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Loss of lung function after chemo-radiotherapy for NSCLC measured
by perfusion SPECT/CT: Correlation with radiation dose and clinical
morbidity
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ABSTRACT B
Background. The purpose of the study was to assess dose and time dependence of radiotherapy (RT)-induced changes
in regional lung function measured with single photon emission computed tomography (SPECT) of the lung and relate
these changes to the symptomatic endpoint of radiation pneumonitis (RP) in patients treated for non-small cell lung
cancer (NSCLC).

Material and methods. NSCLC patients scheduled to receive curative RT of minimum 60 Gy were included pro-
spectively in the study. Lung perfusion SPECT/CT was performed before and three months after RT. Reconstructed
SPECT/CT data were registered to treatment planning CT. Dose to the lung was segmented into regions corresponding
to 0-5, 6-20, 21-40, 41-60 and > 60 Gy. Changes (%) in regional lung perfusion before and after RT were correlated
with regional dose and symptomatic RP (CTC grade 2-5) outcome.

Results. A total of 58 patients were included, of which 45 had three-month follow-up SPECT/CT scans. Analysis
showed a statistically significant dose-dependent reduction in regional perfusion at three-month follow-up. The largest
population composite perfusion loss was in 41-60 Gy (42.2%) and > 60 Gy (41.7%) dose bins. Lung regions receiving
low dose of 0-5 Gy and 6-20 Gy had corresponding perfusion increase (-7.2% and -6.1%, respectively). Regional
perfusion reduction was different in patients with and without RP with the largest difference in 21-40 Gy bin (p = 0.02),
while for other bins the difference did not reach statistical significance. The risk of symptomatic RP was higher for the
patients with perfusion reduction after RT (p =0.02), with the relative risk estimate of 3.6 (95% CI 1.1-12).
Conclusion. Perfusion lung function changes in a dose-dependent manner after RT. The severity of radiation-induced
lung symptoms is significantly correlated with SPECT perfusion changes. Perfusion reduction early after RT is associ-
ated with a high risk of later development of symptomatic RP.

With advances in radiotherapy (RT) techniques radi- related to changes in pulmonary function tests (PFT)

ation is distributed non-uniformly throughout the
different regions of the lung. We have shown lung
function assessed by perfusion imaging single photon
emission computed tomography (SPECT) before
RT to be heterogeneously distributed in the lung
with different degrees of perfusion defects in the lung
[1]. In previous studies, regional changes in SPECT
perfusion have been related to regional radiation
dose [2-6]. It has also been established that RT-in-
duced reductions in regional lung perfusion are

after RT [6,7]. PFT represent an objective global
lung function measure. However, some studies have
proven PFT to be a weak predictor of radiation-in-
duced pulmonary dysfunction, because the changes
in PFT do not always correlate well with patients’
clinically experienced toxicity [8—11]. The associa-
tion between perfusion changes in the lung assessed
by SPECT and clinically scored radiation pneumoni-
tis (RP) has not been established. Moreover, the
underlying radiation sensitivity of lung tissue is not
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completely understood [12-14]. We hypothesise that
regional changes in the lung perfusion on SPECT
three months after curative chemo-radiotherapy are
dose-dependant. The purpose of the study was to
correlate changes in SPECT perfusion over time
with radiation dose, and to examine, whether lung
perfusion changes early after RT can predict the risk
of development of symptomatic RP.

Material and methods

Between 2012 and 2013 a total of 74 consecutive
patients with histologically verified non-small cell
lung cancer (NSCLC) undergoing curative RT were
included prospectively. Three patients did not meet
eligibility criteria (histologically verified NSCLC,
minimum RT dose of 60 Gy, absence of other uncon-
trolled malignancies) and were excluded. Of 71 eli-
gible patients, 13 were treated with stereotactic body
radiation therapy (SBRT) technique with high dose
per fraction, and therefore were excluded from the
analysis.

To measure the lung perfusion, SPECT/CT was
performed after i.v. administration of *mTc as previ-
ously described [1]. SPECT/CT scans were per-
formed within a week before RT, as well as at three
months after the end of RT. A total RT dose of 60—-66
Gy was delivered in 2-Gy fractions with an intensity-
modulated radiation therapy (IMRT) technique.

Data analysis

As shown in Supplementary Figure 1 (available
online at http://informahealthcare.com/doi/abs/10.3
109/0284186X.2015.1061695), regional dose bins
corresponding to 0-5, 6-20, 21-40, 41-60 and > 60
Gy were created on treatment planning CT. The CT
of the SPECT/CT was registered to the treatment
planning CT using rigid and deformable registration
in MIM Software (MIM version 6.4). Dose distribu-
tion from the treatment planning CT was correlated
to the map of SPECT perfusion within the healthy
lung tissue [total lung minus gross tumour volume
(GTV)]. The regional perfusion reduction (RPR) at
each dose bin was calculated as described in details
in the Supplementary Appendix (available online
at http://informahealthcare.com/doi/abs/10.3109/
0284186X.2015.1061695). To assess the overall
population’s RPR in each dose bin, individual
patient’s perfusion changes were combined using
weighted average technique adjusting for volume
irradiated at each dose level [2,5], as described in
details in the Appendix.

