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A Case

35 year old woman presents with AML M1, 
normal cytogenetics, no HLA-matched 
sibling donors.
Receives remission induction therapy and 
achieves complete remission
Receives two courses of consolidation
Unrelated donor search: best donor 7/8 
match (HLA-A mismatch)
Elect to watch and wait



A Case
18 months later, she relapses, normal 
cytogenetics
Receives FLAG-Ida and enters CR2
Given a further course of FLAG-Ida as 
consolidation
What can you do?

Mismatched unrelated donor transplant
Cord blood transplant
Haploidentical transplant
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The case for VUD
Outcome compared to sibling transplant

Outcome compared to fully matched VUD

Outcome if the primary disease had been 
ALL



Homogenous cohort: CML in CP1
Myeloablative conditioning
HLA identical sibling HCT between 1988 
to 2003
Unrelated donor transplant:

allele level HLA typing available 
between 1988 to 2003

Reported to CIBMTR

CMM07_4.ppt

Selected Population



Variable HLA identical 
sibling URD

N 3537 1076
Age, median (range), years 36 (2-66) 36 (1-60)
HLA matching
HLA identical sibling 100% -
8/8 matched URD 51%
7/8 matched URD 24%
6/8 matched URD 15%
<6/8 matched URD 10%

CMM07_6.ppt

Clinical Characteristics I



Donor Relative Risk 95% CI P

HLA identical siblings 1.00 - -

8/8 matched URD 2.44 2.14-2.79 <.0001

7/8 Class I mismatch 2.65 2.20-3.21 <.0001

7/8 DRB1 mismatch 2.64 1.69-4.13 <.0001

6/8 Class I mismatches 2.81 2.22-3.56 <.0001

6/8 DRB1 mismatches 3.27 2.02-5.29 <.0001

7/8 DRB1 vs. 7/8 Class I 1.00 0.62-1.60 .98

CMM07_17.ppt

Grade II-IV acute GVHD



Donor Relative Risk 95% CI P

HLA identical sibling 1.00 - -

8/8 matched URD 1.97 1.71-2.26 <.0001

7/8 Class I mismatch 1.64 1.32-2.05 <.0001

7/8 DRB1 mismatch 1.43 0.85-2.38 .17

6/8 Class I mismatch 2.23 1.69-2.95 <.0001

6/8 DRB1 mismatch 1.33 0.60-2.99 .48

7/8 DRB1 vs. 7/8 Class I 0.87 0.5-1.5 .61

CMM07_18.ppt

Chronic GVHD



Years

Cumulative Incidence of Treatment-
related Mortality after HLA-identical 
Sibling or URD HCT for CML in CP1
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HLA-identical sibling (N=3,444)

8/8 HLA-matched URD (N=544)

Single Class I MM URD (N=220)

Single Class II MM URD (N=37)

P-value at 5 years < 0.0001

(Source: Mh07_7)  CMM07_14.ppt



Years

Cumulative Incidence of 
Relapse
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Probability of Survival after HLA-
identical Sibling or Unrelated Donor 

HCT for CML in CP1
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HLA-identical sibling (N=3,537)

8/8 HLA-matched URD (N=547)

7/8 single class I MM URD (N=220)

7/8 single class II MM URD (N=37)

Log-rank p-value < 0.0001
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Probability of Leukemia-free Survival 
after HLA-identical sibling or URD HCT 

for CML in CP1
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Log-rank p-value < 0.0001
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Study Population

N = 3,860 US transplants, 1988-2003
AML, ALL, CML, MDS
Myeloablative conditioning
Calcineurin inhibitor-based GVHD 
prophylaxis, T replete grafts (79%)
Bone marrow (94%)
Median follow-up 6 years



