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Abstract

Purpose: Non-melanoma skin cancers (NMSCs) can be treated with a number of modalities including surgery,
topical chemotherapy, or radiotherapy. Amongst the radiotherapeutic options, electronic brachytherapy (eBT) is an
appealing treatment as it is usually given in a few fractions, it leads to good outcomes, and is increasingly being used.
However, currently no follow-up imaging is routinely used or recommended to evaluate treatment response of NMSC.
We aimed to use ultrasound (US) in follow-up after eBT for superficial NMSC to assess its feasibility in detecting pos-

sible tumor response.

Material and methods: Fourteen patients were treated between 2013-2015 for a NMSC using eBT. US guidance was
used for treatment planning prior to eBT initiation. After completion of eBT, patients were seen in follow-up for both
clinical exam and a repeat US at 1 month to evaluate if tumor response was detectable.

Results: Of the 14 patients, 6 were male and 8 were female. The mean age was 71 years. With a median follow-up
of 20.5 months, all patients had a complete response based on physical exam. Eleven patients appeared to have a com-
plete response based on US obtained > 1 month after completing eBT. To date, there have been no local recurrences or

progression, and all patients are alive.

Conclusions: US is an objective imaging modality that may be able to assess NMSC response after eBT. Based on
follow-up imaging, further treatment or observation may be recommended. Although this study is hypothesis gener-
ating, larger studies with pathologic confirmation of recurrences would be needed to validate US use for follow-up,
avoiding possible painful and scarring biopsies in case of low suspicion of recurrence.
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Purpose

Non-melanoma skin cancer (NMSC) is the most com-
mon cancer in the United States, with an incidence greater
than that of all other cancers combined [1]. It has been
reported that basal cell carcinoma (BCC) has 2-5 times
the incidence than squamous cell carcinoma (SCC) of the
skin. Superficial NMSCs usually have a good prognosis
with treatments ranging from topical chemotherapy, sur-
gery, and radiotherapy [2,3,4,5,6,7,8,9,10,11,12]. Despite
having treatment guidelines for NMSCs that provide
a decision making process at most steps from diagnosis to
follow-up, observation remains as the follow-up recom-
mendation after treatment [1,2,13,14]. However, there has
been a suggestion that follow-up guidelines for treated
NMSCs may not be clear [15].

The overall recurrence for nodular, superficial, and scle-
rosing subtypes of BCC at 5 years was found to be about
16%, and for cutaneous SCC was approximately 5% at

10 years [16,17]. Although this is a small risk, there are cer-
tain factors of SCCs found to have poor outcomes such as
diameter > 2 cm, invasion beyond fat, poor differentiation,
perineural invasion, and location on ear, temple, or anogen-
ital area. Cutaneous SCCs can also lead to metastases 4% of
the time, and have a 2% disease-specific death [4,17].

In order to evaluate treatment response and monitor
treated NMSCs for possible tumor recurrence, we studied
the feasibility of ultrasound (US) as an objective imaging
modality during follow-up after electronic brachytherapy
(eBT) completion. To our knowledge, there are no other
studies showing the use of US in follow-up after treat-
ment for NMSC, particularly using eBT.

Material and methods

From December 2013 to June 2015, 15 patients with 15
biopsy-proven NMSCs were treated with definitive eBT
(Axxent eBx; Xoft - a subsidiary of iCAD, Inc., Sunnyvale,
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CA, USA) using US guidance for treatment planning.
A pre-treatment US was done to determine depth and
diameter of the NMSC, based on previously published
methods [18]. The pre-treatment US depth was used for
dose prescription. Eligible patients for this feasibility
study had both a pre-treatment US for eBT planning and
post-treatment US completed at least 1 month after eBT
completion for a superficial NMSC of < 5 mm depth. One
patient was ineligible due to having a post-treatment US
done at fraction 8 of 10 of eBT, instead of at least 1 month
after completion of eBT. There were 14 eligible NMSCs in
14 patients for this retrospective feasibility study.

