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Abstract

Purpose—To design and apply a framework for predicting symptomatic radiation pneumonitis in
patients undergoing thoracic radiation, using both pre-treatment anatomic and perfused lung dose-
volume parameters.

Material and Methods—Radiation treatment planning CT scans were co-registered with pre-
treatment [*™Tc]MAA perfusion SPECT/CT scans of 20 patients who underwent definitive
thoracic radiation. Clinical radiation pneumonitis was defined as grade = 2 using the CTCAE v4
grading system. Anatomic lung dose-volume parameters were collected from the treatment
planning scans. Perfusion dose-volume parameters were calculated from pre-treatment SPECT/CT
scans. Equivalent doses in 2 Gy per fraction were calculated in the lung to account for differences
in treatment regimens and spatial variations in lung dose (EQD2yng).

Results—Anatomic lung dosimetric parameters (MLD) and functional lung dosimetric
parameters (pMLD7qq,) wWere identified as candidate predictors of grade = 2 radiation pneumonitis
(AUC>0.93, p<0.01). Pairing of an anatomic and functional dosimetric parameter (e.g. MLD and
pMLD7q4,) may further improve prediction accuracy. Not all individuals with high anatomic lung
dose (MLD>13.6 GYEQD2)yng, 19.3 Gy for patients receiving 60 Gy in 30 fractions) went on to
develop radiation pneumonitis, but those who also had high mean dose to perfused lung
(pPMLD7q9,>13.3 GYEQD?2) all went on to develop radiation pneumonitis.

Conclusions—A framework for extracting perfused lung SPECT/CT parameters under
standardized treatment position acquisition and image co-registration was developed. Its
preliminary application revealed differences between anatomic and perfused lung dosimetry in this
limited patient cohort. The addition of perfused lung parameters may help risk stratify patients for
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radiation pneumonitis, especially in treatment plans with high anatomic mean lung dose. Further
investigation is warranted to validate our results in a larger patient population.
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Introduction

Many patients undergoing thoracic radiotherapy have compromised baseline pulmonary
function. Assessing risk of radiation-induced pulmonary toxicity heavily relies on CT-based
lung dose-volume parameters. Radiation pneumonitis after definitive doses is associated
with significant morbidity with moderate to severe pulmonary toxicity of approximately 10—
30% and fatal toxicity in 2% of these patients [1,2]. Anatomic lung constraints have been
explored in the literature and are predictive for lung injury, most notably volume of lung
receiving >20 Gy (V2oay) and mean lung dose (MLD), as well as additional risk factors,
including elevated dose rate, concurrent carboplatin/paclitaxel and older age [2-5]. However,
the predictive values of anatomic constraints are suboptimal, and even with V5qGy<20%,
there is still about an 18% chance of =grade 2 pulmonary toxicity [2].

Single photon emission computed tomography (SPECT) is a sensitive modality for
measuring regional lung physiological processes. Pretreatment SPECT imaging has shown
perfusion defects at the tumor site and adjacent tissue [6]. Perfusion has been shown to be a
sensitive metric for assessing radiation induced-lung injury [7]. Data from Duke University
[6,8], the Netherlands Cancer Institute (NKI) [9], and the Princess Margaret Hospital (PMH)
have suggested a dose-response relationship between regional perfusion changes on SPECT
imaging and dose delivered, association between a decline PFT values and changes in
regional perfusion variables post-treatment, and correlation between perfusion changes post-
treatment and risk of later developing radiation pneumonitis [10]. These studies have
provided useful functional metrics but have not been able to produce functional lung
constraints that can replace the anatomic parameters currently in use.

SPECT imaging comes with limitations of lower spatial resolution, quantitative uncertainties
such as spatially-varying attenuation, scatter, detector response, and time duration for image
acquisition [11]. Integration of CT with SPECT provides data for attenuation and scatter
correction, but primarily increases the specificity of findings through spatially co-localized
anatomical data with physiologic uptake [12]. Technical advances in scatter estimation and
spatial resolution recovery have increased the potential for quantitative imaging with
SPECT/CT [13-15]. This has increased the utility of incorporating SPECT/CT into the
planning and assessment of radiation therapy.

