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Does the protocol‑required uniform margin 
around the CTV adequately account for setup 
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Abstract 

Purpose:  To use cone-beam computed tomography (CBCT) imaging to determine the impacts of patient character-
istics on the magnitude of geometric setup errors and obtain patient-specific planning target volume (PTV) margins 
from the correlated patient characteristics in whole breast irradiation (WBI).

Methods:  Between January 2019 and December 2019, a total of 97 patients who underwent breast-conserving 
surgery, followed by intensity-modulated radiation therapy in WBI, were scanned with pre-treatment CBCT for the first 
three treatment fractions and weekly for the subsequent fractions. Setup errors in the left–right (LR), superior–inferior 
(SI) and anterior–posterior (AP) directions were recorded and analyzed with patient characteristics—including age, 
tumor location, body mass index (BMI), chest circumference (CC) and breast volume (BV)—to examine the predictors 
for setup errors and obtain specific PTV margins.

Results:  A total of 679 CBCT images from 97 patients were acquired for analysis. The mean setup errors for the whole 
group were 2.32 ± 1.21 mm, 3.71 ± 2.21 mm and 2.75 ± 1.56 mm in the LR, SI and AP directions, respectively. Patients’ 
BMI, CC and BV were moderately associated with setup errors, especially in the SI directions (R = 0.40, 0.43 and 0.22, 
respectively). Setup errors in the SI directions for patients with BMI > 23.8 kg/m2, CC > 89 cm and BV > 657 cm3 were 
4.56 ± 2.59 mm, 4.77 ± 2.42 mm and 4.30 ± 2.43 mm, respectively, which were significantly greater than those of 
patients with BMI ≤ 23.8 kg/m2, CC ≤ 89 cm and BV ≤ 657 cm3 (P < 0.05). Correspondingly, the calculated PTV margins 
in patients with BMI > 23.8 kg/m2, CC > 89 cm and BV > 657 cm3 were 4.25/7.95/4.93 mm, 4.37/7.66/5.24 mm and 
4.22/7.54/5.29 mm in the LR/SI/AP directions, respectively, compared with 3.64/4.64/5.09 mm, 3.31/4.50/4.82 mm and 
3.29/5.74/4.73 mm for BMI ≤ 23.8 kg/m2, CC ≤ 89 cm and BV ≤ 657 cm3, respectively.

Conclusions:  The magnitude of geometric setup errors was moderately correlated with BMI, CC and BV. It was 
recommended to set patient-specific PTV margins according to patient characteristics in the absence of daily image-
guided treatment setup.
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Background
Whole breast irradiation (WBI) after breast conserving 
surgery has become an important treatment for early-
stage breast cancer patients and locally advanced breast 
cancer patients after effective preoperative systematic 
therapy [1–3]. Intensity-modulated radiation therapy 
(IMRT) is a widely used radiotherapy (RT) technique in 
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WBI because of its greater dosimetric advantages and 
conformity compared with 2-dimensional and 3-dimen-
sional (3D) conformal RT techniques [4]. The dose dis-
tributions of IMRT delivered to the target volume can 
be highly conformal with steep dose gradients. Thus it 
requires stringent treatment verification to ensure plan-
ning target volume (PTV) coverage is accurately main-
tained while the doses to organs at risk (OARs) are within 
the tolerance [5]. In breast RT, many setup error sources 
contribute to deviations from the planned dose distribu-
tion, such as setup inaccuracies of the whole patient and 
breast deformation [6]. For accurate dose delivery in RT, 
it is essential to correct target positioning with the help 
of image-guided radiation therapy (IGRT) techniques.

