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• 10% of children with very high risk ALL in CR1

• all S3/S4 CR2 (early medullary relapses)

• S2 CR2 with high MRD after induction

are eligible for allogeneic stem cell transplantation

“Which ALL” is eligible for HSCT?
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PEDIATRIC ALL RELAPSING AFTER TRANSPLANT

4 standard approaches

PEDIATRIC ALL “MOLECULAR RELAPSING” AFTER TRANSPLANT

PEDIATRIC ALL HIGH MOLECULAR MRD LEVEL BEFORE TRANSPLANT
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PEDIATRIC ALL

RELAPSING AFTER TRANSPLANT

Relapse after HCT in pediatric ALL in CR1 & CR2 EBMT Results – Myriam Labopin

3628 pediatric ALL in CR1 (45%) & CR2 (55%) reported to the EBMT in 10ys

23% out of 3628 relapse at a median of 6.5 ms (range 1-67; 25th: 4; 75th: 12 ms)

2 yr cumulative incidence of relapse after HCT  25% (SE 1)

incidence of relapse in CR1 21% and CR2 26%

enrolment n = 836 (M 66%, median 9 ys)



Relapse after HCT in pediatric ALL in CR1 & CR2 - Results

Overall Survival

Years after relapse

Balduzzi - EBMT

11 ± 3%
14 ± 3%

18 ± 2%

outcome n % med f-up (ms)

alive 172 21 15 (1-130)*

dead 664 79 2

replies to questionnaires 50%

*22/172 alive patients f-up > 5 ys 

§ simulated KM (if the 35 pts – transplanted earlier than 2004, not up-dated after 

2005 – all died soon after relapse) OS at 2 years would decrease from 18 to 10%

as expected?



Relapse after HCT in ALL in pediatric CR1 & CR2 - Results

Survival according to interval from HCT to relapse

5 ± 2%

Years after relapse

11 ± 2%

19 ± 2%

35 ± 4%
P (trend) <0.0001

Balduzzi - EBMT

n %

< 3 months 148 18

3-6 months 240 29

6-12 months 269 32

>12 months 179 21



Relapse after HCT in ALL in pediatric CR1 & CR2 - Results

Outcome after second HCT (n=156)

Years after relapse

Balduzzi - EBMT

No second transplant

13 ± 3%

41 ± 4%

Second transplantP<0.001 

2nd HCT yes no

outcome n % n %

alive 50 32 119 17

dead 92 65 571 83

preliminary multivariate analysis for 2nd HCT

HR 1.32 (0.98-1.78) p-value 0.072 

20 pts re-transplanted before relapse…



Relapse after HCT in pediatric ALL in CR1 & CR2 - Results

Multivariate analysis

Balduzzi - EBMT

variable HR 95% CI p-value

lower upper

second HCT 1.32 0.56 1.02 0.072

interval (ms) < 3 3.31 2.42 4.52 <0.0001

HCT-relapse 3-6 2.10 1.60 2.77 <0.0001

(vs > 12 ms) 6-12 0.59 1.30 2.23 <0.0001

CR2 vs CR1 1.37 1.14 1.67 0.001

T vs B-lineage 0.59 1.33 2.13 <0.0001

HLA ident vs 

other donors

1.12 0.93 1.35 0.24

0.76

0.73

1.69

0.89
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PEDIATRIC ALL RELAPSING AFTER TRANSPLANT

1st of 4 approaches

• 8 months old

• ALL B-I, MLL germline

• frontline Interfant 06

Inter

fant

I-06 (HR only) I-99 (HR according to I-06 

only)

CCR Re

l

TRM tot CCR Rel TRM tot

MS

D

2 0 1 3 1 4 0 5

MD 12 1 8 21 4 2 1 7

MM

D

1 2 2 5 3 1 0 4

tot 15 3 11 29 8 7 1 16

INTERFANT PROTOCOL



PEDIATRIC ALL RELAPSING AFTER TRANSPLANT

1st of 4 approaches

• 8 months old (Dec 2012); ALL B-I, MLL germline frontline 
Interfant 06

• 17 months after diagnosis: relapse ALL B-II (WBC 
60x10^3/mm3; Hb 10,3 g/dl; PTL 77000/mm3; blasts 85%)
AIEOP REC03

