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Abstract

Background and purpose: To assess the feasibility of a treatment planning system in localizing, contouring, and targeting lung
lesions along with an evaluation of volume indices of lung involvement in patients with COVID-19 pneumonia.

Methods: We evaluated 10 patients with PCR-confirmed COVID-19 pneumonia. The CT images were imported into the
ISOgray® treatment planning system to anatomically define and contour the volumes of the pulmonary lesions, the lungs, and
other nearby organs.

Results: The ratio of lung lesion volume to lung volume in this study was 0.11 + 0.13 (I 1.13%). The highest mean biosynthesis
ratio of lung lesions was 0.36. The ratio of lesion volume in the left lung of patients with the highest volume of involvement, was
0.44, and the ratio of lesion volume in the right lung of these patients was 0.27 (approximately 1.5 times more in the left lung than
the right lung). On average, CTDIvol and DLP for all patients studied in our study were |1.22 + 2.47 mGy and 354.20 + 65.11
mGy.cm

Conclusion: We reported the feasibility of using a treatment planning system in localizing COVID-19 pulmonary lesions and its
validity in the volumetric assessment of infected lung regions.

Keywords
low dose radiotherapy, treatment planning system, 3 dimensional (3D) conformal radiation therapy, COVID-19, SARS-CoV-2,
acute respiratory distress syndrome (ARDS)

Introduction most common symptoms of this disease, known as COVID-19,

The novel coronavirus, SARS-CoV-2, emerged in late 2019 are fever and chills, dry cough, fatigue, sputum production,
and quickly led to a worldwide pandemic in early 2020. The dyspnea, pharyngitis, cephalgia, and myalgia. However, this
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disease initially affects patients’ pulmonary function, which can
range from asymptomatic (mere evidence of involvement on CT
scans of the lungs) to very severe cases and even death. Although
there is less than a 15 percent chance of developing lung com-
plications such as pneumonia, according to current evidence,
severe complications and irreversible respiratory effects may
occur in recovering patients.! COVID-19 may induce severe
complications in certain population such as elderly patients and
people with underlying conditions such as hypertension or dis-
eases such as cancer; are more likely to require admission to
intensive care units and have higher mortality rates.

Low dose radiation therapy (LDRT) has been used previ-
ously in the first half of the 20th century to treat several inflam-
matory and infectious diseases including bacterial/viral
pneumonia, bronchial asthma, sinusitis, inner ear infections,
pertussis etc.”'? Since the main manifestation of COVID-19
is pneumonia, several researchers have suggested the potential
of using LDRT in the treatment of COVID-19 associated pneu-
monia and Acute Respiratory Distress Syndrome (ARDS)
with cytokine storm. LDRT is known to induce an anti-
inflammatory phenotype that results in rapid amelioration of
the systemic inflammatory cascade, while avoiding long-term
adverse effects.'® Several clinical trials are currently underway
across the globe to elicit the beneficial effects of LDRT.'

Computerized tomography (CT) scan is a clinical procedure
with high sensitivity and specificity for the diagnosis and deter-
mination of pulmonary lesions in patients infected with the
COVID-coronavirus.'®> High resolution, one-millimeter-thick
slices of the chest, without iodine contrast is a sensitive diag-
nostic tools in assessment of patients with COVID-19 and the
main patterns of involvement are ground-glass opacity (GGO),
consolidation, crazy-paving and linear infiltrations.'®!'” Based
on such CT patterns, a lot of anatomical and pathological infor-
mation, including the volume, location, nature and extent of
damage can be deduced. The clinical utility of determining the
volume, location, and extent of various pulmonary complica-
tions, such as intravascular thromboses and emboli, has been
demonstrated from diagnostic images.'®'