The purpose of this study was to develop a framework for testing perfused lung dosimetric
parameters defined on modern [**™Tc]MAA SPECT/CT treatment planning imaging in
thoracic cancer patients for correlation to incidence of radiation treatment-induced
pneumonitis. We incorporated SPECT/CT acquisition and reconstruction protocols with data
corrections, along with high spatial alignment accuracy through scanning of patients
immobilized in treatment position, for improved parameter estimation. Similar to other
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published studies, we assessed associations between varying levels of functional lung dose
and volume parameters to the incidence of clinical radiation pneumonitis [9,16,17].
However, we extended this work by evaluating a range of dose volumes and perfusion mean
lung dose parameters on modern SPECT/CT, while seeking complementarity between
anatomic and functional image features. Additionally, we accounted for differences in
radiation therapy fractionation, as well as regional variation in lung tissue fractional dose, in
our patient cohort by converting physical radiation dose distributions to equivalent 2 Gy per
fraction equivalent dose distributions.

Methods and Materials

Patient Characteristics

The framework was applied to a cohort of patients with the approval of the XXX IRB.
Approximately half the patients were enrolled on a prospective trial looking at SPECT/CT
changes in patients receiving radiation to the lungs (clinical trials.gov identifier XXX). All
patients receiving definitive thoracic radiation from 2013 to 2015 with either a lung primary
or metastatic disease to the lungs and a pre-treatment perfusion [**MTc]MAA SPECT/CT
were included. The clinical characteristics of the patients were collected and are further
described in in Table 1. Pulmonary morbidity was graded by the National Cancer Institute’s
Common Terminology Criteria for Adverse Events version 4 for pneumonitis. Patients were
dichotomized for pulmonary toxicity based on presence or absence of grade = 2
pneumonitis, defined by CTCAE v4 as the clinical indication for prednisone administration.
All patients had >6 months follow up. Patients were typically seen at least once every 3
months, with toxicity assessment at each visit. Complete details of patient characteristics can
be found in Supplemental Table 1.

Image acquisition and treatment planning

Patients were simulated for radiation therapy with a respiratory-correlated 4DCT simulation
scan, which required abdominal compression for those receiving SBRT. The gross tumor
volume (GTV) was delineated on individual phases of the 4DCT. The clinical target volume
(CTV) and planning target volume (PTV) were constructed based on microscopic disease
extension, respiratory motion, and setup uncertainties following ICRU83. CTV margins
were typically 5-8 mm (0 mm for SBRT), and PTV margins were 5-10 mm. Target volumes
were constructed following a similar paradigm for all radiation treatment modalities.
Radiation therapy plans were generated in Pinnacle™ (Philips Healthcare) for photon
therapy or CMS Xio™ (Elekta Inc.) for uniform scanning proton therapy, and radiation dose
was calculated exclusively on the phase-averaged 4DCT images. Beam-specific proton range
uncertainties of 2.5% and 2 mm, respectively, were incorporated as treatment planning
structures to maintain similar target coverage as photon plans. Planned dose optimization
incorporated only conventional anatomic dose objectives, including limits on mean lung
dose and lung volume fraction receiving higher than 20 Gy (V2ggy). Functional lung
imaging data from MAA SPECT/CT was not incorporated into treatment planning
constraints.
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Patients underwent baseline pre-treatment lung perfusion exams using the same
immobilization devices as the treatment simulation 4DCT, including indexing of an
abdominal compression plate where indicated. Perfusion [2*™"Tc]MAA SPECT scans were
acquired on a dual-head SPECT/CT camera (Precedence system, Philips Healthcare)
following an intravenous infusion of 5 mCi of Tc99m-MAA. The SPECT acquisition
protocol consisted of 12 seconds per angular projection and 64 total angles over 180 degrees
(i.e. 128 projections over 360 degrees) following an elliptical detector trajectory. MAA
SPECT images were reconstructed with the Astonish™ (Philips Healthcare) OSEM
algorithm (2 iterations, 16 subsets, 10 mm cutoff Hanning filter), which incorporates
iterative geometric collimator resolution recovery along with model-based scatter and CT-
based attenuation correction, onto grids of isotropic 4.64 mm voxels. Helical CT scans were
acquired during the same imaging session either at end-exhale following voluntary breath
hold for the majority of patients, or free-breathing conditions for SBRT patients under
abdominal compression. These conditions were chosen to maximize signal recovery in the
lower lung lobes due to attenuation, to capture the diaphragm at its most likely end-exhale
position for most patients, and finally to mimic patient setup conditions present during the
treatment simulation scans.

