher risk of developing 
adverse events and also due to lower antiviral efficacy and 
higher mortality rates. All these issues together with the 
current availability of other cART options with similar 
efficacy and better tolerability suggest that PI-based cART 
should be held in reserve as a secondary treatment option 
for HIV-infected patients undergoing chemotherapy.

In contrast to PIs, most NNRTIs are inducers of 
cytochrome P450 enzymes, and could potentially reduce 
the exposure, and thus efficacy, of certain chemotherapy 
drugs. Rilpivirine, a second-generation NNRTI, does not 
induce the P450 system, and theoretically its potential for 
interactions with chemotherapy should be much more 
limited (56). However, there is still little clinical data in this 
regard.

Integrase inhibitors are considered to be among the 
preferred options for cART in HIV patients with cancer 
due to their favourable drug interaction profile with 
antineoplastic drugs. Raltegravir and dolutegravir are 
mainly metabolized by glucuronidation through UGT1A1, 
and they do not have any inducer/inhibitor effect on 
either P450 enzymes or drug transporters, minimizing 
their potential for drug interactions (57,58). Conversely, 
elvitegravir primarily undergoes oxidative metabolism, 
and it needs to be co-administered with cobicistat, a 
new pharmacokinetic enhancer which is a moderate-to-
potent inhibitor of cytochrome P450 enzymes (59). For 
this reason, the use of elvitegravir-based cART in HIV-
infected patients receiving chemotherapy is expected to 
share most of the limitations of regimens that include 
ritonavir-boosted PIs.

Concomitant use of cART with chemotherapy may be 
limited not only by pharmacokinetic interactions but also 
by pharmacodynamic issues leading to overlapping toxicity. 
This may be the case of tenofovir, which can be associated 
with renal toxicity, making it necessary to closely monitor 
renal function during antineoplastic treatment, especially 
if the patient is receiving other nephrotoxic drugs (e.g., 
cisplatin, pemetrexed, etc.). Another example of overlapping 
toxicities may be represented by QT interval prolongation 
associated with both antiretroviral drugs (e.g., atazanavir, 
lopinavir, saquinavir, or rilpivirine) and antineoplastic 

Table 2 Potential for interactions with antineoplastics of 
antiretroviral drugs in current use

High risk

Boosted protease inhibitors

Atazanavir/ritonavir

Atazanavir/cobicistat

Darunavir/ritonavir

Darunavir/cobicistat

Lopinavir/ritonavir

Non-nucleoside reverse transcriptase inhibitors

Nevirapine

Efavirenz

Etravirine

Integrase inhibitors

Elvitegravir/cobicistat

Moderate risk

Nucleoside reverse transcriptase inhibitors

Tenofovir

Non-nucleoside reverse transcriptase inhibitors

Rilpivirine

Low risk

Nucleoside reverse transcriptase inhibitors

Abacavir

Lamivudine

Emtricitabine

Integrase inhibitors

Raltegravir

Dolutegravir

Entry inhibitors

Maraviroc

Enfuvirtide
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agents such as tyrosine kinase inhibitors (e.g., crizotinib).
In addition to antineoplastic agents, patients with cancer 

often receive many other drugs (such as steroids, serotonin 
5-HT3 receptor antagonists, biphosphonates, or proton 
pump inhibitors) to alleviate different symptoms or the side 
effects of chemotherapy. Since many of these co-medications 
may be involved in specific drug-drug interactions or may 
present overlapping toxicity with HIV treatment, it is highly 
recommended to review all the medication that the patient 
is taking at each medical appointment, and adjust the 
therapeutic plan accordingly. For example, the interaction 
of corticosteroids with some cART with a potent CYP3A4 
activity may inhibit corticosteroid degradation and increases 
its accumulation. Finally, beside cART, clinicians should 
be aware of eventual reductions in CD4 cell count during 
chemotherapy. Thus, HIV-patients on antineoplastics 
should be monitored for CD4 cell count, and prophylaxis 
of opportunistic infections should be started when  
warranted (2).

Screening of lung cancer in the HIV-infected 
population

Since lung cancer contributes to substantial morbidity 

and mortality in both HIV-positive and HIV-negative 
populations, there is a growing interest in screening 
strategies aimed at diagnosing new cases of lung cancer 
at earlier stages.

The advent of low-dose helical computed tomography 
(LDCT) has altered the landscape of lung-cancer screening, 
with studies indicating that LDCT may detect many 
tumours at early stages. The National Lung Screening 
Trial randomized >50,000 current or former heavy smokers 
(>30 pack-year) to receive either a LDCT or a single-view 
posteroanterior chest radiography (CXR) annually for three 
consecutive years (60). Overall, the rate of positive screening 
tests was 24.2% with LDCT and 6.9% with CXR, and 
lung cancer was finally diagnosed in 3.6% and 5.5% of 
the participants, respectively. Interestingly, LDTC had an 
impact on survival, with a relative reduction in mortality 
from lung cancer of 20.0%. However, since the incidence of 
lung cancer was low, the cost-effectiveness of this strategy 
may be questioned, especially in the context of competing 
interventions such as smoking cessation programmes. 

