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Abstract: Cutaneous T-cell lymphoma is a rare group of malignancies characterized by the proliferation
of CD4+ T-cells, of which mycosis fungoides (MF) is the predominant subtype. The neoplastic lymphocytes
of MF are extremely radiosensitive and even low doses of radiation can produce excellent responses. As
such, radiotherapy (RT) is considered to be the most efficacious single agent treatment option for ME. Total
skin electron beam therapy (T'SEBT) is a special RT technique that allows for homogenous irradiation of
the entire skin. The effectiveness of conventional-dose (cd) TSEBT (30-36 Gy), particularly at inducing
complete cutaneous responses, has been well documented over the years. Nonetheless, most patients
eventually relapse. In these cases, cd-TSEBT is limited as RT toxicity is dose-dependent. Consequently,
clinicians are moving towards low-dose (Id) TSEBT (10-12 Gy). Institutional studies and prospective trials
have shown similar response rates, overall survival and symptomatic relief with this regimen, albeit at the cost
of complete response. Advantages of 1d-TSEBT include decreased treatment length, improved side effect
profile, and the opportunity for multiple applications following disease recurrence. This comprehensive
review evaluates TSEBT techniques, clinical outcomes, impact of different dose regimens, and toxicities in

the treatment of MF. Future applications of TSEBT with newer systemic agents are also discussed.
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Introduction with incidence increasing with advancing age. Males and

African Americans are more commonly affected.

Cutaneous T-cell lymphoma (CTCL) is a heterogenous Patients with early-stage disease present with limited

group of rare non-Hodgkin lymphoma (NHL) characterized

patches and plaques suspicious only to the experienced
by uncontrolled clonal proliferation of malignant
T-lymphocytes in the skin (1,2). Mycosis fungoides (MF) is
the most common CTCL subset, which combined with the

physician, while late stage MF is characterized by severe
disease including tumors, ulceration, systemic involvement
and death. Stage at diagnosis, including lymphatic and

more advanced Sézary syndrome (SS) accounts for >60% of
all CTCL cases. A recent Surveillance, Epidemiology and
End Results analysis demonstrated an annual incidence rate
of MF of about 5.6 per million persons, which has stabilized
since 1995 (3). The median age at diagnosis is 55-60 years
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extracutaneous disease involvement, are important
prognostic factors for disease progression (4), and have
been incorporated in the staging of MF/SS (5). Most
patients present with early-stage disease and thus have a
good prognosis for long-term survival. Nonetheless, MF
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is considered to be an incurable disease requiring lifelong
treatment.

Skin-directed therapies, such as topical steroids,
chemotherapy, retinoids, imiquimod phototherapy,
photochemotherapy (PUVA) and radiotherapy (RT) (6-10),
are the recommended first-line options for stage IA-
III MF and most patients can look forward to a normal
life expectancy. RT, in particular total skin electron beam
therapy (TSEBT), has a long history in the treatment of MF
and is considered to be the most effective single modality
treatment for MF (11). Lately, low-dose (Id) TSEBT
regimens (in the range of 10-12 Gy) have been gaining
traction due improved toxicity profile, shorter treatment
length, and multiple applications in relapsed disease (12).

This review of TSEBT highlights techniques, clinical
outcomes, evolution of dose (high to low), and toxicities, in
the treatment of ME/SS. In addition, future directions are
discussed highlighting the potential of Id-TSEBT as part of
a promising therapeutic approach.

RT in CTCL

RT was first employed in the early 1900s (13) and TSEBT
has been used to treat CTCL since 1951 (14,15). The
neoplastic T-cells in MF are extremely radiosensitive with
high levels of response seen even with low doses of RT
(16,17). In addition, RT has the advantage of simultaneously
treating large extents of disease while penetrating deeper
skin layers. Both photons and electrons can be used in MF;
however, electrons are particularly effective due to their
short, well-defined range, thus optimizing dose delivery
to the skin surface, as well as a more rapid dose falloff that
limits RT exposure to deeper, healthy tissues.

