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Background: A better understanding of the organs-at-risk (OAR) dose metrics and the related
toxicity induced by radiotherapy (RT) for left breast cancer (BC) will improve the quality of
life. This study addressed the issue for left-BC patients treated with intensity-modulated
radiotherapy (IMRT) compared to three-dimensional conformal radiotherapy (3D-CRT).
Patients and Methods: Between 2012 and 2018, 308 left-BC patients underwent adjuvant
RT at our hospital. Before June 2015, 134 patients were treated with 3D-CRT. Thereafter,
174 patients underwent IMRT. The patient’s characteristics in the IMRT group did not
significantly different compared to those in the 3D-CRT group.

Results: Among the total study population, the incidence of >grade 2 radiation dermatitis
(RID) was 17.3%. Higher volumes receiving 105% (>5.7%) and 107% (>1%) of prescribed
dose and 3D-CRT technique were associated with a higher risk of RID. Regarding lung
toxicity, the mean lung dose (>10.2Gy) and V20 (>20%) of ipsilateral lung were significantly
associated with the incidence of RT-induced pulmonary changes. By dosimetry analysis,
IMRT achieved better dose conformity and delivered lower mean doses to heart and
ipsilateral lung compared to 3D-CRT. Furthermore, propensity sore and multivariate analysis
showed that IMRT technique helped to reduce RT-induced dermatitis and lung toxicity.
Conclusion: Our data suggest that the volume of OAR exposed to higher doses is a predictor of
RT-induced toxicity. Adjuvant RT with IMRT technique offered better dose conformity and
spared high-dose levels to OARs to reduce radiation-related morbidity for BC patients.
Keywords: breast cancer, IMRT, 3D-CRT, OAR, toxicity

Introduction

Adjuvant radiotherapy (RT) substantially reduces recurrence rates of breast cancer
(BC), and improves overall survival."* However, RT-induced toxicities have been
noted, including skin, lung and heart toxicity.'> Radiation dermatitis is the
common clinical problem for BC patients receiving adjuvant RT.°® Various RT
techniques, such as intensity-modulated RT (IMRT), have been developed to
improve dose conformity within the irradiated compared to conventional RT.’
IMRT delivers a more homogenous dose and may result in a lower rate of moist
desquamation than conventional RT technique.'®'" We previously reported that an
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incidence of 23% for moist desquamation induced by
three-dimensional conformal radiotherapy (3D-CRT) and
the volume of hotspots was a predictor for the risk of
moist desquamation.'? In the present study, we analyzed
the RT dosimetry and the related dermatitis in Left-BC
patients underwent IMRT compared to 3D-CRT.

In addition, RT-induced cardiopulmonary disease is
correlated with the absorbed dose and irradiated
volume.>'? The higher the volume or the higher the dose
of irradiated heart, the higher risk of developing ischemic
heart disease.'* A linear relationship between the mean
heart dose (MHD) and the rate of cardiac events was
identified.'® Regarding lung toxicity, the irradiated volume
exceeding a defined dose (Vdose), ipsilateral mean lung
dose (MLD) and dose per fraction influenced the RT-
induced lung morbidity.'®'® A better understanding of
dosimetric parameters and its relationship with the inci-
dence of RT-induced toxicity will help to improve the
quality of life. Therefore, this study analyzed the expo-
sures of organs-at-risk (OAR) dose metrics for left-BC
patients underwent IMRT compared to those by 3D-CRT

at our institution.

