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Radiotherapy helped to win a Nobel prize again…



Hematopoietic Stem Cell Transplantation  

TBI with 
low dose 

for CLL 

TBI myeloablative & 
 sub-myeloablative 

T
M

I 

TBI for 
lymphoma & 

solid mts 

A long-time history 



Aims of conditioning

Destroy any existing 
cancer cell or 

abnormal cells

Stop the recipient 
immune system 

working to reduce risk 
of the transplant being 

rejected

Destroy existing bone 
marrow cells to make 

room for the 
tranplanted tissue

One or more of the following



Reduction of 
more than 30% 

in RT and CT 
doses

*
TBI 4 or 8 Gy Flu



HLA matching for unrelated

Picardi A. et al Transplantation and cellular therapy 2021

APLO vs MSD in ALL

Nagler A. et al Journal of Hemat Oncol 2021

Influence of Donor type



Is not easy to take out TBI clear data in HSCT

BuCy2/BuCy4

BuCyMel

BuMel

BuCyEto

BuFlu

TBIEto

TBI/Cy

TBI/CyEto

TBI/Thio

TLI/ATG

FluTreoMel
TreoMel
FluTreo
TreoCyEto
TreoEtoCarbo
FluTreoThio
FluCyBuFlu

BuFluThio

BuFluClo

TLI/ATG

FLAMSA/TBI

TBI/Treo

FluCy
FluMel
FluThio(Cy)
Cy (ATG)
Mel
no (ATG)
……….



TBI plus Cy vs Bu/Cy
a meta-analysis in allo-SCT

• 18 trials totaling 3172 pts

• TBI/Cy (compared with Bu/Cy)

→ lower leukemia relapse for ALL, AML, not for CML

→ lower transplant-related mortality

→ higher disease-free survival

Xu Shi-Xia et al, Leukemia & Lymphoma 51:50-60 2010



TBI
CT

TBI
CT

TBI
CT

MAC for Aplo in ALL  TBI vs CT

Dholaria et al Transplantation and cellular therapy 2021

TBI
CT

TBI
CT

TBI
CT

MAC for Aplo in AML  TBI vs CT

Dholaria et al AJH 2020

Influence of TBI



Shouval et al Lancet Haematol 2021

EBMT DISEASE RISK STRATIFICATION



Rationale: TBI dose escalation in 
advanced acute leukemia…..why?

Thomas   Blood 1977 Bacigalupo  BMT 2007

10-15% OS 15% OS

Three decades and small changes for high risk patients



Rationale: TBI dose escalation in 
advanced acute leukemia…..why?

Thomas   Blood 1977 Bacigalupo  BMT 2007

10-15% OS 15% OS

Three decades and small changes for high risk patients

THE MOST COMMON CAUSE OF DEATH IS 
LEUKEMIA RELAPSE TBI and cGvHD

associate with 
reduction of RRD



In myeloablative conditioning with TBI-Cy the 
higher radiation dose reduce disease relapse

Sabloff , Biol of Blood and Marrow Transpl 2019
AML; ALL; CML; MDS



 

TBI dose escalation:  

conventional 12 Gy vs 15.75 Gy 

Clift et al, Blood 1998 

=

MORE LEUKEMIC CELL KILLING

=

MORE RADIATION-INDUCED EFFECTS

→

NO IMPROVEMENT IN SURVIVAL!

MORE RADIATION DOSE 



ACUTE AND LATE 
TBI- INDUCED TOXICITIES

Biological Effects Rate (%)

kidney failure 5-15%

intestitial pneumonitis 5-15%

cataract 4-22%

growth delay 40-90%

amenorrea 90%

azoospermia 95%

veno-occlusive disease <5%

cognitive deficits <20%

neurological  complications <5%

Hypothyroidism

subclinical

clinical evident

25-43%

3-13%



Giebel S.         Cancer 2014



12 Gy in 6 fractions (BID) (2 Gy fraction) 

vs 

12 Gy in 3 fractions (4 Gy fraction)

No differences in terms of outcomes and toxicity

Y. Belkacemi IJROBP 2018



Next generation TBI   

◆ A more suitable surrogate of 

conventional TBI

◆ Low homogeneity of the dose

◆ No IGRT

◆ Limited OARs sparing

Kirby N Medical Physics 2012

Effeney B. 2019 JMRS



Next generation TBI   

Pics from Ontario center



● ● ● T R A N S P L A N T A T IO N

Comment on Rosenthal et al, page309

TMLI:abetter TBI or moreof thesame?
----------------------------------------------------------------------------------------------------------------

