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difference from stereotactic body radiotherapy alone?
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Background: To quantitatively evaluate lung damage after treatment of epidermal growth factor receptor
tyrosine kinase inhibitors (EGFR-TKIs) and stereotactic body radiotherapy (SBRT) in patients with non-
small cell lung cancer (NSCLC), and compare that of SBRT only treatment.

Methods: Eligible patients from an IRB-approved prospective clinical trial had one month of EGFR-
TKIs treatment followed by SBRT (TKI + SBRT) and with 3-month follow-up high resolution CT.
NSCLC patients treated with SBRT alone during the same time period without EGFR-TKIs or other
systemic therapies were identified as controls. The lung damage was assessed clinically by pneumonitis and
quantitatively using by CT intensity (Hounsfield unit, HU) changes. The mean HU values were extracted
for regions of the lungs receiving the same dose range at 10 Gy intervals to generate dose-response curves
(DRC). The relationship of HU changes and radiation dose was modeled using a Probit model.

Results: Four out of 20 (25%) TKI + SBRT patients and none of 19 (0%) SBRT alone patients had
developed grade 2 and above pneumonitis (P=0.053), respectively. Sixty percent of TKI + SBRT patients
and 30% SBRT alone patients had HU changes of the normal lung density >200 HU, respectively. There
were significant differences in the DRC and in lung HU changes between the two groups (all P<0.05). The
physical dose for a 50% complication risk (7Ds,) of CT lung damage was 52 Gy (CI: 46-59) in TKI + SBRT
group versus 72 Gy (CI: 58-107) in SBRT alone group (P<0.01).

Conclusions: Compared to patients treated with SBRT alone, patients treated with EGFR-TKIs followed
by SBRT were more incline to develop radiation pneumonitis, and resulted in greater lung CT intensity
changes and steeper dose-CT lung damage response relationship at 3 months post treatment. Future study

with larger number of patients and longer follow-up period is warranted to validate this finding.
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Introduction

Epidermal growth factor receptor tyrosine kinase inhibitors
(EGFR-TKIs) have been widely used in cancer treatment.
Multidisciplinary international practice guidelines (NCCN,
TASLC) recommend a combination of stereotactic body
radiotherapy (SBRT) with EGFR-TKIs to improve
treatment efficacy for advanced non-small cell lung cancer
(NSCLC) (1). The outcome of the combined therapy in
unresectable patients with advanced NSCLC is encouraging
(2-4). A recent study showed that the patients treated
with SBRT and EGFR-TKIs had a significantly improved
overall survival at one year as compared to the conventional
radiation therapy (RT) (71.5% vs. 36.5%) (5). Laboratory
and clinical studies suggested that EGFR-TKIs can enhance
the radiosensitivity of tumor cells by increased killing of the
remaining radiation resistant cells (6,7).

Although the volume of adjacent normal lung tissue
receiving high dose is limited, SBRT lung toxicity is a
clinically significant issue, and its association with the
combined EGFR-TKIs treatment is unknown. To better
understand whether EGFR-TKISs alter the radiosensitivity
of normal lung cells, this study aimed to investigate early
lung injury in patients treated with SBRT following EGFR-
TKIs, comparing to those treated with SBRT alone, using
quantitative CT imaging analysis of the lung density acquired
before and after the treatments. We present the following
article in accordance with the STROBE reporting checklist
(available at http://dx.doi.org/10.21037/apm-20-1116).

Methods
Study population and treatment details

The primary study population consisted of 20 consecutive
NSCLC patients (from 2016 to 2018) treated with EGFR-
TKIs (125 mg Icotinib, three times daily) for a month
followed by SBRT in an Institutional Ethic Committee
approved prospective study (8). For comparison, NSCLC
patients treated with similar SBRT technique during the same
time period without TKI or any other systemic therapy were
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identified as controls. 'To retrieve enough number of patients
for the control group, we had extended the patient treatment
record to 2013. Patients with previous RT or without 3
months follow-up CT scans were excluded. Patients were
assessed blindly and graded for tumor response and radiation
pneumonitis by two senior radiation oncologists according
to a consensus report by Kong er a/. with consideration of
CTCAE for grading (9,10). The study was conducted in
accordance with the Declaration of Helsinki (as revised in
2013). The study was approved by the Taizhou Hospital
Ethical Committee (No. KB20170501) and informed consent
was taken from all the patients.

