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Abstract

The treatment of advanced stage MF is especially challenging as single agent overall response
rates are in the 35% range and chronic recurrence is the rule. The treatment of CTCL across all
stages of disease is aimed at the goal of achieving and sustaining remission. Increasingly, low dose
total skin electron beam therapy (TSEBT) is being utilized as a skin directed component in com-
bination therapy for advanced stage CTCL. Researchers are seeking to better define the utility of
low dose TSEBT as a method of debulking skin disease while simultaneously treating other dis-
ease compartments and in combination with sustained maintenance therapies of both the skin di-
rected and systemic varieties. Data exists showing the efficacy of low dose TSEBT in early and ad-
vanced disease. There is also data documenting prolonged treatment responses with TSEBT plus
adjuvant skin directed therapies such as PUVA and topical nitrogen mustard. Emerging data ex-
amining the role of low dose TSEBT in the prestem cell transplant preparation is also promising.
This brief review summarizes the utility of low dose TSEBT in multiagent treatment regimens in
CTCL.
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1. Introduction

Cutaneous lymphomas represent 3.9% of all non-Hodgkin lymphomas [1]. Mycosis fungoides (MF) and sezary
syndrome (the leukemic variant) constitute approximately 53% of all cutaneous lymphomas, and are collectively
termed cutaneous T-cell lymphoma (CTCL) [2]. Mycosis fungoides is the most common variant of CTCL and is
defined as a malignancy of skin resident CD4+ T effector memory cells with characteristic loss of CD7 and
CD26 [3] [4].

The annual age-adjusted incidence is 9.6 cases per million people in the United States, and it appears to have
increased over the last 3 decades [5]. The incidence of MF increases with advancing age and a gender predilec-
tion toward men is observed. In the United States, African Americans are affected more than Caucasians [6].

The etiology of cutaneous T cell lymphoma (CTCL) remains largely unknown. However, it is thought to arise
in the setting of chronic antigenic stimulation resulting in uncontrolled clonal expansion of malignant CD4+ ef-
fector memory T lymphocytes [7]. While no specific mutation has been identified, multiple studies have shown
evidence of an altered transcriptome with aberrant gene expression patterns unique to CTCL, suggesting epige-
netic shifts in the pathophysiology of the disease [8]. Due to the rarity of MF, there is limited, and often, con-
flicting data on the risk factors for developing the disease. Recently, however, obesity, cigarette smoking (for
40+ years), eczema, family history of multiple myeloma, and certain occupations like crop farming, woodwork-
ing, painting, and carpentering have been proposed as potential risk factors while moderate to vigorous exercise
is thought to be a protective factor [9]. The lesions of MF often present on sunprotected skin as erythematous
scaly patches which may progress to infiltrated plaques or tumors [10].

Treatment of advanced stage MF is especially challenging as single agent overall response rates are in the 35%
range and chronic recurrence is the rule [11] [12]. Stem cell transplant offers the only chance for a definitive
cure [11]. The European Organization for Research and Treatment of Cancer (EORTC) published treatment
guidelines according to clinical stage [12] [13]. The atypical lymphocytes in MF are exquisitely radiosensitive
rendering radiation therapy a useful treatment modality in early and advanced stage disease [14]. Increasingly,
low dose total skin electron beam therapy (TSEBT) is being utilized as skin directed component in combination
therapy for advanced stage CTCL. In this article, we present a review of TSEBT and highlight the efficacy of
low-dose TSEBT use in conjunction with adjuvant therapy.

