
Abstract. Background/Aim: The aim of the study was to
retrospectively assess the efficacy and toxicity of total skin
electron beam therapy (TSEBT) in patients with primary
cutaneous T-cell lymphoma (MF, mycosis fungoides) at
various stages of development. Patients and Methods:
Treatment results of 40 patients with MF stage IB-III, treated
between 2001 and 2015, were reviewed. Median total dose
was 32 Gy, delivered to the entire skin surface. Median
follow-up was 60 months. Results: Clinical complete
response was documented in 29 and partial response in 11
patients. The clinical response significantly influenced
overall survival (OS) (p=0.002) and progression-free
survival (PFS) (p<0.001). Mean OS was 76 months. Mean
PFS was 48.9 months and current one- and two-year PFS
were 67.5% and 55%, respectively. A statistically significant
correlation was found between partial and total remission
time and stages of the lymphoma (p=0.015). Conclusion:
TSEBT is an efficient and well-tolerated palliative treatment
for symptomatic primary cutaneous T-cell lymphoma.

Mycosis fungoides (MF) constitutes the most common
primary cutaneous T-cell lymphoma. The disease process
starts as pruritic, erythematous patches, followed by plaques
at the infiltrating stage, and tumors and ulcers in the last
stage. As the disease progresses, pruritus and erythema
intensify and thicken at the infiltrating stage, when healthy
skin becomes infiltrated. Pruritus lessens or subsides

altogether when ulcers appear or during progression of the
neoplastic process to the tumor stage. Lymph node and
internal organ (liver, lungs, spleen) metastases may also
occur during the course of the disease. MF progresses over
many years and the prognosis depends on the stage of the
disease (1). The classification of mycosis fungoides has been
presented in various studies published by the International
Society for Cutaneous Lymphomas (2, 3).

The diagnosis is based on histopathological and
immunohistochemical examination of the biopsied skin
samples. Early-stage skin lesions present a particular
challenge as they may imitate inflammatory dermatoses such
as psoriasis, eczema, atopic dermatitis, or erythroderma of
unknown etiology. In more advanced stages of the disease,
trephine biopsy, as well as an ultrasound examination of the
lymph nodes and the abdominal cavity to assess the liver and
the spleen are recommended to evaluate disease progression.
Clinical and histological changes imitating MF and other
cutaneous lymphomas may result from the intake of certain
medications which cause cutaneous pseudolymphomas – a
significant diagnostic challenge for histopathology and
differential diagnosis (4). 

The treatment in the early stages of the disease aims at
alleviating the symptoms while causing the least possible
toxicity. Topical high-potency glucocorticosteroids, psoralen
plus ultraviolet A radiation (PUVA-therapy) or ultraviolet B
(UVB), topical bexarotene, topical radiation therapy or, in
case of generalized lesions, Total Skin Electron Beam
Therapy (TSEBT) is recommended. In more advanced stages,
PUVA-therapy, interferon-alfa, chemotherapy, bexarotene
therapy and TSEBT are used. As for chemotherapy, none of
the treatment regimens has an advantage over the others and
the overall health condition of the patient, the risk for
myelosuppression and complications should be taken into
consideration when deciding the optimal therapy; in case of
slow progression of the disease, monotherapy with low doses
of methotrexate, cyclophosphamide, and etoposide is advised.
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To the best of our knowledge, no treatment standards have
been established so far (5).

The aim of the study was to present the effects of TSEBT
in 40 patients with mycosis fungoides. 

Patients and Methods

A total of 40 patients (32 men and 8 women) with primary cutaneous
T-cell MF (stages IB-III), were treated using TSEBT between 2001

and 2015. Mean patient age was 60 years (range=40-84 years).
Fourteen patients were stage IB, 6 – stage IIA, 14 – stage IIB and 6
– stage III. Time elapsed between the diagnosis and radiation therapy
commencement was <1 year (mean: 6 months) in 29 patients and >1
year (from 14 to 72 months; mean: 47.1 months) in the remaining
11 patients. The diagnosis was confirmed using histopathological and
immunohistochemical tests of the biopsied samples. All patients had
received PUVA, interferon alpha or chemotherapy before radiation
therapy. All subjects complained of pruritus, pain, and non-healing
ulcers on the skin before therapy commencement.  
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Figure 1. Overall survival for the patients treated with the rotary dual
total skin electron beam technique.

