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Background: The preferred management of patients with unresectable locally advanced non-small cell
lung cancer (LA-NSCLC) is concurrent chemo-radiotherapy (CRT). Acute CRT-related toxicities are well
defined, however, less is known about late toxicities. The aim of the study was to examine the outcomes and
late toxicities in Stage III NSCLC treated with CRT.

Methods: A retrospective review of the data from patients with stage III NSCLC treated with CRT was
performed between May 2000 and June 2010. Demographics, tumour and treatment characteristics, toxicities
and survival data were examined from hospital records of the patients. Progression free survival (PFS) and
overall survival (OS) were evaluated by standard Kaplan-Meier survival curves. The censor date was set on
31 October 2016.

Results: Sixty-three patients were identified with a median age of 66.6 years [interquartile range (IQR)
57.2-72.1], two-third (n=41, 65.1%) were male, majority were current or ex-smokers (n=52, 82.5%),
42 (66.7%) patients had stage IIIB disease and 21 (33.3%) had stage IIIA disease. The most common
histologic subtype was adenocarcinoma 30 (47.6%). The median PFS and OS of the whole population
was 10.6 months (95% CI, 4.1-17.3 months) and 21 months (95% CI, 12.7-29.3 months) respectively.
The 5-year OS rates for stage IITA and IIIB were 24% and 16% respectively. The 1-, 3- and 5-year OS
rates for all patients were 63.5%, 46% and 18.7% respectively. Acute grade 3 and 4 toxicities included
28 haematological and 17 non-haematological events. The incidence of late toxicities was 58.9%.
Thirty-three events of late grade 3 and 4 toxicities were recorded. The most common late toxicity was
symptomatic radiation-induced pulmonary fibrosis (39.3%), others include ototoxicity (7.1%), persistent
dysphagia (7.1%) and one case of acute myeloid leukaemia. All patients that were alive at the censor
date had developed radiation-induced fibrosis with associated symptoms of respiratory insufficiency.
Conclusions: The 5-year OS of patients with stage III NSCLC treated with CRT was in keeping with
survival figures reported from prospective clinical trials. There is, however, significant morbidity associated

with long-term survival and this should be taken into account when making informed treatment decisions.
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Introduction

Non-small cell lung cancer (NSCLC) is the fourth most
common cancer diagnosed in Australia, and the leading
cause of cancer related death in both males and females (1).
About 35% of patients present with unresectable locally
advanced NSCLC (LA-NSCLC) (2) and treatment options
include radiotherapy alone; sequential (3-6) or concurrent
chemo-radiotherapy (CRT) (7,8).

Platinum-based chemotherapy has been extensively
studied in combination with radiation therapy for localised
unresectable NSCLC. Older regimens include MVP
(mitomycin C, vindesine and cisplatin) (9-11), cisplatin/
vinblastine (12,13), and cisplatin/etoposide (14), newer
agents include cisplatin/taxanes (15), cisplatin/gemcitabine
(16,17), and platinum/irinotecan (18).

There is limited data on late toxicities and clinical
outcomes of survivors in patients with stage III NSCLC
treated with CRT. The meta-analysis of CRT in LA-
NSCLC confirmed the lack of data on late toxicity(8).

This retrospective study was aimed to explore the
clinical outcomes of LA-NSCLC treated with CRT in our
institution over a 10-year period with particular focus on
late toxicities.

Methods

Patients diagnosed between May 2000 and June 2010,
with stage III NSCLC, treated with CRT at Flinders
Medical Centre and Flinders Private Hospital, South
Australia, were included in this retrospective analysis.
Patients were identified using the relevant International
Classification of Diseases (ICD-9) codes (C34.0, C34.1,
C34.2, C34.3, C34.8, C34.9) from inpatient and outpatient
encounters through the Department of Medical Oncology
and South Australia Central Cancer Registry. Data was
collected on demographic information, treatment received,
acute and late toxicity (graded according to common
terminology criteria for adverse events version 3.0) (19),
(radiological response according to RECIST criteria)
(20,21), date of diagnosis, and date of death. Staging
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was defined according to the TNM classification system
(7" version) (22). Late toxicities were defined as those first
developed more than 6 months after the last chemotherapy
and or radiation treatment dose. This analysis was taken as a
quality assurance project and did not require ethics approval
from institutional ethics committee.

