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What’s	  changed	  in	  the	  last	  three	  decades	  for	  
advanced	  leukemia	  pa7ents?	  

10-‐15%	  OS	   15%	  OS	  



Bacigalupo	  	  BMT	  2007	  

LONG-‐TERM	  
	  outcome	  of	  152	  pa7ents	  

	  with	  relapsed	  acute	  Leukemia	  	  

	  
Mul7variate	  analysis	  between	  
§ 	  Transplant	  related	  mortality	  
§ 	  donor	  related	  mortality	  	  
§ 	  disease	  related	  mortality	  

§ 	  The	  actuarial	  20	  year	  survival	  is	  15%	  
§ 	  The	  cumula4ve	  incidence	  of	  TRM	  is	  40%	  
§ 	  The	  cumula4ve	  incidence	  of	  RRD	  is	  45%	  

THE	  MOST	  COMMON	  CAUSE	  OF	  DEATH	  IS	  	  
LEUKEMIA	  RELAPSE	  

	  TBI	  and	  cGvHD	  	  
	  associate	  with	  
reduc4on	  of	  RRD	  

only	  



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

•  18	  trials	  totaling	  3172	  pts	  
•  TBI/Cy	  	  	  (compared	  with	  Bu/Cy)	  
	  	  	  	  à	  lower	  leukemia	  relapse	  for	  ALL,	  AML,	  not	  for	  CML	  
	  	  	  	  à	  lower	  transplant-‐related	  mortality	  
	  	  	  	  à	  higher	  disease-‐free	  survival	  
	  	  
	  	  	  	  Xu Shi-Xia et al, Leukemia & Lymphoma 51:50-60 2010	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  



Corvò	  BMT	  2002	  

TBI	  frac7ona7on	  influence	  the	  outcome	  

Hyper-‐frac7ona7on	  allow	  increasing	  total	  dose	  with	  less	  
toxicity	  than	  single	  daily	  frac7on	  	  

6	  x	  2.0	  Gy	  bid	  vs	  3	  x	  3.3	  Gy	  	  



THE	  RADIATION	  DOSE	  DILEMMA	  



THE	  RADIATION	  DOSE	  DILEMMA	  

There	  is	  a	  limit	  for	  TBI	  dose	  



Henk	  B.	  Ka	  l	  	  Strahlenther	  Onkol	  2006	  

THE	  LQ	  MODEL	  IN	  TBI	  

a:	  Lens	  
b:	  Kidneys	  
c:	  Lungs	  
d:	  LEUKEMIC	  CELLS	  

No	  TBI	  schedule	  exist	  with	  radiobiologically	  advantages	  for	  
healty	  7ssue	  versus	  leukemic	  tumor	  burden	  



HT-TMI  
Can we go toward new 

conditioning regimens in HSCT for 
advanced leukemic patients ? 



Organ	   Median	  Dose	  
reduc7on	  (%)	  

Range	  (%)	  

Brain	   48.1	   41.0	  –	  60.0	  
Paro4d	  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	  becer	  and	  cover	  
homogeniously	  	  	  

from 40% to 60 % 
for major organs 



Total	  Marrow	  Irradia7on	  as	  a	  Boost	  ader	  TBI	  in	  allo-‐SCT	  
condi7oning	  for	  relapsed	  	  acute	  leukemia	  	  

Corvò	  	  	  Radiother	  Oncol	  2011	  

RATIONALE	  
	  
§ 	  TBI	  is	  actually	  the	  standard	  treatment	  in	  the	  condi4oning	  regimen	  of	  
advanced	  leukemia	  providing	  good	  clinical	  outcome	  especially	  in	  HLA-‐
matched	  unrelated	  donors	  .	  
	  
§ TBI	  assures	  a	  good	  coverage	  of	  en4re	  body	  by	  avoiding	  the	  risk	  of	  
leukemia	  relapse	  in	  sites	  such	  as	  skin.	  	  
	  
