
Purpose: The aim of this study was to evaluate the out-
comes of total skin electron beam therapy (TSEBT) with 
“translational technique” in the management of mycosis 
fungoides (MF).

Methods: Between January 1995 and October 2014, 51 
patients with MF were treated using TSEBT with trans-
lational technique. The total dose was 2800-3600 cGy, de-
livered in 7 to 20 fractions. Out of the total 51 patients, 
22 (43.1%) had T2 (generalized patch/plaque) disease, 20 
(39.3%) had T3 disease (tumor stage), and 9 (17.6%) had T4 
(erythrodermic) disease. Radiation-related late skin injury 
parameters including atrophy, pigmentation changes, hair 
loss, telangiectasia and ulceration were assessed according 
to RTOG/EORTC Late Radiation Morbidity Scoring Sche-
ma after at least 3 months from TSEBT.

Results: Treatment response was categorized as complete 

remission (CR), partial remission (PR), or non-responding 
(NR) lesions. After TSEBT with translational technique, 
CR rate was 68.6% and PR rate 23.5%, while the NR rate 
was 7.9%. Overall, the rates of grade 1, grade 2, grade 3, 
and grade 4 toxicity were 17.6% (9 patients), 39.3% (20 
patient), 35.3% (18 patients), and 7.8% (4 patients), respec-
tively. At a median follow-up of 79 months (range 14-142), 
overall survival (OS) and disease-free survival (DFS) rates 
were 83% and 46%, respectively.

Conclusion:  For patients with MF refractory to topical 
chemotherapy and phototherapy, TSEBT with translational 
technique offers excellent local control (LC: CR+PR) and fa-
vorable OS rates along with substantial relief of symptoms.
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Non-Hodgkin lymphomas may involve the 
skin, either primarily or secondarily. Primary cu-
taneous lymphomas occur in the skin with no ev-
idence of extracutaneous involvement at the time 
of diagnosis. The diversity of clinical and patho-
logical features in subgroups of primary cutane-
ous lymphomas has led to controversies in diag-
nosis and classification. A joint effort of the World 
Health Organization and European Organization 
for Research and Treatment of Cancer (WHO-EO-
RTC) published a consensus guideline in 2005 to 
address these controversies [1]. The WHO-EORTC 
classification defines 3 groups of cutaneous lym-

phomas: the cutaneous T-cell and natural killer 
(NK) cell lymphomas, and cutaneous B-cell lym-
phomas, and precursor hematologic neoplasms 
with widely varying clinical presentations, histo-
pathology, immunophenotyping, gene rearrange-
ment, and prognosis [1]. The Dutch and Austrian 
Cutaneous Lymphoma Registries report that more 
than 70% of all cutaneous lymphomas are of T-cell 
origin, and 85% of diagnoses in the Central Cuta-
neous Lymphoma Registry of the German Society 
of Dermatology are cutaneous T-cell lymphomas 
(CTCL) [1,2]. 

MF is the most common type of CTCL and low-
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grade lymphoproliferative disorder of skin-hom-
ing CD4+ T cells that form cutaneous patches, 
plaques, and tumors [3]. MF incidence increases 
with age with most patients being diagnosed at 
the 4th to 6th decades of life, showing also a male 
preponderance [1]. Selection of optimal treatment 
strategy for a patient with MF is based on the 
clinical stage of disease. Prevention of disease 
progression and amelioration of patient symp-
toms are primary aims of management. There is 
a high chance of cure or long-term disease con-
trol for early stage MF localized to skin (patch 
or plaque disease) using treatment modalities of 
topical chemotherapy, phototherapy, TSEBT and 
local superficial radiotherapy (RT) [4-10]. System-
ic treatment with oral bexarotene, denileukin dift-
itox, extracorporeal photochemotherapy, histone 
deacetylase inhibitors, monoclonal antibodies and 
cytotoxic chemotherapy is a typical management 
strategy for advanced or refractory disease [11-
20]. Stem cell transplantation may be considered 
for patients who are deemed to have MF refracto-
ry to other therapies. Allogeneic stem cell trans-
plantation has been reported to have a greater 
success than autologous stem cell transplantation 
for disease management [21-23].

RT is a viable treatment option for both lim-
ited and advanced stage MF. Owing to the rari-
ty of the disease, there are no randomized trials 
assessing the comparative safety and efficacy of 
different treatment strategies, and most relevant 
literature regarding MF management include ret-
rospective single-center series. RT may be used 
with palliative or curative intent for MF man-
agement. RT may also be used as part of multi-
disciplinary management, typically delivered 
sequentially with other treatment options. Since 
lymphocytes are highly radiosensitive, RT is well 
suited to MF management. RT in the form of lo-
cal superficial irradiation or TSEBT with optimal 
selection of photon or electron energies may pro-
vide excellent treatment of lesions limited to the 
dermis and/or epidermis.

