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Purpose: Following surgery for early stage non-small-cell lung cancer (NSCLC), de novo
pulmonary tumors are common. This study aimed to assess the efficacy, patterns of failure,
and toxicity of stereotactic body radiotherapy (SBRT) in the treatment of de novo pulmonary
tumors following curative resection of early stage NSCLC.

Patients and methods: We reviewed the medical data of patients who had received defini-
tive intent SBRT for small lung cancer at Zhongshan Hospital, Fudan University, between June
2011 and December 2017. Patients who had experienced complete resection for prior early stage
NSCLC before SBRT were identified for further analysis. Incidences of locoregional recurrence
(LR) and distant metastasis (DM) were evaluated using the alternative cumulative incidence com-
peting risk method. The probability of survival was estimated using the Kaplan—Meier method.
Results: A total of 33 patients with 36 lesions were eligible and included in this study. The
median follow-up time was 32 months. Estimated incidences of LR and DM were 37.62% and
15.92%, respectively, at 1 year and 48.02% and 21.23%, respectively, at 2 years. The progression-
free survival and overall survival of all patients were 62.40% and 90.30%, respectively, at 1
year and 52.00% and 69.90%, respectively, at 2 years. In all, 26 patients experienced grade 1
SBRT-related toxicity, 11 patients experienced grade 2 SBRT-related toxicity, and three patients
experienced grade 3 toxicity. There were no grade 4/5 toxicities or SBRT-related deaths during
the follow-up period.

Conclusion: SBRT appears to be a safe and potentially effective alternative therapeutic option
for de novo pulmonary tumors following early stage NSCLC radical resection, despite impaired
pulmonary reserve.

Keywords: stereotactic body radiotherapy, de novo pulmonary tumors, surgical resection,
clinical outcomes

Introduction

Lung cancer is one of the leading causes of cancer worldwide. Non-small-cell lung
cancer (NSCLC) is the most common type of lung cancer, representing ~85% of all
cases.! Surgery is the preferred treatment modality for patients with resectable NSCLC
and results in 5-year overall survival (OS) rates ranging from 24% to 73%.? Extended
survival outcomes after curative resection of early stage NSCLC come with an increased
risk for development of novel pulmonary tumors, which are associated with a particu-
larly poor prognosis.*”’ Surgical resection remains the preferred modality for those
patients who developed pulmonary tumors following curative resection and has yielded
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considerable survival achievement;”!" however, a large
proportion of cases are not suited for repeated pulmonary
resection due to inadequate postoperative pulmonary reserve,
and there are few other options for further treatment.'>'

Stereotactic body radiotherapy (SBRT), also known
as stereotactic ablative radiotherapy (SABR), has been
recommended as a standard alternative treatment to sur-
gery for early stage NSCLC patients who are not surgical
candidates. This type of radiotherapy (RT) has been shown
to achieve local control rates (LCRs) comparable to those
seen with radical resection in multiple prospective trials.'>2
Moreover, SBRT yields better clinical outcomes for early
stage NSCLC than conventional fractionated RT.%"2*?! In
addition, several reports support the efficacy of SBRT for
multiple primary lung cancers (MPLCs).!%!722 However,
the efficacy and safety of SBRT in patients with de novo
pulmonary tumors after lung resection remain unclear. The
pulmonary reserve of this patient population is impaired,
which limits the ability of these patients to tolerate further
antitumor therapy. Therefore, we conducted this retro-
spective study to evaluate our experience regarding the
therapeutic effectiveness, feasibility, and safety of SBRT
for de novo pulmonary tumors in patients with completely
resected early stage NSCLC.

