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Abstract

Purpose: High-dose-rate electronic brachytherapy (eBx) is a non-surgical treatment option for non-melanoma skin
cancer (NMSC) patients. This study assessed long-term effectiveness and safety of eBx for the treatment of NMSC.

Material and methods: A chart review was conducted to identify subjects who had five or more years since their
last eBx treatment fraction. Subjects meeting these criteria were contacted to determine their interest in participating in
a long-term follow-up study. Those who agreed, underwent a follow-up visit where consent was obtained, and their
lesions were clinically assessed for recurrence and long-term skin toxicities. History and demographic data were retro-
spectively collected, and treatment method was verified.

Results: 183 subjects with 185 lesions were enrolled into this study at four dermatology centers in two practices in
California. Three subjects in the analysis were less than 5 years from the last treatment to follow-up visit. All lesions
were stage 1 basal cell carcinoma, squamous cell carcinoma, or squamous cell carcinoma in situ. Recurrence rate for
the 183 subjects was 1.1%. Long-term skin toxicities were reported in 70.0% of the subjects. Hypopigmentation grade 1
was observed in 65.9% of the lesions, telangiectasia grade 1 was seen in 22.2%, scarring grade 1 in two subjects (1.1%),
hyperpigmentation grade 1 in two subjects (1.1%), and induration grade 2 in one patient (0.5%). The induration grade 2

was located on the upper back and did not limit instrumental activities of daily living (ADLs).
Conclusions: Electronic brachytherapy for the treatment of non-melanoma skin cancer is safe and effective, show-
ing excellent long-term 98.9% local control through a median follow-up of 7.6 years (n = 183), with minimal long-term

toxicities.
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Purpose

It is estimated that 5.4 million cases of basal cell car-
cinoma (BCC) and squamous cell carcinoma (SCC) are
diagnosed annually in the United States [1]. About 80%
of non-melanoma skin cancers (NMSC) are basal cell car-
cinoma [2]. Treatment options for patients with NMSC
include Mohs micrographic surgery (MMS), curettage
with electro-desiccation, surgical excision, 5-fluorouracil
(topical, intralesional, intravenous), cryotherapy, toll-like
receptor 7 activator (imiquimod), Hedgehog (Hh) path-
way inhibitors (vismodegib, sonidegib), PD-1 blockers
(pembrolizumab, nivolumab, cemiplimab), photodynam-
ic therapy, and radiation therapy [3-11].

A Cochrane database review concluded that surgical
interventions have the lowest recurrence rates among all

reviewed therapies, and that non-surgical treatments may
be less effective than surgical therapies, but have superi-
or cosmetic outcomes and acceptable recurrence rates [7].
European consensus-based interdisciplinary guidelines
note that radiotherapy represents a valid alternative to
surgery for facial BCC, especially in elderly patients [8].
European consensus-based interdisciplinary guide-
lines also notes that radiation therapy represents an al-
ternative to surgery in the treatment of small SCCs in
low-risk areas [9]. Lesion recurrence rate for patients at
five years after MMS varies depending on primary vs.
recurrent lesion, lesion location (high-risk ‘mask’” areas),
treatment modality, size, depth, histologic differentia-
tion, perineural involvement, and immune status [3-6,
10-12]. Five-year recurrence rates reported by Rowe et al.
and Kauvar et al. were both of 1% [3, 5]. Network meta-
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analysis by Drucker et al. showed recurrence rate of 3.8%
in those treated with MMS [14]. Recurrence rates for pri-
mary SCCs reported were 3.1% to 5.3% [4, 6, 15].

A non-surgical treatment option for patients with
NMSC, studied previously in a matched-pair cohort
study and compared to MMS, is electronic brachytherapy
(eBx). The mean follow-up for the eBx arm was 3.3 years
with a local control rate of 99.5%, and the MMS arm had
a local control rate of 100% [16].

