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Abstract
Purpose: Historically, the standard of care for total skin electron beam therapy (TSEBT) delivered 30 to 36 Gy over 5 to 10 weeks.
Given the high risk of relapse, a majority of patients require additional treatments. Therefore, attempts to use a shortened course of
TSEBT have been investigated.
Methods and Materials: We conducted a single-institution retrospective review to evaluate disease response, control, and toxicity using
a low-dose, hypofractionated course of TSEBT (HTSEBT) in patients with mycosis fungoides.
Results: Forty patients received 57 courses of HTSEBT. Median dose (Gy)/fractionation was 12/3, spanning a median time of 2.4
weeks. Overall response rate of patients assessed (n Z 54) was 100%. Thirty-one courses (57.4%) resulted in a complete response and
23 courses (42.6%) resulted in a partial response. Cumulative incidence of progressive skin disease at 3 months was 37.2%, at 6 months,
56.9%, and at 1 year, 81.5%. Of the 40 patients treated with a first course of HTSEBT, 31 received subsequent courses of radiotherapy.
Cumulative incidence of subsequent treatment was 28.0% at 3 months, 46.8% at 6 months, and 70.0% at 1 year. Patients who underwent
repeat courses of HTSEBT continued to have similar treatment responses to repeat courses without increased toxicities. Toxicities from
all courses were acceptable with the exception of 1 patient, who experienced grade 4 skin toxicity (moist desquamation requiring
hospitalization).
Conclusions: Low-dose HTSEBT provides good palliation in patients with cutaneous T-cell lymphoma with a satisfactory response and
toxicity profile. HTSEBT allows therapy to be completed in far fewer treatments. Low-dose HTSEBT is an appropriate treatment option
for patients unable to come for daily treatment. HTSEBT provides a way to decrease exposure to other patients and staff during public
health emergencies such as the coronavirus disease 2019 (COVID-19) pandemic.
� 2020 The Author(s). Published by Elsevier Inc. on behalf of American Society for Radiation Oncology. This is an open access article
under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Introduction

Total skin electron beam therapy (TSEBT) is a highly
effective palliative treatment for patients with mycosis
fungoides and other forms of cutaneous T-cell lymphoma
(CTCL). Dose guidelines published by the National
Comprehensive Cancer Network recommend a total dose
of 12 to 36 Gy in TSEBT patients, and the International
Lymphoma Radiation Oncology Group has recommended
total doses ranging from 8 to 36 Gy.1,2 Despite a lack of
guidelines regarding fraction size, most reports have
described a daily dose of 1 Gy administered 4 to 5 times
per week.3

Following TSEBT, most patients will experience pro-
gressive disease within 6 to 12 months. Low-dose TSEBT
using 12 Gy in 8 to 12 fractions has the potential to
decrease the burden of treatment for patients. Favorable
results, including response rates of 87% to 88%, have
been reported by Stanford4 and the UK Cutaneous
Lymphoma Group.5

Hypofractionated regimens are more convenient for
patients.6,7 We have combined the concept of low-dose
palliative TSEBT with hypofractionation, resulting in a
regimen that can generally be completed with 4 or fewer
treatments. Previous results have been published from a
database of patients with cutaneous lymphoma who were
treated with radiation therapy using a variety of tech-
niques, including focal radiation therapy, regional radia-
tion therapy, and TSEBT between January 2000 through
September 2017.8 This study was undertaken to provide a
detailed assessment of outcomes in the subset of patients
treated with hypofractionated total skin electron beam
therapy (HTSEBT), further defined below. The database
in this subset of patients was updated to include all pa-
tients treated with HTSEBT from 2000 to 2020.

Methods and Materials

This study was performed with institutional review
board approval utilizing the aforementioned institutional
database. Patients included in this study had a diagnosis
of CTCL and were treated with HTSEBT, defined as �2.5
Gy per fraction typically given once every 1 to 2 weeks,
delivered at the Mayo Clinic in Rochester, MN, from
January 2000 to January 2020. This report includes a
description of an illustrative case, including photographs.
Written permission was obtained from the patient to
disclose this case-specific information.

