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Abstract

In 2023, a Germany-wide survey on the current clinical practice of three different large field irradiation techniques
(LFIT), namely total body irradiation (TBI), total skin irradiation (TSI) and craniospinal irradiation (CSI), was conducted
covering different aspects of the irradiation process, e.g., the irradiation unit and technique, dosimetrical aspects and
treatment planning as well as quality assurance. The responses provided a deep insight into the applied approaches
showing a high heterogeneity between participating centers for all three large field irradiation techniques. The highest
heterogeneity was found for TBI. Here, differences between centers were found in almost every aspect of the irradiation
process, e.g., the irradiation technique, the prescription dose, the spared organs at risk and the applied treatment plan-
ning method. For TBI, the only agreement was found in the fractionation scheme (2 Gy/fraction, 2 fractions/day) and the
dose reduction to the lung. TSI was the rarest of the three LFITs. For TSI, the only agreement was found in the use of 6
MeV when irradiating with electrons. The reported approaches of CSI were closest to standard radiotherapy, using no
CSlI-specific irradiation techniques or treatment planning methods. For CSI, the only agreement was found in the pre-
scribed dose to the brain (50 — 60 Gy). When asking for future requirements, participating centers considered the lack
of standardization as the most important future challenge and suggested to perform (retrospective) patient studies. The
results of such studies can then serve as a basis for new and improved guidelines.
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Introduction (TBI), total skin irradiation (TSI), and craniospinal irradia-
tion (CSI). There are many different approaches to perform

Different large field irradiation techniques (LFIT) have  TBI [1-10], TSI [11-18] or CSI [19-27], and several world-
been used for many years to irradiate large target volumes.  wide surveys have shown a high level of heterogeneity in the
The most common examples are total body irradiation application of TBI [28-35], TSI [28] and CSI [36]. Differ-
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ences between centers include the definition of the target
volume, dose limits for organs at risk (OAR), the prescrip-
tion dose and fractionation scheme. As a result, there are
no standardized or generally accepted planning and treat-
ment approaches. With the increasing use of advanced irra-
diation  techniques such as VMAT [23,37-41],
TomoTherapy [3,8-10,13,19,21,42,43], and proton irradia-
tion [20,24-27] for large field irradiations, which allow more
targeted irradiation and precise dose calculation, the need for
standardization increases. Existing guidelines are highly
descriptive and do not reflect the increasing use of modern
irradiation techniques. Detailed knowledge of the current
clinical practice is the first step in formulating new and
improved guidelines. Therefore, the current study presents
the results of a Germany-wide survey on the clinical
approaches for TBI, TSI and CSI that are actually applied.

Material and methods

In 2023, a questionnaire on the current clinical practice of
LFIT was developed by the Working Group “Large Field
Irradiation Techniques” of the German Society for Medical
Physics (DGMP). The questionnaire (cf. Supplement) was
designed as an online survey using LimeSurvey (LimeSur-
vey GmbH) and distributed via the DGMP mailing list. Cen-
ters responded between August and October 2023. The first
questions related to personal information and which of the
three LFITs the center performed. The main part of the sur-
vey asked for detailed information about each of the tech-
nique performed. Therefore, the main part was divided
into three sections covering TBI, TSI, and CSI. Each of these
sections was then subdivided into different topics covering
general information, the irradiation equipment used, the irra-
diation technique, treatment planning, quality assurance and
future requirements (Table 1). Some questions allowed the
selection of more than one answer, and individual questions
could be skipped. In addition, participants had the opportu-
nity to comment on most questions.

Different strategies were used to analyze the responses,
depending on the type of question. Closed questions (pre-
defined answers) were analyzed quantitatively, while open-
ended questions (free-text answers) were analyzed qualita-
tively, trying to find similarities and differences while con-
sidering the context of the answers given. In addition,
similar responds from different centers were grouped and
analyzed in a more quantitative manner.

Results

75 centers answered at least one question of the question-
naire. The survey was mainly answered by a medical physi-
cist (72 centers). However, 27 centers only responded to the

Table 1

Number of questions (closed, open) of the main part of the survey
for each section of the three techniques, namely total body
irradiation (TBI), total skin irradiation (TSI), and cranio-spinal
irradiation (CSI).

Topic Type TBI TSI CSI

Closed
Open
Total
Closed
Open
Total
Closed
Open
Total
Closed
Open
Total
Closed
Open
Total
Closed
Open
Total 5

General Information

Irradiation unit

Irradiation Technique

Treatment Planning

Quality Assurance
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question of which LFIT they perform and did not give any
details on their clinical approaches. 40 centers reported to
perform TBI, 18 TSI, and 45 CSI (Figure 1). Five centers
reported that they did not perform any of the LFITs men-
tioned. Questions from the main part of the questionnaire,
which asked for detailed information about the LFIT, were
answered on average (+ standard deviation) by 17 (£ 3) cen-
ters for TBI, 6 (+ 3) centers for TSI, and 12 (+ 4) centers for
CSL

Total body irradiation (TBI)

The most common response (9 centers) to the question of
how many TBI patients a center treats per year was between
10 to 30 patients (Figure 2A). Although more than 90% of
TBI patients at almost all centers were adults (Figure 2B),
treatment of children was generally not excluded. TBI was
most commonly used in leukemia patients (22 centers), fol-
lowed by lymphoma patients (11 centers).

There were few differences between the participating cen-
ters in terms of the irradiation unit used and the energy deliv-
ered. 19 centers used a standard clinical linear accelerator
(linac) for irradiation, while three centers used a TomoTher-
apy irradiation unit. 15 centers used 6 MV photons, and
three centers varied the applied energy spectrum depending
on the individual patient, sometimes using up to 18 MV to
generate higher energies.