Kilovoltage cone-beam computed tomography (CBCT) 
is an IGRT technique that provides accurate 3D anatomi-
cal information for patient positioning for multiple disease 
sites. Additionally, it helps permit daily volumetric quality 
assurance of breast setups throughout the entire treatment 
delivery course [7]. It is generally used as a gold standard in 
stereotactic body radiation therapy and accelerated partial 
breast irradiation (APBI), which are delivered with a large-
fraction dose or within only a few fractions [8, 9]. However, 
current CBCT techniques may not be optimal for WBI 
treatments in terms of radiation dose, acquisition time, and 
geometric clearance [10]. Thus, PTV, with appropriate mar-
gins from clinical target volume (CTV), would adequately 
account for geometric setup errors in the absence of daily 
IGRT. The Radiation Therapy Oncology Group (RTOG) 
recommended that the margin from CTV to PTV was a 
uniform 7 mm in the 1304 protocol [11, 12]. However, it is 
still controversial regarding whether the protocol-required 
uniform margin around the CTV adequately accounts for 
setup inaccuracies. The uncertainties need to be managed 
more precisely as the magnitude of setup inaccuracies was 
not uniform in each direction and varies with patient char-
acteristics, or tumor cavity location [13–17]. Moreover, 
predictive factors for the magnitude of setup errors from 
these patient characteristics, including age, tumor location, 
and body mass index (BMI), chest circumference (CC) and 
breast volume (BV), may help to determine the adequate 
margins during treatment planning [16]. However, few pre-
vious studies have quantified daily setup uncertainties for 
the entire breast using CBCT data. The majority of stud-
ies were not based on population studies, and these predic-
tive factors with setup inaccuracies have not been properly 
addressed [18, 19]. In the present study, we aimed to use 
CBCT imaging to determine the impacts of patient char-
acteristics on the magnitude of geometric setup errors 
in a broader group of patients with WBI. Furthermore, a 
notable difference from previous work is that we analyzed 
patient groups according to correlative patient characteris-
tics and obtained patient-specific PTV margins.

Methods and materials
Patients
A total of 97 patients with breast cancer (45 with left-
sided and 52 with right-sided cancer) were consecutively 
enrolled in this study between January 2019 and Decem-
ber 2019. The study was approved by the Institutional 
Review Board of our institute. All patients had under-
gone breast-conserving surgery, followed by WBI.

Treatment simulation and planning
For both simulation and treatment, all patients were 
immobilized in a Klarity Solo Align™ baseplate in the 
supine position with the head turned away from the 
treated side and arms stretched above the head. CT 
images were acquired from the upper neck to the upper 
abdomen with 5-mm-thick slices and imported to the 
treatment planning system. The simulation and treat-
ment were performed with free breathing. Skin marks 
were applied to enable laser-based patient positioning 
before treatment. According to the RTOG 1304 protocol, 
the attending physicians delineated the target area and 
OARs for all patients. The target area included the breast 
CTV, which was limited anteriorly within 5 mm from the 
skin and posteriorly to the anterior surface of the pecto-
ralis muscles, serratus anterior muscle/chestwall, boney 
thorax, and lung. Additionally, 7-mm margins around 
CTV were provided for PTV to compensate for the vari-
ability in treatment setup. OARs were also defined, such 
as the heart, lung, and contralateral whole breast.

In total, 5–7 beams were applied in IMRT techniques. 
Breast tangent fields with a 15–20-degree steeper gan-
try angle for medial beams were used. The prescription 
dose delivered to the whole breast was 50  Gy/25Fx and 
the tumor bed was boosted (10  Gy/5Fx) according to 
patients’ disease stage, age and tumor grade. The treat-
ment goals were that 100% of the prescribed dose would 
cover 95% of PTV and the maximum dose would not 
exceed 105%.

CBCT image acquisition and registration
During the whole breast treatment course, CBCT scans 
were immediately acquired after patients were positioned 
and were based on skin-marks for the first three treat-
ment factions and weekly for the subsequent fractions 
using an Elekta Synergy X-ray volume imaging system 
(Elekta, Stockholm, Sweden). The scan protocol incorpo-
rated a 200° rotation at full gantry speed in a clockwise 
direction, which resulted in an acquisition time of 35  s. 
The kilovoltage exposure was set as 120 kV, 25 mA, and 
40  ms, delivering an approximately dose of 3  mGy per 
scan.
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In clinical practice at our institute, CBCT scans were 
routinely and automatically registered to the reference 
planning CT using the gray value algorithm, followed 
by a manual adjustment to obtain a better match on the 
breast, thoracic wall beneath the breast, and structures in 
the vicinity (a small volume of lung or heart) to obtain 
translational target errors in the LR, SI and AP direc-
tions. Setup errors were defined as the offset between 
CBCT and planning CT. The translational target errors 
were converted to a respective couch shift. All the rota-
tional errors were disregarded due to limitations of couch 
movement.

