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Abstract

Pulmonary malignancies are a major source of morbidity and mortality in HIV-infected persons.
Non-AIDS defining lung cancers (mostly non-small cell lung cancers) are now a leading cause of
cancer death. HIV-associated factors appear to affect the risk of lung cancer and may adversely
impact cancer treatment and outcomes. HIV infection also may modify the potential harms and
benefits of lung cancer screening with computed tomography. AIDS-defining lung malignancies
include pulmonary Kaposi sarcoma and pulmonary lymphoma, both of which are less prevalent
with widespread adoption of antiretroviral therapy.
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Overview

Malignancies of the lung are a major source of morbidity and mortality in persons with HIV
infection.[1] In the pre-antiretroviral (ART) era, AIDS-defining cancers (ADCs) were
prominent, and pulmonary involvement of Kaposi Sarcoma (KS) and non-Hodgkin
lymphoma (NHL) were the most common lung tumors from this group.[2,3] As AIDS-
related morbidity and mortality have declined with widespread ART use, non-AlDS-defining
cancers (NADCs) have become a leading cause of death in HIV-infected persons. Lung
malignancies, particularly non-small cell lung cancer (NSCLC), are now a major source of
disease in HIV-infected persons. Recent estimates have also suggested that lung cancer is the
leading cause of cancer death among HIV-infected persons, similar to the general
population. This review will provide an update summarizing the existing epidemiologic and
clinical literature regarding NADC lung cancers and ADCs that affect the lung.

Non-AIDS Defining Cancers of the Lung

NADOC:s of the lung are mostly comprised of non-small cell lung cancer (NSCLC), followed
by small cell lung cancer (SCLC). Some epidemiologic studies of lung cancer in HIV-
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infected persons also include less common lung cancer morphologies such as lung sarcomas
and neuroendocrine tumors in this group.

Epidemiology of Lung Cancer in HIV

Lung Cancer Incidence: Lung cancer incidence estimates from the pre-ART era were
significantly elevated compared to expected rates in the general population despite marked
competing risks of AIDS-related mortality.[4] The incidence of lung cancer in HIV-infected
persons in the ART era still appears to exceed general population rates, with estimates
ranging from 80-170 cases per 100,000 person-years.[5,6] Nearly all studies of lung cancer
risk in HIV-infected persons have found increased risk compared to uninfected persons, with
relative risks ranging from 2.2 to 4.7.[5,7-10] Several studies accounting for factors
potentially confounding the observed increased risk of lung cancer in HIV-infected persons
have found an independent relationship between HIV infection and increased lung cancer
incidence.[8,10,11] It is unclear if lung cancer rates are increasing among HIV-infected
persons. Studies of lung cancer incidence trends in HIV-infected persons during the ART era
have shown conflicting results; some have demonstrated continued increases in incidence,
[12] others a flat trend.[5,6]

Lung Cancer Risk Factors in HIV

Established Risk Factors: Established lung cancer risk factors such as age and tobacco
smoking are important lung cancer risk factors in HIV-infected persons. Several studies have
suggested that lung cancer may develop in HIV-infected persons at earlier ages than in
uninfected persons.[8,11] Individuals with HIV have greater smoking prevalence than
uninfected persons, and therefore smoking is an important risk factor and a source of some
of the excess lung cancer seen in this group.[8,13-15] There are limited data regarding
differential effects of smoking exposure on lung cancer risk in HI\-infected persons;
however in one study, HIV-infected persons developed lung cancer with fewer pack-years of
cigarette smoking compared to uninfected persons.[10]

Chronic obstructive pulmonary disease (COPD) is an independent lung cancer risk factor in
uninfected persons[16,17] and also appears to be an independent risk factor in HIV-infected
persons as well.[11] HIV-infected persons are at greater risk of developing COPD compared
to uninfected persons.[18] The increased risk may be due to increased cigarette smoking,
[13] propensity for lung inflammation due to unregulated or overactive CD8 activity[19,20]
(as COPD severity is directly correlated to the degree of CD8 infiltration in the lungs),[21]
or the damaging effects of recurrent or chronic lung infections.[22—24] There are no data
regarding differences in COPD as a lung cancer risk factor for HIV-infected persons versus
uninfected persons, but pro-inflammatory markers of monocyte activation (SCD14) are
higher in HIV-infected COPD patients compared to uninfected COPD patients. [25]
Increased sCD14 has also been found in HIV-infected individuals with lung nodules [26]
COPD may therefore represent a more intense “inflammatory” state in HIV-infected
persons, which may have implications for lung cancer risk, but these potential associations
require further study.

