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Abstract The epidemiology of lung cancer differs between
men and women. The role of androgens in lung cancer re-
mains unclear. This study was performed to determine if ex-
posure to androgen pathway manipulation (APM) is associat-
ed with greater survival in male patients diagnosed with lung
cancer. Using a retrospective cohort design, all men diagnosed
with lung cancer from January 1, 2004 to December 31, 2010
were identified from the population-based Manitoba Cancer
Registry and Manitoba Health Administrative Databases. In-
formation from the Drug Program Information Network
(DPIN) was used to determine prescriptions filled for
antiandrogens, 5-alpha reductase inhibitors, and
gonadotropin-releasing hormone (GnRH) agonists. Multivar-
iable Cox proportional hazards analysis with time-varying ex-
posure variables was used to compare survival. A total of
3018 men with lung cancer were identified between 2004
and 2010. Of these, 339 (11.5 %) were identified as having

used a form of APM. The majority of patients received 5-
alpha reductase inhibitors. Patients who received APM prior
to the diagnosis of lung cancer had no significant difference in
survival (HR 0.97, p=0.69) compared to those who did not.
Patients exposed to APM after their diagnosis were found to
have a significantly better survival (HR 0.36, p=0.0007), as
were those exposed both before and after diagnosis (HR 0.53,
p<0.0001). In male patients diagnosed with lung cancer, ex-
posure to APM is associated with significantly better survival
when compared with no exposure. The association is only
seen when some or all of the exposure has occurred after the
diagnosis of lung cancer.

Introduction

It is estimated that 20,500 people will have died of lung cancer
in Canada during 2014 [1]. Lung cancer continues to be the
leading cause of cancer-related death; however, differences in
the epidemiology of lung cancer exist between males and
females. The incidence and mortality of lung cancer in males
has been dropping steadily since the 1980s; however, mortal-
ity has only now begun to plateau in Canadian women [1].
The proportion of histological subtypes differs as well,
with adenocarcinoma and bronchioloalveolar carcinoma
being more common among women [2, 3]. There is also
a difference in survival between men and women, with
recent evidence suggesting that female sex is an indepen-
dent good prognostic factor accounting for age, histology,
treatment, and year of diagnosis [2, 4]. These observations
suggest that sex hormones may have a role in lung cancer
pathophysiology.

While lung cancer is not classically thought to be a
hormone-sensitive malignancy, there is data suggesting that
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androgens may have a role in lung cancer pathophysiology.
The androgen receptor (AR) is present in normal human lung,
non-small cell, and small cell lung cancer tissue [5–7]. Testos-
terone has been shown to stimulate the growth of small cell
lung cancer cell lines which express the AR [7]. In AR-
positive murine lung tissue and human non-small cell lung
cancer (NSCLC) cell lines, gene expression is significantly
altered upon exposure to androgens [8]. In particular, genes
involved in oxygen transport and utilization are upregulated,
while genes involved in DNA repair and DNA recombination
are downregulated [8]. Further data from in vitro analyses
indicate a significant growth response to dihydrotestosterone
(DHT) exposure in lung cancer cell lines with an AR-specific
pattern of mRNA expression [9]. Recent work using archival
tissue from 64 patients with stage II/III NSCLC treated with
radiation found that the ARwas expressed in 31% of patients;
however, it was not an independent prognostic factor in this
group [10]. Interestingly, patients with advanced or recurrent
NSCLC treated with the epidermal growth factor receptor
(EGFR) tyrosine kinase inhibitor gefitinib had significantly
lower androgen levels post-treatment, and lower androgen
levels were associated with response to gefitinib in women
[11]. While these findings suggest a possible role of the an-
drogen pathway in the biology of lung cancer, it remains un-
known whether direct manipulation of the pathway may have
an effect on clinical outcomes.