A high degree of heterogeneity was found with respect to
the technique used for total body irradiation (Figure 3). In
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Figure 1. Number of centers performing total body irradiation (TBI), total skin irradiation (TSI), cranio-spinal irradiation (CSI), and none
of the above-mentioned large field irradiation techniques. The hatched area indicates the number of centers providing details about their

used irradiation technique.
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Figure 2. Number of patients per year (A) and proportion of children (B) for centers performing total body irradiation.
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Figure 3. Number of centers using TomoTherapy, volumetric modulated arc therapy (VMAT), extended source-to-surface distance (SSD),
the translational couch technique or a sweeping beam for total body irradiation.

eight centers, the technique used for TBI was irradiation
with an extended SSD of up to 400 cm to create an effective
field size large enough to cover the entire body. Seven cen-
ters used the translating couch technique with the patient
lying on a couch close to the floor und being translated
through the field. These centers performed treatment plan-
ning using the beam zone method [7]. The remaining tech-
niques VMAT, sweeping beam and TomoTherapy were
reported by 5, 4 and 3 centers, respectively. Chest wall boost
with electrons was performed by three centers, while 15 cen-

ters reported that they never boosted the chest wall, four of
them being centers using the VMAT or TomoTherapy tech-
niques, which do not require chest wall boost.

When asked about the dose rate used at the level of the
individual patient’s position, the answers varied widely
between centers. Dose rates ranged from 5 to 125 cGy/
min, with the highest dose rates typically used for VMAT,
IMRT, or TomoTherapy. In addition, the dose rate was not
constant for these techniques, whereas for the translating
couch (as described in [7]) and extended source-to-surface
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distance (SSD) techniques, the same dose rate was usually
applied to the entire body for all patients.

The question regarding patient positioning was answered
by 15 centers. Most of the responders (11 centers) performed
their irradiation in an anterior-posterior/posterior-anterior
(appa) field orientation, using the prone and supine positions.
Two centers irradiated their patients in a sitting position. The
patient’s position was mostly ensured by the laser system in
the irradiation room (7 centers). Five centers used radiochro-
mic films, and three centers used a photostimulable phosphor
(PSP) plate, specifically to ensure the correct position of the
lung blocks. A complete treatment session, including posi-
tioning of the patient and equipment, took 30 min to one
hour, while the irradiation itself lasted mostly less than
15 min (7 centers) and never exceeded one hour.

Twelve centers provided a detailed description of their
irradiation techniques. Eight of them used a technique
described in the literature, of which five described the trans-
lating couch technique [7] and one described a sweeping
beam technique [44-46]. Two centers used a rotating table-
top on a standard linac couch for irradiation. These centers
performed VMAT irradiations with 6 to 7 isocenters using
overlapping 360° arcs with changing direction of rotation
[41].

The other four centers that provided a detailed description
performed a center-specific technique that did not follow any
specific TBI method published in the literature. One center
reported using the extended SSD technique with an SSD
of approximately 400 cm, a bilateral field orientation, and
a patient couch at the wall of the treatment room for lower
prescription doses. For higher prescription doses, one frac-
tion was applied with an appa irradiation using a patient
couch on the floor, while all other fractions were applied
with the same extended SSD technique as for lower prescrip-
tion doses. For small children, this center used the standard
treatment couch of the linac with an SSD of 120 cm, irradi-
ating several appa fields. In another center, the patient lies on
a carbon plate on the floor parallel to the direction of move-
ment of the gantry. For irradiation, a generic rotation of the
gantry was performed with a 40 cm x 40 cm field in the
isocenter. Another way to perform TBI, as described by dif-
ferent center, was to irradiate in the prone and supine posi-
tions using three different gantry angles, one for the legs,
one for the upper body, and one for the head with a field
junction at the upper thighs and the shoulders. The remain-
ing center that provided a detailed description of their tech-
nique used an arc technique, irradiating the patient in the
prone and supine positions, with gantry angles ranging from
300° to 70°.

Regarding the treatment planning process, an overall high
level of heterogeneity was found in almost all aspects. The
prescribed dose ranged from 2 Gy to 12 Gy, and all 16 cen-
ters that responded to this question reported using at least

two different prescription doses depending on the patient.
The prescription dose was defined as the dose to a specific
point (e.g., midpoint abdomen) by six centers and as the
average dose to the target volume by seven centers, all of
the latter calculated 3D dose distributions on a CT. Three
centers used a mean dose value averaged over multiple
points along the patient. All centers performing VMAT or
TomoTherapy calculated 3D dose distributions on the
patient CT, while most of the other centers (7 centers) used
a patient CT to obtain quantities needed to determine the
dose, such as patient thickness at a specified point, without
performing a 3D dose calculation. Four centers reported that
they never used a CT for treatment planning. Treatment
planning time ranged from 10 min for extended SSD tech-
niques to up to one day for TomoTherapy.

The only areas of agreement regarding treatment planning
were the fractionation scheme and a dose reduction to the
lung. All centers giving details on their fractionation scheme
(14 centers) used 2 Gy per fraction and two fractions per
day. Almost all centers (16 centers) reduced the dose to
the lung, most of them to 8 Gy (5 centers) or 7 Gy (4 cen-
ters), using the lower value in the case of higher prescribed
doses. Some centers also reduced the dose to the kidneys (3
centers) and lenses (2 centers). Only one center reported no
OAR sparing. To achieve the desired lung dose reduction,
lung blocks were used by eight centers. The use of beam
spoilers during irradiation to shift the dose maximum to
the skin surface was described by twelve centers and not
limited to specific irradiation techniques.