Patients and Methods
Patients Characteristics of and Treatment

Techniques

This retrospective study was approved by the institutional
review board of Chang Gung Memorial hospital (NO.
201900936B0), and a waiver of informed consent was
obtained. This study adhered to strict confidentiality guide-
lines and in compliance with regulations regarding perso-
nal electronic data protection and the Declaration of
Helsinki. There were 308 left-BC patients who completed
the planned RT course from 2012 to 2018 enrolled into the
study. Among these patients, 218 patients undergone
breast-conserving surgery (BCS), and 90 patients received
total mastectomy, then followed by adjuvant RT. Before
June 2015, 134 patients received 3D-CRT. Thereafter, 174
patients underwent IMRT. In all, 282 patients had prophy-
lactic skincare with moisture ointment every day from the
beginning of RT. If required, adjuvant chemotherapy was
performed sequentially rather than concurrently with
radiotherapy in these patients (200 patients). Patients
were observed at 3 weeks after the completion of RT,
then 3-month intervals for the first 2 years and every 6
months thereafter. The Radiation Therapy Oncology
Group (RTOG) scale was used to evaluate acute skin

toxicity during the radiation treatment at weekly clinical
examinations, and continued for 3 weeks after the end of
radiotherapy. Grade 2 skin toxicity is described in the
RTOG Acute Morbidity Scale as “tender or bright
erythema, patchy moist desquamation/moderate edema”,
and Grade 3 “confluent moist desquamation other than
skin folds, pitting edema”. The correlation between acute
radiation dermatitis (RID) and the examined risk factors
were calculated as the percentage of patients with > grade2
skin toxicity. In addition, the radiation-induced lung injury
was evaluated during and after radiation therapy.
Clinically symptom was defined according to the modified
Common Toxicity Criteria of the National Cancer Institute
of Canada (CTC-NCIC).*® Chest computed tomography
(CT) was evaluated 1-3 months after completion of radia-
tion therapy. Density changes on chest CT were evaluated
by comparing with the CT image prior to radiation therapy.
Then chest X-ray films were performed annually during
follow-up. If there were new abnormal findings found on
Chest X-ray films, the patients would receive chest CT
scan. An increase in density was graded according to a CT
adapted modification of Arriagada’s classification (0 = no
change; 1 = low opacity in linear streaks; 2 = moderate

1921 The correlation

opacity; 3 = complete opacity).
between RT-induced pulmonary changes and the examined
risk factors was calculated as the percentage of patients

with > grade 1 density change in CT scan.

CT-Simulation and Radiotherapy Planning
At the time of simulation, these left BC-patients underwent
CT scans with free-breathing (FB), and the corresponding CT
plans for adjuvant RT. In general, adjuvant RT was prescribed
according to the planning target volume (PTV), which was
50 Gy in 25 fractions (268 patients) or 42.56 Gy in 16
fractions (40 patients). Of the 308 patients, 125 received
simultaneous nodal irradiation. The skin, heart and ipsilateral
lung were defined as OARs. The targets were delineated
according to the Radiation Therapy Oncology Group
(RTOG) breast cancer consensus definitions.””> The CTV
was expanded by 10 mm, but within 2 mm of the skin sur-
face, to create the planned target volume (PTV) generated on
the free-breathing CT scans.'***** For patients who required
simultaneous nodal irradiation, the supraclavicular lymph
nodes were included into the CTV. The goal was to deliver
95% of the prescribed dose to at least 95% of the PTV while
minimizing the dose delivered to the lung, heart, and con-
tralateral breast. The dose constraint (in 2 Gy per fraction) of
the volume of treatment volume (TV) receiving 110% of
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prescribed dose (V110%) was <5%, of the heart was V25 Gy
<10%, and the criteria for the ipsilateral lung was V20 <25%;
V5 Gy <50%, for the whole lung was V20 <20%; V5 Gy
<30%, and a minimized dose to the contralateral lung and
breast. For patients treated with hypofractionation regimen,
the dose to OARs was corrected.”> The 3D-CRT plans con-
sisted of two major opposed open tangential half beams.
Multileaf collimators (MLCs) were used to shield the heart,
left lung and achieve the optimized dose distribution of the
3-dimensional plan. We usually used 1~2 additional segment
(“field-in-field” technique) to further improve dose homoge-
neity and minimize the volume of radiation hotspots.
Approximately 10% of the prescription dose was delivered
with this shrunken field. The IMRT was a multi-beam (68
beams) step and shoot technique with a dose rate of 600 MU/
min. The gantry separation between ipsilateral fields ranged
from 5° to 10°. The multi-leaf collimator moving speed for
beam delivery was set at 2.5 cm per second. The plans were
generated from a full inverse planning system (Philips
Pinnacle3 treatment planning system, Fitchburg, WI, USA)
for optimization to generate the IMRT plan. We analyzed
several parameters including PTV, the volume enclosed
within the prescribed dose (TV), and the areas receiving an
excessive dose such as V105% and V107% (percent volume
receiving 105% and 107% of the prescribed dose,

