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Abstract:

% Purpose: Comparing the dosimetric parameters of the DCAT technique with those of the
VMAT technique which were used for primary brain tumors and brain metastases
stereotactic radiosurgery (SRS)

« Material and Methods: The data of Computed Tomography simulations (CT- sim) of 10
single-lesion patients and 5 patients with single lesion close to OARs treated with DCAT
were reused to generate VMAT plans on Eclipse v13.6. Dose coverage at PTV(Q), quality
indexes: Conformity Index (CI), Homogeneity Index (HI), Gradient Index (GI), the volume
of normal brain receiving 12 Gy (V12) and Beam On Time (BOT) were collected for
evaluation and comparison after pretreatment quality assurance (QA).

+ Conclusions: In both groups, the DCAT technique performed better in protecting and
reducing side effects for healthy organs despite some quality indexes of VMAT were
superior.
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Tém tit:

% Muc dich: So sanh, danh gia cac ké hoach xa phau (SRS - Stereotactic Radiosurgery) diéu
tri bénh nhan ung thu so nao st dung hai k¥ thudt Dynamic Conformal Arc Therapy (DCAT)
va Volumetric Modulated Arc Therapy (VMAT) bang phan mém Eclipse v13.6.

% Doi tugng va phuong phap: Dit liéu CT mé phong ctia 10 bénh nhan don ton thuong, 5 bénh
nhan don ton thuong gan co quan nguy cp di duoc diéu tri bang DCAT dugc sir dung lai
dé 1ap ké hoach bang k¥ thuat VMAT trén phan mém Eclipse v13.6. Do bao phi lidu Q, cac
chi s6 chat lugng Comformity Index (CI), Homogeneity Index (HI), Gradient Index (GI), thé
tich ndo lanh nhan lidu 12 Gy (V12) va thoi gian phét tia dugc sir dung dé dénh gia ké hoach
sau khi di duoc kiém chuan.

% Két luan: Trong ca hai nhom, k¥ thuat DCAT hoat dong tot hon trong viéc bao v€ va giam
tac dung phu cho cac co quan lanh mac dit mét s6 chi sb chat lwong cia VMAT 4 vuot troi.
Tir khoa: SRS, VMAT, DCAT, TrueBeam STx, CI, HI, GI, V12.

INTRODUCTION



The American Cancer Society has announced guidelines for managing primary brain tumors
and brain metastases, in which radiological SRS is considered the main option to improve
survivability and possibly the best treatment option for brain metastases when the quality of life is
considered the most important result [1].

The Department of Radiation Oncology and Radiosurgery — The 108 Military Central Hospital
applied SRS in treating patients with primary tumors and metastases in the brain on TrueBeam STx
radiotherapy system (TrueBeam STx machine) with Varian Eclipse Treatment Planning System
v13.6 since 2017.

For SRS plans, DCAT and VMAT are the techniques used to deliver better dose distribution in
the treatment volume while sparing healthy organs and remained healthy brain areas. This study
focused on comparing and evaluating the quality of the DCAT and VMAT plans to find the
appropriate and optimal treatment for primary and metastases brain tumor patients. The indicators
used to evaluate the plans were the Conformity Index (CI), the Homogeneity Index (HI), the
Gradient Index (GI), the volume of healthy brain receiving at least 12 Gy (V12) and Beam On
Time (BOT).

MATERIAL AND METHODS

15 patients with primary brain cancer or brain metastases treated with DCAT on TrueBeam Stx
were replant with VMAT. Patients had CT simulation in the supine position with a slice thickness
of 1 mm. 14 patients were treated using the photon beam 6X-FFF with the dose rate of 1400
MU/minute, 1 patient was planned to treat with the photon beam 10X-FFF, and the dose rate of
2400MU/minute. The tumor volume, location and prescription dose of the 2 groups of patients are
presented in Table 1 [14].

All plans used multiple noncoplanar partial arcs. The arcs and projection field arrangements for
the lesions located on the left, center and right side of the brain are shown below:

Figure 1. Modalities of noncoplanar partial arcs with the lesion on the left, center and right.

The corresponding VMAT plan with each DCAT plan was optimized with the same parameters
of arcs, projection field, energy level and dose rate of each plan. All VMAT plans were performed
pretreatment Quality Assurance (QA) using the Electronic Portal Imaging Device (EPID), and the
gamma index method was used to qualify the agreement between calculation and measurements.
Plan acceptance criterion was the gamma pass rate reaches > 95% (2%/1 mm) [2].



