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Abstract

Background: Keratinocyte carcinomas are amenable to many treatments, including radiotherapy 

(RT). Electronic skin surface brachytherapy (ESSB) enables the precise delivery of radiation 

without radioisotopes.

Objectives: In this prospective multicenter clinical trial, we characterized early outcomes of 

ESSB prospectively through both patient- and clinician-reported measures. To corroborate the 

cosmesis observations, we also assessed patient-reported quality of life (QoL) and adverse events.

Methods: Patients ≥60 years old with stage T1N0M0 keratinocyte carcinoma were treated with 

ESSB. At 2, 6, and 12 weeks post-treatment, cosmesis from ESSB was assessed by both the 

patient and a clinician study investigator as either “good,” “fair”, or “bad.” The Skindex-16 and 

the Skin Cancer Index (SCI) were used to assess patient QoL before and after treatment. Adverse 

events were assessed using the Common Toxicity Criteria for Adverse Events (CTCAE), version 

4.0.
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Results: Cosmesis and QoL were collected at 97% (99/102) of possible follow-up patient-time 

points. By 12 weeks post-treatment, 93.9% (31/33) of patient-reported and 96.9% (31/32) of 

clinician-reported cosmesis outcomes were “good.” Compared to baseline, total Skindex-16 score 

significantly deteriorated at 2 weeks post-treatment (10.5 vs 24.5, p<0.001), but significantly 

improved at 6 weeks (10.5 vs 4.7, p=.014) and 12 weeks (10.5 vs 2.1, p=.001) post-treatment. 

Total SCI score significantly improved from baseline to 6 weeks (78.4 vs 89.0, p=.001) post-

treatment. The most frequent adverse events were radiation dermatitis, skin pain, and pruritus. All 

adverse events resolved to Grade ≤1 by 12 weeks post-treatment.

Conclusions: This prospective, multicenter study demonstrated that ESSB is associated with a 

high rate of “good” early patient-reported cosmesis and increasing QoL and satisfaction with time. 

Validated assessments demonstrated a significant improvement in quality of life and resolution of 

moderate early adverse events by 6–12 weeks after treatment and corroborate the observation of 

favorable cosmesis.

Introduction

Keratinocyte carcinomas including basal cell carcinoma (BCC) and squamous cell 

carcinoma (SCC) are the most common malignancy.1 Early-stage keratinocyte carcinomas 

are amenable to many treatments including topical medicines, photodynamic therapy, 

cryotherapy, electrodessication and curettage, surgery, and radiotherapy (RT).2,3 Electronic 

skin surface brachytherapy (ESSB) enables the precise delivery of radiation without 

radioisotopes, potentially limiting staff exposure and side effects.4

Prospective studies of the early cosmesis, quality of life (QoL), and adverse events following 

ESSB are limited. Moreover, little is known about patient-reported QoL as assessed by 

validated instruments following RT for skin cancer.5–7 These outcomes are crucial to 

characterize in the context of malignancies that are not life-threatening that have a wide 

range of effective treatment options available. A better understanding of these issues may 

help guide shared decision making about treatment options and expectations after treatment.

In this prospective, multicenter clinical trial, we characterized early outcomes of ESSB, 

hypothesizing that this novel method of delivering RT would afford cosmesis superior to 

what has been previously reported.8 To corroborate the cosmesis observations, we also 

prospectively assessed patient reported QoL and adverse events following ESSB for early-

stage keratinocyte carcinoma.

Methods

This prospective, multicenter clinical trial was approved by the Institutional Review Board 

(MSKCC IRB 14-001, NCT02131805) Written patient consent was obtained. Patients ≥60 

years old with an American Joint Committee on Cancer clinical stage T1N0M0 BCC or SCC 

were recruited. Patients were treated with ESSB using Esteya® (Elekta AB, Stockholm). 

Patients received a total dose of 42 Gy in 6 fractions of 7 Gy, administered over 2 to 3 weeks 

to a depth of 3 mm below skin surface using the smallest applicator that encompassed the 

clinical target volume, defined as the gross tumor with a radial expansion of 4 mm on the 

skin surface.
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At 2, 6, and 12 weeks post-treatment, cosmesis was assessed by both the patient and a 

clinician investigator (CAB or MEK) as either “good,” “fair”, or “bad,” according to a 

previously reported method.8 The investigator also assessed the effect of ESSB on skin 

as “slightly visible,” “clearly marked,” or “bad.”8 Patients assessed their satisfaction with 

treatment using a visual analogue scale with the anchor descriptors “not satisfied” and 

“satisfied.”

