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Review paper

Abstract
Total skin electron irradiation (TSEI) has been employed as one of the methods of mycosis fungoides treatment since
the mid-twentieth century. In order to improve the effects and limit the complications following radiotherapy, a num-
ber of varieties of the TSEI method, frequently differing in the implementation mode have been developed. The paper
provides a systematic review of the different varieties of TSEI. The discussed differences concerned especially: 
(i) technological requirements and geometric conditions, (ii) the alignment of the patient, (iii) the number of treatment
fields, and (iv) dose fractionation scheme. 

KKeeyy  wwoorrddss::  mycosis fungoides, radiotherapy, electron radiation, total skin electron irradiation, review of irradiation
techniques.

Introduction

The most prevalent entity in the group of primary cuta-
neous lymphomas is mycosis fungoides (MF), epider-
motropic CTCL (cutaneous T-cell lymphoma), which is char-
acterised by the proliferation of small and medium T-cells
with cerebriform nuclei [1, 2]. The first description of the
disease was provided by Alibert in 1806 and 70 years 
later Bazin identified its 3 classic stages: patch phase, which
was initially called the pre-tumour period, plaque phase,
and tumour phase [1-6]. Mycosis fungoides presents
more often in men than in women. The disease concerns
mainly adult population as only isolated cases have been
diagnosed in children [7-9]. 

The choice of the treatment method depends primarily
on the stage of the disease. Nonetheless, factors such as
age and condition of the patient, the effects of earlier
treatments and the therapeutic opportunities offered by
the medical centre undertaking the treatment also have
to be taken into consideration [9-11]. Mycosis fungoides
treatment resorts to a number of methods in various mod-
ifications. The cases limited to skin surface are treated

with corticosteroid ointments, topical chemotherapy with
chlormethine or carmustine, photochemotherapy (pso-
ralen + UVA, PUVA) or UVB phototherapy, and radio-
therapy with total skin electron irradiation [12-20]. Each
of the above mentioned methods may be combined with
immunotherapy or retinoids [21-27]. Chemotherapy is used
mainly as a form of palliative treatment of the cases at
an advanced stage with lymph nodes or visceral organs
affected as well as in the case of relapses as a salvage
treatment [8, 10, 11, 28, 29]. 

Total skin electron irradiation (TSEI) was introduced to
the treatment of mycosis fungoides in the 1950s [30, 31].
Total skin electron irradiation can assume various forms
but it needs to be pointed out that all of them should lead
to complete or partial remission and at the same time be
characterised by low toxicity. The condition necessary to
reach adopted goals is obtaining a uniform dose for the
entire irradiation target volume (construed as epidermis,
adnexal structures and dermis [32]). Moreover, it is desir-
able to provide maximum comfort for the patient during
the procedure. 
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The present paper provides a systematic review of TSEI
techniques basing on the guidelines set as a result of the
consensus reached by the European Organization for
Research and Treatment of Cancer (EORTC) concerning
radiotherapy in the management of mycosis fungoides [33].
Special emphasis was laid on the differences in the way
of treatment implementation and obtained dose distrib-
utions. Analysing the mode of treatment implementation
the following issues are described: (i) technological re quire-
ments and geometric conditions of the method, (ii) the
alignment of the patient, (iii) the number of treatment fields,
and (iv) dose fractionation scheme. 

Guidelines for total skin electron irradiation 

According to the EORTC recommendations [33], non-
homogeneity of dose distribution in the air in the treat-
ment plane should not exceed ±10%. The total photon con-
tamination in electron beam ought not to exceed 0.7 Gy.
The distance between the source and the patient should
remain within the range of 3 m to 8 m. 

The dose administered to the skin surface in the process
of TSEI radiotherapy method should amount to values rang-
ing from 31 Gy do 40 Gy [33]. The total radiotherapy treat-
ment duration depending on the dose prescribed typically
lasts from 6 to 9 weeks – irradiation delivered four times
per week in fractions of 1.0 Gy to 2.0 Gy with intervals on
Wednesdays, Saturdays, and Sundays. The depth at
which 80% of the administered dose is absorbed should
be not less than 4 mm. At the depth of 20 mm the absorbed
dose value is not supposed to exceed 20% of the admin-
istered dose. Nominal energy of electron radiation used
during electron radiotherapy should range from 4 MeV to
8 MeV [34-41].