Table 1. Parameter volume, tumor location and prescription dose schedule of stereotactic

radiosurgery plans.

Patients Case Verv (cc) Prescription dose
1 1 lesion 1.80 17Gy/1Fx
2 1 lesion 2.10 22Gy/1Fx
3 1 lesion 0.90 20Gy/1Fx
4 1 lesion 0.60 24Gy/1Fx
5 1 lesion 1.08 24Gy/1Fx
6 1 lesion 2.59 20Gy/1Fx
7 1 lesion 2.45 25Gy/1Fx
8 1 lesion 1.30 25Gy/1Fx
9 1 lesion 4.48 18Gy/1Fx

10 1 lesion 4.94 22Gy/1Fx
11 1 lesion-OARs 1.08 18Gy/3Fx
12 1 lesion-OARs 2.46 18Gy/3Fx
13 1 lesion-OARs 0.74 16Gy/1Fx
14 1 lesion-OARs 0.90 12Gy/1Fx
15 1 lesion-OARs 4.49 20Gy/1Fx

The parameters used for evaluation and comparison included: Conformity Index (CI),
Homogeneity Index (HI), Gradient Index (GI), V12 and BOT of all plans. The formulas for indexes
CI, HI, and GI are given in Table 2.

Table 2. The formulas of indicators for planning evaluation.

* Vioo: volume is covered by 100% copper contour, Very: PTV volume, Vpryioo: PTV volume
is 100% indicated dose, Vip: volume is covered by 100% isodose line, Dmax : dose
maximum, Dp: specified dose, Ds, Dos: dose at 5% and 95% volume, Vpryso: volume covered
by the 50% isodose line, Reyry are the radius of the specified volume area, R gy sourx is the
radius of the volume area covered by the 50% isodose line.

Cl RTOG]3] Paddick 2000 [4]
V100 Vprvio0> _VeTvioo . VPTV100
= — C]a lick = = X
Clrroa Vory Paddick VprvXVioo  Verv V100
HI RTOG [3] Wu Qiuwen [5]
Hlrroc = 2 Hlw, A e
P Dp
GI Paddick 2006 [6] Wagner 2003 [7]
Glpaddick = Vprvse G/=100 - 100x((REtr, s50%Rx - Reft, Rx) — 0.3cm)
PTV

e V12 (the healthy brain volume received 12 Gy): Mark et al. and Lawrence et al. [8], [9] had
demonstrated that V12 is significant in predicting necrosis in SRS. When assessing
treatment plans, this indicator was expected to be as small as possible.



e BOT: the time when the transmitter beams the beam to the patient

_ MUStotal

= — (minutes
dose rate ( )

MU is the unit used to measure radiation dose emitted by LINAC accelerator [10]. The dose
rate (MU/minute) is the amount of radiation emitted in a 1-minute period. In this report, 14 patients
used a dose rate of 1400 MU/minute, 1 patient used a dose rate of 2400 MU/minute.

Criteria for the plan evaluation:
* Homogeneity Index: Pass if HI <2, can be accepted if 2 < HI <2.5.
* Conformity Index: Pass if 1.0 < CI < 2.0, can be accepted if 0.9 <CI<10or2.0<CI<3.5.
* Gradient Index: Pass if 3 < GI < 5, can be accepted if GI < 3.
* The volume of healthy brain receiving 12 Gy: Pass if V12 <10 cc (single fraction).
RESULTS

The obtained data of the two DCAT and VMAT plans showed that the dose coverage of the
target volume, as well as the surrounding healthy organs were consistent with the recommendation
of the AAPM TG 101 [11].

The quality indicators and physical characteristics of plans for patients with a single lesion and
patients with a single lesion close to OARs were summarized in Table 3 and Table 4. Dose of some
organs at risk were summarized in Table 5.

V12 was shown in chart 1 and chart 2.

Table 3. Comparison of CI, HI and GI in single lesion cases.

