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Purpose: In the management of breast-conserving radiotherapy, computed tomography (CT) 
simulation is now commonly used to identify tumor bed while has difficulties defining precisely. 
We aimed to evaluate the impact of magnetic resonance (MR) and CT simulation on defining the 
postoperative tumor bed for breast-conserving radiotherapy in patients without the aid of 
surgical clips.
Methods: From August 2018 to March 2019, twenty patients with T1-2N0M0 breast cancer 
at our institution were enrolled. All the patients underwent breast-conserving surgery without 
implantation of surgical clips and were prepared to receive radiotherapy. CT and MR images 
were acquired on the same day for each patient. Three radiation oncologists independently 
assigned cavity visualization score (CVS) and delineated the tumor bed based on first the CT 
then the MR images. Interobserver variability was assessed by volumes, generalized con-
formity index (CIgen) and the distance between the centers of mass (dCOM). Differences in 
mean values for parameters were tested by paired t-test or one-way analysis of variance, as 
appropriate.
Results: First, the mean volumes of tumor bed derived from MR were 22%, 27% and 21% 
smaller than those based on CT images for each observer. In addition, the mean CIgen was 
significantly superior, and dCOM was smaller for MR than for CT images (CIgen: 0.59 vs 
0.52, P= 0.008; dCOM: 1.30 cm vs 1.39 cm, P= 0.095). Moreover, the mean CVS was 3.23 
±1.34 and 2.43±0.92 for MR and CT images, respectively (P= 0.035). Last, a positive 
association was observed between the CVS and CIgen for both modalities (P< 0.01).
Conclusion: Compared to CT, MR can improve the visualization of changes in the post-
operative tumor bed. In addition, MR can yield a more precise definition of the tumor bed 
and improve the consistency of tumor bed contouring in patients without surgical clips.
Keywords: breast cancer, radiotherapy, magnetic resonance simulation, target volume 
delineation

Introduction
Breast cancer is the most common malignant disease in women worldwide, with an 
incidence of 24.5% of total cases in 2020.1 In China, there were approximately 
268,600 new cases of breast cancer and 69,500 deaths attributed to breast cancer in 
2015.2 Breast-conserving therapy is considered the standard of care for patients 
with early-stage breast cancer.3 As an indispensable part of breast-conserving 
therapy, adjuvant radiotherapy can reduce the local recurrence rate4,5 and improve 
the 15-year overall survival rate.5
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Precisely defining the tumor bed volume is critical in 
providing both a boost to the tumor bed and accelerated 
partial breast irradiation (APBI), which determines treat-
ment effects and the dosage to organs at risk to some 
extent. However, it is commonly acknowledged that this 
key procedure is the weakest link in the breast-conserving 
radiotherapy process, which has some uncertainties and 
difficulties in clinical practice. Imaging modalities play 
an important role during radiotherapy, especially for simu-
lation and target definition, leading to an accurate dose 
delivery to target volume. Computed tomography (CT), 
the standard and most common imaging modality in breast 
radiotherapy at present, has some limitations, such as 
limited soft tissue contrast and poor visualization of post-
surgical changes.6–8 Therefore, it is difficult to precisely 
identify tumor bed based on CT images alone, and even 
experienced radiation oncologists tend to produce interob-
server variability (IOV).6,7,9 Specifically, for patients with-
out surgical clips as visible markers in the tumor beds,10 

CT seems not to be a sufficient imaging tool for delineat-
ing the postoperative tumor bed. Compared with CT, mag-
netic resonance (MR) is better in visualizing soft tissue 
and distinguishing various boundaries and shapes of tumor 
bed from glandular tissue.11 In addition, MR imaging is 
a sensitive modality and has already commonly been used 
in detecting breast tumor at diagnosis and screening for 
recurrences during follow-up.12 As a consequence, MR 
imaging has potential applications for breast radiotherapy 
treatment planning.