HLA Typing

Retrospectively typed for HLA-A, B, C, 
DRB1, DQB1, DQA1, DPB1 and DPA1 
alleles

Low resolution = antigen equivalent
High resolution = allele equivalent

“Fully matched” = 10/10 high resolution 
matching at HLA-A, B, C, DRB1, DQ



Any Single Locus Mismatch

n RR (95% CI) P-value

Survival 952 1.17 (1.06-1.329) 0.002

DFS 945 1.16 (1.05-1.28) 0.003

TRM 945 1.31 (1.16-1.47) <0.0001

Relapse 945 0.90 (0.81-1.00) 0.04

Engraftment 956 0.90 (0.80-1.01) 0.06

Acute GVHD 957 1.35 (1.19-1.56) <0.0001

Chronic GVHD 910 0.96 (0.91-1.03) 0.25

9/10 associated with worse survival, DFS, TRM,  AGVHD



Single Antigen vs Allele MM

Antigen Allele P-value

Survival 1.16 1.19 0.69

DFS 1.16 1.17 0.92

TRM 1.34 1.32 0.86

Relapse 0.80 0.93 0.31

Engraftment 0.74 1.08 0.07

Acute GVHD 1.52 1.24 0.06

Chronic GVHD 0.95 0.97 0.84

No statistical difference if mismatched at antigen or allele 
level, except for C



Specific Single Locus Mismatches

Survival TRM Acute GVHD

RR p RR p RR p

10/10 1.00 1.00 1.00

A MM 1.35 0.0003 1.52 <0.0001 1.44 0.002

B MM 1.19 0.19 1.41 0.02 1.62 0.003

C MM 1.16 0.03 1.32 0.0005 1.47 <0.0001

DR MM 1.35 0.06 1.40 0.07 1.21 0.42

DQ MM 0.97 0.77 1.08 0.50 1.03 0.86

No association with engraftment, relapse, chronic GVHD



Impact Of A Second Mismatch

8/10 9/10 RR (95% CI) P-value

A MM 203 714 1.39 (1.16-1.68) 0.0005

B MM 296 857 1.38 (1.18-1.61) <0.0001

C MM 469 552 1.33 (1.15-1.54) 0.0001

DRB1 MM 125 896 1.34 (1.08-1.67) 0.008

DQ MM 191 797 1.14 (0.94-1.38) 0.17

Addition of second mismatch at HLA-DQ is not associated 
with higher mortality



Survival TRM Acute GVHD

RR p RR p RR p

8/8 1.00 1.00 1.00

A MM 1.36 <0.0001 1.47 <0.0001 1.57 <0.0001

B MM 1.16 0.20 1.32 0.03 1.63 0.001

C MM 1.19 0.006 1.32 0.0002 1.43 <0.0001

DR MM 1.48 0.0005 1.56 0.0007 1.27 0.16

Specific Single Locus Mismatches

Considering 8/8 as “fully matched”

Survival: Mismatch at A or DRB1 vs. B or C, RR 1.18 (1.10-1.38), p=0.04



Survival

Match n Survival 
(CI)

RR (CI) P-value

8/8 1840 52 (50-54) 1.00

7/8 988 43 (40-46) 1.25 (1.13-1.37) <0.0001

6/8 633 33 (30-37) 1.65 (1.48-1.84) <0.0001 

9-10% lower overall survival with each additional mismatch
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A Case
18 months later, she relapses, normal 
cytogenetics
Receives FLAG-Ida and enters CR2
Given a further course of FLAG-Ida as 
consolidation
What can you do?

Mismatched unrelated donor transplant
Cord blood transplant
Haploidentical transplant
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UCBT in adults with AL (n=785)
Median age:  34 years ( 16-76)

Median FUP for survivors: 1year 

Diagnosis ALL: 321
AML: 464

Previous autologous/allo transplantation: 17%/ 4%
Status at transplant early: 36%

intermediate: 37%
advanced: 27%

RIC : 32%

Double cord blood transplants:  32%

Median number of cells infused:  2,2 x10e7/kg

HLA disparities 5/6 32% 
4/6 54% 



Survival AML according to disease status 

Early     58%

Intermediate     38%

Advanced     14%



Survival AML according to number of units 

double

single



Survival AML according to conditioning regime 

RIC

MAC



841 patients
23 countries

161 transplant centers (83 EBMT)

30 CB Banks

Single = 691 (82%)

Double = 150 (18%)