Semin Respir Crit Care Med. Author manuscript; available in PMC 2017 April 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Sigel et al.

Page 3

Lung Infections: The inflammatory response to serious lung infections, such as bacterial
pneumonia, has been proposed as a potential stimulus for lung cancer.[27] In epidemiologic
studies of uninfected persons, prior lung disease and infections, particularly bacterial
pneumonia and tuberculosis, have been associated with risk for subsequent lung cancer.[28—
32] As these pulmonary infections are increased in HIV infection,[18] they may result in
recurrent inflammatory injury contributing to the causal pathways responsible for the excess
lung cancer risk observed in HIV-infected persons.[33] Furthermore, inflammatory damage
from lung infections may be more prominent in the setting of HIV as dysfunctional immune
activation may lead to a more deleterious inflammatory reponse.[34,35] Previous studies
have linked prior pneumonia episodes to increased subsequent risk of lung cancer in HIV-
infected persons.[33,36] Chronic colonization with Pneumocystis jiroveciihas been
associated with the development of COPD in both HIV-infected humans as well as in simian
immunodeficiency virus primate models, also demonstrating a potential link between lung
infections and a lung cancer precursor state.[37]

Immunosuppression: Increased overall risk of NADC has been associated with HIV-related
immunosuppression as measured by CD4 count.[38,39] Studies investigating lung cancer
risk and severity of HIV-related immunosuppression, however, have shown mixed results.
Several analyses have found an association between lung cancer incidence and increased
immunosuppression[40-42], while others have found no relationship.[5,8,9,14,43]
Longitudinal studies using time-updated CD4 count data from larger, ART-era cohort studies
such as the French Hospital Database on HIV cohort and the Veterans Aging Cohort Study
(VACS) have demonstrated associations between low CD4 counts and increased lung cancer
after adjustment for potential confounders.[44,45]

ART Toxicity: There are studies supporting theoretical associations between ART and
cancer risk. Azidothymidine (AZT) and 3TC (lamivudine) have been shown to have
mutagenic effects in animal models[46] and evidence of genotoxicity has been demonstrated
in neonates exposed to AZT and tenofovir /in utero.[47,48] There is no direct evidence of
increased lung cancer risk (or any other type of cancer) associated with these drugs in
humans, however. The relationship between protease inhibitor (PI) use and lung cancer risk
in HIV-infected smokers has also been evaluated, as PI-mediated cytochrome P450
inhibition may enhance the carcinogenicity of tobacco-related metabolites, but a large case
control study found no increase in lung cancer risk associated with this drug class.[49]

Inflammation: Pro-inflammatory states and subsequent chronic inflammation have been
associated with lung cancer in uninfected persons.[27] HIV is associated with an increased
prevalence of numerous pro-inflammatory processes including abnormal immune activation,
diabetes and metabolic syndromes, and chronic infections.[50,51] Chronic HIV infection is
also associated with a process termed “inflammaging” where chronic inflammation has been
linked to an increase in diseases associated with aging.[51] Limited data exist linking
evidence of HIV-related chronic inflammation and lung cancer risk; however, one
prospective study of more than 5,000 HIV-infected individuals with baseline biomarker data
found an association between elevated baseline interleukin (IL)-6 (an inflammatory
cytokine) and subsequent lung cancer incidence.[52]
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Oncoviruses: /n vitro data have suggested oncogenic potential for HIV-related proteins
Tat[53] and Gag p17[54], however a recent investigation using an HIV transgenic mouse
model failed to find an association between HIV proteins and lung cancer risk.[55] Other
malignancies that are found at higher than expected rates in HIV-infected persons have been
associated with viral co-factors, such as squamous cell carcinoma of the anus (with human
papilloma virus) and hepatocellular carcinoma (with hepatitis B and C viruses), but no viral
co-factor has been identified to explain the excess of lung cancer in HIV-infected persons. In
uninfected persons, epidemiologic data have implicated viral co-infections such as human
papilloma virus with increased lung cancer risk, especially in non-smokers, but these
associations are controversial.[56,57]