The Skindex-16 and the Skin Cancer Index (SCI), both validated patient-reported outcome 

instruments, were used to assess patient QoL before and after treatment.9,10 Better QoL is 

represented by a lower score on the Skindex-16, but by a higher score on the SCI. These 

were administered at baseline, 2, 6, and 12 weeks post-treatment.

Adverse events, including radiation dermatitis, alopecia, skin atrophy, pain, pruritus, 

hyperpigmentation, hypopigmentation, ulceration, telangiectasia, and induration, were 

assessed and graded using the Common Toxicity Criteria for Adverse Events (CTCAE), 

version 4.0. A clinician investigator (CAB or MEK) performed these assessments each week 

during treatment and at 2-, 6-, and 12-weeks post-treatment.

A primary endpoint of the study was patient-reported cosmesis, with the hypothesis that 

ESSB would be associated with a 12-week post-treatment patient-report of “good” cosmesis 

in ≥90% of patients. A maximum sample size of 34 patients was calculated to determine 

if the rate of “good” cosmesis was superior to a previously reported 74% rate of “good” 

cosmesis based on a 90% 2-sided Clopper-Pearson confidence interval of the sample 

proportion of patients who reported “good” cosmesis.

Descriptive statistics were used to characterize the patient population, skin cancers, and 

treatments, and summarize survey results. The Wilcoxon signed rank test was used to assess 

differences in QoL scores from the Skindex-16 and SCI between baseline and each follow 

up time point. All analyses were performed using IBM SPSS Statistics for Windows, version 

25 (IBM Corp., Armonk, N.Y., USA).

Results

Baseline subject characteristics of the 34 participants are summarized in Table 1. Mean 

age was 75 years (range 59–93). Most patients were white (100%), non-Hispanic (100%), 

women (58.8%) who were treated for BCC (94.1%), on the face (97.1%), and nose (67.6%). 

The median tumor diameter was 8 mm (range 3–17 mm).

Cosmesis and QoL was collected at 97% (99/102) of possible follow-up patient-time points. 

In total, 32 (94.1%) patients completed QoL surveys at 2 weeks, 34 (100%) at 6 weeks, 

and 33 (97.1%) completed surveys at 12 weeks post-treatment (Figure 1). By 12 weeks post-

treatment, 93.9% (31/33) of patients reported “good” cosmesis and the clinician reported 

“good” cosmesis in 96.9% (31/32) of patients, with neither patients nor clinician reporting 

“bad” cosmesis (Figure 2). Similarly, by 12 weeks post-treatment, the clinician considered 

the scar to be only “slightly visible” in 96.9% (31/32). The 2-sided Pearson-Clopper 90% 

confidence interval for patient reported “good” cosmesis was 82–99%; this interval does not 

include the previously reported “good” cosmesis rate of 74%.
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Table 2 shows the mean Skindex-16 and SCI scores at each timepoint. Compared to 

baseline, total Skindex-16 score was significantly higher at 2 weeks post-treatment (10.5 

vs 24.5, p<.001), representing a deterioration in QoL. There was a significant decrease 

in the Skindex-16 score at 6 weeks (10.5 vs 4.7, p=.014) and 12 weeks (10.5 vs 2.1, 

p=.001) post-treatment, representing an improvement in QoL. Total SCI score increased 

significantly from baseline to 6 weeks (78.4 vs 89.0, p=.001) post-treatment representing 

an improvement in QoL. Between baseline and 12 weeks post-treatment, the emotions 

subscale of the Skindex-16 (19.7 vs 3.1, p<.001 and the appearance subscale of the 

SCI (67.4 vs 87.6, p=.006) showed greatest improvement. Patients completed treatment 

and follow-up with minimal adverse events from ESSB (Figure 3). The most frequently 

reported toxicities were radiation dermatitis, skin pain, and pruritus. At any given timepoint, 

alopecia, hypopigmentation, telangiectasia, ulceration, hyperpigmentation, and induration 

were reported in ≤20% of patients. No patients experienced skin atrophy. The most severe 

adverse events were Grade 3 and occurred in week 3 of treatment (painful skin, 6.6%) and 2 

weeks post-treatment (radiation dermatitis, 42.4%). By 12 weeks post-treatment, all adverse 

events had resolved to Grade ≤1. In general, patients were satisfied with the results of ESSB 

(Figure 4).

