
International Journal of

Radiation Oncology

biology physics

www.redjournal.org

CME
Lymphoma
Total Body Irradiation: Guidelines from the
International Lymphoma Radiation Oncology
Group (ILROG)
Jeffrey Y.C. Wong, MD,* Andrea Riccardo Filippi, MD,y

Bouthaina Shbib Dabaja, MD,z Joachim Yahalom, MD,x

and Lena Specht, MD, DMSck

*Department of Radiation Oncology, City of Hope Cancer Center, Duarte, California; yDepartment of
Oncology, University of Torino, Torino, Italy; zDepartment of Radiation Oncology, The University of
Texas MD Anderson Cancer Center, Houston, Texas; xDepartment of Radiation Oncology, Memorial
Sloan Kettering Cancer Center, New York, New York; and kDepartment of Oncology, Rigshospitalet,
University of Copenhagen, Copenhagen, Denmark
Received Feb 2, 2018, and in revised form Apr 9, 2018. Accepted for publication Apr 23, 2018.

Total body irradiation (TBI) remains an effective myeloablative treatment in regimens used for preparation and condi-
tioning before allogeneic stem cell transplantation for leukemia. The regimens used vary across institutions in terms of
dose, dose rate, fractionation, and technique. The objective of this document is to provide comprehensive guidelines for
the current practice of delivering total body irradiation. � 2018 Elsevier Inc. All rights reserved.
Consensus Statements

� Total body irradiation (TBI) is an important part of the
conditioning regimen for patients with acute myeloid
leukemia (AML) or acute lymphoid leukemia (ALL)
undergoing hematopoietic stem cell transplantation
(HCT), which most often will be allogeneic.

� In AML, indications for HCT include being in first
remission with intermediate- to poor-risk molecular and
cytogenetic prognostic features, having disease that is re-
fractory or does not respond to initial induction chemo-
therapy, being in remission after treatment for relapse, or
having disease that remains refractory after relapse.
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� In ALL, indications for HCT include being in first
remission with Philadelphia chromosomeepositive dis-
ease, or in first remission with Philadelphia
chromosomeenegative disease with poor risk features,
having disease that is refractory or does not respond to
initial induction chemotherapy, being in remission after
treatment for relapse, or having disease that remains re-
fractory after relapse.

� When TBI is to be combined with myeloablative condi-
tioning regimens, the TBI can be delivered before or after
the chemotherapy, which is most often cyclophospha-
mide. The most common TBI schedules include twice-
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daily 2-Gy fractions given over 3 days (total dose 12 Gy);
twice-daily 1.5-Gy fractions over 4-4.5 days (total dose
12-13.5 Gy); three-times-daily 1.2-Gy fractions over
4 days (total dose 12-13.2 Gy); and once-daily 3-Gy
fractions for 4 days (total dose 12 Gy).

� Patients who cannot tolerate standard TBI and myeloa-
blative conditioning regimens (eg, those who are older
than 55 or 60 years, have comorbid conditions, have
previously received myeloablative conditioning regi-
mens, or have been heavily pretreated for relapse or re-
fractory disease) are offered reduced-intensity regimens
consisting of either chemotherapy-only or reduced-dose
TBI, most often 2-4 Gy given in one or two fractions.

Introduction

Total body irradiation (TBI) continues to be an important
part of conditioning regimens for allogeneic hematopoietic
stem cell transplantation (HCT) (1). The primary in-
dications for allogeneic HCT for acute myeloid leukemia
(AML) or acute lymphoid leukemia (ALL) are being in first
remission with intermediate to high-risk features, induction
failure, relapse, or second remission or beyond. Some pa-
tients with chronic myeloid leukemia or chronic lymphoid
leukemia that does not respond to systemic therapy can also
undergo HCT, but this is uncommon given the efficacy of
current non-HCTebased therapies.

