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Abstract
Introduction
Stereotactic body radiation therapy (SBRT) is entering routine clinical use for selected
patients with early-stage non-small cell lung cancer. Post-SBRT radiological changes are
commonly seen on follow-up CT imaging and can cause diagnostic dilemmas. The aim of
this study is to describe the incidence, radiological severity and long-term morphology of
these changes.
Methods
CT scans from patients treated between 2003 and June 2008 were eligible for evaluation
if radiological follow-up had been performed at our center for at least two years and there
was no definite evidence of local recurrence. Timing, incidence, morphology and severity
of lung changes were determined.
Results
CT scans from 61 patients (68 lesions) with a median follow-up of 2.5 years were
evaluated. Within 6 months 54% of lesions were associated with additional radiological
abnormalities, and this figure reached 99% after > 6 months. Most changes were scored
as mild to moderate, and although the median time to first observation was 17 weeks,
25% appeared ≥1 year post-SBRT. In 47% of lesions, the morphology or severity of
changes continued to evolve more than two years post-treatment.
Conclusions
Mild-moderate radiological changes are common after lung SBRT. Some degree of late
change is nearly universal and it often continues to evolve more than 2 years post-SBRT.
Clinicians should be aware of these radiological findings, which need to be distinguished
from the uncommon cases of local failure post-SBRT.
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Introduction
Stereotactic body radiation therapy (SBRT) is a form of high-precision RT that is
frequently delivered in 3-8 fractions over 1-3 weeks. There is increasing evidence to
support its use in selected patients with early-stage non-small cell lung cancer (NSCLC).
Prospective multi-center studies have shown that it can achieve local control rates in
excess of 88% [1,2] and a meta-analysis of published studies shows that improved local
control rates and survival are achieved with SBRT when compared to conventionally
fractionated radiotherapy delivered in 5-7 weeks [3]. Population-based analyses have
revealed that the percentage of elderly patients with stage I NSCLC who underwent
radiotherapy increased following the introduction of SBRT, with a corresponding
improvement in their survival [4]. SBRT outcomes have also been evaluated in patients
with stage I NSCLC who have declined surgery [5], and the body of available evidence
has been considered strong enough to support phase III trials comparing surgery versus
SBRT for first-line treatment of operable patients [6].
Computed tomography (CT) is the primary imaging modality for evaluating
response and for detecting changes in pulmonary tissues following lung SBRT (Table 1).
We previously reported that acute radiological changes develop in about 60% of patients,
[8]. The late fibrotic process after high-dose radiation can be dynamic and continue for
many years [9,15,17], which at times makes it difficult to distinguish post-SBRT changes
from tumor recurrence [9,18-20]. For this reason we have aimed to better characterize the
incidence and morphology of late radiological lung changes after SBRT by evaluating
post-SBRT CT studies in patients with a minimum of 2 years radiological follow-up.
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Table 1. A summary of studies reporting radiographic changes following stereotactic lung radiotherapy.
Study [Ref]
Patients Follow up (FU) duration
Lung changes after stereotactic
Comments
and intended imaging
body radiotherapy (SBRT)
frequency
Takeda et al
128 (133 All patients minimum 6
Grade 0,1,2,3 RP in 27%, 52%, 16%
2010 [7]
lesions)
months FU or radiation
and 5%. In all patients with grade 2 or
pneumonitis (RP) ≥grade 1
3 RP symptoms developed at the
and minimum 5 months FU
same time as, or after, radiological
after imaging RP. Median FU changes
12 months (5-45). CT at 1 and
3 months post-SBRT, 3
monthly years 1-2 and then 46 monthly
Palma et al
75
Eligible patients all had CT
57% of patients had CT changes,
Evaluated early clinical and
2010 [8]
within 4 months post-SBRT
mainly diffuse or patchy
radiological toxicity postconsolidation
SBRT. PTV had to be <100cc.
5% had symptomatic
pneumonitis (1 patient had
grade 3). No correlation
between severity of clinical
pneumonitis and radiological
changes
Guckenberger 70 (86
Median FU 16 months (1.5No reaction in 76% of patient at 6
At 12 months could not
et al 2007 [9]
lesions)
85), CT at 6 and 12 weeks
weeks, at 3 months spotted-streaky
differentiate residual tumor
post-SBRT and then 3
condensation in 32%, at 6 months this from lung changes in 33%.
monthly
was 34% with 33% dense
Fibrotic remodeling for years in
consolidation, retraction appeared at 9 selected patients. Symptomatic
months (22%) and at 12 months
pneumonitis in 10% of patients
dense consolidation (41%) and
(median time to diagnosis 5
retraction (36%) dominate.
months [1.5-9])
Trovo et al
68 (70
FU 3 monthly year 1, 4
No reaction in 54% patients at 6
4% grade 2 pulmonary toxicity.
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lesions)