In other hand, in radiotherapy, one of the applications of
tomographic images (such as diagnostic CT-scan data or CT-
simulations (treatment planning CT studies)) is to obtain and
evaluate anatomical and pathological data from tumor and nor-
mal tissues and then design a CT-based computer treatment
plan in order to preserve the normal organs and prescribe the
dose to target volumes.?® One of the steps in the computer-
based treatment planning process is “contouring,” which aims
to delineate the contour of the skin and other normal structures,
and to locate and volumetrically define the treatment target; all
this can be easily obtained from CT images. Also, the photon
attenuation information obtained from CT data reveals the
electron density of various tissues in the body. Such electron
density information is necessary to calculate and plan the dose
that will be delivered by the treatment beams. In computer
treatment planning systems (TPS) after entering the patient’s
images, radiation oncologists are able to evaluate 2- and 3-
dimensional (3D) anatomical information of the internal

organs, therapeutic volumes, beam’s eye view (BEV) radiation
fields with different shapes and digitally reconstructed radio-
graphs (DRRs) to determine the distribution of therapeutic
doses at the desired depth. After such detailed treatment plan-
ning and analysis, the optimal treatment plan is selected and
sent to the therapeutic machine with the aim of maximizing
tumor control and minimizing normal tissue complications.
The use of these tools makes it possible for the radiation oncol-
ogists and radiation teams to acquire a true 3D volumetric view
of the patient and the various targets (and avoidance structures)
and a good understanding of the locations of the organs at risk
(OARs) relative to the target volumes.

Overall, LDRT in COVID-19 pneumonia can be used as
whole lung irradiation (WLI) since diffuse involvement of
lungs has been reported in a considerable portion of patients
or as localized radiotherapy of COVID-19 pulmonary lesions.
Using 3D-conformal radiation therapy (3D-CRT) enables phy-
sicians to accurately treat targets and spare organs at risk such
as spinal cord. Given that LDRT is one of the proposed treat-
ment strategies for COVID-19 pneumonia and ARDS with
cytokine storm, the need to use computer-based treatment plan-
ning systems for the 3D-CRT is likely inevitable, especially
when pulmonary involvement is localized and without cardiac
involvement rather than widespread in some of the patients.

The aim of this study was to assess the feasibility of the
treatment planning system in localizing the COVID-19 pneu-
monia lesions and evaluation of volume indices of lung invol-
vement of infected patients.

Material and Methods

In this prospective cross-sectional study, the demographic
information of 10 patients (including 8 men and 2 women with
ages ranging from 40 to 75 years), with COVID-19 pneumonia
between March 1 and 13, 2020, was examined. The patient
inclusion criteria were a positive RT-PCR test from a sample
of pharyngeal mucosal swabs and a diagnostic CT scan of
thorax before treatment.

Thoracic high-resolution CT scans of patients were taken
without contrast injection in the supine position and with respira-
tory gating. The average imaging parameters were 110 kVp and
130 mAs for all patients. The CT images were imported into the
ISOgray® treatment planning system (DOSIsoft company,
France) to determine the location and contour the volumes of the
lesions and the lungs. Contouring or segmentation is an essential
process in radiation therapy of the lesions to determine the normal
and target volumes such as gross tumor volume (GTV), clinical
target volume (CTV), and planning target volume (PTV) per-
formed by a radiation oncologist from the CT images in TPS.

The acquired CT studies allowed 3D anatomical evaluation
of patients for treatment planning. Window width and window
level settings were adjusted to better visualize involved pul-
monary lesions. CT window width (WW) determines the range
of CT numbers (or Hounsfield units) displayed on the gray
scale in the patient’s CT image. The wider the WW, the higher
the CT display range. But CT window level determines the CT
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Figure |. Schematic view for thoracic CT organs contouring of a patient. Contouring can be done manually, semi-automatic and automatically.

