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Involved-field Radiation Therapy for Patients with Stage IlI

Non-small-cell Lung Cancer: Early Results

of Hypofractionated Involved-field Radiation Therapy

Katsumaro Kubo!; Hiroshi Kiriu!

ABSTRACT —— Objective. To evaluate the outcomes af-
ter treating patients with stage III non-small-cell lung
cancer (NSCLC) using involved-field radiation therapy
(IFRT) without elective nodal irradiation and to evaluate
the effects of hypofractionated IFRT. Methods. From
December 2004 to November 2015, 51 patients with ad-
vanced NSCLC underwent IFRT. Of these, 45 patients
were enrolled and evaluated. The median age was 69
years (range, 50-89 years), and 42 patients were men and
3 women. Eleven patients (24.4%) presented with adeno-
carcinoma, 30 (66.7%) with squamous cell carcinoma, and
4 (8.9%) with other types. Twenty-four (53.3%) had stage
IITA and 21 (46.7%) had stage IIIB. In patients treated by
conventional IFRT, normal fractionation was used (2
Gy/fraction), and the total prescribed dose ranged from
60 to 66 Gy. In patients treated by hypofractionated
IFRT, 2.5 Gy/fraction was used, and the total prescribed

dose ranged from 65 to 70 Gy. Results. The 1- and 2-year
overall survival rates were 784% and 53.7%, respec-
tively. The 1- and 2-year local control rates were 72.2%
and 57.7%, respectively. The patients in the conven-
tional IFRT group had a l-year local control rate of
61.2% and a 2-year local control rate of 47.6%, while the
patients in the hypofractionated IFRT group achieved
higher local control rates of 87.1% and 72.5%, respec-
tively (P=0.0465). Conclusions. IFRT for patients with
stage III NSCLC is feasible, and the incidence of elective
nodal failure was low. Hypofractionated IFRT may
therefore contribute to improvements in local control
and overall survival.

(JJLC. 2016;56:1003-1011)
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INTRODUCTION

At present, the standard evidence-based treatment for
advanced non-small-cell lung cancer (NSCLC) is concur-
rent chemoradiation. During standard radiotherapy for
NSCLC, elective nodal irradiation (ENI) to the entire me-
diastinum, supraclavicular fossa, and ipsilateral hilum
has been deemed necessary even without evidence of
disease in these areas, owing to anatomical lymphatic
drainage and pathologic information regarding the high
incidence of hilar and mediastinal node metastasis.!
However, the overall survival of patients with stage III
NSCLC remains poor.

Local recurrence is one reason for the poor survival

rate after radiotherapy. A previous study reported that
an improvement in local control leads to increased sur-
vival in locally advanced NSCLC.2 In order to improve
local control without increasing normal tissue toxicity,
involved-field radiation therapy (IFRT) using three-
dimensional conformal radiation therapy techniques for
dose escalation has been considered.?® The rationale
against elective nodal irradiation is the high local recur-
rence rates within the previously irradiated tumor vol-
ume and the high chance of distant metastasis.! We
thought that controlling the gross disease was more im-
portant than treating areas that might harbor micro-
scopic disease. Treating locally advanced NSCLC with

IFRT has generated concern for the increased risk of
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nodal failure in untreated nodal stations, as clinically un-
involved lymph nodes may harbor microscopic disease.
However, many authors have reported that elective
nodal failure (ENF) occurs in fewer than 10% of cases.38
Given these findings, we decided to introduce IFRT for
stage IIT NSCLC at our institution.

In RTOG 0617, Bradley et al. concluded that 74 Gy of
radiation administered in 2-Gy fractions with concurrent
chemotherapy was not better than 60 Gy plus concur-
rent chemotherapy for patients with stage III NSCLC
and might be potentially harmful.l® These findings sug-
gest that dose escalation using normal fractions (2 Gy/
fraction) might be unlikely to improve treatment out-
comes because of the longer treatment duration. Short-
ening the overall treatment duration may instead be
best for improving local control.

The purpose of this study was to evaluate the out-
comes of patients with stage III NSCLC treated with
IFRT and to compare the effects of conventional IFRT
and hypofractionated IFRT.

MATERIALS AND METHODS

Patient eligibility

At Hiroshima City Asa Citizens Hospital, 51 patients
with advanced NSCLC underwent IFRT from Decem-
ber 2004 to November 2015. The eligibility criteria were
locally advanced stage IIIA disease or stage IIIB disease
(excluding malignant pleural effusion, malignant pericar-
dial effusion, or lymphangitic carcinomatosis), histologi-
cally or cytologically confirmed NSCLC, age over 20
years, Eastern Cooperative Oncology Group perform-
ance status of 0-2, and no prior therapy for this malig-
nancy.

