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Radiation pneumonitis after repeat stereotactic body
radiation therapy for early-stage non-small cell lung cancer:
A case series of two patients

Yutaro Tasaki, Kazuto Ashizawa, Daisuke Nakamura,
Takashi Mizowaki

ABSTRACT

Introduction: Stereotactic body radiation therapy
(SBRT) is a well-established treatment option for
patients with early-stage non-small cell lung cancer
(NSCLC). We retrospectively identified 82 patients with
early-stage NSCLC treated with SBRT at our institution
between November 2009 and September 2019. Among
these patients, two developed local recurrence or new
primary lung cancer and lung metastasis or new primary
lung cancer, respectively, and were treated with repeat
SBRT. We herein report a case series of two patients with
radiation pneumonitis after repeat SBRT.

Case Series: Case A was an 8o0-year-old woman
diagnosed with stage I (TiaNoMo) squamous -cell
carcinoma. She received initial SBRT at an irradiation
dose of 48 Gy in 4 fractions at the isocenter. Two years
and three months after initial SBRT, the patient was
clinically diagnosed with post-SBRT local recurrence or
primary lung cancer and, thus, was treated with repeat
SBRT at an irradiation dose of 60 Gy in 10 fractions. Six
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months later, the patient developed grade 5 radiation
pneumonitis. Case B was an 89-year-old man diagnosed
with stage I (TicNoMo) adenocarcinoma. He received
initial SBRT at an irradiation dose of 48 Gy in 4 fractions
at the isocenter. Three years and six months after initial
SBRT, the patient was clinically diagnosed with post-
SBRT lung metastasis or primary lung cancer and, thus,
was treated with repeat SBRT at an irradiation dose of 50
Gy in 4 fractions. Six months later, the patient developed
grade 3 radiation pneumonitis.

Conclusion: Caution is needed when performing repeat
SBRT.

Keywords: Non-small cell lung cancer, Radiation pneu-
monitis, Stereotactic body radiation therapy
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INTRODUCTION

Stereotactic body radiation therapy (SBRT) is a well-
established treatment option for patients with early-stage
non-small cell lung cancer (NSCLC) [1, 2]. Excellent
survival rates have been reported, especially following
SBRT for early-stage NSCLC, with a high local control
rate [3—6]. However, a proportion of patients develop
local recurrence, lung metastasis or new primary lung
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cancer, and treatment remains a challenge due to co-
morbidities that limit surgical options. Chemotherapy
may be applied, but cure of the recurrent tumors may
be difficult. Retreatment with conventional fractionated
radiotherapy is regarded as a salvage option, but has
poor outcomes [7, 8]. Since few studies have investigated
repeat SBRT for reirradiation after a first course of SBRT,
further information is needed on control and toxicity
rates. We recently investigated the potential of repeat
SBRT. We retrospectively identified 82 patients with
early-stage NSCLC treated with SBRT at our institution
between November 2009 and September 2019. Among
these patients, two developed local recurrence or new
primary lung cancer and lung metastasis or new primary
lung cancer, respectively, and were treated with repeat
SBRT. We herein report a case series of two patients with
radiation pneumonitis after repeat SBRT, and discuss
the potential of repeat SBRT considering the treatment-
related toxicities.

CASE SERIES

Case 1

An 80-year-old woman was diagnosed with stage I
(T1aNoMo) squamous cell carcinoma in left upper lobe
(Figure 1A). She had a history of smoking and was being
treated for liver cirrhosis. She received initial SBRT at an
irradiation dose of 48 Gy in 4 fractions at the isocenter
(Figure 2A). The maximal planning target volume (PTV)
dose was 48 Gy. The mean lung dose (MLD) was 3.8
Gy, the volume of the lung receiving 5 Gy (lung V5) was
26%, and lung V20 was 7.5%. Follow-up examinations
were conducted 1, 3, 6, 9, and 12 months after initial
SBRT in the first year, and then every three months.
Although the lung tumor temporarily shrank, two years
and three months after initial SBRT, a new lesion, near
the primary tumor, has developed in the same lobe (left
upper lobe). Serial enlargement and increased uptake
on fluorodeoxyglucose-positron emission tomography/
computed tomography (FDG-PET/CT) were evident
(Figure 1B and C). The patient was clinically diagnosed
with post-SBRT local recurrence or new primary lung
cancer without pathological proof and, thus, received
repeat SBRT. The repeat SBRT irradiation dose was 60
Gy in 10 fractions (Figure 2B), which was selected because
local recurrence was in a central location. The maximal
PTV dose was 60 Gy. Mean lung dose was 5.5 Gy, lung V5
was 20%, and lung V20 was 10%.

In a routine follow-up visit one and three months after
end of repeat SBRT, she had no symptoms. Five months
later, the patient visited the emergency room with
dyspnea. Chest CT showed diffuse bilateral ground-glass
opacity with interlobular septal thickening (Figure 3).
High-dose methylprednisolone and empirical antibiotics
were initiated for a diagnosis of radiation pneumonitis
and/or pulmonary infection. Unfortunately, she failed to
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improve and died six months after the end of repeat SBRT.
She was diagnosed with grade 5 radiation pneumonitis,
which was considered to be the main cause of death.

