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Lung	cancer	

•  Cancer	has	always	been	a	major	feature	of	the	HIV	epidemic	and	was	amongst	the	
first	reported	manifesta:ons	of	AIDS.	

•  Cancer	con:nues	to	cons:tute	a	significant	propor:on	of	HIV	associated	morbidity	
and	mortality.			



Changing	paJern	of	cancer	in	PLHIV	

Total	number	of	cancer	cases	among	people	with	AIDS	in	the	United	
States,	1990–2005.	Bars	represent	the	total	number	of	cases:	dark	gray	-	
AIDS-defining	cancers;	light	gray	-	represent	non-AIDS-defining	cancers.	
Black	line	overall	standardized	cancer	incidence	rates.	
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with HIV (e.g. anal and lung cancers) and cancers
that are common in the general population but do
not occur more frequently in people with HIV (e.g.
breast and prostate cancers). The total number of
non-AIDS-defining cancers has exceeded the num-
ber of AIDS-defining cancers since 2003 among
people with AIDS, highlighting the changing spec-
trum of cancers diagnosed in this population (Fig. 3)
[4]. In the United States in 2010, the most common
cancers diagnosed among HIV-infected people were
NHL (n¼1650; 21% of incident cancer cases) and
Kaposi sarcoma (n¼910; 12%), but these were fol-
lowed closely by lung cancer (n¼840; 11%), anal
cancer (n¼760; 10%) and prostate cancer (n¼570;
7%) [5&]. As the HIV-infected population continues
to grow and age, the burden of cancer (particularly
non-AIDS-defining cancers) will continue to rise, as
will the need for cancer prevention, early detection
and treatment.

HIV AND CANCER IN THE DEVELOPING
WORLD
In sub-Saharan Africa, where a large proportion of all
HIV-infected people reside, Kaposi sarcoma and cer-
vical cancer are among the most common cancers
[40,41]. As in developed countries, risk for all three
AIDS-defining cancers is elevated among HIV-
infected people in Africa [42–44], and the onset of
the HIV epidemic led to a dramatic increase in
Kaposi sarcoma incidence [45]. The greatly

expanding access to HAART in recent years, made
possible through international assistance pro-
grammes, will hopefully lead to a reduction in the
incidence of AIDS-defining cancers over time. Most
African countries lack population-based cancer
registry data that allow an assessment of cancer
burden. Nonetheless, analyses of incidence data
from cancer registries in Uganda and Botswana pro-
vide evidence for recent declines in Kaposi sarcoma
that are temporally associated with uptake of
HAART [46,47&].

CONCLUSION
The epidemiology of cancer among HIV-infected
people has evolved since the beginning of the
HIV epidemic, tracking strong patterns in cancer
incidence rates and dynamic population demo-
graphics preceding and following the introduction
of modern HIV treatment. However, much more
epidemiologic research is needed. Little information
is known yet about cancer risks among people living
with HIV for decades. Studies must continue to
monitor cancer rates over time in the HIV-infected
population, and estimates of future rates and burden
are needed to identify targets for cancer prevention
and early detection, as well as to guide resource
allocation. Further, more information is needed
on the risk of cancer among HIV-infected people
living in the developing world, particularly in
Africa, where the HIV epidemic is most
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FIGURE 3. Total number of cancer cases (i.e. cancer burden) among people with AIDS in the United States, 1990–2005.
Bars represent the total number of cases occurring in each year, stratified by type of cancer (left axis). Dark gray bars
represent AIDS-defining cancers, light gray bars represent non-AIDS-defining cancers and black bars represent poorly
specified cancers. Points connected by lines represent overall cancer incidence rates, standardized by age group, race and
sex to the 2000 AIDS population in the United States (right axis). The figure was previously published in Shiels et al. [4].
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HIV-associated	excess	cancer	risk	

In	~900,000	PLHIV	in	the	United	States,	an	es:mated	7760	cancers	occurred	
in	2010,	of	which	3920	cancers	were	in	excess	of	expected.		
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MSM represent 55.7% of the total HIV population (Table 1), 
and 65% of all excess cancers occurred in this group (n = 2540) 
(Table 3). Only 18% of excess cancers occurred among women 
(n = 700). Individuals living five or more years since AIDS expe-
rienced the largest absolute excess (n = 1500), followed by those 
with HIV-only (n  =  1380), reflecting large population sizes in 
those groups (Table 1). However, the percentage excess was larg-
est one to three months after AIDS (91%), declining to 44% for five 
or more years post-AIDS. Though most excess cancers occurred 
among non-Hispanic blacks (n  =  1470) and whites (n  =  1380), 
a larger percentage of cancers was excess among Hispanics/
Latinos (64%) and the small group with other/unknown race/
ethnicity (74%).