• HSCT MUD in 2° CR (5 months after relapse), HLA 10/10; 
source BM; NCT: 5x108/kg, CD34+ 7x106/Kg; conditioning Bu, 
Flu, TT; GvHD prophylaxis: CyA, MTX, ATG

• aGvHD skin, grade 3, stage II mPDN 1mg/Kg (discontinued 
day +76); 

• EBV positivity 3 Rituximab



PEDIATRIC ALL RELAPSING AFTER TRANSPLANT

1st of 4 approaches

• 8 months old (Dec 2012); ALL B-I, MLL germline frontline 
Interfant 06

• 17 months after diagnosis: relapse ALL B-II (WBC 
60x10^3/mm3; Hb 10,3 g/dl; PTL 77000/mm3; blasts 85%)
AIEOP REC03

• HSCT MUD in 2° CR (5 months after relapse), HLA 10/10; 
source BM; NCT: 5x108/kg, CD34+ 7x106/Kg; conditioning Bu, 
Flu, TT; GvHD prophylaxis: CyA, MTX, ATG

• aGvHD skin, grade 3, stage II mPDN 1mg/Kg (discontinued 
day +76); 

• EBV positivity 3 Rituximab

• MRD positivity 0,8% IS discontinued day +110  3 weeks 
later: mixed chimerism (PB 10% recipient) and morphological 
relapse (BM blasts 70%) at 4 months after transplant

• palliation, as per parental decision
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PEDIATRIC ALL RELAPSING AFTER TRANSPLANT

1st of 4 approaches: PALLIATION

Case 1 - 2014 palliation

Case 2 - 2014 ?



• LLA common, SNC neg, trasl neg AIEOP BFM ALL 2009, 
SER HR; OT;

• +32 ms: isol BM relapse  AIEOP REC 2003. 

• +5 ms post relapse: 

• HSCT MSD BM; conditioning TBI, VP16; GvHD prophylaxis: 

CyA (MTX not given, high risk of relapse)

• MRD at transplant 1.2x10^-3

PEDIATRIC ALL RELAPSING AFTER TRANSPLANT

2nd of 4 approaches



MINIMAL residual disease & transplantation: 

explained to high school students…and husband

• Everyday life
A man decided to buy a diamond:

“I wonder how such a small thing can cost so much…”

local minimum where the graph changes from decreasing 

to increasing: at this point the tangent has zero slope

• Math

• Philosophy – Blaise Pascal: “Infiniment petits”

•lim f(x) = L

x c

The derivative of f(x) at the point x is equal to the 
slope of the tangent to y = f(x) at x

https://www.google.it/url?q=http://biography13.com/blaise-pascal-biography-profile-childhood-personal-life.html&sa=U&ei=ODF6U4D6FOmdyQPM3IGACA&ved=0CDQQ9QEwBA&usg=AFQjCNEQ4cC8vZYuupgwpCegaHACnLkbKQ
https://www.google.it/url?q=http://biography13.com/blaise-pascal-biography-profile-childhood-personal-life.html&sa=U&ei=ODF6U4D6FOmdyQPM3IGACA&ved=0CDQQ9QEwBA&usg=AFQjCNEQ4cC8vZYuupgwpCegaHACnLkbKQ


EFS

CI 

Relapse

MRD in HCT for ALL – Results

MRD at transplantation: 56 (68%) neg or <1x10-4 vs 26 (32%) ≥1x10-4

Outcome according to MRD level at transplantation:

