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a b s t r a c t

Background: Nitroglycerin, a nitric oxide donor agent, reduces the expression of hypoxia-inducible
factor-1a (HIF-1a) and could be a normalizer of the tumor microenvironment. Both factors are associated
with chemo-radio-resistance. The aim of this study was to determine the safety profile and efficacy of
nitroglycerin administration with chemo-radiotherapy in patients with locally advanced non-small cell
lung cancer (NSCLC).
Methods: This is a phase II trial of locally advanced NSCLC patients treated with cisplatin and vinorelbine
plus concurrent nitroglycerin with radiotherapy. A 25-mg NTG patch was administered to the patients for
5 days (1 day before and 4 days after chemotherapy induction and consolidation) and all day during
chemo-radiotherapy. VEGF plasmatic level was determined before and after two cycles of chemotherapy.
Results: Thirty-five patients were enrolled in this trial. Sixty-three percent of patients achieved an overall
response after induction of chemotherapy, and 75% achieved an overall response after chemo-radiotherapy.
The median progression-free survival was 13.5 months (95% CI, 8.8–18.2), and the median overall
survival was 26.9 months (95% CI, 15.3–38.5). Reduction of VEGF level was associated with better OS.
The toxicity profile related to nitroglycerin included headache (20%) and hypotension (2.9%).
Conclusions: The addition of nitroglycerin to induction chemotherapy and concurrent chemoradiother-
apy in patients with locally advanced NSCLC has an acceptable toxicity profile and supports the possibil-
ity to add nitroglycerin to chemotherapy and radiotherapy. A randomized trial is warranted to confirm
these findings.

� 2014 Elsevier Ireland Ltd. All rights reserved. Radiotherapy and Oncology xxx (2014) xxx–xxx

Lung cancer is the leading cause of death from cancer world-
wide, including Mexico [1,2], with most cases diagnosed in
advanced stages. The standard treatment for locally advanced
non-small cell lung cancer (NSCLC) is concurrent chemoradiation
(C-RT) with conventional fractionation [3]. This approach was sup-
ported, according to several studies (including a meta-analysis),
because chemotherapy (CT) added to radiotherapy (RT) produces
a 4% absolute 2-year survival benefit [4]. The prognosis of patients
with locally advanced NSCLC is poor, with a median survival of
14–17 months and a 3-year survival of approximately 25% [5].
However, in a recent study that evaluated different doses of
radiotherapy (RTOG 0617), the overall survival reached
28.7 months in the standard dose arm [6]. The search for new
modalities of treatment that may improve the outcome in this
group of patients is important [7,8]. Additionally, different drugs

like cetuximab, have been found to enhance the effect of
radiotherapy in an experimental model, however, these have failed
to demonstrate benefit in results of clinical trial [9].

Organic nitrates, such as nitroglycerin (NTG), act through the
liberation of nitric oxide (NO), producing vasodilation and increas-
ing blood flow, and the biological effect of NO is dependent on its
concentration at the site of action, which in turn decreases hypoxia
[10]. Several studies have shown that NO reduces the expression of
the hypoxia-inducible factor-1a (HIF-1a) [11], which is associated
with both chemo and radio-resistance [12]. In addition, tumor tis-
sue has a low oxygen tension [13,14], a condition that promotes
the activation and stabilization of HIF-1a; this, in turn, activates
transcription factors such as vascular endothelial growth factor
(VEGF), which promotes angiogenesis, erythropoiesis, cellular
growth, and metastasis [15]. Recent studies have demonstrated
that anti-VEGF therapy can normalize the organization of tumor
blood vessels by adjusting the structure and function of the vascu-
lature network [16]. NO promotes HIF-1a proteasomal degradation
by the activation of HIF prolyl hydroxylase and HIF asparaginyl
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hydroxylase. HIF-1a degradation followed by a decrease in VEGF
improves the delivery of anticancer drugs through vascular nor-
malization and alteration of the oncotic pressure gradient.

In addition, NTG application, which has been shown to increase
vascular flow and drug delivery in hypoxic tissue, may favor the
penetration of chemotherapy in tumor tissue and potentially
improve their cytotoxic effect [17–19]. Moreover, it was previously
reported that NO donors can increase the response to radiotherapy
[20,21] (RT) and chemotherapy (CT) [12,22].

The aim of this study was to evaluate the efficacy and safety
profile of NTG administered concurrently with C-RT to patients
with locally advanced NSCLC.

Materials and methods

Patient selection

This is a prospective, non-randomized, phase II trial of patients
with locally advanced NSCLC. Patients with confirmed NSCLC in
stages IIIA and IIIB according to the American Joint Committee
on Cancer (AJCC) 2007 criteria were eligible for participation in
the study. Before 2008, patients were staged using computed
tomography, bone scanning and MRI. Thereafter, patients were
staged using PET–CT and MRI. Inclusion criteria comprised an East-
ern Cooperative Oncology Group (ECOG) performance status of 0–
2, no prior cytotoxic chemotherapy (CT) or radiotherapy (RT) for
NSCLC, aged 18 years or older, adequate laboratory measurements,
measurable disease according to Response Evaluation Criteria in
Solid Tumors (RECIST), and a life expectancy >12 weeks. The study
protocol was approved by the Institutional Scientific and Bioethics
Committees (INCAN/CC/162/08) and is registered at www.clinical-
trials.gov (number NCT00886405).