Patient characteristics for setup errors
Patient characteristics including patients’ age, tumor 
location, BMI, CC and BV were collected to analyze the 
correlation with setup errors. For continuous variables, 
the patients were divided into two groups above and 
below the median value, respectively. For tumor location, 
the patients were divided into left and right groups.

Calculation of the PTV margin
Average displacements and standard deviation (SD) in 
three directions were calculated for each patient. The sys-
tematic error (Σ) was calculated from the SD of all aver-
age displacement for each patient, and the random error 
(σ) was the root mean square of all SD values for each 
patient. The CTV–PTV margins were calculated based 
on the calculation method described by van Herk [20]: 
2.5Σ + 0.7σ.

Statistical analysis
All statistical analyses were performed with IBM-SPSS 
statistics, version 19 (SPSS Inc, Chicago, IL). Linear 
regression analysis was used to separately assess the cor-
relation between patient characteristics and setup errors 
in the three orthogonal directions. Correlations between 
setup errors and patient characteristics were analyzed 
with Pearson product-moment correlation coefficient 
(R). Furthermore, Setup errors between different groups 
were compared using t-test. P < 0.05 was considered to be 
statistically significant.

Results
Patient characteristics
In total, 97 patients were included in the study. The 
median (range) age, body weight, BMI were 47 (29–71) 
years, 61.0 (48.0–75.5) kg and 23.8 (17.4–29.6) kg/m2, 
respectively. No patients’ weight changed more than 2% 
during the treatment. The median (range) CC and BV 
were 89 (74–107) cm and 657 (264–1438) cm3, respec-
tively. Patient characteristics are shown in Table  1. 
All patients received breast-conserving surgery, 81 

patients received sentinel lymph node biopsy and 
11 patients received axillary lymph nodes dissec-
tion. 50 Gy/25Fx irradiation was delivered to the whole 
breast with (n = 94) or without (n = 3) 10 Gy/5Fx boost 
to the tumor bed. No regional lymph node areas were 
irradiated.

Correlation between patient characteristics and geometric 
setup errors
CBCT was taken in the first 3  days of treatment, 
and then once weekly throughout the whole breast 

Table 1  Patients characteristics and treatments

BMI body mass index, DCIS ductal carcinoma in situ, TNBC triple negative breast 
cancer, BCS breast conserving surgery, SLNB sentinel lymph node biopsy, ALND 
axillary lymph nodes dissection

Characteristics Median (range) 
or number of 
patients/n

Age (y) 47 (29–71)

Weight (kg) 61.0 (48.0–75.5)

BMI (kg/m2) 23.8 (17.4–29.6)

Chest circumference (cm) 89 (74–107)

Breast volume (cm3) 657 (264–1438)