Regarding the problem of machine failure, most centers
(12) had two identical irradiation machines, the second of
which could be used if the first was not working properly.
Thus, there was no need for replanning in case of machine
problems. Three centers reported that they used a different
irradiation technique to perform TBI in case of machine fail-
ure, and therefore replanning was necessary. Most centers
followed DGMP guidelines [48] (9 centers) or AAPM
Report 17 [47] (6 centers) when performing TBIL

When asked about the advantages of the different tech-
niques, centers considered the more standard techniques,
such as extended SSD irradiation or the translating couch
technique, to be robust, low-risk, and easy to implement
and perform. Disadvantages of these techniques were con-
sidered to be the strong dependence of dose homogeneity
on patient thickness and the need for additional dose mea-
surements, since the irradiation conditions differ signifi-
cantly from standard radiotherapy due to the extended
SSD and the use of lung blocks. These lung blocks reduce
the dose not only to the lung but also to the surrounding tis-
sues, thereby compromising dose homogeneity. Moreover,
the lung blocks had to be manufactured individually for each
patient. In contrast, more modern techniques such as VMAT
and TomoTherapy do not require lung blocks. As a result,



20 L. Heuchel et al./Z Med Phys 36 (2026) 16-25

the dose to the lung can be reduced without reducing the
dose to the surrounding tissues. In addition, a more homoge-
neous dose can be achieved regardless of patient thickness,
and no additional measurements are required as patients
can be treated with a standard SSD. However, the latter tech-
niques were considered less robust and more time consum-
ing. Moreover, centers were concerned about using the
modern techniques because of the segmented delivery and
the much higher and less constant dose rates used. Since
the target cells are present in the circulating blood, seg-
mented irradiation with high dose rates may result in reduced
target cell dose coverage compared to techniques that simul-
taneously irradiate larger volumes of the body.

The most important future challenge for TBI was the lack
of standardization. Centers wanted more guidelines, espe-
cially regarding the definition of target volume, prescription
dose, and dose limits for OAR. To formulate guidelines in
the future, centers suggested retrospective patient studies
that combine and analyze clinical outcome data from differ-
ent centers.

Total skin irradiation (TSI)

Most centers (6) reported treating 2 — 5 patients per year
with TSI (Figure 4A). Almost all centers (8) had never irra-

diated children (Figure 4B). TSI was usually indicated for
patients with mycosis fungoides (10 centers) and cutaneous
lymphoma (4 centers). Nine centers used their standard linac,
most of them (6 centers) using 6 MeV electrons. Two centers
used TomoTherapy to perform TSI using 2 MV photons.

The most commonly used irradiation technique (5 cen-
ters) was the modified Stanford technique (Figure 5).
Patients were usually irradiated in a standing position (8 cen-
ters). The palms and foot soles were irradiated by seven cen-
ters each, mostly using 6 MeV — 10 MeV electrons. Usually
an SSD of 300 cm — 400 cm was used for TSI (7 centers).
Most centers had special equipment for the patient to stand
on and hold during treatment to make it as easy as possible
for the patient to maintain the same position throughout the
irradiation. Except for TomoTherapy, the patient position
was ensured optically by using the laser system in treatment
room. For TomoTherapy, vacuum cushions and masks were
used to immobilize the patient. A complete treatment,
including positioning, took 15 to 30 min at three centers
and 30 to 45 min at three other centers. In two centers, the
total treatment time was up to one hour. Irradiation itself
took up to 10 min in four centers and up to 30 min in four
other centers.

When asked about prescription doses and fractionation
schemes, responses varied between centers. Centers used
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Figure 4. Number of patients per year (A) and proportion of children (B) for centers performing total skin irradiation.
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Figure 5. Number of centers using a rotating patient table, TomoTherapy, Modified Stanford Technique or the Standard Stanford

Technique for total skin irradiation.
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prescription doses between 12 and 30 Gy, using 1.5 Gy, 2
Gy, or 4 Gy per fraction. Typically (5 centers), one fraction
per day was delivered, but two centers reported the delivery
of two fractions per day or one fraction per day over two
days. The target volume was defined as all or part of the
skin, depending on the patient. The most commonly spared
OARs were the eyes (5 centers), toes (4 centers), and finger-
nails (4 centers), usually with individual PMMA or lead
absorbers. Furthermore, four centers reported the use of a
beam spoiler during treatment. The time taken to prepare a
treatment plan varied widely between centers. Two centers
reported that it took one hour and two others that it took
one day to develop a treatment plan. One center reported tak-
ing up to a week to complete a treatment plan.

Most centers (4) had an identical second irradiation
machine to be used in case of machine failure. Two centers
postponed treatment in the event of machine problems, as
TSI is typically not time-critical. Except for TomoTherapy,
for all other techniques, measurements during irradiation
were mostly performed using ionization chambers or radio-
chromic films placed at various locations on the skin, includ-
ing sites where dose deficits are most likely to occur. In the
rotating table technique, the measurement tools were placed
on a stand of the rotating unit in the isocenter plane during
irradiation. Most centers (4) followed the AAPM report 23
[49] when performing TSI.

The Stanford technique was considered to be robust, less
risky, and easy to use. But, at the same time, centers felt that
this technique could lead to inhomogeneous dose distribu-
tions, requiring dose boosts, even in regions close to critical
OARs. In addition, special equipment was required to per-
form TSI with this technique, and the patient had to be able
to stand during the entire irradiation period. For the future,
centers wanted to be able to apply a more homogeneous
dose distribution to the skin either by further developing
existing irradiation techniques or by developing new ones.
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Craniospinal irradiation (CSI)

Nine centers irradiated fewer than 5 patients per year with
a CSI, while eight centers irradiated 5 to 20 patients per year
(Figure 6A). Only one center treated more than 20 patients
per year. There was a wide variation in the number of chil-
dren treated with a CSI. Seven centers never irradiated chil-
dren, while five centers irradiated up to 100% children
(Figure 6B). CSI was indicated for many different diseases,
the most common being medulloblastoma (3 centers), lep-
tomeningeal spread (3 centers) and ependymoma (2 centers).

Most centers used a standard linac to deliver CSI, with
either the VMAT technique (10 centers), 3D conformal irra-
diation (6 centers), or IMRT (3 centers). Three centers used
protons for irradiation, and one center used TomoTherapy
(Figure 7). For patient positioning, most centers used cone
beam CT (CBCT, 11 centers) and 3-degree-of-freedom
couch (8 centers). Total treatment time, including patient
positioning, was 30 min to one hour at seven centers and less
than 30 min at four centers. The irradiation itself took less
than 10 min in six centers and up to 40 min in the other
six centers that answered this question.