When a significant amount of body surface is involved
with disease such that the entire skin surface requires
irradiation, TSEBT is employed. TSEBT is a technically
challenging RT technique requiring significant physics and
dosimetry support as well as special commissioning of a
linear accelerator. Accordingly, TSEBT is typically offered
only at large institutions or facilities with a large population
of MF patients. The objective of TSEBT is to provide a
relatively homogenous RT dose to the entire skin while
limiting toxicities (18). Acute adverse effects are normally
limited to the skin, hair, and nails with minimal serious
long-term complications (19,20). To minimize toxicity,
external and internal eye shields (21) are used with further
consideration of lips, fingernail, scalp, and testes shielding.

TSEBT can be administered using large electron field
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techniques (i.e., the Stanford technique) (15), rotational
techniques (22,23), or techniques where the patient is
shifted during irradiation (24). Currently, the Stanford
technique is the most commonly employed TSEBT
method. Conventional-dose (cd) TSEBT consists of
30-36 Gy delivered over a period of 8-10 weeks. During
irradiation, patients stand in an upright position on a static
base. Electron beams with 6-9 MeV energy are usually
used (depending on the depth of skin infiltration) to treat 3
anterior and posterior treatment positions each (Figure 1),
with both superior and inferior beam angulations. Two
treatment cycles are delivered per week, with one cycle
consisting of irradiating anteroposterior and 2 posterior
oblique fields on day 1 followed by posteroanterior and 2
anterior oblique fields on day 2 (18). A boost is often given
to areas that may be “underdosed” including the perineum,
plantar surfaces, medial thigh, inframammary fold, behind
pannus, and/or scalp (25).

TSEBT dose determination

Both the European Organization for the Research and
Treatment of Cancer (EORTC)/International Society
for Cutaneous Lymphoma (ISCL) (26) and National
Comprehensive Cancer Network (NCCN) guidelines (27)
approve of TSEBT in refractory stage IA and stage IB-
IV MF as well as in SS. Cd-TSEBT of 30-36 Gy achieves
a high remission rate with acceptable toxicity. In selected
patients with relapse after good initial response, TSEBT
can be successfully repeated; however, RT toxicities are
cumulative resulting in clinical reluctance to administer
more than 2 lifetime ¢d-TSEBT courses to a patient. As
such, more recent studies are investigating the impact
of lowering the total TSEBT dose. Herein, we will
examine the data for both cd- and 1d-TSEBT (10-12 Gy)
approaches.

Conventional dose

The effectiveness of cd-TSEBT has been confirmed by
multiple large single and multi-institutional series (Zible 1)
(28-35). Overall response (OR) rates range from 94.7-100%
range using 30-36 Gy TSEBT. In terms of complete
response (CR) rates, there is a well-established linear dose-
dependent relationship. Jones ez 4/. (28) found a significantly
higher CR in stage IA-III patients treated with 35 vs. 30 Gy
(85% vs. 64%). Additionally, lower rates of CR are seen in
higher stage disease, despite RT doses >30 Gy. Quirés (29)
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Figure 1 Stanford 6-field patient positioning (left) and TSEBT schedule (right). Right posterior oblique (RPO), anteroposterior (AP), and

left posterior oblique (LPO) positions are treated on day 1. Right anterior oblique (RAO), posteroanterior (PA), and left anterior oblique

(LAO) positions are treated on day 2. One fraction consists of day 1 and day 2 treatments. Two fractions are delivered per week. TSEBT,

total skin electron beam therapy.

et al. and Ysebaert et /. (32) both noted lower CR rates in
T2 compared to T'1 disease treated with 30 or 36 Gy (84.8%
vs. 87.5% or 87% vs. 97%), respectively. Similarly, CR
following 32 Gy TSEBT was only 60% in 45 patients with
stage III-1V disease.

The largest cohort of patients treated with cd-TSEBT is
at Stanford with the latest updated published in 2011 (33).
A total of 180 patients (T2: 103; T3: 77) received 36 Gy
TSEBT over 9 weeks. Clinical improvement was achieved
in all patients, with 60% demonstrating a CR. Higher
CR rates were seen in T2 vs. T3 disease (75% vs. 47%).
The median duration of response for CR patients was
longer for those with T2 than T3 disease, 29 vs. 9 months,
respectively. The 5- and 10-year overall survival (OS) rate
for the entire cohort was 63% and 44%, respectively. Both
median OS (10.9 vs. 4.7 years, P<0.001) and progression-
free survival (PFS) (8.5 vs. 2.9 years, P<0.001) were also
significantly longer in T2 vs. T3 disease.

