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Abstract

Purpose—Clinical studies of breast radiation therapy typically assess breast cosmetic outcome 

using subjective scales which may lack reproducibility or ability to discriminate subtle changes. To 

overcome these limitations, quantitative measures of breast cosmesis have been proposed, but their 

clinical relevance remains unproven. We applied quantitative analysis of digital photographs to 

measure breast cosmetic outcome within the setting of a randomized trial of conventionally 

fractionated (CF) and hypofractionated (HF) whole breast irradiation (WBI). Our goals were to 

identify how quantitative cosmesis metrics were associated with patient- and physician-reported 

cosmesis and whether they differed by treatment arm.

Materials/Methods—From 2011–2014, 287 women age≥40 with DCIS or early invasive breast 

cancer were randomized to HF-WBI (42.56Gy/16fx+10-12.5Gy/4-5fx boost) or CF-WBI (50Gy/

25fx+10-14Gy/5-7fx). At one year post-treatment, we collected digital photographs, patient-

reported cosmesis using the Breast Cancer Treatment and Outcomes Scale (BCTOS), and 

physician-reported cosmesis using the Radiation Therapy Oncology Group (RTOG) scale. Six 

quantitative measures of breast symmetry, labeled M1-M6, were calculated from anteroposterior 
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digital photographs. For each measure, values closer to 1 imply greater symmetry, and values 

closer to 0 imply greater asymmetry. Associations between M1-M6 and patient- and physician-

reported cosmesis and treatment arm were evaluated using the Kruskal-Wallis test.

Results—Among 245 evaluable patients, patient-reported cosmesis was strongly associated with 

M1 (vertical symmetry measure) (P<0.01). Physician-reported cosmesis was similarly correlated 

with M1 (P<0.01) and also with M2 (vertical symmetry, P=0.01) and M4 (horizontal symmetry, 

P=0.03). At one-year post-treatment, HF-WBI resulted in better values of M2 (P=0.02) and M3 

(P<0.01) than CF-WBI; treatment arm was not significantly associated with M1, M4, M5, or M6 

(P≥0.12).

Conclusions—Quantitative assessment of breast photographs reveals similar to improved 

cosmetic outcome with HF-WBI compared to CF-WBI one year after treatment. Assessing 

cosmetic outcome using these measures could be useful for future comparative effectiveness 

studies and outcome reporting.
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Introduction

Whole breast irradiation (WBI) is a standard of care following breast conserving surgery 

(BCS) for both ductal carcinoma in situ (DCIS) and early invasive breast cancer. While WBI 

achieves the dual goal of optimizing oncologic outcomes and facilitating breast preservation 

[1], it may negatively impact the cosmetic outcome of the treated breast, thereby degrading 

quality of life [2]. A rigorous, quantitative method for assessing the impact of WBI on 

cosmetic outcome could facilitate comparison of different approaches to WBI and thus 

promote optimization of WBI dosing and techniques. Yet to date, cosmetic assessment of the 

radiated breast has relied primarily on subjective physician assessment, which is prone to 

meaningful inter- and intra-observer variability [3–6].

To advance understanding of post-radiation breast cosmetic outcome, many quantitative 

measures of breast symmetry have been proposed [7–11]. These include measures of the 

symmetry of the breast mound, nipple-areolar complex, and inframammary sulcus. Many of 

these measures are correlated with subjective assessment of cosmetic outcome by an 

independent observer [12–14]. An additional quantitative measure has been developed that 

provides a composite score of breast cosmesis, termed the BCCT.core, and is based on 

objective measures of color and scar appearance in addition to symmetry [15]. The 

BCCT.core was shown to have fair correlation with both independent observer assessment 

[16] and patient assessment [17]. Yet despite the number of studies and their proposed 

objective parameters, the clinical relevance of these parameters relative to patient 

satisfaction and quality of life remains unclear. Furthermore, the specific measures of 

symmetry that have the strongest association with, and therefore the highest relevance to, 

patient-reported cosmetic assessment have yet to be identified.
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We sought to address this knowledge gap within the context of a prospective clinical trial 

that randomized patients with DCIS or early invasive breast cancer to conventionally 

fractionated whole breast irradiation (CF-WBI) (50 Gy in 25 fractions + 10–14 Gy boost in 