Before therapy, all patients were clinically evaluated
with a medical history, physical examination, laboratory
examination, and radiographic studies. The laboratory
examination included a complete blood cell count, liver
function studies, renal function studies, and measure-
ment of electrolytes. The radiographic studies included
chest radiography, thoracic abdominal computed to-
mography (CT), and head magnetic resonance imaging
(MRI). Whole-body fluorodeoxyglucose-positron emis-
sion tomography (FDG-PET) scans were not routinely
performed.

Treatment procedure for IFRT
For treatment planning, three-dimensional (3D) confor-

mal radiation therapy was used for all patients. For 3D

treatment planning, CT (LightSpeed RT; GE, Milwau-
kee, WI, USA) was performed under free-breathing con-
ditions. CT volume data were then transferred to a 3D
treatment planning system (Xio; ELEKTA, Stockholm,
Sweden). A physician delineated the target volume on
the axial CT slices. To determine the target volume, we
delineated the primary tumor and lymph nodes that
measured >1 cm in the short axis as the gross target
volume (GTV). A clinical target volume (CTV) margin of
5 mm was usually added to the GTV. A planned target
volume margin of 812 mm was also usually added,
which included the reproducibility of respiratory motion
and setup error in the CTV. The prescribed dose was
calculated with a heterogeneous dose calculation algo-
rithm (super position). The patients treated with 2 Gy/
fraction were enrolled in the conventional IFRT group
and patients treated with >2 Gy/fraction were enrolled
in the hypofractionated IFRT group. In the patients
treated using conventional IFRT, normal fractionation
was used (2 Gy/fraction), and the total prescribed dose
ranged from 60 to 66 Gy. In the patients treated with hy-
pofractionated IFRT, 2.5 Gy/fraction was used, and the
total prescribed dose ranged from 65 to 70 Gy. Treat-
ment was delivered using 6-10 MV photons from the lin-
ear accelerator. The volumes of lung tissue receiving a
dose =20 Gy (lung V20) and esophagus tissue receiving
a dose =50 Gy (esophagus V50) were kept to a mini-
mum, since these parameters predict the risk of radia-
tion pneumonitis and esophagitis.!1

Chemotherapy

Thirty-four patients (75.6%) were administered chemo-
therapy. The basic regimen was weekly carboplatin
(area under the curve [AUC], 2.0) plus paclitaxel (40 mg/
m?) or cisplatin (80 mg/m?) plus vinorelbine (25 mg/m?
per day on days 1 and 8). Nineteen patients received car-
boplatin plus paclitaxel concurrently with IFRT. Eight
patients received cisplatin plus vinorelbine concur-
rently. Six patients received S-1 because platinum was
inadequate for their age and/or due to complications.
Eleven patients (24.4%) did not undergo chemotherapy
because of the presence of various comorbidities and/or
advanced age.

Evaluation

The tumor response rate was analyzed according to the
Response Evaluation Criteria in Solid Tumors (RECIST)
guidelines. We also evaluated the adverse effects, espe-

cially radiation pneumonitis and esophagitis, using Com-

1004 Japanese Journal of Lung Cancer—Vol 56, No 7, Dec 20, 2016—www.haigan.gr.jp



Involved-field Radiation Therapy for Patients with Advanced Non-small-cell Lung Cancer—Kubo et al

Table 1. Clinical Characteristics of NSCLC Patients
Conventional IFRT Hypofractionated IFRT P
Gender 0.2478
Male 20 22
Female 3 0
Age, years (median) 50-89 (75) 57-81 (68) 0.2725
Histology 0.9662
Adenocarcinoma 6 5
Squamous cell carcinoma 15 15
Others 2 2
TNM Stage 0.0982
A 9 15
B 14 7
T factor 0.3409
1 3 1
2 4 6
3 4 7
4 12 7
Unknown 0 1
N factor 0.3761
0 5 4
1 2 3
2 7 11
3 9 4
Tumor position 0.7003
Left upper lobe 7 5
Left lower lobe 1 2
Right upper lobe 10 11
Right lower lobe 5 3
Unknown 0 1
EGFR mutation 05717
+ 1 1
- 3 1
Unknown 2 3
ALK (+) 0 0

There were no significant differences in the patients’ characteristics between the two

treatment groups.

mon Terminology Criteria for Adverse Events
(CTCAE) version 4.0. In-field and out-of-field recur-
rences were assessed using varying combinations of ra-
diological assessment. Local recurrence was defined as
an increase in the rate of radiologic abnormalities within
the irradiated volume that was not considered to be
radiation-induced scarring or radiation pneumonitis.
ENF was defined as recurrence in any lymph node re-
gion that was initially uninvolved, regardless of the pres-
ence of local failure or distant metastasis.