MR simulators that are applicable for radiotherapy are 
rare around the globe, and there has been no report on the 
common use of MR simulation alone in breast radiother-
apy. Recently, researchers have explored the role and 
feasibility of MR in breast radiotherapy,13,14 while an 
increasing number of studies have focused on comparing 
MR with CT simulation in defining and delineating the 
tumor bed for radiotherapy after breast-conserving surgery. 
Some of these groups believed that MR can provide 
clearer visualization of breast lumpectomy cavity and 
improve accuracy and consistency in delineating tumor 
bed.15–17 However, others found that there were no differ-
ences in target volumes or the IOV between two 
modalities.8,18,19 Most of previous studies were conducted 
among western populations, but there was inherent differ-
ence in breast density among various race or ethnicity.20,21 

The variation possibly influenced the identification of 
tumor bed volumes and normal breast tissues and the 
present conclusions may also not be suitable for Chinese 

population, especially for those without surgical clips 
implanted during the breast-conserving surgery. 
Therefore, this study aims to compare the impact of CT 
and MR modalities on tumor bed delineation in breast- 
conserving radiotherapy without the aid of surgical clips.

Materials and Methods
Study Population
The study was approved by Institutional Review Board of 
Peking Union Medical College Hospital (approval No. ZS- 
1643), and all participants signed written informed con-
sents. The study population consisted of pathologically 
confirmed unilateral invasive breast carcinoma or muci-
nous carcinoma with clinical T1-2N0M0 patients who had 
undergone ipsilateral breast-conserving surgery and pre-
pared for adjuvant breast radiation therapy. Patients who 
had a history of malignant disease or breast radiotherapy, 
concurrent pregnancy or lactation, neoadjuvant treatment, 
or oncoplastic surgery or were not eligible for MR imaging 
were excluded.

Simulation and Image Acquisition
Both computed tomography (CT) and magnetic resonance 
(MR) simulation were performed in patients placed in 
a comfortable supine position with both arms above the 
head. Conventional immobilization device (a Med-Tec 250 
breast board with a suitable upslope) or a special immobi-
lization device (Styrofoam plus wedge plate) was used 
during CT simulation by one radiation therapist and one 
radiation oncologist. While for MR simulation, patients 
were immobilized by the special Styrofoam plus wedge 
plate with the same inclination angle as CT scans using 
body radiofrequency coils placed in the body radiofre-
quency coil bridge to prevent from breast deformation 
(Figure 1).22 CT images were obtained using a CT simu-
lator (Big Bore, Philips, Holland) with a 5-mm slice thick-
ness. MR images were acquired with a 1.5T simulator 
(Area, Siemens, Germany) with a 4-mm slice thickness. 
Lead wire for CT and cod-liver oil capsule for MR were 
placed on the surgical scars for those without periareolar 
incision. CT images and MR images, including T1- 
weighted imaging (T1WI), T2-weighted imaging (T2WI) 
and diffusion-weighted imaging were acquired within 
one day for each patient (Table S1). The images were 
imported to Varian Eclipse planning system (Varian 
Medical Systems, Palo Alto, USA) for contouring.
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Target Volume Delineation
Three radiation oncologists participating in this study as 
observers independently delineated the tumor bed accord-
ing to the following consensus guidelines. First, on the set 
of CT images, three observers assigned a cavity visualiza-
tion score (CVS) to the tumor bed according to criteria 
proposed by Smitt et al and then delineated the tumor bed, 
including hematoma, seroma and any postoperative 
changes.23 Preoperative imaging including ultrasound or 
MR images, surgical records and postoperative pathology 
were provided when contouring. At least two weeks later, 
the observers assigned each MR image a CVS on a scale 
of 1 to 5. Then, they delineated the tumor bed on the T2WI 
fat saturation sequence with the support of other sequences 
and medical records. All the observers were blinded to the 
outlines delineated by the other two radiation oncologists 
as well as those of their own based on different modalities.

Definition
CVS values assessed by three observers on CT and MR 
were obtained for each patient. We calculated the mean 
CVS values of the three observers for the two modalities 
(presented as CVSCT and CVSMR) in each patient. The 
difference between MR- and CT-evaluated mean CVS 
values by three observers was defined as CVS difference 
(DCVS), which was calculated as CVSMR minus CVSCT of 
the same patient. A DCVS>0 indicates that the CVSMR is 
higher than the CVSCT.