In the course of electron radiotherapy by the TSEI
method the patient should be positioned in such a way as
to receive irradiation to the maximum area of skin surface.
The majority of TSEI methods assume vertical positioning
of the patient, thus it is necessary to supplement the soles
of feet with additional treatment fields (sole-of-foot
fields) [32-48]. The dose prescribed to sole-of-foot fields
is typically 26 Gy-28 Gy. In addition, the skin areas that
receive doses lower than 80% of those prescribed during
electron treatment should also be supplemented with addi-
tional irradiation [31, 49-51]. Radiation energy for boost fields
is prescribed depending on the depth of skin infiltration.
In the case of skin lesions, radiation energy for boost fields
ought to range from 3 MeV to 6 MeV. When lymph nodes
are affected, the prescribed energy depends on the depth
and the location of the node (typically from 6 MeV to 12
MeV) [30-32, 52-55]. For patients with stage IVA or stage
IVB disease (visceral organs involvement), additional
photon radiotherapy of the entire body should be taken
into consideration [56]. 

Total skin electron irradiation techniques 

The three principal TSEI methods, which fulfil the EORTC
recommendations, are: (i) large electron field techniques,
(ii) rotational techniques, and (iii) techniques involving
patient’s shift during irradiation. 

In the case of large electron field techniques, the patient
is treated with irradiation while standing. In order to deliv-
er the treatment dose, the position of the patient is changed
six times during one treatment fraction starting with the
anterior position, when the patient is standing facing the
electron accelerator gantry, followed by the front-lateral
position at the right side, back-lateral position at the left
side, posterior position, back-lateral position at the right
side, and finally front-lateral position at the left side. Treat-
ment positions change every 60° about the patient’s lon-
gitudinal axis. The right or left orientation of the treatment
position is determined by the patient’s raised hand. 
Figure 1 presents treatment positions used in large elec-
tron field techniques [57]. 

If it is possible to obtain the source to skin distance
(SSD) of about 7 m in the treatment room, the accelera-
tor gantry is placed at the horizontal axis (the radiation
beam axis is perpendicular to the patient’s longitudinal axis)
and each treatment position corresponds to a single treat-
ment field. The SSD of seven metres provides treatment
field size which encompasses the entire patient body sur-
face (square fields with the side of 2 m or more) [30]. How-
ever, in the majority of cases, the size of the treatment room
does not guarantee the possibility of obtaining such long
source-to-skin distances. On average, the maximum SSD,
which can be obtained, is 3-4 m. Therefore, the maximum
treatment fields (a square field with the side of 1.05 m for
SSD of 3 m and a square field with the side of 1.40 m for
SSD of 4 m) do not encompass the entire patient body 
surface. In such a situation, the solution is provided by 
the Stanford technique proposed by Karzmark et al. [32]
which combines two treatment fields in order to deliver

FFiigguurree  11..  Treatment positions assumed during large-field
TSEI [57]
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dose rates to each of the six treatment positions. The over-
lapping of two treatment fields, which is known as a dual
field, is obtained by rotating the linear accelerator about
an axis, which is perpendicular to the patient skin surface.
For each subfield (a composite of the dual field) the gantry
rotates by the same number of degrees but in opposite
directions. With SSD of 3 m it is possible to obtain the dual
field by using two fields for which the gantry is located 
20° and –20° in relation to the axis, which is perpendicu-
lar to the patient plane. Figure 2 presents the positions of
the treatment apparatus gantry used to produce the dual
field for the anterior position during large-field TSEI [30]. 