The United Kingdom (UK) Cutaneous Lymphoma
Group (35) implemented a shortened TSEBT treatment
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regimen with comparable results to 9-week TSEBT. A total
of 30 Gy in 20 fractions was administered over a course
of 5 weeks (4 days/week) using the Stanford 6-dual-field
approach. Of the 41 patients, 17 were stage IB, 19 stage
IIB, 3 stage III, and 2 stage IV. The OR and CR was 95%
and 51%, respectively. The median time to relapse, time to
systemic therapy, and time to modified severity weighted
assessment tool (nSWAT) progression above baseline was
12, 15, and 44 months, respectively. The median OS was
35 months overall: stage IA patients had increased OS rates
and longer time to relapse than stage IIB.

Low dose

Despite the proven benefit of cd-TSEBT, there are
associated toxicities that limit its use following disease
recurrence. As a result, lower dose TSEBT has been
explored. Extrapolating the very favorable clinical response
of very lose-dose RT in indolent low-grade NHL (36-38),
Kamstrup et al. (39) first explored very 1d-TSEBT (4 Gy
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Table 1 Studies Investigating conventional-dose total skin electron beam therapy (I'SEBT) in mycosis fungoides (MF) and/or Sézary syndrome (SS)

Num.ber Median age in  TNMB stage TSEB.T R Median Median OS in Median t'”.‘e
Study of patients cars [range] (patients) dose in rate CRrate follow-up months to progression
(sex: M/F) y 9 P Gy [range] in months (range)
Jones, 146 (86/60) 55[23-85] IA[10],IB[6], 30 (n=25) NA 64% 62.4 NA 49.2 (26.4-60)
1994 IIA [4], 1B [4], months (T1NO-
] 1)*
1A [54], IB 36 85% 21.6 (15.6-33.6)
[44], 1A [9], (n=121) months (T2NO-
1B [9], Il [5] 1)
Quirods, 114 (69/45) 58 [20-88] T1[39], T2 36 NA  97%,87% 62 NA 90 months
1997 [75]
Jones, 45 (31/14) 67 [42-84]  Stage Ill [28], 32 100% 60% 27.6 40.8 6.1 months
1999 stage IV [17]  [4.8-40]
Shouman, 40 (31/9) 50 [24-63] T1[16], T2 35 100% 87.5% 19.5 NA 10.5 months
2003 [18], T3 [6] (4-36 months)
Ysebaert, 57 (31/26) 61 [19-84] T1[24], T2 30[24-34] 94.7%  87.5%, 114 NA 26 months
2004 [33] 84.8% (1-156 months)
Navi, 2011 180 (110/70) 57 [19-86] T2 [103], T3 36 [30-40] 100% 60% (all): 77 130.8 (T2), 56.4 102 months
[77] 75% (T2), (T3) (T2), 34.8
47% (T3) months (T3)
Morris, 41 (30/11) 64 IB[17], 1IB 30 95% 51% 18 35 (all): >56 (IB), 12 (all): 18 (IB),
2013 [19], 11 [3], 25 (1IB), 46 (lll), 9 (I1B), 9 (ll1), 11
IVA2 [2] 23.5 (IVA2) (IVA2)
Heumann, 68 (35/33) 52 [18-89] T2 [18], T3 30-36 - 88%, 61 75.8 (all): >55,  11.3 (all): 14.3,
2015 [37], T4 [13] 83%, 69% 91, 59 9.9, 12.1

*, relapse-Free Survival calculated in patients with CR. TNMB, Tumor-Node-Metastasis-Blood; OR, overall response; CR, complete

response; OS, overall survival.