Clinical Characteristics of Lung Cancer in HIV

Cancer Stage and Morphology at Diagnosis: Pre-ART lung cancer series found that HIV-
infected patients were more likely to present with advanced stage disease[9,58] and with
more frequent adenocarcinomatous histologic subtypes than expected.[59] Larger ART-era
studies have generally found that HIV-infected patients with lung cancer appear to have a
similar stage at diagnosis and tumor morphologic distribution compared to uninfected
patients.[11,60,61]

Molecular characteristics: There are limited data regarding unique molecular
characteristics of lung cancer in HIV-infected persons. A study of cancer DNA including a
small number of tumors from the pre-ART era found that lung cancers from HIV-infected
patients were more likely to demonstrate microsatellite instability.[62] Studies evaluating the
prevalence of clinically relevant oncogenic mutations have not found any differences in the
occurrence of epidermal growth factor receptor mutations, KRAS (Kristen rat sarcoma), or
ALK (anaplastic lymphoma kinase) rearrangements in NSCLCs from HIV-infected patients
compared to uninfected patients.[63,64]

Lung cancer outcomes in HIV-infected patients—As with uninfected persons, the
majority of HIV-infected patients with lung cancer are diagnosed at advanced stages.[11]
Advanced lung cancer in uninfected persons carries a poor prognosis, with 5-year survival
rates less than 15%.[65] HIV-infected individuals may have an even worse prognosis.
Studies from the pre-ART era reported very poor survival rates (less than 10% 5-year
survival) in HIV-infected lung cancer patients.[66,67] Studies from the ART era have shown
improvements in lung cancer outcomes for HIV-infected persons, but survival still appears to
lag compared to uninfected persons. Hakimian et al reported outcomes for 34 lung cancer
patients from the early ART era and found survival rates that appeared to be worse than
expected. Two larger studies utilizing population-based data found that lung cancer-specific
survival was worse for HIV-infected lung cancer patients even after adjustment for potential
confounding factors such as cancer treatment and competing risks of death.[61,68]

Worse lung cancer survival in HIV-infected patients in ART era studies has been explained
by several factors including cancer treatment disparities, more aggressive tumor behavior in
the setting of HIV, and worse overall survival due to AIDS or HIV-related complications. Of
these factors, aggressive tumor behavior in the setting of HIV infection is the most difficult
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to prove, but is an intriguing and plausible explanation. An interaction between the immune
system and cancer is suggested by accelerated progression of other diverse NADCs in HIV-
infected patients including hepatocellular carcinoma, melanoma, and Hodgkin’s
lymphoma[69-71], though it is remains unclear whether lung cancer is truly more
aggressive in the setting of HIV-related immunosuppression.

Lung cancer treatment in HIV-infected patients—Disparities in lung cancer
treatment in HIV-infected patients compared to uninfected patients may be partly due to real
or perceived treatment intolerance in this population. A study of post-operative outcomes for
NSCLC treatment found that HIV-infected patients had increased perioperative
complications and increased frequency of disease progression after surgical resection (Table
1).[72] A study of chemotherapy toxicity in HIV-infected patients found that patients on
protease inhibitors were significantly more likely to experience grade 4 hematologic
complications.[73] Harms and benefits associated with lung cancer treatment in HIV-
infected persons may differ from uninfected persons; however, there are currently no
guidelines specific to the management of lung cancer in HIV-infected persons. There are
also no HIV-specific data regarding quality of life for lung cancer patients with HIV. Further
research is needed in these areas to improve the quality of lung cancer care for HIV-infected
persons.

