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Objective: To evaluate the clinical efficacy and safety of
simultaneous integrated boost intensity-modulated radio-
therapy (SIB-IMRT) for patients with locally advanced
non-small-cell lung cancer (LANSCLC).

Methods: 48 patients with LANSCLC treated with SIB-
IMRT from January 2010 to April 2012 were retrospectively
analysed. A radiation dose of 45-63Gy (median dose,
51.58Gy) was delivered to the planning target volume
(1.8-2.0 Gy daily fractions) simultaneously with 55.0-74.2 Gy
(median dose, 63 Gy) to the planning gross tumour volume
(2.00-2.25Gy daily fractions). 45 patients received
concurrent/sequential chemotherapy. The overall survival
(OS), locoregional recurrence-free survival (LRFS) and
progression-free survival (PFS) were estimated using the
Kaplan-Meier method. Treatment-related pneumonitis and
oesophagitis were graded according to the Common
Terminology Criteria for Adverse Events v. 4.0.

The true value of radiotherapy confined to the thorax is
indisputable in the treatment of locally advanced non-small-
cell lung cancer (LANSCLC). However, even with standard
chemoradiation, it is difficult to achieve durable local con-
trol, and this contributes to the high morbidity and mor-
tality of patients with non-small-cell lung cancer (NSCLC)."
Despite a demonstrated positive association between the
radiation dose and tumour control, results of the Radiation
Therapy Oncology Group (RTOG) 0617 clinical (Phase III)
trial showed that the overall survival (OS) of Stage III
NSCLC patients given high-dose (74 Gy) conformal radia-
tion therapy with concurrent chemotherapy was no better
than that of patients given the standard dose (60 Gy).

The unpublished data showed that the higher dose
had no further effects on improving the OS during the
RTOG 0617 trial, and the reason still remained unclear,

Results: By 1 July 2013, 29 of the 48 patients were dead.
The median follow-up time for the survivors was
28 months (19-44 months). The median OS and PFS
were 21 and 14 months, respectively. The median LRFS
time was not reached. The 2-year LRFS, OS and
PFS were 62.5%, 45.1% and 28.0%, respectively. Two
patients experienced Grade 3 treatment-related pneu-
monitis, two patients experienced Grade 5 treatment-
related pneumonitis and two patients had =Grade 3
oesophagitis.

Conclusion: SIB-IMRT appears to be an effective thera-
peutic option in patients with LANSCLC and warrants
further evaluation with increased number of patients in
prospective clinical trials.

Advances in knowledge: This study explores the feasi-
bility of delivering tumoricidal doses of radiation to
primary lesions in non-small-cell lung cancer.

the radiation-induced decline in quality of life may be
responsible for this.* Thus, researchers turned their at-
tention to focus on better ways of delivering radiation to
tumours, while sparing surrounding normal structures.
Initially, the radiation dose applied to the gross tumour
was identical to that directed at targeted nodal areas, but logic
suggests that the dose required to control subclinical lesions
should be lower than that of the primary disease.

Simultaneous integrated boost (SIB) is a recent modality
applied in conjunction with intensity-modulated radiotherapy
(IMRT) in the treatment of malignancies.5 % Simultaneous
integrated boost—intensity-modulated radiotherapy (SIB-
IMRT) simultaneously delivers a higher dose to the pri-
mary disease and a relatively lower dose to the subclinical
disease or selected other regions. However, outcomes for
SIB-IMRT in LANSCLC remain to be determined.
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Herein, we retrospectively analysed clinical outcomes of patients
with LANSCLC treated with SIB-IMRT to evaluate the feasibility
of this technology and to provide evidence in support of future
clinical study.