64

57

45 (52
lesion)

40 (42
lesions)

37 (40
lesions)

2010 [10]

Kyas et al
2007 [11]

Baumann et al
2008 [12]

Kimura et al
2006 [13]

Mirri et al
2009 [14]

Matsuo et al
2007 [15]

Required at least 12 months
FU. Median 33 months (13-

Minimum 4 month FU,
median 19 (4-46)

Median FU 23 months (3-42).
X-rays or CT at 6 weeks postSBRT and then at 3, 6, 9, 12,
18, 24 and 36 months
Eligible patients minimum 6
months FU, median FU 18
months (6-56). CT at 1,3 and
6 months post-SBRT and then
6 monthly

Median FU 10.2 months (2.346.2). Computed tomography
(CT) at 5-7 weeks post-SBRT
and then 3-4 monthly

monthly year 2, and 6
monthly years 3 and 4. CT
scans divided into 4 groups:
(i) 6 weeks post-SBRT
(n=68), (ii) 2-6 months postSBRT (n=33), (iii) 7-12
months (n=35), (iv) 13-18
months (n=25)

Acute findings within 6 months: no
increase in density 33%, diffuse
consolidation 39%, patchy
consolidation and GGO in 15%. Late
findings: modified conventional
fibrosis 62%, mass-like 17%, scarlike 21%
90% of patients had CT changes in
irradiated lung within 2-6 months
(median 4)
Mass-like consolidation in 68% a
median of 5 months (2-9) post-SBRT,

Fibrosis in 38%

weeks, patchy consolidation and
ground-glass opacity (GGO) (33%) or
diffuse consolidation (27%)
developed 2-6 months post-SBRT.
Between 7 and 12 months 54%
modified conventional fibrosis and
20% mass-like. Between 13-18
months these were 44% and 28%
respectively
83% demonstrated the defined endpoint of CT-detected new,
hyperdense, ‘perifocal’ tissue reaction
at a median of 4.6 months post-SBRT
(1.5-16.8)

11% of the mass-like lesions
were local recurrence on

Symptomatic clinical lung
toxicity in 10%

Dmean, V7 and V10 equally
able to predict risk of toxic lung
events. Found increased
radiosensitivity of lower part of
lung. No clinical pneumonitis
requiring treatment
7% grade 3 dyspnea, 4% grade
3 fibrosis. Trend to more
fibrosis in T2 vs T1 tumors (not
statistically significant)
80% of lesions showing acute
diffuse consolidation evolved to
modified conventional fibrosis,
59% with no acute increase in
density evolved to scar-like
fibrosis

No radiographic correlation
with PTV, location, dose or
dose-volume parameters
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31

20 (22
lesions)

Aoki et al
2004 [16]

Takeda et al
2004 [17]

the size varied up to 12 months postSBRT, but did not increase after 12
months except when there was
recurrence
Patients had CT FU for
Lung changes seen in all patients.
median 14 months (2-31)
Early CT changes mainly patchy
post-SBRT. CT 2-3 monthly
consolidation (68%) seen at 2-6
in year 1 and 3-6 monthly
months post-SBRT (median 4). Late
afterwards
CT changes mainly solid
consolidation (65%) at 6-15 months
(median 11)
Monthly x-rays, CT 1 and 3
GGO and dense consolidation most
months post-SBRT and then 3 common initial findings in 18% at 3-6
monthly. High-resolution CT months and 73% at 3-8 months
(HRCT) for tumors and
respectively
pneumonitis. Mean FU 17.6
months after first HRCT (4.551.6)

65). CT every 3-6 months
post-SBRT

6-11 months post-SBRT dense
consolidation shrank in 7/16
lesions becoming solid or linear
opacities, in 6/10 with ≥12
months FU these became fixed.
Spatial migration was also
observed