Rationale for TBI-Based Regimens

TBI has traditionally been a part of myeloablative condi-
tioning regimens aimed at eradicating malignant cells. In
patients undergoing allogeneic HCT, TBI also provides a
powerful means of immunosuppression to prevent rejection
of donor hematopoietic cells. TBI offers distinct advantages
over chemotherapy for myeloablation. Unlike chemo-
therapy, delivery of radiation therapy (RT) to the tumor site
does not depend on blood supply and is not influenced by
variability in drug absorption, metabolism, biodistribution,
or clearance kinetics. RT can reach potential sanctuary sites
such as the testis and brain. Also, any chemotherapy-resistant
clones that develop may still be sensitive to irradiation. TBI-
containing regimens are usually preferred for patients with
higher-risk factors, for whom the effects of RT in combina-
tion with chemotherapy are thought to potentiate disease
eradication, enhance immunosuppression, or both.

When TBI is to be used in myeloablative conditioning
regimens, it is usually combined with single-agent
chemotherapy, often cyclophosphamide (120 mg/kg). TBI
in this setting is typically given to a total dose of 10-16 Gy
in 1.2- to 1.35-Gy fractions given 3 times per day or in
1.5- to 2-Gy fractions twice a day with at least 4-6 hours
between fractions. A few centers have delivered 12 Gy in
3-Gy fractions (2-4) or in 4-Gy fractions once a day
(unpublished). The use of fractionation, hyperfractionation,
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and organ shielding has helped to improve the therapeutic
ratio of TBI by reducing associated toxic effects
(eg, pneumonitis) and reducing treatment-related mortality
(5-7). Most centers use lung shielding to keep the median
lung doses to 8-10 Gy, which has been shown to reduce the
incidence of pneumonitis (8).

Myeloablative regimens are associated with treatment-
related or non-relapse-related mortality rates of approxi-
mately 20% to 30%, and thus patients who are older than
55 or 60 years, or those with comorbid conditions, often
cannot tolerate standard myeloablative TBI-containing
regimens. Nonmyeloablative and reduced-intensity con-
ditioning regimens with lower chemotherapy or TBI doses
have been developed to allow such patients to undergo
allogeneic HCT (9). If TBI is used in such regimens,
doses are usually �8 Gy if the RT is fractionated, �5 Gy
in a single fraction for reduced-intensity regimens, and
�2 Gy for nonmyeoablative regimens. These regimens,
which are usually associated with less severe acute
toxicity, are primarily used for immunosuppression that
allows engraftment of donor cells, and rely more on graft-
versus-tumor effects to eradicate disease (9-11). Low-dose
TBI is also added for increased immunosuppression in
situations where engraftment is expected to be more
challenging, such as allogeneic transplant for patients
with myelofibrosis, myelodysplastic syndrome, or CML
with splenomegaly.

Numerous retrospective studies and 2 randomized
prospective studies have compared myeloablative regi-
mens with reduced-intensity conditioning regimens for
patients with AML or ALL (12-16). For patients with
AML, treatment-related mortality was generally reduced,
especially among older patients; however, relapse rates
were higher than after myeloablative conditioning regi-
mens. For patients with ALL, radiation-containing regi-
mens are usually preferred (17); however, data are lacking
to directly compare myeloablative versus reduced-
intensity conditioning. The exact role of low-dose TBI
in reduced-intensity conditioning regimens (as compared
with chemotherapy alone) has yet to be fully addressed,
though two studies of patients with AML (18, 19) showed
no difference in survival or treatment-related mortality for
TBI versus no TBI when fludarabine-based regimens were
used.

Currently, the choice of conditioning regimen is based
on a spectrum of pre-HCT risk factors. A general approach
is to use the least-toxic regimen to achieve the optimal
therapeutic result, that is, to balance the risks of treatment-
related mortality versus relapse. Patients with AML or ALL
are usually offered myeloablative conditioning whenever
possible. Reduced-intensity regimens, with or without TBI,
are reserved for patients who cannot tolerate myeloablative
regimens (eg, those who are �55 or 60 years old, have
comorbid conditions, have previously received myeloa-
blative regimens, or have been heavily pretreated for
relapse or refractory disease).
EL -Medical Center Rambam from ClinicalKey.com by Elsevier on June 06, 2019.
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Fig. 1. A subject in position for receipt of total body
irradiation. The patient stands on a panel elevated off the
floor in a harness anchored to the ceiling to provide support
for treatments lasting more than 15 or 20 minutes, and in
case of vasovagal events. Hand grips and shoulder rests
provide additional immobilization and support. The stand
allows a slotted plastic tray to be attached, to which 50%
lung transmission blocks are mounted. The patient’s posi-
tion is reversed for posteroanterior treatment. Patients who
cannot stand for the full treatment session use a bicycle seat
(not shown) for additional support.
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Patient Evaluation Before TBI