The prescribed dose varied from 20 Gy to 60 Gy depend-
ing on the patient, but there was a consensus regarding the
dose to the brain. In the case of lower prescription doses,
almost all centers boosted the dose to the brain or parts of
the brain to a total dose of 50 Gy to 60 Gy. The prescription
dose was usually applied in 15 to 20 fractions using 1.5 to 2
Gy per fraction (8 centers), applying one fraction per day (12
centers). All centers performed target volume definition con-
touring, treatment planning and dose calculation always on a
patient CT. The target volume was typically defined as the
entire brain and spinal cord as well as a safety margin, which
varied between 3 mm and 5 mm at different centers. Two
centers also used MR images to aid in contouring and plan-
ning. Treatment planning time varied from 25 min to 1 h at
one center, 2 to 5 h at six centers, and up to several days at
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Figure 6. Number of patients per year (A) and proportion of children (B) for centers performing craniospinal irradiation.
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Figure 7. Number of centers using TomoTherapy, proton irradiation, 3D conformal irradiation, volumetric modulated arc therapy (VMAT),
or intensity modulated radiation therapy (IMRT) for craniospinal irradiation.

three centers. All OAR close to the target volume were
spared, with the lung and the optical system being most
commonly cited. In general, the same dose limits as for stan-
dard radiotherapy were applied, the only exception being the
spinal cord, where some centers used the prescription dose
as the dose limit for this OAR. All centers reduced the dose
in the OAR by using the corresponding objectives during
plan optimization.

In case of machine failure, most centers (7) had an iden-
tical second irradiation unit to perform CSI. Five centers
required a new treatment plan in case of machine failure.
One of these prepared two treatment plans for each patient
in advance. When asked about the advantages and disadvan-
tages of the different techniques, the centers considered 3D
conformal irradiation technique to be well known and estab-
lished. However, patient positioning is critical for this tech-
nique to avoid under- and overdosing at the field boundaries.
The VMAT technique, on the other hand, avoids field junc-
tion problems. However, the planning phase is more time
consuming with the VMAT technique. The steep dose gradi-
ent has been cited as the greatest advantage of proton irradi-
ation, but the treatment time may be longer with this
technique than with others.

Discussion

The survey showed a high degree of heterogeneity in the
use of different LFIT in Germany. All three LFIT considered
in this survey are rather rare treatments. The responding cen-
ters treated only about 20, 4, and 15 patients per year for
TBI, TSI, and CSI, respectively. Although all three LFIT
have been performed for many years, there are no commonly
used planning and treatment approaches. Inter-center vari-
ability can be found in almost every aspect of the treatment
process, including the dose prescribed, the definition of the
target volume, the fractionation scheme, the spared OAR,
the dose limits for the OAR, the irradiation technique used,
the patient position, and the field orientation. For the three
regarded LFITs, TBI showed the highest variation in the
applied irradiation techniques resulting in an even higher
heterogeneity compared to TSI and CSI.

Surveys on the clinical practice of TBI in other countries
such as Belgium and the Netherlands [28], Canada [31],
Australia and New Zealand [33], and Japan [29,30] have
also shown a high degree of heterogeneity. The number of
centers performing TBI varied between 12 in Canada, 14
in Australia and New Zealand, 19 in the Netherlands and
Belgium, and 186 in Japan. In our survey, 36 centers
reported on performing TBI. Most of these centers treated
approximately 10 to 30 patients per year, which is consistent
with other countries showing that TBI is a rare treatment
worldwide. In Japan, most centers used the extended SSD
technique followed by the translating couch technique. In
our survey, we found similar results for Germany. In other
countries, almost all centers performed the extended SSD
technique. Novel techniques such as VMAT are used much
more frequently in Germany than any of the other countries.
Therefore, in Germany, the number of centers defining the
prescription dose as the dose to a specific point almost
equaled to the number of centers defining the prescription
dose as the average dose to the target volume, while in Bel-
gium and the Netherlands, the prescription dose was usually
defined as the dose to a specific point. Only two centers per-
formed a 3D dose calculation on a patient’s CT. However,
the surveys in the other countries were conducted between
2017 and 2021, while the German survey presented here
was conducted in 2023. The number of centers adapting
modern irradiation techniques might have also increased in
the past years in the other regarded countries. In Japan, Aus-
tralia and New Zealand, most centers performed bilateral
irradiation with the patient in the supine position, whereas
in Belgium and the Netherlands, most centers performed
appa irradiation with the patient in the lateral decubitus posi-
tion. In our study, most centers used appa field orientations
in the prone and supine positions. Regarding the beam
energy, most centers in Germany used 6 MV, which is con-
sistent with the results from Australia and New Zealand.
However, the most commonly used beam energy in Japan
was 10 MV, while in Belgium and the Netherlands, 10
MYV and 15 MV were the most common. The only agree-
ment between the mentioned countries was found in the
applied fractionation scheme (2 Gy per fraction and two
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fractions per day) and the routinely shielding of the lung dur-
ing irradiation.

A survey on the clinical practice of TSI was conducted in
Belgium and the Netherlands [28]. There, four centers
reported to perform TSI compared to 17 centers in Germany.
The number of patients per year ranged from 2 to 15, while
in our survey the corresponding number ranged from 1 to 10.
In Germany, an agreement regarding the used energy when
irradiating with electrons was found. Almost all centers irra-
diated with electrons at 6 MeV, while in Belgium and the
Netherlands the energy varied between 4 and 9 MeV. How-
ever, in Belgium and the Netherlands centers agreed on
applying one fraction per day, using 1.5 Gy or 3 Gy per frac-
tion. In Germany, a higher heterogeneity regarding the frac-
tionation scheme was found. Centers used 1.5 Gy, 2 Gy, or 4
Gy per fraction, applying one fraction per day, two fractions
per day, or two fractions over two days. In Belgium and the
Netherlands, all centers used the Stanford technique, which
was also the most commonly used technique in our survey.
However, some centers in Germany had also sued other
techniques such as TomoTherapy or irradiating the patient
while standing on a rotating table leading to a higher hetero-
geneity in the applied TSI technique in Germany compared
to Belgium and the Netherlands.