in 4 fractions over 4 days) as a second-line treatment in
ten patients with stage IB-II MF who did not achieve
CR or relapsed within 4 months following psoralen plus
ultraviolet-A. Two patients had a CR, but relapsed after
3.5 months. Six patients had a partial response (PR), with a
mean duration of 2.0 months. One patient had no clinical
response and one patient died without receiving treatment.
This report showed that even 4 Gy TSEBT can obtain
clinical response in MF; however, the insufficiently low
duration of response does not allow very Id-TSEBT to be
recommended as standard management for early stage ME.
In 2011, Harrison et 4l. (40) published the Stanford
University experience of 1Id-TSEBT and evaluated the
impact of various radiation doses. A total of 102 patients
(T2: 51; T3: 29; T4: 22) received between 5 to <30 Gy
TSEBT from 1958-1993; those with visceral or peripheral
blood disease were excluded. For purposes of comparison,
the authors also compared results to a cohort of patients
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who received >30 Gy TSEBT from 1970 to 2007. OR
& CR rates were 90% & 16%, 98% & 35%, and 97%
& 34% for those receiving 5 to <10 Gy (n=19), 10 to
<20 Gy (n=51), and 20 to <30 Gy (n=22), respectively.
Furthermore, no significant differences in OR, PFS, RES,
or OS was seen among the low-dose groups (10 to <20 Gy
and 20 to <30 Gy) and those who received >30 Gy. Based
on these findings, the authors concluded that TSEBT
within the lower dose range of 10 to <20 Gy merits further
investigation, particularly in the context of multi-modality
treatment.

Given their prior experience and encouraging findings
from Stanford, Kamstrup ez /. (41) conducted an open multi-
institutional clinical study evaluating 1d-TSEBT (10 Gy).
A total of 21 patients with stage IB-IV ME/SS received 10 Gy
(1 Gy per fraction; 4 fractions per week) TSEBT from
2009 to 2012. The median follow-up was 15.7 months
(3.9-40.2 months). The OR rate was 95%. Moreover, 58%
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of patients achieved either a CR (29%) or very good PR
(VGPR; 29%) (<1% involvement of body surface area).
The median duration of cutaneous response was 5.8 months
(2-22.2 months) overall, 9.1 months (2.7-22.2 months) for
those with CR + VGPR, and 4.5 months (2-13.3 months)
in patients with a PR. Only grade 1-2 side effects were seen,
at a lower frequency than what is reported with c¢d-TSEBT.
The 10 Gy regimen appears acceptable, and future studies
should determine if the combination with other agents could
increase the rate of CR and response duration.

Hoppe et al. subsequently started a phase II trial of
12 Gy TSEBT (ClinicalTrials.gov NCT00985140), and
later published (42) a pooled analysis of three Phase-1I
clinical trials of Id-TSEBT from Stanford University and
MD Anderson Cancer Center. The primary end point for
all trials was the clinical response rate. In all, 33 enrolled
patients with stage IB-IIIA MF were treated with 12 Gy
TSEBT over a 3-week span. The OR, CR, and PR rate
was 88%, 27%, and 61%, respectively. The median overall
reduction in mSWAT score was 93.5%, with the largest
reduction (median: 45%) occurring between 1-2 months
post-TSEBT. The median time to response and median
duration of clinical benefit (time from initial response until
initiation of any total skin-equivalent treatment, systemic
therapy, or progressive disease) was 1.7 months (0.7-2.9
months) and 16.3 months (95% CI, 9.6-30.8 months),
respectively. The majority of recorded toxicities were mild
and reversible with only two grade III adverse effects noted.
These findings further confirm the clinical utility of 1d-
TSEBT.

Moreover, a direct comparison between conventional
versus 1d-TSEBT was provided by a retrospective German
study (43). The median dose was 30 Gy (30-36 Gy) for the
cd-cohort [n=24 (19 MF; 5 SS)] and 20 Gy (12-28 Gy) for
the 1d-cohort [n=12 (7 MF; 5 SS)]. Overall response & CR
was 92% & 50% and 70% & 50% for the entire MF and SS
cohorts, respectively. No significant outcomes differences
were seen between MF/SS patients treated with cd- vs. 1d-
TSEBT: OR—92% vs. 75% (P=0.09); CR—63% vs. 25%;
event-free survival (EFS)—15 vs. 6 months (P=0.053);
median OS—77 vs. 16 months (P=0.237). Id-TSEBT
patients had significantly lower median treatment length {32
[16-186] vs. 49 [25-323] days, P=0.009}. Of note, the cd-
cohort experienced statistically significant higher grade II
toxicities (82% vs. 50%, P=0.043).