Cross-classifications of excess cancers by demographic 
category and cancer type are displayed graphically in Figures 
1 and 2 (see also Supplementary Tables 1–4, available online). 
Most excess cases of NHL, KS, anal cancer, and lung cancer were 
in people age 30 to 59 years (Figure 1A). On a percentage scale 
(Figure 1B), among people age 15 to 29 years, 77% of excess can-
cers were ADCs. This percentage declined with age (Ptrend < .001), 
reaching 22% for people age 70 years and older, as the percent-
age represented by anal, lung, and liver cancers increased (5% 
in people age 15 to 29 years vs 55% in people age 70 years and 
older).

A similar trend in cancer types occurred across time liv-
ing with AIDS. While most excess cancers among those with 
HIV-only were ADCs (73%), the excess burden increasingly 
comprised NADCs with advancing time since AIDS (Ptrend < 
.001) (Figure  1D). Accordingly, while approximately half of 
excess KS and NHL cases occurred in people with HIV-only as 
AIDS-defining events (46% and 50%, respectively), most excess 
anal cancers (71%) and oral cavity/pharyngeal cancers (69%) 

occurred among those living five or more years with AIDS 
(Figure 1C).

Excess cancer types also varied across HIV risk and racial/
ethnic groups. The majority of excess cancers were in MSM 
(Figure 2A): 88% of all excess KS cases, 83% of excess anal can-
cers, and 62% of excess NHLs occurred in MSM. Though injection 
drug users (IDUs) represented only 16.5% of the HIV population 
(Table  1), 46% of excess liver cancers and 42% of excess lung 
cancers occurred in IDUs (Figure 2A). Accordingly, for male and 
female IDUs combined, compared with MSM and heterosexuals 
combined, higher percentages of the excess burden were liver 
cancer (16% vs 4%, P < .001) and lung cancer (22% vs 7%, P < .001) 
(Figure 2B). While non-Hispanic whites and blacks experienced 
similar total numbers of excess cancers, (Figure  2C), a higher 
percentage was anal cancer in whites compared with blacks 
(24% vs 13%, P < .001) (Figure 2D) and a lower percentage was 
lung cancer (7% vs 13%, P < .001).

Discussion
In the US HIV population in 2010, there were an estimated 7760 
total cancers, of which roughly half (n = 3920) were net excess 
cases, ie, cases above what would be expected based on general 
population rates. Among the excess cancers, approximately half 
were ADCs and half NADCs, and excess cases generally occurred 
in groups with large representation in the HIV population such 
as MSM. The excess cancer burden reflects elevated risks of cer-
tain cancers among HIV-infected people, and many cases could 
theoretically be prevented through targeted efforts directed at 
known risk factors.

Most cancers showing a high excess in Table  2 are caused 
by viruses (18). HIV-infected individuals have a high prevalence 

Table 2. Estimated total and excess cancer cases among people living with HIV in the United States in 2010, by cancer type

Cancer type

Estimated cases*

Percentage excess or 
deficit† (95% CI)

Percentage of total 
excess‡ (95% CI)Total No. (95% CI) Expected No.

Excess or deficit  
No. (95% CI)

AIDS-defining cancers 2640 (2400 to 2890) 230 2410 (2170 to 2660) 91 (90 to 92) 54 (49 to 58)
 Non-Hodgkin’s  

lymphoma§
1650 (1470 to 1840) 200 1440 (1270 to 1630) 88 (86 to 89) 32 (28 to 36)

 Kaposi’s sarcoma 910 (780 to 1060) 2 910 (780 to 1060) 100 (100 to 100) 20 (18 to 23)
 Cervix 80 (50 to 120) 30 50 (20 to 90) 66 (46 to 78) 1 (0 to 2)
Non–AIDS defining 

cancers
5130 (4780 to 5580) 3620 1510 (1170 to 1960) 29 (24 to 35) 46 (42 to 51)

 Lung 840 (710 to 1000) 400 440 (300 to 600) 52 (43 to 60) 10 (7 to 13)
 Anus 760 (630 to 930) 20 740 (610 to 910) 97 (97 to 98) 17 (14 to 19)
 Prostate 570 (450 to 720) 970 -390 (-520 to -250) -41 (-53 to -26) 0 (0 to 0)
 Liver 390 (300 to 500) 110 280 (200 to 390) 73 (65 to 79) 6 (4 to 9)
 Colorectum 360 (270 to 470) 380 -20 (-110 to 90) -6 (-28 to 20) 0 (0 to 2)
 Hodgkin’s lymphoma 320 (240 to 420) 30 290 (210 to 390) 91 (88 to 93) 6 (5 to 9)
 Oral cavity and  

 pharynx
280 (210 to 380) 140 140 (70 to 240) 51 (34 to 64) 3 (2 to 5)

 Female breast 180 (120 to 260) 300 -130 (-190 to -40) -42 (-61 to -14) 0 (0 to 0)
 Miscellaneous 1430 (1270 to 1620) 1270 160 (-9 to 350) 11 (-1 to 22) 4 (0 to 8)
All cancers (total) 7760 (7330 to 8320) 3850 3920 (3480 to 4470) || 50 (48 to 54) 100