Patients were included for analysis if age 18 or older,
Eastern Cooperative Oncology Group performance status
0 to 3, and had biopsy-confirmed stage IB to III CTCL.
Patient characteristics, treatment details, toxicities, and
oncologic outcomes were recorded and updated for each
patient. Additionally, given the rarity of centers delivering
TSEBT, the 2-way travel distance by road between our
center and each patient’s home was collected (https://
www.google.com/maps).

The primary objectives of this study were to examine
the effectiveness and toxicity of HTSEBT. Endpoints
included clinical response of cutaneous lesions, date of
progressive skin disease, and date of subsequent radiation
therapy treatments. Toxicities were recorded using
Common Terminology Criteria for Adverse Events
version 4.03.

Electrons with an extended source to surface distance
were used to deliver total skin electron therapy.9 For 55 of
57 courses, the Stanford technique was used.10 The
Stanford technique has the patient assume 6 standing
poses at 60� increments: anterior, posterior, right anterior
oblique, right posterior oblique, left anterior oblique, and
left posterior oblique At each angle, 2 fields are treated,
one for the upper body and a second for the lower body,
resulting in a total of 12 fields. A thin polycarbonate
scattering panel was used at approximately 212 cm from
the isocenter. A 6-MeV energy linear accelerator in high-
dose total skin electron treatment mode was used to
deliver dual electron fields at each of the 6 positions with
central rays � 20� from the horizontal. In all treatments
where the patient could stand, 12 fields were treated daily.
Two courses were delivered using a lying-on-the floor
position due to poor performance status and inability to
remain standing throughout the length of treatment.9,11

Most patients had significant debility and were unable
to tolerate eye shields because of an unacceptable risk of
falling. Accordingly, eye shields were not routinely used.

Initial follow-up and assessment of response was
largely completed by radiation oncology teams with
experience in the treatment and assessment of cutaneous
lymphoma. At follow-up visits, response assessment was
recorded in the medical record. Pretreatment and post-
treatment photography of either the entire body or large
areas of the body (eg, the entire trunk) was extensively
used at follow-up to aid in assessing and documenting
response. Patients were not routinely seen by a hematol-
ogist or dermatologist at the time of initial follow-up and
response assessment. Full details regarding personnel
involved in response assessment are described in the
Results. Follow-up subsequent to assessment of response
was generally performed at the time of patient-reported
progression of disease, which initiated prompt scheduling
of the patient for a visit with the patient’s physician.

Response to treatment was assessed according to In-
ternational Society for Cutaneous Lymphoma criteria12

with the exception of a subdivision of patients with par-
tial response, as described below. Complete response was
defined as 100% clearance of skin lesions. Initial analysis
of the data subdivided partial response (PR) into PR�50-

95, which were cases with �50% to 95% clearance of skin
lesions and near complete response, (NCR)>95-99, defined
as >95% to 99% clearance. In a post hoc analysis, we
sought to provide preliminary evidence regarding the

https://www.google.com/maps
https://www.google.com/maps


Table 1 Patient demographics and characteristics of each
patient before course of hypofractionated total skin electron
beam therapy

Patients N Z 40
Age, y
Median 67.0
Range (33.0-93.0)

Sex, n (%)
F 12 (30.0)
M 28 (70.0)

HTSEBT course, n (%)
Single 26 (65.0)
Multiple 14 (35.0)

Courses N Z 57
ECOG at treatment, n (%)
0 13 (22.8)
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validity of this subdivision of partial response by deter-
mining whether time to progressive skin disease in pa-
tients with NCR>95-99 was more prolonged than in
patients with PR�50-95.

Progressive skin disease was defined as �25% in-
crease in skin disease from baseline or any disease
recurrence in those with a complete response. Date of skin
progression was recorded as the date assessed by the
physician. Subsequent radiation therapy treatments were
collected as repeat total skin therapy, repeat focal treat-
ment, or both. Date of subsequent radiation therapy
treatment, defined as time from completion of total skin
radiation therapy to subsequent start of radiation therapy
treatment was collected for applicable patients. Toxicities
were retrospectively assessed according to Common
Terminology Criteria for Adverse Events version 4.03
using medical photographs and information in the medical
record, obtained through clinic follow-up appointments,
telephone communication, or outside hospital records.