Patients and methods

Patient population

A review was conducted of the medical data of patients who
had received definitive intent SBRT for small lung cancer
between June 2011 and December 2017 at Zhongshan
Hospital, Fudan University. Patients who had experienced
complete resection for the prior early stage NSCLC before
SBRT were identified for further analysis. A multidisciplinary
tumor board team, including at least a thoracic radiologist,
thoracic surgeon, pulmonologist, and pathologist, deter-
mined the diagnosis and treatment strategy of the de novo
pulmonary tumors. Inclusion criteria were as follows: 1)
margin-negative radical resection (RO) for the prior lung
cancer with postoperative pathological confirmation; 2) a
clinical presentation consistent with malignant tumor based
on ®F-fluorodeoxyglucose positron emission tomography/
computed tomography ('"*F-FDG PET/CT) scan before SBRT
in patients without pathological confirmation of de novo pul-
monary nodules; 3) three or less lesions confined to the lung;
4) no evidence of regional lymph node metastases, medias-
tinal spread, or systemic metastases at the time of SBRT; 5)
treatment with curative intent; 6) no antitumor therapy other
than SBRT until the disease progression; and 7) at least 6

months of follow-up. Patients who had other malignancies in
other sites or had an Eastern Cooperative Oncology Group
(ECOQG) performance status of >2 were excluded.

A total of 33 patients with 36 lesions met the eligibility
criteria for inclusion in this study. Medical records were
reviewed to obtain each patient’s baseline characteristics
and clinical and therapeutic data. During the data screening
process, patients with >5% missing data were excluded. We
staged every lesion for each patient independently accord-
ing to the tumor, node, and metastasis system based on the
American Joint Committee on Cancer (AJCC) seventh edi-
tion and retrospectively coded the lesions according to the
AJCC eighth edition.' The interval between the two lesions
was defined as the time between the date of surgery for the
first tumor and the date of radiological diagnosis of the de
novo pulmonary lesion.!”?

This retrospective study was approved by the Zhongshan
Hospital Ethics Committee. Written informed consent was
obtained from each patient for the use of his or her clinical
data in clinical studies.

SBRT techniques

Our institution’s SBRT treatment planning and delivery
method has been previously described.?* Briefly, each
patient was immobilized in the supine position with arms
overhead using a customized vacuum cushion. All patients
underwent respiration-correlated helical four-dimensional
(4D)-computed tomography (CT) scans with a 3 mm slice
thickness under free quiet respiration using a 16-slice CT
scanner (Siemens Somatom CT, Sensation Open; Sie-
mens Healthcare, Munich, Germany). A breath-hold or
respiration-gated technique was considered for cases with
tumor movement of >1 cm in any direction. The gross
tumor volume (GTV) was defined as a lesion visible in the
lung window on CT and/or PET/CT. There was no clini-
cal target volume (CTV) construction. The internal target
volume (ITV) was created based on the maximum-intensity
projection image obtained in the 4D-CT. The planning target
volume (PTV) was generated by adding a uniform 5 mm
margin expansion to the ITV for setup uncertainty. Dose
constraints for the organs at risk (OAR) were based on the
Radiation Therapy Oncology Group (RTOG) 0236 guide-
lines." All SBRT treatments were administered using a Heli-
cal Tomotherapy (HT) Hi-Art Treatment System (Accuray,
Madison, WI, USA). Daily image-guided RT was performed
with a megavoltage computed tomography (MVCT) scan
before each treatment, and automatic adjustments were
made to confirm the position of the tumor throughout the
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course of treatment. Dose/fractionation schedules were
applied depending on the tumor size, tumor location, and
lung function parameters. A total dose of 50-65 Gy in five
to 10 fractions was delivered. Treatments were performed
over 5—14 days (median 10 days).

Follow-up evaluations

Follow-up evaluations after SBRT were conducted based on
regular CT scans of the chest and clinical examinations that
were obtained from the medical records. These evaluations
were acquired every 3 months during the first 2 years, then
every 6 months for another 3 years, and annually thereafter.
An ¥F-FDG PET/CT scan was performed if clinical recur-
rence or metastasis was suspected. The follow-up started on
the first date of SBRT and ended on May 31, 2018. Clini-
cal response to therapy was assessed 6 months after SBRT
based on the Response Evaluation Criteria in Solid Tumors
(RECIST) version 1.1. Locoregional recurrence (LR) after
SBRT was defined as a new lesion reappearance in the radia-
tion field, in the same lobe, or in the ipsilateral hilar/mediasti-
nal lymph nodes. All other sites of failure were considered as
distant metastasis (DM). The follow-up time was calculated
from the initial date of SBRT to the date of the last follow-
up visit. OS was calculated from the initial date of SBRT to
the date of death from any cause. Progression-free survival
(PFS) was calculated from the initial date of SBRT to the
date of disease progression or the date of death. Patients were
censored at the date of the last available follow-up if alive.
A radiation oncologist or pulmonologist diagnosed radiation
pneumonitis (RP) based on clinical symptoms and radio-
graphic changes that occurred during the first 12 months after
completion of SBRT and if there was no evidence indicating
other competing diagnoses. The National Cancer Institute’s
Common Toxicity Criteria (CTC) Version 3.0 was used for
grading adverse events.?