Statistical analysis

Data were analysed using STATA version 13.0 (Stata
Corp. 2013, College Station, Texas, USA). Means and
standard deviation (SD) were calculated for continuous
data. Proportions were presented as percentages of the
respective denominator (n). Median and interquartile range
(IQR) were also calculated for skewed data, progression free
survival (PFS) for each patient was calculated from the start
of therapy to first evidence of cancer progression. Patients
who died before radiological confirmation of disease
progression were recorded as having a date of progression
as their date of death. Overall survival (OS) for each patient
was calculated from the date of the start of treatment to the
date of death as recorded in the national death registry or
date of last follow up. Both PFES and OS were evaluated by
standard Kaplan-Meier survival curves.

The data was censored on 31 October 2016. The
incidence rates of acute and late toxicities were calculated.

Results

Sixty-three patients with stage III NSCLC were identified
who received CRT between May 2000 and June 2010. The
median age for the cohort was 66.6 years, (IQR 57.2-72.1)
and majority of the patients were males (65.1%). The
majority of patients were current or ex-smokers (n=52;
82.5%). Twenty-one (33.3%) patients had stage IIIA, while
42 (66.7%) had stage IIIB NSCLC. Thirty (47.6%) patients
had adenocarcinoma, followed by large cell carcinoma
18 (28.6%), squamous cell carcinoma 12 (19%), and
other histology 3 (4.8%). The patient demographics are
summarized in 7Table 1.
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Table 1 Patient characteristics (N=63)

Patient characteristics N (%)
Male 41 (65.1)
Female 22 (34.9)

Age, median (IQR) 66.6 (57.2-72.1)

Smoking status

Never 7(11.1)
Ex-smoker 37 (568.7)
Current smoker 15 (23.8)
Unknown 4 (6.3)
Histology
Adenocarcinoma 30 (47.6)
Large cell 18 (28.6)
Squamous 12 (19.0)
Other 3(4.8)
Stage
A 21(33.3)
1B 42 (66.7)
Chemotherapy regimen
Cisplatin/etoposide 40 (63.5)
Cisplatin/vinblastine 12 (19.0)
Carboplatin/paclitaxel 4 (6.3)
Cisplatin/vinorelbine 3(4.8)
Docetaxel 3(4.8)
Docetaxel/celecoxib 1(1.6)

IQR, interquartile range. (75th percentile-25th percentile).

During the first 5-year period, from 2000 to 2005,
20 patients were treated with concurrent CRT and from
2006 to 2010, 43 patients were treated with concurrent CRT.
Chemotherapy regimens varied considerably through the
decade, with the majority of patients receiving platinum-
based doublet chemotherapy (93.6%). The most commonly
used regimen was cisplatin/etoposide in 40 (63.5%) patients,
followed by cisplatin/vinblastine in 12 (19%) patients.
Docetaxel as monotherapy was used in 3 (4.8%) patients
between 2003 and 2006. One patient was treated in a
clinical trial with the addition of celecoxib to docetaxel.
These regimens are summarized in Table 1.

The radiation dose received by 61 (93.8%) patients was
60 Gray (Gy) in 30 fractions five days per week. A three-
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Figure 1 Median overall survival in months for overall population.

Table 2 Median progression free and overall survival by stage

(months)

Progression free survival Overall survival

Stage

Month 95% Cl Month 95% Cl
I 10.6 4.1-17.3 21 12.7-29.3
A 11 2.6-19.3 27 13.6-40.3
1B 8 0-16.9 19.2 7.4-30.9

field technique was most commonly used with a V20
(amount of normal lung receiving 20 Gy or more) under
30% and mean lung doses under 18 Gy achieved in the
majority of patients. A V20 of up to 33% was accepted in a
very small number of patients. Spinal cord dose was allowed
up to a maximum of 46 Gy. Elective nodal irradiation was
abandoned in 2009 and treatment of gross disease with a
1 to 1.5 cm margin to clinical target volume and a further
1 cm margin to planning target volume. Image matching
was done with weekly portal films. Two patients did not
complete their full radiotherapy dose due to CRT-related
toxicity. Two patients were treated with lower doses (50 Gy
in 25 fractions) due to underlying co-morbidities.