Radiation oncology and radiology, referring physi-
cian documentation, and hospital records were reviewed.
Side effects were scored according to the National Cancer
Institute Common Toxicity Criteria for Adverse Events,
version 4. This study was approved by our institutional
review board. Written consent from each patient was ob-
tained to publish data and photographs.

Treatment details

Patients were treated using eBT at a dose of 40 Gy.
Fractionation schedule consisted of 10 fractions, 4 Gy
each, and lesions were treated 2-3 times a week. No extra
margin was added to depth based on US measurements

Table 1. Patient and lesion characteristics

# Patients % Patients
Age (years)
40-65 5 36
> 65 9 64
Gender
Male 6 43
Female 8 57
# Lesions % Lesions
Histology
BCC 9 64
SCC 5 36
Pre-treatment depth (mm)
1-1.9 6 43
2-2.9 5 36
3-3.9 2 14
4-4.9 1 7
=5 0 0

Pre-treatment largest cross-sectional diameter (mm)

1-5 5 36
6-10 7 50
11-15 1 7
16-20 1 7

BCC — basal cell carcinoma, SCC — squamous cell carcinoma

and Mohs pathology data showing that US may over-
compensate for depth by about 27% [19], and there was
no expected setup error in the vertical dimension.

Ultrasound measurements

Focused US of the lesions was performed by
a board-certified radiologist using either: the LOGIQ E9
(GE Healthcare, Milwaukee, WI, USA), or S-3000 US units
(Acuson; Siemens Medical Solutions, Mountain View,
CA, USA). Linear array transducers with frequencies of
14 and 18 MHz were used to obtain images. Imaging was
performed with either a custom made gel standoff pad
or cold US gel acting as a standoff, especially on body
parts where the gel pad could cause image degradation.
Gentle scanning was done to avoid distortion of NMSCs.
Two-dimensional B-mode images were obtained with
transverse and longitudinal sweeps across the lesion. The
US probe was oriented along the longest dimension of
the lesion to obtain sagittal and transverse evaluations.
Measurements of depth were made at the most vertical
extension of the NMSC in either plane [18].

US images were obtained pre-treatment for eBT plan-
ning purposes, and were again obtained > 1 month after
completing eBT during follow-up (at a median follow-up
of 6 months). The exact timing of follow-up US was at
the discretion of the treating radiation oncologist. The
pre-treatment and post-treatment US images were com-
pared for complete response (CR), partial response (PR),
or no response (NR). CR was defined as no residual tu-
mor seen on post-treatment US. PR was defined as any
decrease in cross dimension measurements on post-treat-
ment US. NR included lesions of the same size or larger
on post-treatment US. Residual disease seen on US was
defined as a well-defined echogenic discrete circum-
scribed lesion, rather than heterogeneity of echogenicity
commonly seen post-eBT on US from inflammation. Fea-
sibility was defined as the ability to visualize CR versus
PR versus NR on post-treatment US, based on a board
certified radiologist’s interpretation.

Results
Patient and lesion characteristics

There were 14 eligible NMSCs in 14 patients. Mean
age of patients was 71 years, with 6 males and 8 females.
There were 9 BCCs and 5 SCCs, with 4 nodular BCCs,
3 superficial BCCs, 1 superficial-nodular BCC, 1 well-dif-
ferentiated SCC, 1 moderately-differentiated SCC, 1 well
to moderately-differentiated SCC, and 3 lesions were not
specified with subtype. The pre-treatment largest diame-
ter of treated NMSCs on US ranged from 4 mm to 17 mm.
The mean pre-treatment depth of treated NMSCs on US
was 2.1 mm (1.3-4 mm). After completion of eBT, no le-
sions were visualized or clinically palpable at subsequent
routine follow-up with a radiation oncologist. Table 1
summarizes patient and lesion characteristics.