The prescription dose was 50 Gy in 5 fractions for
peripheral lesions or 60 Gy in 8 fractions for central lesions,
which covered more than 95% of the planning target
volume (PTV) except when tumor was adjacent to the
critical structure. All patients were positioned head-first-
supine and were immobilized with thermoplastic mask.
CT scans of free breathing, unenhanced and enhanced,
and four-dimensional (4DCT) were acquired using a CT
scanner (discovery CT590 RT, GE) during the simulation.
Unenhanced free breathing CTs were obtained using the
same scanner 3 months after SBRT. The gross tumor
volumes (GTV) and organs at risk (OARs) including
normal lung tissue were contoured by the treating radiation
oncologists on the unenhanced free breathing CT sets.
The PTV was generated by adding a margin to the GTV
according to the Radiation Therapy Oncology Group
Phase II clinical trial on hypo fractionated stereotactic
lung radiation therapy (RTOG 0236). Each SBRT plan
was delivered with 9- to 11-field intensity-modulated
radiotherapy (IMRT). The dose calculation was done with
collapsed cone convolution algorithm (CCC) (Pinnacle,
Philips Medical Systems, Milpitas, CA). The pre-SBRT
planning CT and post-SBRT CT were rigidly registered
based on both bony anatomy and tumor structure. (Eclipse,
Varian Medical Systems, Palo Alto, CA). The quality of
registration was confirmed by at least one medical physicist
and one radiation oncologist independently. Isodose lines
of 10, 20, 30, 40, 50, and 60 Gy were converted into
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contours by excluding the PTV on the planning CT and
populated onto the corresponding post-SBRT CT. Clinical
radiation lung damage was assessed and graded per treating
physicians, according to CTCAE4.0.

HU measurements and dose-response curves

The mean CT number, i.e., Hounsfield number (HU) of
an exclusive region was calculated by Boolean calculation
of masks derived from the isodose line contours using
MATLAB (Math Works, Natick, MA) following a method
described previously (11). For example, the mean HU of
the exclusive region between the isodose lines of 10 Gy
and 20 Gy in lung can be calculated using the following
formula (11): [Mwa isodose line AND (NO'T Mzoey isodose line)]
AND (M 1,k OR M 1, 1), where AND, NOT; and OR are
Boolean operators, and MlOGy isodose line> MZOGy isodose lines MLung»R and
M 1. are the masks with their self-revealing subscripts. The
change of the mean HUs (AHU) within each region of lung
receiving the same dose(d) between the pre- and post-SBRT
CTs were calculated as follows: AHU(d) = HU ,; sprr(d) -
HUP
and post-SBRT datasets were then fitted to a linear-quadratic
function. For each group, dose-response curves (DRC) for

re-sprr(@). The dose-CT number association curves of pre-

normal lung tissue were achieved by fitting a linear-quadratic
function between AHU and the corresponding dose bins.
In order to normalize X axis, the dose bins were converted
to biologically effective dose (BED) with an o/ ratio of
3.6 Gy (Eq.[1]) (12). To simplify the analysis, two different
dose prescriptions were unified using BED according to the
formula (Eq. [2]).

BED:nd£1+ac/1—ﬂJ 1]
nd=n| 2y [2BED [} 2
L 28\ n \28

Normal tissue complication probability (NTCP)

The Lyman-Kutcher-Burman (LKB) NTCP model was
established for CT lung damage by using a dichotomous
toxicity endpoint for lung density increase. CT lung
damage was defined by the thresholding the HU change of
200 HU for the lung NTCP computation (13). Assuming
the dose for each bin was relatively uniform, the model can

be simplified to
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uZ

1 ¢ 2
NTCP(D)= e du (3]
(D) %_Ig
With 1= 2=TPx [4]
m-TD,

where D is equivalent uniform dose (EUD), TDj, is the dose
that results in 50% complication risk for a given partial
volume and m is a slope parameter for the sigmoid curve.
To determine TD;, and m values, a Probit model was fitted
to the patient data using the following maximum log-

likelihood function:
LL ==X y,log(NTCP(D,))=(1-y,)log(1- NTCP(D;)) [5]

which is described for all data points i with the binary variable
yi being 1 for AHU >200 HU and 0 for AHU <200 HU.
Di is referred to a delivered mean dose for data point i
NTCP(Di) is the probability calculated by Eq. [3] for AHU
>200 HU at point i. The 95% confidence intervals (CI) for
parameter 7Dj, and m were obtained by profile likelihood
method (14). Briefly, the lower and upper bounds of CI were
obtained from two values which satisfy the equality with the
optimal likelihood reduced by x*(0.05,1)/2 = 1.92.

