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Background: Lung cancer is a major cause of death in HIV-infected (HIVþ ) persons. In this study, we compared the prevalence of
tumour EGFR and KRAS mutations in a cohort of lung adenocarcinoma patients by HIV status.

Methods: We collected data from 55 HIVþ patients with lung adenocarcinoma matched to 136 uninfected comparators. We
compared the prevalence of EGFR and KRAS mutations by HIV status. We then compared survival by HIV status and by cancer
mutation status among HIVþ subjects.

Results: Presence of KRAS and EGFR genetic alterations did not vary by HIV status (all P40.1). There was no difference in overall
survival by HIV status or by mutation status among HIVþ subjects.

Conclusions: We found no major differences in the prevalence of EGFR or KRAS lung adenocarcinoma mutations by HIV status,
suggesting that mutational testing should be conducted similarly regardless of the HIV status.

Lung cancer is the leading cause of cancer death in HIV-infected
(HIVþ ) persons (Sigel et al, 2017). The incidence of lung cancer is
also higher in HIVþ compared with uninfected (HIV� )
individuals (Sigel et al, 2017). Although the increased prevalence
of smoking in the HIVþ population contributes to an elevated
risk of lung cancer, HIV itself is an independent risk factor (Ridge
et al, 2013). Several explanations for this phenomenon have been
proposed, including HIV-associated immunosuppression, local
and systemic inflammation, and direct viral oncogenesis; however,
evidence is mixed and no clear consensus has emerged (Sigel et al,
2017).

The unique lung cancer risk factors associated with HIV
infection may lead to a unique oncogenic microenvironment
promoting distinctive tumour genetics. With the emergence of
molecularly targeted cancer therapies, testing of lung adenocarci-
nomas for clinically important genetic alterations, particularly
EGFR (epidermal growth factor receptor) and KRAS (Kirsten Rat
Sarcoma), has become more common. EGFR-positive (EGFRþ )

tumours are found most commonly in never-smokers and Asians,
and are associated with good prognosis because of susceptibility to
tyrosine kinase inhibitors; common pathogenic mutation loci
include exons 19, 20, and 21 (Bauml et al, 2013; Ridge et al, 2013;
Khalil and Altiok, 2015). KRAS is the most frequently mutated
gene in adenocarcinoma of the lung, and KRAS-positive (KRASþ )
tumours are associated with smoking exposure; exon 2 (codons 12
and 13) is the most common pathogenic mutation locus. The
prognostic import of KRASþ is controversial and there are no
FDA-approved targeted therapies for this mutation (Ridge et al,
2013; Crequit et al, 2016). Testing for ALK (Anaplastic Lymphoma
Kinase) rearrangements has also become common because of
targeted therapy that improves outcomes for tumours with these
alterations (Ridge et al, 2013). There are limited data, however,
regarding the prevalence of these mutations in HIVþ persons;
although recent reports suggest that rates may be similar to those
in uninfected persons, there have been no direct comparisons to
controls (Moltó et al, 2015; Crequit et al, 2016).
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A better understanding of these mutational profiles could lead
to insights into the pathophysiologic pathways of lung cancer
development in HIVþ persons and could inform treatment
and prognostic assessment for these patients. This study
aimed to determine the prevalence of EGFR and KRAS
mutations and ALK rearrangements in lung adenocarci-
nomas in HIVþ patients and to examine factors associated
with the presence of these mutations as well as their effect on
prognosis.

MATERIALS AND METHODS

Study cohort. We identified all HIVþNSCLC cases at Mount
Sinai Hospital, Yale University Medical Center, University of
Pennsylvania, and Memorial Sloan-Kettering Cancer Center
(MSKCC) with adenocarcinoma histologic subtype and available
cancer mutation data from 2006 to 2016 (n¼ 55). We excluded
patients with non-adenocarcinoma NSCLC as EGFR and KRAS
mutations are rare and of unclear clinical significance in these
subtypes (Ettinger et al, 2015). Data were collected on demo-
graphics; cancer stage, first course of cancer treatment, and final
outcome; smoking status; and, for HIVþ patients, HIV RNA
levels and CD4 counts at cancer diagnosis. We assembled a
comparison group of HIV� NSCLC patients from a MSKCC lung
cancer mutation database (n¼ 5471) and matched the 55 HIVþ
NSCLC patients to one or two (when available) HIV� controls
(n¼ 136) by age, sex, race, and smoking status (current, former, or
never).