CI HI GI
Patient RTOG Paddick RTOG Wu Paddick Wagner
VMAT DCAT VMAT | DCAT VMAT | DCAT VMAT DCAT VMAT DCAT VMAT @ DCAT

1 1.17 1.17 0.86 0.89 1.35 1.36 0.26 0.20 433 433 86.41 86.41
2 1.14 1.14 0.85 0.85 1.33 1.31 0.23 0.23 4.33 4.29 83.53 84.01
3 1.11 1.17 0.88 0.88 1.46 1.47 0.36 0.36 5.44 5.44 86.66 86.66
4 1.17 1.63 0.83 0.83 1.34 1.33 0.25 0.24 6.50 6.50 87.43 87.43
5 1.06 1.45 0.91 0.91 1.40 1.40 0.28 0.28 5.61 5.61 89.13 89.13
6 1.12 1.12 0.87 0.94 1.64 1.46 0.51 0.45 3.55 3.71 88.47 86.61
7 1.06 1.06 0.89 0.89 1.42 1.42 0.34 0.33 3.43 3.47 89.19 88.69
8 1.31 1.31 0.75 0.75 1.41 1.42 0.26 0.26 5.38 5.31 85.36 85.93
9 1.12 1.12 0.88 0.88 1.55 1.55 0.44 0.44 3.15 3.13 86.20 86.56
10 1.01 1.01 0.93 0.93 1.36 1.37 0.30 0.30 3.10 3.10 82.07 82.07

4



Mean 1.13 1.22 0.87 0.88 1.43 1.41 0.32 0.31 4.48 4.49 86.44 86.35
SD 0.05 0.13 0.03 0.04 0.07 0.05 0.06 0.06 0.91 0.89 1.57 1.28

Table 4. Comparison of CI, HI and GI in the case of single lesion close to OARs.

CI HI GI
Patient RTOG Paddick RTOG Wu Paddick Wagner

VMAT | DCAT | VMAT DCAT VMAT DCAT  VMAT DCAT | VMAT DCAT @ VMAT @ DCAT

1 1.02 1.00 0.80 0.80 1.32 1.31 0.28 0.28 5.00 491 85.20 85.87
2 1.14 1.06 0.86 0.93 1.45 1.39 0.32 0.30 4.11 3.94 83.33 82.99
3 1.08 1.20 0.80 0.80 1.66 1.57 0.53 0.50 4.32 3.92 96.17 96.61
4 1.11 1.09 0.88 0.88 1.59 1.59 0.43 0.43 4.44 4.44 93.55 93.55
5 1.14 1.14 0.86 0.86 1.55 1.56 0.40 0.40 3.30 3.30 84.46 84.46

Mean 1.10 1.10 0.84 0.86 1.51 1.48 0.39 0.38 4.23 4.10 88.54 88.70

SD 0.03 0.05 0.03 0.04 0.09 0.09 0.06 0.06 0.36 0.38 4.21 4.26

Table 5. Dose value of some organs at risk

Mean dose Maximum dose
Organs
VMAT DCAT VMAT DCAT
Optic chiasm 0.62+0.41 0.63 +0.43 1.60 +1.16 1.61+1.15
Normal brain 0.57+0.14 0.57+£0.14 23.23 +£3.22 22.98 +£3.35
Brainstem 1.03 £0.83 1.03 +£0.84 5.94 £5.13 5.88 £5.11

Left optic nerve 0.38 +0.31 0.37+0.31 0.99 +0.85 0.96 £ 0.82
Right optic nerve 0.38 £ 0.35 0.37+0.34 0.55+0.49 0.55+0.52



V12
10
9
8
7
§6
E’S mVMAT
~ 4
3 m DCAT
2
|
0
1 2 3 4 5 6 7 8 9 10
Patient

Figure 2. Comparison of V12 in the case of a single lesion.
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Figure 3. Comparison of V12 in the case of a single lesion close to OARs patient.



A. The cases of single lesion

The VMAT technique gave dose coverage (91.76 = 2.91) in PTV was 1.4% better than DCAT
(90.47 £ 3.95). The Clrroc index of VMAT (1.13 + 0.05) was closer to the ideal value (the ideal
value = 1) than DCAT (1.22 £ 0.13). The ability to reduce the volume of surrounding healthy
organs receiving high doses of both techniques was good and relatively equal considering Clpaddick
index (ratio Vprvioo/Vieo is 0.88 + 0.03 and 0.88 + 0.04 in VMAT and DCAT respectively).
Regarding the HI index, the DCAT technique by RTOG [3] and Wu Qiuwen [5] was better than
VMAT (HIrtog: 1.41 £ 0.05 compared to 1.43 = 0.07 and HIwu: 0.31 + 0.06 compared to 0.32 +
0.06). DCAT and VMAT provided similar GI according to the Paddick's formula [6] (VMAT: 4.48
+0.91 and DCAT: 4.49 + 0.89) and Wagner [7] (VMAT: 86.44 £ 1.57 and DCAT: 86.35 £+ 1.28).
DCAT was superior to VMAT in the ability to control cerebral necrosis because the healthy brain
volume received 12Gy of DCAT (4.12 £ 1.37) was 3.29% smaller than that of VMAT (4.26 +
1.34). The emission time of both techniques was equivalent (4.95 + 0.53 in VMAT and 4.90 + 0.60
in DCAT).