Figure 2. A single transaxial thoracic CT image with bone window (A) and with lung window (B) displayed. Pixel values in window width ranged

from 1800 to 2200 for bone and 300 to | 100 for lung.

number of the WW center, or the density and brightness of the
image. According to most available sources, window level /
width equal to -400-600HU / 400-1600HU is used for lung
tissue and 0-50HU / 400-1000HU is used for soft tissue (med-
iastinum, hila and pleura). These values may be slightly differ-
ent for different scanners and software platforms and can be
selected in consultation with radiation specialists. The CT dose
index (CTDIvol) and dose length product (DLP) were also
reported as the patient’s dose index based on the CT imaging
protocol. DLP is the product of CTDIvol multiplication and
scan length. The same radiologist interpreted the images and
P.P. and S.A.J. contoured the volumes of abnormalities.

To detect pulmonary lesions from COVID-19 pneumonia,
window level/width settings equal to the median of -370/1700
were used and the lesions were contoured. Lung volumes were
drawn semi-automatically (Figure 1). The ratio of lesion vol-
ume in each lung to the total volume of the corresponding lung
was then determined (Figure 2).

Results

The study was performed using lung CT scan data from 10
patients with a positive PCR test for COVID-19. Demographic
information, and information on clinical and laboratory



‘sanidedo sse|3 punods) :0H9 ‘ulRload aANdEII-D) (YD ‘©IBd UONHEBIUBWIPAS 31Ad04Y LIS 1yST ‘uiqojSoway :g3H ‘saakooydwiA| ;w7 ‘sjiydoaanap :nspN ‘s||92 poojq 2YM :DGAA ‘Uondead ureyd asesswi|od 1ydd
“JUSISSISSE dANEI[END)

N N N pesds apipp A A N € 1S 4] 900 60 00€'8 A ol
N N N pazi[ed01] N A A € 1€ L L10 80 008'6 A 6
N N N peads apipp A A A 0 14 (44 ¥T0 ¥L°0 00£'S A 8
N N N peauds apipp A A N [4 67 44 740 750 009'¥ A L
N N N peads apipp A A N 0 144 (4l 9€°0 190 00¥'S A 9
N N N Ppeauds apipp A A N 0 8 Tel L1'0 6L°0 0009 A S
N N N pedds apipp A A N € 9T 911 £€°0 90 00£'S A ¥
N N N pesads apipp A A N € 1S 4] 900 60 00€'8 A €
N N N peadds apipp A A N 3 0t €l 600 60 0019 A 4
N N N pazi[ed0] A A N € 5§ A 610 8.0 00ty A _
uopesyde)  AyredouspeydwAy uoisnys SUOIS3| JO  JUBWISAIOAUI  ODD UOREPIOSUOD . d¥D (Yww) ¥s3 (P/3) @8H (%) WA (%) PN 1/6v01 X DEM ¥Dd WnN

[ednald

JaquinN  8unj [edare)ig

saneA 3uiSew|

1591 ge

'sjuaned jJo sonsiuadedey?) SuiSew| pue sisa| Alojeloqe] °g d|qel

‘uoisuayiadAy (N1 H ‘sniijjaw sa1aqelp
W@ ‘@dmesadwa ) :dwa | ‘e1ed A1ojedidsau 1y ‘@3ed 1uBsY 1YH ‘S|9A3] uoneanies uaBAxo :7Ods sanujw Jad sieaq :wdq ‘@unssaud poojq 21j01sAs :dgs ‘@anssaad poojq J1joaselp i dgp ‘ON N ‘SaA 1A ‘O[BWay :{ ‘DewWi |
‘swoldwAs Jo 19SUO Y3 J9E UOISSIWPE O3