5–7 fractions) or hypofractionated whole breast irradiation (HF-WBI) (42.56 Gy in 16 

fractions + 10–12.5 Gy in 4–5 fractions). One year after completing radiation, we obtained 

2D photographs and collected patient- and physician-reported cosmetic outcome. The goal 

of this study was twofold. First, we sought to determine which quantitative measures of 

cosmetic outcome derived from 2D photographs were the most clinically relevant due to 

associations with patient- or physician-reported outcomes. Second, we assessed whether 

quantitative measures of cosmetic outcome varied by treatment arm.

Materials and Methods

Patient cohort

Between March 2011 and February 2014, 287 women age ≥ 40 years with pathologically-

confirmed DCIS or early invasive breast cancer (pTis, pT1, pT2, pN0, or pN1) were enrolled 

after BCS. Patients were randomized to treatment with either HF-WBI or CF-WBI. Full 

details of patient characteristics, acute toxicity, and 6 month toxicity were recently reported 

[18]. A total of 258 patients (89.9%) remain in active follow up 18 months after study 

closure to new patient accrual.

Patient- and physician-reported cosmetic outcome

The Breast Cancer Treatment Outcomes Scale (BCTOS) [19] was administered using either 

paper or an electronic tablet during the follow up visit one year after completing radiation. 

The BCTOS cosmetic scale describes patient-reported changes in the treated breast and 

surrounding area relative to the contralateral breast which serves as an internal control. Items 

were scored on a 1 to 4 scale, with 1 indicating no difference between the treated breast and 

untreated contralateral breast, 2 indicating a slight difference, 3 indicating a modest 

difference, and 4 indicating a large difference. The BCTOS patient-reported cosmetic 

outcome score is the arithmetic mean of the nine items that assess cosmetic outcome. At the 

same follow up visit, cosmetic outcome was assessed by the treating physician using the 

RTOG scale [3]. Numerical outcome scoring for physician-reported cosmetic outcome was 

as follows: 1 – excellent, 2 – good, 3 – fair, and 4 – poor.

Quantitative measures of cosmesis derived from 2D photographs

At the same one-year follow up visit, digital photographs were acquired according to criteria 

specified in the study protocol and supervised by the study PI. To minimize variability 

between patients, photographs were standardly framed from the low neck to the upper 

abdomen with arms at their sides. All jewelry was removed prior to photo acquisition. Two 

investigators (KMN/SCH), blinded to treatment arm, calculated six quantitative metrics from 

these photographs using MATLAB (MathWorks, Inc, Natick, MA). These measures are: M1, 

the vertical distance between the nipples relative to the horizontal distance between the 

nipples; M2, ratio of the vertical distances of the nipples from the most inferior point of the 

breast; M3, ratio of the horizontal distances of the nipples from the midline of the torso; M4, 

ratio of the horizontal distances of the nipples from the lateral aspects of the breasts; M5, 
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ratio of the vertical distances of the most inferior points of the breasts from the sternal notch; 

and M6, ratio of the horizontal distances of the lateral aspects of the breasts from midline of 

the torso.. Values of M1-M6 closer to 1 indicate more symmetry while values closer to 0 

indicate asymmetry. Figure 1 depicts the fiducial points and illustrate how each metric was 

calculated.

Statistical methodology

For all analyses, patient-reported cosmetic outcome was grouped into tertiles based on the 

distribution of responses. For physician-reported cosmetic outcome, the categories of poor 

and fair were combined into a single category based on the distribution of responses. The 

relationship between patient- and physician-reported cosmetic outcome was evaluated using 

Spearman’s correlation coefficient.

