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Abstract. Background: Stereotactic body radiation therapy
(SBRT) is a viable treatment option for stage I non-small cell
lung carcinoma (NSCLC) in non-surgical candidates.
Although treatment with a 100 Gy biological effective dose
is considered to carry a low risk of local recurrence, only a
few reports have focused on changes in tumors or
surrounding intact portions of the lung after SBRT. Such
changes are assessed using diagnostic imaging specifically
for radiation pneumonitis, which can be difficult to
distinguish from local tumor recurrence. Cavity changes
after SBRT observed around the tumor within the irradiated
field resemble an egg, fried with the yolk facing upward, and
are thus referred to as ‘sunny-side-up egg-like’ changes.
They have the appearance of a residual tumor in the center.
This study aimed to evaluate patients with post-treatment
cavity changes after SBRT for stage I NSCLC. Patients and
Methods: Cavity changes were observed in four cases.
Tumors were irradiated with a 6-MV X-ray using 10 fixed
ports. The single dose was 12 Gy, the total dose 48 Gy.
Results: The time until the appearance of cavity changes
ranged from 4 to 9 months (median=6 months). The cavity
changes disappeared in 12-20 months (median=16 months).
Conclusion: Cavity changes (sunny-side-up egg-like) in the
lungs may develop after SBRT for stage I NSCLC.
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According to the Lung Cancer Management Guidelines 2014
(Japan Lung Cancer Society) (1), patients who are unable to
undergo surgery for medical reasons may still be candidates
for stereotactic body radiation therapy (SBRT) with radical
intent. The Japan Clinical Oncology Group Study JCOG0403
protocol reportedly achieves a local control rate of 87.3% in
the inoperable population and 85.4% in the operable
population (2). Onishi et al. reported the local control rate to
be 86% when irradiation was applied at a biologically
effective dose (BED) of more than 100 Gy (3). Based on
these results, in Japan, SBRT has become a standard therapy
for non-small cell lung carcinoma (NSCLC) for which
standard surgery is not applicable. Although treatment with
a BED of 100 Gy is reportedly associated with a low risk of
local recurrence, few studies have examined changes in
tumors or surrounding intact portions of the lung after SBRT
(6, 15, 16), as assessed by diagnostic imaging focusing
specifically on radiation pneumonitis, which can be difficult
to distinguish from local tumor recurrence.

Cavity changes after SBRT observed around the tumor
within the irradiated field resemble an egg, fried with the
yolk facing upward, and are thus referred to as ‘sunny-side-
up egg-like’ change. To our knowledge, there are no prior
reports of cases with cavity changes similar to those we have
recently observed after SBRT. Although the number of cases
we report here is small, we continue to monitor these cases
closely after the disappearance of cavity changes.

Patients and Methods

Radiotherapy. The prescribed dose was 48 Gy at the isocenter in
four fractions over 4 days. Radiotherapy was administered using a
6-MV X-ray Siemens Primus KD2 (Siemens Oncology Care
Systems, Concord, CA, USA) and performed with 10 fixed ports.
For the treatment planning, the Xio (version 4.4.0-4.6.0; Elekta
CMS Software, St. Louis, MO, USA) was used, and calculations
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were performed employing the Clarkson method, with reference to
the superposition technique. This point was set to assure that the
95% isodose line would satisfy the planning target volume (PTV).

When the irradiation field was set, the lesion imaged at the
clinical target volume (CTV) with a long scan time was used. The
CTV was defined as the visible gross tumor volume. Sites differing
from the lung field in terms of clinical target number were
contoured with the following parameters: a window width of 2000
and window level of -700. The PTV was added to create a 5- to 8-
mm set-up margin. However, for cases in which the movement
exceeded 2 cm as seen on radiographic fluoroscopy, a respiration-
gated system (AZ-773V, Anzai Medical, Tokyo, Japan) or an Abches
(Apex Medical, Tokyo, Japan) was used.

During the period from 2004 to 2011, 32 patients underwent
SBRT for stage IA NSCLC cases. However, cavity (sunny-side-up
egg-like) changes were observed in only four cases (4/32, 12.5%),
described below. The time until the appearance of cavity changes
ranged from 4 to 9 months (median=6 months). The cavity changes
disappeared in 12-20months (median=16 months).

Case Report 1

A 78-year-old man was found to have a mass in the right
upper lung lobe at a medical checkup (Figure 1A). His past
medical history was significant for hypertension and
pneumothorax. He had smoked for more than 40 years.
Transbronchial lung biopsy was performed and a biopsy
sample was obtained from the right upper lobe. He was
diagnosed with a stage IA squamous cell lung carcinoma and
received SBRT (Figure 1E and F). Tumor decreased in size
at 3 months after SBRT (Figure 1B). Cavity (sunny-side-up
egg-like) changes after SBRT were seen at 7 months (Figure
1C). The time until disappearance of these cavity changes
was 16 months (Figure 1D). Positron-emission tomography
(PET) scan performed 16 months following SBRT showed
no recurrence (Figure 1G). To date, there has been no
evidence of recurrence or metastasis in the 7 years after
SBRT.