§ 	  Increasing	  the	  dose	  of	  TBI	  is	  not	  advisable	  due	  to	  the	  high	  risk	  of	  
increased	  toxicity	  mainly	  to	  the	  lungs,	  liver,	  and	  kidneys	  
	  
§ Hypothesis:	  total	  dose	  of	  RT	  can	  be	  increased,	  thus	  increasing	  leukemia	  
cell	  kill,	  without	  increasing	  overall	  toxicity	  of	  TBI	  
	  	  	  	  
	  
	  



Total	  Marrow	  Irradia7on	  as	  a	  Boost	  ader	  TBI	  in	  allo-‐SCT	  
condi7oning	  for	  relapsed	  	  acute	  leukemia	  	  

Corvò	  	  	  Radiother	  Oncol	  2011	  



TBI	  
12	  Gy	  

TBI/TMI	  
	  	  	  	  	  basic	  

TBI/TMI	  
Level	  1	  

TBI/TMI	  
Level	  2	  

TBI/TMI	  
Level	  3	  

TBI/TMI	  
Level	  4	  

TBI/TMI	  
Level	  5	  

TBI/TMI	  
Level	  6	  

Marrow	   12	   14	   15	   16	   17	   18	   19	   20	  
Brain	   10	   11	   11.5	   12	   12.5	   13	   13.5	   14	  

Eye	   10	   11	   11.5	   12	   12.5	   13	   13.5	   14	  
Spinal	  Cord	   12	   13	   13.5	   14	   14.5	   15	   15.5	   16	  

Oral	  mucosa	   12	   13	   13.5	   14	   14.5	   15	   15.5	   16	  

Thyroid	   12	   13	   13.5	   14	   14.5	   15	   15.5	   16	  

Oesophagous	   12	   13	   13.5	   14	   14.5	   15	   15.5	   16	  

Lung	   10	   11	   11.5	   12	   12.5	   13	   13.5	   14	  
Heart	   12	   13	   13.5	   14	   14.5	   15	   15.5	   16	  

Breast	   10	   11	   11.5	   12	   12.5	   13	   13.5	   14	  

Liver	   12	   13	   13.5	   14	   14.5	   15	   15.5	   16	  

Bowel	   12	   13	   13.5	   14	   14.5	   15	   15.5	   16	  

Kidney	   12	   13	   13.5	   14	   14.5	   15	   15.5	   16	  
Bladder	   12	   13	   13.5	   14	   14.5	   15	   15.5	   16	  

Rectum	   12	   13	   13.5	   14	   14.5	   15	   15.5	   16	  

Testes	   12	   12.2	   12.4	   12.6	   12.8	   13	   13.2	   13.4	  

	  Median	  organ	  dose	  reduc7on	  escala7ng	  Bone	  Marrow	  
dose	  with	  TMI	  (1	  Gy	  each	  step)	  



TMI	  :	  18	  pa4ents;	  	  10	  with	  refractory	  dis;	  8	  second	  allo	  	  
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3	  	  	  pa7ents	  to	  	  15	  Gy	  (12+3)	  

12	  AML	  
6	  ALL	  



0,000

0,250

0,500

0,750

1,000

0,0 200,0 400,0 600,0 800,0
C3

su
rv
iv
al 50%	  

CR2+CR3	  n=8	  

Ref	  =10	  

days	  
2	  year	  



0,000

0,250

0,500

0,750

1,000

0,0 200,0 400,0 600,0 800,0
C3

su
rv
iv
al

CR	  2+	  age<36	  	  TMI	  15	  Gy	  is	  OK	  

Ref	  and	  age	  =>36	  

Ref	  or	  age	  =>36	  

66%	  

days	  
2	  year	  

These need 
dose 

escalation 



Is	  there	  a	  new	  role	  for	  TBI	  and	  
ASCT	  in	  leukemic	  pa7ents?	  



Bu-‐Cy	  Vs	  TBI-‐CTX	  	  	  
	  EBMT	  survey	  in	  661	  AML	  autograded	  pts	  

Ringden	  O	  Br	  J	  Haematol.	  1996;	  93:637-‐645.	  