The androgen pathway can be manipulated by a variety of
medications. 5-alpha reductase inhibitors such as finasteride
function by competitively inhibiting 5-alpha reductase, which
is responsible for converting testosterone to DHT [12]. Non-
steroidal antiandrogens, which include bicalutamide,
nilutamide, and flutamide, bind to the androgen receptor itself
and competitively inhibit the action of testosterone and DHT
[13]. Cyproterone acetate is a steroidal antiandrogen, which,
in addition to competitively inhibiting the action of androgens,
also inhibits luteinizing hormone (LH) secretion leading to
decreased testosterone production [13]. The gonadotropin-
releasing hormone (GnRH) agonists include buserelin,
goserelin, and leuprolide. After an initial surge in LH and
testosterone, GnRH receptors are downregulated via negative
feedback, leading to a drop in LH and eventually testosterone
[14]. While other medications such as spironolactone and ke-
toconazole have antiandrogenic properties, this article will
focus on the medications listed above.

Manitoba is a Canadian province with a stable population
of 1.2 million and a publicly funded health care system. Ap-
proximately 800 new cases of lung cancer are diagnosed each
year. All neoplastic diagnoses are recorded in the Manitoba
Cancer Registry (MCR). The Manitoba Health administrative
databases prospectively collect physician claim information
and all outpatient prescription medications dispensed in Man-
itoba. We compiled a cohort of all patients diagnosed with
lung cancer in Manitoba between 2004 and 2010 and

identified those undergoing androgen pathway manipulation
(APM) using information from the administrative data. Using
this population-based cohort, we tested the hypothesis that
exposure to APM will have an impact on survival in males
with lung cancer.

Methods

Data Sources

All neoplastic diagnoses have been collected in the MCR
through a legislated reporting system, since 1956. The MCR
consistently attains the highest standing for cancer registries as
assessed by the North American Association of Central Can-
cer Registries [15]. Manitoba Health is the single entity re-
sponsible for administrating health care in Manitoba, and pro-
spectively maintains a number of administrative datasets, in-
cluding the Drug Program Information Network (DPIN) and a
physician claims database. Beginning in 1984, all citizens of
Manitoba have been assigned a unique Personal Health Iden-
tification Number (PHIN), which allows for the linking of
population-based datasets. DPIN is a point-of-sale electronic
outpatient drug dispensation database that has been in place
since 1995. DPIN tracks all relevant prescription information,
including patient demographics, medication name, date of
dispensation, and dose and quantity of medication. The phy-
sician claims database captures all unique physician interac-
tions that result in a billing event, collected at the time a phy-
sician submits for fee-for-service payment. To protect patient
confidentiality, the linkage in this study was performed, via
scrambled PHINs, using anonymized versions of the above
databases.

Study Population

Using a retrospective cohort study design, we identified all
patients with lung cancer from January 1, 2004 to December
31, 2010, using population-based datasets from the MCR.
Information extracted included age, sex, histological subtype,
stage at diagnosis, date of diagnosis, and date of death. Data
regarding smoking history, asbestos exposure, and previous
occupation were not available.

Data from the Manitoba Health administrative databases
from January 1, 2004 to December 21, 2010 were used to
determine exposure. APM was defined as exposure to
antiandrogens, 5-alpha reductase inhibitors, GnRH agonists,
or bilateral orchiectomy. DPIN was used to determine pre-
scriptions filled for these medications as a measure of expo-
sure to these medications. A significant exposure was defined
as having filled two or more prescriptions for a medication in
one of the above classes. Physician claims data was used to
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determine if the patient received bilateral orchiectomy at any
time since 1984.

Statistical Analysis

Exposure to APM was categorized into mutually exclusive
groups of no exposure, before, after, and both before and after
diagnosis with lung cancer using a time-varying exposure
model. Stage was separated into stages I, II, III, IV, and un-
known/missing. Histological subtypes were categorized as ad-
enocarcinoma, non-adenocarcinoma, and small cell lung
cancer.