No symptomatic lung
complications ≥grade 2

follow-up
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Methods and Materials
The SBRT program at VU University medical centre commenced in 2003 and has
included evaluations of survival, local control, toxicity and quality of life. Patients were
eligible for this retrospective study if they fulfilled the following criteria (i) lung SBRT
treatment for a stage I NSCLC between 2003 and June 2008, (ii) regular radiological
follow-up performed for at least two years at our center (rather than their referring center)
and (iii) no definite radiological evidence of local recurrence on the study CT scans.
Patient selection, 4D-imaging protocols, use of a risk-adapted fractionation
schemes and the treatment techniques used have all been reported previously [21,22].
Treatment was delivered using 8-12 non-coplanar static beams and 6 MV photons to a
total dose of 60 Gy, calculated with a pencil beam algorithm and prescribed at the 80%
isodose line. Fractionation was dependent on tumor size and its location: three fractions
of 20 Gy were delivered to T1 tumors surrounded by lung parenchyma; five fractions of
12 Gy to T2 tumors and T1 tumors in broad contact with the chest wall; and 8 fractions of
7.5 Gy to centrally located tumors and those close to the brachial plexus. Routine followup involved outpatient assessments at 3, 6, and 12 months post-SBRT and thereafter
every 6-12 months, with a diagnostic CT scan of the thorax and upper abdomen
performed at each visit. FDG PET-CT scanning is not performed routinely post-SBRT.
When intra-thoracic disease recurrence is suspected, patients are discussed in a multidisciplinary tumor board consisting of radiation oncologists, pulmonologists, nuclear
medicine physicians and radiologists, before recommendations are made for a follow-up
policy. A common approach involves repeat CT imaging at a short interval (e.g. after 3
months) together with an FDG PET-CT scan and invasive diagnostic procedures, if
appropriate.
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Scoring of Radiological Pneumonitis and Fibrosis
Scoring of radiological changes was performed by three radiation oncologists, who
together had treated and followed more than 600 lung SBRT patients. Scoring was
performed in a meeting room with digital images of the baseline and follow-up CT scans
projected onto a large screen. Scores were assigned by consensus.
Acute CT changes were defined as those occurring within the first six months of
treatment, using a scoring system described previously [8] (Figure 1A and Table 2).
Briefly, the five categories of acute findings defined were diffuse consolidation, patchy
consolidation, diffuse ground glass opacities (GGO), patchy GGO, or no evidence of
increasing density. The term “diffuse” was applied to abnormalities that were at least 5
cm in maximum diameter and which contained more than 50% abnormal lung; otherwise
the term “patchy” was applied.
Late CT changes were defined as occurring six months after treatment or later,
and classified into one of 4 categories [10] (Figure 1B and Table 3): ‘modified
conventional pattern’ of fibrosis (characterized by consolidation, volume loss, and
bronchiectasis +/- GGO), mass-like fibrosis (well-circumscribed focal consolidation
limited to the tumor region, but which is larger than the original tumor), ‘scar-like
fibrosis’ (a linear opacity in the tumor region with associated volume loss), or ‘no
evidence of increasing density (regressing mass at the location of the treated tumor, or
only normal lung visible).
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In addition, our system specified a subjective overall impression of the severity of
radiographic findings as follows: “severe” (much more extensive than would usually be
expected with SBRT); “moderate” (changes that are common), “minor” (slight changes
only), or “none” [8].
For patients undergoing treatment of more than one lesion, CT changes associated
with each lesion were scored separately. Any scans in patients who were undergoing
treatment for acute infections, such as an infection, were not scored.
Statistical Analysis
Associations between baseline factors and severity of CT changes were calculated using
Spearman’s correlation, and the relationship between early and late severity scores was
assessed using McNemar’s test. Time to onset of first CT changes was estimated using
the Kaplan-Meier method, and Cox regression analysis was used to determine if baseline
factors (age, sex, COPD severity, co-morbidity score, smoking status, and tumor
location) were related to time to onset of first CT change. All statistical tests were twosided with p<0.05 indicative of statistical significance, and all statistical analyses were
performed using the Statistical Package of Social Sciences (SPSS version 15.0, Chicago,
USA).
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Table 2. Scoring system for classifying acute radiological changes after stereotactic body
radiotherapy (SBRT) [8]. GGO=ground glass opacification
Name
Diffuse consolidation
Patchy consolidation
Diffuse GGO
Patchy GGO
No evidence of increased
density
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Description
Consolidation more than 5 cm in largest dimension.
The involved region contains more consolidation
than aerated lung
Consolidation less than 5 cm in largest dimension
and/or the involved region contains less consolidation
than aerated lung
More than 5 cm of GGO, (without consolidation).
The involved region contains more GGO than normal
lung
Less than 5 cm of GGO, (without consolidation),
and/or the involved region contains less GGO than
normal lung
No new abnormalities. Includes patients with tumors
that are stable, regressing or resolved, or fibrosis in
the position of the original tumor that is not larger
than the original tumor
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Figurre 1. Classiffication of radiological
r
changes afteer stereotacttic body raddiotherapy. A
A.
Acutee radiologiccal pneumo
onitis within
n 6 monthss of treatm
ment. One category (nno
increasing densitty) not show
wn. B. Late radiologicaal fibrosis affter more thhan 6 monthhs
from the time of treatment.
t
One
O category
y (no increas ing density) not shown.