To compare the IOV between the CT and MR simula-
tions, the following two indices were measured or cap-
tured. First, generalized conformity index (CIgen) was 

defined as the sum of overlapping volumes of all possible 
pairs divided by the sum of unions of all possible pairs;24 

a higher ratio indicated a smaller IOV. Second, the dis-
tance between the centers of mass (dCOM) was quantified 
by the distance between the centers of tumor bed of each 
observer pair, a lower ratio signaled a smaller IOV. In 
addition, R-CIgen of each patient was calculated as the 
ratio of the CIgen from MR (CIgen, MR) to the CIgen from 
CT (CIgen, CT). Consequently, a R-CIgen> 1 implies that 
CIgen, MR is higher than CIgen, CT, and the magnitude of the 
value reflects the extent to which MR improves CT- 
assessed CIgen. The definition of R-dCOM was similar to 
that of R-CIgen, as the ratio of the MR- to CT-evaluated 
dCOM for each patient. Therefore, a R-dCOM<1 means 
that the dCOM from MR is smaller than that from CT.

Statistical Analysis
Differences in the means between imaging modalities were 
assessed using paired t-test. One-way analysis of variance 
was used to compare tumor bed volumes among different 
observers on each modality. Student’s t-test was performed 
to assess the difference between different subgroups eval-
uated by IOV parameters including CIgen and dCOM. The 
relationships between CVS value and IOV parameters 
were measured by Pearson correlation, and the Pearson 
correlation coefficient (r) was calculated. All data were 
analyzed using SPSS (version 22.0), with two-sided sig-
nificance defined as P < 0.05.

Results
Between August 2018 and March 2019, a total of twenty 
patients with T1-2N0M0 breast cancer were eligible for this 
study (Table S2); all of them underwent full-thickness 
closure without surgical clips. The median age of the 
enrolled patients was 48 years old (range, 33–73), and 
the median time interval from surgery to CT was 33.5 
days (range, 23–50).

Tumor Bed Volume
Comparisons between the mean volumes of tumor bed on CT 
and MR modalities contoured by different observers are 
shown in Table 1. The mean reductions in the tumor bed 
volumes from CT to MR were 22%, 27% and 21% for 
observers 1, 2 and 3, respectively. The differences were highly 
significant (observers 1, 2 and 3: P= 0.001, P< 0.001 and P= 
0.011, respectively). No significant difference was found in 
the volumes of tumor bed delineated on CT alone (P= 0.589) 
or MR alone (P= 0.834) between the different observers.

Figure 1 Magnetic resonance simulation body positioning system of immobilized 
patients. a, styrofoam; b, wedge plate; c, radiofrequency coils; d, adjustable bridges.
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Cavity Visualization Score
The mean±SD of the CVS was 2.43±0.92 for CT and 3.23 
±1.34 for MR, with an obvious difference between the two 
modalities (P= 0.035). For fifteen of the patients, CT-based 
CVS values were improved by MR images. In addition, the 
mean CVS difference between MR and CT was 1.11±0.57 
with a maximum difference of 2.34. Among all the patients, 
only one had a lower CVS from MR in comparison with CT, 
and the other four cases had the same score for CT and MR.

Interobserver Variability
Measurements of consistency between observers for CT- 
and MR-based definition of the tumor bed were evaluated 
by CIgen and dCOM. CIgen based on MR was significantly 
higher than that based on CT (means±SD, 0.59±0.13 vs 
0.52±0.09, P= 0.008), while dCOM was closer on MR 
than that on CT, although the difference was not statisti-
cally significant (means±SD, 1.30±0.28 vs 1.39±0.18 cm, 

P= 0.095). Next, we divided patients into two groups 
according to the degree of DCVS: DCVS< 1 (CVS were 
not increased or not obviously increased by MR) and DCVS 

≥ 1 (CVS were obviously improved by MR in comparison 
with CT). There were 11 and 9 patients in the two groups, 
respectively. Statistically significant differences in R-CIgen 

(1.24±0.20 vs 1.04±0.15, P= 0.018) and R-dCOM (0.85 
±0.17 vs 1.01±0.14, P= 0.033) were observed between 
DCVS≥ 1 and DCVS< 1 groups.