METHODS AND MATERIALS

Study patients

The medical records of all NSCLC patients who received definitive
SIB-IMRT from 1 January 2010 to 31 April 2012 at our centre were
reviewed. Inclusion criteria were the presence of newly diagnosed
and pathologically confirmed NSCLC, treatment with SIB-IMRT
with or without chemotherapy, Karnofsky performance status
score =70 (capable of normal activity) and life expectancy of more
than 6 months. Patients who received postoperative radiotherapy;,
prior thoracic radiation or thoracic surgery, or had other coexisting
primary tumours or distant metastasis were excluded. The In-
stitutional Review Board of the Tianjin Medical University Cancer
Institute and Hospital (Tianjin, China) approved this study.

The pre-treatment work-up included complete history, physical
examination, basic laboratory studies, CT scan of the chest and
abdomen with contrast, single-photon emission CT scan of bone
and head CT scan or MRI. TNM staging was defined at the time
of pathological diagnosis using the current American Joint
Committee on Cancer criteria (seventh edition).

Treatment planning

Simulation CT scanning was conducted using helical CT, a 3-mm
slice thickness (CT Brilliance; Philips Medical Systems, Best,
Netherlands) and intravenous contrast. All patients were immo-
bilized in a supine position (with a thermoplastic mask on the
chest) during simulation and radiotherapy. The scanned area was
from the angulus mandibulae to the bottom of the L1 vertebral body.
These images were transferred to a three-dimensional (3D) planning
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system (ADAC Pinnacle® 8.0m’; Philips Medical Systems, Bothell,
WA). The primary tumour was delineated using a lung window.
Mediastinal windows were used for delineation of the medial border
of centrally located primaries, the involved lymph nodes and adja-
cent normal organs. A radiation resident conducted the contouring,
which was verified by a chief radiation oncologist.

Gross tumour volume was defined as any visible primary lesions
on simulation CT, and all lymph nodes with a diameter =1 cm
in short axis were included. Clinical target volume was defined
as the high-risk lymph nodal regions, including adjacent regions
of involved lymph nodes (e.g. 2 left (L), 5, and 7 would be
included in the clinical target volume if 4L was involved), and
the ipsilateral hilar in accordance with the new lymph node map
of the International Association for the Study of Lung Cancer,
including the gross tumour volume with a 0.5-0.8 cm margin.
Another 0.5-0.8 cm margin was added to create the planning
target volume (PTV). The gross PTV was formed by including a
0.5-cm margin around the gross tumour volume (PTV().

Treatments were designed using computerized radiation do-
simetry and delivered by 6 MV X-rays from a Varian 120-leaf
multileaf collimator linear accelerator (Varian® Medical Systems,
Palo Alto, CA). Each patient received individualized doses
according to normal tissue constraints (for more details, see
below), concurrent chemotherapy (total dose and dose fraction
would be reduced when concurrent chemotherapy was used),
pulmonary function and Karnofsky performance status (higher
total dose and dose fraction would be provided for patients with
better pulmonary function and Karnofsky performance status).
In addition under the above conditions, the PTVg of each pa-
tient was given a dose as high as possible. The final dose and
dose fractions were decided by each patient’s attending radiation
oncologists. The prescribed radiation dose was 45-63 Gy (median

Figure 1. Representative simultaneous integrated boost intensity-modulated radiotherapy with 66 Gy to the gross tumour volume
(PTVe). (a) Representative dose distributions. PTV ling, field receiving 6600 cGy; planning target volume (PTV) line, field receiving
5940 cGy. (b) Dose-volume histogram. Norm, normal.
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dose, 51.58 Gy) to the PTV at 1.8-2 Gy per day and 55-74.2 Gy
(median dose, 63 Gy) to the PTV at 2-2.25 Gy per day and was
delivered to =95% of the PTV or PTVg, respectively. A repre-
sentative dose distribution using SIB-IMRT with 66 Gy to the
PTVg is shown in Figure 1.