One potential drawback for the use of LDCT as a 
screening tool for lung cancer in HIV-infected patients 
may be the high number of false positive tests. A Veterans 
Aging Cohort Study (VACS) prospectively compared rates 

Table 3 Main drug interactions between antiretroviral and antineoplastic drugs (www.hiv-druginteractions.org; www.hivclinic.ca)

Drug DRV ATV LPV/r NVP EFV ETR RPV EVG/c DTG RAL MVC 3TC/FTC ABC TDF

Afatinib (AFA) ∆ ∆ ∆ √ √ √ √ ∆ √ √ √ √ √ √

Carboplatin, 

cisplatin (CPT)

√ √ √ √ √ √ √ ∆ √ √ √ √ √ ∆

Crizotinib (CRI) ⨯ ⨯ ⨯ √ √ √ ∆ ⨯ √ √ √ √ √ √

Docetaxel (DOC) ∆ ∆ ∆ ∆ ∆ ∆ √ ∆ √ √ √ √ √ √

Erlotinib (ERL) ∆ ∆ ∆ ∆ ∆ ∆ √ ∆ √ √ √ √ √ √

Etoposide (ETO) ∆ ∆ ∆ ∆ ∆ ∆ √ ∆ √ √ √ √ √ √

Gefitinib (GEF) ∆ ∆ ∆ ∆ ∆ ∆ √ ∆ √ √ √ √ √ √

Gemcitabine √ √ √ √ √ √ √ √ √ √ √ √ √ √

Paclitaxel ∆ ∆ ∆ √ ∆ ∆ ∆ ∆ √ √ ∆ ∆ ∆ √

Pemetrexed √ √ √ √ √ √ √ ∆ √ √ √ √ √ ∆

Vinblastine ∆ ∆ ∆ ∆ ∆ ∆ ∆ ∆ √ √ ∆ √ √ √

Vincristine ∆ ∆ ∆ ∆ ∆ ∆ √ ∆ √ √ √ √ √ √

Vinorelbine ∆ ∆ ∆ ∆ ∆ ∆ √ ∆ √ √ √ √ √ √
√, no drug interaction expected; ∆, potential drug interaction/overlapping toxicity; ⨯, avoid co-administration. DRV, darunavir/

ritonavir or darunavir/cobicistat; ATV, atazanavir/ritonavir or atazanavir/cobicistat; LPV/r, lopinavir/ritonavir; NVP, nevirapine; EFV, 

efavirenz; ETR, etravirine; RPV, rilpivirine; EVG/c, elvitegravir/cobicistat/tenofovir/emtricitabine; DTG, dolutegravir; RAL, raltegravir; 

MVC, maraviroc, 3TC/FTC, lamivudine/emtricitabine; ABC, abacavir; TDF, tenofovir.
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of abnormal findings in LDCTs performed on 160 HIV-
positive and 139 HIV-negative individuals, with smoking 
history in 85% and 81% of the patients, respectively (61). No 
differences were found in terms of either abnormal findings 
(29% in HIV+ vs. 24% in HIV−) or lesions suspicious for 
cancer (4% vs. 3%). Lung cancer was diagnosed only in 3 
and 1 subjects (2% vs. 0.7%), respectively. HIV-infected 
participants with low CD4 cell count were more likely 
to have a positive LDCT screening, even after adjusting 
for tobacco use, probably because of a higher risk of lung 
infections. According to these results, HIV infected patients 
with CD4 counts >200 do not have a higher likelihood 
of abnormal findings in a LDCT screening compared to 
uninfected controls, despite more previous lung infections 
and a greater risk of lung cancer.

Hulbert et al. (62) recently reported the results of the 
first study that prospectively evaluated the usefulness of 
computed tomography as a screening tool for lung cancer 
in a cohort of 224 HIV patients at high risk due to their 
heavy smoking history. The median age was 48 years, with 
a 34 pack-year history of smoking. During 678 person-year 
of follow-up, just one lung cancer was diagnosed, despite 
the high rate of active smoking. The authors explain this 
low incidence of lung cancer as probably due to the young 
age of the participants, and they suggest that advanced 
age should be recommended as an inclusion criterion in 
screening programs. However, this statement may be in 
disagreement with the clinical presentation of lung cancer 
at younger ages among HIV patients (26-28,30-33).  
Therefore, the as yet unpublished results from another study 
recently completed in France which evaluated the utility of 
LDCT for early lung cancer diagnosis in an HIV population 
(NCT01207986) will be of interest.

Future directions

Multidisciplinary approach

The optimal health care of a patient with simultaneous 
HIV infection and lung cancer may be complex, but is no 
more so than treating lung cancer patients with other co-
morbidities, such as cardiovascular or chronic respiratory 
diseases, who may need polypharmacy for different 
underlying conditions. Currently, care decisions made 
by multidisciplinary teams are the preferred option when 
deciding how to treat a patient with lung cancer. Usually 
these teams consist of thoracic surgeons, pulmonary 
specialists, radiologists, and medical and radiotherapy 

oncologists. For therapeutic decisions specifically affecting 
patients with HIV infection, the participation of a physician 
with expertise in treating HIV infection is crucial. Special 
attention should be paid when prescribing both cART and 
cytostatics or molecularly targeted agents, to avoid drug 
interactions and overlapping toxicities that could potentially 
jeopardize both the efficacy of these treatments and the 
patient’s safety. 