This real-world, multi-center, non-randomized study
assessed long-term clinical outcomes of non-melanoma
skin cancer (NMSC) patients treated with Axxent® elec-
tronic brachytherapy (eBx) system (Xoft, Inc. - a subsid-
iary of iCAD, Inc., San Jose, CA, USA). Prior to retro-
spective data collection and prospective follow-up visits,
patients who were identified to have completed eBx treat-
ment a minimum of five years ago, and who were avail-
able for a prospective long-term follow-up visit, were in-
cluded in the present study. At the prospective follow-up
visit assessment of local control and long-term skin toxic-
ities at the treatment site were collected to determine the
durability and long-term safety of eBx for the treatment
of NMSC.

Material and methods

The NMSC long-term follow-up study was conducted
in accordance with the ethical principles outlined in the
Declaration of Helsinki, in accordance with local regula-
tory requirements, and was approved by an independent
central institutional review board Advarra IRB, number:
Pro00060222 (Columbia, MD, USA). This study includ-
ed both a retrospective chart review, and a prospective
collection and analysis of follow-up data. Chart reviews
were conducted at the sites to determine potential par-
ticipants who could be contacted for participation in the
prospective visits by confirming that the last treatment
date was a minimum of five years ago. Once this was
confirmed, data was not collected until the patients who
were willing to participate returned for their follow-up
visit. Follow-up visits were scheduled, and patients had
the option of returning to the site for an in-person vis-
it, or attend a video conference for remote participation,
a common method for conducting visits by dermatology
offices in the USA [13].

For this study, a participant was required to provide
verbal consent on video, and this was documented in the
informed consent form. If a treated area was in question
based on appearance, the study participant was required
to undergo a biopsy. For in-person visits, participants
provided written informed consent. Once the prospective
follow-up visit was completed, retrospective data were
collected from electronic medical record. Retrospective
data collection included eligibility criteria, demographics
and history, verification of the treatment regimen, lesion
information, including stage, histology, location, and lo-
cal control at the treated area. Prospective visits consist-
ed of examination of the previously treated skin lesion
for local control at the treatment site. Skin toxicities were
assessed according to the Common Terminology Criteria
Adverse Events (CTCAE version 5.0) [17].

Patient selection

Patients treated with eBx five or more years ago, who
met eligibility criteria, and were willing to undergo a fol-
low-up visit, were selected for this study at four West
Coast centers in the United States. The majority of sub-
jects in the study were included in the eBx arm of a prior
study conducted by Xoft, Inc. [16].

Inclusion criteria were previously completed treat-
ment for non-melanoma skin cancer using Xoft Axxent
electronic brachytherapy system according to standard of
care, a minimum of five years prior to the follow-up visit
in this study; patient provided informed consent; greater
than 40 years of age; pathological diagnosis confirmed
as squamous cell carcinoma, squamous cell carcinoma
in situ, or basal cell carcinoma prior to treatment; and
staging. Patients were excluded if the target area was
adjacent to a burn scar, if there was any prior definitive
surgical resection of the cancer, such as MMS, known
perineural invasion, diagnosis of actinic keratosis, known
spread to regional lymph nodes, and known metastatic
disease. Lesions were staged as Tis, T1, or T2.

Treatment methods

Surface applicators sizes were 10 mm, 20 mm, 35 mm,
and 50 mm in diameter. Surface applicator size was select-
ed based on lesion diameter, which allowed for a 2 mm
to 5 mm margin. Prescription dose was 40.0 Gy adminis-
tered over 8 fractions (5.0 Gy twice weekly), delivered to
the skin surface, as previously reported [16, 21, 25].

Study endpoints

The primary effectiveness endpoint was the local con-
trol at a minimum of five years from the last eBx treat-
ment, while the primary safety endpoint was long-term
skin toxicities at the target treatment site at the time of the
follow-up visit. Most common long-term primary toxic-
ities reported are hypopigmentation and telangiectasias
[16]. Data for the primary effectiveness endpoint were
collected retrospectively once it was determined that the
subject could be available for a long-term follow-up visit
in this study, and the follow-up visit would be five years
or more since the last treatment. Follow-up visits oc-
curred prospectively. Data for the secondary safety end-
point were collected prospectively at the time of the fol-
low-up visit in this study, to identify long-term toxicities.

Statistical analysis

The objective of this study was to report the number
and percentage of subjects who had local recurrence,
and the number and percentage of subjects who showed
a long-term skin toxicity at the follow-up visit. Data were
analyzed and reported as descriptive statistics, both cate-
gorical and continuous variables, as appropriate.