All patients being considered for TBI should be seen in
consultation with a radiation oncologist, with documenta-
tion of diagnosis, disease status, prior therapies, and find-
ings from the last bone marrow and cerebrospinal fluid
cytologic tests. All patients should be asked whether they
had previously received RT. Most patients undergoing TBI
will be adults with high-risk AML or ALL in complete
remission undergoing allogeneic HCT. Given the morbidity
associated with TBI, all patients should be evaluated for
preexisting conditions that could affect lung, hepatic, or
renal function. All patients should undergo baseline
thyroid-function studies and an ophthalmologic examina-
tion. Testicular examination and, if necessary, testicular
ultrasound should be performed to rule out testicular
involvement of leukemia. Patients should be informed of
the high probability of permanent sterility and given the
opportunity to bank gametes, if their fertility has not
already been compromised by prior systemic therapy. Pa-
tients require close and frequent follow-up after HCT, and
this follow-up should include evaluation for possible long-
term toxicity related to TBI.

Techniques and Guidelines

Many reports are available on the details of planning and
delivering TBI (20, 21). The most prevalent method of
delivering TBI is with the patient standing or lying down at
an extended source-to-skin distance (SSD). The entire pa-
tient is usually treated with a single radiation beam, with a
large (approximately 4 m) SSD and the largest practical
field size. The large SSD reduces the dose rate to about
10% of that typically used in RT.

A typical field arrangement is to have the patient
standing, to rotate the collimator by 45� to use the diagonal
dimension of the field, to use lead strips as compensating
filters to achieve a uniform dose rate (at midline) from head
to foot, to use a Plexiglas barrier close to the patient to
defeat the skin-sparing effect of high-energy photons, and
to block critical organs (usually lungs, sometimes kidneys,
liver, and previously irradiated sites) to reduce the dose to
these tissues. Anterior and posterior fields are used, often
given in multiple treatment sessions with the dose pre-
scribed to mid-plane. The patients typically stand on a
stand designed for TBI delivery (Fig. 1) or lie on a gurney
(Fig. 2) or a specially designed table at floor level. Most
centers use photon energies between 6 and 10 MV. Because
of the skin-sparing effects of photons, a beam spoiler of low
atomic number material is placed close to the patient
(Fig. 3A).

Measurements for planning purposes include the thick-
ness, the distance from soles of the feet, and the distance
from central axis at the following anatomic points: top of
head, forehead, chin, suprasternal notch, xiphoid, umbili-
cus, central axis, pelvis, thigh, knees, calves, ankles, and
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toes. Differences in separation along the patient’s length
can result in dose heterogeneity that can exceed 10%-20%.
It is recommended that these measurements be used to
construct a patient-specific compensating filter constructed
of thin lead sheets on Plexiglas (Fig. 3B) that is inserted in
the beam’s path. In vivo dosimetry should be used to
measure the dose at several points on the patient’s body,
with the goal of achieving a uniform dose within �5%.

Most treatment regimens now require that certain sen-
sitive structuresdespecially the lungsdbe shielded. Lung
blocks can be designed from radiographs obtained while
the patient is in the standing treatment position. The blocks
cover the central portion of the lung, with approximately 1
AEL -Medical Center Rambam from ClinicalKey.com by Elsevier on June 06, 2019.
Copyright ©2019. Elsevier Inc. All rights reserved.