* Cancer cases are rounded to the nearest ten and may not always sum exactly.
† The percentage excess is calculated as excess/total; the percentage deficit is calculated as deficit/expected (see Methods).
‡ This calculation is restricted to the cancers that were present in excess. Deficit cancers were therefore set equal to zero, giving a denominator of 4460 cancer cases 
for the point estimates. For the groups of AIDS-defining and non–AIDS defining cancers, percentages are calculated as the sum of the percentages for individual 
cancer sites.
§ Only certain subtypes of non-Hodgkin’s lymphoma (NHL) are AIDS defining, but we grouped all NHLs together, as most cases among HIV-infected people are the 
AIDS-defining subtypes (40).
|| The excess displayed for all cancers is the net excess. Disregarding cancers occurring in deficit, the total excess is 4460 cancers.
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This continuing excess illustrates that improvements in HIV 
treatment at the population level must remain a priority. 
Implementing measures to promote access and adherence to 
HAART, especially targeted to young people and people with 
HIV-only, could prevent many excess ADCs. Indeed, while our 
results reflect an era when treatment for individuals with HIV-
only was based on disease stage (ie, CD4 cell count), guidelines 
now recommend that all HIV-infected individuals be offered 
HAART (28,29).

Lung and anal cancers together represented 27% of the total 
excess, underscoring that the development of strategies for 
prevention and early detection of these cancers among HIV-
infected people is warranted. These strategies might be targeted 
to subgroups that experience substantial NADC risk and excess 
burden. For example, anal Pap screening has been advocated for 
MSM (30,31), and while the utility of this approach is debated 
(32) our results highlight that targeting anal cancer preven-
tion in older people and those with AIDS should be a prior-
ity. Additionally, HPV vaccination for HIV-infected individuals 
may aid prevention of anal, cervical, and oral cavity/pharyn-
geal cancers (33). However, vaccination confers less benefit to 
individuals with prior sexual partners, likely lessening overall 
effectiveness for the HIV population. IDUs are an appropriate 
population to prioritize for HCV testing and treatment (34) and 
screening for liver cancer (35). Heavy smokers (both IDUs and 
non-IDUs) might benefit from smoking cessation interventions 
or lung cancer screening (36).

We observed a 40% deficit for breast and prostate cancers, 
reflecting decreased incidence in HIV-infected people (9) and 
no excess of colorectal cancer. For prostate cancer, the deficit 

may partly reflect decreased prostate-specific antigen screening 
among HIV-infected people (37), while the cause of decreased 
breast cancer risk is unclear (38). Despite a lack of excess, the 
total burden of these cancers is substantial (n  =  1110 or 14% 
of all cancers in 2010) and will increase as the HIV population 
ages and grows in size (7). Screening based on general popula-
tion guidelines for these cancers is likely appropriate for HIV-
infected people.

Our estimates apply to the entire US HIV population, and 
they are based on robust data sources for cancer rates and enu-
meration of the HIV population. One limitation is that people 
who are infected but not diagnosed with HIV (approximately 
16% of the total HIV-infected population [39]) are not included, 
because precise counts of these individuals and their cancer 
rates are unknown. Therefore, these are underestimates of the 
true cancer burden in HIV-infected people. Further, our results 
are based on cancer rates for HIV-infected people derived from 
six state registries that are demographically similar to the over-
all 2010 US HIV population. Our analysis requires that stratum-
specific rates from these registries represent cancer risk in the 
corresponding strata for the entire US HIV population, and large 
violations of this assumption, though unlikely, would invalidate 
our results. Additionally, our analysis synthesizes multiple data 
sources and could be limited by inconsistencies across them, 
and there is uncertainty related to use of modeling to derive 
rates. Finally, while our estimates provide one framework for 
tailoring cancer control strategies for HIV-infected people, addi-
tional factors should be considered, such as the absolute and 
relative risks for cancer and the potential risks and benefits of 
specific interventions.

Figure 1. Estimated excess cancer cases among people living with human immunodeficiency virus (HIV) in the United States in 2010, by age and time since an AIDS 
diagnosis. Excess cancer cases are displayed by age (A and B) and time since an AIDS diagnosis (C and D) on an absolute scale (A and C) and on a percentage scale (B 
and D). Totals for individual groups do not match Table 3 exactly, as deficits (ie, negative excesses) for individual cancer sites within each group are set equal to zero 
for graphical presentation. Estimates of excess cancers, including deficits, simultaneously stratified by cancer type and demographic and HIV-related characteristics, 
are presented in Supplementary Tables 1–4 (available online). HIV = human immunodeficiency virus; HL = Hodgkin’s lymphoma; KS = Kaposi’s sarcoma; NHL = non-
Hodgkin’s lymphoma.
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Overall	one-third	(34%)	were	ADCs,	and	two-	thirds	(66%)	were	NADCs,	but	the	
paJern	changes	with	age	and	:me	since	HIV	diagnosis.		
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detect an association with HIV. Despite this, the individual
studies consistently displayed increased risk, and generally their
findings were statistically significant. Further, these studies have
lacked appropriate comparison groups of similar risk, instead
relying on comparisons to lung cancer rates derived from the
general population. Perhaps most importantly, these findings
may be influenced by uncontrolled confounding for smoking,
the dominant risk factor for lung cancer. Because HIV-infected
persons typically have heavier tobacco use compared with the
general population (Table 1), inadequate control for this
powerful risk factor could lead to an apparent independent
association of HIV infection with lung cancer (40). Although
there is a clear and consistent demonstration of elevated lung
cancer risk among HIV-infected persons compared with the
general population (Figure 1), it cannot be fully determined
whether this elevated risk is due solely to heavy smoking in the
HIV-infected population.