SergioGiralt MEMORIAL SLOAN-KETTERING CANCER CENTER

Total body irradiation (TBI) hasbeen an integral component of allogeneichemato-
poieticstemcell transplantation sincethistreatment modality waspioneered by
Dr E. Donald Thomasin the1970s.1Although higher TBI dosesareassociated
with better diseasecontrol in patientswith myeloid leukemias, theincreased risk of
TBI-related toxicitiesnegateany potential survival advantage.2-4

I
n thisissueof Blood, Rosenthal et al re-

port on anovel method of delivering TBI

using theHelical Tomotherapy Hi-Art Sys-

tem (Tomotherapy Inc) which combines

spiral computed tomography and intensity-

modulated radiation therapy technology.5

Thistechnology allowsfor precisedelivery

of radiation dosestocomplex shaped organ

targetswhilesparing normal tissue. The

authorshypothesized that thistechnology

could beused todeliver high dosesof radia-

tion tomarrow and lymphoid tissuein pa-

tientsreceiving areduced-intensity condi-

tioning regimen with fludarabineand

melphalan. In this initial experienceof

33patientswith avariety of malignant he-

matologic disorders, atotal of 12Gy were

delivered to themarrow and lymphoid tis-

sueswith amedian dosethat wassignifi-

cantly lessin normal tissues(ie, 5.8Gy to

lungsvstheexpected 8-9Gy with TBI; see

figure). Thecombination of total marrow

and lymph nodeirradiation (TMLI) with

fludarabineand melphalan wasassociated

with severe, grade3or 4mucositis in 91% of

patientsand a100-day nonrelapsemortality

rateof 15%. With amedian follow-up of

14.7months, 2-year overall survival and

event-freesurvival (EFS) wereestimated at

46% (95% confidence interval [CI] 23%-

66%) and 40% (95% CI 19%-61%),

respectively.

Thus, wenowhaveanovel way of deliver-

ingradiotherapy tomarrow and lymphoid

tissuethat resultsin lower exposureof normal

tissues; however, significant organ toxicities

wereseen (90% mucositisrate) and relapses

still occurred in 7patients. What remainstobe

determined iswhether thisstrategy actually

improvesoutcomesover other less-intensive

regimenssuch asfludarabinemelphalan or

even fully ablativebut well-tolerated ablative

regimenssuch asfludarabineand busulfan.6,7

The1-year EFSof 72% for high-risk patients

isencouragingand suggeststhat further study

iswarranted in phase2trialsof singlediseases

in thesepatients. However, theresultsin low-

risk patients(50% EFSat 1year) seemtobe

inferior toother lesstoxicregimensand sug-

gest that other strategiesshould beexplored in

thispatient group. Welook forward toseeing

further work with thismethod of delivering

radiation therapy in thisaswell asother poten-

tial transplant indicationssuch asautografting

for myeloma.

Conflict-of-interest disclosure: Theauthor

declaresnocompetingfinancial interests. ■
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TMLI isodose distribution shows the colorwash isodose distribution of a patient receiving 12 Gy TMLI.

Representative sagittal, coronal, and axial planes are displayed. Isodose distributions for 12, 10, 8, and 6 Gy are

depicted. See the complete figure in the article beginning on page 309.
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Organ Median Dose 
reduction (%)

Range (%)

Brain 48.1 41.0 – 60.0

Parotid gland 29.3 15.0 – 43.5

Eye 52.0 30.2 – 60.4

Oral mucosa 42.1 20.5 – 50.0

Larynx 54.5 43.0 – 61.7

Thyroid 48.4 27.5 – 51.0

Lung 48.8 41.0 – 53.0

Breast 61.0 45.1 – 68.2

Heart 46.7 43.0 – 52.5

Liver 52.3 43.5 – 60.0

Bowel 53.7 47.7 – 59.5

Kidneys 63.0 47.0 – 73.0

Bladder 62.1 50.2 – 69.3

Rectum 58.4 48.2 – 65.2

Uterus 64.7 58.0 – 76.2 

PTV

Value Mean (%) Range (%)

