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Total Body Irradiation: evolution

1907 X Ray Bath

1940 - 1950 Lymphoma/ solid tumors with 

disseminated disease

1960 First exploration for bone 

marrow transplantation

1970- 1980 TBI with low -dose

1977 TBI myeloablative

TBI sub-myeloablative

2005 Ą NEW ! Total Marrow Irradiation

(conformal TBI)



BLOOD STEM CELL TRANSPLANT

Cyclophosphamide

plus

Total Body Irradiation -TBI

Ď

ñleukemiccell killing ò

ñimmunosuppressiveroleò

ñmaking space in bonecavitiesò

Ď

ALLOGENEIC TRANSPLANT
from

matchedsiblings

unmatchedsiblings

matchedunrelated donors (MUD)



more than 2600 

patients submitted to 

TBI in Genoa

1977:  first TBI 

in Genoa 



TBI schedules in Genoa

TBI myeloablative

Ą 990 cGy / 3 fractions / 3 days

Ą1200 cGy / 6 fractions / 3 days
(with 6 hour inter-fraction interval )

Corvò R et al, Bone Marrow Transplant, 2002



MORE RADIATION DOSE 

=

MORE LEUKEMIC CELL KILLING

=

MORE RADIATION INDUCED 

EFFECTS

Ą

NO IMPROVEMENT IN SURVIVAL

FIRST CRITICAL PROBLEM
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ORGANS at RISK

RISK FOR TOXICITIES



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%



Second Critical Issue!

No dose

distribution 

in 2010 !



HELICAL TOMOTHERAPY

TOTAL BODY 

IRRADIATION

(TBI)

TARGETED 

TOTAL MARROW 

IRRADIATION

(TMI)

TOTAL LYMPHOID

IRRADIATION

(TLI)



Total Marrow Irradiation

Contouring

Â Target 

bonemarrow sites:
- head(cranium, mandible)

- upper limb girdle

- sternum

- ribs

- vertebrae

- pelvisox

- lower limb girdle

- spleen 

- (leukemicbulk)

ÂOARs

- lungs

- spine

- eyes, larynx, oral mucosa

- heart, breasts, esophagus

- liver

- kidneys

- brain

- testes

- thyroid

- parotids

- bowel / bladder/ rectum



Preliminary clinical experience  

@ IST  Genoa

TOTAL MARROW 

IRRADIATION - TMI 

with Helical Tomotherapy

E:/renzo/Documenti/Files/Operators Station.ppt


Radiation Dose Scheduling

Day 1 Day 2

TBI 
200 cGy 

(x2)

Day 3 Day 4

TBI 
200 cGy 

(x2)

TBI 
200 cGy 

(x2)
+ + +

TMI 
200 cGy 

(x1)
= TBI +TMI 

1400 cGy

time

TMI - coronal view TMI - sagittal view