The non-parametric Kruskal-Wallis tested the associations of M1-M6 with patient- and 

physician-reported cosmetic outcome. Recursive partitioning analysis was performed using 

the RPART package of R to identify clinically relevant cutpoints for quantitative metrics that 

were significantly associated with cosmetic outcomes in bivariable analyses. Associations of 

quantitative metrics with treatment arm were tested using the Kruskal-Wallis test for 

continuous metrics and the chi-square test for categorical metrics. Logistic regression 

models were used to assess the association of 2D photo measures with cutoff points on the 

patient- and physician-reported outcomes. The final logistical models included only the 2D 

photo measures with cutoffs that were of statistical significance. All statistical analyses were 

conducted using SAS Version 9.3 (Cary, NC) and R version 3.1.0 (the R Foundation for 

Statistical Computing).

Results

Patient- and Physician-reported cosmesis at one year

A CONSORT diagram describing the number of patients initially assessed for protocol 

eligibility, those patients registered for the protocol, the number of randomized patients, and 

the number of patients per randomization arm is shown in Supplemental Figure 1. As 

previously reported, baseline clinical-pathologic characteristics and patient- and physician-

reported cosmetic outcome were well-balanced by treatment arm [18,20]. Of 287 patients 

randomized and eligible for evaluation, as previously described [18], patient- and physician-

reported cosmetic outcome at 1 year post-treatment were available for 240 and 245 patients, 

respectively.

Regarding patient-reported cosmetic outcome, a BCTOS cosmesis score ranging from 1.0 to 

1.5 defined the best tertile (n=84, 35%), a score of 1.5 to 1.9 defined the intermediate tertile 

(n=80, 33%), and a score of 1.9 to 3.4 defined the lowest tertile (n=76, 32%). The 

distribution of physician-reported cosmetic outcome was as follows: 88 patients (36%) 

excellent, 113 patients (46%) good, 41 patients (17%) fair, and 3 patients (1%) poor (Table 

1). These two outcome measures were significantly correlated (Spearman coefficient=0.33; 

P<0.001).
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2D photo measures of symmetry and cosmetic outcome

Median values and ranges for M1-M6 are presented in Table 1. As illustrated in this table, 

M3 and M6 could only be calculated for 47 patients, because the umbilicus is used as a 

reference point in defining the midline of the torso for these measures and it was not readily 

visualized for 195 photos. Table 2 shows the distribution of 2D photo measures when 

stratified by patient- and physician-reported cosmetic outcome. One measure of the 

symmetry of the locations of the nipples (M1) was significantly correlated with both 

physician-reported cosmesis and patient-reported cosmesis (P<0.001 and P<0.001). One 

measure of the symmetry of the breast mounds (M5) was significantly correlated with 

physician-reported cosmesis (P<0.001) and trended toward correlation with patient-reported 

cosmetic outcome (P=0.14). Two additional measures of the symmetry of the locations of 

nipples (M2, M4) were significantly associated with physician-reported cosmesis (P = 0.01 

and P=0.03, respectively), but not with patient-reported cosmesis. Neither M3 nor M6 were 

significantly associated with patient- or physician-reported cosmetic outcome (P>0.05, all 

comparisons). Figure 2 presents photographs of patients across a spectrum of values for M1.

Defining clinically relevant cutpoints for 2D photo measures

Defining clinically relevant cutpoints for continuous outcomes can facilitate outcome 

measurement and reporting. Accordingly, we employed a recursive partitioning approach to 

define such cutpoints for the quantitative metrics most strongly correlated with patient- and 

physician-reported cosmetic outcome, M1, M2, and M4. M5 could not be obtained for the 

majority of patients due to the absence of some necessary fiducial points and it bears strong 

correlation with M1 and M2. As a result, M5 was not included in the subsequent analyses. 

For M1, this approach yielded a cutpoint of 0.94 for discriminating patient-reported 

cosmetic outcome and 0.87 for physician-reported outcome. For M2 and M4, this approach 

yielded cutpoints of 0.83 and 0.90, respectively, for discriminating physician-reported 

cosmetic outcome.