D95 93.3 91.9 – 94.2

D90 95.7 94.1 – 96.7

D5 102.9 101.7 – 103.8

We can spare better and cover 
homogeniously  

from 40% to 60 % for 
major organs





OVERVIEW

PLANNING
IGRT & DELIVERY

(FULL TOMO)

VARIAN 
ECLIPSE

TOMO 
PLANNING 

STATION

MASK 
BASED

HFS
+ FFS

1CM CT

(eFOV)

TOMO HI-ART

MVCT

HFS + FFS

SETUP

1 h 1-2 d + 3-4 d
(2 w in busy clinic)

~1.5-2 h @ 4 Gy

TOMO 
HI-ART

7 blades 
cluster



TMI ON TOMO

VMAT + LEGS AP/PA FULL TOMO

12 FULL 
ARCS

FOR EMERGENCY SITUATIONS
LEGS CAN BE TREATED w LINAC AP/PA  

5 cm FW
MF = 2.4 - 2.8
Pitch = 0.287

5 cm FW
MF = 1.8 - 2.6
Pitch = 0.287



Importance of IGRT for accuracy in TMI/TLI

Spinal cord sparing in Multiple 
Myeloma already treated with 
RT on lumbar vertebrae with 
scoliosis



TOPOIMAGING for tmi

WBI MVCT is the 
recommended 
IGRT for TMI



TMI 

Can we go toward a new Reduced

Toxcity Conditioning in 

HSCT?



The Bone Marrow as Target 

First trhee phases of myeloablative approach to 
allographting 

# Which mechanism regulate BM radiation injury 

First three phases of myeloablative approach to 
allografting



Key players of myelosuppression rescue   

Radiobioogy'of''
Hematopie%c'Radia%on'

Induced'Injury'

HSC'
'

More'
radiosensi%ve'

MSC'
'

More'
radioresistant'

Stem Cells with different 
mechanism of response 

Radiobiology of 
Hematopoietic Radiation 

Induced Injury



Is 20 Gy feasible ?



Clinical reports on TMI
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Wong et al  Lancet Oncol 2020 
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M
ethods

•
Relapsed or refractory AM

L or ALL: induction failure, in relapse or beyond 2nd 

rem
ission with active disease

•
Ages 18-60

•
TM

LI target structures bone, lym
ph nodes, and spleen to 20 Gy(2 GyBID) and 

liver and brain to 12 Gy(1.2 GyBID) over 5 days (days -9 through -5)

•
The prim

ary endpoint was progression free survival (PFS), and secondary 

endpoints included overall survival (OS), non-relapse m
ortality (NRM

), and 

toxicities. 

*Adjusted body weight   **Ideal body weight

***W
indow of 1-2 d allowed for stem

 cell availability

Phase II Study of Total Marrow and Lymphoid Irradiation (TMLI) in 
Combination with Cyclophosphamide and Etoposide in Patients 

with Poor-Risk Acute Leukemia

Courtesy by J Wong



Kim JH 2014
No increase incidence of EM relapse with TMLI

➢ 101 patients treated between 2006-2012 
(AML,ALL,CML,MDS)

➢ median f.u. 12. months
➢ 12.9%  patients EM relapse 

➢ 4 patients with BM relapse
➢ 9 only EM relapse
➢ 7 patients with EM relapse prior TMI

➢ pre-transplant EM disease only predictor for EM 
relapse

➢ cumulative incidence of EM relapse 4% at 1 year and 
11.4% at 2 year (similar to EM relapse with TBI)
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Allogeneic Transplants – Patient age at transplantation 

Years 

<20 21-40 41-60 >60 

Export date 11/03/2019 
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Autologous Transplants – Patient age at transplantation 

Years 

<20 21-40 41-60 >60 

Export date 11/03/2019 
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Age is really not a problem?



