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ABSTRACT
Outcomes of allogeneic hematopoietic cell transplantation (allo-HCT) for adult acute lymphoblastic leukemia (ALL) have improved 
over time. Studies have shown that total body irradiation (TBI) is the preferable type of myeloablative conditioning (MAC). However, 
outcomes based on central nervous system (CNS) involvement, namely CNS-positive versus CNS-negative, have not been com-
pared. Here, we evaluated outcomes of 547 patients (CNS-positive = 96, CNS-negative = 451) who were allografted in the first 
complete remission (CR1) between 2009 and 2019. Primary endpoint was leukemia-free survival (LFS). Median follow-up was not 
different between the CNS-positive and CNS-negative groups (79 versus 67.2 months, P = 0.58). The CNS-positive group were 
younger (median age 31.3 versus 39.7 years, P = 0.004) and were allografted more recently (median year 2012 versus 2010,  
P = 0.003). In both groups, MAC was the preferred approach (82.3% versus 85.6%, P = 0.41). On multivariate analysis, the CNS-
positive group had higher incidence of relapse (RI) (hazard ratio [HR] = 1.58 [95% confidence interval (CI) = 1.06-2.35], P = 0.025), 
but no adverse effect on LFS (HR = 1.38 [95% CI = 0.99-1.92], P = 0.057) or overall survival (OS) (HR = 1.28 [95% CI = 0.89-1.85],  
P = 0.18). A subgroup multivariate analysis limited to CNS-positive patients showed that a TBI-based MAC regimen resulted in better 
LFS (HR = 0.43 [95% CI = 0.22-0.83], P = 0.01) and OS (HR = 0.44 [95% CI = 0.21-0.92], P = 0.03) and lower RI (HR = 0.35 [95%  
CI = 0.15-0.79], P = 0.01). Another subgroup analysis in CNS-negative patients showed that MAC-TBI preparative regimens also 
showed a lower RI without a benefit in LFS or OS. While a MAC-TBI allo-HCT regimen may not be suitable to all, particularly for older 
patients with comorbidities, this approach should be considered for patients who are deemed fit and able to tolerate.
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http://creativecommons.org/licenses/by-nc-nd/4.0/
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INTRODUCTION

Acute lymphoblastic leukemia (ALL) represents 5% of adult 
lymphoid neoplasms.1 While ALL represents a success story in 
children, treatment outcomes in adults lagged behind outcomes 
observed in the pediatric age group. Adoption of pediatric reg-
imens for treatment of adult patients with ALL has translated 
into an improved survival predominantly in younger adults.2 
For instance, a prospective phase 2 study from the Cancer and 
Leukemia Group B (CALGB) known as CALGB 10403 evalu-
ated a pediatric ALL regimen in young adults (age range 17–39 
years) with newly diagnosed Philadelphia chromosome negative 
(Ph−) B-cell or with T-ALL.2 CALGB 10403 showed a 3-year 
overall (OS) and disease-free (DFS) survival of 73% and 66%, 
respectively.2 Additionally, The European Group for Research 
on Adult ALL (GRAALL) also evaluated pediatric regimens in 
adults with ALL up to 59 years of age.3 The GRAALL-2005 
study reported 5-year OS and event-free survival (EFS) rates 
of 58.5% and 52.2%, respectively.3 Unfortunately, this sur-
vival benefit of pediatric regimens, in the GRAALL trial, was 
not apparent in adults older than 55 years, in whom the 5-year 
OS and EFS were reported at 27.4% and 25.8%, respectively.3 
The lack of benefit in patients older than 55 years of age was 
attributed to lower treatment compliance and poor treatment 
tolerability.3 Results of GRAALL-2005 confirm the benefit of 
pediatric regimens in adult patients between 18 and 54 years 
of age.3 Importantly, disease relapse remained a concern with 
reported 5-year cumulative incidence of relapse of 30.5% for all 
patients, and 39.1% for those older than 55 years of age.3

ALL represents the second most common indication for 
allogeneic hematopoietic cell transplantation (allo-HCT) in 
Europe.4 Two published meta-analyses had shown the benefit 
of offering an allo-HCT for ALL in the first complete remission 
(CR1), particularly in patients younger than 35 years of age.5,6 
A study from the Acute Leukemia Working Party (ALWP) of 
the European Society for Blood and Marrow Transplantation 
(EBMT) showed that outcomes of adults with ALL treated with 
an allo-HCT have improved over time; and that total body 
irradiation (TBI) should be considered as the preferable type of 
myeloablative conditioning (MAC).7 Recently, a position paper 
on allo-HCT for adults with Ph− ALL in CR1 acknowledged 
its efficacy in this particular disease phenotype.8 Yet, it ques-
tions the role of allo-HCT in adult patients who achieved a CR1 
with a minimal residual disease negative status (MRD−) fol-
lowing pediatric-inspired intensified chemotherapy regimens.8 
In the case of adult patients with Ph+ ALL, offering an allo-
HCT in CR1 continues to be considered the standard approach. 
However, a recently published multicenter, retrospective analy-
sis did not show a benefit of allo-HCT in adults with Ph+ ALL 
who achieved a complete molecular remission within 90 days of 
treatment initiation.9