Statistical analyses

Continuous variable data were summarized as medians and
ranges. Categorical variable data were expressed as percent-
ages. The median follow-up time was calculated using the
reverse Kaplan—-Meier method. OS and PFS were calculated
using the Kaplan—-Meier method. LR and DM rates were
evaluated using the alternative cumulative competing risk
method, with death as a competing risk. Statistical analyses
were performed using SPSS statistical software (version
23.0; IBM Corporation, Armonk, NY, USA) and R statisti-
cal software (version 3.4.4) using the cmprsk and survival
packages (R Foundation, Vienna, Austria).

Results

Patients’ characteristics

A total of 33 patients with 36 lesions were eligible and
included in this study. There were three patients with
two intrapulmonary lesions, and all received SBRT for
both lesions. Only one tumor had marginal recurrences
to atypical resections, whereas other tumors were de novo
pulmonary tumors apart from the surgical sites. All patients
completed the course of SBRT without unscheduled inter-
ruption. The median follow-up was 32 months (range, 8—84
months) for all patients and 36 months for living patients
(range, 8—84 months). In 17 patients, the time between
the first tumor and the second novel lesion was less than 2
years, and in the remaining 16 patients, it was longer than
2 years. At the end of the follow-up period, 15 patients
developed recurrence or metastasis. Baseline demograph-
ics, clinical characteristics, and treatment characteristics
are summarized in Table 1.

Local control and patterns of failure

Six months after the completion of SBRT, complete
response (CR) was reported for five (13.89%) lesions,
partial response (PR) for 14 (38.89%) lesions, stable
disease (SD) for 10 (27.78%) lesions, and progression
disease (PD) for 7 (19.44%) lesions. The tumor response
rate was 52.78%. By the end of the follow-up periods,
five (15.15%) patients developed LR combined with DM,
eight (24.24%) patients developed LR alone, and two
(6.06%) patients developed DM alone. The 1- and 2-year
cumulative incidences of LR were 37.62% (95% CI,
36.09%-39.15%) and 48.02% (95% CI, 46.00%—50.04%),
respectively. The corresponding incidences of DM were
15.92% (95% CI, 15.06%—16.78%) and 21.23% (95%
CI, 19.92%-22.54%), respectively (Figure 1A). Among
patients with LR, six (18.18%) developed LR within the
radiation field or the involved lobe and seven (21.21%)
developed regional lymph node recurrence. Bone (two
cases, 6.06%) and liver (two cases, 6.06%) were the most
common sites of DM, followed by the contralateral lung
(one case, 3.03%), brain (one case, 3.03%), adrenal gland
(one case, 3.03%), and celiac lymph nodes (one case,
3.03%). All patients with PD received further treatment
for the recurrence or metastasis.

Survival

In all, 25 patients were alive at the time of the last follow-
up. Of these patients, 18 were alive with no evidence of
disease. Among the eight deaths, four patients died as a
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Table | Baseline characteristics (N=33)?

Characteristics

Number (%)/median (range)

Sex

Male 22 (66.67)

Female 11 (33.33)
Age at operation for first lung cancer (years) 64 (38-78)
Age at SBRT (years) 68 (40-82)
Interval between operation and SBRT (months) 24 (3-144)
KPS at SBRT

>80 29 (87.88)

<80 4(12.12)
Smoking status

Past or current smoker 10 (30.30)

Never smoker 21 (63.64)

Unknown 2 (6.06)

FEV % predicted, %

732 (37.6-96.02)

Histology type of first lung cancer

Squamous cell carcinoma 11 (33.33)

Adenocarcinoma 20 (60.61)

Others 2 (6.06)
Histology type of second lung cancer

Squamous cell carcinoma 7 (21.21)

Adenocarcinoma 15 (45.45)

Unknown I1(33.33)

Pathological stage of first lung cancer

IA/IB/IIA/1IB/unknown?