Shinde 2019 IJROBP

The only
relevant
late tox
rported

RIC with Fludarabine Melphalan and 
Total Marrow and Lymphoid Irradiation

Jensen 2018  Bio Blood Marrow Transplant

12 Gy (1.5 Gy x 8 bid)  TMLI
➢ 61 patients with Advanced  leukemia 

➢ median age 55 (9-70)

➢ median follow-up 7.4  years

➢ aGVHD II IV     69%

➢ cGVHD 74%

➢ 5 yy OS   42%

➢ 5 yy RFS     41%

➢ 5 yy CRI     26%

➢ 5 yy NRM   33%



The «ULTIMATE» 

Haplo for elderly with high risk leukemia

Pierini BMT 2019

The Perugia Group

➢ T cell depleted

➢ TMLI dose tailored

➢ median age 62 (55-68)

➢ AML high risk

➢ aGVHD II-IV   43%

➢ cGVHD none

➢ NRM     29%

➢ 2 yy RFS    71% 



Multiple myeloma
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Tandem autologous hematopoietic cell transplantation with 
sequential use of total marrow irradiation and high dose 

melphalan in multiple myeloma

Giebel S el al Bone marrow Transplant 2020
4 Gy x 3 fx



TMI potential advantages in 
pediatric patients
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Total Body Irradiation or Chemotherapy

Conditioning in Childhood ALL: A Multinational,

Randomized, Noninferiority Phase III Study
Christina Peters, MD1; Jean-Hugues Dalle, MD, PhD2; Franco Locatelli, MD, PhD3; Ulrike Poetschger, PhD4; Petr Sedlacek, MD5;

Jochen Buechner, MD, PhD6; Peter J. Shaw, MD7; Raquel Staciuk, MD8; Marianne Ifversen, MD, PhD9; Herbert Pichler, MD1;

Kim Vettenranta, MD, PhD10; Peter Svec, MD, PhD11; Olga Aleinikova, MD, PhD12; Jerry Stein, MD13; Tayfun Güngör, MD14;

Jacek Toporski, MD15; Tony H. Truong, MD, MPH16; Cristina Diaz-de-Heredia, MD17; Marc Bierings, MD, PhD18; Hany Arif n, MD, PhD19;

Mohammed Essa, MD20; Birgit Burkhardt, MD, PhD21; Kirk Schultz, MD22; Roland Meisel, MD23; Arjan Lankester, MD, PhD24;

Marc Ansari, MD25; and Martin Schrappe, MD, PhD,26 on behalf of the IBFM Study Group; Arend von Stackelberg, MD,27 on behalf of the

IntReALL Study Group; Adriana Balduzzi, MD,28 on behalf of the I-BFM SCT Study Group; Selim Corbacioglu, MD,29 on behalf of the

EBMT Paediatric Diseases Working Party; and Peter Bader, MD30

ab
stract

PURPOSETotalbodyirradiation (TBI)beforeallogeneichematopoietic stemcell transplantation (HSCT) inpediatric

patients with acute lymphoblastic leukemia (ALL) is ef cacious, but long-term side effects are concerning. We

investigated whether preparative combination chemotherapy could replace TBI in such patients.

PATIENTS AND METHODS FORUM is a randomized, controlled, open-label, international, multicenter, phase III,

noninferioritystudy.Patients# 18yearsatdiagnosis,4-21yearsatHSCT, incompleteremissionpre-HSCT,andwith

an HLA-compatible related or unrelated donor were randomly assigned to myeloablative conditioning with frac-

tionated 12 GyTBI and etoposideversus udarabine, thiotepa, and either busulfan or treosulfan. Thenoninferiority

margin was8%. With 1,000 patientsrandomlyassigned in 5 years, 2-year minimum follow-up, and one-sidedalpha

of 5%, 80% power wascalculated. A futilitystopping rulewould halt random assignment if chemoconditioningwas

signi cantly inferior to TBI (EudraCT: 2012-003032-22; ClinicalTrials.gov: NCT01949129).