A

Skin toxicity
grade 2

grade 1

respectively). Figure 1A shows the isodose distribution of
a representative patient, illustrating the radiation hotspots
(V105% and V107%) related to the location of acute radia-

tion dermatitis.

Statistical Analyses

Student’s t-tests were utilized to analyze associations
between RT-induced toxicity, dosimetric parameters and
clinical characteristics, and to compare the dose distribu-
tion between the plans. Dose reduction to the OAR was
compared between the 3D-CRT and IMRT plans. The
p-value for a two-tailed test with a confidence interval of
95% was used. Linear regression analyses were also per-
formed using SPSS version 17.0. In addition, the propen-
sity score method, which simulates the effects of
a randomized trial for observational data, was used to
estimate study outcomes. Inverse probability of treatment
weighting (IPTW) of the propensity scores was used to
create a pseudo-population in which study groups were
balanced across covariates using data blinded to outcomes.
Covariate balance was assessed using the standardized
difference, which is the difference between groups divided
by the pooled standard deviation, with a goal-to-achieve
value <0.1.
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Figure | Radiation hotspots related to acute skin toxicity. (A) Representative pictures of selected patients with grade | and 2 acute skin toxicity, and the isodose
distribution are shown, respectively (% of prescribed dose: color curve; 95%: yellow curve; 105%: pink curve; 107%: light blue). (B) The volume of radiation hotspots in the

groups of patients without and with radiation dermatitis.
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Results

Patients and Acute Skin Toxicity

All patients completed the planned course of treatment. The
median age (£SD) of the overall study population was 54 +
11 (range 24—-88) years. The incidence of radiation dermatitis
was 17.3% of the total study population. Among these 53
patients developed radiation dermatitis, 50 and 3 patients had
grade 2 and 3 skin toxicity, respectively. Table 1 reveals that
BMI > 24, total mastectomy, and simultaneous nodal irradia-
tion were associated with a higher incidence of > grade 2
RID. The incidence of RID was 24% (22/90) in patients with
total mastectomy compared to 14% (31/218) in those with
BCS (p=0.031), and 9% (16/183) in those without nodal
irradiation compared to 30% (37/125) in those with nodal
irradiation (p<0.001). We further analyzed the role of radia-
tion hotspots in predicting acute skin toxicity. Figure 1B
reveals that a higher volume of radiation hot spots were
associated with a higher incidence of RID. To assess the
predictive value of V105% and V107%, they were redefined
as a binary variable by finding the value from a receiver-
operating characteristic (ROC) curve that maximized the
percentage correctly classified for acute radiation dermatitis.
Accordingly, we divided the patients into two groups for TV-
V105% with 5.7% (92% sensitivity and 79% specificity), and
TV-V107% (98% sensitivity and 80% specificity) with 1%.
As shown in Table 1, patients in the group with lower
volumes of radiation hotspots had a significantly lower risk
of developing radiation dermatitis compared to those with
higher volumes of radiation hotspots.