Lung Cancer Prevention and Screening

Smoking Prevalence and Cessation: Tobacco smoking is responsible for much of the lung
cancer risk in the HIV-infected population, and rates of smoking exceed those in uninfected
persons.[13,74] Smoking cessation should be emphasized as an important measure for lung
cancer prevention in high-risk HIV-infected persons. Several different strategies for
supporting smoking cessation, including nicotine replacement, pharmacotherapy, and
internet-based tobacco treatment have demonstrated efficacy and safety in the HIV-infected
population.[75-77]

Computed Tomography Screening: The National Lung Cancer Screening Trial (NLST)
demonstrated a lung cancer mortality benefit associated with computed tomographic (CT)
screening in uninfected smokers (former and current smokers, more than 55 years of age,
with at least 30 pack-years of smoking exposure). The NLST protocol used a baseline
screening low dose CT scan (LDCT) and two annual follow-up scans and was stopped early
because of the benefit of this regimen. As a result, the National Comprehensive Cancer
Network and other national organizations have published guidelines recommending LDCT
screening in patients meeting NLST inclusion criteria[78-80] and screening coverage has
been adopted by private health insurers and Medicare.

The harms and benefits of lung cancer screening in HIV-infected persons are still unclear.
Although there is an increased burden of lung cancer in HIV-infected smokers compared to
uninfected smokers, there may be factors that limit the benefits or increase the harms
associated with screening in this population. First, although there have been major life
expectancy gains in HIV-infected persons associated with ART use, survival still is less than
uninfected persons for some groups of HIV-infected persons,[81] which may diminish the
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benefits of lung cancer screening. Second, clinical evaluation of false positive lung cancer
screens may lead to a number of harms including unnecessary procedures (needle biopsies,
surgical resections, imaging procedures, or bronchoscopies) with potential complications
and mortality.[82] The risks of these adverse events may be increased in HIV-infected
persons as abnormal findings are more common on chest imaging due to prior pulmonary
infections and higher rates of granulomatous lung disease.[83,84] Furthermore, clinicians
caring for HIV-infected patients may be aware of the higher risk of lung cancer and other
malignant and non-malignant lung diseases and as a consequence may be more likely to
aggressively evaluate abnormal imaging findings.[85] Moreover, the morbidity associated
with diagnostic tests for lung nodules may be higher in HIV-infected patients.[72] The rate
of false-positive screens and their subsequent clinical consequences is one of the most
important factors in determining the cost-effectiveness of lung cancer screening.[86,87]
Other factors that may affect the harms and benefits of lung cancer screening in HIV-
infected persons include more potentially more aggressive lung cancer behavior[61] and
modification of smoking behavior in the setting of lung cancer screening.[88]

To address these issues, several studies have reported the results of lung cancer screening in
HIV-infected cohorts or have analyzed the results of chest CTs performed in asymptomatic
HIV-infected persons (Table 2). Two studies reported the results of research chest CTs from
cohorts of HIV-infected persons at elevated risk of lung disease. Both studies reported rates
of baseline suspicious nodules that were not elevated compared to rates from the NLST.
[89,90] The results of the first lung cancer screening trial conducted in 224 HIV-infected
persons were reported by Hulbert et al; screening revealed a low proportion of lung cancers
(0.4%) but also a low rate of screen positivity, likely due to the younger age and lesser
smoking quantity in the cohort.[91] In contrast, a large lung cancer screening study of HIV-
infected smokers from France found a greater number of lung cancers in an older group with
a history of severe immunosuppression.[92]

Antiretroviral Therapy: There are limited data regarding ART use as a preventive measure
to decrease lung cancer risk. The French Hospital Database cohort compared HIV-infected
individuals with CD4 cell recovery to >500 cells/mm? after ART initiation to those with
slower CD4 recoveries and found a lower risk of lung cancer with recovery to >500
cells/mm3.[44]

AIDS-Defining Cancers of the Lung

Pulmonary Kaposi Sarcoma—~Kaposi sarcoma (KS) is an ADC that can occur in the
lung, but is rarely confined to the lung. The development of KS is associated with the
presence of Human Herpes Virus-8 (HHV-8) co-infection.[93,94] KS is not a true sarcoma;
it is thought to originate from lymphatic endothelial cells.