Fig. 2. A setup for receiving total body irradiation (TBI) when the patient lies on their side on a gurney. Lung blocks and
their reflection on the skin are shown in the bottom panels.
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or 2 cm between the edge of the lung shadow on the film
and the edge of the block (Fig. 4). Typically full-thickness
lung blocks, which have a transmission factor of 3%, are
not used; rather, blocks that transmit 50% of the primary
beam are used. At some centers, the areas of the chest wall
that are shielded by the lung blocks are then treated with
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supplemental electron fields whose beam energy and dose
contribution are calculated to bring the dose to the pleural
surface to the prescribed dose (Fig. 5). At many centers, an
additional 4-Gy single-fraction boost dose is delivered with
electrons to the testes of male patients with ALL to reduce
the risk of relapse in this sanctuary site (22).
EL -Medical Center Rambam from ClinicalKey.com by Elsevier on June 06, 2019.
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Fig. 3. (A) The patient stands (at right) to receive TBI
from the linear accelerator (at left). A Plexiglas beam
spoiler on a rolling stand is positioned in front of the patient
during treatment. (B) A customized patient-specific lead
compensator is placed in the beam path at the head of the
beam to improve dose uniformity.
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The TBI methods described in this section rely on point
measurements for planning and dose verification, which
can result in larger-than-expected dose heterogeneity in
Fig. 4. Lung blocks from planar images in the standing positio
vertebral edge, 1.5 cm from the rib cage and at the bottom edge
the clinical circumstances. (Left) An image used for block design
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organs at risk and target structures. Hui et al (23) used
computed tomography (CT)-based three-dimensional (3-
D) planning to analyze dose distribution in patients
receiving TBI with lateral beams and demonstrated that
conventional planning methods resulted in larger-than-
expected dose variations throughout the body, with some
portions of the lung receiving up to 32% above the pre-
scribed dose.

Increasing numbers of centers have begun to use CT-
based 3-D planning, intensity-modulated radiation ther-
apy (IMRT), and inverse planning in an effort to improve
dose uniformity and organ sparing. Soon after helical
tomographic IMRT was introduced into the clinic, using
it to deliver TBI with conformal avoidance of normal
organs was proposed (24). Relative to conventional
techniques, this approach could further reduce the doses
to critical organs at risk and improve the dose coverage
of target structures (25). Conformal-avoidance TBI
delivered with either helical tomographic IMRT (Fig. 6)
or volumetric modulated arc therapy IMRT delivery
systems is now being used in the United States
and Europe, although clinical experience is still limited
(26, 27). Additional advantages to this approach include
the ability to treat patients while they are supine, which
is both more comfortable and more reproducible than
treatment while the patient is prone, as well as the ability
to conduct CT-based simulation and planning while the
patient is in the treatment position. Previously irradiated
sites have been challenging to block out of TBI fields
given the difficulty in mounting full-thickness blocks and
the uncertainties of block positioning at extended SSDs.
This is less of a challenge when using image-guided
IMRT-based TBI (Fig. 6).

TBI delivered at standard SSDs using large-field IMRT
approaches introduces new challenges and unknowns.
Multiple abutting fields are required, which can result in
dose uncertainties at the junction sites. Concerns have been
raised regarding circulating leukemia cells receiving
reduced doses, because the TBI is no longer delivered
n. Typical margins used are 2 cm from the diaphragm and
of the clavicle. Lung blocks can be modified depending on
. (Right) A portal image for verification of block placement.
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Fig. 5. Dose distribution at the level of T5-6 for a patient
undergoing TBI to 12 Gy, with 50% transmission blocks
over the lungs and supplemented with 9 MeVelectrons. The
effect of the beam spoiler is not included.

Fig. 6. (A) An image of a 31-year-old man with acute
myelogenous leukemia who received total body irradiation
(TBI) to 13.2 Gy in twice-daily 1.65-Gy fractions with a
helical tomographic therapy unit. He was unable to stand
for conventional TBI delivery because of polyneuropathy.
Median dose to kidney was 5 Gy and to lung 3.7 Gy. (B)
Images of a 45-year-old woman with anaplastic large cell
lymphoma and prior T9-L1 spine irradiation to 30 Gy in 10
fractions. She was given 12 Gy TBI in twice-daily 1.5-Gy
fractions with a helical tomographic therapy unit. Median
dose to T9-L1 was 3.8 Gy and to lung was 6.9 Gy.
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simultaneously to the entire body. TBI is delivered at dose
rates of more than 4 Gy/min, which has the potential to
increase pulmonary, renal and hepatic toxicity (28-30).
Given these factors, these novel approaches to TBI should
be performed as part of clinical trials.