We then used logistic regression modeling to assess the significance of these cutpoints on 

both patient- and physician-reported outcomes. M1 ≥ 0.94 continued to be significantly 

associated with better patient-reported cosmetic outcome scores on multivariable analysis 

(Table 3). With respect to physician-reported cosmesis, both M1 ≥ 0.87 and M4 ≥ 0.90 were 

significantly associated better outcomes on multivariable analysis. However, M2 was no 

longer significantly associated with physician-reported cosmesis and M2 cutpoints were not 

used for comparisons between randomization arms. Mean patient- and physician-reported 

outcome values for patients with M1 and M4 values above and below these cutpoints are 

presented in Supplemental Table 1.

Comparison of 2D photo measures between randomization arms

Following the identification of relevant 2D photo measures and their optimal cutpoints, we 

next examined distribution of these metrics between randomization arms in the clinical trial. 

Median values of M1-6 stratified by treatment arm are listed in Table 4. At one year after 

radiation, there was no statistically significant difference by treatment arm in the values of 

M1 and M4-M6 when treated as continuous variables or in the values of M1 or M4 when 

dichotomized at previously defined cutpoints (P>0.05 for all). However, median values of 
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both M2 and M3 were significantly higher in the HF-WBI arm as compared to the CF-WBI 

arm (M2: 0.84 vs 0.75, P=0.02; M3: 0.97 vs 0.89, P<0.01).

Discussion

Using 2D digital photographs acquired as part of a prospective clinical trial comparing CF-

WBI to HF-WBI, we found that several quantitative measures of symmetry were strongly 

correlated with cosmetic outcome one year after completing radiation therapy. For example, 

increasing values of M1 (difference in vertical positions of the nipples relative to difference 

in horizontal positions of the nipples) predicted improved cosmesis as assessed by both the 

patient and her radiation oncologist. M4 (ratio of the horizontal distances of the nipples from 

the lateral aspects of the breasts) was significantly correlated with physician-reported 

cosmesis. Interestingly, neither M1 nor M4 differed by treatment arm at the one-year follow 

up visit. In contrast, median values of M2 (symmetry of the locations of the nipples in 

reference to the lowest visible points of the breasts) and M3 (symmetry of the locations of 

the nipples in reference to the midline of the torso) were significantly improved in the HF-

WBI arm compared to the CF-WBI arm. To the best of our knowledge, this is the first study 

to compare, in a quantitative manner, breast cosmetic outcome in a randomized trial of two 

different radiation therapy treatment schedules for early breast cancer. Our novel results 

provide important confirmation that cosmetic outcome at 1 year following WBI is similar to 

improved with HF-WBI in comparison to CF-WBI.

The recent publication of large randomized trials from Canada and the United Kingdom has 

established the safety and efficacy of hypofractionated whole breast irradiation with follow 

up extending past 10 years [4,5]. Nevertheless, clinical practice in the United States has been 

relatively slow to embrace hypofractionated schedules in the delivery of WBI [21]. One 

potential concern raised regarding trials of HF-WBI has been the absence of a gold standard 

to measure cosmetic outcome of the treated breast [22]. Results from the current study help 

to fill that gap, demonstrating equivalence in quantitative breast cosmesis. The importance of 

this finding is magnified by the unique features of this study, including uniform use of a 

tumor bed boost and a high prevalence of obesity (approximately 50%) [18], which mirror 

current practice patterns and patient populations in the United States.

From a clinical perspective, the finding that M1 is highly correlated with both patient- and 

physician-reported outcome demonstrates the importance of attaining symmetry of the 

locations of the nipples to optimize cosmetic outcome from both a patient and physician 

perspective. Several clinical factors are likely to contribute to symmetry of the locations of 

the nipples, including baseline breast size, tumor size and location, volume of resection, use 

of concomitant reduction mammoplasty or mastopexy, radiation dose homogeneity, and 

potentially other treatment and host factors. The importance of symmetry of the locations of 

the nipples as illustrated in this study underscores the importance of developing a surgical 

and radiation treatment plan with the express purpose of optimizing long-term symmetry in 

order to optimize cosmetic outcome as experienced by the patient and physician.