Results

Patient demographics and lesions characteristics

In total, 183 subjects with 185 lesions were enrolled
in this long-term follow-up study from March 9, 2022
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to July 18, 2022, at four study centers in Northern and
Southern California, out of 307 potential participants who
were called. There were three subjects who had less than
five years between the last treatment and the follow-up
visit. Of the remaining 180 subjects with 182 lesions, all
patients met all inclusion criteria and none of the exclu-
sion criteria. The mean age was 82.3 years, with a range
of 63 to 96 years; 61.7% were male and 98.9% were white
non-Hispanic subjects (Table 1). All lesions were 4 cm
in diameter or smaller. The results of 180 and 183 sub-
jects are presented in Tables 1-4. The mean follow-up
in this study was 7.5 years (median, 7.6 years; range,
5-9.5 years). All lesions were stage 0, 1, or 2. The majority
of the lesions (n = 131, 70.8%) were above the clavicles.
If the results include the three subjects who were exclud-

was diagnosed at 6.5 years after treatment. Both recur-
rences were treated with MMS. For all 183 subjects, in-
cluding those who did not meet the minimum of 5 years
from last treatment to the follow-up visit in this study,
the recurrence rate was 1.1%. There were no recurrences
in the 183 subjects newly discovered at the time of the
prospective follow-up.

Safety and skin toxicities

Skin toxicities (Table 4) were reported in 71.1% of the
subjects. Hypopigmentation grade 1 was the most com-

Table 2. Lesion locations

Lesion locati =182 = 185
ed due to less than 5-year follow-up, the male to female esion focation "= "=
. o lesions lesions
ratio was the same, race and ethnicity was the same, and n (%) n (%)
the three subjects excluded were diagnosed with BCC
stage 2. Tables 1-5 demonstrate all the results for both the ~ >@IP 17(93) 17(9:2)
groups. Temple 6(3.3) 6 (3.2)
Forehead 11 (6.0 11 (5.9
NMSC recurrence orenea 6.0 G9)
_ ‘ Cheek 21 (11.5) 22 (11.9)
The retrospective data analysis revealed the recur- -
rence rate of the 180 subjects with a mean of 7.5 year Chin 2 (L) 201
follow-up (1.1%) (Table 3). Two subjects diagnosed with Neck 4(2.2) 4(2.2)
BCC had one lesion with a recurrence, one subject’s lesion p ul 2 (L) 2 (L)
was located on the nasal sidewall, and the recurrence was fe-auricuiar : :
diagnosed at 2.7 years after treatment. The other subject’s Eyelid 3 (1.6) 3(1.6)
lesion was located on the nasal tip, and the recurrence Lip 1(0.5) 1(0.5)
Nasal dorsum 2 (1.1) 3 (1.6)
Table 1. History and demographic data
y grap Nasal sidewall 21 (11.5) 21 (11.4)
Demographic data n = 180 subjects n = 183 subjects
n (%) n (%) Nasal ala 11 (6.0) 11 (5.9)
> 5.0 years > 4.4 years Nasal tip 17 (9.3) 17 (9.2)
of follow-up of follow-up Back 3(16) 3(16)

Gender .

Male 111 (61.7) 113 (61.7) Chest 20y 20y
Female 69 (38.3) 70 (38.3) Upper arm 3(16) 3(16)

Race Forearm 3(1.6) 3 (1.6)
White 179 (99.4) 182 (99.5) Hand 17 (9.3) 18 (9.7)
Asian 1(0.6) 1(0.5) Helix 1(0.5) 1(0.5)

Ethnicity Antihelix 1(0.5) 1(0.5)
Hispanic 4(2.2 4 (2.2

P - - 22) 2.2 Earlobe 8 (4.4) 8 (4.3)
Non-Hispanic 176 (97.8) 179 (97.8)

Diagnosis Tragus 1(0.5) 1(0.5)
BCC 91 (506) 94 (514) Lower Ieg 22 (12 1) 22 (11 9)
scc 89 (49.4) 89 (48.6) Foot 3 (1.6) 3(1.6)