To our knowledge, there is no survey of clinical practice
for CSI. A survey of patterns of care for medulloblastoma
has been published [36] and found wide variation in the
use of radiotherapy, particularly with regard to prescription
dose and fractionation scheme. Our survey also found a high
degree of variation in the prescription dose, ranging from 20
Gy to 60 Gy. The application of CSI was closer to standard
radiotherapy protocols compared to TBI and TSI. For CSI, a
3D dose calculation was usually performed, using the same
dose limits for the OAR as for standard radiotherapy, and the
dose in the OAR was reduced during plan optimization by
applying the corresponding objectives. Planning time varied
significantly between centers, even for the same treatment
technique. VMAT treatment planning took 25 min in one
center, and up to several days in another. Novel techniques
such as VMAT were more common for CSI than for TBI
and TSI. CSI is the only LFIT for which the use of protons
was reported.

While 69 centers responded to the question of which
LFIT they perform, only a small fraction of these centers
provided detailed information about their TBI, TSI, and
CSI techniques. Many open-ended questions were used in
the questionnaire, because we expected a wide variation in
the used techniques. This allowed for detailed individual
free-text answers, but also introduced the possibility of
ambiguous answers. Moreover, in almost all centers, the
questionnaire was answered by a medical physicist and thus
represented only the ‘physical’ part of the treatment. To get a

complete picture, physicians should be included in future
studies and surveys.

The results of the survey highlight the high degree of
variation in the use of TBI, TSI and CSI in Germany. Com-
pared with other countries, this heterogeneity appeared to be
even higher, as an increasing number of centers is imple-
menting more advanced techniques such as VMAT,
TomoTherapy and proton irradiation. The only agreements
were found in the fractionation scheme and the shielding
of the lung for TBI, the use of 6 MeV when irradiating with
electrons for TSI and a dose of 50 to 60 Gy to the brain
despite the prescription dose for the rest of the target volume
for CSI, respectively. For all other aspects, no common
agreement between centers was found, due to the highly
descriptive character of existing guidelines and therefore
the lack of standardization, which was considered to be
the most important challenge for the future. To overcome
this lack of standardization, centers suggested conducting
retrospective patient studies that correlate various aspects
of the treatment process, such as target volume definition,
prescription dose, dose limits for OAR and 3D dose distribu-
tions, with relevant clinical endpoints, such as toxicities, sur-
vival, and the incidence of graft-versus-host disease.
Because of the limited number of patient per center, combin-
ing clinical outcome data from different centers might be
necessary to get statistically meaningful results The results
of such studies could then serve as the basis for future guide-
lines for the use of different LFIT.

Conclusion

The survey provided a detailed insight into the current
clinical practice of different LFIT in Germany. It showed a
high degree of heterogeneity in the application of TBI, TSI
and CSI. Conventional techniques, such as extended SSD
irradiation for TBI, Modified Stanford Technique for TSI
and 3D conformal irradiation for CSI, were still most com-
monly used, but the number of centers using more advanced
techniques (VMAT, TomoTherapy, and proton irradiation)
seemed to be increasing. Therefore, the centers considered
the lack of standardization as the most important future chal-
lenge. To overcome this, centers suggested that (retrospec-
tive) patient studies combining outcome data from
different centers should be performed and the results should
serve as a basis for new and improved guidelines.

Declaration of interests
The authors declare that they have no known competing

financial interests or personal relationships that could have
appeared to influence the work reported in this paper.



24 L. Heuchel et al./Z Med Phys 36 (2026) 16-25

Conflicts of interest

The authors have no relevant conflicts of interest to
disclose.

Data Availability Statement

The code used to extract the data is distributed by the authors
as open-source. The patient data can be made available on
request due to privacy/ethical restrictions.

Acknowledgments

Many thanks to all participating centers. Only through the
active support in filling out the survey and through the dis-
cussions at the DGMP conference and working group meet-
ings were we able to compile the knowledge for a
publication.

Appendix A Supplementary material

Supplementary data to this article can be found online at
https://doi.org/10.1016/j.zemedi.2024.09.002.

References

[1] Pierce G, Balogh A, Frederick R, Gordon D, Yarschenko A, Hudson
A. Extended SSD VMAT treatment for total body irradiation. J Appl
Clin Med Phys 2019;20:200-211. https://doi.org/10.1002/ACM2.
12519.

[2] Cananoglu M, Hurmuz P, Yeginer M, Ozyigit G. Planning and
dosimetric evaluation of three total body irradiation techniques:
standard SSD VMAT, extended SSD VMAT and extended SSD
field-in-field. Radiat Environ Biophys 2023;62:73-81. https:/doi.
org/10.1007/S00411-022-00999-X.

[3] Zhuang AH, Liu A, Schultheiss TE, Wong JYC. Dosimetric study
and verification of total body irradiation using helical tomotherapy
and its comparison to extended SSD technique. Med Dosim
2010;35:243-249. https://doi.org/10.1016/j.meddos.2009.07.001.

[4] Umek B, Zwitter M, Habi H. Total body irradiation with translation
method. Radiother Oncol 1996;38:253-255. https://doi.org/10.1016/
0167-8140(95)01697-X.

[5] Sarfaraz M, Yu C, Chen DJ, Der L. A translational couch technique
for total body irradiation. J Appl Clin Med Phys 2001;2:201-209.
https://doi.org/10.1120/JACMP.V214.2597.

[6] Chen HH, Wu J, Chuang KS, Lin JF, Lee JC, Lin JC. Total body
irradiation with step translation and dynamic field matching. Biomed
Res Int 2013;2013. https://doi.org/10.1155/2013/216034.

[7]1 Quast U. Physical treatment planning of total-body irradiation:
patient translation and beam-zone method. Med Phys 1985;12:
567-574. https://doi.org/10.1118/1.595677.

[8] Péagaricano JA, Chao M, Van Rhee F, Moros EG, Corry PM,
Ratanatharathorn V. Clinical feasibility of TBI with helical
TomoTherapy. Bone Marrow Transpl 2011;46:929-935. https:/doi.
org/10.1038/bmt.2010.237.