Case 2

An 89-year-old man was diagnosed with stage I
(T1icNoMo) adenocarcinoma in right lower lobe (Figure
4A). He had no previous history of smoking and an
unremarkable medical history. He received initial SBRT
at an irradiation dose of 48 Gy in 4 fractions at the
isocenter (Figure 5A). The maximal PTV dose was 48 Gy.
The MLD was 3.6 Gy, lung V5 was 23%, and lung V20
was 3.0%. Follow-up examinations were conducted 1, 3,
6, 9, and 12 months after initial SBRT in the first year,
and then every three months. Although the lung tumor
shrank, three years and six months after initial SBRT, a
new lesion, distant form the lung tumor, has developed in
the same lobe (right lower lobe). Serial enlargement and
increased uptake on FDG-PET/CT were evident (Figure
4B and C), which led to a diagnosis of lung metastasis or
new primary lung cancer without pathological proof and,
thus, the patient received repeat SBRT. The repeat SBRT
irradiation dose was 50 Gy in 4 fractions (Figure 5B). The
maximal PTV dose was 50 Gy. The MLD was 3.1 Gy, lung
V5 was 18%, and lung V20 was 4.0%.

In a routine follow-up visit one and three months after
end of repeat SBRT, he had no symptoms. In a routine
follow-up visit six months after end of repeat SBRT,
the patient presented with a cough. Chest CT showed
consolidation with air bronchogram in the radiated field
surrounded by ground-glass opacity (Figure 6). Medium-
dose methylprednisolone and empirical antibiotics were
initiated for a diagnosis of radiation pneumonitis and/or
pulmonaryinfection. Since the patient required oxygen, he
was diagnosed with grade 3 radiation pneumonitis. After
two weeks, the attenuation of respiratory symptoms with
areduction in the patchy opacity on chest radiograph was
noted. The steroid dose was tapered and discontinued.

DISCUSSION

Increases in the risk of local recurrence or metastasis
in previously irradiated lung tissue have been reported
with improvements in the prognosis of patients with

Figure 1: (A) Chest CT showed a part-solid nodule in the left
upper lobe. (B) Chest CT showed a newly developed solid
nodule associated with consolidation on the outside in the left
upper lobe. (C) 18-FDG PET/CT showed a high uptake for a
newly developed solid nodule.
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Figure 2: (A) Initial SBRT irradiation dose of 48 Gy in 4
fractions. (B) Repeat SBRT irradiation dose as a salvage option
for local recurrence of 60 Gy in 10 fractions.

Figure 3: Chest CT showed diffuse bilateral ground-glass opacity
with interlobular septal thickening.

Figure 4: (A) Chest CT showed a solid nodule in the right lower
lobe. (B) Chest CT showed a newly developed solid nodule in the

right lower lobe. (C) 18-FDG PET/CT showed a high uptake for
a newly developed solid nodule.

<
»

Figure 5: (A) Initial SBRT irradiation dose of 48 Gy in 4
fractions. (B) Repeat SBRT irradiation dose as a salvage option
for local recurrence of 50 Gy in 4 fractions.
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Figure 6: Chest CT showed consolidation with air bronchogram
in the radiated field surrounded by ground-glass opacity.

NSCLC [9]. Multidisciplinary teams may monitor
patients or provide salvage therapy; however, the latter
is often recommended because the prognosis of patients
with isolated recurrence is often favorable. Reirradiation
or salvage lobectomy was performed as salvage therapy.
Although high local control and limited toxicity rates
are associated with salvage lobectomy [10, 11], most
patients with local recurrence or metastasis after SBRT
are medically inoperable; therefore, the only remaining
treatment option is reirradiation. Retreatment with
conventional fractionated radiotherapy is regarded as
a salvage option, but is associated with poor outcomes.
Although repeat SBRT represents a viable option
for treatment with curative intent in patients with
recurrent early-stage NSCLC, it is also a significant
therapeutic challenge due to life-threatening treatment-
related toxicities, such as radiation pneumonitis, fatal
hemorrhage after the reirradiation of centrally located
tumors, and gastric perforation after the reirradiation of
lower lobe tumors [12, 13].

We reported a case series of two patients with
radiation pneumonitis after repeat SBRT. Patient A and
patient B were diagnosed with grade 5 and 3 radiation
pneumonitis, respectively. Symptomatic pneumonitis
has been frequently reported after reirradiation for
lung cancers [14—16]. Liu et al. [17] reported that lung
V20 >30% of the composite plans was associated with
radiation pneumonitis. Deformable image registration
(DIR) was not available for generating the composite
plans of our report, therefore, lung V20 of the composite
plans cannot be evaluated. However, in both initial and
repeat SBRT, lung V20 in patient A was higher than that
in patient B, which may affect the grade of radiation
pneumonitis. The incidence of radiation pneumonitis
was also found to be higher after repeat SBRT for out-
of-field failures than for in-field failures, and this finding
was due to the exposure of large volume of normal lung
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tissue to low-dose radiation by treatment of out-of-field
failures [18, 19]. However, in our report, patient A had an
in-field failure and patient B had an out-of-field failure.
The recurrent tumor in patient A was larger than the
metastatic lung tumor in patient B, which may increase
the lung low-dose area in patient A. In repeat SBRT, lung
V5 in patient A was actually higher than that in patient B.

Previous studies demonstrated the safety of limiting
the dose of repeat SBRT; however, it is important to note
that an insufficient dose of fractionated reirradiation
reduced the local control rate [20, 21]. Lung reirradiation
studies are limited in their ability to draw definitive
conclusions or guidelines regarding optimal doses,
fractionation, and dose-volume constraints for safe lung
retreatment. A major limitation to the interpretation of
findings on repeat SBRT is the wide heterogeneity within
and across studies, which includes differences between
histology, recurrence patterns (local recurrence vs lung
metastasis), doses, the number of fractions, radiotherapy
techniques (three-dimensional non-coplanar beams vs
intensity-modulated radiotherapy), the time interval
between treatment courses, and whether reirradiation
is performed in- or out-of-field. We believe that the
irradiation dose needs to be individually and carefully
selected for each case. Now we plan to introduce DIR
and perform cumulative dose summation to evaluate the
safety of the reirradiation.

CONCLUSION

Caution is needed when performing repeat SBRT.
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