Lung function assessment

To test comparability of the patients local lung function
before SBRT, lung functional maps were generated using
a CT based lung functional mapping method (15), which
included image preprocessing and residual neural network
computation. The 4D CT images of various breathing
phases were first co-registered, resampled, and resized. The
contrast of the masked CT was adjusted using the histogram
equalization to allow the low intensity region to gain a higher
contrast. Then a histogram-based regularization approach
was used to normalize the values on the functional map. The
segmented images were further cropped and resized to reduce
the consumption of the computation. A 3D neural network
model was built to learn a direct mapping from the processed
CT to ventilation images. The model was previously trained
and tested using CT scans of 41 patients. Binary cross entropy
with auxiliary correlation was used as the loss function.

Statistical analysis

The primary endpoint of this study was radiation lung
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damage which included clinical pneumonitis and CT
lung damage defined by CT intensity. Statistical analyses
were performed using SPSS statistical software (version
17.0, IBM, Armonk, NY) with P values <0.05 considered
statistically significant. Chi-square test was used for
qualitative analyses, while student #-test was used for
quantitative data. The correlation between the AHU value
and the regional dose was analyzed using a quadratic model
fitting. The estimated correlation coefficient (R*) was used
to compare the quality of analyses in two groups. The
differences between the fit parameters from SBRT alone
and target SBRT (SBRT plus EGFR-TKI) groups were
evaluated using the likelihood ratio test (16).

Results
Characteristics of the study population

Twenty patients enrolled in the prospective study of
one-month EGFR-TKI treatment followed by SBRT
treatment, forming the primary study population, the TKI-
SBRT group. The control group included 19 patients
(20 lesions), with 1 patient treated with SBRT for two
different locations in two different time courses (3 months
follow-up CTs available for each course). The control
patients were identified from a database of 242 NSCLC
patients treated with SBRT from September 2013 to July
2018. Detailed characteristics of the two groups of patients
are shown in 7able 1. There were no significant differences
in age, performance status, tumor size, tumor location and
SBRT dose prescription between the two groups. There
was a significant difference in gender (more female in TKI
+ SBRT group), smoking history (more smokers in SBRT
alone group), histology (more squamous cell carcinoma in
SBRT alone group), and lung volume (greater lung volume
in SBRT alone group) (all P<0.05) between the two groups.
There were no significant differences in tumor response
between the two groups (Table 2).

Radiation lung damage

Four of 20 patients (25%) treated with TKI + SBRT
developed clinical lung damage, i.e., grade 2 and above
radiation pneumonitis comparing to 0 of 20 patients
(0%) in the SBRT alone group (Table 2, P=0.053). There
were significant differences in changes of CT intensity
at 3 months post SBRT from that of pre-SBRT CTs.
Patient 1 and 2 displayed in Figure 1 were two representative
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examples from SBRT alone group and TKI + SBRT group
respectively. They were matched in gender, smoking status,
tumor primary size and location, dose prescription and lung
volume. Figure 14,B,C for patient 1 showed a pre-treatment
lung ventilation map, pre- and post-treatment CT scans
with SBRT dose distributions, respectively. Figure 1D,E,F
was the corresponding examples for patient 2. As shown in
Figure 1, no remarkable differences between two patients
were observed in lung ventilation and CT scans before
treatment. However, patient 2 got more significant HU
changes in CT scans at 3 months after the end of treatment.

Figure 24 shows the dose-AHU relationships of the
two groups. The data were fitted well to a linear-quadratic
function (R*>0.5). The maximum difference of AHU value
between the two groups got at the BED dose of 168 Gy.
Compared to SBRT alone group, TKI + SBRT group
shows a greater increase in HU values. The thresholding
BEDs for any increase in HU was the 27 Gy for TKI +
SBRT group versus 46 Gy in SBRT alone. At the dose of
189 Gy BED (physical dose 50 Gy in 5 fractions), there was
a difference of 123 HU in AHU value between TKI-SBRT
and SBRT groups (P=0.034).