Skin Toxicity and Dosimetric Parameters

for IMRT vs 3D-CRT

We further divided the 308 patients into the group for 3D-
CRT and IMRT. Table 2 summarizes the patient numbers
and the dosimetry parameters. A comparison of the para-
meters between the 2 groups revealed that the percentage of
patients who had undergone a total mastectomy and nodal
irradiation did not significantly differ. The patients treated
with IMRT were at significantly lower risk for developing
RID. The incidences of acute RID were 26% and 10% of the
3DRT and IMRT groups, respectively (p< 0.001). A review
of the IMRT dosimetry showed better target coverage with
the volume of PTV and CTV receiving 95% of the pre-
scribed dose and dose conformality compared to the 3D-
CRT technique (Suppl. Figure 1). There were significantly
lower volumes of radiation hotspots (p<0.001) in patients
treated with IMRT compared to those treated with 3DRT. On

Table | Factors Correlated with the RT-Induced Skin Toxicity

Skin Toxicity p value
<Grade 2 >Grade 2

Patients 255 (100%) | 53 (100%)

Age
Range 24~88 ylo 30~80 y/o 0.81
Median 54ylo 53y/o
+SD 10.8 10.8

BMI 0.040*
<24 126 (49.4%) | 18 (34%)
>24 129 (50.6%) | 35 (66%)

Surgery type 0.031*
BCS 187 (73.3%) | 31 (58.5%)
Mastectomy 68 (26.7%) 22 (41.5%)

RT technique <0.001*
3D-CRT 99 (38.8%) 35 (66.0%)

IMRT 156 (61.2%) | 18 (34.0%)

Nodal irradiation <0.001*
No 167 (65.5%) | 16 (30.2%)

Yes 88 (34.5%) 37 (69.8%)

Prophylactic skin care 0.78
No 21 (8.2%) 5 (9.4%)

Yes 234 (91.8%) | 48 (90.6%)

Dosimetry (meantSD)

CTV-V95% 9891+0.1% | 98.6+ 0.2% | 0.137
PTV-V95% 95.9+0.1% 94.6+ 0.3% | 0.135
TV-V105% 3.7£0.2% 11.6£0.8% <0.001*
<5.7% 200 (78.4%) | 4 (7.5%) <0.001*
25.7% 55 (21.6%) 49 (92.5%)

TV-V107% 0.2+0.03% 2.8+0.3% <0.001*
<1% 239 (93.7%) | 3 (5.7%) <0.001*
1% 16 (6.3%) 50 (94.3%)

Notes: *Statistical significance. V105% and V107%=percent volume receiving 105%
and 107% of the prescribed dose.

Abbreviations: BCS, breast-conserving surgery; BMI, body mass index; TV, treat-
ment volume.

multivariate analysis for RID, patients received total mas-
tectomy and 3D-CRT were associated with higher incidence
of radiation dermatitis (Table 3).

Dosimetric Parameters of OAR for IMRT
vs 3DRT

OAR Doses

Table 4 summarizes the numbers of patients and the dosi-
metry parameters of heart and ipsilateral lung. Patients trea-
ted with IMRT had a significantly lower cardiac exposure,
including the MHD and the V5~V20 based on the DVH for
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Table 2 Difference in Clinical Characteristics and Dosimetry
Between IMRT and 3D-CRT Groups

Table 4 Dosimetric Differences Between 3D-CRT and IMRT for
OAR

RT Techniques p value
3DRT IMRT

Patients 134 (100%) | 174 (100%)

BMI 0.756
<24 64 (47.8%) | 80 (46.0%)
>24 70 (52.2%) | 94 (54.0%)

Surgery type 0.140
BCS 89 (66.4%) 129 (74.1%)
Mastectomy 45 (33.6%) | 45 (25.9%)

Nodal irradiation 0.885
No 79 (59.0%) 104 (59.8%)

Yes 55 (41.0%) | 70 (40.2%)

Skin toxicity <0.001*
< grade 2 99 (73.9%) 156 (89.7%)
= grade 2 35 (26.1%) 18 (10.3%)

Dosimetry (meantSD)

CTV-V95% 98.6+0.1% 99+0.1% 0.009*
PTV-V95% 94.5+0.2% 95.2+0.1% 0.001*

TV-VI105% 7.8+0.5% 2.9+0.2% <0.001*
<5.7% 53 (39.6%) 151 (86.8%) | <0.001%*
25.7% 81 (60.4%) | 23 (13.2%)

TV-VI107% 1.2+£0.2% 0.2+0.03% <0.001*
<1% 90 (67.2%) 152 (87.4%) | 0.001*
1% 44 (32.8%) | 22 (12.6%)

Notes: *Statistical significance. V105% and V107%=percent volume receiving 105%
and 107% of the prescribed dose.