Figure 2. Progression-free survival for the patients treated with the
rotary dual total skin electron beam technique.

Table I. Overall survival (OS) and progression-free survival (PFS) versus remission after therapy, age, disease stage, sex, radiation dose during
radiation therapy (RT) and time elapsed between diagnosis and RT commencement. The p-value of alfa=0.05 was considered as statistically
significant.

Group                                                                    Number (%)                                           OS                                                                PFS
                                                                                of patients
                                                                                                          Mean survival time            log-rank           Mean survival time             log-rank 
                                                                                                                  (months)                      p-Value                       (months)                       p-Value

Remission
   Complete                                                              29 (72.5)                      84.0                             0.002                           65.6                           <0.001
   Partial                                                                    11 (27.5)                        7.2                                                                   5.6                               
Age* (years)
   <60                                                                        19 (47.5)                      52.0                             0.206                           36.1                             0.433
   >60                                                                        21 (52.5)                      66.4                                                                 45.0                               
Stage
   IB                                                                          14 (35)                         65.2                             0.542                           58.2                             0.489
   IIA                                                                          6 (15)                         32.0                                                                  28.3                               
   IIB                                                                         14 (35)                         37.2                                                                  26.3                               
   III                                                                            6 (15)                           8.7                                                                   7.8                               
Gender
   Male                                                                      32 (80)                         76.6                             0.662                           46.3                             0.439
   Female                                                                    8 (20)                         37.6                                                                 34.1                               
Delivered Dose (Gy)
   From 34 to 40                                                      19 (47.5)                      62.7                             0.615                           38.7                             0.467
   From 20 to 34                                                      17 (42.5)                      86.0                                                                  60.6                               
   Up to 20                                                                 4 (10)                         25.1                                                                   5.4                               
Time of MF diagnosis before RT (years)
   <1                                                                          29 (72.5)                      77.6                             0.733                           53.8                             0.329
   >1                                                                          11 (27.5)                      43.4                                                                 35.4                               

OS: Overall survival; PFS: progression-free survival; RT: radiation therapy; MF: mycosis fungoides. *Median age 60 years.



The patients received radiation in the vertical position on a
rotating platform using rotary dual technique, delivering an electron
beam at 6 MeV. Median total dose was 32Gy (range=12-40 Gy),
with 1.5 Gy/day four times/week, delivered to the entire skin.
Additionally, a boost dose of 10-16 Gy was delivered to the areas,
which did not receive the full dose during TSEB (soles, palms,
vertex, perineum, inner areas of the shoulders, forearms, and
thighs). Time elapsed between radiation therapy commencement
and the diagnosis was approximately 17 months (range=1-72
months) (6, 7).   

Data were analyzed for the overall survival (OS) and skin-
progression-free survival (PFS). Statistical analyses were carried
out using log-rank test (Cox) and Kaplan-Meier’s estimation.
Significance was defined as the p-value of <0.05. Documented
long-term side-effects were classified according to the
RTOG/EORTC Late Radiation Morbidity Scoring Scheme
(CTCAE version 3.0). 

Results

Mean observation time was 60 months (range=1-120
months). Complete and partial remissions were achieved in
29 (72.5%) and 11 (27.5%) patients, respectively. Alleviation
of pruritus and diminished and/or whitening lesions were
achieved in all subjects. Mean time to progression was 16
months (range=1-40 months). The overall survival (OS) and
progression free survival (PFS) are presented in Figures 1
and 2, respectively. Mean OS and PFS were 76 and 48.9
months, respectively. One- and two-year PFSs were 67.5%
and 55%, respectively (Figure 2). Both, OS and PFS
depended on the degree of the remission after radiation
therapy (p-values of 0.002 and <0.001, respectively).

Table I presents the relationship between OS and PFS and
degree of the remission after a course of radiation therapy,
age, disease advancement, sex, radiation therapy (RT) dose,
time elapsed between the diagnosis and RT commencement.
Statistically significant differences were observed only for

the degree of the remission, both for OS (p=0.002) and PFS
(p<0.001). In that group, mean survival times for complete
remission (CR) and partial remission (PR) were 84 and 65.6
months and 7.2 and 5.6 months for OS and for PFS,
respectively. No statistically significant differences were
detected for the remaining parameters. Nevertheless, a
declining tendency for the relationship between mean
survival and disease stage was noted (Table I). Shorter mean
survival times were observed among female patients (37.6
and 34.1 months for OS and PFS, respectively) as compared
to male patients (76.6 and 46.3 months for OS and PFS,
respectively). Longer mean survival times were found for
patients from the <1 year between diagnosis and therapy
commencement group (Table I). The differences were not
statistically significant. 