Induction chemotherapy, concurrent chemoradiotherapy and
consolidation chemotherapy

The treatment plan consisted of two cycles of induction CT; in
the absence of progression, patients were treated with concurrent
C-RT and two cycles of consolidation CT (a total of 6 cycles of che-
motherapy). Every CT cycle consisted of 25 mg/m2 vinorelbine on
days 1 and 8 and 70 mg/m2 of cisplatin on day 1 every 21 days.

All patients received conformal 3D treatment using a linear
accelerator with 6 and 15 MV, and the treatment plans were per-
formed on the ECLIPSE™ (Varian™) treatment planning system.
The GTV considered all gross disease (primary tumor and positive
mediastinal nodes). A 6-mm margin and an 8-mm margin were
used for squamous cell carcinoma and adenocarcinoma, respec-
tively, to create the CTV, and a 1-cm margin was added to create
the PTV. The GTV was created from the postchemotherapy volume
in most cases because using the pre-chemotherapy volume would
result in very large treatment volumes. Because we used 3D treat-
ment plans, all of the patients were treated using 4–6 fields, always
maintaining the cord dose below 46 Gy. The dose to the primary
tumor was 60 Gy on average. Lower doses were 58 Gy, higher
doses were 63 Gy, and the dose to the positive mediastinal nodes
was 54 Gy. The dose constraint goals were as follows: total lung
V20 below 37% and V5 below 60%. The mean contralateral lung
dose was maintained below 8 Gy. This was accomplished in all
patients. Patients with T4N2 lesions were deemed to have stage
IIIB disease. In these cases, only the ipsilateral nodes were treated.
In all cases, we used between 4 and 6 fields to maintain the cord
dose below 46 Gy, but the dose to the mediastinal lymph nodes
was increased to 54 Gy in most cases. All patients were treated
with the same tecnic during all the recruitment phase.

After completing the treatment scheme, all of the patients were
reevaluated by a multidisciplinary team; those with an objective

response, adequate lung function, and residual tumor were candi-
dates for surgical treatment.

Nitroglycerin administration

NTG transdermal patches (25 mg daily) are widely and safely
used in the treatment of coronary arterial disease and heart failure.
Therefore, we used 25 mg NTG transdermal patch daily. NTG was
used for 5 days (1 day before and 4 days after CT) in every CT cycle
(induction and consolidation) and daily during concurrent C-RT.
NSAIDs were used in the presence of NTG headache. Patients with
severe headache (grade 3) NTG were suspended.

Toxicity, response evaluation and follow up

Patients were evaluated every three weeks during induction
and consolidation chemotherapy and every week during concur-
rent C-RT. All toxic events were recorded according to the Common
Toxicity Criteria for Adverse Events (CTCAE) ver. 3. Six weeks after
completion of a treatment, computed tomography or PET/CT was
performed. Response evaluation was performed according to the
RECIST criteria. After the treatment plan, all the patients were fol-
lowed clinically and with laboratory testing every 6 weeks. Com-
puted tomography was performed every twelve weeks during the
first 3 years of follow up. Patients who presented clinical deteriora-
tion underwent computed tomography.

VEGF plasma measurement levels

Blood samples were taken before and after 2 cycles of chemo-
therapy. These were performed using the enzyme-linked immuno-
sorbent assay (ELISA) method with the INVITROGEN� KHG0111
Kit. All the samples were incubated with the anti-VEGF antibody
previously attached to the plates. VEGF present in the plasma of
the patient and control samples, and controls were conjugated
with the antibody, followed by the addition of the biotin-streptavidin
horseradish peroxidase (HRP) complex. Samples were measured at
450-nm absorbance level.

Statistical analysis

The null hypothesis for this study assumed a 2-year actuarial
overall survival (OS) rate of 30% (based on the 2-year survival rates
for stage IIIA/IIIB patients in SWOG 8805) [23]. The study had a sin-
gle-stage trial design and was powered at 80% (two-tailed test,
alpha = 0.05) to detect a 2-year OS rate of 55%. This required 30
patients, assuming an accrual over 2 years with a 1-year follow-
up. The progression-free survival (PFS) and OS were analyzed using
the Kaplan–Meier method, whereas comparisons among sub-
groups were analyzed using the log-rank or Breslow tests, if the
two survival curves crossed. The significance value was set at a p
value less than or equal to 0.05. The SPSS ver. 17 software package
(SPSS, Inc., Chicago, IL, USA) was employed for data analysis.

Results

From November 2006 to May 2011, 35 patients were enrolled in
this trial. The median follow up was 18.9 months (SD ± 15.5
months). The mean age was 59.9 years (SD ± 10.9 years), 51.6% of
patients were males, and 68.6% of patients were smokers. The
ECOG performance status was 0 in 22.9%, 1 in 65.7%, and 2 in
11.4% of patients. Histopathology was adenocarcinoma in 68.6%,
squamous cell carcinoma in 17.1%, and undifferentiated carcinoma
in 14.3% of patients. The stage distribution was IIIA in 57.1% and
IIIB in 42.9% of patients. Seven (20%) patients were staged using
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