Cancer stage Summary of adverse events n =182 n =185
Stage 0 9 (5.0) 9 (4.9) by location lesions lesions
Stage 1 166 (92.2) 169 (92.3) n (%) n (%)
Stage 2 5(2.8) 5(2.7) Head, neck, above the clavi- 129 (70.9) 131 (70.8)

cles

Age (years)

Torso (front and back) 5(2.7) 5(2.7)
Mean +SD 82.3 +6.5 82.3 +6.5
O 63-96 63-96 Upper extremity and hand 23 (12.5) 24 (12.9)
Median (IQR) 83.0 (77.0-86.5)  83.0 (77.0-87.0) Lower extremity and foot 25 (13.7) 25 (13.7)
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Table 3. Recurrences

Recurrence by subject n =180 subjects n = 183 subjects

used successfully for the treatment of skin cancers [22].
High energy linear accelerators and high-dose-rate after-

n (%) n (%) loading iridium-192 (*2Ir) replaced the low penetrating
> 5.0 years > 4.4 years X-rays of the Roentgen era. These devices required heavy
of follow-up of follow-up room shielding and protracted courses of treatment. Ra-

Al > 1) 2 (1) diation therapy has been reported to result in low recur-
- - - rence rates for both primary BCC (7.4%) and recurrent
Nasal sidewall 1(0.6) 1(0.5) More recently, use of hypofractionation of radiations

n =182 lesions  n =185 lesions
n (%) n (%)

Recurrence by lesion

All 2(1Y) 2 (1)

mon skin toxicity, observed in 65.9% of the patients. Tel-
angiectasia grade 1 was observed in 22.5% of the subjects.
Other toxicities noted included scarring grade 1 in two
subjects (1.1%), hyperpigmentation grade 1 in two sub-
jects (1.1%), and induration grade 2 in one subject (0.5%).
In this case, the indurated site was located on the upper
back, and did not limit instrumental activities of daily liv-
ing (ADL). In the overall population, the toxicity rate was
70.1% in the group with 180 subjects, and it was similar
(70.0%) in the group with 183 subjects. The types of skin
toxicities and severity were equal across both the groups.

Discussion

W.C. Roentgen reported the discovery of X-rays in
December, 1895, and within four years, X-rays were being

has been shown to have comparable cosmesis over stan-
dard, lengthy treatment schedules. In a meta-analysis of
344 articles utilizing external beam radiation therapy or
brachytherapy for BCC/SCC, fewer than 8% of patients
experienced poor cosmesis, independent of dose or frac-
tionation regimen [24].

Previous eBx studies showed excellent durable local
control and minimal long-term toxicity. These studies
utilized low penetrating X-rays of 50 KeV, as opposed
to 6 million eV of linear accelerators and 330 KeV of Ir'%?
brachytherapy. Doggett et al. reported a study of 524 le-
sions treated with eBx showing a 0.8% failure at 1.04 years
follow-up [25]. Bhatnagar reported outcomes for 297 le-
sions with up to 63 months follow-up (mean, 16.5 months;
range, 1-63 months) [21], with one recurrence and excel-
lent cosmesis in 100% of patients at years 4-5. No acute
toxicities were reported, and late toxicities occurred in
2% of patients. Paravati et al. retrospectively analyzed 157
NMSC lesions treated with eBx with 3.4 to 34.8 months
of follow-up, and two recurrences were noted (at 6.3 and

Table 4. Visit types and skin toxicities according to CTCAE [8]

Follow-up visit type by subject

n = 180 subjects

n = 183 subjects

n (%) n (%)
> 5.0 years of follow-up > 4.4 years of follow-up
In person visit 117 (65.0) 119 (65.0)
Remote telemedicine visit 63 (35.0) 64 (35.0)
Safety endpoint: skin toxicities by subject n = 180 subjects n = 183 subjects
n (%) n (%)
> 5.0 years of follow-up > 4.4 years of follow-up
Yes 128 (71.7) 130 (71.0)
No 52 (28.9) 53 (29.0)
Safety endpoint: skin toxicities by lesion Occurrence Occurrence
n =182, n (%) n =185, n (%)
Hypopigmentation grade 1 120 (65.9) 122 (65.9)
Telangiectasia grade 1 41 (22.5) 41(22.2)
Scar grade 1 2 (1.1 2 (11)
Hyperpigmentation grade 1 2(1.1) 2 (1.1)
Induration grade 2 1(0.5) 1(0.5)