The first description of TSEBT is credited 
to Trump et al. in 1953 [24]. Since then, various 
centers throughout the world have reported their 
treatment outcomes using several treatment tech-
niques. The International Atomic Energy Agen-
cy’s (IAEA) classification of TSEBT techniques 
includes 3 different modalities [25]. With trans-
lational techniques, the patient is translated on a 
stretcher through an electron beam of sufficient 
width to cover the patient’s transverse dimensions; 
with large electron field techniques, a standing 

stationary patient is treated at a large source-skin 
distance (SSD) with a single large electron beam 
or a combination of large electron beams; finally, 
with rotational techniques the patient stands on 
a rotating platform in a large electron field. Dosi-
metric, geometric and patient positioning details 
are reported in AAPM Report No. 23 [26]. 

In this study, we retrospectively evaluated 
the outcomes of TSEBT in patients with MF and 
report our single center experience.

Methods

Between January 1995 and October 2014, 51 pa-
tients with MF received RT at the Department of Ra-
diation Oncology, Gulhane Military Medical Academy. 
Out of the total 51 patients, 22 (43.1%) had T2 (gener-
alized patch/plaque) disease, 20 (39.3%) had T3 disease 
(tumor stage), and 9 (17.6%) had T4 (erythrodermic) 
disease according to T-stage classification. 

Clinical and histopathologic diagnosis was estab-
lished using the criteria of the World Health Organi-
zation-European Organization for Research and Treat-
ment of Cancer classification, confirmed in consensus 
meetings of the Dutch Cutaneous Lymphoma Working 
Group [1]. Staging work-up included physical examina-
tion, routine blood analysis with lactate dehydrogenase 
(LDH), chest X-ray, thoracoabdominal and pelvic com-
puted tomography (CT), ultrasonographic examination 
of liver and spleen and bone marrow biopsies. All pa-
tients in this study were previously treated with other 
treatments including topical treatment (51 patients), 
Psoralen plus ultraviolet A (PUVA) therapy (46 pa-
tients), and systemic therapy (8 patients), all of which 
failed to achieve cure.

CR was defined as the disappearance of all clinical, 
blood, bioptical or radiographic features of MF; PR was 
defined as a reduction of ≥50% of the largest dimension 
of each measurable anatomical disease site for at least 
1 month. NR lesions were defined as <50% post-therapy 
lesion downsizing or progressing disease during and 
after treatment. Relapse for CR patients was defined as 
the reappearance of disease at least 4 weeks after RT. 
All patients with CR or PR were followed up usually for 
3 to 4-month intervals. High dose rate electron energy 
(4 MeV) from Philips SL-25 linear accelerator was used 
to deliver a median total dose of 3060 cGy (range 2800-
3600) using weekly fraction sizes of 1.8 Gy to 4 Gy with 
the dose prescription being done along the central axis 
of the beam according to ICRU-62 guidelines [27]. 

TSEBT with translational technique is delivered 
using translational technique at our department to 
treat CTCL [28,29]. In this technique, patients are laid 
on a moving couch at 10 cm height from the floor and 
operated manually after completion of each radiother-
apy field with supine and prone positions in 8 differ-
ent fields (4 anterior and 4 posterior). Treatment fields 
are matched appropriately to obtain dose homogeneity 
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by moving to predetermined position in every fraction 
allowing 15% dose homogeneity for all patients. Po-
sitioning of the lying patients is done in an individu-
alized manner to allow electron beam coverage of the 
entire transverse dimensions of the patients. Arms and 
legs are supported with foams to obtain comparable 
SSD of the patients’ trunk with SSD ranging between 
192.5 and 205.5 cm according to patient thickness. 
Hence, radiation fields drawn on patients skin range 
between field sizes of 50.6x50.6 cm and 53.5x53.5 cm, 
changing for each radiotherapy session. TLD-100 do-
simeters placed on organ at risk sites of the patient 
such as skin folds, periorbital sites and susceptible hot-
point sites are used to read absorbed dose in patients 
both on anterior and posterior superficial skin surfaces.

Statistics 

The Statistical Package for Social Sciences, version 
15.0 (SPSS Inc., Chicago, ILL) was used for data analysis 
in this study. Descriptive statistics (numbers, percents, 
medians, range) were used in the description of data. 
OS and DFS were generated using the Kaplan-Meier 
method. OS was calculated from diagnosis to death and 
DFS from diagnosis to the date of disease progression/
relapse.