RESULTSBetween April 2013 and December 2018, 543 patients were screened, 417 were randomly assigned,

212 received TBI, and 201 received chemoconditioning. The stopping rule wasapplied on March 31, 2019. The

median follow-up was2.1 years. In the intention-to-treat population, 2-year overall survival (OS) wassigni cantly

higher following TBI (0.91; 95% CI, 0.86 to 0.95; P , .0001) versus chemoconditioning (0.75; 95% CI, 0.67 to

0.81). Two-year cumulative incidence of relapse and treatment-related mortality were 0.12 (95% CI, 0.08 to

0.17; P , .0001) and 0.02 (95% CI, , 0.01 to 0.05; P 5 .0269) following TBI and 0.33 (95% CI, 0.25 to 0.40)

and 0.09 (95% CI, 0.05 to 0.14) following chemoconditioning, respectively.

CONCLUSION Improved OS and lower relapse risk were observed following TBI plus etoposide compared with

chemoconditioning. We therefore recommend TBI plus etoposide for patients . 4 years old with high-risk ALL

undergoing allogeneic HSCT.

J Clin Oncol 39:295-307. © 2020 by American Society of Clinical Oncology

Licensed under the Creative Commons Attribution 4.0 License

INTRODUCTION

Total body irradiation (TBI) is widely used in conditioning

regimens for patients with acute lymphoblastic leukemia

(ALL) undergoing allogeneic hematopoietic stem cell

transplantation (HSCT).1-3 For children with high-risk ALL,

an allogeneic HSCT from an HLA-identical sibling donor

(MSD) or HLA-compatible related or unrelated matched

donor (MD)4-7 or mismatched donor,8 conditioned with

TBI and etoposide has resulted in excellent overall and

leukemia-free survival.

A small, randomized, controlled trial found signif-

icantly higher event-free survival (EFS) with TBI,

etoposide, and cyclophosphamide versus busul-

fan, etoposide, and cyclophosphamide condition-

ing in pediatric ALL patients receiving an unrelated

donor HSCT, but a nonsigni cant difference for

those receiving a related donor HSCT.9 Moreover, a

meta-analysis in patients with leukemia found

signi cantly lower treatment-related mortality

(TRM) with TBI-based versus busulfan-based

conditioning.10 However, TBI has lifelong adverse

effects. Impairment of growth, gonadal function,

and cognitive function, cataracts, and secondary

malignancies are more frequent after TBI than

irradiation-free conditioning regimens.11-13

ASSOCIATED

CONTENT

See accompanying

editorial on page 262

Data Supplement

Protocol

Author af liations

and support

information (if

applicable) appear

at the end of this

article.
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TMI in pediatric patients …TMI in pediatric patients …

a new challenge to manage different toxicity a new challenge to manage different toxicity 

from adults  from adults  

Identical twins at 26 year of age

Diller L. et al  N Engl J Med 2011

Oncological diseases Non oncological diseases

•LLA,LMA

•Secondary leukemia

•LMC, essential thrombocythemia,

•myelodysplastic syndromes (MDS) and 

myeloproliferative disorders

•Malignant lymphomas

•Metastatic solid tumors, relapsed 

after allo-HSCT:  neuroblastoma,Ewing 

syndrome, rabdomiosarcoma 

Italian clinical indications of allo-HSCT 

in pediatrics

•Bone marrow hypoplasia mono-

multilinear (acquired or inborn)

•Hemoglobinopathies

•Histiocytosis

•Immune system disorders

•Inborn errors of metabolism

•Others: erythropoietic porphyria, 

osteopetrosis… 

Registry AIEOP TCSE and TC 

Number of transplantation per year

CO AIEOP Aprile 2007
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After pediatric allo TBI

POTENTIAL OF TMI IN PEDIATRIC PATIENTS

27/06/2012

4

Pediatric TBI :experinece at IGG and IST 

Genoa

1987-2012

Disease n°°°° TBI

LLA 85

NB 68

LMA 58

LnHD 14

LMC 11

MDS 5

S. Ewing 4

SAA 3

LHD 1

Total 249

HSCT conditioning regimens in pediatrics

Myeloablative

LLA

LMC

-8 -7 -6 -5 -4 -3 -2 -1 0 1 2 3

TBI (200 cGy x2)x 3 days

Thiotepa 5 mg/Kg
cyclophosphamide 120 mg/Kg

HSCT

-8 -7 -6 -5 -4 -3 -2 -1 0 1 2 3

TBI (200 cGy x2)x 3 days cyclophosphamide 120 mg/Kg

HSCT

(child < 3 yrs replace TBI with Busulfan)