Epidemiology and Risk Factors for Pulmonary Kaposi Sarcoma: KS was the most
common tumor in HIV-infected persons during the pre-ART era with an incidence of 1500—
2500 cases per 100,000 person-years.[93,95] Incidence has declined significantly to <500
cases per 100,000 person-years with the adoption of ART.[95] The Westminster HIV cohort
described the pulmonary KS cases from their cohort in the early ART era; 8% of the 305 KS
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cases during this period had pulmonary involvement.[96] Patients with pulmonary KS had
lower CD4 cell counts and were more likely to be of African origin. Other studies have
suggested that pulmonary KS is more likely to present in patients with extensive cutaneous
disease, although 15% of patients with pulmonary KS have no mucocutaneous involvement.
[97] KS may also present in patients as part of the immune reconstitution inflammatory
syndrome (IRIS). IRIS-associated KS flares have been reported with pulmonary
involvement.[98] Of note, increasing recognition of KS cases emerging in patients with viral
suppression and/or higher CD4 counts has occurred. These KS cases suggest that aging,
virally suppressed HIV-infected patients may continue to be at risk for KS.[99] KS lesions
are associated with significant local inflammation,[100] and preceding systemic
inflammation may also be associated with KS risk.[101] Systemic IL-6 levels (a pro-
inflammatory cytokine) may be associated with subsequent KS risk in HIV-infected
patients[102] and HIV-infected patients with HHV-8 infection have higher markers of
systemic inflammation.[103]

Clinical Presentation, Treatment and Outcomes: Patients with pulmonary KS are often
symptomatic and present with dyspnea, cough and sometimes fever.[97] Patients will
typically have evidence of KS at other sites (skin, mucous membranes). Radiolographically,
pulmonary KS most frequently manifests as multiple nodules, also potentially with
bronchial wall thickening, and less frequently with bilateral pleural effusions.[104]
Characteristic “flame-shaped” infiltrates have also been described on lung CT images from
patients with pulmonary KS.[105] The bronchoscopic appearance of pulmonary KS is
similar to the appearance at other sites; the lesions are red or purple macules that often
appear at airway bifurcations.[106]

Use of ART is a key component of the treatment of KS in HIV-infected patients[107]; lesion
regression is noted in patients on ART. Use of chemotherapy should be considered for
patients with severe or progressive KS (which would likely include patients with pulmonary
KS). A recent Cochrane review (summarizing the results of six randomized trials and three
observational studies) concluded that chemotherapy is beneficial in HIV-infected KS
patients and that there was no clear difference in outcomes with liposomal doxorubicin,
liposomal daunorubicin or paclitaxel.[108] Pulmonary KS is a severe manifestation of KS
disease and has been associated with poor outcomes despite treatment. Median survival
estimates from the ART-era in the Westminster HIV cohort were 19 months.[96]

Pulmonary Lymphoma—Non-Hodgkin lymphoma (NHL) was a leading ADC in the
pre-ART era that has decreased in incidence during the ART era, but is still a prominent
source of morbidity in HIV-infected persons.[4] NHL is seen in the lungs of HIV-infected
patients as a secondary entity (an extension of NHL originating outside the lungs) or as an
uncommon form, primary pulmonary NHL.[109] Primary pulmonary NHL is defined as
lymphomatous parenchymal involvement exclusive to pulmonary sites noted at diagnosis
and/or during the following 3 months.[110] Whereas most primary pulmonary lymphomas
in uninfected persons tend to be low-grade B-cell lymphomas, HIV-infected persons are at
greater risk for high grade B-cell lymphomas of the lung, and thus poorer outcomes.
[111,112]

Semin Respir Crit Care Med. Author manuscript; available in PMC 2017 April 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Sigel et al.

Page 8

Epidemiology and Risk Factors: Primary pulmonary lymphoma is rare in both
immunocompetent and HIV-infected persons and incidence rates specifically in persons
infected with HIV are not known. NHL of all sites was a leading ADC in the pre-ART era
with an incidence rate of 1066 cases per 100,000 person-years.[113] In the ART era this rate
has declined significantly, much like KS, to 390 cases per 100,000 person-years.[113]
Epstein Barr Virus (EBV) infection has an established role in HIV-infected patients
diagnosed with NHL, as latent EBV infection of tumor cells has been persistently
demonstrated in case series.[109,114] Several HIV-associated processes have also been
linked to increased risk of NHL including: 1) immunosuppression (i.e. low CD4 count),
[113] 2) evidence of increased gut microbial translocation as measured by
lipopolysaccharide levels, and 3) increased levels of the proinflammatory markers, such as
sCD14, released by both hepatocytes and peripheral macrophages in response to LPS
exposure.[115] Interestingly, HIV-infected patients with the CCR5-32 deletion tend to have a
both favorable prognosis with respect to HIV infection and reduced risk to develop
lymphomas.[116,117]