Breast laterality

 Left-sided 45

 Right-sided 52

Stage

 DCIS 5

 I 53

 II 39

Molecular subtypes

 Luminal A 39

 Luminal B 24

 TNBC 21

 HER2 Overexpress 13

Surgery

 BCS 5

 BCS + SLNB 81

 BCS + ALND 11

Adjuvant chemotherapy

 Yes 66

 No 31

Herceptin therapy

 Yes 21

 No 76

Endocrine therapy

 Yes 64

 No 33

Radiotherapy volume and dose

 Whole breast(50 Gy/25Fx) 3

 Whole breast + tumor bed boost (60 Gy/30Fx) 94
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treatment course. A total of 679 CBCT images 
from 97 patients were acquired for analysis. For the 
whole group, the mean geometric setup errors were 
2.32 ± 1.21  mm, 3.71 ± 2.21  mm and 2.75 ± 1.56  mm 
in the LR, SI and AP directions, respectively. The cor-
relation between patient characteristics and transla-
tional setup errors is summarized in Table  2. Patients’ 
age (Table  2) and breast laterality (Fig.  1) were found 
to have no influence on the setup errors in all direc-
tions. Conversely, the BMI was moderately associated 
with the setup errors of SI directions (R = 0.40). In 
addition, CC and BV were correlated with the magni-
tude of setup errors in the SI directions (R = 0.43 and 
0.22, respectively). The magnitude of setup errors in 
the LR directions was also moderately correlated with 
BV (R = 0.42). No significant correlations were found 
between setup errors in the AP directions and patients’ 
age, BMI, CC or CV.

Comparison of setup errors between groups with different 
patient characteristics
To better demonstrate the association between the mag-
nitudes of setup errors and patient characteristics, all 
patients were divided into two groups on the basis of the 
median values. Setup errors between the groups with 
different characteristics are shown in Fig. 1. Higher BMI, 
broader CC and larger BV patients have significantly 
greater setup uncertainties, especially in the SI direc-
tions. For patients with BMI > 23.8  kg/m2, CC > 89  cm 
and BV > 657 cm3, setup errors in the SI directions were 
4.56 ± 2.59  mm, 4.77 ± 2.42  mm and 4.30 ± 2.43  mm, 
compared with 2.91 ± 1.33  mm, 2.71 ± 1.34  mm and 
3.13 ± 1.75  mm for patients with BMI ≤ 23.8  kg/m2, 
CC ≤ 89  cm and BV ≤ 657 cm3, respectively (P < 0.05) 
(Fig. 1B). Similar results were observed in the LR direc-
tions (Fig.  1A). There was no difference in setup errors 
for the AP directions between different groups (Fig. 1C). 
Consistent with the results of the correlation analysis, no 

difference in setup errors was observed between patients 
with age > 46  years and those with age ≤ 46  years in all 
directions, which was also the case for breast laterality 
(left-sided vs. right-sided) (Fig. 1).

Patient‑specific PTV margins according to patient 
characteristics
According to the results, the magnitudes of setup inac-
curacies were not uniform but varied with directions 
and patient characteristics. For accurate management of 
uncertainties, we calculated the margins for all patients. 
PTV margins according to patient characteristics are 
shown in Table  3. Consistent with the results of setup 
errors in different groups, patients with a higher BMI, 
broader CC and larger BV who have greater setup uncer-
tainties need larger margins to ensure greater coverage of 
the targets. The margins in the LR/SI/AP directions were 

Table 2  Correlation coefficients between patient characteristics 
and translational setup errors

LR left–right direction, SI superior–inferior direction, AP anterior–posterior 
direction, BMI body mass index, CC chest circumference, BV breast volume

*P < 0.05

Characteristics Median (range) Correlation coefficients

LR SI AP

Age (years) 47 (29–71) 0.03 0.14 − 0.01

BMI (kg/m2) 23.8 (17.4–29.6) − 0.07 0.40* 0.01

CC (cm) 89 (74–107) 0.19 0.43* 0.08

BV (cm3) 657 (264–1438) 0.42* 0.22* 0.06

Fig. 1  Setup errors between groups with different characteristics in 
LR (A), SI (B) and AP (C) directions
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4.25/7.95/4.93  mm for patients with BMI ≥ 23.8  kg/m2 
and 3.64/4.64/5.09  mm for patients with BMI < 23.8  kg/
m2, respectively. Similarly, for patients with CC > 89  cm 
and BV > 657 cm3, the margins were 4.37/7.66/5.24  mm 
and 4.22/7.54/5.29  mm, respectively, which were much 
larger than those of patients with CC ≤ 89  cm and 
BV ≤ 657 cm3 with margins of 3.31/4.50/4.82  mm and 
3.29/5.74/4.73 mm, respectively.