Each treatment plan consisted of five static fields with the fol-
lowing normal tissue constraints: (1) total lung, V5 (i.e. the
percentage of lung volume receiving =5 Gy) was =60% and V20
was =35%; (2) the volume of heart receiving =40 Gy was
=30%; (3) the volume of oesophagus receiving =50 Gy was
=50%, the maximum dose to the oesophagus was =66 Gy; and
(4) the maximum spinal cord dose was =45 Gy. The V20 of the
total lung and the dose to the spinal cord were determinative for
plan ranking and acceptance, whereas the heart and oesophageal
dose—volume parameters were reported but were only decisive
for plan acceptance when violated.

Follow-up and toxicity assessment

The follow-up schedule began from the time of first treatment. The
last follow-up was 1 July 2013. Follow-up examinations every
3 months included basic laboratory studies, liver and renal function
tests, chest CT and abdomen B-ultrasound. Examinations were
performed immediately when symptoms were observed. Patterns
of the first failure were recorded for patients who suffered pro-
gression of the disease. Treatment-related pneumonitis and oeso-
phagitis were scored according to the Common Terminology
Criteria for Adverse Events (CTCAE) v. 4.0 grade.

Statistical analyses

The clinical end points of this study were survival rates [OS,
locoregional recurrence-free survival (LRFS) and progression-free
survival (PFS)] and toxicities due to treatment (pneumonitis and
oesophagitis). Locoregional failures included recurrences of pri-
mary tumour or regional lymph node, which were diagnosed based
on CT or positron emission tomography images. Regional lymph
nodes included those from the supraclavicular to the mediastinal
lymph node stations. Survival was defined as starting from the date
of pathological diagnosis and ending at death of the patient or
censored at the date of last follow-up (if the patient was still alive).
Patients who were censored at the last follow-up were considered
censored for the OS rate. Patients who censored at the last follow-up,
or died without evidence of locoregional recurrence or progression,
were considered censored for the LRFS or PFS rates. Survival
probabilities were determined using the Kaplan—Meier method.

The curative effect was evaluated in accordance with guidelines
for evaluating response to treatment in solid tumours published
collectively by several international health agencies in the year 2000.”

RESULTS

Patient population and treatment

48 patients with inoperable NSCLC and treated with SIB-IMRT
were enrolled in the present study (Table 1). All patients were in
locally advanced stages of the disease (20 with Stage IIla and
28 with Stage IIIb).

Most of the patients (93.8%) received 2-8 cycles of platinum-
based chemotherapy and 24 (50.0%) received concurrent
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chemoradiotherapy. The most commonly used regimens were
paclitaxel plus platinum and docetaxel plus platinum. The
actual dose to PTVg was =60 Gy in 40 patients (83.3%) and
55-60 Gy in 8 patients (16.7%).

Clinical outcomes

The complete plus partial response and stable plus progressive
disease rates of primary tumours at 3 months post-radiotherapy
were 64.6% and 31.3%, respectively, with no records in two patients
(4.2%).

The median duration of follow-up was 19.5 months (range,
6-44 months) for all patients and 28 months (range, 1944 months)
for the survivors. At last follow-up, 22.9% of all patients were alive
with no evidence of recurrence, 16.7% were alive with recurrence
and 52.1% died from recurrence or associated causes. The rest
(8.3%) died due to other causes.

The median LRFS was not reached, whereas the median OS and
PFS were 21 and 14 months, respectively. The 2-year LRFS, OS
and PFS were 62.5%, 45.1% and 28.0%, respectively (Figure 2).

31 patients (64.6%) experienced recurrence. In 13 patients
(27.1%), locoregional recurrence was found, and 17 patients
(35.4%) showed distant metastasis. Of the 13 patients who had
locoregional recurrence, 1 suffered regional lymph node failure,
which was located outside the PTV, 1 had elective nodal failure
inside the PTV and 11 had recurrence of the primary tumour.
Disease recurred in both a locoregional and a distant site in the one
remaining patient.

Toxicity
Four (8.3%) and two (4.2%) patients experienced severe (grade =3)
treatment-related pneumonitis and oesophagitis, respectively
(Table 2).