Four examples of tumor beds contoured by the three 
observers based on different imaging modalities are shown 
in Figure 2. Significant differences were observed in tumor 
beds delineated by the 3 observers as reflected by the 
different CVS values (high CVS for patient A, 5 and 4.7 
for MR and CT, respectively; low CVS for patient B, 2 for 
both MR and CT). Consequently, poor visualization of 
tumor bed cavity and margins may lead to wide variations 
in the delineations defined by different observers. For 
patients C and D, there were large differences in the 
CVS between MR and CT scans (DCVS: 2 and 2.4 for 
patients C and D, respectively). Specifically, compared 
with MR images that could distinguish tumor bed from 
peripheral tissues, CT images only showed a slight change 
in density in the tumor bed with indistinct margins.

Figure 3 illustrates the relationship between the CVS and 
IOV parameters on MR and CT images for all patients. 
Independent of the imaging modality, there was a highly 
positive correlation between CVS and CIgen (CT: r= 0.699, 
P= 0.001; MR: r= 0.895, P< 0.001). The MR-assigned CVS 
was negatively associated with dCOM (r = −0.752, P< 
0.001). For CT simulation, along with the increased CVS, 

Table 1 Mean Volumes (cm3) of the Tumor Bed Between CT and MR

CT MR Inter Modality 
P

Mean SD Mean SD

Observer 1 14.5 8.5 11.3 7.5 0.001

Observer 2 16.5 10.6 12.0 8.2 <0.001

Observer 3 14.8 10.4 11.7 7.9 0.011

Inter observer P 0.589 0.834

Abbreviations: CT, computed tomography; MR, magnetic resonance; SD, standard 
deviation.

Figure 2 CT (i) and MR (ii) based delineations by three observers in four examples (A–D patients) with different cavity visualization scores.
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dCOM showed a downward trend, but no statistical signifi-
cance was found in this correlation (P= 0.125).

Discussion
In the present study, we investigated the potential advantages 
of MR simulation modality on the definition and delineation 
of postoperative tumor bed in patients undergoing breast- 
conserving surgery without implantation of surgical clips.

As a result of reducing the risk of local recurrence, whole 
breast irradiation followed by tumor bed boost was recom-
mended for most of patients after breast-conserving 
surgery.22,23 In addition, APBI, whose target volume only 
includes the tumor bed and adjacent breast tissue, has recently 
been proposed for some patients with low-risk early-stage 
breast cancer.3,25 Regardless of the use of boost or APBI, 
tumor bed localization is critical but complex due to the varia-
bility and uncertainty, especially in instances without surgical 
clips.7,26 Traditionally, preoperative ultrasound or MR ima-
ging, postoperative scars, and surgical clips or seroma on CT 
images were used to help delineate the tumor bed. However, 
there were challenges in accurately identifying and delineating 
tumor bed in these commonly used methods, which may lead 
to geometric miss of target volume and thereby increase the 
risk of local recurrence.6,27

Regarding tumor bed volumes, no significant differences 
were found in the tumor bed volumes delineated on CT images 
among the three observers in our study. However, using CT 
images alone, the locations and centers of tumor bed obviously 
varied among the different observers: in some patients with 
dense breast tissue, we found that the density of the tumor bed 
on CT was quite similar to that of surrounding glandular tissue. 