[9] Wilhelm-Buchstab T, Leitzen C, Schmeel LC, Simon B, Koch D,
Schmeel FC, et al. Total body irradiation: significant dose sparing of
lung tissue achievable by helical TomoTherapy. Z Med Phys
2020;30:17-23. https://doi.org/10.1016/J.ZEMEDI.2019.05.002.

[10] Koksal M, Baumert J, Jazmati D, Schoroth F, Garbe S, Koch D, et al.
Whole body irradiation with intensity-modulated helical
TomoTherapy prior to haematopoietic stem cell transplantation:
analysis of organs at risk by dose and its effect on blood kinetics. J
Cancer Res Clin Oncol 2023;149:7007-7015. https://doi.org/
10.1007/S00432-023-04657-7.

[11] Karzmark CJ, Loevinger R, Steele RE, Weissbluth M. A technique
for large-field, superficial electron therapy. Radiology 1960;74:
633—644. https://doi.org/10.1148/74.4.633.

[12] Ding GX, Chen ZJ, Zhong W, Zhu TC. Skin dose distributions
between Stanford and rotational techniques in total skin electron
therapy (TSET). Med Phys 2022;49:6646-6653. https://doi.org/
10.1002/MP.15907.

[13] Haraldsson A, Engleson J, Bick SAJ, Engelholm S, Engstrom PE. A
Helical TomoTherapy as a robust low-dose treatment alternative for
total skin irradiation. J Appl Clin Med Phys 2019;20:44-54. https:/
doi.org/10.1002/ACM2.12579.

[14] Nien HH, Hsieh CH, Shueng PW, Tien HJ. Total skin treatment with
helical arc radiotherapy. Int J Mol Sci 2023;24:4492. https://doi.org/
10.3390/1JMS24054492.

[15] Piotrowski T, Milecki P, Skorska M, Fundowicz D. Total skin
electron irradiation techniques: a review. Postepy Dermatol Alergol
2013;30:50-55. https://doi.org/10.5114/PDIA.2013.33379.

[16] Evans MDC, Hudon C, Podgorsak EB, Freeman CR. Institutional
experience with a rotational total skin electron irradiation (RTSEI)
technique-A three decade review (1981-2012). Rep Pract Oncol
Radiother 2013;19:120-134. https://doi.org/10.1016/J.RPOR.2013.
05.002.

[17] Schépe M, Sahlmann J, Lorenz K, Findeisen A, Barthel T, Klautke
G. Sweeping-beam technique with electrons for large treatment areas
as total skin irradiation: dosimetric and technical aspects of a
modified Stanford technique. Strahlentherapie Und Onkologie
2022;198:47-55. https://doi.org/10.1007/s00066-021-01859-1.

[18] Shariff M, Stillkrieg W, Lotter M, Lohmann D, Weissmann T,
Fietkau R, et al. Dosimetry, optimization and FMEA of Total Skin
Electron Irradiation (TSEI). Z Med Phys 2022;32:228-239. https://
doi.org/10.1016/J.ZEMEDI.2021.09.004.

[19] Turcas A, Kelly SM, Clementel E, Cermnea D. TomoTherapy for
cranio-spinal irradiation. Clin Transl Radiat Oncol 2023;38:96.
https://doi.org/10.1016/J.CTRO.2022.11.003.

[20] Cheng CW, Das 1J, Srivastava SP, Zhao L, Wolanski M, Simmons J,
et al. Dosimetric comparison between proton and photon beams in
the moving gap region in cranio-spinal irradiation (CSI). Acta Oncol
2013;52:553-560. https://doi.org/10.3109/0284186X.2012.681065.

[21] Penagaricano JA, Papanikolaou N, Yan Y, Youssef E,
Ratanatharathorn V. Feasibility of cranio-spinal axis radiation with
the Hi-Art tomotherapy system. Radiother Oncol 2005;76:72-78.
https://doi.org/10.1016/J.RADONC.2005.06.013.

[22] Penagaricano JA, Shi C, Ratanatharathorn V. Evaluation of integral
dose in cranio-spinal axis (CSA) irradiation with conventional and
helical delivery. Technol Cancer Res Treat 2005;4:683—689. https:/
doi.org/10.1177/153303460500400613.

[23] Fogliata A, Bergstrom S, Cafaro I, Clivio A, Cozzi L, Dipasquale G,
et al. Cranio-spinal irradiation with volumetric modulated arc
therapy: a multi-institutional treatment experience. Radiother Oncol
2011;99:79-85. https://doi.org/10.1016/J.RADONC.2011.01.023.

[24] Ho ESQ, Barrett SA, Mullaney LM. A review of dosimetric and
toxicity modeling of proton versus photon craniospinal irradiation for


https://doi.org/10.1016/j.zemedi.2024.09.002
https://doi.org/10.1002/ACM2.12519
https://doi.org/10.1002/ACM2.12519
https://doi.org/10.1007/S00411-022-00999-X
https://doi.org/10.1007/S00411-022-00999-X
https://doi.org/10.1016/j.meddos.2009.07.001
https://doi.org/10.1016/0167-8140(95)01697-X
https://doi.org/10.1016/0167-8140(95)01697-X
https://doi.org/10.1120/JACMP.V2I4.2597
https://doi.org/10.1155/2013/216034
https://doi.org/10.1118/1.595677
https://doi.org/10.1038/bmt.2010.237
https://doi.org/10.1038/bmt.2010.237
https://doi.org/10.1016/J.ZEMEDI.2019.05.002
https://doi.org/10.1007/S00432-023-04657-7
https://doi.org/10.1007/S00432-023-04657-7
https://doi.org/10.1148/74.4.633
https://doi.org/10.1002/MP.15907
https://doi.org/10.1002/MP.15907
https://doi.org/10.1002/ACM2.12579
https://doi.org/10.1002/ACM2.12579
https://doi.org/10.3390/IJMS24054492
https://doi.org/10.3390/IJMS24054492
https://doi.org/10.5114/PDIA.2013.33379
https://doi.org/10.1016/J.RPOR.2013.05.002
https://doi.org/10.1016/J.RPOR.2013.05.002
https://doi.org/10.1007/s00066-021-01859-1
https://doi.org/10.1016/J.ZEMEDI.2021.09.004
https://doi.org/10.1016/J.ZEMEDI.2021.09.004
https://doi.org/10.1016/J.CTRO.2022.11.003
https://doi.org/10.3109/0284186X.2012.681065
https://doi.org/10.1016/J.RADONC.2005.06.013
https://doi.org/10.1177/153303460500400613
https://doi.org/10.1177/153303460500400613
https://doi.org/10.1016/J.RADONC.2011.01.023

L. Heuchel et al./Z Med Phys 36 (2026) 16-25 25

pediatrics medulloblastoma. Acta Oncol 2017;56:1031-1042. https:/
doi.org/10.1080/0284186X.2017.1324207.