Non myeloablative

BM hypoplasia

-8 -7 -6 -5 -4 -3 -2 -1 0 1 2 3

cyclophosphamide 10 mg/Kg
HSCT

Fludarabine 30 mg/Kg

TBI 200 cGy or 300 cGy

In which In which acuteacute toxicities TBI can be toxicities TBI can be 

a risk factor?a risk factor?

salivary acute dysfunction, with transitory 

bilateral enlargement of parotids 

Acute hemorrhagic cystitis ( from 10% to 60% of 

patients)  48 to 72 h from transplantation

VOD liver pain and icterus in 8.9% of allo-HSCT 

and 3.1% in auto-HSCT

DAH diffuse hemorrhagic alveolitis from 2,5% to 

10% of patients (mortality of 50-80 %)

Acute mucositis



5 cm 1 cm2.5 cm

Pediatric patients



Technology meets biology: 
Imaging to target TMI



Leukemic Stem Cells 

Larger hypoxic endosteal niche: 
-  More radioresitant 

-  Detectable? 



 

 
Figure 2. 
MA Figure (A, B, C). Bone marrow biopsy sections demonstrating hematopoietic cellularity and 

fat over time in a patient treated with a myeloablative pre-conditioning regimen (H&E, 40X). (A) 

Baseline hematopoietic cellularity was normal at 50% of the area of the section. (B) By day 21 

post-treatment, hematopoietic activity was barely perceptible at an estimated 2%, and (C) one 

year after treatment, hematopoietic activity was improved but still markedly low at 10%.  

RIC Figure (D, E, F). Bone marrow biopsy sections demonstrating hematopoietic cellularity and 

fat over time in a patient treated with a reduced intensity conditioning regimen (H&E, 40X). (D) 

Baseline hematopoietic cellularity was normal to slightly low at 30% of the area of the section. 

(E) By day 21 post-treatment, hematopoietic activity was barely perceptible at an estimated 2%, 

and (F) one year after treatment, hematopoietic activity had recovered to above baseline at 

40%, in contrast to the ablative patient above who continued to exhibit markedly suppressed 

hematopoietic activity).   

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

Bone marrow cellularity
Before and after 21 day from transplantation and at 1 Y

MAC

RIC

Wike C et al.  Radiother & Oncol 2016

Precision allow to measure correctly the 

biological response



Magome T. molecular imaging 2017

BONE MARROW

1) Trabeculae-rich osseous matrix 

2) hematopoietic active RED marrow

3) fat-reach YELLOW marrow (potential 

hypoxic sanctuary for LSC)

DUAL energy CT registered different Hounsfield unit for each 
voxel and estimates are used to infer basis material composition Magome T. IJRBOP 2016

H2O and K2HPO4



Magome T. molecular imaging 2017
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Institution

NCT Trial No. 

Type of 

Trial 

Type of 

HCT 
Disease Type 

Target 
TMI Dose 

Levels (Gy) 

Fraction 

and 

Schedule 

Chemotherapy 

City of Hope

00112827
Phase I

autologous

(tandem)  

stage I-III

responding or 

stable 
bone 

10,12,14,16,18 
2 Gy QD-BID 

Mel 200 mg/m
2

first autoHCT

City of Hope

00112827
Phase II

autologous

(tandem)