Lung NTCP approximation

The comparison between the lung NTCP models of the
TKI + SBRT group and the SBRT alone group is shown
in Figure 2B. BED was used to compute NTCP of CT
lung damage, defined by the HU increase >200 HU. The
maximum likelihood Probit fitted parameters 7Dy, (dose
resulting in 50% complication risk) was 72 Gy physical
dose (CI: 58-107 Gy) in SBRT alone group versus 52 Gy
(CIL: 46-59 Gy) in SBRT plus EGFR TKI group. The m
values (slope of the sigmoid curve) were 0.48 (CI: 0.38-0.62)
for EGFR TKI plus SBRT versus 0.49 (CI: 0.38-0.66)
for the SBRT alone. The difference of TD;, between the
groups was statistically significant (P<0.001). For practical
convenience, the physical doses resulting in different
NTCP values of each group are listed in Table 3.

Matched comparisons

Considering that the two groups of patients were not
matched in patient characteristics likely associated with
radiation-induced lung damage (such as gender, lung
volume and smoking status), additional efforts have been
taken to identify cases matched for baseline lung function,
which is one of the most important factors for radiation
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Table 1 Patient and treatment characteristics

SBRT alone (N=20) TKI + SBRT (N=20)
Characteristic P value
Number of cases  Percentage or range Number of cases Percentage or range
Age (years) 70 50-83 68 62-80 0.179
Sex 0.048
Male 16 80% 9 45%
Female 4 20% 11 55%
Smoking history 0.01
Smoker 15 75% 6 30%
Non-smoker 5 25% 14 70%
KPS score 0.254
<80 3 15% 2 10%
>80 17 85% 18 90%
Histology 0.008
Adenocarcinoma 11 55% 19 95%
Squamous cell carcinoma 9 45% 1 5%
Stage <0.001
| (a/b) 16 80% 0 0%
Il (a/b) 4 20% 0 0%
I (a/b) 0 0% 4 20%
\% 0 0% 16 80%
Tumor location 0.276
Left upper/middle lobe 9 45% 4 20%
Right upper/middle lobe 6 30% 11 55%
Left lower lobe 2 10% 1 5%
Right lower lobe 3 15% 4 20%
GTV
Diameter (cm) 3.2 1.4-5.4 3.0 1.6-5.1 0.502
Volume (cmd) 23.9 1.3-81.2 17.9 2.1-70.9 0.363
Lung volume (cm?3) 4,083.6 1,749.2-7,425.2 3,046.3 1,762.3-4,981.5 0.011
RT fractions (n)/dose per fraction 0.48
5x10 Gy 13 65% 16 80%
8x7.5 Gy 7 35% 4 20%

GTV, gross tumor volume; KPS, Karnofsky performance status; RT, radiotherapy; SBRT, stereotactic body radiation therapy.
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Characteristic SBRT alone (N=20) (No. of lesions) Targeted SBRT (N=20) (No. of lesions) P value
Response evaluation 1.000
PR 19 18
SD 1 2
Pneumonitis grading 0.053
Grade 1 20 16
Grade 2 0 4

PR, partial response; SD, stable disease.

>

Patient 1

)

Patient 2

C
F

B. @

Figure 1 Lung ventilation of representative patients and CT changes after SBRT with and without EGFR-TKI treatment. Representative

examples of the comparison of CT changes at three months after treatment. Both patients were treated with the same prescription dose

prescription of 60 Gy in 8 fractions and had similar clinical characteristics, including age and gender. A pre-treatment lung ventilation map

(A), a pre- and 3 months post treatment CT scan with SBRT dose distribution (B and C) for the patient 1 treated with SBRT alone; a pre-

treatment lung ventilation map (D), a pre- and 3 months post treatment CT scan with SBRT dose distribution (E and F) for the patient 2

treated with EGFR-TKI plus SBRT. Isodose lines are shown from purple (0 Gy) to pink (prescription dose). Gross tumor volume (GTV) is

shown in red range. SBRT, stereotactic body radiation; EGFR-TKI, epithelial growth factor receptor tyrosine kinase inhibitor.

lung damage. Six pairs were identified by matching
gender, smoking status, tumor primary size and location
dose prescription and lung volume (7able 4). Thirty-nine
patients with 4D-CT of the whole lung were identified
to generate ventilation maps (other patients only had 4D
CT covering the tumor regions). The details of the lung
function assessment comparing matched pairs of patients
was shown in Table 4. There were no significant differences
between two groups (P>0.05). Figure 14 and 1D shows
the ventilation maps of two representative cases. Overall,
the SBRT alone patients seemed to have modestly lower
functional activity, yet there was no remarkable defects or
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differences around the radiating fields on visual inspection.