Our primary outcome of interest was lung cancer mutation
status. We collected data on EGFR and KRAS mutations, as well as
ALK rearrangement status, which was available for only a subset of
the HIVþ cohort (45%) and for none of the comparators. Specific
mutations of interest included EGFR exons 19, 20, and 21 and
KRAS exon 2 (including codons 12 and 13). Patients with any
EGFR or KRAS mutations were classified as EGFRþ or KRASþ ,
respectively.

Statistical analysis. We compared clinical and demographic
characteristics by HIV status using w2 and Fisher’s exact test
(where appropriate) for categorical variables and the t-test for
continuous variables. Frequencies of EGFR and KRAS
mutations were determined and compared for the HIVþ and
uninfected groups. Among HIVþ patients, we identified
clinical and demographic variables associated with EGFR and
KRAS mutations. We also used Kaplan–Meier methods
to compare overall survival (OS) by HIV status, and among
HIVþ cases compared OS for those with and without EGFR and
KRAS mutations (no subjects were positive for mutations in both
genes). On the basis of the prevalence of lung cancer muta-
tions expected in the general population, we estimated that the
study had an 80% power to detect at least a 20% difference
in the proportion of lung cancer mutations by HIV status. All
analyses were performed using STATA 13 (Stata Corp, College
Station, TX, USA).

RESULTS

We identified 55 HIVþ subjects with lung adenocarcinomas and
available mutation information at the participating institutions,
and 136 uninfected, matched comparators. The matched cohort
was largely male (Table 1), current or former smokers, and of black
race. There were no differences in age at cancer diagnosis by HIV
status, but year of cancer diagnosis was later for HIVþ persons
than for uninfected ones (Po0.01). Initial course of lung cancer
treatment was similar for HIVþ and uninfected persons (PX0.05

for all comparisons). Most HIVþNSCLC cases were on
antiretroviral therapy and had CD4 counts X500 cells/mm3 at
the time of lung cancer diagnosis.

KRAS mutations were more common than EGFR mutations in
the cohort (29% and 10%, respectively), with nearly all KRAS
mutations (98%) found in exon 2 of the gene (Supplementary
Table). We found no significant differences by HIV status with
respect to clinically obtained lung tumour mutations (HIVþ : 7%
EGFRþ , 22% KRASþ ; HIV� : 11% EGFRþ , 35% KRASþ ; both
P40.05). Among HIVþ subjects, EGFRþ mutation status was
associated with ‘other’ race (identified in the electronic medical
record as a race other than black or white, but not unknown; Table 2;
P¼ 0.04), never having smoked (Po0.01), and later calendar year of
cancer diagnosis (Po0.01); KRASþ mutation status was associated
with stage I cancers (as opposed to later stage; P¼ 0.01) and lower
CD4 counts (P¼ 0.01). There were no ALK rearrangements seen
among the 20 HIVþ subjects whose tumours were evaluated.

In unadjusted Kaplan–Meier analyses, we found no difference in
OS by HIV status (Figure 1; P¼ 0.3). Among HIVþ subjects, we
also found no statistically significant differences in survival when
comparing KRASþ , EGFRþ , and KRAS� /EGFR� cases
(P¼ 0.4), although it is worth noting that all EGFRþ HIVþ
cases were alive at last follow-up.

Table 1. Characteristics of non-small cell lung cancer patients
by HIV status

HIV infected,
N¼55

Uninfected,
N¼136

P-value

Age, years (median, IQR) 57, 14 57, 11 0.6

Female, N (%) 18 (33) 38 (28) 0.5

Race/ethnicity, N (%) 0.6
Black 28 (51) 58 (43)
White 15 (27) 45 (33)
Other 10 (18) 30 (22)
Unknown 2 (4) 3 (2)

Smoking status, N (%) 40.9
Never smoker 4 (7) 9 (7)
Current/former smoker 49 (89) 123 (90)
Unknown 2 (4) 4 (3)

CD4 count, N (%)
X500 23 (42)
200–499 16 (29)
o200 5 (9)
Unknown 11 (20)

HIV RNA, N (%)
Undetectable 16 (29)
Detectable 18 (33)
Unknown 21 (38)

ARV status, N (%)
On ARV 48 (87)
Off ARV 5 (9)
Unknown 2 (4)