Clinical Presentation, Treatment and Outcomes: Although primary pulmonary NHL is
often asymptomatic in uninfected persons[111], persons with HIV infection may present
with cough, dyspnea and B-symptoms. Lung CTs of HIV-infected patients with primary
pulmonary lymphoma have typically shown multiple peripheral nodules, tending towards the
lung bases.[110] It is also notable that in one published series of seven cases, there was no
hilar or mediastinal adenopathy reported.[110]

In the pre-ART era NHL was associated with worse outcomes in HIV-infected compared to
uninfected persons, but ART appears to have decreased both NHL incidence and improved
treatment outcomes to levels comparable to uninfected persons.[97,118-120] The use of
cyclophosphamide, adriamycin, vincristine, prednisone and rituximab (R-CHOP), in
addition to etoposide (EPOCH-R), is standard of care for NHL in non-immunosuppressed
patients. The recombinant anti-CD20 antibody rituximab has improved survival for CD20-
positive lymphomas in uninfected patients, but use in HI\-infected NHL patients has been
somewhat controversial because of concerns over excessive toxicity. Several prospective
studies have evaluated rituximab use in HIV-infected persons with B-cell lymphoma. These
studies found no signs of excess toxicity, even in patients with low CD4 counts[121,122]
although a phase 111 trial comparing CHOP to R-CHOP did find a significant increase in
death due to infection in the rituximab arm.[123] The phase 111 trial also did not find any
improvement in treatment outcomes associated with rituximab use. Nonetheless, efficacy of
chemotherapy in the ART-era for HIV-infected patients with NHL appears to be broadly
similar to uninfected patients: in results pooled from three phase Il trials using rituximab
plus infusional CDE (cyclophosphamide, doxorubicin, etoposide) in 74 patients with AIDS-
related lymphoma, complete remission was demonstrated in over two thirds of patients, with
overall survival of 64 percent.[124]

There are very limited data to evaluate survival specific to primary pulmonary lymphoma,
and larger series suggest similar outcomes to other types of NHL.[125] Overall survival rates
from the ART-era in HIV-infected patients with NHL range from 56% to 67%.[121,126]
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Studies With Data Regarding Safety of Lung Cancer Treatments in HIV-infected Patients.

Study

Number of Lung
Cancer Subjects

Lung Cancer Treatment

Outcomes

Radiotherapy (n=5)

Massera et al. 2 HIV+ (both Surgical resection . No perioperative complications, 100% 30 day
2000[127] CD4<200 survival
cells/mm3)
Hooker et al. 22 HIV+ Surgical resection . Increased perioperative complications in HIV
2012[72] 66 HIV +
unspecified .
. Increased length of stay in HIV+
. Similar 30 day survival
. Increased short-term surgical complications in
HIV+ subjects
Hakimian et al. 34 HIV+ Chemotherapy (n=19) . No evidence of poor treatment tolerance
2007[1] Radiotherapy (n=7)
Bearz et al. 68 HIV+ Surgical Resection (n=4) . Median 3 cycles of chemotherapy
2014[128] Chemotherapy (n=42) administered, no major complications
Radiotherapy (n=22)
Makinson et al. 52 HIV+ Chemotherapy (n=42) . 6 deaths due to grade 4 hematologic toxicity;
2011[73] protease inhibitor use associated with grade 4
toxicity
Powles et al. 9 HIV+ Chemotherapy (n=8) . HIV+ received same number of chemotherapy
2003[129] 27 HIV cycles as uninfected; 50% with grade 3—4
uninfected toxicity
Lavole et al. 49 HIV+ Surgical Resection (n=12) . 1 post-operative death and one serious post-
2009[130] Chemotherapy (n=34) operative complication in surgical patients

Chemotherapy patients received a median of 3
cycles; one death related to chemotherapy and
one death from combined CRT toxicity
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