Abbreviations: BCS, breast-conserving surgery; BMI, body mass index; TV, treat-
ment volume.

Table 3 Multivariate Analysis to Determine Factors Associated
with RID

3D-CRT IMRT p value

Heart

Dmean (Gy) 5.31+£0.20 3.77£ 0.12 <0.001*

V5Gy (%) 16.5+ 0.8% 13.9+ 0.6% 0.014*

VI0Gy (%) 10.6 0.6% 7.6+ 0.4% <0.001*

V20Gy (%) 7.7+ 0.4% 4.6+ 0.2% <0.001*
Left Lung

Dmean (Gy) 11.28+ 0.28 10.40 £ 0.3 0.039%

<10.2Gy 52 101 0.001*

210.2Gy 82 73

V20Gy (%) 21.6% 0.6 19.8 + 0.4 0.024%*

<20% 58 98 0.023*

220% 76 76

V5Gy (%) 38.6+ 0.7 36.6 £ 0.6 0.051

Variable HR 95% CI P value
Surgery type

Mastectomy Ref

BCS 0.323 0.19-0.54 <0.001*
Nodal irradiation

Yes Ref

No 0.8I1 0.60-1.1 0.18
BMI

<24 Ref

>24 1.44 0.78-2.63 0.24
RT technique

3D-CRT Ref

IMRT 0.27 0.14-0.50 <0.001*

Note: *Statistical significance.

Note: *Statistical significance.

the CT treatment plans. Patient variability was noted in
terms of the MHD with a range of values from 1.22 to 16
Gy (4.4 £ 0.12Gy). The distance of heart (DHL) is measured
on the CT slice with the thickest section of heart and is
defined as the distance between the anterior cardiac contour
to the imaginary line connecting middle point of sternum
and the left middle axillary line (Figure 2A). Figure 2B
reveals that there was a positive correlation between the
MHD and DHL (R=0.66). To assess the predictive value
of the DHL, DHL was redefined as a binary variable by
finding the value from a ROC curve that maximized the
percentage correctly classified for predicting MHD >4.4Gy.
The optimal cut-off for the DHL was 2.47 ¢cm (79% sensi-
tivity and 62% specificity). Accordingly, we divided the
patients into high and low-DHL groups. The MHD was
3.424+ 0.10Gy in the low-DHL group and 5.48+ 0.18 Gy in
the high-DHL group. IMRT significantly reduced the MHD
both in both groups of DHL (p<0.001) compared to those
treated with 3D-CRT (Suppl. Figure 2). Furthermore, treat-
ment with IMRT was associated with a lower mean dose,
and V20 of the ipsilateral lung. The mean lung dose values
for the 3D-CRT and IMRT groups were 11.3+ 0.3Gy and
10.4+ 0.3 cm’, respectively (p=0.039).

Clinical Findings

There were no deaths related to cardiac toxicity or major
coronary events during the follow-up. The median follow-
up time was 51.7 months (range 2.7-112.3 months). In
term of lung toxicity, no patients had grade 2 symptomatic
radiation pneumonitis during the follow-up. The most
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Figure 2 Relationship between MHD and the distance of heart (DHL) for left-sided breast cancer patients. (A) Representative images of the distance of heart (DHL) is
shown (A: the midline of the sternum; B: the left middle axillary line; DHL: orange; PTV: light green). (B) The values of DHL plotted against mean heart dose. DHL indicated

good positive linear correlation with mean heart dose for all patients.