Image and dosimetric analysis

The treatment planning 4DCT phase-averaged image, corresponding 4DCT 10 phase-binned
images, and registered radiation dose matrix were DICOM transferred to MIM 6.5™ (MIM
Software Inc. Cleveland, OH) for image processing. Free-breathing helical CT scans used
for SPECT attenuation and scatter correction were rigidly co-registered with the respective
phase-averaged 4DCT images, while end-exhale helical CT were co-registered with the
appropriate end-exhale phase 4DCT. Registration accuracy was evaluated over the total lung,
with particular attention given to regions near the tumor, regions with high perfusion, and
regions with high anatomic reproducibility where indicated such as the spine, mediastinum,
and great vessels. Rigid alignment of MAA SPECT images was automatically applied
through shared DICOM coordinates with the helical CTAC, bringing them into spatial
alignment with both planning CT and radiation dose grids. Radiation dose distributions in
the lung were converted to biologically equivalent voxel dose distributions in 2 Gy fraction
sizes (EQD2yng) using the linear-quadratic model for a clinical endpoint of pneumonitis (a./
B =3 Gy) [3,18]. This methodology accounted for differences in treatment regimens as well
as spatial variations in lung fractional dose.

Anatomic regions of interest included total lung minus GTV (TL-GTV), and functional lung
regions of interest included threshold percentages of maximum perfusion (5%-95%, 5%
increments) within TL-GTV, to generate perfusion pTL-GTVyxg,. Examples of pTL-
GTVas5y, PTL-GTV5gge, and pTL-GTV75y, are depicted in Figure 1. From these regions,
anatomic dosimetric parameters were extracted: mean lung dose (MLD) and % TL-GTV
volume receiving above absolute doses in 5 Gy EQD2)yng increments (Vs.706yeQD2)-
Physical doses and biologically equivalent doses to anatomical structures were reported to
facilitate comparison to prior studies. Similar to anatomic dose volumes such as VooGyeqQD2,
functional dose volume parameters included % TL-GTV perfusion, calculated as a ratio of
total MAA SPECT counts above absolute dose thresholds (pVs_70cyeqQD2)- We also
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calculated mean dose to perfused lung regions defined by MAA SPECT count thresholds
(PMLDs_g595).

Statistical analysis

Results

Receiver operating characteristic (ROC) curves tested the prediction accuracy of mean lung
dose (MLD), mean perfused lung dose (pMLDsg;,_g50), anatomic dose-volume parameters
(Vs-706yEQD2), and dose-perfused volume parameters (pVs_7ocyEqQD?2) for association with
grade 2 or higher (G2+) pneumonitis status. Parameters were considered statistically
significant if the two-tailed asymptotic p-value for the area under the curve (AUC, null
hypothesis AUC = 0.5) was less than 0.01, which took into account multiple testing
adjustment with false discovery rate (FDR) of 5%. When testing a total of 48 free
parameters in this investigation, the threshold of significance equates to the FDR-corrected
p-value of 0.03 using the Benjamini-Hochberg method [19]. While not as conservative an
adjustment as Bonferroni’s correction of familywise error rate, this threshold of significance
balanced mitigation of false positive discoveries while maintaining statistical power in this
small cohort to identify candidate predictors of pneumonitis. Standard errors in AUC
estimates, defined relative to 95% confidence intervals, were reported. Cutoff values of mean
lung dose (MLD) and perfused mean lung dose (pMLD) were estimated that balanced
sensitivity and specificity for classifying patients with/without G2+ pneumonitis. Bivariate
thresholds were empirically estimated through observation of pairs of candidate predictors,
but multivariate statistical testing was not performed due to small sample size.