9

A.

B.
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Table 3. Scoring system for classifying late radiological changes after stereotactic body
radiotherapy (SBRT)
Name
Modified conventional
pattern

Mass-like fibrosis
Scar-like fibrosis
No evidence of increased
density

168

Description
Consolidation, volume loss, and bronchiectasis
similar to, but usually less extensive than,
conventional radiation fibrosis. Larger than the
original tumor size. Occasionally with associated
GGO
Well-circumscribed focal consolidation limited to
area surrounding the tumor. The abnormality must be
larger than the original tumor
Linear opacity in the region of the tumor associated
with volume loss
No new abnormalities. Includes patients with tumors
that are stable, regressing or resolved, or fibrosis in
the position of the original tumor that is not larger
than the original tumor

Radiological changes following stereotactic radiotherapy for stage I lung cancer

Results
Between 2003 and June 2008 a total of 387 patients underwent SBRT for stage I
NSCLC. Out of these we identified 147 patients who survived more than two years postSBRT, and who did not develop local recurrence. Sixty-one patients (Table 4) met all of
the inclusion criteria for this evaluation, with the commonest reason for ineligibility
being CT scans performed other centers, and not stored permanently on the VUmc
picture archiving and communication system.
The median age was 71 years, and the median duration of CT follow-up was 2.5
years (range 2-6.7 years). 34 patients had COPD that was scored as moderate (GOLD III)
or severe (GOLD IV), as per the GOLD criteria [23]. The median Charlson comorbidity
score (non-age adjusted) was 4 (range 2-9), and 49 patients (80%) were medically
inoperable. The 61 patients were treated for a total of 68 lesions: six patients were treated
for two synchronous lesions, and one patient was treated two years after the original
course of SBRT for a second primary tumor in a different lung region, and was followed
for a further four years. The pathological confirmation rate was 34%, consistent with our
previously reported experience (21). A total of 325 CT scans were reviewed (median 5
per patient, range 3-10), on which a total of 364 lesion scores were assigned.
CT scans within 6 months of treatment were available for 67 lesions (assessed in
70 scans). In 46% of cases, there was no evidence of increasing density. In 36 (54%)
there were acute parenchymal changes. Acute patterns of CT changes were as follows:
46% of lesions showed no evidence of increasing density, 24% patchy consolidation,
16% diffuse consolidation, 7% diffuse GGO, and 6% patchy GGO.

169

9

Stereotactic Radiation Therapy for Stage I Non-Small Cell Lung Cancer

Late parenchymal CT changes were seen for nearly all lesions (67/68; 99%) at
some point during the follow-up period. The incidence of CT changes at 6, 12, 24 and 36
months was 56%, 73%, 87% and 99%, respectively. A total of 294 late morphology
scores were assigned and the modified conventional pattern of fibrosis was most common
(71%), followed by scar-like fibrosis (11%), no evidence of increasing density (11%),
and mass-like fibrosis (7%). Most lesions had a maximum severity score of 1 (mild;
n=34; 50%), or 2 (moderate; n=32; 47%). Only one patient had severe (score=3) changes
after SBRT.