Notably, Fog et al (31) recently reported a TBI method
that incorporates the advantages of CT planning and step-
and-shoot IMRT but delivers TBI at traditional extended
SSDs. This approach eliminates unknowns related to high
dose rates and field junctioning. Whole-body CT scans,
with the patient in the treatment position, were used for
treatment planning, and several multileaf collimator fields
were used to optimize dose uniformity. The brain, lungs,
and kidneys were contoured but were not intentionally
spared. For a prescribed dose of 12 Gy (in 6 2-Gy frac-
tions), the mean doses for brain, lungs, and kidneys were
in the range of 11.1-11.8 Gy, and the V12 values were
<5% for brain, <2% for lungs, and 0% for kidneys. The
mean dose difference, measured in vivo with a thermo-
luminescent dosimeter, was e1.9%, with a standard de-
viation of 4.5%.

An experienced radiation oncology and transplant team
should perform TBI with the appropriate facilities and re-
sources. Good communication and coordination are
required among all the members of the transplantation and
radiation oncology teams. Backup equipment and a TBI
plan in case of machine failure must be available, because
failure to deliver the intended TBI dose during the condi-
tioning regimen week will compromise the outcome of the
transplant.

Testicular and CNS Boost

Male patients afflicted with ALL are at risk of testicular
relapse after allogeneic HCT because of suboptimal con-
centrations of chemotherapy agents in that region (32). For
this reason, TBI schedules traditionally included a boost to
the scrotum to increase the dose at this site for prophylaxis.
Usually a 4-Gy single fraction electron boost is delivered
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on the second or third day of fractionated TBI (ie,
12 Gy þ a 4-Gy boost, for an equivalent 2-Gy dose of
approximately 18 Gy) (22).

CNS irradiation in the context of TBI is less common,
but could be useful in certain scenarios for preventing re-
lapses after allogeneic HCT. Such scenarios are discussed
further in the accompanying guideline on CNS radiation.
EL -Medical Center Rambam from ClinicalKey.com by Elsevier on June 06, 2019.
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Fig. 7. Radiation therapy dose color wash demonstrates a
typical dose distribution for a patient undergoing total
marrow irradiation (TMI). The target structure is skeletal
bone.
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Toxicity and Follow-Up

The most common toxic effect of single large-dose TBI (to
8-10 Gy) is radiation-induced interstitial pneumonitis,
which occurs in 50% of cases and is fatal in 50% of those
cases (33). Even when TBI is fractionated and given
concurrently with chemotherapy, pneumonitis occurs in
about 25% of patients, although fractionation clearly re-
duces the risk of fatal events. Other acute toxic effects of
TBI include parotitis (generally occurring on the second
day of treatment) (34, 35), nausea and vomiting (which can
be prevented with modern anti-emetic agents), dry mouth
and mucositis (which typically appear 5-20 days after TBI),
diarrhea, fatigue, decreased appetite, erythema, esophagitis,
and alopecia (36). Single-dose nonmyeloablative TBI
(2 Gy) seems to not be associated with significant acute
side effects and is well tolerated (37).

Because acute toxic effects are transient and well
manageable, clinicians have focused largely on long-term
toxicity resulting from irradiation of entire organs. One
example is cataracts, which can form in 30%-40% of pa-
tients who receive fractionated high-dose TBI (38); other
late effects include gonadal failure (39), thyroid and kidney
dysfunction (40, 41), and decreased bone mineral density
(42). Children are at higher risk of developing multiple
endocrine disorders, especially short stature (43, 44).
Appropriate follow-up protocols, including timely diag-
nosis and immediate treatment of these disorders, can
partially overcome the effects of these conditions. Survi-
vors of ALL who receive TBI are also at higher risk of
developing cardiometabolic traits relative to those who
receive chemotherapy alone (45). Reported rates of veno-
occlusive disease range from 10% to 70% (46); this large
range may reflect differences in risk according to the
presence of preexisting liver diseases or the development of
graft-versus-host disease.