Our patient cohort was composed of a heterogeneous population. Median patient age was
67.5 years (range 53-81). Twenty five percent of patients had prior thoracic radiation and
30% underwent prior thoracic surgery. The majority of patients had NSCLC (75%).
Concurrent chemotherapy was given in 25% of patients, most commonly with carboplatin
and paclitaxel regimen. Two patients were treated with 3DCRT, 4 IMRT/VMAT, 7 SBRT
and 7 with proton RT. The median tumor EQD2 (a./p = 10) was 77 Gy with a range of 59—
126 Gy. The number of fractions ranged from 3 (SBRT) to 37 (conventional fractionation).
Table 1 lists patient and treatment characteristics and subdivides individuals based on
development of radiation pneumonitis. There were no significant differences between the
two groups in regards to age, gender, histology, or treatment regimen/technique. However,
the group sizes were unbalanced (4/20 patients developed grade > 2 pneumonitis).

Functional lung dosimetry differed from anatomic lung dosimetry to varying degrees across
the patient population. Figure 2 depicts radiation treatment plans from two patients with
similar clinical characteristics but differences in mean dose to anatomic lung versus mean
dose to perfused lung. Both patients presented with upper lobe primary NSCLC and were
treated with conventionally fractionated concomitant radio-chemotherapy. One patient (B)
underwent prior lobectomy greater than 1 year prior to receiving radio-chemotherapy for
locoregionally recurrent tumor in the lung and nodes. The first patient (A) had a similar
mean anatomic lung dose (MLD = 16.6 Gy = 13.6 Gy EQD2)ypng) to the second patient (B,
MLD = 16.4 Gy = 18.4 Gy EQD2y,png), yet developed radiation pneumonitis; however,
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patient A had a higher dose to perfused lung regions (pMLD7qe, = 24.2 Gy = 19.9 Gy
EQD2)yng) than patient B (pMLD+qg = 8.6 Gy = 7.5 Gy EQD2)yng). This example
highlights that solely using anatomic lung dose to predict risk of radiation pneumonitis may
not be applicable for all patients, particularly those with spatial heterogeneity in lung
function.

Neither dose-volume histograms (DVH) nor dose-function histograms (DFH) [6,20] could
stratify patients for pneumonitis incidence risk. However, patients with pneumonitis tended
to have higher doses to both anatomic lung and perfused lung. Figure 3 compares CT-based
lung DVH (A) to MAA SPECT-based perfused lung DFH (B) for patients based on
development of radiation pneumonitis (PMN+ versus PMN-). As revealed in these figures,
there is no clear DVH or DFH threshold that completely separates patients based on
pneumonitis status. However, the best separation emerges approximately in the range of

V15.25GyEQD2:

We performed operator characteristic (ROC) analysis showing areas under curve (AUC) as a
function (Figure 4) incorporating dose-volume, dose-perfused volume, and mean perfused
lung dose to identify candidate predictors of pneumonitis. Standard error bars in AUC
estimates are displayed, with statistically significant parameter values shown in red (AUC >
0.93, p<0.01). Statistically significant parameters with the smallest error in AUC were
V156yEQD2: V-406yEQD2, MLD and pMLD7qq,, Cutoff values in parameters for maximum
prediction accuracy of radiation pneumonitis were Visgyeqp2 = 27.1% (100% sensitivity,
93.75% specificity, p= 0.003), MLD = 13.6 Gy EQD2)yng (19.6 Gy for patients receiving 60
Gy in 30 fractions, 100% sensitivity, 93.75% specificity, o = 0.006), and pMLD7ge, = 13.3
Gy EQD2yng (100% sensitivity, 81.25% specificity, o= 0.008).