In contrast, five studies have directly accounted for individ-
ual smoking exposure among HIV-infected persons and an
epidemiologicly appropriate comparison population (Table 3)
(3, 4, 29, 41, 42). In these studies, the risk for lung cancer asso-
ciated with HIV infection after adjusting for smoking ranged
from a 1.2- to 3.6-fold increase (Figure 2). In a study of HIV-
infected and high–risk, uninfected women followed in the same
cohort (29), five lung cancer cases were identified. Smoking
history was considered only at baseline, and a 3.3-fold non-
significant increased risk of lung cancer was observed with HIV
infection. In this study, SIRs for the HIV-infected and un-
infected groups compared with the general population were of
similar magnitude.

There have been two published studies on HIV and lung
cancer based on data from the ALIVE study of IDUs in Balti-
more, Maryland. In the first study, lung cancer mortality was
the outcome, and a 3.6-fold increased risk (95% CI, 1.6–7.9)

associated with HIV infection was observed after adjusting
for age, gender, calendar period, and for individual smoking
exposure (41). The elevated risk with HIV infection was con-
sistently observed despite using multiple approaches to adjust
for individual smoking exposure. In the follow-up study, ALIVE
cohort participants were linked to the Maryland Cancer Reg-
istry. After accounting for smoking and other factors, HIV
infection was independently associated with a 2.3-fold in-
creased risk (95% CI, 1.1–5.1) for incident lung cancer (42).
The reduction in risk observed with lung cancer incidence
compared with lung cancer mortality may be partly explained
by HIV infection being associated with reduced survival after
diagnosis even after accounting for disease stage at diagnosis
(42).

Two recent studies have reported from large administra-
tive databases that have assessed risk for lung cancer among
HIV-infected persons while controlling for smoking. Neither
study has been published, but both have been presented in
abstract form (3, 4). Sigel and colleagues analyzed adminis-
trative data on lung cancer outcomes on a virtual cohort of
HIV-infected veterans cared for at multiple Veterans Admin-
istration sites throughout the country (3). Smoking data were
available only for those persons that had also participated in
an earlier cross-sectional national health survey of veterans.
Adjusting for self-reported smoking as well as demographic
factors and obstructive lung disease, HIV infection was asso-
ciated with a 1.8-fold increased risk for lung cancer (95% CI,
1.3–2.4).

In an analysis of data from more than 19,000 HIV-infected
participants and more than 200,000 HIV-uninfected participants
with health insurance coverage through Kaiser-Permanente in
Northern California, Silverberg and colleagues identified 51
HIV-infected and 342 HIV-uninfected lung cancer cases (4).
After adjustment for smoking and other factors, the risk for

Figure 1. Estimates of lung cancer risk associated with
HIV infection, by study design.
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Overall,	lung	cancer	incidence	is	2.7x	more	common	in	PLHIV	.		
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Is	the	excess	lung	cancer	risk	due	to	smoking	alone?	

health insurance plans have been used to evaluate the associ-
ation of HIV infection with lung cancer (Table 2). With the
exception of a few studies (23, 32), cancer outcomes in these
studies were determined by linkage to cancer registries. Six of
the 10 studies had identified fewer than 15 HIV-associated lung
cancer cases, and two had more than 100 cases. All 10 studies
reported increased risk for lung cancer associated with HIV
infection (Figure 1); in two studies, the estimated risk did not
achieve statistical significance. SIRs were generally in the range
of a 2- to 3-fold increased risk; two studies reported notably
higher risk estimates (29, 31). A recent study of HIV-infected
and at-risk women reported elevated lung cancer risk in both
groups compared with population estimates (37); the unad-
justed incidence rate ratio for HIV-infected compared with
uninfected women was increased 2-fold, although, with only 14
cases, this estimate was imprecise (95% confidence interval
[CI], 0.44–18). Although fewer HIV-infected than uninfected

women were current smokers, lifetime smoking was higher
among HIV-uninfected women. However, HIV-infected lung
cancer cases tended to have lower lifetime smoking exposure
compared with the HIV-uninfected lung cancer cases.