All outcomes were assessed starting on the date that
the radiation therapy was completed. The cumulative
incidence of skin progression and subsequent radiation
therapy delivery was estimated, treating death as a
competing risk. A univariate cox model was calculated to
discern a difference in skin progression based on course
number for patients who underwent repeat courses of
HTSEBT. In a post hoc analysis, the cumulative incidence
of skin progression and subsequent radiation therapy was
estimated (using death as a competing risk factor) by
grouping patients into cohorts based on response to first
course of HTSEBT. In the first analysis, patients were
grouped into CR, PR�50-95, and NCR>95-99, and in the
second analysis, patients were grouped into CR and PR
alone, eliminating the NCR>95-99 cohort. Univariate cox
models were calculated to discern a difference in time to
progressive skin disease or subsequent radiotherapeutic
interventions among these various groupings. Data was
analyzed using SAS version 9.4. A 2-sided P value of �
.05 was considered significant in all analyses.
1 33 (57.9)
2 6 (10.5)
3 5 (8.8)

Stage (%)
Unknown 4 (7.0)
IA 1 (1.8)
IB 4 (7.0)
IIB 6 (10.5)
III 2 (3.5)
IVA 38 (66.7)
IVB 2 (3.5)

T-stage, n (%)
T1b 1 (1.8)
T2 36 (63.2)
T3 15 (26.3)
T4 5 (8.7)

Abbreviation: ECOG Z Eastern Cooperative Oncology Group;
HTSEBT Z hypofractionated total skin electron beam therapy.
Results

Forty-seven patients were identified as having one or
more courses of HTSEBT. Seven patients were excluded
from the analysis: 5 patients with atypical histology and 2
patients declined use of their medical record for research
purposes. Therefore, 40 patients who received 57 courses
of hypofractionated TSEBT were included; including 14
patients who received a second course of HTSEBT and 3
who received a third course of HTSEBT. With the
exception of a single patient, no patients were treated with
antineoplastic pharmaceutical agents or other therapies for
cutaneous lymphoma during their HTSEBT course or
before assessment of response. One patient was inadver-
tently left on oral bexarotene during radiotherapy, despite
having experienced progression on this agent. Bexarotene
was promptly discontinued after the first fraction.

Of the 40 patients evaluated (Table 1), median age at
diagnosis was 67 years old (range, 33-93). Patients were
predominantly male (70%). Eighty-one percent of patients
had Eastern Cooperative Oncology Group performance
status 0 or 1 before course of radiation therapy. Most
patients had stage IB or IIB disease before initiation of
radiotherapy. The median round-trip distance between
patients’ homes and our treatment center was 284 miles
(range, 4-1150).

Median dose and fractionation was 12 Gy in 3 frac-
tions, spanning a median time of 2.4 weeks. The most
common regimen was 12 Gy in 3 fractions (17 courses of
treatment, 29.8%). The second most common regimen
was 8 Gy in 2 fractions (14 courses of treatment, 24.6%).
Additional dose and fractionation schemes are shown in
Table 2.

Three patient courses had no reported follow-up but
still contributed to the database with regard to presenting
features, toxicity, and distance traveled from home. Of the



Table 2 Dose and fractionation regimens

Total dose, Gy Number of fractions

1 2 3 4 5

Number of cases (total n Z 57)

2.5 1
3.5 1
4 4 1
4.5 4
8 14 1
9 2
12 17 1
12.5 1
14 1
15 1 1
16 4
20 2
26.4 1

Table 3 Response rate after HTSEBT

Response No. of courses
(N Z 57)

% of assessed
(N Z 54)

Complete 31 57.4
Partial 23 42.6
Not evaluable 3 -

Abbreviation: HTSEBTZ hypofractionated total skin electron beam
therapy.
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remaining 54 courses, patients were assessed for response
at a median follow up of 29 days (range, 7-216 days;
interquartile range, 19.0-65.5 days). Forty-nine of 54 re-
sponses (91%) were assessed at the time of follow-up by a
radiation oncology team with experience in the treatment
and assessment of cutaneous lymphoma. Of the 49 re-
sponses assessed in office, all cases were evaluated by the
initial treating provider with the exception of one case that
was transitioned between 2 radiation oncology providers
at the time of retirement of the initial treating radiation
oncologist. Two cases were assessed in follow-up by the
patient’s hematologist. The other 3 responses were
recorded after a thorough conversation with the patient on
the phone regarding disease burden. All patients with
Figure 1 Cumulative incidence of progressive skin disease based
electron beam therapy (complete response vs near complete response
complete responses were evaluated in office by the
treating radiation oncologist.