The combination of an anatomic lung dosimetric parameter (MLD) and a functional lung
dosimetric parameter (pMLD~qo,) may improve prediction accuracy of patients with > grade
2 pneumonitis rather than using either parameter independently. Figure 5 illustrates this
concept through a bivariate scatter plot of a functional dosimetric parameter (pMLD7ge) VS.
an anatomic dosimetric parameter (MLD) in Figure 5A or vs. a different anatomic
dosimetric parameter (V1sGyeQp2) in Figure 5B for individual patients. Not all individuals
with high anatomic lung dose went on to develop radiation pneumonitis, but those who also
had high perfused lung dose all went on to develop radiation pneumonitis (black markers).

Our patient population showed a weak correlation between the statistically significant
functional and anatomic lung dose parameters (i.e. pMLD7qg, Versus MLD, pMLD7q
versus VisGyEqQD2, etc., Spearman R < 0.6 for all comparisons), which was substantially
lower than the expected correlation among anatomic lung dose parameters (i.e. MLD versus
V156yEQD2; €tC., Spearman /> 0.9 for all comparisons). Testing within a larger patient
population may confirm certain parameter combinations as independent variables for
multivariate prediction of pneumonitis.
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Discussion

In current practice, radiation treatment planning does not take into account the regional
variance in pulmonary function and its impact on relative risk of radiation-induced
pulmonary toxicity. We developed a framework for investigating the association of baseline
perfused lung dosimetry with incidence of symptomatic pneumonitis and applied it as a
proof-of-principle to a patient cohort who underwent modern SPECT/CT image acquisition,
reconstruction, and co-registration while in radiation treatment position. The framework
enhanced the accuracy of the spatial alignment between perfused lung and radiation dose
distributions, as compared to historical investigations. The preliminary application of the
framework reveals that a combination of anatomic and functional lung dose parameters may
be able to better predict patients who go on to present = grade 2 radiation pneumonitis than
either group of variables on their own.

Studies have looked at changes in pulmonary function tests following definitive radiotherapy
for NSCLC. Schytte et al. [21] examined changes in PFTs following radiotherapy and noted
association between Vgogy and long-term changes in FEV1. Prior groups utilizing SPECT
imaging for lung perfusion have not been able to define functional lung dosimetric
parameters that can replace anatomic lung dosimetric parameter in predicting radiation
pneumonitis. However, more recently, multiple groups have reported improved radiation
pneumonitis correlation by utilizing baseline SPECT/CT lung perfusion imaging to define
additional dosimetric parameters for treatment planning. Farr et al. [16] examined standard
and functional DVH for patients with NSCLC treated with curative intent and noted
functional dosimetric parameters had a stronger association of radiation pneumonitis than
standard metrics. Additionally, supplementing standard metrics with functional parameters
led to a higher sensitivity and specificity for radiation pneumonitis. Hoover et al.
retrospectively reviewed SPECT/CT-based perfusion/ventilation lung parameters of patients
undergoing thoracic radiotherapy, and their data suggested a higher sensitivity and
specificity with perfused mean lung dose for radiation pneumonitis correlation (AUC =
0.81), compared to standard dose-volume constraints (AUC < 0.73) [22]. Wang et al. echoes
similar results, showing high correlation of perfusion metrics with radiation-induced lung
injury and spatial differences between anatomic lung Vgogy and perfused lung Vgogy [23].
Recent data also showed that patients who had perfused-MLD > 16 Gy, perfused Vaogy >
30%, and perfused V3ggy > 23% went on to develop radiation pneumonitis [16]. Our data
yielded similar mean dose to perfused lung as a predictor of pneumonitis, after accounting
for differences in fractionation, regional lung dose variation, and statistical testing with
multiple sampling correction to protect against false positive findings. Functional dosimetric
parameters can complement anatomic parameters for improved correlation of pneumonitis.