EUROCORD DATABASE

Unrelated Umbilical Cord Blood Transplantation

01/1994 – 01/2007

Older than 16 years

Single 
82%

Double
18%



Age: 35 y (16-76)
Weight: 61 kg (28-117)
Sex: 51% female

Age: 38 y (16-69)
Weight: 72 kg (42-142)
Sex: 44% female

Acute Leukemia 78 52
NHL 23 15
CML 13 9
MDS 10 7
Other 25 17

Diagnosis n %Diagnosis n %
Acute Leukemia 438 64
CML 80 12
MDS 60 8
NHL 47 7
Other 62 9

RIC: 29% RIC: 54%

Single (n=687) Double (n=150)



DFS - Single and Double RIC-UCBT
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DFS - Single and Double MAC-UCBT
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Double: 36%±8 at 1 year

RIC MAC

Single: 177
Double: 60

Single: 441
Double: 56

Median follow up:
12 months



Survival ALL according to disease status 

Early     44%

Intermediate     41%

Advanced     11%



ONE YEAR
Survival ALL according to number of units 

Double 50%

Single           40%



Unrelated BM or CB transplants performed 
from 1996-2001 in North America

BM=450; 367 HLA-matched, 83 1-antigen 
mismatched
CB=150; 34 1-antigen mismatched, 116 2-
antigen mismatched

ALL, AML, CML and MDS

16-60 years of age

Median follow-up of survivors

BM=48 and CB=40 months

CIBMTR/NYBC Study of Unrelated BM vs. 
CB Transplants in Adults

M. Laughlin, NEJM, Nov 2004

CBT05_26.ppt



Cumulative Incidence of 
ANC 0.5 x 109/L – Adult Study
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Best results after matched BM transplants

Though 77% of CB transplants were 
mismatched at 2 antigens, outcomes were 
comparable to that after BM transplants 
mismatched at 1 antigen

Summary
CIBMTR/NYBC Comparison of Unrelated 

BM and CB Transplants in Adults

CBT05_43.ppt



STUDIES COMPARING UCBT and UBMT IN ADULTS
(Laughlin NEJM 2004, Rocha NEJM 2004, Takahashi Blood 2004)

CIBMTR EBMT JAPAN
BM - total 450 584 45

6/6 367 584 39
5/5 83 0 6

CB - total 150 98 68
6/6 0 6 0
5/5 34 48 14
4/6 116 37 37

<4/6 0 4 17
Diseases AML, CML, 

ALL
AML, ALL AML, CML, 

ALL, NHL



STUDIES COMPARING UCBT and UBMT IN ADULTS
(Laughlin NEJM 2004, Rocha NEJM 2004, Takahashi Blood 2004)

CIBMTR EBMT JAPAN
Engraftment Decreased Decreased Decreased
AGVHD Decreased Decreased Decreased
Relapse Same Same Same
Survival Worse than 

matched BM
Same as 

mismatched 
BM

Same Better



A Case
18 months later, she relapses, normal 
cytogenetics
Receives FLAG-Ida and enters CR2
Given a further course of FLAG-Ida as 
consolidation
What can you do?

Mismatched unrelated donor transplant
Cord blood transplant
Haploidentical transplant



Megadose CD34+

(≥ 10 x 106/kg)

CD34+

CD34+

CD34+

CD34+

CD34+
CD34+

CD34+

Extensive T-cell Depletion
(CD3 ≤ 1 x 104/kg)

CD3+

CD3+

Immuno- and
Myelo-ablative
Conditioning

Regimen

Aversa et al  Blood 1994   
Aversa et al. NEJM 1998  
Aversa et al, JCO, 2005

T-cell-depleted Haploidentical 
HSCT



Years
Patients 
Graft processing
Conditioning 

1993-1995
N=36

SBA/E
sTBI,TT,CY,ATG

1995-1998
N=44

Cellpro
sTBI,TT,F,ATG

1999-2008
N=196

Clinimacs
sTBI,TT,F,ATG 

Age (y):
median (range) 25 (2 – 51) 24 (4 – 53) 34 (6 – 68)

