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Abstract

Purpose: Although surgical approaches are standard for most non-melanomatous skin cancers, some patients are
not candidates due to medical co-morbidities or functional or cosmetic or lesion location. High-dose-rate electronic
brachytherapy (HDR-EBT) may be an alternative treatment modality.

Material and methods: A retrospective chart review was conducted from April 2011 to April 2013. All lesions were
pathologically confirmed as malignant basal cell or squamous cell carcinoma. A HDR-EBT system delivered a median
biological equivalent dose of 50 Gy total to a depth of 0.1-0.5 cm using various sizes of applicators. Treatment feasibil-
ity, acute and late toxicity, cosmetic outcomes, and local recurrence were assessed.

Results: Thirty-three patients with a mean age of 76 years with 50 cutaneous lesions were treated. Locations includ-
ed 17 extremity lesions and 33 head and neck lesions. After treatments, acute grade 3 moist desquamation developed in
9 of the lesions (18%). Acute grade 4 ulceration developed in 3 lesions in the lower extremity (6%) and 1 upper lip lesion
(2%). These toxicities were improved after a median of 20 days. Amongst the 4 lesions with grade 4 toxicities, a greater
proportion were in lower extremity lesions compared to head and neck lesions (75% vs. 25%). There was no difference
in the rate of grade 3 and 4 toxicities between patients aged < 75 years and aged > 75 years (p = 0.082). With a mean
long-term follow-up of 45.6 months, there was 1 local recurrence treated with surgery and no reported late toxicities.

Conclusions: Our experience with HDR-EBT for non-melanomatous skin cancers is encouraging in terms of effica-
cy and convenience for patients. Our long-term follow-up shows a good response in all treated sites. Caution should be
used for extremity sites, and more fractionated regimens should be considered to avoid severe acute toxicities.
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Purpose sive behavior than BCC and have a higher potential for

Non-melanomatous skin cancers are the most com-
mon malignant neoplasms worldwide, and the incidence
of skin cancer is increasing rapidly, with an estimated
2-3 million new cases of non-melanoma skin cancers
occurring each year [1-4]. Approximately 95% of all
non-melanomatous skin cancers are accounted for by
basal cell carcinoma (BCC) and squamous cell carcino-
mas (SCC) [1]. BCCs occur more frequently than SCCs,
comprising approximately 80% of all non-melanomatous
skin cancers, while SCCs have a generally more aggres-

metastatic spread [1, 5]. The median age of patients de-
veloping basal or squamous cell skin cancers is 68 years,
and the most common predisposing factor is prior ultra-
violet radiation exposure [6, 7]. Though they are fortu-
nately rarely lethal, non-melanomatous skin cancers can
be disfiguring when they occur in cosmetically sensitive
locations, particularly on the head and face [8].

Multiple modalities of treatment have been devel-
oped for non-melanomatous skin cancers, but surgical
excision remains the gold standard and preferred modal-
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ity in most cases. However, some patients may be poor
candidates for surgical intervention, particularly the el-
derly and patients receiving anticoagulation. Additional-
ly, the location and size of the skin lesion can hinder an
adequate surgical approach that would otherwise result
in unacceptable cosmetic or functional outcomes, primar-
ily in areas around the nose, lip, eyelids, medial canthus,
and pinna [5, 8-16]. As such, these patients may be po-
tential candidates for radiation therapy (RT) as an alter-
native primary treatment modality. Radiation therapy
continues to have a role in the adjuvant setting in cases of
positive surgical margins, perineural spread, invasion of
bone and cartilage, lymph node metastasis, and extensive
skeletal muscle infiltration [6].