Piotrowski et al: TSEBT as Palliative Treatment for Mycosis Fungoides

519

Figure 3. Stratification of patients in terms of remission and disease
stage. 

Figure 4. Dry skin after the course of TSEBT. 

Figure 5. Alopecia after the course of TSEBT.



Despite the lack of a relationship between disease stage
and OS and PFS, a statistically significant association was
observed between the degree of remission and disease stage
(p=0.015) (Table II and Figure 3). No statistically significant
relationships were found for the remaining parameters (age,
sex, radiation dose during therapy, and time elapsed between
diagnosis and therapy commencement). 

Recurrence was found in 21 (52.5%) patients. Complete
remission after a course of radiation therapy was achieved in
19 (47.5%) patients without recurrence. That group is
characterized by notably increased rates of patients without
recurrence versus disease stage (Table III). A relatively high
rate of patients without recurrence among subjects with the
disease stage of IIB results from a short mean time without
disease progression. 

Out of the study group, 10 patients died (4 due to disease
progression and 6 due to causes unrelated with lymphoma).

No statistically significant relationships were found between
disease progression and degree of remission after radiation
therapy (2 patients – CR, 2 patients – PR), or disease stage
(2 patients – IB, 2 patients – IIA and III). Skin reaction due
to radiation was observed in all subjects during or after
therapy: dry skin covering <10% body surface area
associated with erythema or pruritus (Figure 4) at 3-4 weeks
and hair loss (Figure 5) and asymptomatic separation of the
nail bed form the nail plate or nail loss at 5-6 weeks of
therapy.  

Discussion

Primary skin lymphomas remain relatively rare. Thus, the
number of randomized studies, which might lead to
standardized methods of treatment is limited at best. The
therapy is multi-disciplinary and the team should include
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Table II. Stratification of patients in terms of remission and disease
stage.

Remission                                    Stage                              Mann-Whitney 
                                                                                                  p-Value
                           IB             IIA             IIB              III                    

Complete      12 (30%)    6 (15%)    9 (22.5%)     2 (5%)          0.015
Partial             2 (5%)      0 (0%)      5 (12.5%)     4 (10%)             

Number of patients (percentage).

Table III. Number of patients without recurrence versus disease stage.

Stage                                  Number (%)                      mPFS
                                            of patients                      (months)
                                                                                           
IB                                           6 (15%)                              78
IIA                                         3 (7.5%)                           110
IIB                                         8 (20%)                              33
III                                           2 (5%)                                80

mPFS: Mean time of progression-free survival.

Table IV. Progression-free survival and overall survival for patients treated by high total dose total skin electron beam therapy. Overview of the
literature.

Author                                                      Stage (% of patients)                       ATD (Gy)                         mPFS (months)                     mOS (months)

Lindahl et al. (18)                                            IA (5.7%)                                       30                                           9                                         N.A.
                                                                          IIA (40%)                                                                                                                                     
                                                                        IIB (48.6%)                                                                                                                                   
                                                                         IIIA (5.7%)                                                                                                                                   
Navi et al. (21)                                                 IIA (57%)                                      36                                    102 (IIA)                               131 (IIA)
                                                                          IIB (43%)                                                                                35 (IIB)                                 56 (IIB)
Kamstrup et al. (12, 13)                                  IIA (60%)                                      10                                          5.2                                        N.A.
                                                                          IIB (20%)                                                                                                                                     
                                                                         IIIA (20%)                                                                                                                                    
Hauswald et al. (24)                                         IIB (18%)                                      29                                           5                                           10
                                                                            III (5%)                                                                                                                                      
                                                                         IVA (45%)                                                                                                                                    
                                                                         IVB (32%)                                                                                                                                    
Current study*                                                   IB (35%)                                       32                                         48.9                                         76
                                                                          IIA (15%)                                                                                                                                     
                                                                          IIB (35%)                                                                                                                                     
                                                                           III (15%)                                                                                                                                     

ATD: Average total dose; mPFS: mean time of progression-free survival; mOS: mean time of overall survival. *Our study included high-dose and
low-dose schemes. 



