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Introduction

� Radiotherapy is the medical use of 
ionising radiation.

� TBI or Total Body Irradiation is the 
process by which a required amount 
of radiation is delivered to specific 
tissues to allow donor cell 
engraftment and kill abnormal cells.
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HISTORICAL PERSPECTIVE

The use of TBI in conditioning for 
stem cell transplantation mirrors the 
start of SCT as a curative procedure.

This treatment concept was developed 
from findings in World War II that 
irradiation destroyed BM function.

Studies during the 1950s showed 
that irradiated animals could be 
saved from irreversible bone marrow 
failure by transfusion of bone marrow
from another animal.



HISTORICAL PERSPECTIVE

The use of TBI in conditioning 
for allo HSCT began in 1956 
when Dr. Donnall Thomas used 
high dose chemoradiotherapy 
and alloSCT to treat patients 
with end stage leukemia. 
He was awarded the Nobel prize 
for Medicine in 1990



Research of the Curie’s 
began a new era in 
medical treatment and 
research
Radium was used in various 
forms until the mid-1900’s 
when cobalt and
cesium units came into use
Modern liner accelerators 
have been developed since 
the late 1940s
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Goals of TBI

� Immunosuppression - lymphocyte 
elimination to allow grafting of donor bone 
marrow 

� Eradication of malignant cells - leukemia, 
lymphoma, rarely solid tumors 

� Eradication of cells with genetic disorders -
Fanconi's anemia, thalassemia major, 
Wiskott-Aldrich syndrome



Severity of Radiation Injury

Dose Range (Gy) Prodrome Manifest - Illness Prognosis

(without therapy)

0.5-1.0 Mild Slight decrease in

blood cell counts

Almost certain survival

1.0-2.0 Mild to Moderate Early signs of BM

damage

Highly probable survival

(>90% of victims)

2.0-3.5 Moderate Moderate-severe BM

damage

Probable survival

3.5-5.5 Severe Severe BM damage;

mild GI damage

Death within 3.5-6 weeks

(50% of victims)

5.5-7.5 Severe Pancytopenia and

moderate GI damage

Death probable

within 2-3 weeks

7.5-10.0 Severe Marked GI and BM

damage; hypotension

Death probable within 1-

2.5 weeks

10.0-20.0 Severe Severe GI damage,

pneumonitis, altered

mental status

Death certain within 5-12

days

20.0-30.0 Severe CV collapse; fever;

shock

Death certain within 2-5

days

Abbreviations:  Bone marrow (BM); Cerebrovascular (CV); Gastrointestinal (GI).

Modified from RI Walker and RJ Cerveny,  
eds.(reference 21); provided by Dr. J. Waselenko

12 Gy: TBI dose for clinical BMT



The standard dose of irradiation 
used for total body irradiation (TBI) in 
clinical BMT is 12 Gy (1200 rad), 
but….
- this total dose is administered in 
multiple fractions over several days 
to allow repair of normal cells and 
tissues
- the lungs are usually given a lower
total exposure (e.g., 9 Gy) to reduce
risks of pulmonary toxicity



ADVANTAGES OF TBI OVER  
SYSTEMIC CHEMOTHERAPY

1. No cross resistance with other agents.

2. Delivered dose independent of blood supply

3. No sanctuary sites (eg testes, brain)

4. After radiation is given, no detoxification or 
excretion required – hence delivered dose 
independent of renal and hepatic function.

5. Dose can be homogeneous, and tailored to 
"boost" areas at risk and "spare" more sensitive 
organs 



INDICATIONS FOR TBI

� MALIGNANT

� Acute leukemia

� Chronic Leukemia

� Lymphoma

� Myeloma

� Solid tumors

� NON-MALIGNANT

� Aplastic anemia

� MDS

� Autoimmune disease

� Immunodeficiency 
syndromes



SIDE EFFECTS 

� SHORT TERM
� Nausea, vomiting
� BM suppression
� Diarrhea
� Mucositis
� VOD liver
� Skin changes
� Interstitial pneumonitis

� LONG TERM
� Pulmonary 
� Ocular 
� Thyroid 
� Infertility
� Secondary malignancies
� Radiation nephropathy
� Growth retardation
� Cognitive dysfunction



TBI vs CHEMOTHERAPY

� TBI combined with chemotherapy was the 
standard conditioning regimen used for all 
transplants.