In addition to investigations on baseline SPECT/CT imaging prior to radiation therapy
[16,22,23], other studies have also correlated changes between pre- and post-treatment
functional lung imaging and its relationship to radiation pneumonitis. Farr et al. noted a
higher risk of symptomatic pneumonitis in those patients who had a reduction in perfusion at
3 months post-radiotherapy compared to patients who did not, with a relative risk estimate of
3.6 [24]. Although both perfusion and ventilation changes can be seen after treatment,
ventilation metrics may not be as sensitive to radiation as perfusion metrics, since
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physiologically, the lungs can vasoconstrict to reduce blood flow to unventilated areas, but it
is more difficult to constrict airways to reduce ventilation to un-perfused areas [25].
Therefore, radiation-induced changes in ventilation will likely cause rapid changes in
perfusion, but not vice versa.

Our methodological framework only utilized baseline perfusion imaging, which can
determine pneumonitis risk a prioriand inform on additional radiation planning lung
constraints. A relationship likely exists for pre-treatment parameters and post-treatment
changes; as in, high radiation dose to perfused lung will likely lead to greater reductions in
lung perfusion post-treatment. This is consistent with findings from Farr et al., who found a
greater risk of pneumonitis in patients who saw a greater reduction in perfusion [24]. If pre-
treatment scans can be used to predict future development of pneumonitis, then treatment
can potentially be adjusted to minimize risk of pulmonary toxicity. From this preliminary
proof-of-principle investigation, a testable hypothesis would be that patients who have high
anatomic mean lung dose can be risk stratified for the development of radiation pneumonitis
by perfused mean lung dose. Validation of perfused lung dosimetric predictors in a future
investigation would motivate the generation of functional lung avoidance treatment plans
that are personalized to mitigated individual patient risk of pulmonary toxicity. Such
conformal avoidance planning techniques of functional image-defined perfused lung tissue
have been reported to be feasible [26-28].

This study has several limitations. The total number of patients evaluated is small with few
events, which only permitted application of a methodological framework as a proof-of-
principle. The preliminary results in this limited cohort confirm other studies on the potential
utility regarding functional parameters predictive for pneumonitis. We have a heterogeneous
patient population with respect to treatment modality and individual tumor characteristics.
Some of our patients had prior radiation or thoracic surgery, albeit at long time intervals
prior to treatment planning SPECT/CT imaging. Due to our small patient numbers, we were
not able to perform subgroup analysis on the effect of prior therapy, but our baseline
imaging studies and tests captured the pulmonary function status prior to the current course
of radiation treatment. Despite these variations in patient characteristics, the observed trends
support a testable hypothesis that functional and anatomic imaging parameters confer a
substantial effect size for predicting radiation-induced pneumonitis.

The validity of the EDQ2)yng Voxelwise conversions for SBRT and moderately
hypofractionated PBT is not precisely known, despite our efforts to control for treatment
regimen and spatially variant lung fractional dose. Equivalent dose conversion for radiation
toxicity prediction was carried out most recently by Chaudhuri et al [29] in patients who
received SBRT, and their investigation reported increased risk of symptomatic pneumonitis
for those who presented with higher pretreatment non-target lung FDG PET uptake and
MLD > 5.9 Gy EQD2. Given that 70% of our patients were treated with either modality, our
results should be interpreted with caution. In addition to dose, there are other known risk
factors for pneumonitis, such as concurrent chemotherapy, prior radiotherapy, stage, tumor
size, patient age, and comorbidities, which need to be considered. This initial application of
our framework must be validated in a larger patient cohort.
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Conclusions

This investigation demonstrated that construction of a comprehensive methodological
framework can reveal differences between anatomic and perfused lung dosimetric
parameters. The addition of perfused lung parameters may help to improve correlation to
clinical radiation pneumonitis, especially for patient plans with high anatomic mean lung
dose. Evaluation of anatomic and perfused lung dose parameters can further personalize
radiation therapy planning to minimize risk of treatment-related toxicity.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Functional lung threshold volumes defined on perfusion [gngc]MAA SPECT fused to
the planning CT (hot metal colorscale) in axial (A), sagittal (B), and coronal (C) planes