Most recently, The UK Cutaneous Lymphoma Group
published the largest prospective series of MF patients
treated with Id-TSEBT (44). A total of 103 MF patients
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(52.4%, 32.0%, 11.7%, 3.9%—stages 1B, IIB, III, and
1V, respectively) were irradiated with 12 Gy TSEBT in 8
fractions over a period of 2 weeks. The median age was 68
years. The ORR was 87% in all patients: 18% achieved
a CR, 69% achieved a PR, and stable disease was present
in 8% of patients. In those with CR, the median time to
relapse was 7.3 months. The median response duration was
11.8 months. The median PFS rate for all patients was 13.2
months, with higher rates seen in lower stages of disease.
Treatment was well tolerated with <5% grade 3+ toxicity
(lower extremity edema, skin blisters, radiation dermatitis)
seen.

TSEBT toxicity

For patients receiving conventional 30-36 Gy TSEBT, the
most frequently seen acute side effects are erythema and dry
desquamation (76%), blisters (52%), hyperpigmentation
(50%), skin pain (48%), and skin infections requiring
antibiotics (32%) (20). Alopecia and temporary damage
or loss of nails are common, and alopecia potentially
irreversible with doses >25 Gy. Repeat TSEBT (45,46),
while effective, can be associated with more significant
long-term toxicities, such as hypo- or anhidrosis, chronic
dry skin, and scattered telangiectasias. There is also
a slightly increased risk of secondary non-melanoma
skin malignancies (47). Toxicity is dose-dependent with
reluctance to administer >2 ¢d-TSEBT courses in a patient’s
lifetime.

A significant more favorable toxicity profile is associated
with 1d-TSEBT. Kroeger ez al. (48) found significantly less
grade 2 (33% vs. 79%) and grade 3 (6% vs. 15%) toxicities
treated with low-dose (median surface dose: 12 Gy) vs.
high-dose (median surface dose: 30 Gy) TSEBT. Multiple/
salvage 1d-TSEBT were not associated with increased risk
of acute adverse events. In accordance with these findings,
the UK Lymphoma Group found a significant reduction in
grade 2 toxicities (7% vs. 38%—fatigue; 3% vs. 19%—skin
blisters; 13% wvs. 47%—radiation dermatitis; 5% vs. 31%—
skin infection) with low- vs. higher-dose TSEBT (44).

Discussion

TSEBT remains one of the most effective treatment
modalities for MF. Historically, TSEBT doses increased
from 8 to >30 Gy as higher response rates were seen with an
acceptable increase in acute toxicity associated with incremental

dose increases. Since then, the efficacy of 30-36 Gy TSEBT
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Table 2 Studies investigating low-dose total skin electron beam therapy (TSEBT) in mycosis fungoides (MF) and/or Sézary syndrome (SS)

Study Number Medianage TNMB stage TSEBT OR rate CR rate Median ~ Median Median time
of patients  in years (patients) dose in follow-up  OSin to progression
(sex: M/F) [range] Gy (range) in months months (range)
Kamstrup, 10" (6/4) 68.5 MF IB [6], MF 4 88.9% 22.2% NA NA 2.7 (0-3.5)
2008 [65-82] IC[2], MFIIB[2] months
Harrison, 102 59 [21-90] MF T2 [51] 5to <10 90% 16% NA NA 12 (6.5-12.1)*
2011 (68/34) months
MF T3 [29] 10-20 98% 35% 25.7 (10.9-
43.4)* months
MF T4 [22] 20 to <30 97% 34% 29.3 (4.3-
85.6)* months
Hoppe, 33 (18/15) 63[19-83] MF IB [22], MF 12 88% 27% NA NA 16.3 (9.6-
2015 1B [7], MF IA 30.8)** months
[2], MF IA [2]
Kamstrup, 21 (17/4) 66 [47-92] MF IB-IIIA [19], 10 95% 29% (57% CR 19.5 NA 5.8 months
2015 SS IVA [2] + VGPR) (83-675 days)
Elsayad, 12 56 MF [7], SS[5] 20[12-28] 75% (all): 71% 25% (all): 0% 114 14 (MF), 8 months (MF),
2015 (MF), 80% (SS) (MF), 60% (SS) 16 (SS) 3 months (SS)
24 MF [19], SS [5] 30 [30-36] 92% (all): 63% (all): 68% 77 77 (MF), 15 months
100% (MF),  (MF), 40% (SS) 48 (SS) (MF), 19
60% (SS) months (SS)
Morris, 103 68 [26-91] MF IB [54], MF 12 87% (all): 94% 18% (all): 20% 20.6 NA 12.2 months**
2017 (76/27) 1IB [33], MF IlI (IB), 97% (IIB), (IB), 21% (IIB),
[12], MF IV [4] 50% (lll), 25% 8% (Ill), 0%