Tables of demographics and exposure were constructed.
Univariate Cox regression was used to determine the impact
of age, cancer stage, histology, history of prostate cancer, and
the timing of APM on survival. A multivariable Cox model
with time-varying covariates was constructed to evaluate for
independent effects of APM exposure, age, stage, histology,
and history of prostate cancer on survival. These variables
were considered clinically important to keep in the model
regardless of univariate/stepwise significance during model
construction. Death from any cause was used in the analysis.
Sensitivity analyses were performed on histology and type of
APM exposure. An interaction term was added to assess the
association between exposure time and outcome. Additional
sensitivity analyses were constructed to address the potential
for immortal time bias. This included a landmark analysis,
using a landmark time of 6 month. An immediate time-
varying model was constructed with the current user group
defined as those with a 60-day supply of drug without a 30-

day interruption. Former users were defined as those with a
30-day interruption, taking into account prescription refills.
Non-users were defined as either having no record of a 60-
day drug supply per DPIN, or being a former user for 1 year.

Results

A total of 3018 men with lung cancer were identified between
2004 and 2010 (Table 1). The most common histological sub-
type was non-adenocarcinoma NSCLC, and the majority of
patients identified had stage IV disease. Those exposed to
APM after their diagnosis of lung cancer had a greater propor-
tion of stage I and II disease (60 %) compared to those ex-
posed before diagnosis (16.7 %) or those never exposed
(22.3 %). Patients exposed to APM both before and after their
disease had a high proportion of stage I and II disease, but
more closely resembled the distribution seen in patients with
exposure before diagnosis, or no exposure (31.3 %). In addi-
tion, those exposed after, or before and after diagnosis, had a
high proportion of adenocarcinoma histology (40.0 and
39.1 %, respectively). The proportion of adenocarcinoma
was lower in those exposed either before diagnosis or never
exposed (25.3 and 27.1 %, respectively). Two hundred and
five (6.8 %) patients also had a history of prostate cancer. Of
these, 113 patients were exposed to APM. There were a num-
ber of non-prostate cancer malignancies present in the lung
cancer cohort, the most common being non-melanoma skin
cancer (N=390), colorectal and anal cancers (N=99), bladder

Table 1 Baseline characteristics
by exposure group Before

(N=174)

After

(N=50)

Before and after

(N=115)

Never

(N=2617)

Age (years)

Median 77 72 77 70

Range 49–96 55–94 55–92 20–101

Stage

I 21 (12.1 %) 28 (56.0 %) 30 (26.1 %) 442 (16.9 %)

II 8 (4.6 %) 2 (4.0 %) 6 (5.2 %) 142 (5.4 %)

III 51 (29.3 %) 13 (13.0 %) 30 (26.1 %) 664 (25.4 %)

IV 85 (48.9 %) 5 (5.0 %) 44 (38.2 %) 1247 (47.7 %)

Unknown 9 (5.2 %) 2 (2.0 %) 5 (4.4 %) 122 (4.7 %)

History of prostate ca

Yes 63 (36.2 %) 7 (14.0 %) 39 (33.9 %) 91 (3.5 %)

No 111 (63.8 %) 43 (86.0 %) 76 (66.1 %) 2526 (96.5 %)

Histology

Adeno 44 (25.3 %) 20 (40.0 %) 45 (39.1 %) 710 (27.1 %)

Non-adeno 117 (67.2 %) 29 (58.0 %) 66 (57.4 %) 1653 (63.2 %)

SCLC 13 (7.5 %) 1 (2.0 %) 4 (3.5 %) 254 (9.7 %)
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cancer (N=62), kidney cancer (N=38), and non-Hodgkin’s
lymphoma (N=32).

Of those patients included in the cohort, 339 (11.2 %) were
identified as having exposure to some form of APM. The most
common APM prescription was for the 5-alpha reductase in-
hibitor finasteride (Table 2). Bicalutamide was the most com-
mon antiandrogen prescribed. Among the patients on GnRH
agonists, goserelin and leuprolide were the most frequently
prescribed. Two hundred and fifty six patients were exposed
to either antiandrogens or 5-alpha reductase inhibitors alone, 5
were exposed to GnRH agonists alone, and 60 were exposed
to a combination of an anti-androgen and a GnRH agonist.
Bilateral orchiectomy had occurred in 18 men (5.3 %).