Discussion
As a feature of IMRT, accurate patient positioning is of 
great importance for precise breast RT. Patient posi-
tion accuracy is affected by various factors. In our study, 
we evaluated the correlation between set up errors and 
patient characteristics, including patients’ age, breast 
laterality, BMI, CC and BV. We found that patients’ age 
and breast laterality had no correlation with setup errors 
in all three directions. Conversely, BMI and CC and 
BV were moderately associated with SI direction setup 
errors. Beyond that finding, a larger BV was also corre-
lated with LR direction setup errors. Based on the impact 
of patient characteristics on setup errors, we calculated 
patient-specific PTV margins according to patient char-
acteristics to adequately compensate setup uncertainties. 
To our knowledge, the present study is one of a few stud-
ies based on a large Asian population that evaluates the 
correlation between patient characteristics and geomet-
ric setup errors, meanwhile offering patient-specific PTV 
margins according to correlative characteristics in WBI 
with CBCT images.

In the present study, age was not associated with setup 
errors in all directions. This is consistent with the results 
of Mulliez et al. who reported that setup errors and PTV 
margins were not influenced by age, neither in the prone 
nor supine position [14]. In addition, in Hirata et  al.’s 

study [15], age was also found to have no correlation with 
respiratory-induced motion or baseline drift in APBI. 
Thus, age might have little influence on setup errors, 
although the elderly patients are considered to have lower 
skin elasticity and skin turgor [21], which might have 
induced more uncertainties when patients are positioned 
according to the skin markers. Beyond that, we also 
compared setup errors between treatments of left and 
right-sided tumors and found that setup errors between 
left- and right-sided breast cancer patients were similar 
(Fig. 1). One of the factors that may influence left-sided 
breast cancer patients’ setup uncertainty is heartbeat. 
Topolnjak et al. quantified the geometrical uncertainties 
for the heart and found considerable cardiac position 
variability during RT in left-sided breast cancer patients 
[22]. Thus, heart position uncertainty can be mitigated by 
using OAR volume margins during treatment planning. 
In our study, we did not evaluate the position variability 
of the heart but analyzed the influence of heartbeats on 
setup errors by comparing left- and right-sided breast 
cancer patients. Uncertainties were similar, indicating 
that heartbeats had little influence on setup errors during 
WBI.

The effect of BMI on setup errors during RT has actu-
ally been reported in many cancers [23, 24]. In our study, 
BMI, CC and BV were significant correlated with SI 
direction setup errors with the correlation coefficients 
of 0.40, 0.43 and 0.22, respectively. The finding that BMI 
was correlated with setup errors was partially similar to 
that of the studies by Mulliez et al. and Lee et al. [14, 16]. 
Mulliez et al. reported that BMI was the only determinant 
factor to have a significant influence on the SI margins. 
Additionally, with the increase in cup size, increased LR 
margins were observed [14]. Lee et al. observed that the 
interfraction setup errors in reverse semidecubitus breast 
RT were correlated with high body weight and BMI in 
the AP direction, but not the SI or LR directions. The 
mean setup errors were − 1.1 ± 3.0 and − 4.0 ± 2.9 mm in 
the AP direction for patients with BMI ≤ 25.9 and > 25.9, 
respectively (P = 0.01) [16]. They found that the larger 
interfraction drifts in the AP direction for high body 
weight and BMI patients were attributed to the compres-
sion of back subcutaneous fat or muscle relaxation. In 
our study, BMI, CC and BV significantly influenced the 
SI direction but not AP direction errors. The reasons 
that contributed to the different results included ethnic 
differences, different patient positions and immobiliza-
tion devices. Patients in our study were positioned with 
both upper limbs outstretched and raised overhead. High 
BMI, broad CC and large BV patients had a thicker skin 
and breast fat layer, which could induce larger variability 
in the SI direction, but not the LR or AP direction in that 
position. Further more, 5-mm-thick slices planning CT 

Table 3  Calculated CTV–PTV margins in 3-dimensions of 
different characteristics

LR left–right direction, SI superior–inferior direction, AP anterior–posterior 
direction, BMI body mass index, CC chest circumference, BV breast volume

Groups Margins (mm)

LR SI AP

Age > 46 years 3.98 7.13 4.99

Age ≤ 46 years 3.93 6.52 5.03

BMI > 23.8 kg/m2 4.25 7.95 4.93

BMI ≤ 23.8 kg/m2 3.64 4.64 5.09

CC > 89 cm 4.37 7.66 5.24

CC ≤ 89 cm 3.31 4.50 4.82

BV > 657 cm3 4.22 7.54 5.29

BV ≤ 657 cm3 3.29 5.74 4.73
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images were applied in our study, which might reduce the 
resolution and influence the matches between planning 
CT and CBCT images. This is also an important factor 
that increased the SI setup errors.