Pulmonary morbidity was scored by the
National Cancer Institute’s Common Terminology
Criteria for Adverse Events (CTCAE) version 4

[15]. Pneumonitis symptoms and radiographic
changes on CT were scored on CTCAE scale grade
0-5. RP was defined as radiation-induced symp-
toms (dyspnoea, cough, pain and low-grade fever)
and radiographic changes on CT. Patients with evi-
dence of tumour recurrence or thoracic disease
progression (PD) during follow-up were excluded
from the study. The patients were divided into
two groups: patients with no RP symptoms and
radiological changes only (CTC grade 0—1, non-RP
group), and patients with symptomatic to severe
RP (CTC grade 2-5, RP group).

Statistics

A paired samples t-test was used to compare SPECT
perfusion change with time (three-month post-RT
relative to pre-RT). Student’s t-test was used to com-
pare mean RPR in different dose bins for the patients
in RP versus non-RP groups. The Kaplan-Meier
method was used to calculate time to symptomatic
RP (grade 2-5) from the end of RT. Patients who did
not develop RP were censored at the last available
follow-up, disease progression or death. The log-rank
test was used to analyse differences in time to RP in
patients with perfusion reduction or increase in the
whole lung. Two-tailed p-values less than 0.05 were
considered statistically significant.

This single centre prospective study was approved
by the Ethical Committee of The Central Denmark
Region (study ID number 1-10-72-11-12). Written
informed consent was obtained from each patient
upon inclusion.

Results

Of 58 eligible patients with pre-treatment SPECT/
CT, 45 had SPECT/CT performed at three-month
follow-up (median 3.2 months range 2.1-4.2 months),
and were analysed in the present study. Patient char-
acteristics are listed in Table I. Drop out after RT

Table I. Patient characteristics (n=45).

N (%)

Age (years) median (range) 67 (43-84)
Sex

Male 25 (56)

Female 20 (44)
Clinical stage

I-1I 3(7)

111 31 (69)

v 2 (4)

Recurrent 9 (20)

GTV (cm?) median (range) 37 (1.2-316)

Radiation dose (Gy) median (range) 66 (60-66)

Mean lung dose (Gy) (SEM) 12.8 (0.7)

GTYV, gross tumour volume; SEM, standard error of the mean.
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completion was due to disease progression (N =7),
general weakness without detectable PD (N =5), as
well as one death of RP. Characteristics of the patients
with SPECT at baseline and three-month follow-up
are presented in Table I. Dose dependent popula-
tion’s composite perfusion loss on SPECT is shown
in Figure 1. Negative perfusion loss in the low dose
bins (0-5 and 620 Gy) indicate improvement in per-
fusion, while perfusion loss is progressively increasing
with dose in the higher dose bins of 21-40, 41-60
and over 60 Gy. Perfusion increase with time in
0-5 Gy dose bin was statistically significant (p = 0.04).
The reduction in perfusion with time in 21-40,
41-60, > 60 Gy dose bins was also statistically sig-
nificant (p-values <0.01 for all three bins).

RPR was different in patients with and without
RP, as presented in Figure 2. The difference was larg-
est in 21-40 Gy bin (p=0.02). For the other bins
the difference did not reach statistical significance.
For the whole lung regardless of the dose received,
RPR was -3% in patients with no RP, and 7% in RP
group (p=0.03). In the correlation analysis on
Figure 3, RPR in the 21-40 Gy dose bin showed
statistically significant, though modest correlation
with RP grade (Spearman’s r=0.4, p =0.02).

Median time to symptomatic RP was 2.7 months
(range 0.8-5). We compared the risk of RP for
patients with and without reduction in perfusion by
calculating time from the end of RT to the develop-
ment of symptomatic RP. Only patients who did not
develop symptomatic RP at three months of fol-
low-up were included in the actuarial analysis. As
presented on Figure 4 the risk of symptomatic RP
was higher for the patients with perfusion reduction
after RT (p=0.02). The relative risk estimate for
the patients with perfusion reduction was 3.6 (95%
CI 1.1-12).

Population composite perfusion reduction over time
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Figure 1. Population composite perfusion loss at three months
after radiotherapy in different dose bins.
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Figure 2. Individual perfusion data for 45 patients with SPECT
available at three-month follow-up. Mean percent perfusion
reduction in different dose bins in patients who developed
symptomatic radiation pneumonitis grade 2-5 and those who did
not. Error bars represent 1 standard error.