Previous radiation options have included the use of
superficial (orthovoltage) X-rays which have recently be-
come unavailable. In addition, these orthovoltage X-ray
techniques are poorly suited for treatment of irregular
surfaces, such as the pinna and nasolabial fold, where
small SSDs could result in large dose inhomogeneities
[17]. Alternatively, megavoltage electron beam therapy
can be used but fields may be difficult to shape because of
the thickness of the blocks needed for dose conformality
[17] and also because this technique requires treatments
to be done en-face. Additionally, achieving a 100% dose at
the skin with electrons may require bolus use, and mega-
voltage energies may cause penetration of deeper normal
structures. High-dose-rate (HDR) brachytherapy skin ap-
plicators have been shown to be an effective option but
limited by the availability of high activity radioactive
isotopes [18]. In contrast, HDR electronic brachythera-
py (HDR-EBT) technique allows administration of radi-
ation for non-melanomatous skin cancer without use of
a radioactive isotope; its low energy beam alleviates the
concern for radiation protection. Because the HDR-EBT
technique is mobile, it can operate in locations where no
well-shielded vault exists and multiple rooms are allotted
for HDR-EBT procedures.

Guinot et al. [19] mentioned that low-dose-rate (LDR)
is no longer used given the logistics required for LDR ap-
plication. HDR and pulsed-dose-rate (PDR) have advan-
tages over external beam RT including hypofractionation
which does not require daily treatments, HDR and PDR
have a short treatment delivery time, and the rapid dose
fall-off allows for normal tissue sparing. Balgobind ef al.
[20] noted that PDR combines physical advantages of
HDR with radiobiological advantages of LDR. Fritz et al.
[21] reviewed long-term results of PDR for skin metas-
tases from breast cancer, which showed 83-89% local
control and 52% moist desquamation. However, most pa-
tients had received prior external beam RT.

Here we report on a retrospective review of patients
treated for BCCs and SCCs with the primary objective of
determining the safety, efficacy, cosmetic outcomes, and
local recurrence of the HDR-EBT technique.

Material and methods

All patients treated for malignant non-melanoma-
tous skin cancers with HDR-EBT between April 2011 and
April 2013 were identified and a retrospective chart re-

view was performed with approval by our institutional
review board. All patients had pathologic confirmation
of a malignant non-melanomatous skin cancer (BCC or
SCC) prior to radiation treatments.

Treatment setup

Patients were commonly simulated on-machine with
the clinical setup in the treatment position using Vac-
Lock Bags (Civco, Orange City, IA) for immobilization or
more rarely had CT scan-based simulation using a cus-
tomized thermoplastic mask (Civco, Orange City, IA) for
immobilization. For HDR-EBT, we used the Xoft Axxent
System device (iCAD, Inc., San Jose, CA). We followed
the AAPM TG-61 protocol and used a parallel plate ion
chamber that has a calibration factor provided by an Ac-
credited Dosimetry Calibration Laboratory at the Univer-
sity of Wisconsin. This calibration factor was provided at
2 X-ray energies.

Each lesion was measured and the gross tumor vol-
ume (GTV) was defined as the visible surface lesion.
Patients were treated using 1 cm, 2 cm, 3.5 cm, or 5 cm
applicators to a depth of 0.1-0.5 cm (determined from the
biopsy report or physical examination). An appropriate
surface applicator was selected for each lesion to ensure
adequate coverage of the clinical and planning target vol-
ume, which was defined as the GTV plus an acceptable
margin (approximately 1 cm) to account for microscopic
disease, measurement uncertainty, and setup uncertainty
[22] at the discretion of the treating physician. Appropri-
ate measures of protection were used for setup and treat-
ments as needed.

Treatment delivery

The HDR-EBT system delivered a planned median bi-
ologically equivalent dose in 2 Gy/fraction (fx) of 50 Gy
total (calculated using an a/ 3 =10) with total doses deliv-
ered ranging from 5.2 to 58.0 Gy /2-29 fx. The prescription
dose was an extrapolation from NCCN guideline recom-
mendations [23] and the treating physician’s discretion.
Patients were treated with several different fractionation
regimens depending on the location and depth of the
lesion and patient availability, with the most frequent
regimen being 40 Gy/8 fx, delivered twice weekly over
4 weeks. Different fractionations were used based on
treating physician discretion related to proximity to nor-
mal structures, tumor location, and availability of the
patient.

With each patient’s verbal and written permission, all
patients were photographed at the time of simulation and
assessed before each treatment to ensure that the surface
applicator completely covered the skin lesion with ade-
quate margins.

If skin toxicities showed up, patients were treated
with topical emollients, silver sulfadiazine, and/or topi-
cal steroids at the discretion of the treating physician.