The median follow-up period was 26 months. The
minimum follow-up period from date of entry into the series
of the last surviving patient was 6 years. Median OS for
all stages was 21 months (95% CI, 12.7-29.3 months) (see
Figure 1). Patients with stage IIIA and stage IIIB disease
had a median OS of 27 months (95% CI, 13.6-40.3 months)
and 19.2 months (95% CI, 7.4-30.9 months), respectively
(see Table 2). The estimated 1-, 3- and 5-year survival rate
for all stages were 63.5%, 46% and 18.7% respectively.
The estimated 5-year survival rate for stages IIIA and IIIB
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Figure 2 Median PFS in months for overall population. PFS,

progression free survival.

Table 3 Frequency of acute toxicities®

Grade Events (incidence rate)
Haematological 30 (47.6)

3 11 (17.5)

4 19 (30.2)
Non-haematological 21 (33.3)

3 20 (31.7)

4 1(1.6)
Total events 51

*, any toxicity (Grade 3 or 4) occurring during or <6 months from
date of last treatment with chemo-radiation.

disease was 24% and 16%, respectively.

For all stages, median PFS was 10.6 months (95% CI,
4.1-17.3 months) (Figure 2). The median PFS for stages
ITIA and IIIB was 11 months (95% CI, 2.6-19.3 months)
and 8 months (95% CI, 0-16.9 months) respectively (see
Table 2).

The incidence of acute grade 3 and 4 toxicities was
33.3% non-hematological and 47.6% hematological
(Table 3). The most common acute grade 4 toxicities were
neutropenia (19%), febrile neutropenia (6.3%), and oral
mucositis (1.6%). There was one treatment-related death
from a radiation-induced broncho-aortic fistula resulting in
acute hemorrhage. One patient was diagnosed with stage
IIT colon cancer within 6 months of completing CRT and
subsequently died of metastatic colon cancer. One patient
died from metastatic breast cancer; the diagnosis of early
breast cancer preceded the NSCLC.

The incidence of late toxicities in 56 recipients alive at
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Table 4 Incidence rate of late toxicities

Late toxicities* No of events (%)

Cough’ 1(1.8)
Dysphagia 4(7.1)
Neuropathy 1(1.8)
Ototoxicity 4(7.1)
Radiation fibrosis 22 (39.3)
Secondary cancer® 1(1.8)
Total no 33 (58.9)

*, late toxicity: any toxicity that developed >6 months after the
date of last treatment with chemotherapy and or radiation; #
patient developed acute myeloid leukaemia; *, cough related to
radiation induced pulmonary fibrosis.

6 months was 58.9% (51.8% in stage IIIB as compared to
7.1% in stage IITA). The results are summarized in Table 4.
Specific toxicity grades were not available for these events;
identification was dependent on the treating physician’s
documentation. Common delayed toxicities included
radiation fibrosis (39.3%), ototoxicity (7.1%) and persistent
dysphagia (7.1%).

The event rate (death) on census date was 93.7%
(59 patients). Thirty-three patients (52.4%) died of NSCLC
progression and 1.6% (1 patient) died of a second cancer.

Four patients (6.3%) were alive as at 31" October 2016
and all of them had radiographic features of ongoing late
radiation pneumonitis including pleural effusion. Only
2 patients (out of 4) had persistent symptoms however
these symptoms did not require any treatment. In these
patients, tumour recurrence was excluded by use of serial
CT imaging, diagnostic pleural aspiration and PET scans.
One patient was diagnosed with concurrent idiopathic
pulmonary fibrosis, and had treatment with dexamethasone
plus domiciliary oxygen.