Ultrasound of NMSCs

Eleven post-treatment US completed at a median of
6 months post-treatment showed no residual disease
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(CR) after eBT. Six were BCC and five were SCC. Their
initial measurements were a mean depth of 2.0 mm, and
the largest diameter was 17 mm.

Three post-treatment US completed at median of
6 months after eBT showed residual disease (PR). All
3 were BCC, one of which was recurrent BCC after Mohs
micrographic surgery. Their immediate post-treatment
clinical exam showed erythema in all 3 PR patients with
eschars in 2 patients. Their initial US measurements were
a mean depth of 22 mm (3 mm, 1.5 mm, 2 mm), and
a mean of largest diameter was 7.7 mm (7 mm, 12 mm,
4 mm). Their initial clinical exam measurements were
a mean depth of 2 mm (3 mm, 1 mm, 2 mm), and a mean
of largest diameter was 10 mm (7 mm, 20 mm, 3 mm).
Their post-treatment US measurements showed a mean
depth of 1.7 mm (2 mm, 1 mm, 2 mm). The third PR pa-
tient’s post-treatment US report described a less conspic-
uous lesion with post-radiation changes compared to the
pre-treatment US.

None of the patients with residual disease on follow-up
US had progression of disease (NR). Two post-treatment

BT MOSE Bag

US reports described post-radiation changes. However, nei-
ther crusty lesions, bleeding, nor cutaneous infections were
described as problems for post-treatment US visualization.
Figure 1 shows pre-treatment and post-treatment US imag-
es for a NMSC with a CR, and another NMSC with a PR.

Treatment outcomes

All patients have had a clinical CR-based on physi-
cal exam (inspection and palpation); however, 78.6% of
patients had a radiologic CR-based on follow-up US im-
aging. The 21.4% of patients with a radiologic PR were
monitored with more frequent follow-ups, and clinical
exams with radiation oncologists and dermatologists.
The first patient with PR had a post-treatment US done
at 6 months, and was seen again 5 months after US
showing no clinical evidence of residual disease. Slight
hypopigmentation at the treated site was noted and the
patient was referred to dermatologists for clinical exams.
The second patient with PR had a post-treatment US done
at 7 months, and was seen every 1-2 months for 4 months

A
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Fig. 1. Pre- and post-treatment ultrasound imaging. A) Pre-treatment ultrasound imaging shows the depth and diameter of
a hypoechoic right nasal ala non-melanoma skin cancers (white crosses). B) Post-treatment ultrasound imaging shows no
evidence of residual tumor along the right nasal ala. C) Pre-treatment ultrasound imaging shows a hypoechoic lesion on
the left nasal ala measuring 0.69 cm in diameter and 0.26 cm in depth (white crosses). D) Post-treatment ultrasound 6 months
later demonstrates interval reduction in size of the same lesion, now measuring 0.50 cm in diameter and 0.21 cm in depth con-

sistent with a partial response
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for clinical exam with radiation oncologists showing no
evidence of residual disease but mild hypopigmenta-
tion, and then referred to dermatologists for routine skin
exams. The third PR patient had post-treatment US at
2 months and was seen at the completion of treatment
by radiation oncologists, and found to have moderate
erythema. The attending radiation oncologists called the
patient 1 month post-treatment due to patient’s inability
to come to clinic due to personal reasons, and the patient
followed post-treatment with dermatology clinical exams
with no evidence of disease recurrence.

With a median follow-up of 20.5 months (range, 8.5-
40 months), there have been no progression noted on clin-
ical exams. Also, there were 7 cases of grade 1 hypopig-
mentation, 2 cases of grade 1 erythema, 1 case of grade 2
erythema, and no cases of grade 3-4 skin necrosis or de-
layed healing after eBT. All patients are alive.