From a research perspective, to our knowledge this is the first study to establish the direct 

clinical relevance of quantitative measurements of breast cosmetic outcome and/or 
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symmetry. A number of quantitative metrics of symmetry have been reported in the literature 

[7–11], and many have correlated these measures to independent observer subjective 

assessment [12–14,16]. However, none have identified symmetry of the locations of the 

nipples as the critical factor in overall patient cosmetic assessment. In addition, only the 

BCCT.core metric, which is a composite of multiple symmetry measures as well as breast 

and scar appearance, has been demonstrated to have correlation to patient-reported cosmetic 

outcome [17]. Though useful, the BCCT.core does not provide insight into which aspects of 

cosmetic outcome are most relevant to patients and/or physicians. This limitation is 

addressed by our finding of the importance of symmetry of the locations of the nipples as 

assessed by M1 to patients and their physicians. Also of research interest is the finding that 

M4, a measure of the symmetry of the locations of the nipples in reference to the lateral 

extents of the breasts, is highly correlated to physician-reported outcome but not patient-

reported outcome. This difference hints at possible reasons for the occasional lack of 

correlation observed between patient and physician cosmetic assessments. It is conceivable 

that patient perception is shaped by discrepancies in the amount of up-down vs. right-left 

displacement of the nipple of the affected breast relative to the unaffected breast, while 

physician assessments also consider the locations of the nipples in reference to other 

landmarks of the breast. If true, this would inform interpretation of future clinical trials that 

employ subjective assessments of breast cosmesis.

Identifying these metrics, particularly M1 and M4, as clinically relevant outcomes also 

addresses a substantial gap in both the randomized and non-randomized literature on 

radiation treatment for early breast cancer, which to date has relied solely on subjective 

measures of cosmesis [23–26]. While subjective measures are important, they are likely 

prone to significant intra- and inter-observer variability and, for patient-reported cosmetic 

outcome, to vary according to a patient’s underlying body image investment [27]. These 

limitations of subjective cosmetic outcome assessment are likely to blunt measured effects, 

thereby biasing comparative effectiveness studies toward the null hypothesis. We propose 

that future comparative effectiveness research and clinical trials investigating cosmetic 

outcomes in breast cancer should consider collecting data on quantitative cosmetic outcome, 

particularly M1 and M4, which given their purely quantitative nature may be more sensitive 

to subtle differences in treatment effects than subjective measures of cosmetic outcome.

From a policy perspective, the clinically relevant cutpoints for M1 and M4 could facilitate, 

for the first time, transparent and rigorous reporting of cosmetic outcome in patients with 

early breast cancer. Physician-reported cosmetic outcome is clearly insufficient for outcome 

reporting, as treating physicians are likely to demonstrate bias in favor of their own 

outcomes. Patient-reported cosmetic outcome is also suboptimal, however, as it is likely 

prone to variability based on patient socioeconomic status, demographics, age, and image 

investment. In contrast, the cutpoints for M1 and M4 offer clear metrics to define good 

cosmesis. For example, facilities could simply report the proportion of their patients with 

M1 ≥ 0.87 at certain defined timepoints. It is likely that M1 could be easily adjusted for 

baseline variables also associated with cosmetic outcome, for example BMI or tumor size. 

Such case-mix adjustment could thus facilitate comparison of M1 outcomes across doctors 

or treatment facilities.
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This study has certain important limitations. First, quantitative measures were not taken after 

surgery and prior to WBI. This may not fully capture the influence of breast-conserving 

surgery, as well as associated procedures including oncoplastic rearrangement and 

reexcision, on symmetry and cosmetic outcome at 1 year. Second, all outcomes were 

collected at 1 year following the completion of WBI and are thus insufficient to fully capture 

the weight of late radiation toxicity. We plan to validate these initial findings as patients 

progress through follow up on this trial. Third, M3 and M6 could only be calculated in 47 

patients due to limitations in the acquired 2D photographs. It would be inappropriate at this 

juncture to conclude that these particular measures of symmetry are not clinically relevant, 

given limited power to measure associations of symmetry with cosmetic outcomes. Future 

studies should endeavor to ensure that the requisite anatomic landmarks are encompassed in 

each photograph.