� Acute side effects of TBI led to the 
replacement of TBI by other chemotherapy 
drugs like Busulfan.

� Majority of the trials are looking at comparing 
Cy/TBI and Bu/Cy in various diseases.











Randomized trials

� Fred Hutchinson (1988-1992) - CML; CY/TBI vs. Bu/CY 
� Randomized. 142 patients with CML in chronic phase, treated 

with cyclophosphamide 120 mg/kg + TBI 12/6 vs. busulphan 64 
mg/kg + cyclophosphamide 120 mg/kg 

� 9-years, 1999 -- "Long-term follow-up of a randomized study 
comparing cyclophosphamide and total body irradiation with 
busulfan and cyclophosphamide for patients receiving allogenic 
marrow transplants during chronic phase of chronic myeloid 
leukemia." (Clift RA, Blood. 1999 Dec 1;94(11):3960-2.). Median 
F/U 7.7 years 

� 9-year outcome: OS: BUCY 73% vs. CY-TBI 65% (NS); 
relapse 19% vs. 22% (NS) 

� Non-relapse mortality: 20% vs. 25% (NS) 
� Conclusion: BU-CY better tolerated, and 

comparable efficacy 



UNRELATED TRANSPLANTS IN 
AML









Acute lymphoblastic leukemia











NON-HODGKINS LYMPHOMA

� Autologous stem cell transplantation for non-
Hodgkin's lymphoma: comparison of radiation-
based and chemotherapy-only preparative 

regimens.

� Bone Marrow Transplant 2001 Sep

� Compared Cy/TBI/Etoposide with Bu/Mel/TT 
for NHL

� No difference in toxicities and outcome



HODGKINS LYMPHOMA

� Autologous stem cell transplantation for 
Hodgkin's disease: busulfan, melphalan and 
thiotepa compared to a radiation-based 

regimen.

� Bone Marrow Transplant 2003 Aug

� Compared Cy/TBI/Etoposide with Bu/Mel/TT 
for NHL

� No difference in toxicities and outcome



MULTIPLE MYELOMA

� Mel-140 and TBI vs Mel-200 Prior to 
Autologous Peripheral Blood Stem Cell 
Transplantation for Multiple Myeloma - a 

Single Institution Experience

� ASH 2004

� Mel TBI inferior to Mel 200 have higher 
toxicity with no improvement in DFS.



MULTIPLE MYELOMA

� Analysis of outcome following allogeneic 
haemopoietic stem cell transplantation for 
myeloma using myeloablative conditioning--
evidence for a superior outcome using 
melphalan combined with total body 
irradiation.

� Br J Haematol. 2005 Feb;128(4):496-502.

� Mel/TBI superior to Cy/TBI but still associated 
with high mortality rates following allogeneic 
stem cell transplantation.



Dose of radiotherapy

� Fred Hutchinson -- CML 
� Randomized. CML in chronic phase. Cyclophosphamide 

120 mg/kg, then randomized TBI 12/6 daily vs. 
15.75/7 daily 

� 4-years, 1991 -- "Allogeneic marrow transplantation 
in patients with chronic myeloid leukemia in the 
chronic phase: a randomized trial of two irradiation 
regimens." (Clift RA, Blood. 1991 Apr 15) 

� 4-year outcome: RFS 12 Gy 58% vs. 15.75 Gy 66% (NS). OS 
60% vs. 66% (NS). 

� Transplant mortality: 24% vs. 34% (NS) 

� Conclusion: Higher RFS with higher dose, but no difference in 
OS due to higher mortality from other causes



Dose of radiotherapy

� Fred Hutchinson (1985-1988) -- AML 
� Randomized. 71 patients with AML in first remission. 

Cyclophosphamide 120 mg/kg, then randomized TBI 
12/6 daily vs. 17.75/7 daily 

� 11-years, 1998 - "Long-term follow-Up of a 
randomized trial of two irradiation regimens for patients 
receiving allogeneic marrow transplants during first 
remission of acute myeloid leukemia." (Clift RA, Blood. 
1998 Aug 15;92(4):1455-6.) Min F/U 7.5 years 

� 11-year outcome: OS 51% in both arms (NS); cumulative relapse 
12 Gy 39% vs. 17.75 Gy 14% (p=0.06); cumulative non-relapse 
mortality 19% vs. 38% (p=0.05) 

� Conclusion: OS similar, higher mortality in higher dose arm 
during first 6 months



Evaluated giving single doses of 200 cGy TBI, 
delivered at either 10 or 60 cGy/min. 
With 300 cGy TBI at 10 cGy/min, delivered as 
either single doses or three fractions of 100 
cGy each.
Also few dogs received 300 cGy TBI at 
60 cGy/min, administered either as single 
doses or three fractions of 100 cGy each. 