Case Report 2

A 75-year-old man had been followed-up by another
department of our hospital and was found to have a cavity
mass in the right lower lung lobe in routine follow-up
(Figure 2A). The patient’s medical history included laryngeal
cancer (stage ITA) in 1995 and esophageal cancer (stage II)
in 2003 and he had received chemoradiotherapy with a
favorable response. He had smoked for more than 40 years.
Transbronchial lung biopsy was performed and a biopsy
sample was obtained from the right lower lobe. He was
diagnosed with a stage IA squamous cell carcinoma and
received SBRT (Figure 2G and H). Tumor decreased in size
at 1 month after SBRT (Figure 2B). As the tumor shrank
after SBRT, the cavity within the lesion expanded. At 4
months after irradiation, more cavities had formed around
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the initial cavity lesion (Figure 2C). The cavity within the
lesion disappeared 6 months after irradiation (Figure 2D),
and the surrounding cavities had also disappeared by 12
months (Figure 2E and F). There had been no evidence of
local recurrence after SBRT, but he died due to the
recurrence of another cancer at 3 years.

Case Report 3

A 73-year-old man was found to have a mass in the left
lower lung lobe field at a medical checkup (Figure 3A). He
had no medical history. He had smoked for more than 30
years. Transbronchial lung biopsy was performed and a
biopsy sample was obtained from the left lower lobe. He was
diagnosed with a stage IA non-small cell carcinoma and
received SBRT (Figure 3E and F). Tumor decreased in size
at 1 month after SBRT (Figure 3B). Cavity (sunny-side-up
egg-like) changes after SBRT were seen at 9 months (Figure
3C). The time until disappearance of these cavity changes
was 12 months (Figure 3D). To date, there has been no
evidence of recurrence or metastasis in the 8 years after
SBRT.

Case Report 4

A 85-year-old woman was found to have a mass in the right
upper lung lobe at a medical checkup (Figure 4A). Her past
medical history was significant hypertension and psoriasis
vulgaris. She had smoked for more than 40 years. The
diagnosis was based solely on PET and was stage IA. The
patient received SBRT. Cavity (sunny-side-up egg-like)
changes after SBRT were seen at 5 months (Figure 4B and
C). The time until disappearance of these cavity changes was
20 months (Figure 4D). To date, there has been no evidence
of recurrence or metastasis in the 5 years since initiation of
this treatment.

Discussion

Among the reports from Japan, that by Nagata et al.
documented local recurrence rates at 3 years for the
inoperable and operable populations of 12.7% and 14.6%,
respectively (2). Another study found local recurrence to
essentially be absent, with the local control rate being 98%
after treatment with the Radiation Therapy Oncology Group
0236 protocol (60 Gy in 3 fractions at the PTV for the
periphery) (4). According to past reports, local recurrence
rates ranged from 0% to 23.4%, generally being about 10%
(5). Thus, physicians should bear in mind the possibility of
local recurrence when applying stereotactic radiotherapy in
clinical settings.

To date, however, there have been few reports describing
changes after SBRT as assessed by diagnostic imaging (6).
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Figure 1. Computed tomographic images obtained before (A) and 3 (B), 7
(C), and 16 (D) months after completion of stereotactic body radiotherapy
(SBRT) for lung cancer in a 78-year-old man with squamous cell carcinoma
in the right upper lobe. Cavity (sunny-side-up egg-like) changes after SBRT
were seen at 7 months. The time until disappearance of these cavity
changes was 16 months. E and F: SBRT image with isodose lines. The
purple line is the 95% isodose curve and corresponds to the planning target
volume (PTV), as determined by the Clarkson method (E). The pink line is
the 80% isodose curve and corresponds to the PTV, obtained by employing
the superposition technique (F). A positron-emission tomography scan
performed 16 months after SBRT showed no recurrence (G).