Discussion

This study demonstrates that perfusion reduction in
the lung after RT measured with SPECT happens in
a dose-dependent manner, with a small function
increase in low dose areas and function reduction up
to 42% in high dose areas. This is possibly due to
function being shunted to the areas receiving low
dose. This is the first study that demonstrates the
relationship between perfusion reduction assessed by
SPECT/CT and the severity of radiation-induced
symptoms in patients treated with IMRT. Patients
with perfusion reduction had a high risk of later
developing symptomatic RP. The advantage of the
study is the prospective design with close follow-up
of symptomatic and imaging endpoints. Deformable
registration of the pre- and post-treatment scans with
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Figure 3. Regional perfusion reduction in 21-40 Gy dose bin for
each patient and the grade of radiation pneumonitis.
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Lung SPECT perfusion 3 months after radiotherapy
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Figure 4. Kaplan-Meier analysis of risk of radiation pneumonitis
according to perfusion reduction (bold line) or increase (dotted
line) in the total lung at three months after radiotherapy. Number
of patients at risk at different time points is shown.

accuracy within few mm was used in the study. The
advantage of deformable registration to be more
accurate for comparing the changes after RT has
been previously shown by Palma et al. [16]. The
limitation of our study is patients’ drop-out in fol-
low-up, which reduced the amount of SPECT/CT
scans available for the analysis.

Effects of normalisation of dose data to lower
doses of 0-5 Gy have been discussed previously
[2,17].The threshold to which normalisation should
be performed is also debatable. In this study we have
not performed normalisation of dose data, as it lim-
its interpretations of the results for low dose bins.
On the contrary, unnormalised data are able to sug-
gest a threshold for RT injury, where dose-response
curve slope crosses x-axis. In our study, it corre-
sponds to the 6—20 Gy dose bin (Figure 1), and thus
reveals a negative RPR in the low dose bins. The
possible mechanism can be that perfusion is being
shunted to the low dose areas as a compensation for
the regional lung damage in the high dose areas.
Moreover, in the study of Woel et al. population
analyses were repeated for unnormalised data, as
well as normalised with outcomes largely unchanged
with time progression of perfusion injury restricted
to high-dose regions [2].

The results in our study showing dose-depen-
dent RT-induced regional lung dysfunction are in
agreement with previous studies [5,18]. Woel et al.
additionally showed that RT-induced reductions in
regional perfusion progress with time, with most
of this injury manifest within 12 months after RT
[2]. Few authors have related changes in SPECT
perfusion with symptomatic outcomes with no

association found in patients irradiated for different
thoracic tumours [9,19]. Other studies have focused
on relating perfusion changes to more objective
endpoint-changes in PFT [7,17,20-22], and yielded
highly significant results. In comparison to the
aforementioned studies, we investigated perfusion
and symptomatic pulmonary injury in the settings
of modern technological advances, such as com-
bined SPECT/CT imaging [4,23] and radiotherapy
technique (IMRT, SBRT) [24,25]. Our patient
cohort is homogeneous with NSCLC only and high
RT dose of =60 Gy.

The toxicity scoring of radiation-induced pulmo-
nary morbidity in our study is not relying on treat-
ment indication alone, but rather on the combination
of symptoms’ severity, radiographic changes and
intervention indicated, as described in CTCAE v.4
for pneumonitis. The present study supports the
assumption that development of radiation-induced
lung symptoms may reflect the sum of regional injury
plus compensatory increases in function in the low
dose areas. The compensatory ability to shunt the
function to these areas is most likely impaired in the
patients with symptomatic RP.

Only patients with symptomatic RP at three
months or later after RT were included in the actu-
arial analysis (Figure 4). For these patients the risk
of later development of RP according to the perfu-
sion changes on three-month SPECT could be
assessed. Therefore, an introduction of SPECT/CT
into a follow-up routine three months after RT com-
pletion can help to identify the patients who are at
high risk of developing RP. Closer monitoring and
early treatment may help these patients not to develop
severe symptoms [26]. Performing SPECT/CT at
three-month follow-up and quantifying perfusion
loss at this time point may also improve the diagnos-
tics of RP for the individual patient. As perfusion loss
correlates with the grade of RP in our study, it may
be a valuable tool for RP diagnostics, compared to
PFT, which does not show the same correlation [1].
The finding of significant perfusion loss in 21-40 Gy
dose range in symptomatic RP patients can be used
in the future studies as dose constraints. Thus,
SPECT-based treatment planning may allow sparing
the lung volume receiving 20 Gy and higher. RP is
an acute toxicity developing few weeks to several
months after RT [27]. In our patient cohort symp-
tomatic RP happened three months after RT (median
time 2.7 months). There were 11 patients who devel-
oped symptomatic RP before the three-month
follow-up SPECT scan was performed. To assess the
risk of RP for the whole patient cohort, analysis of
one-month follow-up SPECT is on the way.

In conclusion, this study demonstrates that
changes in perfusion on SPECT three months after
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RT are dose-dependent with lung function reduction
up to 42% in high dose areas and correlate with
severity of radiation toxicity symptoms. Furthermore,
perfusion reduction early after RT is associated with
a high risk of later development of symptomatic RP.

Declaration of interest: The authors report no
conflict of interest. The authors alone are responsible
for the content and writing of the paper.
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