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Thyroid dosimetry evaluation of two intensity-modulated radiotherapy techniques after modified radical
mastectomy for breast cancer

SUN Liyun, SHEN Lei, ZHANG Shunkang, LU Yue, CHEN Gang*
Department of Radiation Oncology, Huangpu Branch, Shanghai Ninth People’s Hospital, Shanghai Jiao Tong University School of
Medicine, Shanghai 200011, China

[ Abstract] Objective To compare the dosimetric characteristics of thyroid between intensity-modulated radiotherapy
(IMRT) and volumetric modulated arc therapy (VMAT) in patients with left-sided breast cancer after modified radical mastectomy.
Methods Thirty patients with left-sided breast cancer who underwent adjuvant radiotherapy after modified radical mastectomy at
the Huangpu Branch of the Ninth People’s Hospital, Shanghai Jiao Tong University School of Medicine, from December 2021 to
May 2023, were selected as the study subjects, and IMRT and VMAT were used with a target prescription dose of 50 Gy/25 times. The
target dose parameters of the two plans, including the mean dose (D,..,) and the dose-volume limit for organs at risk (¥, x represents
dose), were compared. Results The conformity index of VMAT was higher than that of IMRT (P<<0.001). Compared with VMAT,
IMRT plan significantly reduced the Vs, Viy. D, of heart, the V; of right lung and the D,,,, of right breast, while it significantly
increased the V,, of left lung (P<<0.001). There was no statistically significant difference in V; and ¥, of the left thyroid between
IMRT and VMAT. However, the V,, V3, Vi, and D,,.,, of left and whole thyroid, and the V', and D,,,, of right thyroid were
significantly lower in IMRT than those in VMAT (P<<0.001). Conclusions Both IMRT and VMAT plans can meet the clinical dosimetric
requirements, among which IMRT has lower thyroid exposure dose and is more suitable for patients with high cardiac requirements.

[Key Words] thyroid; breast cancer; intensity-modulated radiotherapy; volumetric modulated arc therapy; radiation
dosimetry
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Table 1 Dosimetric comparison of the 2 radiation treatment plans for targets

n=30
Parameter IMRT VMAT t P
CI 0.656+0.793 0.792+0.059 - 13.950 <<0.001
HI 0.12140.007 0.115%+0.015 1.952 0.061
Do, /Gy 50.192+0.477 50.10440.353 1.328 0.195
D,/ Gy 52.006+0.824 52.14310.809 -0.810 0.424
V1 10/ %o 1.482%0.603 1.276 +0.756 1.485 0.148

IMRT: intensity-modulated radiotherapy; VMAT: volumetric modulated arc therapy; CI: conformity index; HI: homogeneity
index; D,s,: the lowest dose received by 95% planning target volume; D,,.,,: mean dose; V,,,,: the volume of dose hot spot.

B1 ATt SiE LBERNFES T

Figure 1 Isodose distributions in supraclavicular area in 2 radiation treatment plans

A: Intensity-modulated radiotherapy plan; B: Volumetric modulated arc therapy plan. Areas in green and blue represent areas

receiving 95% dose.

®2 AMBTITKPERRERHTEFSHILEK

Table 2 Dosimetric comparison of 2 radiation treatment plans for organs at risk

n=30

Parameter IMRT VMAT t P
Left lung

V% 24.72%1.51 23.11%£1.51 - 8.819 <0.001

D,../Gy 13.37£0.78 13.560.88 -1.184 0.246
Right lung Vy/% 15.691+1.58 17.07£1.78 -7.470 <<0.001
Heart

V% 25.01%£4.56 33.04£4.72 - 13.467 <0.001

V% 13.77+2.35 21.01%2.04 -17.715 <<0.001

V% 6.72£1.00 6.93+1.17 - 1.753 0.090

V% 4.661+0.92 4.75+0.99 - 0.462 0.648

Vil % 2.75£1.01 2.483+1.00 1.979 0.057

D,../Gy 5.74+1.05 6.88+0.61 - 11.345 <0.001
Right breast D,,.../Gy 2.4940.88 3.28+0.87 - 5.044 <<0.001

IMRT: intensity-modulated radiotherapy; VMAT: volumetric modulated arc therapy; D,,,.: mean dose; Vs 1 5, 30.40: the volume
irradiated with 5, 10, 20, 30, 40 Gy, respectively.
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Table 3 Dosimetric comparison of 2 radiation treatment plans for thyroid

n=30

Parameter IMRT VMAT t P
Left thyroid

V% 100.00 100.00

V% 99.93+0.22 100.00 - 1.821 0.079

Va/% 63.91+6.34 73.52£5.10 - 8.487 <<0.001

V% 44711522 53.03+5.40 - 13.783 <0.001

V% 26.801+3.47 35.924+9.93 - 5.799 <<0.001

V% 10.52£4.86 10.44+4.80 1.173 0.250

D,../Gy 28.6710.84 29.4240.53 - 5.406 <0.001
Right thyroid

V% 100.00 100.00

Vi/% 5.361+2.66 87.50+5.37 - 81.238 <0.001

D,../Gy 9.61%x1.51 14.231+2.04 - 8.824 <<0.001
Whole thyroid

V% 100.00 100.00

V% 43.57%+7.70 91.46%+5.02 - 25.666 <0.001

Va/% 23.2945.55 31.79£6.50 - 11.008 <<0.001

V% 17.69£5.11 23.671+4.82 - 6.439 <0.001

V% 11.2612.85 15.70+5.49 - 4.828 <<0.001

Ve/% 4.3242.03 4.17+1.77 0.666 0.511

D,../Gy 19.021+1.84 24424251 - 11.780 <0.001

Relative dose/%
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Figure 2 Dose and volume histogram of the thyroid

Green line represents left thyroid; red line represents the whole thyroid; blue line represents right thyroid.
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