2. Technique Review

Total skin electron beam therapy for the treatment of widespread skin lesions of MF was first conducted on two
patients by Trump et al. in 1951 and involved a multi-day process during which patients assumed various post-
ures on a treatment bed while the bed was moved under a giant cathode tube accelerator [15]. The advent of the
Stanford Medical Linear Accelerator improved the treatment regimen, allowing for the efficient, uniform treat-
ment of the entire skin surface with a six-field technique [10]. Modifications to the electron beam administration
technique continue to improve the uniformity of dosing, as the higher the field number, the fewer occurrences of
overlapping electron beams and less adverse cutaneous side effects [10] [16]. McGill RTSEI: The technique for
rotational total skin electron irradiation is having the patient stand on a slowly rotating platform in a large uni-
form linear accelerator electron field (Eo = 3.5 MeV). The beam is scattered by the transmission ionization
chamber and by a special lead/aluminum scattering filter, and then degraded by a sheet of Lucite. A Farmer
chamber is used as a patient dose monitor and a method for absolute dose calibration is presented. The field is
uniform to within +5% for dimensions of 180 x 40 cm The surface dose for rotational therapy is equal to 45% of
the maximum dose in a stationary beam. The rotating beam exhibits a dose maximum on the surface, falls to 80%
at 0.5 cm, and has an X-ray contamination of approximately 4%. The surface dose rate is about 25 cGy/min for
the rotating beam. The stationary beam exhibits a dose maximum at 4 mm in tissue, a surface dose of 93%, 80%
dose at a depth of 1 cm, a practical range of 1.75 cm, and an X-ray contamination of 2.5%. The rotational total
skin electron irradiation significantly reduces the patient treatment and setup time and solves the problem of
beam matching, when compared to standard multiple-beam techniques [17]. Depth of penetration and precision
of field alignment may be finely controlled using the 6 pose and rotational techniques.

3.1deal Dose Review

In the past, TSEBT was used in high doses as a palliative therapy in patients with extensive disease. Although it
was fairly successful as a monotherapy, recurrence rates were still very high (Table 1).
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Table 1. Efficacy of TSEBT as initial treatment for MF.

Stage of MF Complete remission 10 year progression free survival
1A, 1A (T1N1) 95% 50%
IB, 1A (T2N1) 90% <20%
11B, limited regional disease 15%
11 75%
If BO 66%
If B1 15%
IVA >70% Low
VB >70% 0%

Efficacy rates (response and duration of remission post-treatment) are increased in earlier stages of disease. Data from Jones et al. 2002 [13].

Recommendations for the ideal total dose are based on extent of skin involvement (T stage) and desired end-
point of palliation vs. remission. The EORTC Guidelines recommend total doses of 31 - 36 Gy over 6 - 10
weeks, broken down into 1 - 1.5 Gy every other day. Electrons should penetrate 4mm deep into the skin, result-
ing in the use of low energy electrons (4 - 5.5 MeV) [18]. Fuks et al., using a 6-field technique, found that the
magnitude of initial response varied inversely with T stage at onset of treatment. Patients with eczematous and
limited plaque MF (T1 and 2) had 100% complete response (CR) (12/12) with high dose radiation (20 - 35 Gy).
Patients with thick plaques and tumors had lower rates of complete remission (59% for plaque and 30% for tu-
mors) but enjoyed palliative benefits, including temporary (1 - 3 years) resolution of lesions, re-epithelialization
of skin ulcers and clearance of infections [19]. This study spurred recommendations for higher radiation doses
of >20 Gy per TSEBT course [20].

4. Efficacy Data

A retrospective review of 102 MF patients treated with low-dose TSEBT noted overall response rates (ORR) in
patients who received 5 to <10 Gy of 90%, 10 to <20 Gy of 98%, and 20 to <30 Gy of 97%. Overall survival
(OS) and progression-free survival (PFS) in patients administered 10 to <20 Gy and 20 to <30 Gy compared to
those receiving conventional doses of >30 Gy were not significantly different [21].

Separate investigators have published small studies evaluating the role of low dose TSEBT in the treatment of
M.F. Kamstrup et al. found that total doses of 4 Gy broken up into 4 fractions resulted in short term, partial re-
mission in early stage MF (IB-I1). For the 10 patients in the study, the objective response rate (ORR) was 80%,
complete response rate (CR) was 2%, and time to progression (TTP) was 2.7 months [22] [23]. Lindholm et al.
found that for the 10 patients with early stage MF (IB-I1) treated with the same fractionated 4 Gy dose, there was
a 100% ORR and a 10% CR.

Another study evaluating the efficacy of total doses of 10 Gy in patients with T2-T4 disease, cited 90% ORR,
CR of 70% and TTP averaging 4.2 months [23] [24]. Low dose TSEBT has the potential benefit of reduced tox-
icity, including no late symptoms of skin necrosis and unremitting dermatitis, subsequently allowing for re-
peated administrations. It is recognized that low dose TSEBT as monotherapy results in short remission times
[23]. Therefore, low dose TSEBT for CTCL is likely to be of most benefit when utilized as the skin directed
component of combination therapy including a long-term maintenance agent.