In both forms of the large electron field technique dis-
cussed earlier, skin surface is irradiated in a discontinu-
ous manner – six treatment positions are used. Therefore,
it is of paramount importance to deliver a uniform dose
across and along the patient’s longitudinal axis. This guar-
antees the comparability (to an accuracy of 10%) of the dos-
es absorbed in the skin of hands, forearms, head and low-
er limbs (the parts of patient’s body located outside the
central part of a treatment field) with the doses absorbed
in the skin of the trunk (the area of patient’s body locat-
ed in the centre of a treatment field). In order to improve
dose homogeneity, special scatters are fitted directly in the

gantry of the treatment machine. It should be noted, how-
ever, that in the case of techniques based on dual fields,
scattering filters are used solely to increase dose homo-
geneity across the longitudinal axis of the body since dose
homogeneity along the body’s longitudinal axis is accept-
able. 

Continuous skin irradiation is carried out using rota-
tional techniques. There are two main varieties of this tech-
nique: classic [58-60] and rotary-dual.

In the classic rotational technique, the patient is
placed on a rotation platform and one field is used in the
process of irradiation (the gantry of medical accelerator
is positioned along the horizontal axis). 

In the process of irradiation, the patient is automati-
cally rotated at a constant speed about the vertical axis
of the body. Similarly to a single field technique of large
electron fields, it is necessary to use large SSDs (~7 m) so
that the treatment field of an adequate size covering
patient’s entire body can be produced. Moreover, it is essen-
tial to use scatters ensuring uniform dose distribution along
the longitudinal axis of the patient. Dose homogeneity
across the patient, on the other hand, is compensated by
constant rotation during irradiation. Podgorsak [58] used
a modified scattering filter, which not only ensures appro-
priate dose homogeneity along the longitudinal axis of the
body but also significantly scatters electron radiation and
thus enlarges the treatment area. Hence, the SSD can be
reduced from 7 m to 3 m. The size of the treatment field
produced in the patient plane at the 3 m SSD for this 
technique is 2.5 m × 2.5 m. Figure 3 illustrates the patient 
setup and geometric conditions of the single field rotation
technique.

An alternative for the technique proposed by Podgor-
sak et al. is rotary-dual technique developed at the
Greater Poland Cancer Centre [39, 40]. Irradiation, in the
course of which the patient is rotated about his/her ver-
tical axis, is delivered using one dual field. Like in the Stan-
ford technique, a dual field offers the possibility of a sig-
nificant reduction of SSD (up to 3 m) without the use of
the scattering filter, which is indispensible in the classic
rotational technique. Furthermore, as in the classic rota-
tional technique, the rotational movement of the patient
in the course of irradiation eliminates the necessity to apply
scatters, which improve dose homogeneity across the
patient’s body. Figure 4 shows patient setup and geometric
conditions of the rotary-dual technique.

Both large electron fields and rotational techniques
involve the standing position of the patient in the course
of irradiation. On the other hand, the third group of TSEI
techniques involves different positioning of the patient. In
this case the patient is placed on a specially modified treat-
ment table, which moves along the longitudinal axis of the
body [61]. The technique adopted in the Christie Hospital
of Manchester [62] is a case in point here. One form of this
method, which dispenses with continuous patient shift,
is the technique adopted in the Northern Israel Oncology

FFiigguurree  22..  Positions of treatment apparatus gantry used to
generate a dual field for the anterior body position in lar-
ge-field TSEI [30]
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FFiigguurree  33..  Patient setup and geometric conditions of the sin-
gle field rotation technique [58]
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Centre [49] involving patient irradiation with four or five
sets of fields, each requiring a separate positioning. In the
process of irradiation with each set of fields, the patient
remains stationary and is moved along during setup alter-
ation. In the case of both these techniques, it was possi-
ble to obtain SSD of ca. 1.5 m. In order to increase SSD to
2-2.5 m and, what follows increase treatment field size Wu
et al. [63] dispensed with the treatment table and placed
the patient on the floor. The patient is irradiated with dual
fields for six horizontal positions corresponding to posi-
tions used in the large electron field technique (Figure 1).