Univariable analysis demonstrated that poor survival was
associated with both increased age and stage at diagnosis.
Patients with adenocarcinoma had better survival than those
with non-adenocarcinoma (HR 0.64, p<0.0001); conversely,
patients with small cell lung cancer (SCLC) had poorer sur-
vival (HR 1.19, p=0.009). There was no difference in survival

in patients with a previous diagnosis of prostate cancer com-
pared with those who did not (HR 1.06, p=0.47). Significant-
ly better survival was seen in patients with lung cancer ex-
posed to APM compared to those with no exposure (Fig. 1). A
statistically significant difference in survival was only seen
when patients were exposed to APM either after (HR 0.37,
p=0.0007) or before and after their diagnosis of lung cancer
(HR 0.60, p<0.0001).

Kaplan-Meier estimates and the log-rank test were used to
compare overall survival in patients with both lung cancer and
prostate cancer who had exposure to APM versus no expo-
sure. There was no statistically significant difference in sur-
vival between these two groups (p=0.23).

In the multivariable analysis, patients with a diagnosis of
lung cancer exposed to APM prior to their diagnosis demon-
strated no statistically significant difference in survival com-
pared to those who did not (HR 0.97, p=0.69) (Table 3). A
significantly greater survival was seen in patients exposed to
APM after their diagnosis (HR 0.36, p=0.0007) or both before
and after their diagnosis (HR 0.53, p<0.0001). To account for
the difference in stage distribution between exposure groups,
the analysis was stratified for stage (Fig. 2). A statistically
significant difference was seen in early stage disease having
been exposed to APM after diagnosis (HR 0.28, p=0.03). In
those exposed before and after, the difference in survival did
not meet statistical significance (HR 0.48, p=0.06). In late
stage disease, a statistically significant difference in survival
was seen in those exposed to APM after diagnosis (HR 0.41,
p=0.02) as well as before and after diagnosis (HR 0.54
p<0.0001). When the impact of time after exposure was ana-
lyzed, it was found that the impact of androgen exposure di-
minished with each year (HR 1.39, p<0.0001) (Table 3). This
was consistent in both early and late stage groups (Table 3).

A sensitivity analysis was performed to estimate the effect
by histology. In adenocarcinoma, significantly greater

Table 2 Number of
patients per medication

a Cells with a number of
<5 were suppressed for
confidentiality

Medication Number

Antiandrogen

Bicalutamide 77

Flutamide 6

Nilutamide –a

Cyproterone acetate 6

GnRH

Buserelin –a

Goserelin 34

Leuprolide 31

5 Alpha reductase inhibitor

Finasteride 214

Dutasteride 38

Fig. 1 Survival with APM
exposure
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survival was seen when exposure to APM occurred both be-
fore and after diagnosis (HR 0.53, p=0.02), or only after di-
agnos is (HR 0.29, p = 0.02) . Pa t ien ts wi th non-
adenocarcinoma histology had a significantly greater survival
when exposure occurred both before and after diagnosis

(HR 0.62, p=0.004), but this association with survival
was not statistically significant for those exposed after the
diagnosis (HR 0.51, 0.06). As SCLC histology was not asso-
ciated with a different survival than non-adenocarcinoma, it
was excluded from this sensitivity analysis.

Table 3 Multivariable analysis stratified by stage

All stages
(N=2956)

Early stage
(N=679)

Late stage
(N=2277)

HR 95 % CI p value HR 95 % CI p value HR 95 % CI p value

APM Use

Never 1.00 1.00 1.00

Before diagnosis 0.97 0.81–1.15 0.69 0.87 0.51–1.48 0.61 0.98 0.82–1.18 0.84

After diagnosis 0.36 0.20–0.65 0.0007 0.28 0.08–0.89 0.03 0.41 0.20–0.85 0.02

Before and after diagnosis 0.53 0.41–0.69 <0.0001 0.48 0.22–1.03 0.06 0.54 0.40–0.71 <0.0001