Patients with larger breasts are likely to present larger 
errors, because soft tissue breasts are highly deformable 
and susceptible to movement. It is also noticeable that CC 
and BV are intrinsically correlated, because a broader CC 
is usually observed in patients with larger BV. Since the 
breast is not a rigid structure, the deformation or move-
ment of fat or muscle relaxation may be more significant 
in larger-breasted patients, leading to larger setup errors 
[13]. Breast deformation during the course of RT is also 
an important factor that influences the set up errors. That 
maximum breast surface expansion (MBSE) could reach 
15  mm, and MBSE ≥ 5  mm were observed in 17% frac-
tions during the course of RT [13]. Alteration in breast 
shape causes local misalignments which needs deform-
able registration. However, it is quite difficult to quan-
tify breast deformation from the available CBCTs in the 
absence of deformable registration in our current version 
of X-ray volume imaging system. In addition, setup errors 
were corrected using couch shifts through the rigid reg-
istration in our study. Thus, the breast deformation was 
not focused in the present study.

Apart from the factors discussed above, respiratory 
motion is also an important aspect that influences the 
setup errors. The medial field border of WBI for the 
normal inhalation and normal exhalation scans were 
reported to move average of 6 mm anteriorly and 3 mm 
posteriorly compared with the free-breathing position, 
respectively [25]. Ono et al. reported that the AP motion 
was 1.36 ± 0.94 (0.14–5.28) mm in left-sided breast can-
cer patients treated with WBI using deep inspiration 
breath-hold [26]. In our study, no method of controlling 
for respiration was applied and the set up errors in AP 
direction was 2.75 ± 1.56  cm in free breathing, which 
was much lager than Yuka Ono et  al. reported [26]. So 
the PTV margins might be further reduced if the breath- 
hold techniques are used in conjunction with image guid-
ance. Howsoever, the effects of respiratory motion during 
fractionated radiation therapy still need to be further 
investigated.

Based on setup error results, PTV margins accord-
ing to patient characteristics were calculated using 
the method described in the van Herk formula [20]. 
According to the results in Table  3, approximately 
7–8  mm margins in the SI directions were needed for 
patients with BMI > 23.8 kg/m2, CC > 89 cm or BV > 657 
cm3, which were close to the 7-mm margins recom-
mended by the RTOG protocol. However, patients with 
lower BMI (≤ 23.8 kg/m2), smaller CC (≤ 89 cm) and BV 
(≤ 657cm3) only required less than 6-mm margins in 

the SI directions. Additionally, approximately 4–5-mm 
margins in the LR and AP directions might be enough to 
ensure the adequate PTV coverage for all patients. Com-
pared with the calculated margins in WBI with CBCT 
of previous studies, the present results were similar with 
Donovan et al.’s [18] and van Mourik et al.’s [6] studies, 
which reported calculated margins of 5.9/5.0/5.2  mm 
and 5.9/5.5/5.9 mm in the LR/SI/AP directions, respec-
tively. However, in Kirby et  al.’s [27], Veldeman et  al.’s 
[28] and Mulliez et  al.’s [14] studies, the estimated 
margins were approximately 10  mm in each direction. 
Various reasons—such as different races, sample sizes, 
verification protocols, positioning and immobilization 
devices—may contribute to these differences in cal-
culated margins. In addition, the results were slightly 
different from the RTOG-recommended symmetrical 
7-mm PTV margins. The most important reason could 
be due to ethnic differences, as the BMI of Asian popu-
lations is much lower than those of American and Euro-
pean populations [29]. Additionally, the breast sizes 
between Asian and American or European populations 
varied greatly. The breast sizes in mammography were 
reported to be 168.4 cm2 in African-American women 
and 121.7 cm2 in white women [30]. However, in Asian 
women, the average breast size was 102.3 cm2 in mam-
mography [31]. Due to the great difference in BMI and 
breast size between Asian and American or European 
women, the RTOG recommended PTV margins might 
not be completely appropriate for Asian populations. 
According to our results, compared with American or 
European populations, smaller PTV margins are prob-
ably more suitable for Asian populations.

