
Total Skin Treated by Helical Tomotherapy | Encyclopedia.pub

https://encyclopedia.pub/entry/42061 1/13

Total Skin Treated by Helical Tomotherapy
Subjects: Primary Health Care

Contributor: Hsin-Hua Nien , Chen-Hsi Hsieh , Pei-Wei Shueng , Hui-Ju Tien

Helical tomotherapy (HT) is a rotational intensity-modulated radiotherapy with a unique gantry mechanical design

that can deliver highly conformal dose distributions to provide an alternative approach for total body irradiation or

total marrow irradiation. 

total skin irradiation  technique  lesion

1. Introduction

With special designs, such as virtual bolus, complete block and direction block techniques, helical tomotherapy

(HT) delivers photon beams with highly conformal dose distribution to convex or concave shape targets while

effectively protecting organs at risk (OAR) compared with traditional photon beam radiotherapy. Additionally, the

technique allows patients to remain in a comfortable and accurate position with better support during long

treatment periods. Several studies have demonstrated that HT is a feasible tool for circular target treatment areas,

such as the chest wall and scalp . Accurate dose calculation and delivery of tomotherapy have also

been verified . Therefore, HT has been investigated for use in total skin irradiation, and several techniques

have been reported: helical irradiation of the total skin (HITS) , helical arc radiotherapy of total skin

(HEARTS)  or total skin helical tomotherapy (TSHT) , helical skin radiation therapy (HSRT) , and helical

intensity modulated radiation therapy (HI) .

2. Clinical Application

Helical tomotherapy (HT) for total skin irradiation has been investigated with phantoms since 2009 .

Hsieh et al. applied the first HITS technique with central core complete block (CCCB) in clinical treatment in 2013.

To ensure the skin surface dose for HITS, a diving suit was proposed for the whole-body bolus effect, and a

complete response was reported . After the report of this successful treatment, the number of investigations and

evaluations of HITS gradually increased . However, given the hematologic

adverse effects caused by HITS , the HITS technique was revised to develop helical arc radiotherapy of total

skin (HEARTS) and avoid toxicity. The distance from the PTV to the central core complete block (CCCB) was

modified from 2.5 cm to 2.2 cm. The delivery method was a helical arc with tangential delivery to restrict the photon

beams to be obliquely incident to the total skin .

Helical tomotherapy to the total skin is not only applied for curative intent but also for palliative therapy , and

most patients receiving this treatment are diagnosed with mycosis fungoides (MF). In addition to MF, HEARTS is

[1][2][3][4][5][6][7]

[1][8][9]

[10][11]

[12] [13] [14]

[15]

[10][16][17][18]

[11]

[11][12][13][14][15][18][19][20][21][22][23][24]

[11]

[12]

[20][24]



Total Skin Treated by Helical Tomotherapy | Encyclopedia.pub

https://encyclopedia.pub/entry/42061 2/13

also delivered to patients with other diagnoses, such as therapy-refractory cutaneous CD4+ T-cell lymphoma,

refractory acute myelogenous leukemia with extensive cutaneous involvement, and primary cutaneous T-cell

lymphoma .

The clinical prescribed dose varies, including a conventional high-dose level of 26 Gy–36 Gy , a moderate-

dose level of 20 Gy , a low-dose level of 10–14 Gy , and an ultralow dose of 4 Gy

. The overall response rate is 100%. Complete response was reported in most cases, as shown in Table 1.

Significant improvement of previous lesion-related itching symptoms was also demonstrated . Disease-free

duration varied from 2 months to 1.5 years after treatment completion according to the accessible data. Both skin-

related and systemic adverse effects were reported. Bone marrow suppression should be carefully evaluated in

total skin helical tomotherapy.

Table 1. The reported dose regimens and treatment response of total skin helical tomotherapy.
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Study Patient
Number

Total Dose
Prescribed Fractions Fraction

Size Overall Durations Treatment
Response

Hsieh et al.
1 30 Gy

In 40 Fx
with HITS

0.75 Gy

interrupted at 20
fractions,

with one week
resting,

four times per week

CR

Buglione et
al. 

