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TBI in conditioning regimen for ALL

¢ Total body irradiation is commonly used in conditioning regimen for patients with ALL

Reference Design Age Hemopathy 0s EFS Relapse TRM
Ringdén et al., Blood, 1994 TBI + CY (n=79) 1-55y.o0. AML (n = 69) TBI: 3y-0S 76% TBI: 3y-EFS 67% TBI: 3y-CIR 26% TBI: 3y-TRM 9%
Randomized trial Bu + CY (n = 88) (median=35)  ALL(n=38) Bu: 3y-0S 62% Bu: 3y-EFS 56% Bu: 3y-CIR 22% Bu: 3y-TRM 28%
CML (n=57)
NHL (n = 4)
Davies et al., JCO, 2000 TBI + CY (n =451) <20y.0. ALL TBI: 3y-0S 55% TBI: 3y-EFS 50% TBI: 3y-CIR 35% TBI: 3y-TRM 15%
Retrospective study Bu + CY (n=176) Bu: 3y-0S 40% Bu: 3y-EFS 35% Bu: 3y-CIR 41% Bu: 3y-TRM 23%
Bunin et al., BMT, 2003 TBI + ETO + CY (n=22) <2ly.o. ALL TBI: 3y-0S 67% TBI: 3y-EFS 58% TBI: 7/22 TBI: 2/22
Randomized trial Bu+ ETO + CY (n = 21) Bu: 3y-0S 47% Bu: 3y-EFS 29% Bu: 9/21 Bu:5/21

+ Significantly improved OS with TBI, regardless of the conditioning intensity

Marks et al., Blood, 2010 (retrospective study)

93 Ph- ALL patients (CR1 or CR2), > 16 y.o.

. Full-intensity (n = 1428): TBI =2 13 Gy 30% / TBI < 13 Gy 60%
.VS RIC (n=93): TBI < 13 Gy 40%

Table 4. Multivariate analysis of treatment failure (death or relapse) and death

Variable N RR Lower CL  UpperCL P
Treatment failure, main effect

Full intensity 1421 1.00

RIC 92 1.05 0.78 1.41 .75

Treatment failure, other significant factors
TBI as part of conditioning regimen
Yes 1285 1.00
No 228 1.40 1.16 1.68

.001



TBI in conditioning regimen for ALL

* Long-term side effects of TBI are a major concern:
= impaired growth and intellectual development

"  pneumonitis

cataracts

endocrinologic disturbances

secondary malignancies

» With improved genetic testing, GvHD prophylaxis and other advances,

could chemoconditioning replace TBI in ALL?
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For Omitting Radiation Under Majority age

International multicenter randomized

phase Ill noninferiority study

Pediatrics patients with high-risk ALL

88 centers in 21 countries

2013-2018

Inclusion criteria:

< 18 y.0. at diagnosis, 4-21 y.o.
CR pre-HSCT

MSD or MUD/MMUD

at HSCT
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Total Body Irradiation or Chemotherapy
Conditioning in Childhood ALL: A Multinational,
Randomized, Noninferiority Phase Il Study

Christina Peters, MD?; Jean-Hugues Dalle, MD, PhD?; Franco Locatelli, MD, PhD?; Ulrike Poetschger, PhD*; Petr Sedlacek, MD5;
Jochen Buechner, MD, PhD®; Peter J. Shaw, MD’; Raquel Staciuk, MD?; Marianne Ifversen, MD, PhD?; Herbert Pichler, MD?;

Kim Vettenranta, MD, PhD'?; Peter Svec, MD, PhD'!; Olga Aleinikova, MD, PhD'?; Jerry Stein, MD*3; Tayfun Giingor, MD#;

Jacek Toporski, MD'?; Tony H. Truong, MD, MPH'S; Cristina Diaz-de-Heredia, MD'’; Marc Bierings, MD, PhD'#; Hany Ariffin, MD, PhD'?;
Mohammed Essa, MD?°; Birgit Burkhardt, MD, PhD?'; Kirk Schultz, MD??; Roland Meisel, MD?*; Arjan Lankester, MD, PhD?*;

Marc Ansari, MD?%; and Martin Schrappe, MD, PhD,?® on behalf of the IBFM Study Group; Arend von Stackelberg, MD,?” on behalf of the
IntReALL Study Group; Adriana Balduzzi, MD,?® on behalf of the I-BFM SCT Study Group; Selim Corbacioglu, MD,?° on behalf of the
EBMT Paediatric Diseases Working Party; and Peter Bader, MD*°

JCO, 2020; https://doi.org/10.1200/JC0.20.02529

*¢ Exclusion criteria:

= CNSinvolvement

=  Pre-HSCT cranial radiation

" Prior HSCT



Random assignment

s TBlarm: (n = 212)
TBI 12 Gy over 3 days + ETO 60 mg/kg D-3

** Chemoconditioning arm: (n = 201)

- Thiotepa 5 mg/kg bid for 1 day
- Fludarabine 30 mg/m?%d for 5 days

- either treosulfan 14 g/m?d for 3 days

or busulfan over 4 days

¢ GvHD prophylaxis:
= MSD = cyclosporine A (CsA) only

" MUD/MMUD = CsA + MTX + ATG

MSD/MD and > 4 years
543 patients

Not randomly assigned
126 patients
(38 CNS involvement,
3 cranial radiation,

Randomly assigned
417 patients

22 thiotepa not available,
3 trisomy 21,
1 previous therapy,
59 choice/not further specified)