(Iv)

(Iv)

#, one patient did not receive treatment. Percentages exclude this patient; *, relapse-free survival calculated in patients with CR; **, median
duration of clinical benefit. TNMB, Tumor-Node-Metastasis-Blood; OR, overall response; CR, complete response; OS, overall survival;

VGPR, very good partial response.

in inducing CR has been validated (7able 1), indicating the
dose-response relationship between neoplastic MF cells and
RT. Although CR is the preferred result for all therapeutic
modalities in oncology, the chance of inducing and sustaining
a CR in MF/SS is particularly challenging. Despite receiving
c¢d-TSEBT, many patients experience relapse within 2 years.
Although TSEBT repetition (45,46) following standard-dose
regimens has been reported, the RT dose in second or third
courses is often reduced due to the significant risk of severe
and/or irreversible toxicities such as skin atrophy, xerosis, and
alopecia.

1d-TSEBT is becoming increasingly popular over the
past several years. Studies have shown very similar OR,
OS, and EFS rates, albeit at the cost of decreased CR
rates (Table 2). Nonetheless, Id-TSEBT is able to produce
clinically significant benefits (i.e., reduction in mSWAT
scores, very-good PR) resulting in reduced disease burden
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and associated symptomatic relief (Figure 2). Indeed, Hoppe
et al. (42) described an outstanding 93.5% median reduction
in disease burden and 16.3-month duration of clinical benefit.
For patients at high risk of recurrence, the resultant quality
of life improvement is often more beneficial than a CR. Of
note, it is very difficult to predict the length of cutaneous.
The UK Lymphoma Group have published modern results
of both cd- (35) and 1d- (44) TSEBT and have noted similar
response duration (~12 months), despite higher CR with
high-dose TSEBT. Similarly, Kamstrup ez 4/. (41) noted an
overlap in duration of cutaneous response among patients
who experienced PR or CR + VGPR. Toxicity is also reduced
using 1d-TSEBT. MF is considered to be an incurable disease
with patients often requiring multiple lifetime treatments. 1d-
TSEBT thus has the benefit of multiple applications without
inducing severe radiation-associated toxicity.

Finally, Id-TSEBT is able to produce a rapid and significant

Chin Clin Oncol 2019;8(1):9
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Figure 2 Clinical case: a 68-year-old male with stage IIIA MF (>90% BSA involvement) presented with painful, pruritic lesions. He received
low-dose TSEBT (12 Gy/6 fxn) with additional boosts to his scalp (4 Gy/1 fxn), soles of feet (8 Gy/2 fxn) and perineum (8 Gy/2 fxn) with

resolution of his symptoms. The patient experienced resolution of his symptoms and achieved a complete cutaneous response. He is now on

maintenance vorinostat. Panel shows pre- (A,C,E) and post-TSEBT (B,D,F) pictures. Location of pictured lesions include back (A,B), trunk

(C,D), and posterior distal lower extremity (E,F). MF, mycosis fungoides; BSA, body surface area; TSEBT, total skin electron beam therapy.

symptomatic relief in a shortened duration. Many patients find
the length of ¢cd-TSEBT treatment to be cumbersome (49)
and are hesitant to repeat the treatment if necessary. Thus,
the less intensive treatment course of ld-T'SEBT provides
the opportunity to improve patient compliance (50) and
satisfaction, while also reducing costs (42). Due to these
benefits, the updated NCCN guidelines (27) recommend a
dose range for TSEBT to be between 12-36 Gy, generally
4-6 Gy per week.