q6€ 0¢ 98 98 08 o€l A N N N N N A S 0 W 8¢ ol
8¢ 9l ¥8 96 08 (4| A N N N N N A | 0 W (49 6
LA 0¢ 96 98 09 001 A A N N A N A L 0 W [44 8
8'9¢ 1T SL L6 0L Sl A N N N N N A C 0 W 143 L
99¢ 0¢ LTl 96 08 o€l A N N N A N A ol 0 4 [44 9
99¢ 8l 6L 06 08 oll A N N N N N A L NL1H ‘Wa W SL S
LE 8l 98 68 08 091 A N N N A N A | N1H ‘Wa 4 SL 14
9LE 0¢ 140 86 08 o€l A N N N A N A € 0 W oy €
SLE 0¢ 98 98 08 o€l A N N N A N A S 0 W 89 C
9LE ¥T (48 6 08 o€l N N N N A N A C 0 W 9 I
(Do) dway  (uwysyresuq) (wdq) (%) (BHww) (BHww) yresuqjo asieel] SYdepedH IBOJY) .J9A34 y3nod ysnod (p) +lEAIIUI Aipiqiowo) Jspuan) a3y wnN
Y ¥H TOds  dap dds  ssaudloys aJog aamdnpold  Aig -wil |
su3is [eIA swoldwAg solydeadownqg

'sjusied jo susis [euA pue swoldwAg ‘solydesSowsq *| a|qeL



Ghahramani-Asl et al

Table 3. CT Image Quantification and Dosimetric Values of Patients.

Number Lesions.L (cm®) LungL (cm®) Lesions.R (cm®) LungR (cm®) Ratio.L Ratio.R

Involvement (%) CTDI (mGy) DLP (mGy.cm)

I 28.64 1449.38 76.05 1565.67
2 196.22 1695.04 221.73 1951.11
3 5348 1168 19.01 1519

4 127.9 913.53 26.41 1303.87
5 503.91 1139.22 376.94 1403.19
6 41.93 1524.41 9.83 1773.03
7 62.17 1964.18 161.48 2474.77
8 207.95 2123.94 249.54 2524.95
9 0 2037.14 158.26 1925.99
10 615.39 1436.48 364.94 1682.17

0.02 0.05 342 1.6 371
0.12 0.11 11.47 1.8 380
0.05 0.01 292 11.89 362
0.14 0.02 8.01 11.33 315
0.44 0.27 35.55 9.9 318
0.03 0.01 1.65 10.1 321
0.03 0.07 4.85 13.27 417
0.10 0.10 9.84 9.39 341
0.00 0.08 4.11 6.78 238
043 0.22 32.27 16.09 479

L: left, R: Right, CTDI: CT dose index, DLP: dose length product.
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Figure 3. The images of the first COVID-19 patient with low grade lung involvement. The volumes of lesions in the left and right lungs were
28.64 and 76.05 cm® respectively. The acquired sum ratio for this volume involvements was 0.07 (or 7%).

findings are shown in Tables 1 and 2. Most of the patients were
male (80%) and had no underlying disease (80%). The most
common symptoms in the patients were cough and dyspnea,
which were present in all patients. In terms of vital signs, all
patients were stable at baseline. The most common finding in
imaging patients was GGO lesions, which were bilateral in
90% of cases.

To quantitatively analyze CT data, the volume of pulmonary
lesions obtained in the left and right lungs of all patients with
their ratio to the total volume of each lung is presented in
Table 3. In general, the mean ratio of lung lesion volume to
lung volume in the patients studied in this study was 11.13%.
The maximum mean biosynthesis ratios of lung lesions were
0.36 and 0.32 (respectively for patients No. 5 and 10) and the

minimum mean was 0.2 and 0.3 (for patients No. 6 and 1,
respectively). The ratio of lesion volume in the left lung of
patients with the highest volume of involvement, i.e. patients
No.5 and 10, was 0.44 and 0.43, and the ratio of lesion volume
in the right lung of these patients was 0.27 and 0.22 (approx-
imately 1.5 times more for the left lung than the right lung). In
general, the mean lung lesion volume ratio for the left lung was
slightly higher in most patients than in the right lung (0.13 +
0.16 versus 0.09 + 0.09). Also, the ratio of lung lesion volume
to lung volume in female patients was lower than male patients
(0.05 £+ 0.04 versus 0.13 + 0.13).

