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IRRADIAZIONE	
  CORPOREA	
  TOTALE:	
  TBI	
  

n  L’irradiazione corporea totale o Total Body Irradiation 
(TBI) consiste nell’irradiazione di tutto il corpo ed è 
parte integrante del condizionamento per il trapianto 
di midollo (TMO). 

 
INDICAZIONI	
  CONDIZIONAMENTO	
  	
  

TMO	
  CON	
  TBI	
  	
  

n  LLA,	
   LMA,	
   LMC,	
   LH,	
   LNH,	
   talassemia	
  major,	
  MM,	
  anemia	
  
aplas?ca,	
  mielodisplasia.	
  

n  Tumori	
   solidi:	
   mammella	
   M+,	
   neuroblastoma,	
   tumori	
  
germinali,	
  PNET,	
  tumore	
  di	
  Wilms,	
  sarcomi,	
  etc.	
  

n  Immunodeficienze	
  ed	
  errori	
  gene?ci.	
  
	
  



	
  CONDIZIONAMENTO	
  TMO	
  CON	
  TBI	
  	
  
Razionale: 
 
n  distruggere le cellule neoplastiche o geneticamente 

compromesse; 
n  eradicare il midollo osseo del paziente: 
1.  azione creante spazio al midollo infuso;  
2.  azione immunosoppressiva (per evitare il rigetto dovuto 

alle cellule immunocompetenti dell’ospite). 



•  Il volume bersaglio della TBI è rappresentato 
dall'intero organismo, compresa la cute.  

 
•  OARs: polmoni, reni, cristallini, fegato, 

cuore, ovaie, ecc. 
	
  
	
  

IRRADIAZIONE	
  CORPOREA	
  TOTALE	
  



•  Non	
  risparmia	
  alcun	
  sito	
  “santuario”	
  (tes?colo,	
  encefalo);	
  
•  la	
   dose	
   di	
   irradiazione	
   è	
   omogenea	
   ed	
   è	
   indipendente	
   dalla	
  

vascolarizzazione;	
  
•  nessuna	
   resistenza	
   crociata	
   con	
   altri	
   agen?	
   citotossici	
   non	
   è	
  

necessaria	
  alcuna	
  detossificazione	
  o	
  escrezione	
  di	
  agen?	
  tossici;	
  
•  nessuna	
  alterazione	
  della	
  diffusione	
  di	
  farmaco	
  se	
  alterazione	
  di	
  

funzionamento	
  d’organo;	
  
•  distribuzione	
   della	
   dose	
   ben	
   definita	
   e	
   modellata	
   dalle	
  

schermature	
  secondo	
  la	
  necessità	
  o	
   incremento	
  della	
  dose	
  con	
  
boost	
  seleVvo;	
  

•  non	
  ciclo	
  né	
  fase-­‐specifica.	
  
	
  

TBI	
  VS	
  CT:	
  VANTAGGI	
  



Probability of relapse according to haematopoietic SCT. OS according to haematopoietic SCT. 



Cox model. OS adjusted curves according to: disease 
(a); type of transplant (b); TBI total dose (c); TBI lung 
dose (d). 

Probability of relapse according to TBI schedule. 
Schedule 1=7, 7.5, 8 and 10  Gy administered in 
single dose; schedule 2=3.3  Gy a day until 9.9  Gy; 
schedule 3=2  Gy twice a day for 3 days until 12  Gy 
and 1.2  Gy three times a day for 4 days until 14.4  
Gy 



Total Body Irradiation Conditioning Regimens in Stem Cell Transplantation 
Kathryn E. Dusenbery and Bruce J. Gerbi 





Reazioni acute radioindotte che insorgono in corso di TBI (specialmente quando 
somministrata con dosi singole a basso rateo di dose): 
 
astenia, nausea e vomito (a circa 3 Gy e possono restare intense per 24-48 ore); 
  
diarrea, eritema cutaneo e mucosite (variabile e dipendente anche dai 
condizionamenti farmacologici); 
 
alopecia (evento quasi costante); 
 
tumefazione transitoria bilaterale delle parotidi (può insorgere entro 12 ore anche 
dopo basse dosi radiazione e perciò anche dopo TBI non mieloablativa e si esaurisce 
spontaneamente entro 48 ore; questo effetto è associato ad un innalzamento 
dell’amilasi serica) 