There have been two recent meta-analyses that assessed risk
for lung cancer with HIV infection (Table 2). Grulich and col-
leagues analyzed data from six registry linkage and one cohort
study and estimated an overall risk of 2.7 (95% CI, 1.9–3.9) for
lung cancer associated with HIV infection (38). Shiels and col-
leagues incorporated data from six of the studies in the Grulich
meta-analysis as well as an additional 12 studies (39); the risk
for lung cancer associated with HIV infection was estimated to
be increased 2.6-fold (95% CI, 2.1–3.1). Formal testing revealed
significant heterogeneity in the data in both meta-analyses.

These studies have several limitations. Although lung cancer
is a relatively frequent cancer outcome, most of these studies
had substantial sample size constraints with limited power to

TABLE 1. SMOKING PREVALENCE AMONG SELECTED HIV-INFECTED ADULT POPULATIONS

Study
Publication

Yr Site Population N
Current Smokers,

%
Ever Smokers,

%

Conley et al (2) 1996 San Francisco, Denver & Chicago MSM 345 31 63
Sigel et al (3) 2010 Multi-site US Veterans 3,707 32 79
Silverberg et al (4) 2010 Northern California HMO participants 20,277 39 n/a
Royce & Winkelstein (5) 1990 San Francisco, CA High-risk men 384 46 n/a
Gritz et al (6) 2004 Houston, TX Multiethnic lower-income 348 47 63
Mamary et al (7) 2002 San Francisco, CA Clinic 228 54 n/a
Shuter & Bernstein (8) 2008 New York City, NY Clinic 64 56 89
Feldman et al (9) 2006 Multi-site US Lower-income women 924 56 72
Saves et al (10) 2003 France Clinic 274 57 n/a
Crothers et al (11) 2005 Multi-site US Veterans 867 63 85
Burkhalter et al (12) 2005 New York State Medicaid Medicaid recipients 428 67 86
Webb et al (13) 2007 Upstate New York Clinic 212 74 n/a
Marshall et al (14) 2010 Baltimore, MD IDUs 312 84 94

Definition of abbreviations: MSM, men who have sex with men; HMO, health maintenance organization.

TABLE 2. STUDIES OF LUNG CANCER RISK ASSOCIATED WITH HIV INFECTION

Study Publication Yr Study Population Yrs of Study N HIV1 in f/u N HIV1 LC cases

HIV/AIDS registry linkage studies:
Parker et al*(15) 1998 Texas 1990–1995 26,181 36
Grulich et al*(16) 1999 NSW, Australia 1980–1993 3,616 6
Cooksley et al (17) 1999 Harris Co., Texas 1975–1994 14,986 18
Frisch et al* (18) 2001 U.S. 1978–1996 302,834 808
Grulich et al (19) 2002 Australia 1980–1999 13,067 17
Allardice et al (20) 2003 Scotland 1981–1996 2,574 5
Dal Maso et al* (21) 2003 Italy 1985–1998 12,104 22
Newnham et al (22) 2005 England 1985–2001 33,190 38
Engels et al* (23) 2006 U.S. 1980–2002 375,933 393
Mbulaiteye et al (24) 2006 Uganda 1989–2002 12,607 4
Galceran et al* (25) 2007 Catalonia, Spain 1981–1999 1,659 4
Dal Maso et al* (26) 2009 Italy 1986–2005 21,951 42
Polesel et al* (27) 2010 Italy 1986–2004 21,951 59

Cohort/database studies:
Serraino et al (28) 2000 France, Italy 1982–1998 5,281 4
Phelps et al (29) 2001 Multi-site US 1993–2000 1,310 4
Herida et al (30) 2003 France 1992–1999 77,025 99
Bower et al (31) 2003 London HIV clinic 1986–2001 8,400 11
Clifford et al (32) 2005 Switzerland 1985–2003 7,304 14
Engels et al (33) 2006 Baltimore HIV clinic 1989–2003 5,238 33
Serraino et al (34) 2007 France, Italy 1985–2005 8,074 14
Patel et al (35) 2008 Multi-site US 1992–2003 54,780 140
Guiguet et al (36) 2009 France 1998–2006 52,278 207
Levine et al (37) 2010 Multi-site US 1994–2004 2,651 12

Meta-analyses:
Grulich et al (38) 2007 Multi-site Varied 444,172 1016
Shiels et al (39) 2009 Multi-site Varied 625,716 847