Harrison et al. observed a clinically significant response rate (defined as >50% of skin clearing) of >96% for
T2-T4 disease at both low dose and conventional doses of TSEBT; however the low dose group had fewer com-
plete responses [21] (Table 2).

5. Side Effects

Side effects from electron beam therapy are usually limited to the skin, hair, and nails. Common side effects in-
clude transient erythema, onycholysis 2 - 4 months after treatment, temporary hair loss, temporary skin hyper-
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pigmentation, anhydrosis/hypohydrosis, desquamation, xerosis, blisters, and skin pain or discomfort [10] [20]
[25]. With repeated courses, reports of other skin side effects such as telangiectasias and atrophy increased.
Lloyed et al. reported the most common toxicity rates and grades in a retrospective review of 85 patients with
mycosis fungoides receiving TSEBT. The patients were treated with a total of 89 courses of TSEBT. They found
the most common cutaneous toxicities to be radiation erythema/desquamation (76%), blisters (52%), hyperpig-
mentation (50%), skin pain/discomfort (48%), and xerosis (38%). 21% of their patients exhibited grade 1
toxicities, 67% had grade 2, and 10% had grade 3 toxicities. None of their patients developed grade 4 or 5
toxicities. Amongst African American patients, hyperpigmentation was the most frequently reported skin
toxicity. Edema, eye irritation and fatigue were the most common nonskin toxicities reported. They also noted
that 32% of their patients who were receiving a total dose of 30 to 36 Gy developed severe skin infections
requiring treatment with either oral or intravenous antibiotics during TSEBT [26] (Table 3).

6. TSEBT as Component of Combination Therapy

Conventional doses of TSEBT followed by adjuvant therapies have had mixed results in the literature,

Table 2. Efficacy of low dose TSEBT in MF.

Stage Total dose Nfumb_er of Objective response Complete Time to
ractions rate (ORR) response rate (CRR)  progression
I1B-11
Kamstrup et al. 2008 [22] [23] 4 Gy 4 80% 2% 2.7 months
Lindholm et al. [23] 4Gy 100% 10%
IB-1V (T2-T4)
Kamstrup et al. 2012 [23] [24] 10 Gy 1Gy per week in 4 fractions 90% 70% 4.2 months
Harrison et al. 2011 [21] 5-<10 Gy 90% 16%

Table 3. Side effects of TSEBT [10] [20] [25] [26].

Common side effects: limited to skin, hair and nails

Erythema/desquamation Transient
Bullae
Skin hyperpigmentation Temporary, most common side effect in African Americans

Skin pain/discomfort

Xerosis
Onycholysis 2 - 4 months post treatment
Hair loss Temporary

Anhydrosis/hypohydrosis
Other side effects

Skin infection
Edema

Eye irritation
Fatigue

Side effects particularly from repeated courses
Telangiectasias

Skin atrophy

()
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depending on the type of additional therapies used [27]. Harrison et al. suggests that the use of partial low-dose
TSEBT followed by adjuvant systemic therapy may be just as effective as the conventional dose in overall re-
sponse rates [21]. Although certain adjuvant therapies may have increased disease-free survivals, such as is seen
with PUVA and also ECP in late stage disease, overall survival does not seem to be increased by adjuvant thera-
pies [25] [27]-[31].

In a retrospective review from Stanford, conventional doses of TSEBT with HN2 (nitrogen mustard; mechlo-
rethamine) were compared with HN2 therapy alone in MF patients with cutaneous T2-T3 disease. Investigators
found that TSEBT statistically significant superiority and increased complete responses over HN2 alone. This
study also found that TSEBT with subsequent adjuvant HN2 treatment prolonged the duration of response [32].

Wilson et al. retrospectively analyzed data from patients with erythrodermic MF (stages 111-1vVB) who had
adjuvant ECP (before, during, or after) TSEBT (total dose of 32 - 40 Gy). In patients with complete response to
TSEBT, the addition of ECP significantly increased disease free survival. At both 2 and 3 years, 49% of patients
with TSEB monotherapy were disease-free, whereas the TSEBT plus ECP group had 93% at 2 year and 83% at
3-year disease-free survival, respectively. Overall survival was not different between the groups, but cause spe-
cific survival was just barely significantly improved at 2 and 3 years for the TSEBT plus ECP group [31].