Follow-up

Patients were followed up at regular intervals, usually
every 3-6 months for the first 1-3 years after treatment

and then every 6-12 months after 3 years if the patient

had no evidence of recurrence. The follow-up evaluation
routinely included a physical examination, chest radiog-
raphy, and blood tests. CT scans of the thorax and abdo-
men were performed every 3-6 months.

Statistical methods

Univariate analyses using the Mantel-Haenszel y? test
were performed to determine the statistical significance
of differences in responses. The Kaplan-Meier method
was used to calculate the overall survival and local con-

trol rates. Statistical significance was defined as P<<0.05.

RESULTS

Patient characteristics
Fifty-one patients with advanced NSCLC underwent
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Table 2. Details of Treatment

Three-dimensional treatment planning

System
Dose calculation algorithm

Dose

Xio
super position

Conventional IFRT
60-66 Gy/30-33 fractions (median 60 Gy)
Hypofractionated IFRT
65-70 Gy/26-28 fractions (median 65 Gy)
72 Gy/30 fractions
60 Gy/20 fractions

Concurrent Chemotherapy

Conventional IFRT

24 patients

14 patients
6 patients
2 patients

Hypofractionated IFRT P=0.1850

Weekly carboplatin + paclitaxel
Cisplatin + vinorelbine

Other

None or S-1

7 patients
6 patients
0 patients
10 patients

12 patients
2 patients
1 patient
7 patients

There were no significant differences in concurrent chemotherapy between the two treatment groups.
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2 years 57.7%
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Figure 1. Local control in 45 patients with stage IIl non-small-cell lung cancer

after involved-field radiation therapy.

IFRT from December 2004 to November 2015. Among
these, 45 patients were ultimately enrolled and evalu-
ated. Six patients were excluded for the following rea-
sons: 1 patient changed hospitals immediately after the
treatment, and 5 had their dose prescription changed
from 2 to 2.5 Gy/fraction during the treatment period.
The patients’ clinical characteristics are summarized

in Table 1. There were no significant differences in the

clinical characteristics of the two groups. The median
age was 69 years (range, 50-89 years), and 42 patients
were men and 3 women. Eleven patients (24.4%) pre-
sented with adenocarcinoma, 30 (66.7%) with squamous
cell carcinoma, and 4 (8.9%) with other types. Twenty-
four (53.3%) had stage IIIA, and 21 (46.7%) had stage IIIB
disease. The details of their treatments are shown in Ta-
ble 2.
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Figure 2. Comparison of local control in 22 patients with stage III non-small-cell lung cancer
after hypofractionated involved-field radiation therapy and in 23 patients after conventional

involved-field radiation therapy.

Table 3. Pattern of First Failure

Patients (n=45)

Number (%)
None 23
Local recurrence 7
Local recurrence and ENF* 2
Local recurrence and distant 2
Local recurrence, ENF* and distant 0
ENF* only without local recurrence and distant 1 2.2)
ENF* and distant 1
Distant only without local recurrence and ENF* 9

*ENF: elective nodal failure.

Local control rate and the pattern of first failure

The follow-up duration at the time of evaluation ranged
from 2 to 103 months (median 14 months). The 1- and 2-
year local control rates were 72.2% and 57.7%, respec-
tively (Figure 1). The patients in the conventional IFRT
group had a 1-year local control rate of 61.2% and a 2-
year local control rate of 47.6%, while the patients in the
hypofractionated IFRT group achieved higher local con-
trol rates of 87.1% and 72.5%, respectively (P =0.0465,
Figure 2). The patterns of first failure are shown in Ta-
ble 3. Of the 45 patients, disease recurrence was re-

corded in 22 patients. Local recurrence occurred in 11
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patients (24.4%), distant metastases in 12 patients
(26.7%), and ENF in 4 patients (8.9%). ENF alone was ob-
served in 1 patient (2.2%).