common pulmonary changes in the imaging included pat-
chy, ground-glass opacities, and fibrosis. In all, 81 patients
(26%) developed radiographic changes within the RT field
in follow-up images (Figure 3, Table 5). The data revealed
that total mastectomy, simultaneous nodal irradiation, and
3D-CRT technique were associated with a higher risk of
developing RT-induced radiologic changes. The incidence
was 41% (37/90) in patients with a total mastectomy
compared to 20% (44/218) in patients who had undergone
BCS (p<0.001), and 17% (31/183) in patients without
nodal irradiation compared to 40% (50/125) in patients
irradiation (p<0.001). RT-
induced pulmonary changes occurred in 34% and 20% of
the 3D-CRT and IMRT groups, respectively. The MLD
and the ipsilateral lung V20 were, the important predictors

with nodal Furthermore,

of radiation pneumonitis, being significantly associated

with incidence of developing RT-induced pulmonary

changes. We used the median of MLD (10.2 Gy) and
V20 (20%) as a cut-off value to divide the 308 patients
into lower and higher groups. The patients in the lower
MLD and V20 group had a significantly lower risk for
developing RT-induced pulmonary injury compared to
those in the higher groups. Furthermore, there were sig-
nificantly more patients who had undergone 3D-CRT in
the higher MLD and V20 group compared to those treated
with IMRT. By multivariate analysis, patients received
total mastectomy and 3D-CRT was associated with higher
incidence of RT-induced pulmonary changes (Table 6).

Propensity Score Analysis

To further corroborate the results observed in the whole
series, a propensity score analysis was performed. After
IPTW adjustment, the distributions of most demographic

characteristics similar

and clinicopathological

were

Figure 3 Relationship between RT-induced radiologic changes and V20 of ipsilateral lung Representative pictures of a selected patient with RT-induced radiologic changes
and the isodose distribution are shown, respectively (prescribed dose: yellow curve; V20: orange curve).
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Table 5 Factors Correlated with the RT-Induced Radiologic
Changes for Ipsilateral Lung

Pulmonary Changes p value
) +)

Patients 227 (100%) | 81 (100%)

BMI 0.38
<24 111 (48.9%) | 35 (43.2%)
>24 116 (51.1%) | 46 (56.8%)

Surgery type <0.001
BCS 174 (76.7%) | 44 (54.3%)
Mastectomy 53 (23.3%) 37 (45.7%)

RT technique 0.005*
3DRT 88 (38.7%) 46 (56.8%)

IMRT 139 (61.2%) | 35 (43.2%)

Nodal irradiation <0.001*
No 152 (67.0%) | 31 (38.3%)

Yes 75 (33.0%) 50 (61.7%)

Dosimetry (meantSD)

MLD (Gy) 10.32+0.25 12.09+ 0.34 | <0.001*
<10.2Gy 130 (57.3%) | 23 (28.4%)
210.2Gy 97 (42.7%) 58 (71.6%)
V20Gy (%) 19.6+0.4% 23.5%£ 0.7% | <0.001*
<20% 129 (56.8%) | 27 (33.3%)
220% 98 (43.2%) 54 (66.7%)

Note: *Statistical significance.
Abbreviations: BCS, breast-conserving surgery; BMI, body mass index; MLD,
mean lung dose.

Table 6 Multivariate Analysis to Determine Factors Associated
with RT-Induced Pulmonary Injury

Variable HR 95% CI P value
Surgery type

Mastectomy Ref

BCS 0.343 0.22-0.54 <0.001*
Nodal irradiation

Yes Ref

No 0.802 0.53-1.22 0.31
BMI

<24 Ref

>24 1.16 0.68-1.98 0.58
MLD (Gy)

<10.2Gy Ref

210.2Gy 1.83 0.98-3.45 0.06
RT technique

3D-CRT Ref

IMRT 0.49 0.29-0.85 0.01*

Note: *Statistical significance.

between the 3D-CRT and IMRT groups. The effect of the
adjustment is depicted in Table 7. The analyses showed
that IMRT was associated with significant benefits for the
reduction of RID and RT-induced pulmonary changes after
adjustment by IPTW (Table 8).