3 (9.09)/11 (33.33)/11 (33.33)/5 (15.15)/3 (9.09)

Surgical resection type

Lobectomy 21 (63.64)

Sublobectomy (segmentectomy or wedge resection) 10 (30.30)

Atypical resection 2 (6.06)
Surgical approach

Thoracotomy 13 (39.39)

Video-assisted thoracoscopic surgery 20 (60.61)
Locations of first lung cancer and de novo pulmonary tumors

In the same lobe 4(12.12)

In the same hemithorax but different lobes 8 (24.24)

In the contralateral 21 (63.64)

Maximum recurrent tumor diameter (mm)

16.85 (4.00-55.60)

GTV (cm?)

3.45 (0.38-61.85)

PTV (cm?)

11.80 (2.62-105.35)

Volume of lung (cm?)

2,778.06 (1,672.26-5,495.57)

Mean lung dose (Gy)

3.12 (1.52-9.66)

V., of lung (%)

3.25 (1.00-20.00)

V., of lung (%)

.50 (0.50—16.00)

Prescription doses

65 Gy in 10 fractions (BED, 107.25 Gy) | (3.03)
50 Gy in 5 fractions (BED, 100 Gy) 19 (57.58)
60 Gy in 10 fractions (BED, 96 Gy) 10 (30.30)
50 Gy in 10 fractions (BED, 75 Gy) 3(9.09)

Note: *Clinical staging was performed according to the eighth edition of the AJCC TNM staging system.
Abbreviations: AJCC, American Joint Committee on Cancer; BED, biologically effective dose; GTV, gross tumor volume; KPS, Karnofsky performance status; PTV, planning
target volume; SBRT, stereotactic body radiation therapy; Vn, the percentage of organ volume receiving 2n Gy.

result of systemic spread, two patients died of local control
failure, and two patients died of other cancer-related pathol-
ogy. The median PFS was 53 months (95% CI, 5.60-100.40
months) for all patients, whereas the median estimated
OS was not reached. The 1-year and 2-year PFS rates for

all patients were 62.40% (95% CI, 45.54%—79.26%) and
52.00% (95% CI, 32.79%-71.21%), respectively, and
the 1-year and 2-year OS rates were 90.30% (95% CI,
79.90%—-100.69%) and 69.90% (95% CI, 50.30%—89.50%),
respectively (Figure 1B).
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Figure | Cumulative incidences of LR and DM for all patients following SBRT (A) and Kaplan—Meier curves showing OS and PFS for all patients following SBRT (B).
Abbreviations: DM, distant metastasis; LR, locoregional recurrence; OS, overall survival; PFS, progression-free survival; SBRT, stereotactic body radiotherapy.

Toxicity evaluation

Adverse events were carefully recorded during the treatment
and follow-up period (Table 2). In all, 26 patients experienced
grade 1 SBRT-related toxicity, 11 patients experienced grade
2 toxicity, and three patients experienced grade 3 toxicity
(Table 2). There were no grade 4/5 toxicities or SBRT-related
deaths during the follow-up period.

Discussion
With the development of diagnostic modalities and treatment
innovations, survival outcomes in patients with resected early

stage NSCLC have improved. However, the risk of develop-
ing a new lesion/disease recurrence in this population is
also steadily increasing.>?%?" Although a surgical approach
remains the frontline treatment for de novo tumors after lung
resection, a significant proportion of cases do not qualify for
additional surgery due to the impaired pulmonary reserve.®®
The results presented here demonstrate that SBRT is a safe
and potentially effective alternative therapeutic option for
de novo pulmonary tumors following lung cancer surgi-
cal resection. Over the course of the study, with a median
follow-up of 32 months, there were no grade 4/5 toxicities
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Table 2 Adverse effects after SBRT