Year of cancer diagnosis,
N (%)

o0.01

2006–2008 4 (7) 35 (26)
2009–2011 9 (16) 81 (60)
2012–2014 29 (53) 20 (14)
2015–Present 13 (24) 0 (0)

Tumour stage, N (%) 0.01
I 11 (20) 11 (8)
II 3 (5) 1 (1)
III 9 (16) 19 (14)
IV 27 (49) 75 (55)
Unknown 5 (10) 30 (22)

Chemotherapy, N (%) 33 (60) 101 (74) 0.05

Radiotherapy, N (%) 23 (42) 68 (50) 0.3

Surgery, N (%) 19 (35) 43 (32) 0.7
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DISCUSSION

HIV infection has been associated with unique effects on the lung
microenvironment that may affect tumour development and
tumour genetic alterations. In our multicentre cohort of persons
with lung adenocarcinoma, however, we found no difference in the
prevalence EGFR or KRAS mutations by HIV status. These results
suggest that mutational testing of lung adenocarcinomas should
not vary based on HIV status.

HIV-specific factors, including abnormal immune activation and
immunosuppression, have been independently associated with lung
cancer and may contribute to a unique environment potentially
modulating the genetic alterations that drive carcinogenesis (Sigel
et al, 2016, 2017). This was initially supported by a report of
increased prevalence of microsatellite instability in the DNA of lung
tumours in HIVþ patients (Wistuba et al, 1998). Furthermore,
previous data have suggested potential links between KRAS and
EGFR and HIV infection. The prevalence of EGFR tumour genetic
alterations has been found to be elevated in both ophthalmologic
and anal malignancies in HIVþ cohorts, and EGFR polymorphisms
have been tied to HIV disease progression (Chinn et al, 2010;

Verma, 2015). Although KRAS has not been closely examined in the
setting of lung tumour pathophysiology in HIVþ patients, a high
incidence of KRAS mutations has been noted in HIV-related
lymphomas and HIV-associated activation of the RAS pathway has
been implicated in the development of Kaposi Sarcoma (Knowles,
1997; Knowles, 2003; Toschi et al, 2006).

Our study is the first to compare lung tumour genetics from a
HIVþ cohort to those from a matched uninfected comparison
group. Rates of EGFR and KRAS mutations in NSCLC in HIVþ
patients were recently estimated at 3.3% and 29%, respectively, in a
French cohort of 63 HIVþ lung cancer patients, and a 2015
Japanese study found an EGFR mutation rate of 36% among
HIVþ patients, consistent with the rate seen in lung tumours in
the Japanese general population (Moltó et al, 2015; Crequit et al,
2016). Lack of a control group in both studies, however, prevented
direct comparison with uninfected patients. In our study that
included a matched comparison group, we found no significant
differences between HIVþ and uninfected groups with respect to
EGFR and KRAS mutations.

Unlike some ART-era population-based studies of lung cancer
outcomes in HIVþ persons (Shiels et al, 2010; Sigel et al, 2013), we
found no differences in OS for NSCLC cases by HIV status. Although

Table 2. Characteristics of HIV-infected and uninfected groups by EGFR and KRAS mutation status

HIV infected Uninfected

EGFRþ ;
N¼4

EGFR� ;
N¼51

P-
value

KRASþ ;
N¼11

KRAS� ;
N¼38

P-
value

EGFRþ ;
N¼15

EGFR� ;
N¼119

P-
value

KRASþ ;
N¼45

KRAS� ;
N¼84

P-
value

Age, years (median, IQR) 54.5, 9.5 57, 14 0.9 54, 15 57, 11 0.7 59, 12 57, 11 0.4 57, 10 58, 12 0.9

Female, N (%) 0 (0) 18 (35) 0.3 3 (27) 12 (32) 40.9 5 (33) 32 (27) 0.6 16 (36) 19 (23) 0.1

Race/ethnicity, N (%) 0.04 0.2 0.02 0.1
Black 1 (25) 27 (53) 3 (27) 22 (58) 4 (27) 52 (44) 23 (51) 33 (39)
White 0 (0) 15 (29) 4 (36) 8 (21) 3 (20) 42 (35) 17 (38) 27 (32)
Other 2 (50) 8 (16) 3 (27) 7 (18) 8 (53) 22 (19) 5 (11) 21 (25)
Unknown 1 (25) 1 (2) 1 (9) 1 (3) 0 (0) 3 (2) 0 (0) 3 (4)