Results

The median patient age was 51 years (range 
19-78). Thirty-five patients (68.6%) were male and 

Table 1. Patient, tumor and previous treatment characteristics 

Characteristics N (%)

Gender

Male 
Female 

35 (68.6)
16 (31.4)

Age, years

Range
Median 

19-78 
51

T stage 

T2
T3
T4 

22 (43.1)
20 (39.3)

9 (17.6)

Previous treatment

Topical therapies
Psoralen plus ultraviolet A (PUVA) 
Systemic therapies

51 (100)
46 (90.1) 

8 (15.6)

RT fractionation, Gy

7 x4 
17 x1.8 
20 x1.8 

18 (35.2)
17 (33.4) 
16 (31.4)

RT: Radiation therapy

Figure 1. Overall survival. Figure 2. Disease-free survival.
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16 (31.4%) female. Patient and treatment charac-
teristics are summarized in Table 1. T-stage clas-
sification of the whole group consisted of 22 pa-
tients (43.1%) with T2 (generalized patch/plaque) 
disease, 20 patients (39.3%) with T3 (tumor stage) 
disease, and 9 patients (17.6%) with T4 (erythro-
dermic) disease. Of these 51 patients, 18 (35.3%) 
received 28 Gy in 7 fractions, 16 (31.4%) received 
36 Gy in 20 fractions, and 17 (33.3%) received 30.6 
Gy in 17 fractions, with fraction sizes ranging be-
tween 1.8 to 4 Gy. 

Treatment response was categorized as CR, 
PR or NR. After TSEBT with translational tech-
nique, the CR rate was 68.6% and the PR rate was 
23.5%, while the NR rate was 7.9%. At a median 
follow-up of 79 months (range 14-142) OS and 
DFS rates were 83% and 46%, respectively (Fig-
ures 1 and 2). Treatment response by T stage was 
as follows: For patients with T2 disease stage, 
the rates of CR and PR were 86.3% and 13.7%, re-
spectively. For patients with T3 disease stage, the 
rates of CR, PR, and NR were 45%, 40%, and 15%, 
respectively. For patients with T4 stage disease, 
the rates of CR, PR, and NR were 66.7%, 22.2%, 
and 11.1%, respectively (Table 2). 

Common radiation-related morbidities in-
cluded skin erythema, skin blisters, joint swelling 
and various degrees of dry and wet desquama-
tions, which were transient and fully reversible 
within 4 weeks. Radiation-related late skin inju-

ry parameters including atrophy, pigmentation 
changes, hair loss, telangiectasia and ulceration 
were assessed according to RTOG/EORTC Late Ra-
diation Morbidity Scoring Schema after at least 3 
months from TSEBT.  Overall, the rates of grade 
1, grade 2, grade 3, and grade 4 toxicity were 
17.6% (9 patients), 39.3% (20 patients), 35.3% 
(18 patients), and 7.8% (4 patients), respectively. 
Outcomes of treatment are summarized in Table 
2. All 4 patients with grade 4 late toxicity were 
treated using a fraction size of 4 Gy. Patients with 
grade 4 toxicity were hospitalized for treatment of 
ulcerations, and 3 of these patients also received 
hyperbaric oxygen treatment. One patient with 
T4 stage disease developed pancytopenia due to 
bone marrow involvement and died 8 months af-
ter completion of TSEBT albeit with regression of 
his skin lesion.       

Discussion 

Because cutaneous lymphocytes give rise to 
MF and the disease typically follows an indolent 
course, management of MF differs from nodal 
lymphomas. Talpur et al. recently assessed long-
term outcomes of 1,263 patients treated between 
1982 and 2009 for MF and Sezary syndrome [30]. 
Median OS was 24.4 years and PFS 16 years with 
most patients (76.6%) being diagnosed at early 
stages (IA-IIA) of MF [30]. Another study by Agar 

Table 2. Treatment and toxicity outcomes 

Outcomes N (%) N (%) N (%)

Follow-up
(months)

Range
Median

14-142
79

Treatment response T2                                            T3 T4

CR 
PR
NR

19 (86.3) 
3 (13.7)
-

9 (45)
8 (40)
3 (15)

6 (66.7)
2 (22.2)
1 (11.1)

Total dose (cGy) T2 T3 T4

2800 
3060
3600

10 (45.4)
9 (40.9)
3 (13.7)

8 (40)
7 (35)
5 (25)

-
1 (11.1)
8 (88.9)

Toxicity *

Grade 1
Grade 2 
Grade 3
Grade 4

9 (17.6)
20 (39.3) 
18 (35.3)