Adverse Grade | Grade 2 | Grade 3 | Total
effects® n (%) n(%) |[n@) |n(%)
Skin reaction 10 (30.30) | 2 (6.06) 0 12 (36.36)
RP 17 (51.52) | 6 (18.18) |2 (6.06) 25 (75.76)
Esophagitis 1 (3.03) | (3.03) 0 2 (6.06)
Fatigue 7 (21.21) 3 (9.09) 0 10 (30.30)
Chest wall pain 6 (18.18) 2 (6.06) I (3.03) 9 (27.27)
Rib fractures 4(12.12) 3(9.09) 0 7 (21.21)

Note: *Adverse effects were graded according to the National Cancer Institute’s
CTC Version 3.0.%

Abbreviations: CTC, Common Toxicity Criteria; RP, radiation pneumonitis;
SBRT, stereotactic body radiotherapy.

or SBRT-related deaths. The 2-year OS and PFS rates of all
patients were 66.90% and 52.00%, respectively, with a tumor
response rate of 52.78% at 6 months.

There are currently no systematic or authoritative guide-
lines for the treatment of de novo pulmonary tumors in
patients with completely resected early stage first lung cancer.
Zuin et al assessed clinical outcomes for different operation
methods in the treatment of second primary lung cancer
(SPLC) in patients who had received pulmonary resection.?
They reported that the overall 5-year survival rate follow-
ing the second surgery was 42%. Additionally, Stella et al*®
described the surgical management for pulmonary metastasis
and SPLC after curative resection for the index lung cancer.
The 2-year OS rate after the second resection of pulmonary
metastasis was 29%, whereas the corresponding survival rate
of SPLC was 81%, with a 2-year OS rate of ~60%. The overall
2-year survival rate of 33 patients after SBRT in our cohort
was 69.90%, which appeared to be slightly higher than that
of surgical resection.?® Although the subjects in our study
were medically inoperable, these data suggest that clinical
outcomes of SBRT for de novo pulmonary tumors after cura-
tive resection were not inferior to those of additional surgery.
Previous retrospective studies of the role of SBRT in patients
with early stage MPLC found 2-year OS rates of 73.2%,
56.0%, and 58.5%, which were slightly higher or comparable
to that of our patients.!”?2? However, some of the de novo
tumors in our patients were pulmonary metastases from the
prior lung cancer, which tend to have poorer prognosis than
MPLC.33! Therefore, the present data and prior reports lead
us to believe that SBRT can be a safe and effective alternative
to further pulmonary resection for de novo pulmonary tumors
after NSCLC radical resection when repeated surgery is not
possible due to poor pulmonary reserve.

Of note, LR and DM rates in this current analysis were
inferior to those reported previously in patients undergoing
SBRT for early stage NSCLC.?3? In the series of Horne

et al, the 2-year LCR of SBRT for residual/recurrent and
new primary NSCLC was 78.4%. The LR and DM rates
that we observed here may be attributable to several factors,
including poor pulmonary function capacity, stage I1I or IV
disease de novo tumors due to pulmonary recurrences or
metastases, and because almost 40% of our patients received
a biologically effective dose (BED) of <100 Gy. As the radia-
tion dose is crucial for local tumor control and a BED of >100
Gy to the target volume is needed to achieve optimal local
control,'** we compared the survival of patients who did and
did not receive 2100 Gy. We did not detect any difference in
OS (P=0.667) or PFS (P=0.603) between these two groups.
The reason for this phenomenon may be attributed to the
small sample size of our patients. In addition, there were six
patients in the current study who developed disease progres-
sion within 6 months following SBRT. This short interval
suggests that microscopic metastatic disease may have been
present at the time of SBRT. All patients in our study received
SBRT delivered via HT, which is associated with excellent
clinical outcome and normal tissue sparing because of its
sharp dose gradient. HT-based SBRT for primary lung cancer
showed improved LCR for primary lung cancer. The 2-year
LCR was 97% for primary lung cancer using HT, whereas
that for linac-based SBRT was ~87%.3 In our previous report,
3-year LCR was >90% for stage I lung cancer via HT.> It is
essential to accurately differentiate SPLC from pulmonary
metastases or recurrence before performing SBRT because
the prognosis and treatment are markedly different.’> MPLC
was first described by Beyreuther®® in 1924. The most recent
widely used and recognized criteria for diagnosing MPLC
are still those outlined by Martini and Melamed in 1975.%"
These criteria have recently been revised and updated in the
American College of Chest Physicians Lung Cancer Guide-
line. The update extended the time interval, further differenti-
ated pathological subtypes, and added clinical assessment of
molecular genetic characteristics to improve the diagnostic
accuracy.®® In clinical practice, there is still ambiguity in
distinguishing a new primary lesion from intrapulmonary
metastasis or a satellite lesion derived from the prior index
cancer for tumors with the same pathological diagnosis.
In addition, with the development of newer scanning tech-
niques, such as thin-section CT, and treatment for early stage
NSCLC, the detection of small-sized lung cancer in patients
who have undergone surgical resection for early stage lung
cancer has increased. However, a substantial proportion of
these lesions are not suitable for biopsy confirmation due to
associated medical issues, perceived risk of potential compli-
cations, or the relatively too small lesion to obtain pathologic
specimen. Therefore, establishing a diagnosis of MPLC based
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on a comprehensive clinical and radiological assessment
would be particularly important. Matsunaga et al*® proposed
a set of new simple radiological criteria for MPLC based on
prognosis. They suggested that a tumor with a ground-glass
opacity and clinical NO should not be diagnosed as MPLC
because its prognosis is satisfactory. Ono et al distinguished
MPLC from intrapulmonary by analyzing differential protein
expression profiles.’! Further research on accurate selection
of radiological criteria for MPLC is necessary to provide
clinical guidelines in early detection of multiple pulmonary
lesions, especially metachronous lesions.