Discussion

This multicenter, prospective study demonstrates that ESSB is associated with a high rate 

(94%) of early patient-reported “good” cosmesis and that patient and clinician reported 

cosmesis were congruent. Both patient-reported cosmesis and satisfaction increased with 

time over the 3 months following treatment. The prospective assessment of QoL using 

validated instruments was a strength of this study. Although QoL can worsen temporarily 

at 2 weeks post-treatment, it then improves and becomes significantly better than baseline 

by 6 to 12 weeks post-treatment. Notably, the temporary deterioration in QoL at 2 weeks 

post-treatment correlates with the timing of adverse events.

Although keratinocyte carcinomas are rarely lethal, the impact of symptoms, functional 

limitations, cosmetic burdens, and treatment side effects can significantly disrupt QoL. 

Many treatment options are available for keratinocyte carcinomas.2,3 For certain patients and 

keratinocyte carcinomas, ESSB may be a suitable treatment option. ESSB is noninvasive 

and therefore causes little scarring, a typical concern when the tumor is on the face. 

Other advantages of brachytherapy include decreased number of treatments and decreased 

dependence on patient positioning during treatment, which can be especially important in 

older patients with limited mobility who are commonly afflicted by keratinocyte carcinoma.5 

A current limitation to the use of ESSB is the cost, which tends to be higher than other RT 

modalities.11

At the start of the present study, the only prospective study characterizing patient reported 

cosmesis after RT for skin cancers was a 1997 publication reporting a “good” cosmesis 

rate of 74%.8 The prior study predominantly involved radioisotope-based interstitial 

brachytherapy 8 which suggests that the method employed in this study (ESSB) may be 

associated with the superior patient-reported “good” cosmesis rate. More recent studies of 

ESSB have also demonstrated “good” cosmesis at longer term follow-up periods.12–14
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No grade ≥3 adverse events were noted after 2 weeks post-treatment, consistent with data 

from a previous study reporting acute grade 3 events, but not late adverse events.15 Other 

studies of ESSB have reported no grade ≥3 adverse events, possibly because assessments 

were made at later time points, after adverse events had resolved.16,17 Adverse events due to 

RT generally subside with time, but rare side effects such as telangiectasias and pigmentary 

change may emerge later. Additionally, temporary poor cosmesis may bring distress about 

physical appearance.18 Recognizing these trends can better prepare patients before they 

undergo treatment and alleviate worry they may experience immediately post-treatment as 

cosmesis appears to worsen.

Several studies, summarized in Supplemental Table A, have begun to examine the use of 

ESSB in the treatment of keratinocyte carcinomas. None assessed early patient-reported 

cosmesis and QoL. Current American Brachytherapy Society guidelines recommend 

limiting the use of ESSB for keratinocyte cancers as part of clinical trials or registries 

and calls for prospective studies to provide a better understanding acute and chronic toxicity 

profiles with ESSB in addition to clinical outcomes.4 The present study answers this call and 

provides valuable insight to the early outcomes of treatment.

A recent study comparing ESSB to Mohs micrographic surgery showed similar cosmesis 

between the two treatments, as reported by both clinicians and patients. The present study 

does not directly compare Skindex-16 and SCI scores between ESSB and other treatment 

modalities for keratinocyte carcinoma. However, it is notable that QoL as measured by these 

validated instruments is equivalent or superior to previously published studies of surgery and 

other treatments for keratinocyte carcinoma.18–20 This suggests an opportunity for studies 

that directly compare patient reported QoL following different treatments for keratinocyte 

carcinomas.

This study has some limitations. While the sample size seems small, it was 

prospectively derived using careful biostatistical calculations. Another limitation is the 

relative homogeneity of the patient population that self-identified as white and non-

Hispanic, reflective of the population predominantly affected by keratinocyte carcinomas. 