DISCUSSION

Despite various efforts during the past few decades, local control
and OS after radiation therapy remains relatively poor and un-
changed for patients with LANSCLC. Our results suggest that it
may be feasible to escalate the radiation dose to the gross tumour,
while delivering a relatively lower dose to the subclinical lesions. To
the best of our knowledge, the present study is among the few
clinical reports of treatment outcome for the use of SIB-IMRT in
LANSCLC. Some researchers® '’ simultaneously delivered a higher
dose per fraction to the primary disease and a relatively lower dose
to the subclinical disease or selected other regions by using 3D
conformal radiotherapy (3DCRT), and the clinical results showed
this regimen was feasible. Compared with published data,"'"'* our
results showed a relatively longer median survival time
(21 months) for locally advanced Stage III NSCLC, although only
a portion of the patients received concurrent chemoradiotherapy.
The reasons were unclear; we believe that the relatively good LRFS
that benefited from the high doses of radiation may be responsible
for this, which need to be determined in the future studies.

Treatment failure in LANSCLC still occurs locally, despite admin-
istration of chemoradiation as the standard of care. Theoretically,
higher doses of radiation applied to tumours should improve the
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Table 1. Demographics and clinicopathological characteristics of 48 patients

K Ji et al

Characteristics %

Age

Median, range (years) 58, 43-82
Gender

Male 37 77.1

female 11 229
Smoking history (pack years)”

Never 15 31.3

1-20 6 12.5

21-40 10 20.8

41-60 9 18.8

>60 8 16.7
Karnofsky performance status

60 2 4.2

70 7 14.6

80 23 47.9

90 16 339
Disease stage

IITa 20 41.7

I1Ib 28 58.3
Tumour histology

Squamous cell carcinoma 31 64.6

Adenocarcinoma 10 20.8

Not specified 7 14.6
Tumour location

Left upper lobe 12 25.0

Left lower lobe 7 14.6

Right upper lobe 14 29.2

Right mid-lobe 5 10.4

Right lower lobe 10 20.8
Tumour location

Peripheral 16 333

Central 32 66.7
Treatment choice

RT alone 3 6.3

RT + adjuvant chemotherapy 1 2.1

Concurrent chemoradiotherapy alone 0 0.0

Concurrent + adjuvant chemotherapy 5 10.4

Induction chemotherapy + RT 9 18.8

Induction + RT + adjuvant chemotherapy 11 22.9

Induction + concurrent chemotherapy 12 25.0

(Continued)
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Table 1. (Continued)

Characteristics

Induction + concurrent + adjuvant chemotherapy

7 14.6

Target volume median, range (cm?)

PTV

438.3, 204.9-1116.2

PTVg

131.0, 10.9-509.2

Treatment dose median, range (Gy)

PTV 51.58, 45.0-63.0
PTVg 63.0, 55.0-74.2

PTVg dose (Gy)
55-59 8 16.7
60—-64 20 41.7
65-69 16 333
=70 4 8.3

PTV, planning target volume; PTVg, gross tumour volume; RT, radiation therapy.

?n denotes the number of patients, unless otherwise indicated.
51 pack year = smoking 20 cigarettes per day for 1 year.

tumour control rate, and studies have confirmed this. For example,
a radiation dose escalation study found a positive association be-
tween tumour control and higher radiation dose, with control rates
of 12%, 35% and 49% for radiation doses 63—69, 74-84 and
92-103 Gy, respectively.” However, the result of the RTOG 0617
clinical trial showed that escalating the dose to 74 Gy from the
standard 60 Gy did not improve survival in patients with Stages
Ia/Illb NSCLC.” Although the actual reasons for the unexpected
results of the latter remains unclear, radiation-induced decline in
quality of life with the high dose delivered to the PTV might ac-
count for this.* Thus, safely applying and escalating the radiation
doses to the targets, while sparing and decreasing the doses to the
normal adjacent organs may be the key to improving the thera-
peutic outcome in NSCLC.