TOSSICITA’ MULTIFATTORIALE 
1. ACUTA SUBACUTA (ENTRO CENTO GIORNI) 
2. CRONICA  



 Figure 2. Cumulative incidence of transplantation-related mortality (A), cumulative incidence of leukemia relapse (B), probability of 
leukemia-free survival (C), and probability of overall survival (D) comparing CyTBI with TBICy before allogeneic transplantati... 

Jennifer L. Holter-Chakrabarty,  Namali Pierson,  Mei-Jie Zhang,  Xiaochun Zhu,  Görgün Akpek,  Mahmoud D. Aljurf,  Andrew S. 
Artz,  Frédéric Baron,  Christopher N. Bredeson,  Christopher C. Dvorak,  Robert B. Epstein,  Hillard M. Lazarus... 

 The Sequence of Cyclophosphamide and Myeloablative Total Body Irradiation in Hematopoietic Cell Transplantation for 
Patients with Acute Leukemia 

Biology of Blood and Marrow Transplantation, Volume 21, Issue 7, 2015, 1251–1257 

http://dx.doi.org/10.1016/j.bbmt.2015.03.017 

1769 pazienti 
CyTBI 948 
TBICy 821 



 Figure 1. Cumulative incidences of II to IV (A) and III and IV (B) acute GVHD, and chronic GVHD (C) comparing CyTBI with TBICy 
before allogeneic transplantation for acute leukemia. 

Jennifer L. Holter-Chakrabarty,  Namali Pierson,  Mei-Jie Zhang,  Xiaochun Zhu,  Görgün Akpek,  Mahmoud D. Aljurf,  Andrew S. 
Artz,  Frédéric Baron,  Christopher N. Bredeson,  Christopher C. Dvorak,  Robert B. Epstein,  Hillard M. Lazarus... 

 The Sequence of Cyclophosphamide and Myeloablative Total Body Irradiation in Hematopoietic Cell Transplantation for 
Patients with Acute Leukemia 

Biology of Blood and Marrow Transplantation, Volume 21, Issue 7, 2015, 1251–1257 

http://dx.doi.org/10.1016/j.bbmt.2015.03.017 



 Figure 3. Overall survival among (A) adults patients, (B) children, (C) patients with acute lymphoid leukemia, and (D) with acute 
myeloid leukemia according to the sequence of cyclophosphamide and total body irradiation as part of a myeloablative 
conditioning ... 

Jennifer L. Holter-Chakrabarty,  Namali Pierson,  Mei-Jie Zhang,  Xiaochun Zhu,  Görgün Akpek,  Mahmoud D. Aljurf,  Andrew S. 
Artz,  Frédéric Baron,  Christopher N. Bredeson,  Christopher C. Dvorak,  Robert B. Epstein,  Hillard M. Lazarus... 

 The Sequence of Cyclophosphamide and Myeloablative Total Body Irradiation in Hematopoietic Cell Transplantation for 
Patients with Acute Leukemia 

Biology of Blood and Marrow Transplantation, Volume 21, Issue 7, 2015, 1251–1257 

http://dx.doi.org/10.1016/j.bbmt.2015.03.017 



HLA matched sib. (n=2681) 
 
Unrelated donors (n=2178) 
  
 

Median age was 33.3 years 
(range 18-55 years). 