4 (7.8)

CR: complete remission, PR: partial remission, NR: no response, *according to RTOG/EORTC Late Radiation Morbidity Scoring Sche-
ma
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et al. reported long-term outcomes of 1502 pa-
tients with MF treated between 1980 and 2009 
[31]. The proportion of patients with early stage 
disease was 71% in their study [31]. The majority 

of patients with MF are diagnosed in early stages 
of disease as reported in the aforementioned stud-
ies [30,31]. NCCN guidelines suggest the use of 
skin-directed therapies as first-line treatment for 

Table 3. Published series of standard (high dose) TSEBT for mycosis fungoides

First author
[Ref]

Number of 
patients

TNM stage
(Patients, N)

TSEBT 
dose (Gy)

Median 
follow-up
(months)

Outcomes: complete 
response (CR) and survival Toxicity

Navi D et al. 

[35] (2011) 
180 T2 (103)

T3 (77)
30–40 77 Overall  CR: 60%

T2 CR: 75%
T3 CR: 47%
5 year overall survival: 
59% 
10 year overall survival: 
40%

All patients experienced mild 
to moderate radiation-in-
duced dermatitis, partial 
or complete alopecia, nail 
dystrophy, and generalized 
xerosis.

Lindahl LM 
et al.  [36] 
(2011)

35 T1 (2)
T2 (14)
T3 (17)
T4 (2)

30 (25 
patients)
4 (10 pa-
tients)

7.6 Overall  CR for 30 Gy: 
60%
Overall  CR for 4 Gy: 10%
T2 CR: 66.7%
T3 CR: 78.6%

Acute side effects including 
erythema and
ulceration were observed in 
80.0%. The most common
long-term, although not per-
manent side effects
were alopecia (44.0%), dry 
skin (36.0%), hyperpigmen-
tation
(28.0%), ocular irritation 
(24.0%) and
temporary loss of fingernails 
(16.0%). 

Maingon P 
et al.  [37] 
(2003)

45 T1 (2)
T2 (4)
T3 (21)
T4 (18)

24-30 85 Overall  CR: 51%
T3 CR: 67%
T4 CR: 28%
5 year overall survival 
for T3: 37 %
5 year overall survival 
for T4: 44 %

Grade3 erythema with phly-
ctenes and bullous reactions 
were recorded  in 3 (T3) and 
7 (T4) patients.
1 patient died because of a 
large skin necrosis by septic 
collapse.
Myelosuppression was noted 
in 17 patients.

Funk A et al.  
[38] (2008)

18 IIB (1)
IVA (10)
IVB (7)

<25 (6 
patients)
>25 (12 
patients)

11 Overall  CR: 50%
1 year overall survival: 
48 %

Grade1-2 acute side effects 
were observed in all patients.
Grade1-2 late skin effects 
were observed in 89% and 
hypohidrosis was seen  33%. 

Harrison C 
et al. [39] 
(2011)

102 T2 (51)
T3 (29)
T4 (22)

5-<10
10-<20
20-<30

– Overall  CR: 31%
CR: 16% [<10 Gy]
CR: 35% [<20 Gy]
CR: 34% [<30 Gy]

–

Jones GW 
et al.  [42] 
(1999)

45 III (28)
IVA (13)
IVB (4)

Median 
32

2.3 (years) Overall  CR: 60%
5 year progression free 
survival: 26 %
Median overall survival: 
3.4 years

All patients experienced 
temporary alopecia and 
suppressed
growth of nails.

Ysebaert L 
et al. [40] 
(2004)

141 T1 (24)
T2 (33)

Mean 30 114 T1 CR: 87.5%
T2 CR: 84.8%
5 year survival: 90%
10 year survival: 65%
15 year survival: 42%

grade 1-2 skin toxicity 75.5% 
grade 3 skin toxicity 24.5%.

Chinn DM 
et al. [41] 
(1999)

148 T2 (55)
T3 (27)

36 Gy 
in most 
of the 

patients

6.9 (years) T2 CR: 76%
T3 CR: 44%
Median survival for T2 
11.7 years and 5.1 years 
for T3 

Erythema and dry skin were 
most frequent acute toxici-
ties.
21 patients (14%) developed 
skin cancer.
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patients with early stage disease (T1, T2, and for 
selected T3 tumors) [32]. 

CR rates of 63% and 25% have been reported 
with the use of topical corticosteroids as skin-di-
rected treatment for patients with T1 and T2 stage 
disease, respectively [6]. With topical nitrogen 
mustard treatment, CR rates have been reported 
to be 76-80% and 35-68% for patients with limited 
patch/plaque (stage IA) disease, and generalized 
patch/plaque (stage IB) disease, respectively [4]. 
Phototherapy with PUVA has a reported complete 
clinical and histologic clearing rate of 65% for all 
stages [5]. Phototherapy with narrow band ultra-
violet B (NB-UVB) achieves a CR rate of 54.2% for 
stage IA and IB disease [7].