'
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Figure 2. Computed tomographic images obtained before (A) and 1 (B), 4 (C), 6 (D), 12 (E) and 17 months (F) after completion of stereotactic
body radiotherapy (SBRT) for lung cancer in a 75-year-old man with non-small cell carcinoma in the right lower lobe. At 4 months after irradiation,
additional cavities had formed around the initial cavity lesion. The cavity inside the lesion had disappeared at 6 months (D) after irradiation, and
the surrounding cavities were also gone by 12 months (E). The time until disappearance of cavity changes was 17 months (F). G and H: SBRT
image with isodose lines. The blue line is the 90% isodose curve and corresponds to the planning target volume (PTV), as determined by the
Clarkson method (G). The pink line is the 80% isodose curve and corresponds to the PTV, obtained by employing the superposition technique (H).
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Figure 3. Computed tomographic images obtained before (A) and 4 (B), 9 (C) and 12 months (D) after completion of stereotactic body radiotherapy
(SBRT) for lung cancer in a 73-year-old man with non-small cell carcinoma in the left upper lobe. Cavity (sunny-side-up egg-like) changes after
SBRT were seen at 9 months (C). The time until disappearance of these cavity changes was 12 months (D). E and F: SBRT image with isodose
lines. The blue line is the 90% isodose curve and corresponds to the planning target volume (PTV), as determined by the Clarkson method (E). The
pink line is the 80% isodose curve and corresponds to the PTV obtained by employing the superposition technique (F).
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Figure 4. Computed tomographic images before (A) and 5 (B), 12 (C) and 20 months (D) after completion of stereotactic body radiotherapy (SBRT)
for suspicion of lung cancer in an 85-year-old woman with a nodule in the right upper lobe of the lung based solely on positron-emission
tomography. Cavity (sunny-side-up egg-like) changes after SBRT were seen at 5 months (B). The time until disappearance of these cavity changes

was 20 months (D).

Generally, radiation pneumonitis develops 3-4 months after
irradiation, and radiation fibrosis has been recognized as late
as 12 months. Aoki et al. (15) and Takeda et al. (6) reported
radiation pneumonitis observed after SBRT to be similar in
form to that seen after conventional radiotherapy. According
to Koening et al., the incidence of mass-like fibrosis after
conventional radiotherapy was 42% (17). Among the studies
on solid or mass-like consolidation after SBRT, those by
Takeda et al. (6), Aoki et al. (15), and Matsuo et al. (16)
documented incidence rates of 78%, 65%, and 68%,
respectively.

In view of the reported features of pneumonitis observed
after conventional and stereotactic radiotherapy, we may
infer that the development of pneumonitis after this form of
treatment (considered to be a radical therapy for local tumor
control) makes the diagnosis of residual lesions or tumor
recurrence more difficult. The present results are consistent
with our previous experience and past reports, suggesting a
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high likelihood of solid consolidation as a change detectable
on diagnostic imaging after SBRT. As this consolidation
forms, it becomes increasingly difficult for clinicians to
judge whether the tumor has recurred.

Furthermore, during the present study, we detected cavity-
like changes after SBRT, and found that judging whether
such changes represent areas of solid consolidation or tumor
recurrence was often difficult. We thus speculate that
changes observed after high-dose irradiation have unique
features (18). In cases with cavity changes, local recurrence
or infection needs to be considered in making the differential
diagnosis. Furthermore, Yoshida et al. advocated confined
cavity formation inside a consolidated area as being one of
the CT-based diagnostic criteria for local tumor recurrence
after conventional radiotherapy. (19)

Choi et al. reported that scar-like changes observed in the
lungs after high-dose stereotactic radiotherapy are difficult
to distinguish from tumor recurrence (22), although neither
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these authors nor others have referred to cavity formation in
this context. Two earlier reports support the view that cavity
formation occurs via the check-valve mechanism involving
treatment-induced interstitial necrosis and bronchial stenosis.
(20, 21). We consider the cavity-like changes in our cases to
probably represent traction changes due to the treatment-
related check-valve mechanism.

Findings reported to date that suggest recurrence after
SBRT include air bronchogram disappearance and the
development of hydrothorax (23, 24), increase in size of
the mass-like consolidation at 12 months (16), and
regrowth (6). We experienced one local recurrence in a
patient with metastatic lung cancer who underwent SBRT.
Since local tumor recurrence after SBRT included the
development of consolidation (16) and regrowth (6),
findings were similar to those described in these past
reports. In our four cases presenting with cavity changes,
findings did not correspond to with those in past reports
(6, 16, 23, 24). Studies have examined the possibility of
tumor recurrence as assessed by PET, noting recurrence at
3-6 months after SBRT to be possible at a standardized
uptake value of 5.0 or higher (6, 25). Although it is
difficult to assess the surrounding lung in patients who
have undergone SBRT with a small radiation field, when
we studied CT images in detail, we found that the change
was mainly outside of the CTV. In other words, our
experience suggests that the central portion reflects the
change in CTV. Hence, a PET scan may be particularly
useful for detecting NSCLC recurrence after SBRT.

Because the lung changes observed after high-dose SBRT
apparently differ from those after conventional radiotherapy,
we will continue our follow-up of additional cases and
carefully evaluate all data obtained.

Conclusion
SBRT is a viable treatment option for nonsurgical candidates

with stage I NSCLC. Cavity (sunny-side-up egg-like) changes
in the lungs may develop after SBRT for stage I NSCLC.
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