Discussion

To our knowledge, this is the first study assessing SBRT
associated lung damage using quantitative lung CT intensity
changes for primary NSCLC patients treated TKI + SBRT,
compared with SBRT alone. Significant more increase in
lung HU changes after SBRT was observed in the TKI +
SBRT group as compared to the SBRT alone group. The
NTCP modeling indicated that the dose generating the
same level of lung damage N'TCP was about 40% lower in
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Figure 2 CT intensity dose response relationships and lung toxicity complication probability curves of SBRT with and without EGFR-
TKI treatment. CT scans were all performed around 3 months after completion of SBRT. (A) The dose-response curve between
SBRT alone (square point) and TKI + SBRT groups (diamond point). The data was fitted to a linear-quadratic function with dose bin
converted to biologically effective dose (BED). Error bars represent 95% confidence intervals. The differences between SBRT alone
group and Target SBRT group shown in Figure 2 make a statistic significance (P<0.05). (B) The lung toxicity complication probability
curves of SBRT with and without EGFR-TKI treatment. Probability of CT lung damage (defined as a density increase of 200 HU) with
biologically effective dose for SBRT with prior EGFR-TKI group (diamond points and solid line) and SBRT alone group (dot points
and dotted line). The model parameter 7Dy, (dose resulting in 50% complication risk) reported as physical dose was 52 Gy (95% CI: 46
-59 Gy) in EGFR TKI + SBRT group versus 72 Gy (95% CI: 58-107 Gy) in SBRT alone group, with the corresponding 7 values (slope
of the sigmoid curve) of 0.48 (CI: 0.38-0.62) versus 0.49 (CI: 0.38-0.66). SBRT, stereotactic body radiation; EGFR-TKI, epithelial growth

factor receptor tyrosine kinase inhibitor.

Table 3 Dose comparison for two groups resulting different normal tissue complication probability

Parameter SBRT alone (n=5) (Gy) TKI + SBRT (n=5) (Gy) Diff in Gy (%)
TD1o 42 29 46.3
TD2o 54 38 42.2
TDso 61 43 41.0
TDao 67 48 40.1
TDso 72 52 39.7

TDx: dose resulting x% complication risk when n=>5; diff: the percentage of dose difference in two groups in reference to SBRT alone
group. SBRT, stereotactic body radiation therapy; TKI, tyrosine kinase inhibitor.

the TKI + SBRT group than that of the SBRT alone group. EGFR TKI may sensitize the radiation injury of lung tissue

Although the combination of radiation with EGFR- that may be quantitatively measured using CT.
TKIs is considered to be a safe and effective strategy to treat Our finding of TKI + SBRT increasing sensitivity of
patients with advanced NSCLC, results from our study radiation lung damage has clinical significance. Both EGFR-
suggest an increased risk of lung toxicity after the combined TKIs and radiation carry potential risk of lung injury which
modality treatment, which is clinically significant. Our may affect the patient’s quality of life. The reported rates
finding of 40% lower TDy, is consistent with a previous of grade 3 and above pneumonitis ranged 3% to 20%
study, in which the radiation effect of the adding gefitinib to (18-21). Gefitinib and erlotinib are two types of EGFR-
the single-dose radiation was found to be equivalent to using TKIs widely used in the clinic. It has been reported from

a 60% higher radiation dose (17). While external validation a phase I study that grade 3 and 4 pulmonary toxicity was
study is needed, the results from this study also suggest that occurred in 20% of patients with stage III NSCLC treated
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Tumor  Age (group A/B) Lung volume (cm® GTV diameter (cm) GTV volume (cm® Pulmonary function

No. Sex Dose prescription position

in lung A B A B A B A B A B
1 F 50 Gy/5 f P 67 70 3,709 2,402.4 2.5 3.3 8.2 18.2 1 1
2 M 50 Gy/5 f P 62 69 3,819 2,754.7 2.5 1.4 8 1.3 0 1
3 F 50 Gy/5 f P 66 61 2,432 1,749.2 2.7 2.1 10.6 5.2 1 2
4 F 60 Gy/8 f C 70 68 2,047 1,807.4 3.1 1.4 16 1.3 0 0
5 M 60 Gy/8 f C 73 68 3,313 4,811.6 3.4 5.4 20.7 81.2 0 0
6 M 60 Gy/8 f C 57 66 2,614 4,777.6 1.6 4 2.1 33.7 0 0