[25] Yamashita H, Kase Y, Murayama S. Simplified estimation method
for dose distributions around field junctions in proton craniospinal
irradiation. Radiol Phys Technol 2017;10:95-105. https://doi.org/
10.1007/S12194-016-0373-2.

[26] Fellin F, Fracchiolla F, Rombi B, Lipparini M, Vennarini S, Farace
P. An advanced junction concept in pediatric craniospinal irradiation
by proton pencil beam scanning. Phys Med 2019;60:168—173.
https://doi.org/10.1016/J.EJMP.2019.04.002.

[27] Farace P, Bizzocchi N, Righetto R, Fellin F, Fracchiolla F, Lorentini
S, et al. Supine craniospinal irradiation in pediatric patients by proton
pencil beam scanning. Radiother Oncol 2017;123:112—118. https://
doi.org/10.1016/J.RADONC.2017.02.008.

[28] Koken PW, Murrer LHP. Total body irradiation and total skin
irradiation techniques in Belgium and the Netherlands: current
clinical practice. Adv Radiat Oncol 2021:6. https://doi.org/10.1016/J.
ADRO.2021.100664.

[29] Kawaguchi H, Soejima T, Ishibashi N, Akiba T, Hasegawa M, Isobe
K, et al. National survey on total-body irradiation prior to reduced-
intensity stem cell transplantation in Japan: the Japanese Radiation
Oncology Study Group. J Radiat Res 2019;60:579-585. https://doi.
org/10.1093/JRR/RRZ028.

[30] Ishibashi N, Soejima T, Kawaguchi H, Akiba T, Hasegawa M, Isobe
K, et al. National survey of myeloablative total body irradiation prior
to hematopoietic stem cell transplantation in Japan: survey of the
Japanese Radiation Oncology Study Group (JROSG). J Radiat Res
2018;59:477-483. https://doi.org/10.1093/JRR/RRY017.

[31] Studinski RCN, Fraser DJ, Samant RS, Macpherson MS. Current
practice in total-body irradiation: results of a Canada-wide survey.
Curr Oncol 2017;24:181-186. https://doi.org/10.3747/C0O.24.3484.

[32] Rassiah P, Esiashvili N, Olch AJ, Hua CH, Ulin K, Molineu A, et al.
Practice patterns of pediatric total body irradiation techniques: A
children’s oncology group survey. Int J Radiat Oncol Biol Phys
2021;111:1155-1164. https://doi.org/10.1016/J.IJROBP.2021.07.
1715.

[33] Fog LS, Wirth A, MacManus M, Downes S, Grace M, Moggré A,
et al. Total body irradiation in Australia and New Zealand: results of
a practice survey. Phys Eng Sci Med 2020;43:825-835. https://doi.
org/10.1007/S13246-020-00878-Z.

[34] Hoeben BAW, Pazos M, Albert MH, Seravalli E, Bosman ME,
Losert C, et al. Towards homogenization of total body irradiation
practices in pediatric patients across SIOPE affiliated centers. A
survey by the SIOPE radiation oncology working group. Radiother
Oncol 2021;155:113-119. https://doi.org/10.1016/J RADONC.2020.
10.032.

[35] Giebel S, Miszczyk L, Slosarek K, Moukhtari L, Ciceri F, Esteve J,
et al. Extreme heterogeneity of myeloablative total body irradiation
techniques in clinical practice: a survey of the acute leukemia
working party of the European group for blood and marrow
transplantation.  Cancer 2014;120:2760-2765.  https://doi.org/
10.1002/cncr.28768.

[36] Cosman R, Brown CSB, DeBraganca KC, Khasraw M. Patterns of
care in adult medulloblastoma: Results of an international online

survey. J Neurooncol 2014;120:125-129. https://doi.org/10.1007/
S11060-014-1525-Z/TABLES/4.

[37] Kovalchuk N, Simiele E, Skinner L, Yang Y, Howell N, Lewis J,
et al. The Stanford volumetric modulated arc therapy total body
irradiation technique. Pract Radiat Oncol 2022;12:245-258. https:/
doi.org/10.1016/J.PRR0O.2021.12.007.

[38] Springer A, Hammer J, Winkler E, Track C, Huppert R, B6hm A,
et al. Total body irradiation with volumetric modulated arc therapy:
Dosimetric data and first clinical experience. Radiat Oncol
2016;11:46.

[39] Uehara T, Monzen H, Tamura M, Inada M, Otsuka M, Doi H, et al.
Feasibility study of volumetric modulated arc therapy with
HalcyonTM linac for total body irradiation. Radiat Oncol
2021;16:236. https://doi.org/10.1186/S13014-021-01959-3.

[40] Jahnke A, Jahnke L, Molina-Duran F, Ehmann M, Kantz S, Steil V,
et al. Arc therapy for total body irradiation—a robust novel
treatment technique for standard treatment rooms. Radiother Oncol
2014;110:553-557. https://doi.org/10.1016/J.RADONC.2013.12.
009.

[41] Losert C, Shpani R, KieBling R, Freislederer P, Li M, Walter F, et al.
Novel rotatable tabletop for total-body irradiation using a linac-based
VMAT technique. Radiat Oncol 2019;14:244. https://doi.org/
10.1186/S13014-019-1445-3.