Eligible and randomly assigned
patients
413 patients

413 patients

Excluded random assignment
errors
4 not eligible patients
(2 notin CR, 1 MMD, 1 no
consent)

Randomly assigned to TBI

212 patients

Randomly assigned to CHC

201 patients
(102 to BU, 99 to Treo)

No HSCT:
2 patients

HSCT performed
210 patients

No HSCT:
4 patients

HSCT performed
197 patients

TBI CHC Other/? TBI
194 6 91 8
patients patients patients patients

o

BU Treo
3 3
patients patients

CHC Other/?
186 2/1
patients patients

o

BU Treo
96 90

patients patients

KEY Intention-to-treat population Modified as-treated population



FORUM study

Chemoconditioning

Patient and Disease Characteristic, n (%) All (N=413) TBI(n = 212) Total (n = 201) Busulfan (n = 102) Treosulfan (n = 99)
Stem cell source®
Bone marrow 337 (82%) 174 (82%) 163 (81%) 78 (76%) 85 (86%)
Peripheral blood® 51 (12%) 25 (12%) 26 (13%) 14 (14%) 12 (12%)
Cord blood 16 (4%) 9 (4%) 7 (3%) 7 (7%) 0 (0%)
Remission status
CR1 225 (54%) 118 (56%) 107 (53%) 47 (46%) 60 (61%)
CR2 164 (40%) 85 (40%) 79 (39%) 46 (45%) 33 (33%)
CR3 18 (4%) 7 (3%) 11 (5%) 7 (7%) 4 (4%)
MRD pre-HSCT®
MRD-negative (PCR) 135 (33%) 72 (34%) 63 (31%) 40 (39%) 23 (23%)
MRD-positive (PCR) 132 (32%) 61 (29%) 71 (35%) 31 (30%) 40 (40%) MRD-57%
MRD-negative (flow cytometry) 57 (14%) 32 (15%) 25 (12%) 20 (20%) 5 (5%) MRD+ 43%
MRD-positive (flow cytometry) 12 (3%) 9 (4%) 3(1%) 3 (3%) 0 (0%)

** MRD was assessed 2 weeks before conditioning therapy (bone marrow):

defined as > 1073 for flow cytometry and > 10 for PCR



Median follow-up:

2.1 years

FORUM study — Overall survival

Intention-to-Treat Population

Modified As-Treated Population
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FORUM study — Event-free survival

Median follow-up: 2.1 years

Intention-to-Treat Population
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FORUM study
Relapse incidence and Treatment-related mortality
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Risk factor

Total

Sex

Age

Immunophenotype

MRD pre-HSCT

Donor

Remission status

Type of relapse

Time of relapse

Male
Female

<10 years
>10 years

BCP
T-ALL

MRD-
MRD+

MSD
MD

CR1
CR2

BM
Combined

<18 mo
18-30 mo
>30 mo

TBI

19/212

12/145
7/67

8/100
11/112

15/153
3/48

9/104
6/70

7/54
12/156

9/118
9/85

6/53
3/24

2/16
7/27
0/42

FORUM study — Overall survival

CHC P value
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Hazard Ratio

There is no subgroup in which
chemotherapy supplants TBI,

even "favorable prognosis" groups!



FORUM study — Multivariable analyses

0S (52 Deaths/333
Evaluable Patients)

EFS (77 Events/333
Evaluable Patients)

Relapses (59 Events/333
Evaluahle Patients)

Variable HR (95% CI) P HR (95% ClI) P HR (95% CI) P
Arm

CHC v TBI 3.1(1.7t0 5.7) .0003 28 (1.7 to 4.6) <.0001 25(1.41t04.4) <.0001
Donor

MSD v MD 0.8(0.4t01.4) 3851 0.8(0.5t0 1.4) 5073 0.7 (0410 1.1) 1224
Remission phase (v CR1)

CR2 1.5(0.81t0 2.7) 2078 1.7 (1.0to 2.7) 0371 1.7(1.0to 3.1) 0572

CR3 0.7 (0.110 2.9) 5785 06(0.2102.2) 4834 0.3 (0.04 to 2.5) 2684
MRD?

Positive v negative 1.4 (0.8t0 2.4) 2904 1.4 (0.9 to 2.3) 1192 1.4 (0.8 to 2.4) 2602
Age

=10 years v <10 years 1.8(1to3.1) 0480 1.5(1to 24) .0799 1.2 (0.7 to 2.14) 4327
Immunophenotype (v BCP)

T-ALL 1.1(0.51t02.3) .8968 0.8 (0410 1.6) 4915 09 (0410 1.9) 7080

Other 1.1 (0.1to0 8) 9584 0.6 (0.1 to 4.4) 6160 NA

3AMRD: defined as > 1073 for flow cytometry and > 10 for PCR



FORUM study — Conclusions

+* TBI was associated with lower risk of relapse and TRM than chemoconditioning
» early termination of random assignment

+* Thiotepa + fludarabine + busulfan/treosulfan have shown high efficacy compared with other conditioning regimens,

and may be used when TBI isn't available
** MRD levels didn't affect EFS!

** The short follow-up time prevents any conclusion on long-term side effects

¢ Extrapolation of these results to adults?