1

27 Gy to UH
body

26 Gy to LH
body

22.05 Gy to
scalp and

eyelids

15 Fx to
UH body
13 Fx to
LH body
15 Fx to

scalp and
eyelids

1.8 Gy to
UH body
2.0 Gy to
LH body

1.47 Gy to
scalp and

eyelids

5 days a week
23 days split in

between
CR

  1

28.8 Gy to
UH body

28.8 Gy to
LH body

16 Fx to
UH body
16 Fx to
LH body

1.8 Gy to
UH body
1.8 Gy to
LH body

5 days a week
15 days split in

between
CR

  1

30.4 Gy to
UH body

30 Gy to LH
body

16 Fx to
UH body
15 Fx to
LH body

1.9 Gy to
UH body
2.0 Gy to
LH body

5 days a week
8 days split in

between
CR

Haraldsson
et al. 1 20 Gy 10 Fx 2.0 Gy

Daily,
no reported duration

-

Kitaguchi et
al. 

6 20 Gy in 10 Fx 2 Gy Sequentially treat
different parts: Trunk
and arms; head and

neck; legs

CR: 6
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3. Bolus and Skin Surface Dose

The skin-sparing effect of photon beams draws attention to the dose distribution of skin targets. Piotrowski et al.

reported an excellent homogenous dose distribution to the surface area for helical tomotherapy, with 90.8–110.2%

Study Patient
Number

Total Dose
Prescribed Fractions Fraction

Size Overall Durations Treatment
Response

no reported frequency
or duration

Okuma et al.
2017 

6 10–20 Gy 10 Fx 1.0–2.0 Gy Over 14 days -

Hsieh et al.
1

21 Gy to
lesions

15 Gy to
total skin

15 Fx

SIB-
HEARTS
1.4 Gy to
lesions
1 Gy to

total skin

No reported
frequency or duration

CR

Yonekura et
al. 1

34 Gy local
RT followed

by
12 Gy TSHT

17 Fx for
local RT
6 Fx for
TSHT

2.0 Gy Over 6 days CR

Sarfehnia et
al. 1

14 Gy TSHT
followed by
10 Gy TBI

7 Fx for
TSHT

5 Fx for
TBI

2.0 Gy
Daily,

no reported duration
-

Haraldsson
et al. 

1 12 Gy 6 Fx 2.0 Gy Over 30 days CR

Haraldsson
et al. 

1 12 Gy 6 Fx 2.0 Gy
Daily,

no reported duration
-

Schaff et al.
1 12 Gy 8 Fx 1.5 Gy 4 days per week PR

  1 12 Gy 6 Fx 2.0 Gy
Daily,

no reported duration
PR

Okuma et al.
3 10 Gy 10 Fx 1.0 Gy

Delivered to three
parts (trunk, head and
neck, legs), irradiate
only one part per day
no reported frequency

or duration

-

Kitaguchi et
al. 2 10 Gy 10 Fx 1.0 Gy

Sequentially deliver to
three parts: Trunk and
arms; head and neck;

legs;
no reported frequency

or duration

CR: 1
PR: 1
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Fx: fractions; HITS: Helical irradiation of the total skin; HEARTS: Helical arc radiotherapy of the total skin; SIB:

Simultaneous integrated boost; RT: radiotherapy; UH body: upper hemi body; LH body: lower hemi body; TSHT:

total skin helical tomotherapy; TBI: total body irradiation; CR: complete response; PR: partial response.

of the prescribed dose . According to previous experience in total body irradiation, a virtual bolus setting is

suggested for targets close to the skin for setup error compensation and the overfluence peak generated by

inverse planning avoidance . Lin et al. evaluated the dose effects contributed by different thicknesses of

hypothetic boluses and various actual bolus thicknesses. The surface dose is increased as the hypothetic bolus

increased. With 10 mm of hypothetic bolus, the measurement dose on the phantom surface was 89.5%, 111.4%,

116.9%, and 117.7% of the prescribed dose with 0, 1, 2, and 3 mm of actual bolus, respectively. Hsieh et al.

proposed a 3 mm diving suit as a bolus for the entire body and Polyflex II tissue-equivalent material at the ears,

fingers, and toes. A hypothetical bolus of 1.0–1.5 cm was set at different regions to prevent overhit in inverse

planning. The results revealed good and even 95% to 125% distributed doses in the skin of the entire body .