Smoking status, N (%) o0.01 0.7 o0.01 0.4
Never smoker 4 (100) 0 (0) 0 (0) 4 (11) 4 (27) 5 (4) 1 (2) 6 (7)
Current/former Smoker 0 (0) 49 (96) 11 (100) 32 (84) 10 (67) 112 (94) 43 (96) 75 (89)
Unknown 0 (0) 2 (4) 0 (0) 2 (5) 1 (6) 2 (2) 1 (2) 3 (4)

CD4 count, N (%) 0.4 0.01
X500 2 (50) 21 (41) 1 (9) 18 (47)
200–499 0 (0) 16 (31) 8 (73) 8 (21)
o200 0 (0) 5 (10) 0 (0) 4 (11)
Unknown 2 (50) 9 (18) 2 (18) 8 (21)

HIV RNA, N (%) 40.9 0.8
Undetectable 1 (25) 15 (29) 4 (36) 12 (32)
Detectable 1 (25) 17 (33) 3 (27) 14 (37)
Unknown 2 (50) 19 (37) 4 (36) 12 (32)

ARV status, N (%) 0.4 40.9
On ARV 3 (75) 45 (88) 10 (91) 33 (87)
Off ARV 1 (25) 4 (8) 1 (9) 3 (8)
Unknown 0 (0) 2 (4) 0 (0) 2 (5)

Year of cancer diagnosis,
N (%)

o0.01 0.6 0.2 0.4

2006–2008 0 (0) 4 (8) 1 (9) 3 (8) 5 (33) 30 (25) 14 (31) 17 (20)
2009–2011 0 (0) 9 (18) 2 (18) 5 (13) 10 (67) 70 (59) 25 (56) 53 (63)
2012–2014 0 (0) 29 (57) 7 (64) 19 (50) 0 (0) 19 (16) 6 (13) 14 (17)
2015–Present 4 (100) 9 (18) 1 (9) 11 (29) 0 (0) 0 (0) 0 (0) 0 (0)

Tumour stage, N (%) 0.5 0.01 0.5 0.2
I 0 (0) 11 (22) 6 (55) 4 (11) 1 (7) 10 (8) 3 (7) 7 (8)
II 0 (0) 3 (6) 1 (9) 2 (5) 0 (0) 1 (1) 1 (2) 0 (0)
III 0 (0) 9 (18) 0 (0) 9 (24) 0 (0) 19 (16) 3 (7) 16 (19)
IV 3 (75) 24 (47) 4 (36) 18 (47) 10 (67) 64 (54) 28 (62) 43 (51)
Unknown 1 (25) 4 (8) 0 (0) 5 (13) 4 (26) 25 (21) 10 (22) 18 (22)

Chemotherapy, N (%) 3 (75) 30 (59) 0.6 4 (36) 27 (71) 0.07 11 (73) 89 (75) 0.9 34 (76) 62 (74) 0.8

Radiotherapy, N (%) 0 (0) 23 (45) 0.1 3 (27) 17 (45) 0.5 9 (60) 58 (49) 0.4 23 (51) 42 (50) 0.9

Surgery, N (%) 0 (0) 19 (37) 0.3 7 (64) 11 (29) 0.04 1 (7) 41 (34) 0.03 15 (33) 27 (32) 0.9
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large population-based studies have found evidence of lung cancer
treatment disparities in the setting of HIV infection (Suneja, 2013),
we found similar rates of surgical resection and radiotherapy by HIV
status. Our HIVþ cancer cases were relatively recently collected,
which may explain the similarities in OS and lack of treatment
disparities due to improved HIV disease management and increased
comfort with managing lung cancer in this population by oncologists
and surgeons, particularly in academic centres.

This study’s strengths included its multicentre nature and large
pool of comparator cases that yielded a matched control group.
Our study was limited by a retrospective approach and relatively
small sample size limiting power for comparisons. Because all cases
were identified at large, academic medical centres in the north-
eastern United States, further study is required to determine
whether these results are universally applicable to HIVþ lung
cancer patients.

CONCLUSION

We found no significant differences in the prevalence of EGFR and
KRAS lung adenocarcinoma mutations by HIV status. Prospective
studies implementing more extensive genetic alteration panels may
elucidate the potential differences in lung cancer pathogenesis
associated with HIV infection.
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Figure 1. Overall survival for lung adenocarcinomas by HIV status.
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