P-value <0.001

P-value <0.001



MRD in HCT for ALL – Results

Hazard ratio 95% CI p-value
Any event

MRD at transplant
≥1x10-4 vs Negative or <1x10-4 5.5 2.58-11.52 <0.001

Disease Phase at transplant
CR2 or CR3 vs CR1

2.3 0.97-5.35 0.06

Acute GVHD
Max Grade II-IV vs 0-I

Relapse

0.8 0.39-1.70 0.59

MRD at transplant

≥1x10-4 vs Negative or <1x10-4

9.2 3.54-23.88 <0.001

Disease Phase at transplant

CR2 or CR3 vs CR1 2.5 0.91-6.80 0.07

Acute GVHD

Max Grade II-IV vs 0-I 0.5 0.19-1.24 0.13

Multivariate analysis

MRD at transplantation



• LLA common, SNC neg, trasl neg AIEOP BFM ALL 2009, 
SER HR; OT;

• +32 ms: isol BM relapse  AIEOP REC 2003. 

• +5 ms post relapse: 

• HSCT MSD BM; conditioning TBI, VP16; GvHD prophylaxis: CyA 

(MTX not given, high risk of relapse)

• MRD at transplant 1.2x10^-3

• GvHD skin+liver grade II mPDN 87 days; stop IS Feb ‘15

• +6 ms post HSCT: MRD pos, < 1x10^-4

• +6 1/2 ms post HSCT: MRD neg 

• +7 ms post HSCT: MRD pos, < 1x10^-4

• +7 1/2 ms post HSCT: 1.6x10^-4

• +9 ms post HSCT 9.5x10^-4

PEDIATRIC ALL RELAPSING AFTER TRANSPLANT

2nd of 4 approaches



MRD in HCT for ALL –Results 

Hazard ratio 95% CI p-value

Early post transplant MRD

MRD 1-3 ms after HCT – pos vs neg 2.5 1.05-5.75 0.04

Disease Phase at HCT - CR2/CR3 vs CR1

MRD at HCT - ≥10-4 vs Neg/<10-4

Acute GVHD - II-IV vs 0-I

Late post transplant MRD

MRD 6-12 ms after HCT – pos vs neg

Disease Phase at HCT - CR2/CR3 vs CR1

MRD at HCT - ≥10-4 vs Neg/<10-4

Acute GVHD - II-IV vs 0-I

2.3

5

0.7

7.28

1.9

3.5

3.2

0.93-5.73

2.13-11.73

0.32-1.69

2.20-27.28

1.51-7.28

1.04-11.50

0.98-10.48

0.07

<0.001

0.46

0.002

0.34

0.04

0.06

MRD after transplantation-multivariate analyses



“Cy post”

• LLA common, SNC neg, trasl neg AIEOP BFM ALL 2009, SER HR; OT;

• +32 ms: isol BM relapse  AIEOP REC 2003. 

• +5 ms post relapse: HSCT MSD BM; conditioning TBI, VP16; GvHD 

prophylaxis: CyA (MTX not given, high risk of relapse)

• GvHD skin+liver grade II mPDN 87 days; stop IS Feb ‘15

• +6 ms post HSCT: MRD pos 1.6x10^-4

• +9 ms post HSCT 9.5x10^-4

+10 ms after 1st transplant —> haplo HSCT (mother, BM) 

conditioning: TT, Treo, Flu; 

GvHD prophylaxis: CyA, MMF, CY (50 mg/kg day +3, +4)

PEDIATRIC ALL RELAPSING AFTER TRANSPLANT

2nd of 4 approaches



Post transplantation immunologic cyclophosphamide 

(50 mg/Kg days +2, +3): —> hypothesis: 

• selectively depletes alloreactive T-cells

(= creates immunogenic tolerance by specific clonal killing of activated 
mature T-cells)

• from the donor responsible for GVHD and 

• from recipient responsible for rejection

• preserves resting memory T-cells essential for immune reconstitution

• no other IS before transplant which would prevent clonal expansion after 
antigenic stimulation by the graft and killing