Including HIV-infected patients in oncology clinical trials

Patients with HIV infection have been conventionally 
excluded as candidates for oncology clinical trials. In 
particular, HIV infection is considered an exclusion 
criterion in 25% of the clinical trials testing new drugs/
combinations to treat lung cancer (63).

Reasons to justify this exclusion include the potential 
risk of combining cART and cytostatics or targeted agents, 
the immune impairment associated with the infection, 
and the potential risk for lethal infections when HIV 
patients are treated with marrow-suppressive therapy. 
In line with this rationale, the NCI-CTEP states that 
if survival is a primary endpoint, it may be appropriate 
to exclude patients with known HIV-positive status for 
whom the probability of death due to underlying HIV-
infection is higher over the likely time course of the 
study (64). However, nowadays this rationale is obsolete. 
Antiretroviral drugs currently available are safe enough to 
permit designing effective cART regimens with minimal 
drug interactions and overlapping toxicities with anticancer  
therapies (65,66). Moreover, with the introduction of cART 
the survival of HIV patients has improved, and the main 
factor affecting their survival is the lung cancer itself, lung 
cancer being one of the most common cancer-related causes 
of death in general and the leading cause of death in people 
with HIV infection after the introduction of cART in some 
series (67,68).

Accordingly, it may be appropriate to allow the 
participation of HIV-infected patients in oncology clinical 
trials if the HIV-infection is properly controlled. In order 
to offer these patients the opportunity to benefit from 
potentially advantageous interventions, a reasonable 
approach would be either to include a certain stratum of 
HIV-positive patients in a given clinical trial or to design 
specific clinical trials for this population. This way of 
thinking is beginning to gain acceptance, and several drugs 
have already been tested in HIV-infected patients with 
solid tumours, including lung cancer (NCT01249443, 



685Translational lung cancer research, Vol 4, No 6 December 2015

© Translational lung cancer research. All rights reserved. Transl Lung Cancer Res 2015;4(6):678-688www.tlcr.org

NCT02134886, NCT00890747, and NCT02408861).

Evaluating the role of PD1/PDL1 in both the HIV 
infection and the lung cancer

Recently, the inhibitory molecule programmed death 
1 (PD-1) has gained attention in HIV research since it 
plays a central role in the regulatory T cell response. 
Dysfunctional virus-specific T- and B-cell responses are 
crucial for the diminished immune control in chronic 
infections, such as the HIV infection. PD-1 is expressed 
on CD4, CD8, NK T cells, B cells, and monocytes, and it 
has been shown to be involved in both acute and chronic 
HIV infection. PD-1 is upregulated in CD4, CD8, and B 
cells during HIV infection, leading to an exhaustion process 
and, consequently, to an impaired immune response. Prior 
studies have demonstrated that PD-1 blockade mediates the 
functional restoration of exhausted virus-specific CD8 in 
vivo, including the ability to clear viral antigens and control 
chronic viral infection. Similarly, impaired CD4 cells also 
restore their helper functions when they are exposed to 
PD-1 blockers, and B cells also enhance the production of 
virus-specific antibodies under PD-1 blockage (69).

Interestingly, recent publications have demonstrated 
the efficacy of PD-1 inhibition in NADCs, including lung 
cancer. PD-L1 and P-DL2, the PD-1 ligands, are expressed 
by tumour cells and tumour-infiltrating immune cells. Some 
antibodies against PD-1 have demonstrated a significant 
efficacy when PD-L1 levels are highly expressed, while 
others have not shown any correlation between efficacy and 
expression levels (70,71). In addition, when compared with 
standard therapies in second line, PD-1 antibody nivolumab 
has demonstrated a higher efficacy with less significant 
toxicity (72-74).

Considering these facts, interest in using PD-1 inhibitor 
antibodies to simultaneously treat HIV infection and 
NADCs has grown in the fields of both oncology and 
infectious disease, and this interest has crystallized in a 
clinical trial testing the activity of PD-1 blockers in HIV-
positive patients with solid tumours (NCT02408861).

Conclusions

In conclusion, lung cancer is the most common NADC 
in HIV-infected patients, and it contributes to significant 
morbidity and mortality in this population. While the role 
of LDCT as a screening tool of lung cancer remains to be 
determined, smoking cessation strategies and early initiation 

of cART are strongly recommended due to the potential 
contribution of smoking or advanced immunosuppression 
to lung cancer pathogenesis. The therapeutic approach for 
lung cancer in HIV-infected patients should not differ from 
that of the general population. Although the concomitant 
administration of chemotherapy with cART may be 
challenging due to drug-drug interactions and overlapping 
toxicity, HIV-infected patients with lung cancer should be 
placed or maintained on cART during treatment. Thus, 
interdisciplinary collaboration between oncologists and 
HIV specialists is crucial for the optimal treatment of 
both the oncologic disease and the HIV infection while 
minimizing the risk of adverse outcomes for the patient.
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