stage I-III 

responding or 

stable

bone 
16 

2 Gy BID
Mel 200 mg/m

2

first autoHCT 

City of Hope

01163357 
Phase I 

allogeneic

refractory, 

relapsed

prior auto HCT 

allowed 

bone 
12, then de-

escalated to 9 
1.5 Gy BID 

Flu 25 mg/m
2x 2

Mel 140 mg/m
2

Bortezomib 0.5 

mg/m
2

France Multi-

Center

01794572 

Phase I/II 
autologous

first relapse 
bone 

8, 10, 12, 14, 

16 
1-2 Gy BID

Mel 140 mg/m
2

Ottawa Regional 

00800059 
Phase I/II 

autologous
relapsed 

bone 

14, 16, 18 

completed 

plan to go to 

28 

2 Gy BID 
none 

Marie 

Sklodowska-

Curie Cancer 

Center, Poland

01665014 

Pilot 
autologous

(tandem) 
CR, VGPR, or PR 

bone 
12 Gy 

4 Gy QD 
Mel 200 mg/m

2

second autoHCT 

U. Illinois at 

Chicago 

020243860 

Phase I 
autologous 

high or 

intermediate risk 

of progression 

bone 
3, 6, 9, and 12 

3 Gy QD 
Mel 200 mg/m

2

U. Illinois at 

Chicago

02043847 

Phase I 
autologous

relapsed or 

refractory 
bone 

3, 6, and 9 
3 Gy QD 

Mel 200 mg/m
2

U Rochester

01182233 
Phase I 

autologous
MM 

bone 
10 to 20 

2-4 Gy QD 
Mel 200 mg/m

2

Institution 

NCT Trial No.*

Type of 

Trial 

Type of 

HCT 
Disease Type 

Targets 
TMI Dose 

(Gy) 

Fractionation 

and Schedule Chem
otherapy 

U. Illinois, 

Chicago 

0988013

Phase I 
Allogeneic

Refractory or relapse AML, 

ALL, MDS, MM, CML 
bone

3 to 12
1.5 Gy BID

Flu 40 mg/m
2/d x 4

BU 4800 uM*min

U. Illinois, 

Chicago

03121014

Phase II
Allogeneic

Poor risk, refractory or 

relapse AML, MDS 
bone

9
1.5 Gy BID

Flu 40 mg/m2/d x 4

BU 4800 uM*min

U. Illinois, 

Chicago

02333162 

Phase I 
Allogeneic

recurrent AML, ALL, MDS 

undergoing second HCT 
bone

NS 
BID 

over 2-5 days 
Flu, Mel 

Case 

Comprehensive 

Cancer Center 

02129582 

Phase I 
Allogeneic

High risk AML, ALL, NHL, 

HL, MM, MDS, CLL, CML 

ineligible for full 

myeloablative regimen 

bone
NS 

BID 

over 4 days 
Flu, Bu 

U. Minnesota

00686556 
Phase I 

Allogeneic
High risk ALL, AML

CR2, CR3, Relapse, IF 
bone 

15, 18
3 Gy QD 

Flu 25 mg/m
2/d x 3

Cy 60 mg/m
2/d x 2

Ohio State 

02122081 
Pilot 

Allogeneic

High risk AML, ALL, MDS

> 50 yrs old or comorbidities 

unable to undergo TBI based 

regimens; 

bone, brain, 

testes 
12 

2 Gy BID 
Cy 

U. Perugia

03977103
Phase II

Allogeneic

haplo-

identical

AML in CR1, CR2, PR
bone

nodes 11.7 Gy

13.5 Gy 

TMI
1.5 Gy BID

1.3 Gy BID

TT 2.5 mg/kg/d x 2

Flu 30 mg/kg/d x 5

Cy 15 mg/kg/d x 2

T-cell manipulated graft

Indiana U.

03696537
Phase I/II

Allogeneic
Relapsed/refractory ALL, 

AML, MDS, CML ages 18-65
bone

NS
BID over 10 

days
Flu 30 mg/m

2/d x 5

Beijing 307 

Hospital

03048223

Phase I
Allogeneic

High risk AML, ALL 

(IF, relapse, > CR2)

bone, lymph 

nodes
12 -20

4 Gy QD
Cy 60 mg/kg/d x 2

Beijing 307 

Hospital

03408210

Pilot
Allogeneic

AML, ALL in CR1 or CR2
bone, lymph 

nodes
12

4 Gy QD
Cy 60 mg/kg/d x 2

University 

Hospitals of 

Geneva

03262220

Pilot
Allogeneic

Hematologic malignancy 

CR1, CR2, or CR3

Age 40 –80 yrsold

bone

12(13.5 to 

active BM)

4 Gy QD with 

4.5 Gy QD 

boost to active 

BM 

Institution 

NCT Trial No.