[42] Sun R, Cuenca X, Itti R, Nguyen Quoc S, Vernant JP, Mazeron JJ,
et al. First French experiences of total body irradiations using helical
TomoTherapy®. Cancer Radiother 2017;21:365-372. https://doi.org/
10.1016/J.CANRAD.2017.01.014.

[43] Hui SK, Kapatoes J, Fowler J, Henderson D, Olivera G, Manon RR,
et al. Feasibility study of helical tomotherapy for total body or total
marrow irradiation. Med Phys 2005;32:3214-3224.

[44] Pla M, Chenery SG, Podgorsak EB. Total body irradiation with a
sweeping beam. Int J Radiat Oncol Biol Phys 1983;9:83-89. https://
doi.org/10.1016/0360-3016(83)90214-6.

[45] Hartl PM, Treutwein M, Hautmann MG, Mérz M, Pohl F, Kélbl O,
et al. Total body irradiation-an attachment free sweeping beam
technique. Radiat Oncol 2016;11:81. https://doi.org/10.1186/
S13014-016-0658-Y.

[46] Bratova I, Paluska P, Grepl J, Sirak I, Petera J, Vosmik M. Total
body irradiation for standard treatment rooms: a robust sweeping
beam technique with respect to the body shape. Rep Pract Oncol
Radiother 2022;27:268-274. https://doi.org/10.5603/RPOR.A2022.
0039.

[47] Dyk J Van, Galvin JM, Glasgow GP, Podgorsak EB. The physical
aspects of total and half body photon irradiation: a report of Task
Group 29 Radiation Therapy Committee American Association of
Physicists in Medicine. The Physical Aspects of Total and Half Body
Photon Irradiation; 1986.

[48] Ganzkorper-Strahlenbehandlung Leitlinien in der Radioonkologie
https:/www.yumpu.com/de/document/read/4823788/p-ganzkorper-
strahlenbehandlung-leitlinien-in-der-dgmp (accessed May 3, 2023).

[49] Karzmark CJ, Anderson J, Buffa A, Almond P, Fraass B, Biggs P,
et al. Total skin electron therapy: technique and dosimetry report of
Task Group 30 Radiation Therapy Committee American Association
of Physicists in Medicine Published for the 1987

Available online at: www.sciencedirect.com

ScienceDirect



https://doi.org/10.1080/0284186X.2017.1324207
https://doi.org/10.1080/0284186X.2017.1324207
https://doi.org/10.1007/S12194-016-0373-2
https://doi.org/10.1007/S12194-016-0373-2
https://doi.org/10.1016/J.EJMP.2019.04.002
https://doi.org/10.1016/J.RADONC.2017.02.008
https://doi.org/10.1016/J.RADONC.2017.02.008
https://doi.org/10.1016/J.ADRO.2021.100664
https://doi.org/10.1016/J.ADRO.2021.100664
https://doi.org/10.1093/JRR/RRZ028
https://doi.org/10.1093/JRR/RRZ028
https://doi.org/10.1093/JRR/RRY017
https://doi.org/10.3747/CO.24.3484
https://doi.org/10.1016/J.IJROBP.2021.07.1715
https://doi.org/10.1016/J.IJROBP.2021.07.1715
https://doi.org/10.1007/S13246-020-00878-Z
https://doi.org/10.1007/S13246-020-00878-Z
https://doi.org/10.1016/J.RADONC.2020.10.032
https://doi.org/10.1016/J.RADONC.2020.10.032
https://doi.org/10.1002/cncr.28768
https://doi.org/10.1002/cncr.28768
https://doi.org/10.1007/S11060-014-1525-Z/TABLES/4
https://doi.org/10.1007/S11060-014-1525-Z/TABLES/4
https://doi.org/10.1016/J.PRRO.2021.12.007
https://doi.org/10.1016/J.PRRO.2021.12.007
http://refhub.elsevier.com/S0939-3889(24)00087-4/h0190
http://refhub.elsevier.com/S0939-3889(24)00087-4/h0190
http://refhub.elsevier.com/S0939-3889(24)00087-4/h0190
http://refhub.elsevier.com/S0939-3889(24)00087-4/h0190
https://doi.org/10.1186/S13014-021-01959-3
https://doi.org/10.1016/J.RADONC.2013.12.009
https://doi.org/10.1016/J.RADONC.2013.12.009
https://doi.org/10.1186/S13014-019-1445-3
https://doi.org/10.1186/S13014-019-1445-3
https://doi.org/10.1016/J.CANRAD.2017.01.014
https://doi.org/10.1016/J.CANRAD.2017.01.014
http://refhub.elsevier.com/S0939-3889(24)00087-4/h0215
http://refhub.elsevier.com/S0939-3889(24)00087-4/h0215
http://refhub.elsevier.com/S0939-3889(24)00087-4/h0215
https://doi.org/10.1016/0360-3016(83)90214-6
https://doi.org/10.1016/0360-3016(83)90214-6
https://doi.org/10.1186/S13014-016-0658-Y
https://doi.org/10.1186/S13014-016-0658-Y
https://doi.org/10.5603/RPOR.A2022.0039
https://doi.org/10.5603/RPOR.A2022.0039
https://www.yumpu.com/de/document/read/4823788/p-ganzkorper-strahlenbehandlung-leitlinien-in-der-dgmp
https://www.yumpu.com/de/document/read/4823788/p-ganzkorper-strahlenbehandlung-leitlinien-in-der-dgmp
http://www.sciencedirect.com/science/journal/02664356

	Large-field irradiation techniques in Germany: A DGMP Working Group survey on the current clinical implementation of total body irradiation, total skin irradiation and craniospinal irradiation
	Introduction
	Material and methods
	Results
	Total body irradiation (TBI)
	Total skin irradiation (TSI)
	Craniospinal irradiation (CSI)

	Discussion
	Conclusion
	Declaration of interests
	Conflicts of interest
	Acknowledgments
	Appendix A Supplementary material
	Appendix A Supplementary material
	References