Storb et al; BBMT 1999



Conclusions

� With 200 and 300 cGy single-dose TBI, an 
increase of dose rate from 10 to 60 cGy/min,  
caused significant increases in marrow 
toxicity; 

� At 60 cGy/min, dose fractionation resulted in 
a significant decrease in marrow toxicities 
whereas such a protective effect was not 
seen at 10 cGy/min; and

� With fractionated TBI, no significant 
differences in marrow toxicity were seen 
between dogs irradiated at 60 and 10 
cGy/min.



Cranial boost

� U. Michigan (1994-2003) - 2005 — "Utility of cranial 
boost in addition to total body irradiation in the treatment 
of high risk acute lymphoblastic leukemia." Alexander BM 
et al. Int J Radiat Oncol Biol Phys. 2005 Nov 
15;63(4):1191-6. 
� Purpose: Evaluate role of cranial boost. 

� Retrospective. 67 pts. High-risk pts treated with or without a cranial 
boost in addition to TBI prior to BMT. All received chemotherapy for 
conditioning. TBI was most commonly 2 Gy BID to 12 Gy or 2.5 Gy 
qd to 10 Gy. Cranial boost given in 39% of pts, median dose 11 Gy 

� Conclusion: Cranial boost not associated with lower 
CNS relapse rate especially in patients with only 

hematologic disease at presentation



NEWER ADVANCES

� Reducing the dose of TBI

� Single dose 200 cG

� TBI 5 Gy

� TBI 8 Gy

� Total Marrow 

irradiation (TMI)



Fludarabine







Conditioning regimen consisted of 
Fludarabine 120 mg/m2 over 4 days
TBI 8 Gy over 2 days in 2 fractions







TOTAL MARROW IRRADIATION

World's First Total Marrow Irradiation Using 
HI-ART System (R) Performed at City of Hope

Thursday, 14 July 2005



TOTAL MARROW 
IRRADIATION

� TomoTherapy Highly Integrated Adaptive 
Radiotherapy (Hi-Art) system is a novel way of 
delivering IMRT and literally means “slice 
therapy.” 

� It is the combination of a helical CT scanner and a 
linear accelerator. 

� A helical dose delivery is achieved by a continuous 
gantry rotation over 360º while the patient is 
translated through the gantry bore similar to a CT 
scan. 

� Other studies have looked at linac based TMI









CLINICAL DATA

� Total Marrow Irradiation (TMI) with Helical Tomotherapy 
and PBPC Following High-Dose Melphalan and PBPC as Part 

of Tandem Therapy for Patients with Multiple Myeloma. 
� Image-Guided Total-Marrow Irradiation Using Helical 

Tomotherapy in Patients With Multiple Myeloma and Acute 
Leukemia Undergoing Hematopoietic Cell Transplantation

� Total Marrow Irradiation (TMI) using Helical Tomotherapy: 
Dosimetric analysis demonstrates reduced organ doses 
which correlate with reduction in acute toxicities and predict 
for escalation of dose to target marrow beyind that 
achievable by standard TBI



INDICATIONS FOR TBI 
AT CMC VELLORE

� MALIGNANT

� ALL

� AML – MUD

� CML – lymphoid BT 

� NHL – young pt

� MDS – MUD

� Ph+ ALL - RIC

� NON-MALIGNANT

� Aplastic anemia –
sick, rejection, MUD

� Fanconi’s – rejection

� Autoimmune disease

� Haploidentical Tx



Conclusions

� TBI is an effective modality of treatment

for patients requiring Allogeneic SCT

� Fractionation of doses and reduction of total 
dose has helped reduce side effects

� Used for acute and chronic leukemia, MDS 
and lymphomas

� Low dose TBI being increasingly used for 
immunosuppression with RIC protocols.