The overall response rate for patients was 100%.
Thirty-one courses (57.4%) resulted in a complete
response, and 23 courses (42.6%) resulted in a partial
response (Table 3).

An exploratory analysis did not provide evidence for
the validity of subdivision of patients with PR. Specif-
ically, patients with NCR>95-99 did not have a more
prolonged time to skin progression than those with PR�50-

95 (Fig 1). Accordingly, we eliminated the subdivision of
near complete response from our summary of response
rates (Table 3). Additional post hoc analyses did
demonstrate that patients who experienced a CR had a
more prolonged time to skin progression than patients
who experienced a PR (Fig 2).

The median time to skin progression was 89 days. As
previously stated, we used the principle that a >25% in-
crease in disease constituted progression in patients who
previously had a partial response. It was not possible to
calculate the percentage increase in disease in the context of
a retrospective study. However, it was our uniform experi-
ence that progression was sufficiently dramatic as to clearly
upon response to initial course of hypofractionated total skin

>95-99 vs partial response�50-95).



Figure 2 Cumulative incidence of progressive skin disease based upon response to initial course of hypofractionated total skin
electron beam therapy (complete response vs partial response).
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be above the 25% threshold. Cumulative incidence of pro-
gressive skin disease at 3 months was 37.2%, at 6 months,
56.9%, and at 1 year, 81.5% (Table 4, Fig 3).

Thirty-ninecoursesof subsequent radiation therapywere
delivered. This comprised 17 repeat HTSEBT courses and
23 repeat focal skin treatments. Cumulative incidence of
subsequent treatment (either HTSEBT or focal skin treat-
ment) was 28.0% at 3 months, 46.8% at 6 months, and
70.0% at 1 year. (Table 4, Fig 4a). Cumulative incidence of
repeat HTSEBTwas 9.6% at 3 months, 14.4% at 6 months,
and 30.8% at 1 year (Table 4, Fig 4b). The cumulative
incidence of repeat HTSEBT or focal treatment was longer
for patientswith a complete response to their prior treatment
compared with a partial response, 32.5% (95% confidence
interval [CI], 18.9-56.0) at 6months versus 64.8% (95%CI,
47.2-89.0), respectively (hazard ratio 3.28, P< .01).

Patients who underwent repeat courses of HTSEBT
did not experience more rapid skin progression than seen
after a first course of radiation therapy (Fig 5). With the
first courses of treatment as reference, the hazard ratio for
skin progression for a second course of treatment was
0.52 (95% CI, 0.12-2.19) and 0.87 (95% CI, 0.38-2.00)
for a third course of treatment.

The most common acute radiation-induced side effects
were grade 1 or 2 and included pruritus (n Z 9, 16%),
Table 4 Progressive skin disease and subsequent treatment outco

Outcome

Cumulative incidence of progressive skin disease, %
Cumulative incidence of subsequent treatment (focal or HTSEBT),
Cumulative Incidence of Subsequent HTSEBT, %

Abbreviation: HTSEBT Z hypofractionated total skin electron beam therapy
diffuse erythema (n Z 12, 21%), skin pain or discomfort
(n Z 8, 14%), lower extremity swelling (n Z 5, 9%),
swelling localized around the original lesions (n Z 1,
2%), finger swelling (n Z 1, 2%), upper-lip swelling (n
Z 1, 2%), and desquamation or blister formation (n Z 9,
16%). Four patients reported acute fatigue (7%) and 2
patients experienced eye irritation and dryness (5%).
Treatment-related alopecia was reported in 41% (n Z 22)
of cases, whereas nail ridging was present in 17% of cases
(n Z 9). No acute grade 3 toxicity was observed. One
patient experienced acute grade 4 diffuse moist desqua-
mation requiring hospitalization. Two patients reported
late hyperpigmentation.
Discussion

Multiple previous studies have analyzed response
rates of TSEBT delivered with a total dose of 30 to 36
Gy delivered over 5 to 10 weeks. These studies typically
describe an excellent overall response rate of greater
than 90% with complete response rates ranging between
60% and 95%.10,13 Although these noted a median time
until disease progression varying from 6 to 12
months,10,13 patients on average spend approximately 2
mes (with 95% confidence intervals)

3 mo 6 mo 1 y

37.2 (26.2-52.7) 56.9 (71.3-93.2) 81.5 (71.3-93.2)
% 28.0 (18.2-43.1) 46.8 (34.8-62.8) 70.0 (58.1-84.5)

9.62 (4.18-22.2) 14.4 (7.2-28.8) 30.8 (18.8-50.5)

.