Haraldsson et al. applied a 7 mm neoprene bolus and revealed a significantly higher surface dose (57% compared

to the setting without a bolus . Haraldsson’s team also demonstrated that 7 mm neoprene is equivalent to a 3

mm thick water bolus. A slightly soaked neoprene wet suit is equivalent to a 4.2 mm thick water bolus . For the

clinical treatment of total skin by HEARTS or other similar techniques, the measured skin surface dose was

reported as a maximum underdose of 17.2% for an actual bolus applied and 26% without an actual bolus, as

shown in Table 2. Rapid relapse was reported by Schaff et al. (2 months) and Kitaguchi et al. (relapse soon), and

both studies delivered radiotherapy by helical tomotherapy without an actual bolus. Although the patient number

was limited, the effect of skin surface dose variation on local control warrants further investigation.

Table 2. Skin dose measurement during clinical treatment.

Study Patient
Number

Total Dose
Prescribed Fractions Fraction

Size Overall Durations Treatment
Response

De Bari et
al. 1 4 Gy 2 Fx 2.0 Gy

No reported
frequency or duration

Improved
clinical
severe
itching

symptom
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Study Hypothetic
Bolus Actual Bolus Measured

Equipment Measured Skin Dose

Sarfehnia et al.
2014 

Not
mentioned

No bolus
Gafchromic EBT3

film
Maximum under 25%

from TPS

Buglione et al.
2018 OPTT exist No bolus

Gafchromic EBT3
film

85–120%

Kitaguchi et al.
2021 Yes No bolus

Glass luminescent
radiation dosimeter

74–130%

Hsieh et al.
2013 

1.0–1.5 cm

-A 3 mm diving suit
-Polyflex II tissue

equivalent material: Ears,
fingers, toes

-Conformal bolus: Trunk
lesions

Radiochromic EBT2
film

95–125%

Haraldsson et
al. 2018 

Not
mentioned

Custom fit, neoprene
diving

suit of 7 mm thickness

Gafchromic EBT3
film

Median difference from
TPS: 4% (SD 11%)

Haraldsson et
al. 2019 

8 mm, 0.4
g/cm

-A 7 mm neoprene
wetsuit, hood, gloves, and

socks of neoprene

Radiochromic EBT3
film

Mean difference from
TPS: Patient 1: 5.3%

(SD 11.9%)
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OPTT: PTV portion outside body contour; TPS: treatment planning system.

4. Clinical Adverse Effects and Management

Eight studies reported adverse treatment effects, and seven studies provided hematologic examination results 

. Total skin irradiation is a skin-directed therapy, and treatment adverse effects should theoretically

primarily consist of skin toxicity. However, systemic effects are also observed during or after HEARTS or other

similar treatment techniques.

4.1. Clinical Adverse Effects

The reported skin-directed adverse effects of helical tomotherapy include dermatitis, erythema and epitheliolysis,

alopecia, onycholysis, nail changes, paronychia, plantar foot pain, and edema of the fingers and toes. Other

adverse effects include grade 1–2 mucositis, xerostomia, fatigue, nausea, fever, watery eyes, and body weight

loss. Each symptom was present in a small number of diverse patients. One episode of epistaxis was reported,

and the symptom self-resolved 40 min later . Dermatitis, alopecia, and mucositis are the most common skin

toxicities. Erythema and epitheliolysis were noted in nonhomogenous dose distribution regions, such as the axillary

area, inguinal area, and fingers . Edema of the fingers and toes was only reported by one study . Hair loss

usually resolves within 3 months after completion of treatment.