Discussion

In recent years, promising RT techniques have been devel-
oped to improve dose conformality and homogeneity
for BC patients. However, the correlation between dosi-
metric parameters and the incidence of radiation-induced
OAR toxicity requires further investigation. First, we
examined the incidence of radiation dermatitis and its
relationship with volume of radiation hotspots and RT
techniques. According to previous finding,'* we applied
the constraint of TV-V110% <5% in treatment planning
for BC. As a result, the incidence of grade 3 skin toxicity
decreased from 1.9% to 1% compared to that our previous
study. We suggest that further significant advancements in
conformal treatment delivery have helped to reduce the
volume exposed to higher doses; this in turn has resulted
in decreased toxicity outcomes. In the present study, we
demonstrated that the larger volumes of radiation hotpots
(TV-V105% and V107%) were significant predictors of
radiation dermatitis. Furthermore, we demonstrated that
IMRT significantly improved dose inhomogeneity and
decreased volumes of radiation hotspots compared with
3D-CRT. In addition to dose parameters, we found that
BMI > 24, total mastectomy, and simultaneous nodal irra-
diation were associated with a higher incidence of radia-
tion dermatitis. There are still no well-established
prophylactic treatments available to prevent RT-induced
skin toxicity.”® We previously reported that prophylactic
skincare significantly attenuated the risk of radiation
dermatitis.'”> Greater than 90% of patients in the study
received prophylactic skin treatment. It may explain why
the use of prophylactic treatment did not significantly
decrease the incidence of radiation dermatitis in the pre-
sent study.

The lung is sensitive to radiation and side effects may
arise, as acute pneumonitis and late lung fibrosis. RT-
induced lung toxicity may arise, either acutely or as
a chronic disorder following RT.?”*° Clinically, sympto-
matic RP is one of the major toxicity for irradiated BC
patients.*® In our study, none of the patients developed
significant symptomatic RP, but there were 81 patients
(26%) did develop radiographic changes within RT field,
as noted in follow-up images. In the present study, total
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Table 7 Baseline Characteristics for Unweighted Sample and Inverse Probability of Treatment-VWeighted (IPTW-ATE) Sample

Variables Unweighted Sample Standardized Mean IPTW-ATE Standardized Mean
Difference Difference
3D-CRT IMRT 3D-CRT IMRT
(n=134) (n=174) (n=307) (n=308)
Age (mean, SD) 54.9 (10.6) 55.5 (10.9) | 0.053 55.1 (15.8) 55.1 (14.4) | 0.006
BMI (%) —0.036 —0.006
<24 64 (47.8) 80 (46.0) 144 (46.9) 144 (46.8)
>24 70 (52.2) 94 (54.0) 163 (53.1) 164 (53.2)
Surgery type (%) —0.170 0.005
BCS 89 (66.4) 129 (74.1) 217 (70.8) 218 (70.9)
Mastectomy 45 (33.6) 45 (25.9) 90 (29.2) 90 (29.1)
Nodal irradiation (%) 0.016 0.005
No 79 (59.0) 104 (59.8) 183 (59.4) 183 (59.5)
Yes 55 (41.0) 70 (40.2) 124 (40.6) 125 (40.5)
Hypofraction (%) 0.179 —0.010
No 112 (83.6) 156 (89.7) 267 (86.9) 268 (87.0)
Yes 22 (16.4) 18 (10.3) 40 (13.1) 40 (13.0)

Table 8 Odds Ratios for Study Outcomes Between IMRT and
3D-CRT Groups by Different Analysis Approaches

Acute Skin Toxicity Toxicity (Chest-Lung)
OR (95% CI) P-value | OR (95% CI) P-value
Unweighted Sample
RT type
3D-CRT | Reference - Reference -
IMRT 0.26 (0.13-0.51) | <0.001 0.47 (0.27-0.80) | 0.006
IPTW-ATE
RT type
3D-CRT | Reference - Reference -
IMRT 0.24 (0.15-0.40) | <0.001 0.46 (0.31-0.67) | <0.001