Disease
AML / ALL 12 / 24 21 / 23 131 / 65

Status at Tx
CR 1
CR ≥ 2
Relapse

-
18 
18

7
22
15

63
64
69

Haploidentical HSCT (n=276)

Aversa et al., Blood 1994         Aversa et al., N Engl J Med 1998       Aversa et al., J Cln Oncol 2005



ALL
N=112

AML
N=164

TOTAL
N=276

Male / Female
Age (y): median (range)
ATG :

F20 / F25
T6 / T10  

OKT3       

68 / 44
22 (4 – 58)

6 / 18
19 / 19

3

91 / 73
36 (2-68)

11 / 41
46 / 35

8

159 / 117
29 (2-68)

17 / 59 
65 / 54

11
Status at Transplant:

CR 1
CR 2
CR > 2
Relapse

25
33
9

45

46
38
13
67

71 (26%)
71 (26%)
22 (8%)

112 (40%)

HSCT Programme
University of Perugia

Haplo-Transplant in  High-Risk Acute  
Leukemia 



ATG-Fresenius                           4 - 5    mg/kg x 5
Thymoglobulin-Genzyme         1.2 - 2  mg/kg x 5 

sTBI
8 Gy

TT 
5 mg/Kg x2

Fludarabine
40 mg/kg x 5

rATG
-9              -8             -7     -6        -5        -4       -3        -2       -1      0   days

Tx

HSCT Programme
University of Perugia

Conditioning Regimens

CY in the first 36 patients (<1995)

No Post-Transplant 
GvHD Prophylaxis



Engraftment  & GvHD 

HSCT Program
University of Perugia

Days after transplantation

17%

5%

0
P= 0.01

Acute GvHD grade ≥ II

Days to engraft (>500 N)

SBA n=36
Cellpro n=44
Clinimacs n=196

84%

95%
96%P= 0.0004

Primary Engraftment

G-CSF-

G-CSF+

Overall Engraftment = 98%

SBA n=36
Cellpro n=44
Clinimacs n=196



Leukaemia Relapse 

AML (n=97)

ALL (n=67)

Patients in any CR (n = 164)

0.17 (0.10±0.26)

0.27 (0.17±0.38)
AML (n=67)

ALL (n=45)

Patients in Relapse (n = 112)

0.34 (0.22±0.45)

0.56 (0.40±0.69)

P=0.604 P=0.807

HSCT Programme
University of Perugia



Leukemia Relapse and NK 
alloreactivity in AML

Ruggeri et al, Blood 2007
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Risk factor for Leukaemia Relapse HR 95% C.I. P value

Disease
AML
ALL

1.00
1.96 1.25 - 3.12 0.003

Disease status at Tx
Remission
Relapse

1.00
2.70 1.74 - 4.34 0.00001

Donor NK alloreactivity
NO
YES

1.00
0.44 0.25 – 0.77 0.004

(competing risk: death for TRM)

Multivariate analysis
Cox model 

HSCT Programme
University of Perugia



Disease free Survival 

Patients in any CR (n=164)

AML n=97

ALL n=67

P=0.128

0.43± 0.05

0.30± 0.05

Patients in Relapse (n=112)

AML n=67

ALL n=45

0.18± 0.04

0.08± 0.04
P=0.079

HSCT Programme
University of Perugia



NK alloreactive (n=21)

Non-NK alloreactive (n=30)

NK alloreactive (n=30)
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Risk factor HR 95% C.I. P 
value

Disease
AML
ALL

1.00
1.39 1.04 - 1.85 0.024

Disease status at Tx
Remission
Relapse

1.00
2.12 1.59 – 2.83 0.0001

KIR ligand mismatch
YES
NO

1.00
1.56 1.23 – 1.75 0.004

DISEASE FREE SURVIVAL
Cox Model

HSCT Programme
University of Perugia



Outcome by stem cell course

Sibling VUD 8/8 VUD 7/8 Cord Haplo

AML CR2 50 45 39 38 43*

ALL CR2 40 28 27 40 30*
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