Table 4. Clinical and treatment characteristics for 61 patients treated with stereotactic
lung radiotherapy with at least two years of computed tomography follow-up.
IQR=interquartile range.
Variable

Median (range) or Number (%)
71 (48-85)

Age
Gender
Female
Male
PTV volume (mL)
FEV1 (as percent of predicted)
Stage
T1
T2

32 (53%)
29 (47%)
50 (15-122)
64 (41-114)
39 (64%)
22 (36%)

Dose and Fractionation
3 x 20 Gy
5 x 12 Gy
8 x 7.5 Gy
Duration of CT follow-up
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24 (39%)
26 (43%)
11 (18%)
2.5 years (2 – 6.7 years)
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evolu
ution in mo
orphology was
w commo
only observved: many lesions dem
monstrated a
modified conven
ntional patterrn after 1 yeear that evollved thereaft
fter into scarr or mass-likke
patterrns (Figure 3A). The seeverity of CT
C changes ppeaked betw
ween 1-2 yeears, and theen
plateaaued (Figuree 3B). Altho
ough it appeaared to dimiinish beyondd 4 years thiis observatioon
is bassed on a sm
mall number of patients. Radiologicaal parenchym
mal changes continued tto
evolv
ve long afterr SBRT, witth 32 lesionss (47%) shoowing either a change inn morphologgy
or sev
verity of the CT findingss more than two years affter treatmennt (Figure 4)).

Figurre 3. Temporal changees in pattern
ns and severrity of CT changes aftter SBRT. A
A.
Morp
phological patterns
p
of CT
C changess by follow--up time peeriod B. Sevverity of C
CT
chang
ges by follo
ow-up time period.
p
GGO
O = ground glass opaciities. Numbber of lesionns
scoreed during eacch time periiod is shown
n at bottom (some lesionns may havee been scoreed
more than once during
d
each period).
p
A.

B.

Discu
ussion
To th
he best of ou
ur knowledgee, this study reports the longest duraation of CT follow-up foor
assessment of no
ormal tissue changes in
n patients treeated with llung SBRT (Table 1). IIn
addition, it systeematically describes
d
thee frequency,, timing, lonngitudinal eevolution annd
severrity of post-S
SBRT lung changes.
c
Altthough about
ut half of patiients develooped acute C
CT
chang
ges, we foun
nd that late CT changess occurred too some exteent in almosst all patientts.
With respect to the
t timing of
o these chaanges, it wass noteworthhy that in 255% of treateed