B. The cases of single lesion close to OARs

PTV dose coverage was found better with the VMAT technique (87.00 £ 3.39) than the DCAT
technique The CI index of VMAT technique (85.22 + 3.94). The Clrroc index of VMAT (1.10 +
0.03) and DCAT (1.10 £ 0.05) were the same and close to the ideal value. Considering the Clpaddick
index, the ability to reduce the volume of surrounding healthy organs receiving a higher dose of
DCAT better than VMAT (ratio Vervioo/Vieo is 0.86 = 0.02 and 0.87 + 0.03 in VMAT and DCAT
respectively). Regarding the HI index, DCAT by RTOG [3] and Wu Qiuwen [5] produced better
dose homogeneity than VMAT (HIrrog: 1.48 £+ 0.09 compared to 1.51 + 0.09 and Hlwu: 0.38 +
0.06 compared to 0.39 + 0.06). DCAT provided the GI index 3.07% better than that of VMAT
according to the Paddick's formula [6] (VMAT: 4.23 + 0.43 and DCAT: 4.10 + 0.46). According
to Wagner [7], DCAT and VMAT introduced the similar GI (VMAT: 88.54 + 5.05 and DCAT:
88.70 = 5.11). For healthy brain protection, both techniques were equivalent (VMAT: 2.19 + 1.58
and DCAT: 2.17 + 1.59). The BOT of both plans was similar (VMAT: 2.65 + 1.09 and DCAT:
2.61 +1.08).

DISCUSSIONS

With the collected data, the study demonstrated that both VMAT and DCAT plans achieved
dose coverage at PTV greater than 0.8 (within the small limit). The VMAT technique provided
better PTV dose coverage than DCAT in both groups.

In terms of dose uniformity, there was a difference between the two groups of patients. For the
patients with a single lesion, the Clrtoc indicated that the VMAT technique was more optimized
than DCAT. While for the patients with a single lesion close to OARs, there was no difference in
Clrtoc values between the two techniques (1.10 = 0.03 versus 1.10 £ 0.05). The CI results were
similar to the Clrtoc values in the study of Haisong Liu et al (1.19 £ 0.14) [12].



Statistics of 15 patients showed that the DCAT technique provided a smaller maximum dose
point and better dose uniformity in comparison to VMAT. Gevaert et al. [13] investigating the
dosimetric performances of Novalis-Tx (with dynamic conformal arcs), CyberKnife and
GammaKnife for 15 patients with arterious malformation and acoustic neuromas gave a HI index
of 0.30 £ 0.03 for DCAT. This result was similar to the Hlwu value in this report (0.31 + 0.06 in
single lesion patient group).

This study also compared the GI values of two VMAT and DCAT techniques. With the group
of patients with a single lesion, the GI values according to Paddick and Wagner areWERE the
same. However, for patients with a single lesion close to OARs, DCAT provided a dose reduction
from 100% to 50% better than VMAT according to Paddick's formula (Glymat: 4.23 + 0.43 and
Glpcar is 4.10 + 0.46).

According to the statistics, the DCAT technique reduced the incident of brain necrosis with V12
was smaller than that of the VMAT technique (3.53 + 1.67 opposed to 3.63 + 1.72). Therefore, the
brain function was maintained better with DCAT.

Statistical results showed that the monitor unit numbers of both plans were almost the same.
Based on statistics, the average emission time of the two techniques was small, with BOTvmaT and
BOTpcat were 4.95 £ 0.53 and 4.90 + 0.60 respectively for the single lesion patient group and 2.65
+ 1.09 and 2.61 £ 1.08 for the single lesion close to OARs patient group.

This study only concentrated on the VMAT and DCAT techniques for cranial tumor treatment.
In the future we will conduct surveys on other areas of the body, other techniques with a larger
number of patients to ensure the statistical reliability of the results, thereby giving
recommendations on the use of modern radiotherapy techniques to conduct treatment for cancer
patients.