A dosimetric study found that, compared with the standard
treatment plan, the use of SIB in patients with unresectable
stage IIIa/IIIb NSCLC enabled a median dose escalation of
14.7 Gy (22%) to the target tumour, whereas there were no

Figure 2. Overall survival (OS), locoregional recurrence-free
survival (LRFS) and progression-free survival (PFS) curves for
48 locally advanced non-small-cell lung cancer patients who
received simultaneous integrated boost intensity-modulated
radiotherapy.
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significant changes in doses to critical structures."” In the present
study, most patients were given =60 Gy to the PTV;, the median
biological effective dose (a/f=10) was 757Gy (range,
67.1-89.9 Gy) and the equivalent dose in 2-Gy fractions was
63.1 Gy (55.9-74.9 Gy). With the optimal local control and the
lower frequency use of concurrent chemotherapy in the study,
we might have reason to believe that high doses of radiation could
benefit the LRFS even without the use of concurrent chemo-
radiation. However, more studies are required to confirm this.

Some studies found that, when using 3DCRT without elective
nodal irradiation (ENI), the elective nodal failure rate was low.
This could be due to incidental radiation on the clinically un-
involved nodal regions."*™'® However, the amount of incidental
radiation delivered to non-targeted elective nodes might be dif-
ferent in IMRT and may be a factor in the rate of elective nodal
failure. Furthermore, in low-dose areas, regional recurrence
still occurs.'”® In our study, the elective nodal regions received
radiation therapy preventatively with tolerable doses to normal
adjacent organs. Therefore, elective nodal radiation of selected
very-high-risk regions is standard when IMRT is used in our
medical centre. We found that where ENI was used, elective nodal
failure in the PTV occurred in only one patient. This may imply
that the relatively lower doses of radiation delivered to elective
nodal regions could be sufficient to control subclinical lesions
when SIB-IMRT is used, although many factors can bias this.

Considering the prevalence and potential lethality of treatment-
related pneumonitis, it may be an important treatment-related
toxicity in the treatment of patients with lung cancer. In this study,
we did not observe severe lung complications compared with other
studies that used 3DCRT or IMRT,'*** and we believed that SIB-
IMRT is safe for the treatment of LANSCLC. However, as late
responses were highly correlated with fraction size,”* the high-
fraction doses delivered by SIB-IMRT could potentially cause more
toxicity than with standard fractionated radiation. Therefore, late
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Table 2. Pneumonitis and oesophagitis incidence rates
o CTCAE v. 4.0 grade
Toxicity
0-1 2 3 4 5
Pneumonitis, #n, % 38, 79.2% 6, 12.5% 2, 4.2% 0, 0% 2, 4.2%
Oesophagitis, 1, % 42, 87.5% 4, 8.3% 2, 4.2% 0, 0% 0, 0.0%

CTCAE v. 4.0, Common Terminology Criteria for Adverse Events v. 4.0.

complications (such as pulmenary fibrosis) have to be carefully
followed in this study.

Because of the inherent flaws in a retrospective study, confounding
variables may exist that were not accounted for in this study.
Moreover, because the patients were not prospectively followed up,
selection bias and loss to follow-up might contribute to an un-
derestimation of the recurrence rates, death rates and treatment-
related pneumonitis and oesophagitis. We did not perform
positron emission tomography-CT for lymph node staging and
four-dimensional CT examinations in our study, which might
have influenced clinical outcomes, although most of the primary
tumours were located in the upper or middle lobes or belonged
to the central type. Despite the above limitations, because there
is little data available concerning the use of SIB-IMRT in
NSCLC, we believe that the present study provides an intriguing
justification for future study in treatments of LANSCLC.

In conclusion, our study shows that SIB-IMRT can safely increase
the radiation dose to the gross tumour volume in patients with
LANSCLC, while maintaining tolerable doses to adjacent organs,
and it has a low elective nodal failure rate. We believe that our
results should, at the very least, encourage further evaluations of
the therapeutic efficacy of SIB-IMRT in NSCLC patients in future
prospective clinical trials.
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