The development of secondary cancer among long-term
survivors is an unfortunate but well-recognized late effect
of all transplantation procedures and may be increased by
the use of TBI. However, debate is still ongoing as to the
exact effects of radiation on the overall risk of secondary
malignancies. One large analysis of more than 28,000 pa-
tients showed that one factor affecting the incidence of
second cancers was TBI dose: those who received a single
dose of �10 Gy were more likely to develop second can-
cers than those given a single dose of <10 Gy, and this risk
seemed to increase over time after transplantation, reaching
3%-7% at 15 years (47). Other factors identified in that
large study were age at receipt of TBI, in that the rates were
67% higher for those who received TBI at age �30 years
than for patients treated with chemotherapy alone. The
possibility of a “linear” dose-response relationship for
cancer induction after TBI is of clinical interest, because if
such a relationship exists, then the risk would be drastically
lower for patients receiving low-dose TBI (ie, 2 Gy) or for
those undergoing newer forms of treatment such as total
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marrow irradiation (TMI), where organs at risk are spared
the full prescription dose (48). Another study of second
cancers among children treated for leukemia showed that
receipt of high-dose TBI and age <5 years were the most
important risk factors for the development of secondary
cancers (49).

Future Directions for Use of RT in Conditioning
Regimens

Although TBI continues to be an important part of condi-
tioning regimens for many patients, its use is declining (1)
for several possible reasons, including (1) increased use of
chemotherapy-only myeloablative conditioning regimens;
(2) increased use of reduced-intensity conditioning regi-
mens, primarily for older patients and those with comorbid
conditions who cannot tolerate standard TBI; (3) concerns
about late TBI-induced toxicity; and (4) an ongoing shift
from seeing HCT as a cytotoxic tool to more of an
immunologic tool. Indeed, the role of TBI seems to be
evolving toward its being included in conditioning regi-
mens for which increased cytoreduction and immunosup-
pression are neededdbut only if it can be added without
significant additional toxicity.

As a result, more targeted forms of TBI are currently
being evaluated in clinical trials for patients with high-risk
refractory or relapsed disease, with the goal of achieving
similar or better efficacy with less toxicity than standard
regimens. The use of volumetric modulated arc therapy
IMRT (50, 51) and helical tomographic IMRT (52-59) is
currently being evaluated as ways to deliver more targeted
TBI (which in some reports is referred to as TMI) (Fig. 7),
which offers the potential of greater dose homogeneity,
lower organ doses, reduced toxicity, dose escalation to
AEL -Medical Center Rambam from ClinicalKey.com by Elsevier on June 06, 2019.
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target structures, and reduced relapse rates. Clinical trials
are currently underway to evaluate whether adding TMI to
established reduced-intensity conditioning regimens can
improve rates of relapse and survival without additional
toxicity. Conditioning regimens currently being evaluated
include adding TMI to established chemotherapy only
reduced intensity conditioning regimens and incorporating
TMI in myeloablative regimens, with some centers evalu-
ating escalation of TMI doses beyond standard TBI doses
in phase I trials. Most trials currently are in patients with
advanced or high- risk leukemia who are not eligible or are
poor candidates for transplant using standard conditioning
regimens. Early results have demonstrated that such an
approach is feasible and confers acceptable levels of
toxicity, with treatment-related mortality rates that are
comparable to those of standard conditioning regimens.
Specifically, the myeloablative regimen of dose-escalating
TMI to 20 Gy with cyclophosphamide-etoposide (58) is
feasible, as is adding 9-12 Gy TMI to established reduced-
intensity conditioning regimens, such as fludarabine with
busulfan or fludarabine with melphalan (51, 59). Moreover,
to date these techniques have not led to delayed or failed
engraftment and have not increased the rate of extra-
medullary relapses compared with historical results with
TBI (60). However, these new approaches may introduce
new variables that could adversely affect outcomes. For
example, the dose rates of TMI are significantly higher than
those of TBI, which may exacerbate organ toxicity. On the
other hand, reduced doses to major organs at risk could
increase the risk of relapse. Dose escalation to marrow may
increase the risk of nonengraftment. More clinical evidence
is needed to better understand and document how total
dose, dose volume, fraction size, fraction schedule, and
dose rate influence organ toxicity, marrow engraftment,
marrow function, and relapse rates within the target struc-
tures and avoidance structures. More evidence is also
needed to determine whether these new strategies for
delivering TBI are an improvement over current condi-
tioning regimens. At this time, these approaches remain
investigational and should only be performed as part of
well-designed clinical trials.
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