Role	  of	  TBI	  in	  ASCT	  for	  Leukemia	  



Tandem	  TMI-‐TBI	  in	  ASCT	  for	  AML	  	  

Educa7onal	  GITMO	  2011	  



Tandem	  TMI-‐TBI	  in	  ASCT	  for	  AML	  	  

Educa7onal	  GITMO	  2011	  



Tandem	  TMI-‐TBI	  in	  ASCT	  for	  AML	  	  

7	  pa7ents	  treated-‐-‐-‐6	  in	  early	  relapse	  

Educa7onal	  GITMO	  2011	  



Tandem	  TMI-‐TBI	  in	  ASCT	  for	  AML	  	  

Educa7onal	  GITMO	  2011	  



Performing SET- UP  
for TMI-TLI 



Simula7on	  TC	  (kV)	  

Upper-‐	  body	  
(	  from	  vertex	  to	  kneecap)	  

1	  h	  



Simula7on	  TC	  (kV)	  

Lower-‐	  body	  
(	  from	  kneecap	  to	  feet)	  



	  Sheraton	  Hotel	  Genova,	  Gennaio	  2011	  

Contouring	  

	  

Target	  volumes	  	  (automaTc	  contours)	  

	  10	  min	  

TARGET:	  	  
Bone	  marrow	  
	  
Clinical	  Target	  Volume:	  
Bone	  
Drawn	  on	  two	  CT	  series	  
(normal	  breathing	  and	  
	  inspiraTon)	  
	  
Planning	  Target	  Volume:	  	  
CTV	  +	  4	  mm	  isotropic	  



Set-‐up	  and	  verifica7on	  

Head	  and	  neck	  region	   Thoracic	  region	   Abdominal	  region	  

Matching kVCT vs MVCT  



Set-‐Up	  accuracy	  



IMRT-TLI  
a new look to an old method for 

HSCT 



Does Total Lymphoid Irradiation  
 play a role in HDT/ASCT for refractory/relapse HL ?  

Probability of survival after HDT/ASCT for Hodgkin disease,  1998-2008 CIBMTR 2010	  

§ 	  HDT/ASCT	  has	  become	  the	  standard	  salvage	  program	  for	  pa4ents	  who	  failed	  
chemotherapy	  alone	  or	  combined	  CT/RT	  modality	  

§ 	  although	  approximately	  50%	  of	  pa7ents	  remain	  refractory	  or	  relapse	  shortly	  ader	  
BMT	  

§ 	  dangerous	  escala4ng	  doses	  of	  current	  combina4ons	  to	  increase	  tumoricidal	  effect	  



No 

pts 
TLI dose 

(Gy) 
IF dose 

 (Gy) HDCT 5-yy 
EFS 

5-yy 
OS TRM OTT 

days 

Yahalom  
JCO 
1993 

47 
20.04 

 over 4 days 
1.63 tri 

15  
over 5 days 

1.5 bid or 3 daily 

 
VP-16 

+ 
Cy 

50% ___ 17% 30 

Evans 
Ann 
Oncol 
2007 

48 
15 

 over 10 days 
1.5 daily (a.m) 

15  
concomitant  
over 10 days 

1.5 daily (p.m) 

VP-16+Cy 
+ 

Carboplatin 
63% 61% ___ 10 

Moskowi
tz 
BJH 
2010 

105 
18 

 over 5 days 
1.8 bid 

18  
over 5 days 

1.8 bid 

CBU or 
BEAM or 

VP-16+Cy 
68% 81% 3.6% 10 

Range 
 15-20 Gy 

Range (TLI+IF) 
 30-45 Gy 

Total Lymphoid Irradiation  
in HDT/ASCT for refractory/relapse HL   



Rationale for Total Lymphoid Irradiation  
in HDT/ASCT for refractory/relapse HL   

Target	  Total	  Lymphoid	  chain	  
§ 	  frequently	  pa4ents	  who	  come	  to	  salvage	  therapy	  have	  mul4ple	  sites	  of	  
involvement	  

§ 	  pabern	  of	  relapse	  is	  “mostly	  nodal”	  
	  
IFRT	  to	  areas	  of	  residual	  or	  recurrent	  disease	  
§ 	  for	  the	  involved	  nodal	  sites	  the	  relapse	  risk	  is	  higher	  	  

Accelerate	  treatment	  TLI	  and	  IFRT	  before	  ASCT	  
§ 	  might	  prevent	  tumor	  repopula4on	  

§ 	  minimizing	  the	  period	  of	  marrow	  aplasia	  before	  engraphment	  

§ 	  reduce	  pulmonary	  toxicity	  induced	  by	  radia4on	  in	  combina4on	  with	  HDT	  