CONCLUSIONS

The study confirmed that both VMAT and DCAT outcomes satisfied the recommendations of
AAPM TG 101 [11]. However, in both groups, the DCAT technique surpassed the VMAT
technique in the reduction of dose for the brain and other healthy organs even if some VMAT
quality indicators were better. Therefore, the DCAT technique have been giving priority for cranial
stereotactic radiosurgery on TrueBeam STx in the 108 Military Central Hospital

ACKNOWLEDGEMENTS

We would like to express our sincere thanks to the team of oncologists and medical physicists
of Department of Radiation Oncology and Radiosurgery - 108 Military Central Hospital for
supporting us to complete this research.

REFERENCES:
[1] F.-F. Halvorsen, P. H., Cirino, E., Das, 1. J., Garrett, J. A., Yang, J., Yin and Fairoben,



[2]

[3]
[4]

[3]

[6]

[7]

[8]

[9]

[10]
[11]

[12]

[13]

“AAPM-RSS Medical Physics Practice Guideline 9.a. for SRS-SBRT,” in Radiotherapy and
Oncology, 2017, pp. 1-41.

A. M. Stasi, S. Bresciani, A. Miranti, M. Poli, A. Di Dia and P. G. Maggio, E. Delmastro,
“EP-1587: Sensitivity and specificity of gamma index method for Tomotherapy plans,”
ESTRO 35, 2016.

E. Shaw et al., “Quality Assurance Guidelines,” vol. I, no. August. pp. 1231-1239, 1993.

I. Paddick, “A simple scoring ratio to index the conformity of radiosurgical treatment plans.
Technical note.,” Journal of neurosurgery, vol. 93 Suppl 3. pp. 219-22, 2000.

A. Qiuwen Wu, Ph.d., Radhe Mohan, Ph.d., Monica Morris, M.D., Andrew Lauve, M.D.
and M. . Rupert Schmidt-ullrich, “Simultaneous integrated boost intensity-modulated
radiotherapy for locally advanced head-and-neck squamous cell carcinomas. i: dosimetric
results,” Med Phys, no. 27, pp. 701-711, 2000.

I. Paddick, “A simple dose gradient measurement tool to complement the conformity
index.,” Journal of neurosurgery, vol. 105 Suppl. pp. 194-201, 2006.

M. d. Thomas H. Wagner, Ph.d., Francis J. Bova, Ph.d., William A. Friedman and P. d. John
M. Buatti, m.d., Lionel G. Bouchet, Ph.d., and Sanford L. Meeks, “A simple and reliable
index for scoring rival stereotactic radiosurgery plans,” Int. J. Radiat. Oncol. Biol. Phys, vol.
57, no. 4, pp. 1141-1149, 2003.

S. W. Mark J Amsbaugh, Mehran B Yusuf, Jeremy Gaskins, Anthony E Dragun, Neal
Dunlap, Timothy Guan, “A Dose-Volume Response Model for Brain Metastases Treated
With Frameless Single-Fraction Robotic Radiosurgery.,” Technology in cancer research &
treatment, vol. 8, no. 4. pp. 1-13, 2016.

Y. Lawrence b. Marks, m.d., Ellen d. Yorke, ph.d., y Andrew Jackson, ph.d., Z. Randall K.
Ten Haken, ph.d., z Louis s. Constine, m.d., x Avraham Eisbruch, m.d., and P. d. Seren m.
Bentzen, ph.d., k Jiho Nam, m.d., and Joseph O. Deasy, “Dose-Volume Response Model for
Brain Metastases Treated With Frameless Single-Fraction Robotic Radiosurgery.,” Int. J.
Radiat. Oncol. Biol. Phys, vol. 8, no. 4, pp. 10-19, 2016.

Khan; Faiz M and D. Ph, “The physics of radiation therapy third edition.” 1993.

S. H. Benedict et al., “Stereotactic body radiation therapy : The report of AAPM Task Group
101,” Med. Phys., vol. 37, no. 8, pp. 40784101, 2010.

H. Liu et al., “Plan Quality and Treatment Efficiency for Radiosurgery to Multiple Brain
Metastases: Non-Coplanar RapidArc vs. Gamma Knife,” Front. Oncol., vol. 6, no. 26, pp.
1-8, 2016.

Gevaert T et al., “Dosimetric comparison of different treatment modalities for stereotactic
radiosurgery of arteriovenous malformations and acoustic neuromas,” Radiother Oncol, p.

9



[14]

192 - 197, 2013.

A. Sahgal et al., “Prescription dose guideline based on physical criterion for multiple
metastatic brain tumors treated with stereotactic radiosurgery”, International Journal of
Radiation Oncology Biology Physics., vol. 78,no. 2, pp. 605 — 608, 2010

10