Definition of abbreviations: f/u, follow-up; LC, lung cancer; NSW, New South Wales.
* Studies included only persons with AIDS diagnoses.
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In	PLHIV	in	US,	approximately	54%	(95%	CI:	49-59%)	are	current	smokers,	compared	to	
20-23%	in	general	popula:on.		
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lung cancer associated with HIV infection was moderated from
crude analysis and was no longer statistically significant (in-
cidence rate ratio, 1.2; 95% CI, 0.9–1.7). This finding differed
from an earlier, unadjusted analysis in the same population
suggesting that HIV infection increased lung cancer risk (43).
Without access to the published data, it is difficult to fully
evaluate the reasons for the differences between this study and
others (Table 3), but several possibilities exist. First, although
the study suggests only a modest increase in risk of lung cancer
with HIV infection, the risk did approach statistical significance.
Second, the methods for adjusting for smoking differed between
the studies. Apparently, Silverberg and colleagues adjusted
for current smoking status obtained through electronic medical
record review, although it is unclear at what point in the study
(baseline, at, or before lung cancer diagnosis) that this smoking
assessment was performed. Other studies assessed smoking
using standardized questionnaires administered directly to
participants and evaluated smoking intensity or estimated
pack-years during life-time or study follow-up. Recognizing
that smoking status may often change at or before lung cancer
diagnosis, the methods and timing of smoking ascertainment
need to be clarified. To reflect exposures occurring during
biologically relevant time periods, some studies have incorpo-
rated a 2- to 3-year lag of exposure data before lung cancer
outcomes (41, 42). The Northern California HMO participants
included in the Silverberg study may also have differed from
participants of other studies in demographic, behavioral, or
clinical factors. For example, 80 to 95% of participants in the
Veterans and IDU cohorts had ever been smokers, which
likely exceeds that observed among the HMO participants.
Smoking cessation may have been more aggressively sup-

ported in the prevention-oriented HMO setting. In previous
studies that reported lung cancer risk by HIV risk group,
higher risk was consistently observed among IDUs than in
other groups (18, 28, 30, 32, 36, 37, 44, 45), although one
comparative study among IDUs did not demonstrate higher
risk (46). The increased risk among IDUs presumably reflects
differences in smoking habits (47); the proportion of IDUs
among the HMO population was not reported.

The true test of an independent effect of HIV infection on
lung cancer risk would be to observe a main effect of HIV
infection among nonsmokers. Due to the very low incidence of
lung cancer among nonsmokers, the rarity of lung cancer among
HIV-infected persons, and the high prevalence of smoking
among HIV-infected persons, it is not realistic that such an
analysis will be possible. In the absence of these data, findings
from the substantive body of work discussed above, in total, do
support the independent association of HIV infection with
increased lung cancer risk. Future research should determine
more precisely the degree of risk associated with HIV infection,
define variability in risk between HIV risk groups, and de-
termine the underlying mechanisms that may be involved.

ROLE OF IMMUNOSUPPRESSION, HIV VIRAL LOAD,
AND ART

AIDS-defining malignancies are hypothesized to occur as a di-
rect consequence of HIV-related immune suppression and sub-
sequent decreased immune surveillance. In contrast to the strong
relationship between decreasing CD4 cell counts and increased
cancer risk in AIDS-defining malignancies, this relationship is
less apparent for non–AIDS-defining malignancies, including

TABLE 3. STUDIES OF LUNG CANCER RISK ASSOCIATED WITH HIV INFECTION, WITH DIRECT ADJUSTMENT
FOR INDIVIDUAL SMOKING EXPOSURE

Study Publication Yr Population Yrs of Study N HIV1 in f/u N HIV1 LC Cases N HIV-in f/u N HIV-LC Cases

Phelps et al (29) 2001 Multi-site US 1993–2000 871 4 439 1
Kirk et al (41) 2007 Baltimore IDUs 1988–2005 1,192 14 894 13
Shiels et al (42) 2010 Baltimore IDUs 1988–2006 1,072 13 1,423 16
Sigel et al (3) 2010 U.S. Veterans 1999–n/a 3,707 74 9,980 123
Silverberg et al (4) 2010 California HMO patients 1996–2007 19,280 51 202,313 342

Definition of abbreviations: f/u, follow-up; IDU, intravenous drug user; LC, lung cancer.

Figure 2. Estimates of lung cancer risk associated with
HIV infection in studies that directly adjusted for individual
smoking exposure.
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In	studies	that	have	directly	adjusted	for	rates	of	smoking,	PLHIV	are	
1.2-3.3x	more	likely	to	develop	lung	cancer	than	non-HIV	infected	
adults.				

Kirk	et	al.	Proc	Am	Thor	Soc	2013.			

Is	the	excess	lung	cancer	risk	due	to	smoking	alone?	
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Table 3

Adjusted incidence rate ratios for lung cancer in the full study cohort of HIV-infected and uninfected patients.

Characteristic IRR p-value 95% CI

HIV infection 1.7 <0.001 1.5–1.9

Age* 2.3 <0.001 2.2–2.5

Female Gender 0.8 0.5 0.5–1.5

Race/Ethnicity

 Non-Hispanic white – – –

 Non-Hispanic black 1.0 0.4 0.8–1.1

 Hispanic 0.6 <0.001 0.4–0.8

 Other race 0.2 <0.001 0.1–0.4

Smoking exposure

 Never smoker – – –

 Former smoker 3.0 <0.001 2.2–4.1

 Current smoker 6.3 <0.001 4.7–8.4

Chronic obstructive pulmonary disease 1.9 <0.001 1.5–2.3

Previous bacterial pneumonia 1.5 0.007 1.1–2.0

*10 year increments

AIDS. Author manuscript; available in PMC 2013 February 24.