Symptomatic pericardial effusion (grade 3) due to
disease progression was recorded in 1 patient and required
pericardiocentesis. Atrial fibrillation (grade 2) was noted
in 2 patients and one patient developed congestive cardiac
failure (grade 2) in the setting of obstructive sleep apnoea
and chronic obstructive pulmonary disease. One patient
developed idiopathic dilated cardiomyopathy (grade 3)
approximately 11 years after finishing CRT. One patient
developed ST segment elevation myocardial infarction
in the setting of baseline cardiac risk factors 3 years after
completing CRT. Overall in all these patients attribution
of cardiac events to CRT was difficult to determine in
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the presence of cardiac risk factors and other potential
etiologies.

Less frequent toxicities included one case of peripheral
neuropathy; a case of secondary malignancy, acute myeloid
leukemia (AML), in a patient treated with cisplatin/
etoposide, who had received a cumulative etoposide dose
of 500 mg/m’. The leukemia was diagnosed two years after
completion of concurrent CRT and cytogenetic studies
revealed t(8; 21)(q22; q22) translocation.

Discussion

This retrospective review of patients with stage III
NSCLC treated with CRT revealed a high incidence
(58.9%) of late toxicity. There is limited data on late
toxicity after CRT in unresectable NSCLC patients.
Horinouchi et al. (23) reported grade 1-5 late pulmonary
toxicity in 36% of patients following completion of
concurrent cisplatin/vinorelbine chemotherapy and
radiation therapy (majority received 60 Gy in 30 fractions).
This included a 4% incidence of death due to pulmonary
toxicity. We report a 39.3% incidence of radiation
fibrosis; this is similar to the outcomes reported by
Horinouchi et 4/l. (23). However Rakovitch et 4/. (24) and
Rowell et al. (25) reported no significant increase in the risk
of acute pneumonitis in their published data respectively.
One factor that may have contributed to the late pulmonary
toxicity was the use of two-dimensional radiation therapy in
our centre from 2000-2006. Three-dimensional conformal
radiation therapy was used from 2007 onwards. A second
potential factor was the application of elective nodal
radiation from 2000 to 2008, resulting in larger radiation
fields. This was considered standard practice during that
treatment period. Radiation techniques have improved since
the year 2000. The use of intensity modulated radiation
therapy, routine use of positron emission tomography for
planning and four-dimensional CT are expected to reduce
radiation fibrosis significantly. In our series, 2 patients
developed chronic pleural effusion, with no evidence of
recurrence of malignancy on cytological assessment of
pleural fluid and they remained free of cancer recurrence
with long-term follow-up.

Radiation esophagitis is a frequent acute complication of
CRT in NSCLC but there is limited data on late symptoms
of radiation esophagitis. Our data show a low rate of late
radiation induced dysphagia of 7.1% (Table 4). These
patients reported persistent dysphagia beyond 6 months
after completion of CRT. This is similar to reports in
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published literature (24,25). The shift from sequential to
concurrent chemotherapy has seen a substantial increase
in the rate of acute grade 3 to 4 esophagitis, from 4% to
18% (8). A review of 4 randomized controlled trials in CRT
for LA-NSCLC found at least grade 1 radiation esophagitis
in 95% of patients. Grade 3 or higher grades were seen
in 19% of patients in the first month of treatment, and
33% by the third month, and 2% beyond 3 months (26).
The difference in toxicity rates could be due to limitations
of retrospective data collection, which is not a sensitive
tool for grade 1 and 2 toxicities, but better at grade
3 or greater. As noted previously, radiation therapy
techniques have improved since the period of treatment
of this study, and more modern techniques reduce
the dose of radiation delivered to the oesophagus,
minimising toxicities to this area.