After time 1.39 1.20–1.61 <0.0001 1.29 1.00–1.65 0.05 1.47 1.17–1.85 0.001

Age (10-year increments) 1.25 1.20–1.30 <0.0001 1.51 1.35–1.72 <0.0001 1.21 1.16–1.27 <0.0001

Stage

I 1.00 1.00

II 1.54 1.23–1.93 0.0002 1.62 1.30–2.04 <0.0001

III 3.35 2.90–3.87 <0.0001 1.00

IV 6.98 6.08–8.02 <0.0001 2.01 1.83–2.21 <0.0001

Unknown/missing 3.45 2.78–4.28 <0.0001 1.08 0.89–1.31 0.46

Histology

Non-adeno 1.00 1.00 1.00

Adeno 0.81 0.73–0.89 <0.0001 0.55 0.44–0.0.69 <0.0001 0.88 0.79–0.97 0.01

SCLC 0.97 0.85–1.11 0.63 0.67 0.27–1.62 0.37 0.99 0.86–1.13 0.86

History of prostate ca

Yes 1.00 1.00 1.00

No 1.00 0.85–1.20 0.91 0.76 0.49–1.19 0.24 1.07 0.89–1.28 0.49

Fig. 2 Early stage versus late
stage
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Sensitivity analysis was also performed with type of APM.
The association of APM exposure and survival was main-
tained in males exposed to 5-alpha reductase inhibitors and
androgen receptor blockers (before: HR 1.13, p=0.18; after:
HR 0.29, p=0.001; before and after: HR 0.53, p<0.0001). Too
few observations were present to evaluate other types of APM
individually.

Using a landmark time of 9 months, the landmark analysis
demonstrated a trend towards improved survival with APM
exposure, but this was not significant (HR 0.79, p=0.20)
(Table 4). Similarly, the immediate time-varying model dem-
onstrated a non-significant trend towards improved survival in
those previously exposed to APM (HR 0.60, p=0.16)
(Table 4). Those on APM at the time of analysis did not dem-
onstrate any difference in survival compared to those with no
exposure (HR 1.00, p=0.98).

Data on cause of death was also analyzed. Of those not
exposed to APM, 1837 (81.8 %) died from lung cancer. In
patients exposed to APM, 213 (79.8%) died from lung cancer,
while only 13 (4.9 %) died from prostate cancer. Other causes
of death, including ischemic heart disease and COPD, were
considerably less frequent.

Discussion

Male patients with lung cancer in Manitoba who were ex-
posed to APM either after or both before and after the diag-
nosis of lung cancer had better overall survival compared with
those who had no exposure, or were only exposed before
diagnosis. Greater survival in the setting of APM exposure
was independent of age, stage, and histology. To our knowl-
edge, this is the first study to demonstrate an association be-
tween APM and greater survival in a lung cancer population.
While lung cancer is not thought of as a hormone-sensitive
malignancy, there is mounting evidence that sex hormones
may play a role in its pathophysiology and patient outcome.

There are several potential mechanisms by which andro-
gens could alter the pathophysiology of lung cancer. The an-
drogen receptor is present in both NSCLC and SCLC tissue
[5–7]. Exposure to androgens alters gene expression profiles
in human NSCLC lines, including those related to cell growth
and apoptosis [8]. Suppression of the androgen pathway may
therefore have a direct effect on lung cancer cell proliferation,
cell survival, or sensitivity to chemotherapy. There is evidence
of cross-talk between AR and the epidermal growth factor
receptor (EGFR), which is known to play a role in lung cancer
pathogenesis [16]. Stimulation of either receptor using DHT
or epidermal growth factor (EGF) can lead to activation of the
p38MAPK-mTOR transduction pathway, which results in cell
proliferation [16]. In addition, selective inhibitors of AR and
EGFR cause a cessation of cell proliferation previously in-
duced by DHTor EGF [16]. The importance of EGFR in lung

cancer has been well established, and the use of EGFR tyro-
sine kinase inhibitors improves progression-free survival in
advanced adenocarcinoma of the lung in which an EGFR gene
mutation is identified [17, 18].