In recent years, surface guided radiation therapy 
(SGRT) using optical surface scanning has become 
an alternative tool in RT due to the ability to provide 
6-dimensional motion monitoring of the patient surface 
in real-time using a non-invasive approach, without any 
additional radiation exposure [32]. The most promising 
application is gated RT delivery of superficial tumors (e.g. 
breast cancer). Only surface data are available for SGRT. 
It leads the fact that information concerning geometrical 
uncertainties in surrounding OARs is lacking and differ-
ences between anatomical changes or setup errors are 
impossible to distinguish. Routine CBCT is still consid-
ered the gold standard in current clinical practice. Sur-
face imaging for setup verification can be an important 
addition to CBCT, which may reduce the frequency of 
CBCT verification and facilitate patient-specific QA.

There are some limitations in this study. Firstly, we 
only conducted the pretreatment CBCT, and the pri-
mary focus was the appraisal of interfraction setup 
errors. No attempts have been made to explore the 
domain of intrafraction setup errors in our analysis 
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because posttreatment CBCT was not acquired. In 
other published work, intrafraction fluctuations and 
their effect on setup errors were generally small com-
pared with interfraction motion [33]. The frequency of 
performing CBCT throughout RT treatment depends 
on the local practice of the individual institution and 
the complexity of the patient’s treatment. Hansen et al. 
reported their experience using daily CBCT and found 
mean setup deviations of 3.6, 4.1, and 1.0  mm in the 
RL, SI, and AP axis, respectively. Use of daily CBCT 
allows reduced PTV expansions owing to less uncer-
tainty in random geometric errors and may confer an 
obvious benefit particularly for larger patients [34]. 
However, it adds a considerable amount of radia-
tion dose for the patient, thereby increasing the risks 
of inducing secondary cancers [10, 35]. In this study, 
CBCT scans were acquired for the first three factions 
to ensure that the treatment was safe and delivered 
as planned. Then, CBCT was typically used as verifi-
cation on a weekly basis. A balance can be achieved 
between the needs of the imaging dose and resource 
requirements. Secondly, the information from rota-
tional errors was not integrated. CBCT data provided 
increased sensitivity for rotational setup errors. The 
local practice is to correct for large rotations (> 3°) by 
repeating a skin-mark setup. Small rotations have been 
demonstrated to result in translational inaccuracies 
[36]; however, this was not explicitly corrected due to 
the absence of the 6-degree treatment couch. If they 
can be accurately corrected, we speculate the actual 
margins may be less.

Despite these limitations, our study provides a strong 
indication of interpatient variability and an accurate 
representation of the treatment anatomy. Generally, we 
found that the 4–5-mm PTV margins for the AP and LR 
directions were enough to ensure the target whole breast 
was fully irradiated for all patients. The 7–8-mm PTV 
margins for the SI directions were necessary for patients 
with BMI > 23.8 kg/m2, CC > 89 cm or BV > 657cm3. These 
margins would adequately cover the PTV and account for 
setup errors in the absence of daily IGRT.

Conclusion
This study evaluated geometric setup errors with CBCT 
in WBI with free breathing. The magnitude of geomet-
ric setup errors was moderately correlated with BMI, 
CC and BV. It was recommended to set patient-specific 
PTV margins according to patient characteristics in the 
absence of daily image-guided treatment setup. For larger 
patients, daily imaging may be particularly important 
to minimize the geometric uncertainty. A standardized, 
accurate, safe, timely, and cost-effective IGRT protocol is 
essential for further investigation.
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