dermatologists, clinical oncologists, hematologists and
radiation therapists. The management depends on the disease
stage, the overall condition of the patient and therapeutic
facilities of the centers. Despite the introductions of new
drugs and treatment regimes, effective therapy strategies
remain to be elucidated. The choice of therapy, especially in
patients with low malignant potential disease, must be
influenced by the fact that the disease, at least for a
considerable duration of time, is restricted to the skin.
Therefore, the therapy should monitor the condition of the
skin, alleviate subjective symptoms and prevent disease
progression. TSEBT is an example of treatment, that may be
applied in such cases (8). The dose is delivered using one of
various radiation techniques, with six dual field, rotational,
and rotary dual techniques among the most common
examples (9). 

The results of treatment of 40 patients undergoing treatment
with rotary dual technique have been presented in our study.
The degree of remission after radiation therapy proved to be
the main determining factor for the overall survival and
progression-free survival (p-value of 0.002 and <0.001,
respectively) (Table I). Disease stage directly affects the
degree of the remission (p=0.015) (Table II and Figure 3). Our
findings are consistent with earlier reports of Suzuki et al. (10)
and Kamarashev et al. (11). The results presented in our study
were obtained for patients treated with high (from 34 Gy to
40 Gy), medium (from 20 Gy to 34 Gy) and low (up to 20 Gy)
doses (Table I). Several studies presented low-dose schemes
of TSEBT. Kamstrup et al. (12, 13) investigated the possibility
of using low-dose schemes which lower TSBT toxicity. Their
study included patients with stages I and II of the disease. Low
doses were well-tolerated by all subjects. The most common
adverse symptoms included temporary hair loss (56%) and eye
irritation (33%). The use of low total doses allows for repeat
TSEBT but regression time for such scheme is very short (2-
6 months). Thus, low-dose TSEBT induces clinical response
but not long-term disease control, which is consistent with our
findings. Mean remission time for the 4 patients treated with
total dose <20 Gy was 5.4 months (Table I). We believe that
it is necessary to analyze the therapeutic effects of low-dose
schemes combined with other treatment methods to prolong
remission time.

For now, high-dose schemes remain the therapeutic
standard. A statistically significantly higher rate of complete
remissions was achieved in patients treated with high doses
as compared to studies, which used low-dose schemes (14-
16), which is also consistent with our observations. Mean
PFS was 60.6 months and 38.7 months for patients treated
with 20-34 Gy and 34-40 Gy, respectively (Table I). Shorter
PFS for the dose of 34-40 Gy resulted from higher rates of
patients with stage III disease. Table IV presents the results
of several studies using low- and high-dose schemes (disease
stage, therapeutic dose, OS and PFS).

Earlier reports, for example Kamstrup et al. (12) and
Harrison et al. (17), had suggested a dose-response
correlation in TSEBT. Lower doses (<30 Gy) were always
associated with lower response to treatment (12, 18-20). In
a study by Lindhal et al. (18), 25 out of 35 patients received
the high dose of 30 Gy, and 10 received the dose of 4 Gy.
The lower dose was proven to be insufficient and response
to treatment was found in only 10% of the patients. Time to
disease progression among the patients who received the
higher dose was 9 months. Similar findings were confirmed
by our study although the relationship lacked statistical
significance. Navi et al. (21) treated a group of 180 patients
with MF (stages T3 and T4), who received a 36 Gy dose of
TSEBT (30-40 Gy) as primary therapy. As in the case of our
patients, the side effects of the therapy included skin dryness,
erythema, hair loss, as nail shedding. 

Application of TSEBT as secondary therapy increases the
possibility of remission even in patients with stage III MF,
which was demonstrated by our study. We treated 6 patients
with stage III disease and achieved complete remission in 2
cases. Partial remission was achieved in 4 subjects. Response
to treatment was assessed on the basis of the clinical and
histopathological evaluation of skin samples. The latest
studies evaluated the applicability of positron emission
tomography to evaluate the response to treatment in MF, but
the results remain inconclusive (22). The search for
radiosensitizers, that might increase the effectiveness of
radiation therapy, continues (23). 

Conclusion

As far as MF patients are concerned, TSEBT remains a well-
tolerated method, allowing for alleviation of subjective
symptoms (pruritus), remission of skin lesions and extension
of time to disease progression. TSEBT is used in cases when
phototherapy, photochemotherapy, and interferon-alpha fail
to produce disease remission.  
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