Endpoints

Endpoints included acute and late toxicities and
short-term and long-term efficacy. Mean short-term
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(acute) follow-up was 6 months and long-term follow-up
was 45.6 months (1-117 months). Adverse events were
assessed during treatment and subsequent follow-up
visits and were graded according to the RTOG/EORTC
Acute/Late Radiation Morbidity Scoring Criteria. Long-
term follow-up was used to assess local recurrence and
late toxicities.

Statistics

Acute toxicity grading was organized into contingen-
cy tables and formatted into matrices by demographic,
pathologic and treatment characteristics. Fisher’s exact
test was used to determine the presence of significant
associations between categorical variables. The one-way
ANOVA test was used to assess for significant differences
in mean age, lesion size, and treatment duration by toxic-
ity grade categories (grade < 3, grade 3, and grade 4). All
data were analyzed using Intercooled Stata (version 8.0,
Stata Corporation, College Station, TX) and SAS (version
6.12, SAS, Inc., Cary, NC). Statistical significance was con-
sidered as p < 0.05.

Results
Patient and lesion demographics

Thirty-three patients with 50 non-melanoma cutane-
ous cancers were treated using the HDR-EBT technique
between April 2011 and April 2013. Demographic in-
formation is shown in Table 1. Mean age was 76 years
(range 43-92 years). Seventy-six percent of patients were
treated in the definitive setting and 24% were treated for
recurrent disease after surgery. Lesion locations included
17 extremity lesions and 33 head and neck lesions, which
encompassed 1 (2%) scalp, 11 (22%) face, 17 (34%) nose,
1 (2%) ear, and 3 (6%) around eyes.

Most treated extremity lesions were located in the dis-
tal lower extremity, affecting the shin, calf, or ankle. One
extremity lesion was treated in the upper arm.

Treatment specifics

The mean and median lesion sizes were 0.98 cm and
1 cm, respectively. The standard deviation of the lesions’
sizes is 0.5838. Most patients (72%) were treated with at
least a1 cm margin around the tumor and median margin
distance of 1.5 cm from the visible lesion. Smaller mar-
gins were used in cases where organs at risk were in close
proximity to the treated lesion. A breakdown of the appli-
cator sizes, treatment depths, and treatment margins by
tumor size is shown in Table 2. The mean treatment time
per fx was 5.5 minutes (range 1.8-14.2 minutes).

Alternate fractionation regimens were used in set-
tings where patients had a history of prior radiation
(n = 8) or concerns over toxicity to a nearby organ at risk
(n = 17). Treatments were delivered over a mean of 26.8
days (range 2-96 days). Eight lesions were treated over
> 30 days.

There was 1 patient who started treatment but did not
complete the HDR-EBT course and 9 patients who had
treatment breaks during HDR-EBT.
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Table 1. Patient and lesion demographics
Variable n %
Histology
Basal cell 28 56.0
Squamous cell 22 44.0
Treatment setting
Definitive 38 76.0
Recurrence 12 24.0
Gender
Female 28 56.0
Male 22 44.0
Lesion location
Head and neck 33 66.0
Scalp 1 2.0
Face 11 22.0
Nose 17 34.0
Ear 1 2.0
Around eyes 3 6.0
Extremity 17 34.0

Table 2. Applicator characteristics and lesion size

Applicator size n Median lesion size
lcm 3 0.50 cm
2cm 27 1.00 cm
3.5cm 13 1.00 cm
5cm 7 1.40 cm
Treatment depth

0.1cm 11 0.50 cm
0.2cm 18 1.00 cm
0.3 cm 14 1.00 cm
0.4 cm 3 0.40 cm
0.5cm 4 1.00 cm
Margin