RT is a very effective skin-directed treatment 
for MF management given the extreme sensitivi-
ty of lymphocytes to ionizing radiation. Both local 
superficial irradiation and TSEBT are viable treat-
ment options for patients with MF [8-10]. Wilson 
et al. reported a CR rate of 97% with local superfi-
cial irradiation of stage IA MF using a total dose 
of 20 to 40 Gy [9]. Piccinno et al. reported a CR 
rate of 94.45% at 1 month after RT using a median 
total dose of 22 Gy for patients with stage IA MF 
[10]. Given the favorable results of the aforemen-
tioned studies, local superficial irradiation at a 
dose of 20 to 40 Gy may be used to achieve excel-
lent CR rates with negligible toxicity for patients 
with minimal stage I A MF [8-10]. However, only a 
very small proportion of patients (approximately 
5%) with MF have minimal stage I disease. NCCN 
guidelines suggest the use of TSEBT to achieve 
local control of generalized locally advanced dis-
ease [32].

Complex skin surface of MF patients poses a 
formidable challenge to the treatment team while 
delivering TSEBT with any technique. Increas-
ing the number of treatment fields and optimal 
positioning of the patients may be considered to 
achieve a homogeneous dose distribution. Nev-
ertheless, there are still technical and practical 
challenges in delivering TSEBT, which makes it 
a less appealing treatment option and limits its 
use in several centers worldwide. Set-up proce-
dures for performing TSEBT warrant the availa-
bility of proper infrastructure. Close collaboration 
between radiation oncologists, medical physicists 
and dermatologists is of utmost importance for 
optimal management of patients. 

The translational technique was developed 
at the Christie Hospital in England [33]. Northern 
Israel Oncology Center has modified this initial 
technique [34]. A stationary reclined patient at the 

same SSD is treated using large electron fields in-
cluding 4 to 5 pairs of transversally angled beams. 

We have been using TSEBT with translation-
al technique for MF management since 1984. Our 
3 decades of experience reveals that TSEBT with 
translational technique offers a viable treatment 
option in the management of both early and ad-
vance disease [28,29]. We typically use an electron 
energy of 4 MeV to treat epidermal and dermal 
lesions homogeneously. Concurrent or adjuvant 
boost with electron fields is used for shadowed 
irregular regions including the scalp, perineum, 
sole and other skin folds. 

In the study by Ysebaert et al., TSEBT with-
out adjuvant treatment has proved to be effective 
for the management of early stage MF [40]. At 3 
months after TSEBT, they reported a CR rate of 
87.5% for the 24 patients with T1 disease stage 
and a CR rate of 84.8% for the 33 patients with T2 
disease stage using a median total dose of 30 Gy 
[40].

In their retrospective series with 148 patients, 
Chinn et al. reported that TSEBT with or without 
adjuvant topical nitrogen mustard was highly ef-
fective in the initial management of patients with 
T2 and T3 stage MF [41]. 

TSEBT may be used to ameliorate severe cu-
taneous symptoms of patients with T4 (erythro-
dermic) MF. In the study by Jones et al. with 54 
erythrodermic MF patients, TSEBT was used as 
monotherapy [42].  They reported a CR rate of 60% 
using a median RT dose of 32 Gy [42]. In our study, 
CR rates were 86.3, 45, and 66.7% for patients 
with T2, T3, and T4 MF stage, which appears to be 
consistent with the literature. A summary of pub-
lished series using TSEBT for MF management is 
shown in Table 3.

Making a direct comparison between differ-
ent treatment options for MF is complicated by 
several factors. MF is a rare and typically chronic 
disease. There may be significant diversity in pa-
tient and treatment characteristics, and available 
treatments are used interchangeably, sequentially, 
or simultaneously to achieve optimal outcomes.

TSEBT is generally a well-tolerated treatment 
for MF, and toxicity may be minimized by decreas-
ing the fraction size. Acute side effects of TSEBT 
include pruritus, dryness, erythema, alopecia and 
formation of bullae in hands and feet. Late toxici-
ties include loss of nails, alopecia, telangiectasias, 
and local sensory loss. Systemic adverse effects 
are infrequent given the limited penetration range 
of electrons. In our study, most patients receiving 
daily fractions of 1.8 Gy had excellent treatment 
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tolerance while 4 patients receiving daily frac-
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