Bone marrow suppression, including anemia, leukopenia, and thrombocytopenia, was present in all seven

available hematologic examination results studies. The presentation of leukopenia and thrombocytopenia is more

prominent than that of anemia. Grade 3–4 leukopenia and thrombocytopenia were reported in most cases. The

nadir of leukopenia and thrombocytopenia usually occurred 1–2 months after the completion of HITS. Each

reported individual patient toxicity data point is plotted in Figure 1 and listed in Table 3. Thrombocytopenia tends to

persist for longer than leukopenia. Kitaguchi et al. applied HSRT to treat the head and neck, trunk and arms, and

leg in 24 patients. Eight patents received three sequential portions of irradiation as total skin radiotherapy.

However, one planned HSRT of the head and neck was aborted due to remission of the head and neck lesion

during earlier leg irradiation. One patient who received HSRT expired 10 months later due to a graft-versus-host

reaction after transplant. According to the study, no cytopenia was noted for head and neck and leg HSRT, and

bone marrow suppression symptoms mainly presented in patients who received helical skin radiotherapy at the

trunks and arms .

Study Hypothetic
Bolus Actual Bolus Measured

Equipment Measured Skin Dose

-A 5 mm water equivalent
bolus: Eye lids, forehead

Patient 2: 1.5% (SD
9.0%)

Hsieh et al.
2019 

1.0–1.5 cm
Diving suit, gloves, socks,

head hood
Radiochromic EBT3

film
93–154%[12] [11]
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Figure 1. Hematopoietic toxicity severity and presentation time for patients who received total skin irradiation by

helical tomotherapy. Each data point represents individual patient toxicity data reported in the articles.

Table 3. Dose regimen, correlated bone/bone marrow dose evaluation, and hematopoietic toxicity for patients

treated by helical arc radiotherapy of total skin (HEARTS) or other similar techniques.

Study Patient
Number Total Dose Prescribed

Mean Dose
Evaluation

of
Bone/Bone

Marrow
(Gy)

Hematopoietic
Toxicity

Evaluation
Time

Anemia
(Grade)

Leukopenia
(Grade)

Thrombocytopenia
(Grade)

Hsieh et al.
1

30 Gy/40 Fx
HITS

(0.75 Gy/Fx)
interrupted at 20

fractions, with one week
resting, 4 times per week

Cervical,
thoracic,
lumbar
spine,

sacrum,
iliac bone
: 5.8, 6.3,
4.0, 4.8,
R 8.9/L

8.5

During RT: 1 3 1

2 ms later: 4 4 4

The 3rd
month after

RT:
  3 3

Hsieh et al. Revised
plan

30 Gy
HEARTS

Cervical,
thoracic,
lumbar
spine,

sacrum,
iliac bone
: 3.6, 3.6,
3.3, 4.0,
R 6.1/L

6.2

- - - -

[11]
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Study Patient
Number Total Dose Prescribed

Mean Dose
Evaluation

of
Bone/Bone

Marrow
(Gy)

Hematopoietic
Toxicity

Evaluation
Time

Anemia
(Grade)

Leukopenia
(Grade)

Thrombocytopenia
(Grade)

 
Revised

plan
12 Gy

low-dose HEARTS

Cervical,
thoracic,
lumbar
spine,

sacrum,
iliac bone
: 1.5, 1.4,
1.3, 1.6,
R 2.4/L

2.5

- - - -

 
Revised

plan
25 Gy/12 Gy
SIB-HEARTS

Cervical,
thoracic,
lumbar
spine,

sacrum,
iliac bone
: 1.9, 1.5,
1.3, 1.4,
R 2.1/L

4.0

- - - -

  1
21 and 15 Gy/15 Fx
(1.4 and 1 Gy/Fx)