<0.5cm 8 1.50 cm
>0.5-1cm 13 1.00 cm
>1-1.5cm 7 0.50 cm
>1.5cm 22 0.90 cm

Incidence and management of acute complications

All patients developed grade 1 toxicity with erythe-
ma and 28% of patients developed grade 2 toxicity with
patchy moist desquamation. However, 13 (39%) patients
progressed to grade 3 toxicity with confluent moist des-
quamation or grade 4 toxicity with ulceration. Acute
grade 3 moist desquamation developed in 9 of the treated
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lesions (18%) and acute grade 4 ulceration developed in
3 lesions in the lower extremity (6%) and 1 lesion on the
upper lip (2%). Amongst the four grade 4 toxicities, 2 le-
sions were 0.2 cm deep and 2 lesions were 0.4 cm deep.
Nine patients were started on pentoxifylline 400 mg by
mouth 3 times daily and vitamin E 400 IU daily. One pa-
tient underwent debridement and a free-flap reconstruc-
tion for a non-healing ulcer on the shin. Nine patients
had treatment breaks with a median duration of 8 days
(range, 2-55 days). Grade 2 and higher toxicities were typ-
ically observed near the end of the treatment course and
lasted a median of 20 days (range, 1-49 days). The distri-
bution of acute toxicities is tabulated along with demo-
graphic and treatment characteristics in Tables 3 and 4,
respectively.

As noted in Table 3, 18% of patients treated for ex-
tremity lesions experienced grade 4 skin ulceration,
which was significantly more frequent than 3% among
the head and neck lesions (p = 0.014). Conversely, pa-
tients treated to the head and neck developed confluent
moist desquamation more frequently than the extremity
lesions but did not progress to ulceration (27% vs. 0%,
p = 0.014). Larger lesions were also associated with a higher
proportion of patients progressing to grade 3 (9% vs. 40%)
and grade 4 toxicity (6% vs. 13%, p = 0.013), compared to
smaller lesions. However, there was no difference in the
distributions of toxicities based on age between patients
< 75 years of age and those aged > 75 (p = 0.082). Fur-

Table 3. Demographics and acute toxicity data

thermore, patients more frequently progressed to grade 4
ulceration when treated with > 5 Gy per fx (11% vs. 0%,
p = 0.003) and with overall treatment duration less than
25 days (12% vs. 4%, p = 0.018). These data are presented
in Table 4.

One patient developed ulceration at 102 days after
completing treatment for an SCC on the left posterome-
dial ankle. She was treated with Unna boot dressings and
pentoxifylline with vitamin E administered.

Long-term efficacy

At a mean follow-up of 45.6 months, there was 1 lo-
cal recurrence recorded. This patient was treated with
a wide local excision 35 months after completing HDR-
EBT. There were no recorded late toxicities.

Discussion

Several non-surgical modalities have long been avail-
able for the treatment of non-melanomatous skin cancers,
but the reduced shielding requirements, convenience of
treatment (less than 6 minutes per fx in our experience),
and relative mobility of HDR-EBT have made this modal-
ity an attractive alternative to superficial and orthovoltage
X-rays, electron beam, and isotope-based HDR brachyther-
apy. However, there remains limited data available on the
clinical experience of this treatment technique.

Parameter Total Grade < 3 Grade 3 Grade 4 Fisher’s exact
(n=37) (n=9) (n=4) p-value

Age
Mean 76 +4.8 74 £1.8 69 £3.6 80 +0.9 0.22*
Median 76 75 64 80
<75 years 25 19 (76%) 6 (24%) 0 (0%) 0.082
> 75 years 25 18 (72%) 3 (12%) 4 (16%)

Gender
Female 28 23 (82%) 1 (4%) 4 (14%) 0.002
Male 22 14 (64%) 8 (36%) 0 (0%)

Location
Head and neck 33 23 (70%) 9 (27%) 1 (3%) 0.014
Extremity 17 14 (82%) 0 (0%) 3 (18%)

Histology
Basal 28 21 (75%) 6 (21%) 1 (4%) 0.437
Squamous 22 16 (73%) 3 (14%) 3 (14%)

Lesion size
Mean 0.98 0.8 0.88 +0.9 138 £2.1 0.95 £3.2 0.073*
Median 1.0 0.9 1.5 0.95
<lcm 35 30 (86%) 3 (9%) 2 (6%) 0.013
>1cm 15 7 (47%) 6 (40%) 2 (13%)

*ANOVA; bold is significant
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Table 4. Treatment characteristics and acute toxicity data