7. Repeat Courses of TSEBT

Limited data is available analyzing the efficacy and tolerability of subsequent TSEBT after initial low dose
TSEBT. One study examined 5 CTCL patients treated with up to 3 separate courses of TSEBT (36 Gy, 18 Gy
and 12 Gy were the mean doses for the first, second and third courses respectively) [33]. Although response
rates decreased with subsequent cycles, 60% of patients receiving TSEBT for the third time had a complete re-
sponse to TSEBT. Another study analyzed results of 15 patients after their second treatment of TSEBT [34]. Six
patients had a complete response and 9 showed a partial response with side effects including skin dryness, telan-
giectasias, pigment changes, alopecia. The initial selection of low dose TSEBT reserves the option of utilizing
TSEBT again in future treatment of refractory and advanced disease.

8. Low Dose TSEBT in Preparation for Hematopoietic Stem Cell Transplant

In patients with advanced CTCL, even the most promising new drug therapies achieve temporary remission,
with disease recurrence being the rule. The only possibility for a cure in CTCL is allogeneic hematopoietic stem
cell transplantation (HSCT). The goal is to completely eradicate all evidence of skin, lymph node and blood
disease immediately prior to HSCT, through pre-transplant treatment and conditioning regimens. The use of
high-dose chemo-radiotherapy conditioning regimens combined with HSCT results in complete response in a
small number of reported cases [35]. To date, there are relatively few case reports and case series which discuss
the use of TSEBT prior to HSCT in patients with advanced or refractory CTCL. In a review by Duarte et al.,
they identified 4 studies (Bigler et al., 1991; Gabriel et al., 2007; Olavarria et al., 2001; Russell-Jones et al.,
2001) which included a total of 9 patients previously treated with TSEBT prior to autologous HSCT [35]. All 9
patients achieved complete clinical responses; however, the median progression-free survival ranged from less
than 100 days to approximately 7 months. Olavarria et al. reported better disease control in some patients after
their relapse, with patients responding to conventional therapies post transplantation [36]. A retrospective study
by Duvic et al. included 15 patients with advanced CTCL who received a conditioning regimen of TSEBT with
36 Gy followed by reduced-intensity allogenic stem cell transplantation between July 2001 and July 2008 [37].
Median age at transplantation was 50 years; transplantation was performed at a median of 4 years after diagnosis.
At 2 years, the non-relapse mortality-free survival was 88%, and the progression-free survival at 2 years was
53%. The 2-year overall survival was 79%. Of the 13 living patients, 11 were in complete remission and 2 had
good disease control. The authors suggested that the use of TSEBT to debulk the skin immediately before HSCT
may have led to a decrease in the severity of post-transplantation GVHD. They also speculated that TSEBT
could assist in the reduction of skin antigen-presenting cells, which could possibly prevent the initiation of
CD4+ T-cell proliferation that occurs in response to Class Il HLA-restricted antigen presentation from donor
cells matched with HLA antigens.

9. Discussion

The treatment of CTCL across all stages of disease is aimed at the goal of achieving and sustaining remission.
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There has been a paradigm shift in terms of our concept of the role for TSEBT and it is no longer regarded as a
simple palliative measure for advanced and refractory disease. Low dose TSEBT is easier, more cost effective,
and better tolerated than traditional full dose regimens. Increasingly, researchers are seeking to better define the
utility of low dose TSEBT as a method of debulking skin disease while simultaneously treating other disease
compartments and in combination with sustained maintenance therapies of both the skin directed and systemic
varieties. Data exists showing the efficacy of low dose TSEBT in early and advanced disease. There is also data
documenting prolonged treatment responses with TSEBT plus adjuvant skin directed therapies such as PUVA
and topical nitrogen mustard [18] [21] [25] [27]-[32]. (Studies show that conventional doses of TSEBT plus
adjuvant therapy seem to have a better effect on diminishing skin symptoms of all stages of CTCL than TSEBT
therapy alone [21]). Emerging data examining the role of low dose TSEBT in the prestem cell transplant
preparation are promising [35]-[37].

10. Conclusion

In conclusion, further studies are certainly needed to better define treatment algorhithims utilizing low dose
TSEB in the treatment of CTCL. It is clear, however, that low dose TSEBT should be considered as a safe and
effective skin directed therapy, best given as one component of a combination regimen in early and advanced
stages of disease in CTCL.
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