SIB-HEARTS

Cervical,
thoracic,
lumbar
spine,

sacrum,
iliac bone
: 2.2, 2.3,
1.9, 3.0,
R 3.6/L

3.1

During RT: 1 1 1

       
Day 17 post

RT:
  4 4

       
Day 21 post

RT:
  4 (Nadir)  

       
Day 47 post

RT:
  1  

       
Day 60 post

RT:
    2
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4.2. Bone Marrow Dose Evaluation

The mean dose delivered to the bone marrow was evaluated. The mean dose in the bone marrow correlates with

the total prescribed dose. With the HEARTS technique, the mean dose of each part of the bone marrow at 30 Gy

was much lower than that at 30 Gy with the HITS technique . The 30 Gy HEARTS technique provided a lower

mean bone marrow dose compared with other HITS techniques using a total prescribed dose exceeding 20 Gy 

. Low-dose HITS at 10–12 Gy was prescribed as an effective clinical treatment with fewer adverse effects.

Study Patient
Number Total Dose Prescribed

Mean Dose
Evaluation

of
Bone/Bone

Marrow
(Gy)

Hematopoietic
Toxicity

Evaluation
Time

Anemia
(Grade)

Leukopenia
(Grade)

Thrombocytopenia
(Grade)

Haraldsson
et al. 

1
12 Gy/6 Fx
(2.0 Gy/Fx)

Bone: 4.2 - - - -

  1
20 Gy/10 Fx
(2.0 Gy/Fx)

Bone: 7.7 - - - -

Okuma et
al. 

3
10 Gy/10 Fx
(1.0 Gy/Fx)

Bone:
2.27

       

Kitaguchi
et al. 6

20 Gy/10 Fx
(2.0 Gy/Fx)

sequentially treat
different parts: Trunk and

arms; head and neck;
legs

no reported frequency or
duration

Bone in
head and

neck,
trunk and

arms,
legs

group:
12.5, 7.8,

10.6

No mentioned
evaluation

time

0 (1/6,
16.7%)

0 (0/6, 0%) 0 (0/6, 0%)

1 (1/6,
16.7%)

1 (0/6, 0%) 1 (2/6, 33.3%)

2 (2/6,
33.3%)

2 (1/6,
16.7%)

2 (0/6, 0%)

3 (2/6,
33.3%)

3 (5/6,
83.3%)

3 (2/6, 33.3%)

4 (0/6,
0%)

4 (0/6, 0%) 4 (2/6, 33.3%)

  2

10 Gy in 10 Fx
sequentially treat

different parts: Trunk and
arms; head and neck;

legs
no reported frequency or

duration

No
presented

data

 
0 (0/2,
0%)

0 (0/2, 0%) 0 (0/2, 0%)

 
1 (1/2,
50%)

1 (0/2, 0%) 1 (0/2, 0%)

 
2 (0/2,
0%)

2 (1/2,
50%)

2 (1/2, 50%)

 
3 (1/2,
50%)

3 (1/2,
50%)

3 (1/2, 50%)

 
4 (0/2,
0%)

4 (0/2, 0%) 4 (0/2, 0%)

Buglione et
al. 

1 27 Gy/15 Fx to UH (1.8
Gy/Fx)

26 Gy/13 Fx to LH (2.0
Gy/Fx)

5 days a week
23 days split in between

Bone
marrow:

8.5

No mentioned
evaluation

time

Gr 2 twice
during the

LH and
UH RT;

Recovered
within 2

2,
Recovered

within 2
ms after

RT

3

[18]
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Fx: fractions; HITS: Helical irradiation of the total skin; HEARTS: Helical arc radiotherapy of the total skin; SIB

Simultaneous integrated boost; RT: radiotherapy; UH body: upper hemi body; LH body: lower hemi body; ms:

months.

The mean bone marrow dose of 10–12 Gy HITS ranged from 1.66 to 4.2 . However, grade 4

thrombocytopenia occurred even when the mean bone marrow dose was as low as 1.66 Gy .