Non-myeloablative conditioning regimen

• highly immune-suppressive but moderately myelo-suppressive

• immunosuppression should be sufficient to allow donor engraftment

• a high dose of donor cells increases the probability of engraftment

• immunologic recovery may be faster

• initial mixed chimerism protective against GVHD by promoting immune 
tolerance

PEDIATRIC ALL RELAPSING AFTER TRANSPLANT

2nd of 4 approaches

HAPLOIDENTICAL TRANSPLANTATION

WITH POST TRANSPLANT CYCLOPHOSPHAMIDE 



“CY post” haplo in pediatrics

• Yesilipek, Turkey, Pediatr Transplant. 2015 Dec 28

• Haploidentical hematopoietic stem cell transplantation with 
post-transplant high-dose cyclophosphamide in high-risk 
children: A single-center study

• 15 pts, 16 SCTs

• CY +3, +5; TAC + MMF / PDN

• 6 aGVHD, 2 cGVHD

• 2 TRM

• 12 CCR: OS 75 ± 10.8% and DFS 68.8 ± 11.6%

… Survey to circulate within EBMT centers

PEDIATRIC ALL RELAPSING AFTER TRANSPLANT

2nd of 4 approaches CY POST HAPLO

http://www.ncbi.nlm.nih.gov/pubmed/26707539
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Case 2 - 2015

2nd transplant, haploidentical CY post

PEDIATRIC ALL RELAPSING AFTER TRANSPLANT

2nd of 4 approaches: “CY POST” HAPLO

Case 1 - 2014

palliation



Blinatumomab

• ALL B-I  AIEOP R2006; 

• + 33 ms: relapse (BM + right testis) AIEOP LLA REC 
2003+orchiectomy; HSCT MD; GvHD gut+liver

• +12 ms after SCT: 2° relapse (left testis + BM MRD positivity)

• 3 ms later: 3° relapse (BM 19% blasts) chemotherapy (steroid, 
vincristine, FLAG-D, FLA-G)

• 5 ms later: 4° relapse (BM blasts 41%) 1 blinatumomab 
morphological remission (MRD pre-HSCT 7x10-3)

• 3 ms later: haplo (father; BM); conditioning: TT+ Treo+Flu; GvHD 
prophylaxis: CyA, MMF, CY post

• Nov ‘15: MRD positivity (<1x10-4) DLI+CIK

PEDIATRIC ALL RELAPSING AFTER TRANSPLANT

3rd of 4 approaches



• Blinatumomab is a bispecific T-cell engager (BiTE) 
antibody derived from a B-lineage specific antitumor 
mouse monoclonal antibody 

• Blinatumomab is a CD19/CD3 bispecific T-cell engaging 
(BiTE) antibody that binds to CD3+ T-cells and co-
localizes them with CD19+ B-cells, thereby activates the T-
cells and induces perforin-mediated death of the targeted 
B-cells

• Ongoing randomized COG phase III study for pre-B ALL 
children in first relapse is scheduled to open in late 2014, 
combining blinatumomab with UKALLR3 reinduction 
chemotherapy

PEDIATRIC ALL RELAPSING AFTER TRANSPLANT

3rd of 4 approaches: BLINATUMOMAB



MRD in HCT for ALL – Results - 7

34 pts MRD ≥1x10-4

(15 after 2007)

13 FLA±D 8 MRD neg or <1x10-4

5 MRD positive

0/8 rel

3/5 rel

10/21 rel21 no additional treatment

Administration of FLA-D was associated with a five-fold reduction of the 

hazard of failure (hazard ratio (HR) 0.19, 95% CI 0.05- 0.70, p-value 0.01)

4 levels of INTERVENTION:

Interventions according to MRD

II. EARLY IMMUNOSUPPRESSION TAPERING

Post HCT intervention – based on MRD at transplant (after 2004)

26 pts MRD ≥1x10-4

19 no GvHD 11  ↓IS     5/11 rel

7 GvHD no ↓IS 8 no ↓IS   5/8 rel

I. CHEMO INTENSIFICATION and HCT postponement

Pre-transplant intervention - based on MRD at the time when 

HCT was due (pre-pre MRD) (after 2007)
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2nd transplant, haploidentical CY post