Glebel S et all Haematologica  2017 





Allogeneic	
  	
  Hematopoie?c	
  Cell	
  
Transplanta?on	
  for	
  Primary	
  Refractory	
  ALL:	
  

A	
  Report	
  from	
  the	
  ALWP	
  of	
  the	
  EBMT	
  

Ø 	
  86	
  adult	
  pa?ents	
  
Ø Median	
  follow-­‐up	
  106	
  months	
  
Ø OS	
  was	
  36%	
  at	
  2	
  years	
  and	
  23%	
  at	
  5	
  years	
  
Ø LFS	
  was	
  28%	
  at	
  2	
  years	
  and	
  17%	
  at	
  5	
  years	
  
Ø TRM	
  was	
  20%	
  at	
  2	
  years	
  and	
  29%	
  at	
  5	
  years	
  
In	
  mul'variate	
  analysis,	
  use	
  of	
  TBI	
  was	
  found	
  to	
  be	
  
associated	
  with	
  improved	
  survival	
  

Pavlu J, Cancer June 2017 



Allogeneic	
  hematopoie?c	
  cell	
  transplanta?on	
  for	
  primary	
  refractory	
  acute	
  lymphoblas?c	
  leukemia:	
  A	
  
report	
  from	
  the	
  Acute	
  Leukemia	
  Working	
  Party	
  of	
  the	
  EBMT	
  

Cancer 
Volume 123, Issue 11, pages 1965-1970, 17 FEB 2017 DOI: 10.1002/cncr.30604 
http://onlinelibrary.wiley.com/doi/10.1002/cncr.30604/full#cncr30604-fig-0001 



156 pazienti 
TBI n= 114 
BuCy n=42 

EFS at 6 years was 43% versus 22% in the 
TBI and BU subsets, respectively (p=0.01).  
 
TRM at 18 months was 22% and 17% in the 
BU and TBI groups (p=0.24), respectively.  
 
At 3 years actuarial PR was 71% in the BU 
group and 47% in the TBI group (p=0.01). 
 
VOD  developed in 9% and 16% of TBI and 
Bu treated patients respectively (p=NS)  

55% 

33% 
45% 

15% 



601 pazienti 
TBI 523 
CT  78 



X Cahu et all Bone Marrow Transplantation 2016  



Randomized	
  trial	
  of	
  busulfan	
  vs	
  total	
  body	
  irradia?on	
  containing	
  condi?oning	
  regimens	
  for	
  children	
  with	
  acute	
  lymphoblas?c	
  
leukemia:	
  A	
  Pediatric	
  Blood	
  and	
  Marrow	
  Transplant	
  Consor?um	
  study	
  
N	
  Bunin,	
  R	
  Aplenc,	
  N	
  Kamani,	
  K	
  Shaw,	
  A	
  Cnaan	
  and	
  S	
  Simms	
  
	
  

43 pazienti  
21 Bu+Cy+Eto 40 mg/kg 
22 TBI+Cy+Eto 40 mg/kg 



37 pazienti 



298   TBICy 
204 TBIETO 
MSD 





87 high-risk ALL patients 
47patients received idarubicin 
(IDA) intensified TBI–CY 
40 patients received traditional 
TBI–CY regimen.  
 
Patients received TBI (8 Gy) on 
day-8, IDA of 15 mg/m2/d from 
day-6 to-5, followed by CY (60 
mg/kg/d) on day-3 to -2.  



OS  30-months 56.5% 

65.7% 

25.4% 

63.4% 

25.4% 

aGvHD II-IV 40% 
cGvHD 63.9%  



2130 TBI/CY 
60 BU/CY (os) 
42 BU/CY (iv) 



Leuk Lymphoma. 2013 Nov;54(11):2474-9.  
Comparison of total body irradiation plus cyclophosphamide with 
busulfan plus cyclophosphamide as conditioning regimens in patients 
with acute lymphoblastic leukemia undergoing allogeneic hematopoietic 
stem cell transplant 

In this study, we present a comparison of treatment results for 95 patients with ALL who underwent allogeneic 
hematopoietic stem cell transplant (AHSCT) with total body irradiation plus cyclophosphamide (TBI + Cy) or busulfan 
plus cyclophosphamide (Bu + Cy) as conditioning regimen.  
Median age was 25 (range: 9-54) years.  
Median follow-up was 24 (range: 3-107) months. Median overall survival (OS) was found to be 29 months. Median 
event-free survival (EFS) was 9 months.  
Median OS was 37 months in the TBI + Cy arm, while it was 12 months in the Bu + Cy arm, suggesting a significant 
advantage favoring the TBI + Cy arm (p = 0.003).  
Median EFS was 13 months in the TBI + Cy arm, while it was 4 months in the Bu + Cy arm, indicating a significant 
difference (p = 0.006).  
In univariate and multivariate analysis, it was found that high OS and EFS were significantly correlated with TBI + Cy 
conditioning regimen and lack of transplant-related mortality (p < 0.05).  
 