Note: Models were adjusted by age, BMI group, surgery type, and nodal irradiation.

mastectomy and adding regional nodal irradiation were
associated with a higher risk for developing RT-induced
radiological changes. The risk for RT-induced lung toxi-
city is reported to be influenced by the irradiated lung
volume, dose and RT field.*'** The incidence of pulmon-
ary complications in adjuvant 3D-CRT for BC is clinically
significant.>> We demonstrated that IMRT significantly
decreased the incidence of RT-induced pulmonary changes
from 34% in 3D-CRT to 20% in IMRT. With today’s CT-
based-planning techniques, we can individually quantify
and limit the amount of incidentally irradiated lung
volume.'® The MLD and the ipsilateral lung V20 were

reported to be critical to induce RP in cancer patients
with lung irradiation®*>> For left-BC patients with RT,
we demonstrated that MLD and V20 of the ipsilateral
lung were significantly associated with the risk of devel-
oping RT-induced pulmonary changes. We further used the
median value of by MLD (10.2Gy) and V20 (20%) to
divide the 308 patients into lower and higher groups. The
data revealed that both V20<20% and MLD <10.2Gy for
ipsilateral lung were associated with significantly lower
RT-induced radiologic changes. Based on our data, indivi-
dual CT-based dose planning and dosimetric analysis of
ipsilateral lung is important for the reduction of RT-
induced lung injury.

It has described that adjuvant RT contributed to the
induction of ischemic heart disease for left-sided BC
population.'>>° A comparison of all patients in our series
revealed that BMI>24, total mastectomy and nodal irradia-
tion were significantly associated with increased MHD. It
has been reported that variations in chest shape can impact
the cardiopulmonary dose received.’’>® In the present
study, there was a positive correlation between the MHD
and DHL. The patients with DHL > 2.47 cm were asso-
ciated with higher MHD compared to those lower DHL.
As the incidence of ischemic heart disease is proportional
to the MHD,'**° it was advised a reduction of the dose to
the heart by as much as possible. Furthermore, the risk of
cardiac events is likely to be related to dose and irradiated
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volume.?>** In our study, patients treated with IMRT had
significantly lower MHD associated with reduced the irra-
diated volume and dose in the heart for left-BC patients
compared to 3D-CRT.

In the present study, the benefits of IMRT compared to
conventional 3D have been evaluated. Dosimetry studies
have shown that IMRT results in similar target volume
coverage, better conformity, and a reduced volume of
normal tissues that are irradiated at a high dose.
Dosimetric studies showed that volumetric modulated arc
therapy (VMAT) also improved target volume coverage
and delivered better dose homogeneity.'* The potential
risk existing in IMRT and VMAT are that these techniques
expose the heart to a substantial “low dose bath” from
multiple beam angles. Furthermore, research has shown
a further reduction in cardiac exposure by implementing
respiratory management methods during radiation deliv-
ery, such as deep inspiration breath hold (DIBH). In our
preliminary study,” a regimen using IMRT and DIBH
resulted in a significantly lower MHD and Dmean of the
LAD compared to FB plans for left BC. However, there
were variability of dose reductions by DIBH, and not all
patients receive the same benefit from the DIBH techni-
que. In general, choosing which kind (one or more) of
methods to use is mainly based on individual characteris-
tics and RT regions. Therefore, to enroll more left-BC
patients using IMRT and DIBH would be helpful to find
factors to identify which patients derive the most benefit
from the IMRT and DIBH technique. The main limitation
of this study was that was retrospective in nature and
lacked data on long term follow-up for cardiopulmonary
toxicity. Therefore, longer follow-up and further investiga-
tions that include more patients in a prospective trial are
needed.

Conclusion

In general, the choice of adjuvant RT, and the type of
methods used are mainly based on individual characteris-
tics and target regions. Our data suggest that IMRT spared
high-dose levels to OARs, and offers better dose confor-
mity than 3D-CRT technique for left-BC patients.
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