Parameter Total Grade < 3 Grade 3 Grade 4 Fisher’s exact
(n=37) (n=9) (n=4) p-value
# Fractions
<8 38 29 (76%) 5 (13%) 4 (11%) 0.180
>8 12 8 (67%) 4 (33%) 0 (0%)
Fraction size
<5QGy 16 9 (56%) 7 (44%) 0 (0%) 0.003
>5 Qy 34 28 (82%) 2 (6%) 4 (12%)
Total EQD,*
<50 Gy 12 8 (67%) 4 (33%) 0 (0%) 0.180
>50 Gy 38 29 (76%) 5 (13%) 4 (11%)
Treatment duration
Mean 26.8 £2.1 24.4 £1.9 38.2+8.1 23.5+2.6 0.037*
Median 24 24 26 22
< 25 days 26 22 (85%) 1(5%) 3 (12%) 0.018
> 25 days 24 15 (63%) 8 (33%) 1(4%)

"ANOVA; *EQD, — equivalent dose in 2 Gy fractions (o/B = 10); bold is significant

Ouhib et al. [24] described HDR brachytherapy in-
cluding molds/surface applicators and interstitial op-
tions as well as HDR-EBT. For molds/surface applicators,
dosing with 40 Gy in 8 fx was recommended. Tom ef al.
[25] discussed the American Brachytherapy Society con-
sensus regarding HDR-EBT to reserve its use for clinical
trials given the lack of data comparing HDR-EBT to tra-
ditional RT techniques and lack of long term follow-up.
However, GEC-ESTRO does provide HDR-EBT as
a treatment option for skin brachytherapy [19]. Shah et al.
[26] discussed radionuclide-based skin brachytherapy
for non-melanomatous skin cancers as a standard of care
option. Gauden et al. [27] reported that the use of HDR
brachytherapy with a Leipzig surface applicator had
acute grade 1 toxicity of 71% and grade 2 was 34%. Late
hypopigmentation toxicity was 5.5%. Therefore, toxicities
from HDR brachytherapy appear to be similar to our ex-
perience with HDR-EBT. According to GEC-ESTRO, 5 Gy
x 8 fx or 7 Gy x 6 fx twice a week was recommended for
brachytherapy with surface applicators. Also, they stated
that brachytherapy provides an efficient and well-toler-
ated treatment for skin cancer patients [19]. This tolera-
ble dose and fractionation are similar to the findings of
our study. However, there is controversy in recommen-
dations regarding HDR-EBT use for non-melanomatous
skin cancers.

Because HDR-EBT is a contact therapy, it is suscep-
tible to potential under-dosing of the lesions if they are
not accurately targeted. Our institutional protocol treat-
ed patients with a setup margin of at least 1 cm around
the boundary of the gross lesion with smaller margins
used when constrained by nearby critical structures.
The smallest margin was 2 mm and it was for a left ma-
lar BCC due to proximity to normal tissue structures.
We do not believe this affected the overall results. Since

then, more detailed recommendations on lateral margins
have been published by Khan et al. [28], based on frozen
section evaluation of the microscopic extent of disease
to help guide clinician determination of tumor volumes.
However, determination of the deep margin remains
a concern since clinical assessment alone may not be ac-
curate and remains an area for investigation. A report
by Ballester-Sanchez et al. [29] suggested using high-fre-
quency ultrasound to assess tumor depth; however, they
found a borderline significant correlation between ultra-
sound-determined and punch biopsy-determined depth
for superficial lesions (p = 0.05007), but no correlation for
nodular lesions.

In terms of treatment tolerance, our experience has
shown no statistically significant difference in the inci-
dence of toxicities between patients aged < 75 years and
aged > 75 years, and this is consistent with prior pub-
lished reports using the HDR-EBT technique for skin can-
cers [30, 31]. Most patients in our cohort developed no
worse toxicity than grade 2 with patchy moist desquama-
tion. However, while not statistically significant, it may
be clinically relevant that the four grade 4 toxicities in our
study occurred in patients aged > 75 years.