The highest volume of pulmonary lesions was found in the
left lungs of patients No. 5 and 10, which were measured at
503.9 and 615.39 cm®, respectively. The lowest lesion volume
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Figure 4. The images of the eighth COVID-19 patient with moderate grade lung involvement. The volumes of lesions in the left and right lungs
were 207.95 and 249.54 cm® respectively. The acquired sum ratio for this volume involvements was 0.20 (or 20%).

was observed in the right lungs of patients No. 3 and 6, which
were 19.01 and 9.83 cm?, respectively. It is noteworthy that no
lesions were observed in the left lung of patient No. 9. Among
all patients, the total lung lesion volume of was 71% and was
present in the oldest male patient aged 75 years (patient No. 5).

On average, CTDI,, and DLP for all patients studied in our
study were 11.22 + 2.47 mGy and 354.20 + 65.11 mGy.cm,
respectively (Table 3).

Figures 3-5 show the contoured images of COVID-19
patients with low, moderate, and severe lung involvement.

Discussion

In the present study, using contouring software (i.e. the treat-
ment planning system or TPS), even very small pulmonary
lesions and small involved volumes of COVID-19 patients
were readily detected and contoured by the software. In this
study, the percentage of lung involvement with COVID-19
pneumonia was 11.41%. Bernheim et al. showed that the extent
of pulmonary involvement in COVID-19 patients was gener-
ally modest (mean score of 3 out of a maximum score of 20)
similar to the findings of present study.?' Contrary to the find-
ings of these 2 studies, Caruso et al. reported extensive pul-
monary involvement in most of their COVID-19 patients.**
The observed difference is probably due to the time of obtain-
ing the lung imaging (as we performed only at presentation)
and also the age group of patients. Ground glass opacities
(GGO) were observed in all patients and bilateral involvement

was reported in 90% of patients. These findings are consistent
with previous reports on imaging features of patients with
COVID-19.

The mean CTDIvol and DLP measurements for patients in
our study were 11.22 + 2.47 mGy and 354.20 + 65.11
mGy.cm, respectively. According to the current evidence, the
dose received to the patient’s organs by the CT studies depends
on the volume computed tomography dose index, the scanner
input length, and the size of the patient. For instance, when
performing chest CT with CTDIvol equal to 10 mGy, the dose
reached to the lung tissue of a person weighing 100 kg is equal
to 10 mGy, a person weighing 75 kg is equal to 15 mGy and a
person weighing 45 kg is equal to 20 mGy which is approxi-
mately consistent with values reported in the present study.>*

Besides the interesting potential of the treatment planning
system in volumetric assessment of COVID-19 pneumonia
lesions and its possible diagnostic and prognostic role in deter-
mining the severity of disease, some researchers have proposed
a role for low dose radiation therapy in the treatment of
COVID-19-induced acute respiratory distress syndrome
(ARDS).* Although much controversy persists, because of the
absence of clearly effective preferred treatment options for
COVID-19, low dose radiation therapy may be considered in
selected cases.'*?°” Because the pulmonary involvement is
not always widespread, involved-field radiotherapy may mini-
mize potential side effects. In this context, using computerized
treatment planning systems is the best option. In this study, for
the first time, we reported that the treatment planning system
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Figure 5. The images of the fifth COVID- 19 patient with severe grade lung involvement. The volumes of lesions in the left and right lungs were
503.91 and 376.94 cm® respectively. The acquired sum ratio for this volume involvements was 0.71 (or 71%).

can be successfully used in volumetric assessment of
COVID-19 lung lesions and that it is a valid tool in deter-
mining the location of pulmonary lesions. These volumes
can potentially be used for low dose radiation therapy treat-
ment planning, although the proper margins for clinical tar-
get volume (CTV) determination should be addressed in
future studies.

Conclusions

In this study, for the first time, we report the feasibility and
acceptability of using the treatment planning system in volu-
metric assessment of COVID-19 lung lesions and its validity in
determining the location of pulmonary lesions as a target for
3D conformal radiation therapy. As the possible role of low
dose radiation therapy for COVID-19 pneumonia evolves, the
findings of this present study may prove valuable for partial
lung irradiation (if that strategy ever proves to be a viable
option).
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