Despite limited pulmonary reserve after previous pulmo-
nary resection of the patients in this study, SBRT was well
tolerated with an acceptable toxicity profile (Table 2). Results
from the RTOG 0236 trail analyzing patients treated with
SBRT indicate that poor baseline pulmonary function test
does not correlate with pulmonary toxicity and OS follow-
ing SBRT in medically inoperable, early stage NSCLC." No
significant changes in pulmonary function test were observed
in the RTOG 0236 trial; therefore, a poor baseline pulmonary
function test alone should not be used to exclude patients
with early stage lung cancer from treatment with SBRT, a
conclusion supported by other reports.**4!

RP was the most common SBRT-related toxicity in
our study. Three of the 33 patients in our study (9.67%)
developed grade 3 SBRT-related toxicity, which was at a
lower rate than the 12.7% reported in RTOG 0236.'° During
the follow-up period of our study, there were no grade 4/5
toxicities or SBRT-related deaths. The rate and severity of
other toxicities were considered acceptable and comparable
to those previously published for SABR for early stage
NSCLC.12,18,23,27

Our study did have several limitations. First, because of
the retrospective nature and relatively small sample size, we
were unable to draw conclusions regarding risk factors for
any form of treatment failure. Second, several patients did
not have pathological confirmation of de novo pulmonary
nodules due to the difficulty and perceived risk in obtaining
a pathologic specimen from a small lesion. Third, we could
not distinguish between an SPLC and metastasis because
of the limited patient data. Fourth, there were 13 patients
who received a BED of <100 Gy, 10 patients who received
96 Gy (~100 Gy), and three patients who received 75 Gy
in our study. The patients in our study were old (median
age: 68 years) and had undergone pulmonary resection,
which diminished their pulmonary reserve and physical
conditions and limited their ability to tolerate high doses
(>100 Gy) of BED. However, all patients in our clinical
study received SBRT via HT, which is associated with

excellent clinical outcomes. Each tumor was sliced based
on HT and received a high dose within few minutes, which
is in contrast to the CyberKnife or intensity-modulated
radiotherapy with linear accelerator, which takes dozens
of minutes. The radiobiology may be different among the
RT equipment, but the results warrant further study. In
our prior clinical experience, the 3-year LCR could reach
90% for stage I lung cancer with BED=96 Gy via HT.*
Additional studies are needed to validate our conclusions.

Conclusion

We reported on a series of de novo tumors after curative
resection treated with SBRT in our institution. Our data dem-
onstrate that SBRT is a reasonable and potentially effective
alternative therapeutic option for de novo tumors in patients
with previous lung resection and has clinically acceptable
treatment toxicity. Additional large, randomized prospective
trials are needed to confirm our results and help refine treat-
ment recommendations for de novo tumors in patients with
completely resected early stage initial NSCLC.
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