In summary, we identified several quantitative measures of symmetry that were strongly 

associated with patient- and/or physician-reported breast cosmesis at 1 year following WBI. 

These measures were similar to improved in patients treated with HF-WBI compared to CF-

WBI one year after treatment, providing additional evidence supporting the safety of HF-

WBI. Quantitative measures of breast symmetry could be readily incorporated into future 

comparative effectiveness research studies and used for outcome measurement and 

reporting.
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Summary

We used photographs to calculate six quantitative measures of breast cosmetic outcome 

in 245 patients participating in a randomized clinical trial comparing hypofractionated 

versus conventionally fractionated whole breast irradiation. One year after treatment, 

quantitative cosmetic measures were similar to improved with hypofractionated whole 

breast irradiation. Several quantitative cosmetic measures were associated with patient- 

and physician-reported cosmetic outcome and thus could be useful for future comparative 

effectiveness research and outcomes reporting.
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Figure 1. 
A) M1- is the ratio of the difference between the vertical positions (Y) of each nipple (N) to 

the difference between the horizontal positions (X) of each nipple. Larger values near 1 

indicate symmetry while smaller values near 0 indicate asymmetry. B) Formula for M1 

calculation. C) M2 is a function of the ratio of the vertical displacements of the nipple 

centroids (N) from the level of the lowest visible point of the breast (V). M2 is bound 

between 0 and 1. Larger values near 1 indicate symmetry while smaller values near 0 

indicate asymmetry. D) Formula for M2 calculation. E) M3 is a function of the ratio of the 

horizontal displacements of the nipple centroids (N) from midline. M3 is bound between 0 

and 1. Larger values near 1 indicate symmetry while smaller values near 0 indicate 

asymmetry. F) Formula for M3 calculation. G) M4 is a function of the ratio of the horizontal 

displacements of the nipple centroids (N) from the lateral extent of the breast (L). M4 is 

bound between 0 and 1. Larger values near 1 indicate symmetry while smaller values near 0 

indicate asymmetry. H) Formula for M4 calculation. I) M5 is a function of the ratio of the 

vertical displacements of the lowest visible points of the breast (V) from the level of sternal 

notch (S). M5 is bound between 0 and 1. Larger values near 1 indicate symmetry while 

smaller values near 0 indicate asymmetry. J) Formula for M5 calculation. K) M6 is a 

function of the ratio of the horizontal displacements of the lateral extents of the breast (L) 

from the midline. M6 is bound between 0 and 1. Larger values near 1 indicate symmetry 

while smaller values near 0 indicate asymmetry. L) Formula for M6 calculation.
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Figure 2. 
Photographs of patients at the one-year follow up visit across a spectrum of values for M1. 

Panel A, a patient with a high value of M1 (M1=0.99). Panel B, a patient with an 

intermediate value of M1 (M1=0.93). Panel C, a patient with the lowest value of M1 in the 

cohort (M1=0.71).
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Table 3

Multivariable ordinal logistic model for cumulative probability for better patient- and physician-reported 

cosmetic outcomes

Odds Ratio 95% CI P value

Reported Cosmetic Outcome

Patient-reported (BCTOS)

 M1 < 0.94 1

 M1 ≥ 0.94 3.45 2.09–5.71 <0.001

Physician-reported

 M1 < 0.87 1

 M1 ≥ 0.87 8.57 3.57–20.5 <0.001

 M2 < 0.83 1 17

 M2 ≥ 0.83 1.17 0.71–1.93 0.53

 M4 < 0.90

 M4 ≥ 0.90 2.02 1.11–3.68 0.02
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