Overall survival

The 1- and 2-year overall survival rates were 78.4% and
53.7%, respectively (Figure 3). The patients in the con-
ventional IFRT group had a 1-year overall survival rate
of 727% and a 2-year overall survival rate of 44.8%,
while patients in the hypofractionated IFRT group
tended to have a higher overall survival rate (86.6% and
72.2%, respectively; P=0.0681, Figure 4).
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Figure 3. Overall survival in 45 patients with stage Il non-small-cell lung can-
cer after involved-field radiation therapy.
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Figure 4. Comparison of the overall survival in 22 patients with stage IIl non-small-cell lung
cancer after hypofractionated involved-field radiation therapy and in 23 patients after conven-

tional involved-field radiation therapy.

Treatment-related toxicities

Grade 1 radiation pneumonitis was detected in 26 pa-
tients (57.8%), grade 2 in 11 patients (24.4%), and grade 3
in 3 patients (6.7%). Grade 2 or worse radiation pneu-
monitis was observed in 7 patients treated with conven-

tional IFRT and in 7 patients with hypofractionated

1008

IFRT, respectively. Grade 1 radiation esophagitis was
detected in 6 patients (13.3%) and grade 2 radiation
esophagitis in 12 patients (26.7%), with no patients show-
ing higher than grade 3 radiation esophagitis. Grade 2
radiation esophagitis was observed in 7 patients treated

with conventional IFRT and in 5 patients with hypofrac-
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Table 4. Details of the Treatment Toxicity and DVH Analysis

Toxicity Conventional IFRT Hypofractionated IFRT P
Radiation pneumonitis
Grade 2 4 7 04361
Grade 3 3 0 0.2478
Lung V20 14.5-44.0 (median 21.2) 13.6-48.7 (median 20.5) 05418
Radiation esophagitis
Grade 1 2 4 0.6191
Grade 2 7 5 0.8047
Esophagitis V50 0-42.0 (median 16.8) 0.7-39.3 (median 15.1) 0.6275
DVH, dose volume histogram.
Table 5. Prognostic Factors on a Univariate Analysis
Proenostic factor 2-year overall survival UVA 2-year local control  UVA
g (%) P (%) P
Age, years <75 76.2 0.0053* 63.6 0.2109
>75 129 480
T factor <T3 504 0.7758 46,5 09701
T4 486 60.1
N factor <N2 58.9 0.6209 67.7 0.0827
N3 489 278
TNM stage mA 55.5 0.6695 738 0.1238
mB 49.3 393
Chemotherapy Intravenous chemotherapy 76.7 0.0198* 57.7 0.7890
None or S-1 36.0 60.8
Radiotherapy Conventional IFRT 448 0.0681 476 0.0465*
Hypofractionated IFRT 72.3 725
UVA, univariate analysis.
*P<0.05.
Table 6. Summary of Involved-field Radiation Therapy for Non-small-cell Lung Cancer
Author Nué?tlilgﬁ{s()f Concurrent Local control rate Overall survival rate 211310an2 Esophagitis Pneumonitis
(year) sta%e 1B (’%) radiotherapy + chemotherapy (% @ years) (% @ years) %) Grade 3/4  Grade 3/4
Yuan 100 68-74 Gy/34-37 fractions 59% @ 2 years 39.4% @ 2 years 70 1% 4%
(2007) 39 (39%) CBDCA +PTX 51% @ 5 years 251% @ 5 years ° ° °
Matsuura 10 62.5 Gy/25-28 fractions 2 -
(2009) 9 (90%) CBDCA +PTX 45% @ 2 years 437% @ 2 years 0% 0% 0%
Fe(%al%‘)ies 48 00-68 Cy 031 lractions  596% @ 2 years  437% @ 2years  125%  188% 16.7%
Kimura 50 60-70 Gy/30-35 fractions
(2010) 30 (60%) CBDCA +DTX 58.4% @ 2 years 65.3% @ 2 years 8.2% 8% 0%
Chen 45 38-74 Gy/19-37 fractions 2
(2013) 30 (67%) CBDCA +PTX 62.9% @ 2 years 36.6% @ 3 years 44% 0% 44%
This study 45 60-72 Gy/20-33 fractions 2
(2016) 21 (47%) CBDCA + PTX 57.7% @ 2 years 53.7% @ 2 years 2.2% 0% 6.7%

CBDCA, carboplatin; PTX, paclitaxel; CDDP, cisplatin; DTX, docetaxel; ETP, etoposide; ENF, elective nodal failure.