The platinum-based chemotherapy agent cisplatin
causes irreversible sensorineural hearing loss in 20—
40% of patients (27). We identified 4 (7.1%) cases of
ototoxicity, although audiometry was not routinely
performed. Ototoxicity has been shown to occur in 33%
of patients following a single administration of cisplatin at
50 mg/m’, with manifestations including hearing
loss, tinnitus, otalgia and vestibular disorders (28-30).
Rademaker-Lakhai ez 4/. identified patient factors predictive
of ototoxicity, which included pre-existing hearing loss,
age and renal impairment. Treatment factors predictive
of otoxicity were dose >60 mg/m’, and 2-weekly versus
weekly administration. A poor correlation between clinical
grading of ototoxicity and audiometry-based assessment
was noted (31). To manage the risk of ototoxicity,
consideration should be given to monitoring audiometry
through treatment, with a switch to lower dose weekly
scheduling in the event of early high incidence hearing loss.

Hematological malignancy, particularly AML, is a well
described consequence of exposure to cytotoxic therapy,
especially with etoposide, a topoisomerase II inhibitor,
where risk is related to the cumulative dose administered. In
those exposed to topoisomerase II inhibitors, the incidence
of AML is between 2% and 12%, with a mean latency of
2 years. We report an incidence of 1.8% of AML in
our study cohort. The most common chromosomal
translocation in chemotherapy associated AML is #(11:23),
however #(3;21), inv (16), #(8;16), t(15;17), £(9;22) and
£(8;21) have been seen less frequently (32). In our series, a
patient treated with cisplatin/etoposide and RT developed
AML with translocation #(8;21) (422;¢22) 24 months
after treatment. Given the infrequent rate of secondary
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malignancies, there is little epidemiological data about these
complications in patients treated with CRT. Ratain ez 4/. (33)
described 4 cases of AML at 13, 19, 28 and 35 months after
treatment with etoposide-based combination chemotherapy
in patients with NSCLC. Although rare, AML may be a
serious complication of etoposide-based CRT.

The absolute survival benefit of concurrent CRT in
LA-NSCLC is well known in the literature. The 2 and
5 years absolute survival benefit of 4% and 2.2% compared
to sequential CRT was reported in the meta-analysis by
Aupérin er al. (8). The estimated 5 year survival rate of
18.7% in our patient population is similar to the published
retrospective data from New South Wales (Australia) by
Spina et al. (34) who reported a 17% estimated 5 year
survival rate.

Long-term survival is achievable and is a principal
treatment goal in the management of stage III NSCLC.
The majority of patients, however, do not survive long
term and further research is needed to improve patient
outcomes. The optimal treatment strategy for inoperable
stage IIT NSCLC now incorporates immune therapy as a
consolidation treatment for 1 year after the completion of
CRT (35). Our series predates the use of immune therapy.
Nevertheless, it is reassuring to see long-term survival
approximates that observed from prospective randomised
clinical trials of CRT alone. We anticipate further survival
benefit will be achieved through the addition of immune
therapy in current day routine clinical practice.

Incidence of radiotherapy related cardiac adverse events
have been reported to be approximately 33% in patients
with NSCLC (36). Due to the retrospective nature of the
study, documentation of cardiotoxicity related to CRT
was limited. Six cardiac events were recorded in the study
population and none of these were directly attributed to the
previous chemoradiotherapy.

This study reports on the late toxicities following CRT
in stage III NSCLC, an often under reported outcome in
clinical trials. The major limitations in this study include
retrospective nature of the data analysed, incomplete
documentation of toxicity data, a small sample size, and
limited data on cardiotoxicity outcomes following CRT.
There is need to establish more robust databases on long-
term outcomes of cancer survivors. ‘Real world experience’
data can capture long-term clinical outcomes, acute and
late effects on organs at risk (lung, heart, spinal cord,
and oesophagus) and treatment details following disease
progression. There is also a need to measure quality of life
effects, especially following multi-modality approach.
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Conclusions

Long term survival is an achievable goal when treating
inoperable stage III NSCLC with CRT. A high proportion
of long-term survivors, however, experience late toxicities,
particularly respiratory insufficiency secondary to radiation
fibrosis. These late toxicities could impact on quality of life
and need to be factored into clinical decision-making.
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