172

Radiological changes following stereotactic radiotherapy for stage I lung cancer

lesion
ns, the firstt CT chang
ges become apparent m
more than oone year aftter treatmennt.
Impo
ortantly, CT changes werre often dynaamic, with aalmost half oof all cases sshowing signns
of ev
volution morre than 2 yeaars after rad
diotherapy. S
Significantlyy, the proporrtion of massslike changes
c
app
pears to incrrease in tho
ose patients with more than 2 yearrs of imaginng
follow
w-up, and changes peak
ked at 1-2 years
y
post-SB
BRT. Althouugh the sevverity of earlly
chang
ge was pred
dictive of latte changes - about half of the patiennts with mooderate-severre
acutee changes deeveloped latee changes off the same seeverity - addditional longg-term clinicaal
and radiographic
r
follow up iss still requireed to better ccharacterize this relationnship [24].
Figurre 4. These two examp
ples illustratee the dynam
mic nature oof CT changges after lunng
SBRT
T 3x20Gy. In
I the top paanel the treaatment CT iss on the leftt. From left to right - ‘nno
increase in densiity’ on CT at +6 and +13
+ months and then a ‘modified cconventionaal’
patterrn first appears at +25
5 months an
nd is still ppresent at +
+37 months.. In the casse
illustrrated in the bottom panel, the treatm
ment CT is aagain on thee left. From left to rightt no in
ncrease in deensity at +7
7 months changing to m
modified connventional ppattern at +113
montths, evolving
g to ‘mass--like’ chang
ge on CT att +24 montths post-SBR
RT and theen
reverrting again to
o modified conventional
c
at +38 monnths.
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To put the current data in context, two to six months after lung SBRT Trovo et al
reported a 33% incidence of patchy consolidation/ground-glass opacity and a 27%
incidence of diffuse consolidation [10] whereas we found 24% patchy and 16% diffuse
consolidation at 3 months. From 7-12 months and 13-18 months post-SBRT they found
54% and 44% modified conventional pattern, and 20% and 28% mass-like patterns
respectively. However in the present study, beyond 6 months post-SBRT we found a
modified conventional pattern in 71% and mass-like fibrosis in 7%. Inter-observer
variation, sample size, follow up duration, patient characteristics and SBRT treatment
technique may be amongst the factors that account for these differences. Like Trovo et al,
we found no relation between radiographic changes and the PTV size [10]. However in
contrast with the conclusions of Linda et al in a recent review [25] we have seen that
morphological change is commonplace beyond two years after SBRT. The dominant
acute (patchy consolidation) and late (solid/discrete consolidation) findings of Aoki et al
[16] are consistent with our own observations. Guckenberger et al report similar findings
but use the terms dense consolidation, spotted-streaky consolidation and retraction to
describe the late changes [9]. Our finding that late consolidation can subsequently evolve
into a mass or scar-like pattern is consistent with the report of Takeda et al [17].
The fact that multiple series report similar morphologic time-trends with conventionally
delivered SBRT is perhaps not surprising given that they are all describing pneumonitis
and subsequent fibrosis. However the differences in descriptive terminology and scoring
metrics highlight that it would be desirable to develop a standardized and validated
scoring system that could be consistently applied [24]. This is especially important for
clinical trials. Although the qualitative method of reporting changes used in this paper is
currently most relevant to everyday clinical practice, more objective methods for
evaluating lung changes post-SBRT are required. A quantitative methodology that uses
deformable image registration to correlate lung density changes with radiation dose
distributions is currently undergoing evaluation for this purpose [26,27].
Although we consider our methodology to be at least as robust as previously reported
studies (Table 1), there are some potential limitations. Firstly, it is clear that the follow up
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imaging interval will contribute substantially to the estimated timeline for normal tissue
responses. In this instance, scans were performed at 3, 6 and 12 months after SBRT, and
thereafter every 6-12 months, which means that there could be an uncertainty of up to
several months in when normal tissue changes actually occurred. Inevitably the number
of patients at risk declines with time, and so it is feasible that the incidence as well as the
characteristics of morphological change could also alter with longer follow up and a
larger number of patient observations, especially at later time points. For example,
observations in this study beyond 2.5-3 years, are based upon a relatively small number
of patients. The frequency of changes could be further influenced by the test-retest
variability of the scoring systems, which was not specifically evaluated in this report.
Although somewhat subjective, the scoring system’s descriptive qualities do mean that it
could be used in the clinical setting and the addition of a severity score provides an extra
dimension and discriminator over previous reports.
Our report was not intended to focus on the relationship of radiological changes to
potential patho-etiological factors, symptoms or medication. Nor has it considered
possible dosimetric risk factors for clinical lung toxicity following SBRT or the effect on
lung function [28]. It is also important to note that the findings in this study relate to
patients treated with multiple non-coplanar conformal beams and 6MV photons.
Volumetric modulated arc therapy is now the standard technique for lung SBRT at our
center [29], and changes in the pattern of late radiological changes cannot be ruled out as
larger volumes of lung tissue are exposed to lower doses of radiation in these patients.
Finally, it follows that distinguishing lung changes from local recurrence is of great
importance, not least of all because there are salvage options for selected patients [30,31].
Importantly, in two recent papers describing salvage surgery the authors reported that the
local recurrences were associated with rapid enlargement within a relatively short period
after SBRT. Continued radiological follow up of parenchymal lung change is therefore
necessary, with multi-disciplinary review, increased imaging frequency, metabolic
studies and invasive evaluation as appropriate.
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In conclusion, with increasing numbers of patients receiving lung SBRT it is important
that their medical team is aware of specific characteristics of this treatment. This
preliminary study of post-SBRT fibrotic changes has demonstrated that long-term CT
changes and continued radiographic evolution are common more than two years after
SBRT. Additional work is now needed to improve the early detection of local progression
and to better understand the pathogenesis of lung changes post-SBRT and their long-term
physiological and functional effects.
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