F, female; M, male; f, fractions; C, central tumors: tumors are within or touching the zone of the proximal bronchial tree including those
which are immediately adjacent to mediastinal or pericardial pleura (PTV touching the pleura). P, peripheral tumors: tumors are under the
level three bronchus but above the respiratory bronchioles located around the lung. A, TKI plus SBRT group; B, SBRT alone group; BED,
biologically effective dose; 0, normal pulmonary function; 1, slight pulmonary function injury; 2, moderate pulmonary injury.

with gefitinib and concurrent docetaxel and radiation (18).
Inoue et al. concluded that gefitinib caused acute interstitial
pneumonitis due to the alveolar damages from radiation,
and, thus, induced severer pulmonary toxic effects with
the combined therapy than the radiation alone (22). The
study showed that erlotinib can cause pulmonary interstitial
injury and increase the risk of radiological pneumonitis
(RP) (23,24). Other studies of small sample sizes revealed
that erlotinib combined with chest SBRT had a higher
risk of RP (5,25). The incidence of interstitial lung disease
caused by EGFR-TKIs or radiation may be low but fatal. A
single institutional study demonstrated that 2 of 25 patients
with advanced lung cancer treated with gefitinib/erlotinib
followed by concomitant radiotherapy, died of radiation-
induced lung injury at 3 months after radiotherapy (19).
One of the highlighted approaches of this study in
quantitative CT imaging analysis. It should be noted that
using CT number change to measure lung injury may not
have a direct connection to patient’s wellbeing. Because the
lung volume receiving high radiation dose is limited in SBRT]
the clinical symptom-based assessment does not necessarily
evaluate the asymptomatic regional injury (26). Even though
the radiographic changes in lung were obvious, SBRT-
induced clinical pneumonitis was uncommon because of the
small irradiated volume. However, as shown in Figure 24,
the dose response curve of HU changes clearly indicated that
EGFR-TKI increased the radiation sensitivity of radiation
lung damage. On the other hand, using CT intensity changes,
as an endpoint to create a normal tissue probability model
has advantage for dose response relationship, though not
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clinically most important to the patient. CT number changes
can serve as subclinical endpoint, as it is the base of clinical
symptom and, is often considered as surrogate endpoints.
In this study, we elected the threshold of CT change at
200 HU, however, this number was elected in a relative
arbitrary fashion. Diot ez al. (14) suggested the density
increase of 80 HU may be a threshold of Radiation Therapy
Oncology Group grades between 1 and 2. Our value was
close to the dichotomous toxicity endpoint for lung density
increase and was determined as a relevant parameter to
complication probability in a previous study (13). The results
from our study are exploratory and hypothesis generating.
Further study with larger number of cases and longer follow-
up is needed.

It should be noted that the results of this study have
limitations. Firstly, it is noted that there are significant
differences in patients’ characteristics between the TKI-
SBRT group and the SBRT alone group largely due to the
nature of disease stage. Most of patients in the TKI-SBRT
group were stage III/IV adenocarcinomas and non-smokers,
while majority of patients treated with SBRT alone were
male, smokers, and stage I/II disease. While perfectly matched
cases are not possible, the visual inspection of baseline lung
function mapping of the limited cases did provide us more
knowledge. More quantitative analysis is needed in future
studies. Secondly, Defraene ez a/. (27) reported the location of
tumor could influence lung damage quantification on CT. But
our study did not find significant differences of tumor location
between two groups (P=0.276). Our research only included
patients with small size of tumor treated with SBRT. The
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lower or upper lobe may not be an independent prognostic
factor of density change. Most of the tumors location from the
included patients were located in the upper or middle lobe. We
got insufficient statistical power to analyze the effect of lower
lobe on tumor density due to the limited sample size. Thirdly,
our sample number is limited by the strict dose prescription
and nature of retrospective selection of control cases. Although
we had 242 patients with SBRT treatment of the lung
available, only 20 primary NSCLC patients were treated with
SBRT alone using the pre-defined dose regimen for primary
NSCLC. This study is hypothesis generating. More rigorous
studies with larger sample sizes and homogenous patient
population are needed.

Despite these limitations, our study serves to propose a
new dimension for interpreting clinical phenomena. The
results suggest an increased risk of toxicity when treated
with combined EGFR-TKI and SBRT, where unnoticed
changes can be quantitatively analyzed.

Conclusions

The findings of our study demonstrated that prior EGFR-
TKI treatment may increase SBRT lung damage in NCSLC.
This is likely the first study performed such a detailed
quantitative imaging analysis with interesting hypothesis
generating results in EGFR mutated patients. Further study
with larger number of cases and long-term follow-up are
warranted to further evaluate and validate our findings.
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