4.3. Management

Bone marrow suppression by HEARTS or other parallel techniques is similar to that in patients who receive total

body irradiation (TBI). The possible reasons for hematopoietic syndrome in patients treated by HEARTS or other

similar techniques could be that hematopoietic progenitor cells are more radiosensitive than pluripotent stem cells

and are easily depleted by irradiation . Additionally, pluripotent stem cells required approximately 30 days

to reconstitute neutrophils and platelets . Therefore, prior to recovery after HEARTS or other similar techniques,

the care experience for bone marrow suppression due to TBI and accidental radiation exposure can also be

applied to these patients. For patients under bone marrow suppression, supportive and specific care according to

each patient’s clinical symptoms are needed. Granulocyte colony-stimulating factor (G-CSF) is critical for neutrophil

regeneration, and thrombopoietin is critical for megakaryocyte progenitor cell regeneration . Colony-stimulating

factors, including granulocyte macrophage colony stimulating factor, G-CSF, and the pegylated form of G-CSF, can

be administered to patients experiencing neutropenia. Cytokine treatment not only mitigates symptoms but also

has opportunities to shorten symptom duration . Blood transfusion with packed red blood cells and platelets is

needed for patients with severe bone marrow suppression. A 25 Gy irradiated leukoreduced cellular production is

suggested to prevent transfusion-associated graft-versus-host disease, which may be difficult to distinguish under

bone marrow suppression conditions . Allogenic/syngeneic stem cell transplantation is a treatment option for

patients with persistent bone marrow suppression despite treatments . Amiofostine, an FDA-approved radiation

protector, has been primarily demonstrated to prevent radiation-induced mucositis, xerostomia, dysphagia,

pulmonary fibrosis, or pneumonitis without altering the tumor treatment effect, which may benefit these patients 

. Blood transfusion and antibiotics can decrease the mean lethal dose . Other supportive care, including

parenteral nutrition, antioxidants, oral glutamine, and yeast-derived 1,3/1,6 glucopolysaccharide, can be applied for

maintenance. (Figure 2) The reported recovery times ranged from 2 weeks to 1 year .

Study Patient
Number Total Dose Prescribed

Mean Dose
Evaluation

of
Bone/Bone

Marrow
(Gy)

Hematopoietic
Toxicity

Evaluation
Time

Anemia
(Grade)

Leukopenia
(Grade)

Thrombocytopenia
(Grade)

ms after
RT

  1

28.8 Gy/16 Fx to UH (1.8
Gy/Fx)

28.8 Gy/16 Fx to LH (1.8
Gy/Fx)

5 days a week
15 days split in between

Bone
marrow:

10.1

At the end of
both UH/LH

body RT

1,
Recovered

within 2
ms after

RT

3,
Recovered

within 2
ms after

RT

1

  1

30.4 Gy/16 Fx to UH
(1.9 Gy/Fx)

30 Gy/15 Fx to LH
(2.0 Gy/Fx)

5 days a week
8 days split in between

Bone
marrow:

12.0

At the end of
RT

2,
Recovered

within 2
ms after

RT

1,
Recovered

within 2
ms after

RT

3, Prolonged
thrombocytopenia,
recovered within 6

ms

Schaff et
al. 1

12 Gy/8 Fx
(2.0 Gy/Fx)

4 days a week

Bone
marrow

(not
including

arms):
1.66

(including
arms):
2.62

At the end of
RT

1   1

 
2 weeks after

RT
2 2 4

  1

(Local HT)
20 Gy/10 Fx to

scalp/buttocks/neck/axilla
10 Gy/5 Fx to back

Bone
marrow

(not
including
arms): 2.3
(Including

arms):
3.56

2 weeks after
RT

1 3 4

[13]
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[13]

[27][28][29]

[30]

[31]

[32][33]

[33][34]

[32]

[35]

[36][37][38] [33]

[11][12][15][23][24]



Total Skin Treated by Helical Tomotherapy | Encyclopedia.pub

https://encyclopedia.pub/entry/42061 10/13

Figure 2. Management of hematopoietic syndrome caused by HEARTS and other techniques for total skin

irradiation.
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