2015

blinatumomab, 

2nd transplant, haploidentical, “CY post”

2014

palliation

PEDIATRIC ALL RELAPSING AFTER TRANSPLANT

3rd of 4 approaches: blinatumomab



• Thalassemia major → Sept ‘09 HSCT MSD (donor: HLA-identical sister, source: BM); 
condizioning: TT-Treo-Flu; GVHD prophylaxis CyA, MTX; 

• Decreasing donor chimerism and rejection despite 7 DLI; Dec ‘09: full autologous reconstitution. 

• Apr ‘11: Diagnosis of t(9;22) ALL EsPhALL (induction + block HR-1), morphological CR, 
molecular persistence of disease ( Aug ‘11: BCR/Abl: 178 copies/104 abl copies; MRD <5x10-4)

• Sept ‘11: 2nd HSCT MSD (donor: HLA-identical brother, source BM); condizioning: TT, Treo, 
Flu; GVHD prophylaxis CyA, MTX; full three-lineage engraftment, full donor chimerism, post-
HSCT course uneventful. 

• Imatinib since the 2nd month post HSCT, continued due to persistent t(9;22) positivity on PB and 
BM, despite MRD TCR/Ig negativity.

• Nov ‘13: relapse as Bi-phenotipic t(9;22) ALL in varicella (BM blasts 90%);

• Jan ’14: phase I study nilotinib enrollment (blasts 50%) Feb ‘14: CR2, BM blasts 3%; BCR-
ABL 400/10.000 copies;

• May ‘14: Stop nilotinib

• Enrollment in CD19TPALL trial prophylactic arm: CHILDHOPE, P. Amrolia UCL

• Jun ‘14: 3rd HSCT MSD (donor: same HLA-identical brother as for her second transplant, source 
BM); conditioning: TT, Treo, Flu; GVHD prophylaxis: CyA), MTX);

• Post transplant treatment (Oct- Dec ‘15): Lymphodepletion with Fludarabin 30mg/m2; 
transfusion of cytotoxic T-cells (CD19-zeta EBV-CTLs); BLCL-Vaccination (Irradiated donor-
derived B Lymphoblastoid Cell Line, BLCL);

• Jan ‘15: molecular Relapse May ’15 Morphological relapse

PEDIATRIC ALL RELAPSING AFTER TRANSPLANT

4th of 4 approaches



• Thalassemia major → Sept ‘09 HSCT MSD (donor: HLA-identical sister, source: BM); 
condizioning: TT-Treo-Flu; GVHD prophylaxis CyA, MTX; 

• Decreasing donor chimerism and rejection despite 7 DLI; Dec ‘09: full autologous reconstitution. 

• Apr ‘11: Diagnosis of t(9;22) ALL EsPhALL (induction + block HR-1), morphological CR, 
molecular persistence of disease ( Aug ‘11: BCR/Abl: 178 copies/104 abl copies; MRD <5x10-4)

• Sept ‘11: 2nd HSCT MSD (donor: HLA-identical brother, source BM); condizioning: TT, Treo, 
Flu; GVHD prophylaxis CyA, MTX; full three-lineage engraftment, full donor chimerism, post-
HSCT course uneventful. 

• Imatinib since the 2nd month post HSCT, continued due to persistent t(9;22) positivity on PB and 
BM, despite MRD TCR/Ig negativity.