The TBI + Cy conditioning regimen was found to be superior to the Bu + Cy 
regimen in patients with ALL undergoing AHSCT regarding both OS and EFS 





Increased	
  non-­‐relapse	
  mortality	
  due	
  to	
  high-­‐dose	
  cytarabine	
  plus	
  CY/TBI	
  in	
  BMT/PBSCT	
  for	
  acute	
  
lymphoblas?c	
  leukaemia	
  in	
  adults	
  

Bri?sh	
  Journal	
  of	
  Haematology	
  
25	
  APR	
  2017	
  DOI:	
  10.1111/bjh.14652	
  
hGp://onlinelibrary.wiley.com/doi/10.1111/bjh.14652/full#bjh14652-­‐fig-­‐0001	
  



107 pazienti 
Età media 38 aa (19-64) 
MSD 52 
MUD 55  





Survival probabilities.  

Mohamad Mohty et al. Blood 2010;116:4439-4443 

©2010 by American Society of Hematology 



TRAPIANTO	
  ALLOGENICO	
  DA	
  
DONATORE	
  FAMILIARE	
  

(n.301)	
  

LMA
100	
  (34%)

LLA
36	
  (11%)MM

45	
  (16%)

LNH
29	
  (10%)

MDS
25	
  (8%)

LMC
11	
  (5%)

LLC
5	
  (1%)

TAL
1	
  (1%)

PTI
1	
  

(	
  1%)

Cancers
15	
  (5%)

AA	
  5	
  
(1%)

MI	
  2	
  (1%) LH	
  26	
  (9%)

LMA

LLA

MM

LNH

MDS

LMC

LLC

talassemia

PTI

Cancers

AA

MI
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  APLOIDENTICI	
  



TRAPIANTO	
  DA	
  DONATORE	
  
VOLONTARIO	
  (MUD)	
  

(n.120)	
  

LLA
34	
  (28%)

LMA
37	
  (30%)

MDS
12	
  (11%)

MM
14	
  (11%)

NHL
6	
  (6%)

CML
5	
  (4%)

HL	
  6
(4%)

MF	
  2
(2%)

LLC	
  2	
  (2%) EPN	
  
1%

AA
1% LLA

LMA
MDS

MM
NHL
CML

HL
MF

LLC

EPN	
  
AA

Ematologia	
  SGR	
  05-­‐2017	
  



TBI	
  Casis?ca	
  San	
  Giovanni	
  Rotondo	
  



TBI	
  Casis?ca	
  San	
  Giovanni	
  Rotondo	
  
TBI	
  2	
  Gy	
  

1 TUMORE DELLA LINGUA 
2% 

1 TUMORE UTERO 
1 TUMORE FARINGE 
1 EPATOCARCINOMA 
2%  
 
 





RR: 0.9 < 10 Gy, 1.9>12 Gy, 4.1 > 13 Gy 













CONCLUSIONI	
  

Ø 	
  Studi	
  RetrospeVvi	
  
Ø 	
  Difficile	
  comparazione	
  tra	
  TBI	
  e	
  Bu	
  iv	
  
Ø 	
  TBI	
  pazien?	
  più	
  giovani	
  
Ø 	
  Farmacocine?ca	
  del	
  Busulfano	
  
Ø 	
  Necessario	
  studi	
  prospeVci	
  
Ø 	
  Rischio	
  incidenza	
  secondi	
  tumori	
  con	
  TBI	
  