Figure 3 Cumulative incidence of progressive skin disease after completion of all courses of hypofractionated total skin electron beam
therapy.
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to 3 months undergoing treatment. Results from a
pooled analysis of phase 2 clinical trials published by
Hoppe et al in 20154 analyzed 33 patients treated with
low-dose total skin electron beam radiation therapy, 12
Gy delivered as 1 Gy per fraction over 3 weeks. In this
series, the response rate was 88%, and the complete
response rate was 27%.4

Hypofractionated low-dose total skin electron beam
therapy resulted in a 100% response rate in evaluable
patients in the present study, with 57.4% experiencing a
complete response and 42.6% experiencing a partial
response. The durability of response was very heteroge-
neous, with 62.8% free of skin progression at 3 months
and 43.1% free of skin progression at 6 months.

Our results do not provide evidence that a subdivision
of partial response into patients with >95% clearance of
disease and those with 50% to 95% clearance of disease is
clinically useful (Fig 1). Validation of any subdivision of
partial response is needed before use in routine clinical
practice or use as a measure of patient benefit. Validation
studies would preferably use prospectively acquired data
and could include evaluation of symptoms at the time of
response assessment and determination of the prognostic
significance of different levels of response.

A decreased likelihood of response has been reported
after retreatment with TSEBT.10 In contrast, the response
rate was 100% among evaluable patients after a second or
third course of HTSEBT in the present study. Patients
treated with a second or third course of HTSEBT did not
experience a more rapid rate of skin progression than was
observed after a first course of HTSEBT (Fig 5).

Treatment was generally well-tolerated, and our
regimen compares favorably with other published toxicity
data.14,15 An exception occurred in one patient, who
experienced grade 4 toxicity. The patient presented with
severely painful erythroderma and was not a candidate for
other treatment options. Because of the potential for se-
vere cutaneous toxicity, erythroderma has been described
as a relative contraindication to TSEBT.16,17 Before pro-
ceeding with palliative TSEBT, the patient was provided
with thorough informed consent, including the option of
supportive measures only. The patient expressed a pref-
erence to proceed with HTSEBT and received a total dose
of 8 Gy delivered in 2 fractions over 2 weeks. Two days
after the second fraction, the patient developed grade 4
skin toxicity requiring hospitalization. After recovery
from toxicity, the patient had a complete response to
treatment and was pain-free (21 days after radiation
therapy delivery). The patient was again in severe pain
after recurrence 3 months later and a second course of
palliative treatment was discussed, again with thorough
informed consent. Based on the palliation obtained from
the first course, the patient requested retreatment. A sec-
ond course of 4.5 Gy delivered in a single fraction of
HTSEBT had a similar outcome with regard to toxicity.
No follow-up in disease response is available after the
patient’s second course of HTSEBT.

This retrospective study has several limitations. The
patients represent a heterogeneous population, in partic-
ular with respect to stage, and the stage could not be
determined in 7% of the cases. Scheduling of follow-up
was not standardized. Direct comparison to other studies
is difficult as the Modified Severity Weighted Assessment
Tool was not recorded, similar to other retrospective
studies18,19 and 1 prospective study.20 Reliable informa-
tion regarding other nonradiotherapeutic treatments sub-
sequent to last assessment of response was not available
and is not reported. Another limitation of this study is that
some toxicities were almost certainly underreported,
particularly alopecia and nail ridging.