Therefore, radiation oncologists were unable to localize the 
precise boundary or shape of tumor bed without the assistance 
of surgical clips, which caused a low interobserver agreement 
of CT-based contouring. Similarly, previous studies demon-
strated that CT may be unable to fastidiously distinguish breast 
tissue from fibrosis and has especially poor visualization in 
patients with dense breast tissue.6,7,27 Consequently, in clinical 
practice, for patients without surgical clips, radiation oncolo-
gists would expand margins of target volumes to prevent 
geometrical miss at the expense of an increased risk of radia-
tion-related acute or late complications. Compared with CT, 
MR resulted in obviously smaller volumes of tumor bed from 
all the observers in the current study. CT-based tumor bed 
volumes may contain a small portion of normal breast tissue, 
which partly explains the reason for larger volumes delineated 
by CT images. Likewise, a previous report on patients without 
surgical clips implantation during surgery indicated that 
volumes assessed on MR were 30% to 40% smaller than 
those obtained from CT images.17 Additionally, research by 
Jolicoeur et al revealed significant differences in the average 
volumes delineated from the CT images between different 
observers, but no significant differences in the volumes 
assessed from the MR images were noted among the 
observers.17 However, in our study, there were no significant 
differences in tumor bed volumes derived from both CT and 
MR images among the three observers. This discrepancy may 
be due to different information offered to observers in the two 
studies. Observers in the present study were able to obtain 
preoperative imaging, surgical records and postoperative 
pathology as references when contouring; by contrast, the 
above information was unavailable in the other study, and the 

Figure 3 (A) Generalized conformity index (CIgen) and (B) the distance between the centers of mass (dCOM) as a function of cavity visualization score (CVS) for CT and 
MR based delineations of tumor bed. Patients’ numbers are indicated for the two modalities, respectively.
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observers could only delineate based on the simulation images. 
This further increased the difficulty in delineation, and the 
differences in CT-based volumes by different observers were 
shown.

IOV was a potential factor affecting the accuracy in deli-
neating tumor bed. Guidelines was reported to improve con-
sistency of contouring in patients with breast cancer.25,26 

Therefore, consensus guidelines were made before delineation 
as described above in our study. As parameters reflecting the 
IOV, the CIgen was significantly higher on MR images than on 
CT images (P= 0.008), while the dCOM was smaller on MR 
compared with CT, but no statistical significance was observed 
(P= 0.095). Based on our results, MR has been shown to 
reduce the IOV and improve the consistency of tumor bed 
delineation. Differences in the IOV between the two modal-
ities may be due to various degrees of visualization of tumor 
bed, and interobserver agreement of the tumor bed delineation 
depends directly on the visibility of cavity and margins. 
According to the statistical results, the CVS on the MR images 
was significantly higher than on the CT images (P= 0.035), 
and the use of MR improved the ability to visualize the tumor 
bed in 75% of the cases, resulting in better interobserver 
concordance and accuracy of MR images than CT images. In 
addition, we found that the interobserver consistency was 
significantly higher in patients with higher CVS values. It is 
easy to understand that observers can localize and delineate the 
tumor bed more accurately if they have better visualization of 
the cavity. On the other hand, for cases with a low CVS, it is 
difficult for even experienced radiation oncologists to deter-
mine the center location and boundary of tumor bed directly 
on images. Similarly, Mast et al reported that the mean con-
formity index values of lumpectomy cavity volumes were 
significantly higher for cases with a CVS≥ 4 compared with 
those with a CVS< 4 for both CT and CT-MR fusion images.19 

Although none of the patients included in the present study 
underwent adjuvant chemotherapy and the duration between 
surgery and imaging acquisition was less than 50 days. 
Seventeen of 20 cases were assessed as CVS≤ 3 on CT images, 
which meant that the margins of the tumor bed on CT images 
were indistinct or partly distinct for most cases. However, for 
some of these cases with unclear margins on CT, MR was able 
to visualize mostly distinct or clearly identified borders and 
distinguish small-volume seromas from normal tissue. This 
result conforms to the previously reported advantage of MR 
images in visualizing irregular seroma and differentiating post-
operative changes and glandular breast tissue.16 More impor-
tantly, a significant difference in the IOV between the two 
different degrees of DCVS was observed. The result indicates 

that the difference between CT- and MR-based IOV values is 
related to the difference in the visibility of the tumor bed 
between the two modalities.