It is important to note that the majority of patients exposed
to APM received a 5-alpha reductase inhibitor, either finaste-
ride or dutasteride. Three isoenzymes of 5-alpha reductase
exist: types 1, 2, and 3. Finasteride inhibits type 2 and 3 5-
alpha reductase, while dutasteride inhibits all three isoen-
zymes [19]. 5-alpha reductase is expressed fairly ubiquitously

Table 4 Sensitivity analysis

HR 95 % CI p value

Landmark analysis

APM use

Unexposed 1.00

Exposed (0–9 months) 1.23 0.70–2.51 0.48

Exposed (9+months) 0.79 0.55–1.13 0.20

Age

0–70 1.00

70+ 1.39 1.23–1.58 <0.0001

Stage

I 1.00

II 1.49 1.15–1.95 0.003

III 2.79 2.34–3.33 <0.0001

IV 4.83 4.03–5.79 <0.0001

Unknown/missing 1.60 1.15–2.22 0.01

Histology

Non-adeno 1.00

Adeno 0.77 0.67–0.0.89 0.0004

SCLC 1.26 1.02–1.54 0.03

History of prostate ca

No 1.00

Yes 1.03 0.80–1.33 0.79

Immediate time-varying model

APM use

Non-user 1.00

Current 0.85 0.69–1.05 0.13

Former 0.65 0.32–1.30 0.22

Age (10-year increments) 1.23 1.19–1.28 <0.0001

Stage

I 1.00

II 1.50 1.15–1.95 0.001

III 3.28 2.34–3.33 <0.0001

IV 6.66 4.03–5.79 <0.0001

Unknown/missing 3.07 1.15–2.22 <0.0001

Histology

Non-adeno 1.00

Adeno 0.82 0.74–0.0.90 <0.0001

SCLC 1.02 0.82–1.16 0.82
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throughout human tissues in adulthood, and the expression
varies depending on the isoenzyme [19]. 5-alpha reductase
type 3 has been identified in both benign and malignant lung
tissue, and has been demonstrated to be overexpressed in lung
adenocarcinoma tissue [20]. While the exact role of 5-alpha
reductase type 3 in lung tissue is unclear, this suggests a mech-
anism by which 5-alpha reductase inhibitors could exert a
protective effect.

It remains possible that the potential effect of APM on
survival may not be related to a lung cancer-specific pathway.
Males have a shorter life expectancy compared to females at
baseline [21], and are known to have an increased risk of death
from cardiovascular disease [22]. Alteration of the hormonal
environment may offer protective effects related to alternate
disease processes. This explanation is less likely as finasteride
given preventatively to men at increased risk of prostate can-
cer has had no impact in survival in previous studies [23].

Although visually there appeared to be a greater survival
difference in survival in patients with early stage disease com-
pared to late stage disease (Fig. 2), the hazard ratios calculated
in the multivariable analysis were similar, suggesting that any
true difference may be small. The idea that patients with early
stage disease may derive benefit from APM does have biolog-
ical basis, however, as there is data suggesting that the andro-
gen receptor could play a role in metastasis via modulation of
cell migration in hepatocellular carcinoma [24]. As many pa-
tients with early stage disease will be candidates for resection,
further study would be required to determine if APM use in
the neoadjuvant or adjuvant setting would improve survival.
The potential use of androgen pathway blockade in late stage
disease is also an important consideration as the medications
studied here have a mild side effect profile compared to cur-
rent options for palliative chemotherapy.

There are several potential reasons why no difference in
survival was seen in patients exposed to APM before the di-
agnosis of lung cancer. It is possible that if APM does have a
protective effect in lung cancer patients, the effect is only
significant when tumor growth is already underway. It is also
possible that any protective effect of APMmay be lost as soon
as treatment is discontinued. Consideration must be given to
the underlying differences in histology and stage between the
exposed before diagnosis group and the exposed after diagno-
sis group, as the underlying characteristics of each group were
not completely balanced.