Figure 4 Cumulative incidence of repeat treatment, including (a) focal or repeat HTSEBT or (b) repeat HTSEBT alone, after
completion of HTSEBT.Abbreviation: HTSEBT Z hypofractionated total skin electron beam therapy.
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Our overall response rate was 100%, similar to that of
other comparable studies6,7,20-22 using hypofractionated
or low-dose TSEBT. The rate of 57.4% for complete
response is lower than other complete response rates re-
ported in hypofractionated series, including a complete
response rate of 83% reported by Le Bourgeois et al using
30 Gy in 12 fractions over 40 days6 and a complete
response rate of 90% reported by Nisce and colleagues7 in
patients treated with 4 Gy weekly for 4 to 6 fractions.
Notably, these series include hypofractionation, but to a
higher total dose. In comparable low-dose series20-22 not
using hypofractionation, our response rate appears similar
or improved. Kamstrup et al20 reported a 57% complete
response rate after delivering 10 Gy in 10 fractions over
2.5 weeks, and Georgakopoulos et al22 and Rivers et al21
reported a 25% complete response rate after delivery of
12 Gy in 6 fractions over 3 weeks or �12 Gy in standard
fractionation over an uncertain time interval. Our results
provide the first response of combined low dose and
hypofractionated TSEBT.

Total skin electron beam therapy is a highly special-
ized form of radiation therapy that is only available in a
limited number of centers. As such, this places a signifi-
cant burden on many patients who need this treatment.
The median round-trip distance between our treatment
center and patients’ homes was 284 miles. We instituted
HTSEBT in response to patients who were unable to
come for daily treatment owing to one or more of the
following factors: limitations in patient resources,
inability or unwillingness to travel over long distances



Figure 5 Cumulative incidence of progressive skin disease after completion of hypofractionated total skin electron beam therapy
based on hypofractionated total skin electron beam therapy course number. (1 Z first course, 2 Z second course, 3 Z third course.)

Figure 6 (A) Extensive ulcerative lesions before hypo-
fractionated total skin electron beam therapy. (B) Complete
response of lesions on the trunk 45 days after completion of
hypofractionated total skin electron beam therapy, 12 Gy in 3
fractions, given over 18 days.
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and remain at our center for several weeks, inability to
tolerate daily treatment or unwillingness to consent to
daily treatment.

These findings are also relevant to health system
emergencies, such as the coronavirus disease 2019
(COVID-19) pandemic. Multiple centers have recom-
mended hypofractionation, whenever possible, during this
health system emergency.23-26 Decreasing the number of
radiation fractions from 12, as in the Stanford report,4 to 3
or 4 may be particularly desirable during an infectious
disease outbreak, both for the protection of patients with
CTCL and the protection of other patients and health care
workers. HTSEBT may also be a consideration when
health care resources are limited.

The case of one of our patients is particularly illus-
trative with regard to the utility of HTSEBT. She had a
12-year history of mycosis fungoides and prior systemic
treatment and focal radiation therapy elsewhere. At the
time of her presentation, she had extensive, severely
painful ulcerative disease (Fig 6a). She was on intrave-
nous antibiotics because of infection related to loss of skin
integrity. Standing for TSEBT was extraordinarily pain-
ful, and the patient expressed both an inability and un-
willingness to come for daily treatment. She was treated
with HTSEBT, 12 Gy in 3 fractions over 18 days. By the
time she completed treatment, her pain had dramatically
improved, and she had much less difficulty tolerating her
last session of HTSEBT. She experienced a dramatic
response as documented at follow-up (Fig 6b). She
experienced multiple areas of limited recurrence over the
ensuing 7 months, treated on each occasion with
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palliative, single-fraction radiation therapy, always
resulting in complete in-field response, and then experi-
enced spontaneous resolution of all remaining lesions,
including lesions deep to the skin, as documented by
positron emission tomography scan 15 months after
initiation of TSEBT. She remains free of disease and is
working full-time as of last follow-up, 3 years after
starting palliative TSEBT. This favorable outcome would
not have been possible without the use of HTSEBT.

Conclusions

Low-dose hypofractionated total skin electron beam
therapy provides good palliation in patients with CTCL
with a satisfactory response rate and an acceptable
toxicity profile. HTSEBT provides an opportunity for
treatment with a high response rate for patients who
otherwise might not otherwise be candidates for TSEBT.
It is an option that should be considered during health
system emergencies, when prolonged courses of radiation
therapy need to be avoided owing to limitations in re-
sources or for protection of patients and their health care
providers.
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