Table 5. Follow-up
Follow-up in years

n = 180 subjects

n = 183 subjects

n (%) n (%)
> 5.0 years of follow-up > 4.4 years of follow-up
Mean (+SD) 7.4 414 7.4 +14
Median (range) 7.7 (5.0-9.5) 7.6 (4.4-9.5)
Q1 (25t percentile), Q3 (75t percentile) 6.8, 8.6 6.2,8.6
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7.3 months) [26]. Excellent cosmesis was rated in 94.2% of
the cases. A matched-pair cohort study with 188 patients
in the eBx arm demonstrated that 99.5% were free of recur-
rence at a mean of 3.4 years post-treatment. Physicians rat-
ed cosmesis as “excellent” or “good” in 97.6% of EBT-treat-
ed lesions, and 95.7% of MMS-treated lesions [16].

A review of 21 tele-dermatology studies indicated
that some studies show a high accuracy of tele-dermato-
logic diagnoses [13]. Appropriate used criteria previously
published by Miller et al. described how the application
of eBx can be incorporated into an outpatient dermatolo-
gy clinic [28].

Our study provides further evidence of the similarity
of eBx to Mohs micrographic surgery in terms of local con-
trol and mild long-term toxicities. The mean follow-up in
this study is now the longest of all previously published
eBx studies for the treatment of NMSC [5, 17-19].

Study limitations

This study was designed to address the insufficient
long-term efficacy and safety data for the treatment of
NMSC with electronic brachytherapy. Although mean
follow-up in our study was 7.5 years, which is the longest
reported eBx result to date, this was not a randomized
controlled trial designed to compare eBx with MMS in
subjects with long-term follow-up. 59.6% of the 307 po-
tential participants contacted did participate in the study.
The remainder of the potential participants could not be
contacted. No contacted potential participant declined to
participate in the study.

Comparative studies of surgery vs. radiation thera-
py report short follow-ups. The Cochrane comprehen-
sive analysis of skin cancer therapies subset comparing
radiotherapy against surgical excision (with or without
frozen section margin control) extended out only to
4-years [7].

The 7.5 years of follow-up in the current study may be
insufficient to identify the true local failure rate for eBx,
as a 7.3% of 15-year recurrence rate for primary BCCs
treated surgically with whole specimen intra-operative
frozen section analysis has been reported [31]. In our
study, 51.4% of the lesions were BCC in comparison with
the 80% rate of BCC occurrence in the general population,
as showed by the American Society of Clinical Oncology
[2]. The skewing of lesion numbers toward SCC in this
study may mask a higher local control due to the higher
failure rate of treated SCC compared with treated BCCs
[3-6,11, 14, 15].

Pathology in this study was not always reported as to
the various sub-types of BCC, which may confound re-
porting of long-term results. BCC is divided into multiple
sub-types, such as superficial, nodular, pigmented (low-
risk of recurrence) and sclerosing, morphoeic, infiltrating,
and basosquamous (high-risk of recurrence). More than
one histological sub-type can be detected within a single
BCC [30].

Thirty-five per cent of the follow-up visits were per-
formed by tele-dermatology rather than in person due to
patients’ fears regarding in-office COVID-19 exposure.
While concern might be raised regarding the accuracy

of diagnosis based on telemedicine images, a review of
21 tele-dermatology studies indicates that some studies
show a high accuracy of diagnosis [13].

Conclusions

This study was designed to address the insufficient
long-term efficacy and safety data for the treatment
of NMSC with electronic brachytherapy. Electronic
brachytherapy for the treatment of non-melanoma skin
cancer is safe and effective, showing excellent long-term
98.9% of local control, with a median follow-up of 7.6 years
(n = 183) and minimal long-term toxicities. These results
of a non-surgical treatment for NMSC provide further
support for the use of eBx for the treatment of NMSC.
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