tionated IFRT, respectively. A dose volume histogram tween the two groups. The details of toxicity are sum-
analysis showed that there were no significant differ- marized in Table 4.

ences in the volume of lung V20 and esophagus V50 be-
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Prognostic factors

Table 5 shows the results of univariate analyses for the
overall and local control rates. Age (<75 years) and che-
motherapy (intravenous chemotherapy) were significant
predictive factors of a longer overall survival duration in
the univariate analysis (P=0.0053 and 0.0198, respec-
tively). Although no significant differences were noted
between the two groups, radiotherapy (hypofraction-
ated IFRT) tended to lead to superior overall survival (P
=0.0681). In addition, radiotherapy (hypofractionated
IFRT) was a significant predictor of the local control
rate (P=0.0465).

DISCUSSION

Concurrent chemoradiation is the standard of care for
unresectable stage III NSCLC, but the overall survival
remains poor because of the high local and distant recur-
rence rates. Dose escalation is one way to improve the
local control rate and survival. Yuan et al5 concluded
that patients treated with IFRT achieved a better over-
all response and local control rate than patients treated
with ENI, and IFRT allowed for a dose of 68 to 74 Gy to
be safely administered to patients with inoperable stage
IIT NSCLC. Several studies of IFRT for patients with lo-
cally advanced NSCLC reported better treatment out-
comes than traditional chemoradiation studies.!215 Table
6 lists the results of IFRT studies for locally advanced
NSCLC. However, in the RTOG 0617 study, Bradley et
al. concluded that 74 Gy of radiation administered in 2-
Gy fractions with concurrent chemotherapy was not
better than 60 Gy plus concurrent chemotherapy for pa-
tients with stage III NSCLC and might be potentially
harmful.l® We therefore do not feel that dose escalation
for patients with stage III NSCLC is inappropriate, but
dose escalation using normal fractions (2 Gy /fraction)
might be unlikely to improve treatment outcomes be-
cause of the longer treatment duration.

Matsuura et al3 reported that the 1-, 2-, and 3-year
overall survival rates for NSCLC with hypofractionated
IFRT were 90.0%, 58.3%, and 43.8%, respectively. Their
treatment consisted of IFRT in fractions of 2.5 Gy for a
median total dose of 65 Gy with weekly carboplatin plus
paclitaxel. They concluded that hypofractionated IFRT
with weekly carboplatin plus paclitaxel was a feasible
treatment regimen. In our study, the 1- and 2-year over-
all survival rates were 78.4% and 53.7%, respectively. In

the 22 patients in the hypofractionated IFRT group, the

1- and 2-year overall survival rates were 86.6% and
72.2%, respectively, and the 1- and 2-year local control
rates were 72.2% and 57.7%, respectively. The patients
in the conventional IFRT group had a l-year local con-
trol rate of 61.2% and a 2-year local control rate of 47.6%,
while the patients in the hypofractionated IFRT group
achieved a higher local control rate of 87.1% and 72.5%,
respectively (P=0.0465). Therefore, IFRT and hypofrac-
tionation may contribute to improvement in local con-
trol and overall survival.

The usefulness of the IFRT technique for advanced
NSCLC, whether ENI is necessary or not, is controver-
sial. Many authors have reported that ENF occurs in
fewer than 10% of cases.3® Kimura et al. concluded that
a high dose of incidental irradiation may contribute to a
low incidence of ENF in patients who have received
IFRT# In our study, ENF was observed in 4 patients
(8.9%), and ENF alone was observed in 1 patient (2.2%).
Compared to other reports, this was not inferior.

Several studies of ENI have reported that grade 3/4
radiation esophagitis occurred in 20-30% of the pa-
tients.13-15 Studies of IFRT have reported that grade 3/4
radiation esophagitis occurred in 0-20% of the patients.38
In our study, the incidence of radiation esophagitis was
grade 2 in 12 patients (26.7%), with no patients showing
higher than grade 3 radiation esophagitis. The incidence
of radiation pneumonitis was grade 2 in 11 patients
(24.4%) and grade 3 in 3 patients (6.7%). These results

are highly consistent with those of other reports.
CONCLUSION

IFRT for patients with stage III NSCLC is feasible, and
the incidence of ENF was low. Our study was limited by
a relatively short follow-up in patients treated with hy-
pofractionated IFRT. However, hypofractionated IFRT
may help improve the local control and overall survival

rates.
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