In the case of all the techniques presented above, the
energy of ionizing radiation, which is mainly applied, is the
nominal energy of 6 MeV which on skin surface produces
for the SSD of 3 m electron radiation of mean energy equal
to 2.5 MeV. 

Discussion and conclusions

Each of the presented irradiation techniques fulfils the
recommendations set by the EORTC [33]. However, while
making a choice about the technique a number of factors
crucial to its implementation should be considered. These
factors include: (i) irradiation time, (ii) total fraction time,
(iii) the size of the radiotherapy treatment room, (iv) pa -
tient’s comfort, and (v) the number of local boost fields,
for which the dose delivered in the process of total skin
irradiation is smaller than 80% of the prescribed dose. 

The majority of medical accelerators are equipped with
a special treatment protocol which allows for TSEI delivery.
Unlike classic protocols it offers the possibility of electron
radiation of high dose rate expressed as the number of 
monitor units emitted by the medical accelerator per minute
(JM/min). In the case of TSEI it is 900 JM/min and in the 
case of classic treatment protocols it amounts to 300 JM/min.
When a medical accelerator is adjusted so that one mon-
itor unit represents one centigrey (cGy), the dose rate for
TSEI protocol is 9 Gy/min and is three times the size of the
dose rate for classic protocols – 3 Gy/min. However, it should
be noted that these calculations are carried out for stan-
dard conditions assuming dose measurement at SSD of 100
cm used in the case of classic treatment protocols. Taking
into account both SSD applied in TSEI which varies from 3
m to 7 m and the law which says that the dose rate decreas-
es as the square of the distance [64], the dose rate for TSEI
depending on SSD is 1 Gy/min for SSD of 3 m and 0.2 Gy/min
for SSD of 7 m. It is worth emphasising that in the case of
treatments using 3-metre SSD the number of fields nec-
essary to deliver a treatment dose twice exceeds (dual fields)
the number of fields used in treatments carried out at 7 m
SSD. To conclude, the duration time necessary to deliver
treatment dose for irradiation techniques employing SSD
3 m is two and a half times shorter than for techniques using
SSD of 7 m. The issues presented concern the irradiation
time, which is only one of the two composites of total time
of irradiation fraction delivery. The time, which should be

devoted to the appropriate positioning of the patient before
the start of the irradiation process, also plays an important
role. The review of TSEI techniques conducted by Dia-
mantopoulos et al. [65] proved that the Stanford technique
is the most time-consuming as far as positioning is con-
cerned while the rotational technique requires the least
amount of time. This results from the need to repeat six
times the procedures of patient setup (the procedure is
repeated separately for each treatment position) while only
1 patient position is required for the rotational technique. 

In the last 10 years, dual techniques have completely
supplanted single-field techniques which use large SSDs.
This results mainly from the following factors: (a) a con-
siderable reduction of irradiation time for the techniques
carried out at SSD of 3 m; (b) no need to position dual fields
twice, and (c) the fact that 7-metre distances between the
source of irradiation and patient’s skin are frequently unat-
tainable in treatment rooms.

In the analysis the aspects relating to patient’s com-
fort in the course of irradiation, both absence of differences
between rotational and the Stanford techniques and
a significant increase in patient’s comfort for techniques
involving the horizontal position of a patient should be
emphasised.

All irradiation techniques require application of local
boost fields for which the dose delivered is smaller than
80% of the prescribed dose. In the case of techniques involv-
ing irradiation of the patient in the sitting position, the areas
typically requiring boosting are the soles of feet, vertex of
the head, perineum and medial thighs. The number of boost
fields differs slightly depending on the technique with the
rotational technique requiring more boosts than the
Stanford technique.

Finally, in order to verify dose distribution, the in vivo
dosimetry method should be applied. The reports presenting
the results of dosimetric measurements confirm that uni-
formity of dose distribution varies from 90% to 110% of
the planned dose for all the techniques discussed in the
present paper [44, 50, 51, 66-76]. 

FFiigguurree  44..  Patient setup and geometric conditions of the rota-
ry-dual technique [40]
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