• Nov ‘13: relapse as Bi-phenotipic t(9;22) ALL in varicella (BM blasts 90%);

• Jan ’14: phase I study nilotinib enrollment (blasts 50%) Feb ‘14: CR2, BM blasts 3%; BCR-
ABL 400/10.000 copies;

• May ‘14: Stop nilotinib

• Enrollment in CD19TPALL trial prophylactic arm: CHILDHOPE, P. Amrolia UCL

• Jun ‘14: 3rd HSCT MSD (donor: same HLA-identical brother as for her second transplant, source 
BM); conditioning: TT, Treo, Flu; GVHD prophylaxis: CyA), MTX);

• Post transplant treatment (Oct- Dec ‘15): Lymphodepletion with Fludarabin 30mg/m2; 
transfusion of cytotoxic T-cells (CD19-zeta EBV-CTLs); BLCL-Vaccination (Irradiated donor-
derived B Lymphoblastoid Cell Line, BLCL);

• Jan ‘15: molecular Relapse May ’15 Morphological relapse

PEDIATRIC ALL RELAPSING AFTER TRANSPLANT

4th of 4 approaches

•Enrollment in CD19TPALL trial

•prophylactic arm: CHILDHOPE, 

•P. Amrolia UCL



From hope to reality!



How to cure cancer: a new path...

Emma Whitehead: the 1st ALL child cured by 

CAR



Chimeric Receptors for Immunotherapy of Acute Leukemias

CHIMERIC ANTIGEN 
RECEPTORS 

CARs

An extracellular domain 
recognizing tumor‐associated 
antigens derived from mAb

An intracellular signaling 
domain triggering T cell 
activation

modified from Chekmasova AA, Brentjens RJ 
(2010), Discov Med, 9(44):62-70

PEDIATRIC ALL RELAPSING AFTER TRANSPLANT

4th of 4 approaches



CARs T

• Chimeric antigen receptor-modified T-cells (CAR T-cells) with CD19 
specificity (adoptive transfer of CD19ζ chimaeric receptor transduced 
donor-derived EBV-specific cytotoxic T-lymphocytes (EBV-CTL)) are 
generating excitement as a novel therapy for high-risk or relapsed B 
cell precursor ALL after allogeneic Haematopoietic Stem Cell 
Transplantation (HSCT).

• CAR T cells are patient-derived T-cells, transduced to express a 
chimeric antigen receptor, which includes an anti-CD19 antibody 
fragment fused to a T-cell intracellular signaling domain

• Second-generation CAR T cells also encode for a costimulatory 
domain, such as CD28 or members of the tumor necrosis factor 
receptor family such as CD27, CD137 (4-1BB) and CD134 (OX40). The 
costimulatory domains activate the CAR T-cells, allowing for targeting 
and lysis of CD19+ cells.

PEDIATRIC ALL RELAPSING AFTER TRANSPLANT

4th of 4 approaches



ANTIGEN-
BINDING 

PROPERTY OF 
ANTIBODIES

Schmidt et al., 2010
Journal of Biomed and Biotechnology

Chimeric Antigen Receptors (CD19, CD20, CD30, CD33) 

TCR-TRIGGERING 
DOMAIN:

• T-cells activation
• Cytokines secretion

• Cytotoxicity
• Homing



Cartellieri et al., 2010

Redirecting T cell activity with Chimeric Antigen Receptors
(CARs)

ANTIGEN-
BINDING 

PROPERTY OF 
ANTIBODIES

TCR-TRIGGERING 
DOMAIN:

• T-cell activation
• Cytokines secretion

• Cytotoxicity
• Persistence

• Homing

- HLA- independent antigen recognition
- Active in both CD4+ and CD8+ T cells
- Target antigens include proteins, carbohydrates 
and glycolipids
- Immunological memory
- Better biodistribution compared to mAbs

ADVANTAGES  OF CARs



CD19 CARS AND CLINICAL APPLICATION
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2nd transplant, haploidentical, “CY post”

PEDIATRIC ALL RELAPSING AFTER TRANSPLANT

4 approaches

2014

palliation

2014

2nd transplant, CAR



NUOVI FARMACI E TRAPIANTO: LLA
What’s crucial in pediatric transplantation in ALL

“Standard” innovative transplantation:
• patient selection
• reduce mortality
• reduce long-term sequelae
… and what’s next…
FORUM STUDY
For omitting Radiation Under Majority Age

Innovative strategies:
Blinatumomab
Post-Cy Haplo
CAR