Furthermore, lesions in the lower extremity, particu-
larly on the shin, are known to have poor vascularity and
are associated with poor healing after surgical therapy
or RT. Indeed, several older series have reported poor
wound healing to affect up to 33% of patients treated
with RT to the lower extremity [32-34]. A recent study
using HDR-EBT by Ballester-Séanchez et al. [31] found
that 100% of their trunk and extremity cases developed
ulceration compared to 44.4% in the head and neck. Our
study compares favorably with 18% of extremity lesions
developing ulceration, but this rate was still significantly
more than the 3% incidence in our head and neck lesions
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(p = 0.014). As such, it may be prudent to consider more
fractionated regimens, such as 40 Gy in 8-10 fx twice
weekly, when confronted with the treatment of an ex-
tremity lesion, particularly in elderly patients.

We had 1 patient who did not complete the prescribed
HDR-EBT treatment. The range of completed fractions
was included to provide information on a likely clinical
population with some patients who may not complete
treatment on their own accord and had acute grade 0
toxicity. Based on our prior experience, 40 Gy in 10 fx
seemed to be well tolerated and effective at short term
follow-up [35], and 40 Gy in 8 fx was the most common
regimen used in this study’s patient cohort.

Since all patients in our study developed some
amount of skin toxicity during treatment, patients were
routinely treated with topical agents as part of their skin
care regimen to reduce the severity of radiation-induced
dermatitis and promote healing. Although the medical
literature includes a myriad of studies evaluating treat-
ments for radiation dermatitis, it has not been able to fur-
nish clinicians with an optimal skin care regimen [36, 37].
As such, our institution generally recommended patients
start with an aqueous cream or petroleum-based emol-
lient before escalating to more aggressive skin care regi-
mens such as topical steroids or silver sulfadiazine based
on data extrapolated from the treatment of radiation
dermatitis in breast irradiation [38-40]. Two randomized
trials by Bostrom et al. and Hindley et al. showed signifi-
cant reduction in radiation dermatitis with use of topical
mometasone furoate, while topical silver sulfadiazine was
supported by another randomized trial by Hemati et al.
[38-40]. Pentoxifylline and vitamin E was prescribed in
9 patients in our cohort, including 3 patients who devel-
oped ulceration, with the intent of promoting healing and
preventing late toxicities such as radiation-induced fibro-
sis, as supported by several studies [41-44]. However,
pentoxifylline has not been found to affect acute radiation
skin reactions or pain [45, 46].

The limitations of this study include its retrospective
nature and limited number of patients assessed. Howev-
er, our study does contribute to the growing literature
on HDR-EBT by confirming its promising short-term
and long-term efficacy and reporting our acute toxicity
experience. Unfortunately, there remains a paucity of
long-term data on both the safety and efficacy of HDR-
EBT, but our data provide a long-term follow-up of 45.6
months. The acute grade 3 and 4 toxicities were treated in
our patient population and there were no recorded late
toxicities. Toxicities from HDR brachytherapy appear to
be similar to HDR-EBT. Roth et al. [47] found that almost
99% of non-melanomatous skin cancers will not recur
after 85 months following superficial RT. Our study has
a median follow-up of 45.6 months, so this may not be
a long enough follow-up for local recurrence of non-mel-
anomatous skin cancers, in which case further long-term
data are warranted.

The series by Bhatnagar et al. [30] has a mean fol-
low-up of 10 months’ duration, which likely is not ade-
quate to assess the risk of recurrence and late sequelae.
A retrospective study of 180 cutaneous SCCs by Barysch
et al. [48] found that with superficial radiation, the re-

lapse-free survival declines from 95.8% at 1 year to 80.4%
at 10 years, illustrating the need for longer follow-up to
evaluate efficacy of radiation modalities such as HDR-
EBT for non-melanomatous skin cancers. Following our
initial experience with grade 4 toxicities, we began to
measure the depth of each lesion with high frequency ul-
trasound (US) [49]. By using US-guided depth measure-
ments that allow for a more accurate depth measurement
to reduce the surface skin dose, we have not had another
grade 4 toxicity in subsequent patients [22].

Conclusions

Our experience with HDR-EBT for non-melanoma-
tous skin cancers is encouraging in terms of short-term
and long-term efficacy and convenience for non-oper-
ative patients. However, this technology needs further
long-term follow-up to assess long-term local control,
cosmesis, and late toxicity. Caution should be used when
treating lesions on extremity sites, particularly in elderly
patients, and more fractionated regimens should be con-
sidered to avoid severe acute toxicities.
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