Future directions

There has been a steady development of newer systemic,
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targeted, and immunotherapeutic agents in MF/SS.
Histone deacetylase inhibitors, such as vorinostat (51) and
romidepsin (52), modulate single- and double-stranded
repair proteins and may have a radiosensitization effect when
combined with RT (53,54). An imbalance between Th1/
Th2 CD4+ T-lymphocyte exists in ME, with a disproportionate
amount of Th2 cytokines present in advanced-stage disease (55).
A phase IT study (56) of the Thl promoting cytokine, human
recombinant interleukin 12, has shown a 43% PR, though
brief (median: 3 months) antitumor response. Brentuximab,
an anti-CD30+ monoclonal antibody (mAb), is now approved
for CD30+ CTCL following the results of the phase III
ALCANZA trial (57). Other promising mAb include

Chin Clin Oncol 2019;8(1):9
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zanolimumab (anti-CD4+ mAb) (58) and mogamulizumab
(anti-CCR4 mAb) (59), which have shown OR rates reaching
56% and 37%, respectively. Finally, the anti-PD-1 antibody,
nivolumab (60), has shown a modest OR of 15% in recurrent
or refractory MF.

Multi-modality treatment with TSEBT remains
controversial due to inconsistent findings, particular
when different agents are utilized. For example, one study
showed, for early stage patients, adjuvant PUVA was
shown to improved 5-year disease-free survival (DES) (29).
Combining TSEBT with interferon (IFN) resulted in
increased though acceptable toxicities; however, the
addition of IFN did not appear to improve the CR rate,
DEFES or OS in MF (61). For patients with extracutaneous
involvement, the combination of TSEBT with conventional
chemotherapy has been shown to improve CR rates in
several studies (62-64). The updated 2017 EORTC/ISCL
recommendations for the treatment of MF/SS suggest
following remission-inducing treatment, such as TSEBT,
with maintenance topical (i.e., topical steroids, PUVA,
ultraviolet B, mechlorethamine) or systemic therapies (i.e.,
low dose methotrexate, IFN, retinoids, extracorporeal
photopheresis) in order to improve and/or sustain the
clinical benefit of TSEBT (26).

Investigations are ongoing with newer agents may
help augment the CR rates of 1d-TSEBT. There are two
clinical trials actively recruiting patients for combined
1d-TSEBT and systemic/targeted therapy. The first is a
phase I trial (Clinical Trials.gov NCT02822586) evaluating
treatment response and cutaneous toxicity of concurrent
brentuximab and 12 Gy TSEBT. The other is a phase 2
multi-institutional trial (ClinicalTrials.gov NCT02542124)
assessing the toxicity of concurrent recombinant interleukin
12 and 12 Gy TSEBT. Finally, another multi-institutional
phase II study (ClinicalTrials.gov NCT01187446) of 12 Gy
TSEBT combined with vorinostat has completed, with final
results pending.

Despite these promising advancements, patients with
advanced disease only achieve temporary remission.
Autologous hematopoietic stem cell transplantation (HCT)
is the only way to potentially produce a cure and is an area
under ongoing investigation (65,66). Ideally, patients should
be in CR prior to initiating the conditioning regimen for
HCT. TSEBT has the ability to control cutaneous disease and
achieve remission prior to transplant. Duvic et a/. (67) reported
on 19 patients (3 stage IIB; 6 stage IVA; 10 stage IVB) who
received cd-TSEBT immediately before allogeneic HCT
for refractory MFE. Following TSEBT and HCT, 58% of
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patients were able to achieve a CR. At 2 years, OS was
79% and PFS was 53%. In addition, the authors suggested
that the use of TSEBT to debulk the skin immediately
before transplant may have led to a decrease in the severity
of graft-versus-host disease, one of the most commonly
seen toxicities with HCT (68). This combination may yet
prove to be a promising approach for this difficult to treat
population.

Conclusions

MFEF/SS is a rare and challenging disease to treat with
minimal randomized data to support optimal initial
treatment choice. RT, in particular TSEBT, is a well-
established and efficacious treatment option for MF. The
efficacy of cd-TSEBT (30-36 Gy) has been validated by
numerous institutional studies and gives the highest chance
of achieving a CR, albeit with the costs of greater toxicity
and limited opportunities for retreatment. ld-TSEBT (10—
12 G7) has been gaining traction due to its ability to provide
rapid and clinically significant disease reduction, improved
side effect profile, convenience, and repeatability following
disease recurrence. Future studies identifying combinations
of novel systemic agents with Id-TSEBT may help improve
response durability. Nonetheless, it is clear that [d-TSEBT
should be considered as a safe and effective skin-directed
therapy in the treatment of MF/SS.
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