Example functional lung contours are shown that correspond to thresholds of >25% of
maximum perfusion intensity within total lung minus GTV (pTL-GTV2s5y, dark red), >50%
of maximum perfusion (pTL-GTVsgg, orange), and >75% of maximum perfusion (pTL-
GTV754, yellow). Dosimetric parameters such as mean perfused lung dose were evaluated
within threshold perfused lung volumes.
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Figure 2. Planned dose (rainbow color scale) overlaid on fusion of MAA perfusion SPECT (hot
metal color scale) and planning CT for patientswith similar clinical characteristics (upper lobe
tumorstreated with concomitant radio-chemotherapy), one of whom presented with radiation
pneumonitis (A) and the other who did not (B) after therapy

Arrows indicate high perfusion regions and their spatial relationship to the local dose
distribution.
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Figure 3. CT-based total lung dose-volume histogram (A) and MAA SPECT-based perfused lung
dose-function histogram (B) for the cohort of lung cancer patients

Patient DVH and DFH are color-coded according to those who presented with (black lines)
or without (gray lines) grade 2 or higher pneumonitis after radiation therapy.
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Figure 4. Receiver operator characteristic (ROC) analysis showing areasunder curve (AUC) asa
function of dose-volume parameters (A), dose-perfused volume parameters (B), and mean
perfused lung dose parameters (C)
Red markers (AUC > 0.93, p < 0.01) signify candidate predictors of grade 2 or higher
pneumonitis, including Viscyeqp2, Mean lung dose (MLD), and mean perfused lung dose

above 70% max perfusion threshold (pMLD7qg). Standard error bars in AUC are displayed.

Strahlenther Onkol. Author manuscript; available in PMC 2018 May 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Dhami et al.

25 T T

20+

15+

10+

pMLD, . (Gy EQD2)

s T T S

PNM+|

0 5 10 15 20
MLD (Gy EQD2)

25

pMLD, , (Gy EQD2)

25

20+

151

10+

Page 15

PNM+|

0
0

5

Y

10 15 20 25

15GyEQD2 (

30 35 40

% Total Lung)

Figure5. Bivariate scatter plot asa function of patients who presented with (black markers) or
without (gray markers) grade 2 or higher pneumonitis after radiation ther apy

(A) mean perfused lung dose above 70% max perfusion threshold (pMLD+7qos) VS. mean
lung dose (MLD), and (B) pMLD7q9, Vs V1scyeqp2- Dashed lines are representative
bivariate thresholds in each parameter that yields perfect separation.
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Table |
Patient characteristics
Characteristic N (%) Without G2+ pneumonitis (N=16) With G2+ pneumonitis (N=4)
Age at time of radiation treatment (years) —Median: 67.5 Median: 66.5 Median: 75
Range: 53-81 Range: 55-81 Range: 53-78
Sex
Male 9 (45) 7 2
Female 11 (55) 9 2
Clinical Stage
Limited stage (111) SCLC 2(10) 2 0
I NSCLC 2 (10) 2 0
11 NSCLC 3 (15) 2 1
1A NSCLC 3(15) 2 1
111IB NSCLC 2(10) 1 1
Locally Recurrent 5(25) 4 1
Metastatic to Lung 3(15) 3 0
Histology
NSCLC 15 (75) 11 4
scLC 2 (10) 2 0
Other (other primary) 3(15) 3 0
Prior thoracic radiation
Yes 5 (25) 5 0
No 15 (75) 11 4
Prior thoracic surgery
Yes 6 (30) 4 2
No 14 (70) 12 2
Concurrent chemotherapy
Yes 5 (25) 2 3
No 15 (75) 14 1
EQD?2 Radiation dose (Gy) Median: 76.78  Median: 70 Median: 66.3
Range: 59-126  Range: 59-126 Range: 65.5-70
Radiation treatment technique
3D CRT 2 2 0
IMRT/VMAT 4 2 2
SBRT 7 7 0
PBT 7 5 2
Smoking status
lifetime nonsmoker 3 3 0
former 14 10 4
current 3 3 0
Pre-existing COPD
Yes 11 9 2
No 9 7 2
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