Type of 

Trial 

Type of 

HCT 
Disease Type 

Targets 
TMI Dose (Gy) 

Fraction 

and 

Schedule 

Chem
o

therapy 

City of Hope

00540995

IRB 05013
Phase I

allogeneic

AML relapsed or refractory 

with active disease

Not eligible for standard HCT bone, nodes, 

testes, spleen, 

12 Gy liver, brain 

12, 13.5 
1.5 BID  

BU 4800 uM*m
in

VP16 30 m
g/kg

City of Hope

02446964
IRB 05021

Phase I
allogeneic

AML, ALL relapsed or 

refractory with active disease 

Not eligible for standard HCT bone, nodes, 

testes, spleen,  

12 Gy liver, brain

12, 13.5, 15, 16, 

17, 18, 19 , 20 

1.5–2 Gy 

BID

Cy 100 m
g/kg

VP16 60 m
g/kg

City of Hope 

02094794 

IRB 14012
Phase II allogeneic

AML or ALL, 

IF, relapsed or > CR2 

bone, spleen, 

node, 12 Gy liver, 

brain 

20
2 Gy BID 

Cy 100 m
g/kg

VP16 60 m
g/kg

City of Hope

03467386
IRB 17423

Phase I
allogeneic

AML CR1 or CR2

bone, spleen, 

node, 12 Gy liver, 

brain

18, 20
2 Gy BID

Cy 50 m
g/m

2/d x 2

City of Hope 

02446964 
IRB 14106

Phase I 

allogeneic

haplo-

identical 

AML, ALL, MDS

CR1 high risk, CR2, CR3, 

refractory 

bone, spleen 

nodes

12 Gy liver, spleen 

16 Gy testes ALL

12 Gy brain ALL

12, 14, 16, 18 20 1.5-2 Gy 

BID 

Flu 25 m
g/m

2/d x 5

Cy 14.5 m
g/kg/d x 2

ptCy 50 m
g/kg/d x 2

City of Hope

IRB 19518
Phase II

allogeneic

haplo-

identical 

AML:  CR1 interm
ediate or 

poor risk In CR2 or CR3, with 

chem
osensitiveactive 

disease; MDS int. and high 

risk categories

Bone, spleen, 

nodes, testes 20 

GyLiver, brain 12 Gy

20 Gy
2 GyBID

Flu 30 m
g/m

2/d x 3 

(prior to TMLI)

ptCy50 m
g/d x 2

City of Hope

00544466
IRB 04199

Pilot
allogeneic

Advanced disease > 50 yrs 

old or co-m
orbidities 

ineligible for standard 

m
yeloablative  regim

ens

bone, nodes, 

spleen, 

ALL testes, brain 

12 
1.5 Gy BID

Flu 25 m
g/m

2/d x 4

Mel 140 m
g/m

2

City of Hope

03490569
IRB 17505

Phase I
allogeneic

m
atched

AML, ALL, MDS > 55 yrs old 

or co-m
orbidities ineligible 

for standard m
yeloablative  

regim
ens

bone, spleen 

nodes

12 Gy spleen 

16 Gy testes ALL

12 Gybrain ALL

12, 14, 16, 18 20 1.5-2 Gy 

BID 

Flu 30 m
g/m

2/d x 3

Mel 100 m
g/m

2

City of Hope

03490569
IRB 17505

Phase I

allogeneic

haplo-

identical

AML, ALL, MDS > 55 yrs old 

or co-m
orbidities ineligible 

for standard m
yeloablative  

regim
ens

bone, spleen 

nodes

12 Gy spleen 

16 Gy testes ALL

12 Gybrain ALL

12, 14, 16, 18 20 1.5-2 Gy 

BID 

Flu 30 m
g/m

2/d x 3

Mel 100 m
g/m

2

ptCy 50 m
g/d x 2

Worldwide ongoing trials

Courtesy by J Wong
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