Discussion

This study reports on the feasibility of using standard
US technology as a follow-up tool after eBT for NMSCs,
to determine treatment response of a lesion after eBT. The
information from these images may have the potential
to be used to determine possible need for salvage treat-
ment. Salvage treatments of recurrent NMSCs include
surgery and/or additional radiotherapy [20,21,22,23,24].
The mean time to BCC recurrence has been reported to
be 20 months, with the majority of recurrences occur-
ring within 3 years [16], and it has been reported that at
10 years, cutaneous SCC recurrence is about 5% [17].
Risk factors for recurrence of NMSCs include a history of
multiple skin cancers, immunosuppression, and patho-
logic features of the NMSC [17,24,25].

In a published work, the 18 MHz US depth was com-
pared with punch biopsy to determine the depth of le-
sions. The results showed significant discrepancies in
depth determination: US was found to be less accurate at
very shallow depths for treatment purposes [26], i.e., an
uncertainty of pre-treatment depth assessment for shal-
low tumors was seen. Although, in this study we showed
the possibility of using a similar MHz US in follow-up
after completion of treatment and its feasibility in de-
tecting residual disease, the concern for shallow residual
disease detection by 18 MHz US persists. Biopsy remains
the gold standard for diagnosis of a skin cancer, although
various molecular imaging techniques have been studied
for skin imaging, including computed tomography, pos-
itron emission tomography, and high frequency US [27].
The potential for 30 MHz US to show details to charac-
terize skin carcinoma versus precancerous lesions and
healthy skin, has been investigated [28]. This higher fre-
quency US may potentially show important tissue details
to support a follow-up. However, this higher frequency
US is more experimental, while an 18 MHz US is avail-
able in most clinical departments, and as such, more ap-
plicable for the feasibility of US use in follow-up.

This study shows the possible utility of US in the
follow-up of eBT-treated NMSCs. Eleven patients were
shown to have a radiologic CR. Therefore, the 3 patients
without a CR on follow-up US were monitored more

closely with frequent follow-up by radiation oncologists
and dermatologists for possible recurrences. None of our
patients had a clinical recurrence requiring salvage treat-
ment with a median follow-up of 20.5 months. However,
studies have shown that the majority of recurrences occur
in the first 3 years after treatment [16].

Some limitations of this study include a small sample
size and a short follow-up, so it may not have been possi-
ble to capture probable recurrences that could still occur
with further follow-up. A previously published study
found significantly different measurements for prescrip-
tion depth between US and clinical exam in the pre-treat-
ment setting [29]. Our 3 patients with PR were followed
with clinical exam and did not have a repeated post-treat-
ment US showing no evidence of disease. Therefore, phy-
sicians may not have visualized or palpated PR if there
was a subtle residual disease on clinical exam. However,
our outcomes and toxicities were similar to 2 year results
for BCC eBT [30]. Also, the use of US imaging is oper-
ator dependent. Nevertheless, we were able to demon-
strate a possible feasibility and potential usefulness of US
in the follow-up of NMSCs post-treatment by capturing
3 patients, who continued to have residual disease after
eBT that was not detected on clinical examination. Due to
the post-treatment US, we have adjusted the clinical fol-
low-up schedule to be more frequent and rigorous in the
treated area for patients who had a PR after eBT.

Therefore, we conclude that follow-up US is feasible
to evaluate for NMSCs persistence of disease and treat-
ment response after eBT. However, larger studies are
needed to determine which patients may benefit the most
from follow-up US after eBT. Currently, guidelines sug-
gest clinical physical examination for NMSC follow-up
[2,14], but this study shows that US may be an objective
follow-up modality to guide further NMSC management.

Conclusions

US was found to be a feasible imaging modality for
post-treatment follow-up after eBT. Follow-up US may
allow clinicians to objectively evaluate treatment response,
help to determine timing for further follow-up, and pos-
sibly, evaluate patients with early recurrences suitable for
further salvage treatments. Other studies with a greater
number of patients and longer follow-up are needed to
confirm and validate the results of our study, and to better
establish the follow-up plan using US in NMSC.
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