IMRT – TLI improove  
in HDT/ASCT for refractory/relapse HL   

HT-‐	  IMRT	   3D	  RT	  





OARs	   %	  difference	  of	  Dmean	  

Lungs	   -‐33%	  

Kidney	  L	   -‐7%	  

Kidney	  R	   +100%	  

Spinal	  Cord	   	  	  	  	  	  	  	  	  	  	  	  	  	  	  -‐	  61%	  	  	  	  (Dmax)	  

Paro4ds	   -‐22%	  

Sub	  Mandibular	  
Glands	  

-‐25%	  

Stomach	   -‐48%	  

Liver	   +25%	  

Small	  Bowel	   -‐23%	  

Oral	  Cavity	   -‐70%	  

Thyroid	   -‐23%	  

Larynx	   -‐34%	  

Heart	   -‐40%	  

Healthy	  7ssues	  dose	  reduc7on	  of	  
HT-‐IMRT	  compared	  with	  3D	  for	  TLI	  

§ 	  generalized	  dose	  
reduc4on	  to	  OARs	  in	  
favour	  of	  HT-‐IMRT	  	  

§ 	  allow	  increasing	  the	  
dose	  



Lungs	   Kidney	  R	  

Healthy	  7ssue	  dose	  reduc7on	  of	  
HT-‐IMRT	  compared	  with	  3D	  for	  TLI	  

Range	  of	  higher	  doses	   Range	  of	  lower	  doses	  

HT-‐IMRT	  is	  unfavorable	  only	  for	  Low	  doses	  in	  limited	  organs	  but	  
the	  major	  gains	  are	  in	  the	  range	  of	  higher	  and	  toxic	  doses	  

3D	  

HT	  



HT-‐IMRT	  	  
Delivery	  Simultaneous	  Integrated	  Boost	  

compared	  with	  IFRT	  	  

Inguinal	  bulky	  



HT-‐IMRT	  	  
	  dose	  reduc7on	  to	  previously	  irradiated	  sites	  

previously	  IFRT	  on	  lej	  axilla	  



	  GITMO	  2011	  

Total Lymphoid Irradiation Plus 
Chemotherapy As a Conditioning for 

Autologous Stem Cell Transplantation	  



	  GITMO	  2011	  

Total Lymphoid Irradiation Plus 
Chemotherapy As a Conditioning for 

Autologous Stem Cell Transplantation	  

6	  pa7ents	  treated	  
short	  f.u.	  but	  all	  in	  CR	  and	  none	  in	  relapse	  



Conclusions 
 
 
§  Technology improvement open to new therapeutic choice ( CT combinations 
or RIC regimens with higher radiation doses, restyle of old promising but to 
toxic combinations) 
 
§  New radiobiological aspects should be investigate as dose rate effect and 
role of circulating clonogenic cells 
 
 
§  Treatment accuracy as much achievable is also mandatory  to perform  
translational research 
 
 
 
 
 
 

Genoa-----------Minneapolis 
 

TOTAL BODY AND TOTAL MARROW IRRADIATION:  
the effect on marrow microenvironment  
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Tandem	  TMI-‐TBI	  in	  ASCT	  for	  AML	  	  

Educa7onal	  GITMO	  2011	  



IMRT – TLI improove  
in HDT/ASCT for refractory/relapse HL   

Total	  Lymphoid	  3D	  →	  HT	  
	  
IFRT→	  SIB	  	  to	  areas	  of	  residual	  or	  recurrent	  disease	  

Accelerate	  (Hyperfrac7onate)	  →	  Hypofrac7onate	  TLI	  	  	  



Importance	  of	  set-‐up	  accuracy	  

Lateral	   Longitudinal	   Ver7cal	   Rota7onal	  

-‐1	   -‐3	   +	  4.5	   0.5	  

+ 5% of prescribed dose 

Mean of shifts  



Despite	  a	  strong	  efficacy	  of	  allogenic	  Autologous	  shown	  
weak	  evidence	  vs	  CT	  	  but	  it	  might	  be	  usefull	  in	  CR	  pa7ents	   Suciu	  et	  al.	  Blood	  2003	  



HSTC	  in	  Leukemia	  

Ziboun	  R.	  and	  GIMEMA	  group	  	  N	  Engl	  J	  Med	  	  1995	  

HSCT	  is	  becer	  than	  CT	  