This study is retrospective in design and therefore causa-
tion cannot be inferred from these results. We used a
population-based dataset to maximize the power of the asso-
ciations and eliminate the influence of referral bias in our
inclusion criteria. The use of the DPIN and the CancerCare
Manitoba database also provides a reliable means of capturing
prescription data for the population. Selection bias for treat-
ment with APM is a potential confounder in this study, and
there were differences in the baseline characteristics of the

three exposure groups. Importantly, the distribution of stage
was skewed towards early stage disease in those exposed be-
fore and after diagnosis, which could clearly lead to better
survival in this groups. Similarly, a greater proportion of pa-
tients in the exposed before diagnosis group and those never
exposed to APM had non-adenocarcinoma histology. This is
also a potential confounder as patients with non-
adenocarcinoma histology had poorer survival. Several steps
were undertaken to account for these underlying differences.
A multivariable Cox regression analysis was used to analyze
the data and provide a measure of overall effect. We then
stratified this analysis into early stage and late stage groups
to remove the potential confounding effect of stage. This did
not qualitatively change the results as a statistically significant
difference was still found in both the early stage group and the
late stage group. Finally, multivariable sensitivity analysis on
histology demonstrated the same qualitative effects of APM
on survival. Pre-existing selection bias is an inherent limita-
tion of retrospective cohort designs, and further prospective
analysis with randomization to different exposure groups
is required to completely eliminate this potential source
of bias.

A proportion of patients with lung cancer also had a diag-
nosis of a second malignancy. It is possible that the second
malignancy could have impacted the performance status and
treatment of the lung cancer patients. There is minimal inter-
action between the standard treatments of lung cancer and the
most common second malignancies identified (prostate, colo-
rectal, renal, lymphoma); therefore, we feel it is unlikely that
these diagnoses would have influenced the selection of lung
cancer treatment. Also, lung cancer was the cause of death for
approximately 80 % of patients in this study regardless of
exposure to APM; therefore, it is unlikely that alternate ma-
lignancies had a significant impact on the survival analysis.

The issue of immortal time bias (ITB) [25] was addressed
by using a multivariable Cox model with time-varying covar-
iates for the primary analysis. This was selected as a primary
analysis because the effect of APM on cancer pathogenesis is
likely to take time, in which case, maintaining consistent ex-
posure groups is important. As an additional sensitivity anal-
ysis, a landmark analysis as well as an immediate time-
varying model were used. While the landmark analysis dem-
onstrated a trend towards longer survival, this was not signif-
icant. This may be related to the loss of statistical power in-
herent to a conditional landmark analysis; however, it is pos-
sible this represents a more accurate method of accounting for
ITB and suggests a smaller or null effect. The immediate time-
varying model demonstrated a non-significant trend towards
greater survival, but only in former users of APM. This model
may be a better representation of the more immediate on/off
effects of APM, and the lack of a significant association sup-
ports the theory that APM exposure has an impact on cancer
pathogenesis and growth over a longer period of time.
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Conclusion

Exposure to APM after a diagnosis of lung cancer is associat-
ed with longer survival in male patients. This study provides
further evidence that sex hormones may play a role in lung
cancer pathophysiology, and that androgens in particular may
have a greater role than previously thought. Our results gen-
erate new hypotheses to be tested, such as determining the
potential mechanism of this effect and determining the clinical
utility of the AR as a biomarker. While androgen receptor
expression has not been linked to prognosis [10], it may help
identify a subgroup of patients who would derive benefit from
APM. Further supporting evidence of a protective effect of
APM in lung cancer could potentially support a randomized
controlled trial of APM in a select group of lung cancer pa-
tients. Validation of the data in a larger population and explo-
ration of tissue bank data for an association between AR ex-
pression and outcomes with APM treatment may improve our
understanding of androgens in lung cancer, but ultimately ran-
domized trials would be necessary to assess the therapeutic
effects of these agents. As we move towards individualized
therapy in oncology, the utilization of APM in specific lung
cancer populations has the potential to be a simple, widely
available, and cost-effective treatment for this disease.
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