Furthermore, we found that as CVS increased, interobser-
ver consistency increased while dCOM showed a decreasing 
trend. Similar to our findings, a study comparing CT and MR 
images from 33 patients delineated by 11 observers, reported 
a negative correlation between the CVS and IOV parameters.28 

Two previous studies also revealed a positive association 
between the CVS and CIgen,15,18 but neither reported 
a correlation coefficient or P values as we have done in the 
current study. Moreover, MR was reported to improve CT- 
assessed CVS in 11 cases (92%) in another study,15 while the 
corresponding number in our study was 15 cases (75%). These 
results were on par with those reported previously, which 
demonstrated that lumpectomy cavities were more visible in 
images of four different MR sequence images than in CT 
images.16 Despite the assistance of surgical clips, 14 of 15 
patients (93%) showed an increase in the CVS by at least 1 
point when comparing MR with CT, and the remaining 1 
patient had the same CVS for both imaging modalities.16 By 
comparing the CVS derived from CT, MR-T1WI and MR- 
T2WI, Jacobson and colleagues found that the differences 
between MR- and CT-based CVS were significant (P< 
0.001), and the T2WI showed superior visualization of the 
lumpectomy cavity.29 By contrast, the study by Giezen et al 
of 15 patients revealed that MR and CT presented a similar 
visibility of tumor bed, and the CIgen of the MR images was 
lower than that of the CT images.18 One probable reason for 
these differences was that surgical clips were more visible on 
CT images, which may contribute to improvements in agree-
ment with contouring. Even so, Giezen and colleagues sug-
gested that MR highlighted more details of the interfaces of 
lumpectomy cavity in cases with a high CVS.18 Moreover, 
another study of 10 patients and 4 observers found no signifi-
cant differences in lumpectomy cavity volumes and the IOV 
between CT and CT-MR coregistered images.19 Differences in 
imaging modalities and target volume delineation procedures 
may contribute to the disparities. In the present study, observers 
independently delineated the tumor bed first on CT images and 
then on MR images after at least two weeks, and the other one 
was not displayed when delineating on a modality. In a study 
by Mast et al, the CT images were first delineated, and then 
modifications were made on the CT-MR fusion images.19 This 
nonblinded approach may introduce bias; therefore, no signifi-
cant differences in the tumor bed volume or IOV were 
observed between the CT and CT-MR images in their study. 
Unfortunately, for patients with a low CVS on MR images, MR 
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cannot improve the interobserver consistency. For these 
patients, there was no significant difference in the tumor bed 
delineations between the two modalities in this study. MR 
simulation, with its high cost and long acquisition time, was 
reported to take an additional 16 minutes to obtain T1WI and 
T2WI sequences when compared to the duration of a CT scan 
in a previous study.11 It took us approximately 23 minutes to 
complete the entire scan of MR simulation. Therefore, large- 
scale clinical application of MR simulation faces difficulties 
with limited benefits in some cases.

We acknowledge that there are several limitations in 
the present study. First, the observers in our study may not 
be as familiar with delineating the tumor bed on MR 
images as on CT images despite the existence of consensus 
guidelines to reduce bias. Second, the number of patients 
and observers is limited, and the large-scale application of 
MR faces difficulties. Therefore, further study with 
a larger cohort is necessary to identify factors that affect 
the visibility of the tumor bed to screen patients who will 
likely benefit from MR simulation in the breast radiother-
apy treatment planning.

Conclusions
This study showed that MR can improve the visualization 
of the tumor bed in comparison with CT images to some 
extent, resulting in improvements in the interobserver con-
sistency of tumor bed delineations in patients without 
surgical clips implanted in tumor bed. However, for 
patients with low cavity visualization scores on MR 
images, MR is unable to improve interobserver concor-
dance and accuracy of tumor bed contouring.

Abbreviations
APBI, Accelerated partial breast irradiation; CIgen, 

Generalized conformity index; CT, Computed tomogra-
phy; CVS, Cavity visualization score; dCOM, The dis-
tance between the centers of mass; IOV, Interobserver 
variability; MR, Magnetic resonance; T1WI, T1-weighted 
imaging; T2WI, T2-weighted imaging.
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