Nevertheless, the results may not be generalizable to other patient populations. While the 

instruments used to assess patient-reported quality of life have been extensively validated, 

the visual analogue scale and the cosmesis assessment have not and may be subject to 

bias. Additionally, only the effects of ESSB were assessed; future studies of interest would 

compare outcomes among RT techniques or other modalities used to treat keratinocyte 

carcinoma. Finally, the follow up of 12 weeks only provides information about the early 

effects of treatment. Future analyses will characterize 5 years of prospective follow-up and a 

valuable opportunity to characterize longer-term outcomes.

This study has many strengths. To our knowledge, it is one of few studies to prospectively 

assess patient cosmesis and QoL after RT for keratinocyte carcinoma.6,7 It is the first to 

longitudinally measure patient QoL following treatment of BCC and SCC with ESSB. QoL 

was evaluated using both the Skindex-16, a validated QoL questionnaire that measures 

how various skin conditions affect patients, and the Skin Cancer Index, a QoL instrument 

which was designed and validated expressly for patients with keratinocyte carcinoma. Our 
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study population was highly representative of the population most frequently affected by 

BCCs and SCCs. Finally, meticulous data collection before, during, and after treatment at 

many time points with very few missing data points allows for a complete and thorough 

understanding of how cosmesis, patient satisfaction, adverse events, QoL progress over time. 

This information may enable better patient counseling and guide patient expectations of 

ESSB.

Conclusions

This prospective, multicenter study demonstrated that ESSB is associated with a high rate 

of “good” early patient-reported cosmesis and increasing QoL and patient satisfaction with 

time. Validated assessments demonstrated a significant improvement in quality of life and 

resolution of moderate early adverse events by 6–12 weeks after treatment and support 

the observation of favorable cosmesis. Knowledge of the evolution of these trends can 

help patients make decisions regarding ESSB, prepare for treatment, anticipate the early 

outcomes.
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Figure 1. 
A patient treated with ESSB at pre-treatment and 2, 6, and 12 weeks post-treatment.
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Figure 2. 
Patient and clinician assessed cosmesis over time.
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Figure 3. 
Plots of adverse events graded using CTCAE, version 4.0, over time. No skin atrophy was 

reported at any time point.
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Figure 4. 
Patient satisfaction over time.
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Table 1.

Subject Characteristics (n=34)

n %

Sex

 Women 20 58.8

 Men 14 41.2

Race

 White 34 100

Ethnicity

 Non-Hispanic 34 100

Histology

 BCC 32 94.1

 SCC 2 5.9

Tumor Location

 Face 33 97.1

  Cheek 5 14.7

  Chin 1 2.9

  Forehead 4 11.8

  Nose 23 67.6

 Leg 1 2.9

Applicator Size

 15 mm 8 23.5

 20 mm 14 41.2

 25 mm 10 29.4

 30 mm 2 5.9
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Table 2.

QoL over time (Mean±SD).

Baseline n=34 2 Weeks Post-Treatment n=32 6 Weeks Post-Treatment n=34 12 Weeks Post-Treatment n=33

Skindex-16

 Symptoms 7.4±17.7 31.4±30.1 a 5.9±11.7 1.6±3.7

 Emotions 19.7± 24.0 25.6±30.4 6.2±9.1 a 3.1±6.0 a

 Functioning 4.4±10.5 16.5±26.6 2.2±5.3 1.5±7.0

 Total 10.5±14.9 24.5±27.0b 4.7±7.3b 2.1±4.6b

Skin Cancer Index (SCI)

 Emotional 77.7±22.2 79.6±23.0 86.7±15.6 a 86.3±15.7

 Social 90.1 ±19.1 83.0±24.6 92.5±13.3 92.3±13.4

 Appearance 67.4±33.1 76.0±31.7 88.0±20.1 a 87.6±20.3 a

 Total 78.4±21.9 79.5±24.4 89.0±13.3 b 88.7±13.3

a
significantly different from baseline, p≤.006 (Bonferroni corrected p-value for 9 tests)

b
significantly different from baseline, p≤.017 (Bonferroni corrected p-value for 3 tests)
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