Ader	adjus:ng	for	age,	gender,	race/ethnicity,	smoking,	and	baseline	COPD	and	
bacterial	pneumonia,	lung	cancer	incidence	was	1.7x	higher	in	PLHIV.	Increasing	age	
was	significantly	associated	with	lung	cancer	incidence.		

Siegel	et	al.	AIDS	2012.			

Is	the	excess	lung	cancer	risk	due	to	smoking	alone?	
Probably	not.	



Other	lung	cancer	risk	factors	
•  Immunosuppression	
–  Possible	rela:onship	between	low	CD4	counts	(or	low	
nadir	CD4)	and	risk	of	lung	cancer.	But	conflic1ng	results	

•  Direct	oncogenic	effect	
–  HIV	proteins	may	increase	the	expression	of	cancer	genes	
(proto-oncogenes).	

•  Chronic	inflamma:on	
–  Immune	ac:va:on	and	recurrent	respiratory	infec:ons	
result	in	chronic	inflamma:on	that	may	increase	lung	
cancer	risk	

•  IV	drug	use	
–  IV	drug	use	associated	with	addi:onal	risk	of	lung	cancer.	

Guiget	et	al.	Lancet	Oncology	2016.			



Smoking	cessa:on	in	HIV	

Nicotine & Tobacco Research

Smokers in the CBI condition were more likely to have met 
criteria for bipolar disorder than the other two conditions 
(p < .05).

The number of cigarettes smoked per day and the Fagerström 
dependence score indicate moderate levels of nicotine depend-
ence. Less than half of the sample (44%) endorsed a smok-
ing treatment goal of total cigarette abstinence. These baseline 
characteristics are consistent with clinic census data indicating 
that the sample is representative of the clinic populations.

Smoking Outcome

Percentage smoking abstinent ranged from 15% to 29% with no 
statistically significant difference among the treatment conditions 

(Figure 2 and Table 3). Estimates from the mixed-effects regres-
sion model are summarized in Table 4. Those employed, those 
who reported a greater desire to quit, or those with lower mood 
disturbance scores were more likely to achieve abstinence.

Table 2. Baseline Psychiatric, Drug Use, and 
Treatment Variables (n = 209)

Percentage

Lifetime psychiatric diagnosesa

Major depressive episode 41
Bipolar disorder 22
Alcohol dependence 55

Drug use past 30 days
Marijuana 37
Cocaine  8
Amphetamines  8
Heroin  1

Mean Standard deviation

Tobacco use
Daily cigarettes 19.8 10.5
Age smoking regularly 17.2  6.2
Prior quit attempts  4.1  6.5
Fagerström test for nicotine 

dependence score
 4.9  2.4

Percentage

Smoking treatment goal
No clear goal  5.1
Controlled smoking  3.2
Abstain for some time  5.5
Smoke occasionally  2.8
Quit—might slip 26.6
Quit forever 44.0
Other 12.8

Note. aSignificant differences between treatment conditions. 
Smokers in the self-help condition were more likely to report 
a history of a major depressive episode than smokers in the 
other two conditions (p < .05). Smokers in the computer-based 
intervention were more likely to report a history of bipolar 
disorder than smokers in the other two conditions (p < .05).

Table 3. Percent Abstinent (a) and Mean Number of 
Cigarettes Smoked (b) by Treatment Condition and 
Assessment Week

Week Brief Counseling CBI

a.
 12 24.36 25.93 29.17
 24 15.07 15.09 26.67
 36 18.92 21.28 20.93
 52 19.72 20.41 25.58
b.
 Baseline 17.5 18.4 17.2
 12 6.1 7.1 6.4
 24 7.4 7.7 11.0
 36 8.7 7.5 10.5
 52 8.4 8.4 10.5

Note. CBI = computer-based Internet smoking treatment.

Table 1. Demographic Characteristics (n = 209)

Category Data

Mean agea (SD) 45 (8.0)
Sexual identification
 Gay/lesbian 61.5%
 Straight 24.3%
 Bisexual 7.4%
Gender
 Male 81.7%
 Female 15.1%
 Transgender 3.2%
Ethnicity
 Hispanic 13.5%
Race
 African American 26.6%
 White 52.7%
 American Indian 2.4%
 Multiple/other 18.3%
Education
 <High school 20.6%
 High school/general equivalency degree 44.5%
 Associate’s degree/vocational 15.0%
 Bachelor’s degree 15.9%
 Graduate degree 3.7%
Marital status
 Married 4.8%
 Never married 73.4%
 Separated/divorced/widowed 21.3%
Living situation
 Own/rent 51.2%
 Halfway house/therapeutic community 13.1%
 Single-room occupancy hotel 16.9%
 Homeless 5.8%
 Other 13.4%
Employment
 Employed 14.0%
 Unemployed 58.0%
 Retired 10.6%
 Other 17.5%
Income
 <$10,000 42.2%
 $10,000–$20,999 40.8%
 $21,000–$30,999 8.7%
 >$31,000 8.9%

Note. aSignificant differences between treatment conditions. 
Smokers in self-help treatment were older than smokers in the 
other two treatments (p < .01).
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Humfleet	et	al.	Nico:ne	Tobacco	Res	2013.			

•  209	HIV-posi:ve	smokers	
randomised	1:1:1	to	individual	
counselling,	computer-based	
interven:on	or	self	help,	all	with	
nico:ne	replacement	therapy.	

•  Smoking	abs:nence	at	1	year	was	
20-26%	with	no	difference	between	
treatment	arms.		

•  Previous	studies	using	NRT	alone	
show	quit	rate	of	12%.	

	
		



	
Chest	CT	was	safe	and	effec:ve	to	detect	lung	cancer	in	high	risk	HIV-infected	pa:ents	(i.e.	heavy	
smokers,		>45	years,	nadir	CD4	<350	cells/ml).	Lung	cancer	prevalence	was	2%.	6/9	confirmed	
lung	cancers	were	detected	at	early	stage.	Screening	may	be	beneficial	in	high	risk	pa:ents.		

 Copyright © 2016 Wolters Kluwer Health, Inc. All rights reserved.

(8.6%) did not have the last visit at 2 years: five patients
died, 32 (7.2%) were lost to follow-up, and one
abandoned the study 3 months after inclusion due to
anxiety caused by the perspective of invasive diagnostic
procedures for a 12-mm solid nodule. Six lost patients had
positive baseline images, and one of these six patients had
a stage IA lung cancer diagnosed at month 5, and was lost
after 1 year of follow-up.

After the 442 baseline CTs, 54 patients (12%) had a
second, 22 (5%) a third, 16 (4%) a fourth or fifth, and two
(0.5%) a sixth protocol CT for follow-up of positive
images. Eighteen diagnostic procedures in 15 patients
(3.39% of the total population, 15.96% of the CT positive
patients) were undertaken (Table 3). Apart for the eight
proven lung cancers, one mucosa-associated lymphoid
tissue (MALT) lymphoma, one Abrikossoff tumour, and
one Mycobacterium xenopi granulomatous infection were

diagnosed. In four patients, invasive diagnostic pro-
cedures did not yield any final aetiology to the detected
positive chest nodules. None of the diagnostic procedures
yielded any serious adverse events.

During follow-up, other events attributable to smoking
were cardiovascular in 12 patients (2.7%) [myocardial
ischemia (n¼ 8), stroke (n¼ 2), and symptomatic
peripheral arterial disease (n¼ 2)], infectious events in
37 patients (8.4%) [pneumonia or COPD exacerbations
(n¼ 15)], new cancers, other than lung in 13 patients, of
which six are associated with smoking [15]: urothelial
cancer (n¼ 2), hepatocarcinoma, colon cancer, epider-
moid carcinoma of the lip, and kidney cancer (one patient
each). Five patients died during the study: two of
consequences of their stage IV lung cancers diagnosed
during the study, one of severe lung infection, one of
sudden death and one of a motorbike accident.
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476 patients
screened

445 patients
included

31 patients not included: 10 patients lost before
inclusion, 13 patients withdrew consent, 2
patients initially included with a CD4+ nadir

>350 cells /µl. 1 patients with a CD4+ count < 100
cells/µl. 1 patient aged < 40 years and 4 patients

not included for other reasons*

2 patients without chest CT

1 patient excluded from analysis
(nadir CD4+ = 531 cells/µl)

442 patients
analysed

443 patients had
a chest CT

8 patients with
certain and 1 with
very probable lung
cancer diagnosed 

94 patients (21%) had a positive image
(significant nodule, adenopathy or

endobronchial image)

320 patients (72%) had no follow up chest CT
requested by study

348 patients (79%) had no significant nodule,
adenopathy or endobronchial image

5 lost to follow up, 1
died, 1 abandoned

2 lung cancer deaths,
1 lost to follow up

1 patients with
lung cancer †

26 lost to follow up, 2
patients died85 patients with no lung

cancer diagnosed

Fig. 1. Study flow chart. CT, computed tomography. "Other reasons for patients not being included were: one chest CT realized
with radiological contrast injection (not allowed by study protocol), one patient fractured a bone and could not go to his scheduled
CT, and two patients had lung infections (within 2 months of study end). yThis patient had a diagnosis of small cell lung cancer
88 weeks after his baseline normal CT, after clinical symptoms appeared.

Lung	cancer	screening	in	HIV	

Makinson	et	al.	AIDS	2016.			



Take	home	messages	
•  The	paJern	has	changed,	but	lung	infec:ons	and	
other	diseases	remain	a	significant	problem	in	
PLHIV.	

•  Globally,	TB	is	the	most	important	single	cause	of	
HIV-related	death.	

•  Early	diagnosis	and	ART	ini:a:on	are	vital	to	
reduce	pulmonary	complica:ons.	

•  Suppor:ng	PLHIV	to	stop	smoking	is	an	important	
opportunity	to	reduce	rates	of	both	lung	cancer	
and	pneumonia.		



ANY	QUESTIONS?	