Specifically for ALL with central nervous system (CNS) 
involvement, there is a paucity of data on the efficacy of allo-
HCT for this particular scenario. Yet, there is a clinical prac-
tice bias favoring use of myeloablative doses of TBI as part of 
the conditioning for patients allografted for ALL with CNS 
involvement despite the lack of randomized controlled studies. 
A single-institution study from City of Hope National Medical 
Center showed that patients with pre- allo-HCT CNS involve-
ment had a higher risk of CNS relapse after transplantation 
(2-year CNS relapse: 9.6% versus 1.4%, P < 0.0001), infe-
rior EFS (hazard ratio [HR], 1.52; P = 0.003), and worse OS 
(HR, 1.55; P = 0.003) vis-à-vis those allografted without CNS 
involvement.10 The authors did not compare outcomes of the 2 
groups when allografted in CR1.10 Moreover, a recent observa-
tional nonrandomized comparative study from the Adult ALL 
Working Group of the Japan Society for Hematopoietic Cell 
Transplantation demonstrated that patients with CNS involve-
ment had a higher incidence of relapse and an inferior OS.11 
Of note, in this analysis patients with CNS involvement were 

younger, had a worse disease status at time of allo-HCT, and a 
poorer pretransplant performance status.11

Here, we evaluated outcomes of patients with ALL with CNS 
involvement (CNS-positive) versus those without (CNS-negative) 

Table 1

Patient-, Disease-, and Treatment-related Characteristics at 
Time of allo-HCT

Characteristics 
CNS-negative 

(n = 451) 
CNS-positive 

(n = 96) P 

Median (IQR) patient age, y 39.7 (28.3–49.3) 31.3 (23.6–44.5) 0.004
Patient gender, n (%)   0.21
  Female 168 (37.3%) 42 (44.2%)  
  Male 283 (62.7%) 53 (55.8%)  
  Missing – 1  
Donor gender, n (%)   0.03
  Female 152 (33.9%) 44 (45.8%)  
  Male 297 (66.1%) 52 (54.2%)  
  Missing 2 –  
Median (range) year of allo-HCT 2010 (2009–2019) 2012 (2009–2019) 0.003
ALL types, n (%)   0.01
  Ph− B-cell ALL 96 (21.3%) 27 (28.1%)  
  Ph+ B-cell ALL 197 (43.7%) 26 (27.1%)  
  T-cell 158 (35.0%) 43 (44.8%)  
Donor source, n (%)   0.52
  MSD 196 (44.6%) 48 (51.1%)  
  MUD 182 (41.5% 35 (37.2%)  
  Mismatch UD 61 (13.9%) 11 (11.7%)  
  UD (missing HLA info) 12 2  
Cell source, n (%)   0.03
  BM 123 (27.3%) 37 (38.5%)  
  PBSC 328 (72.7%) 59 (61.5%)  
Female donor to male recipient, n (%)   0.36
  Yes 77 (17.1%) 20 (21.1%)  
  No 373 (82.9%) 75 (78.9%)  
  Missing 1 1  
KPS, n (%)   0.02
  <90 77 (18.1%) 26 (29.2%)  
  ≥90 349 (81.9%) 63 (70.8%)  
  Missing 25 7  
Conditioning regimen, n (%)   0.41
  MAC 386 (85.6%) 79 (82.3%)  
  RIC 65 (14.4%) 17 (17.7%)  
Radiation as part of conditioning, 
n (%)

  0.82

  No 113 (25.1%) 23 (24%)  
  Yes 338 (74.9%) 73 (76%)  
Conditioning regimen (±TBI), n (%)   0.53
  RIC-no TBI 45 (10;0%) 13 (13.5%)  
  RIC-TBI 20 (4.4%) 4 (4.2%)  
  MAC-no TBI 68 (15.1%) 10 (10.4%)  
  MAC-TBI 318 (70.5%) 69 (71.9%)  
GVHD prophylaxis, n (%)   0.37
  CSA +MTX 317 (70.6%) 62 (66.0%)  
  Others 132 (29.4%) 32 (34.0%)  
  Missing 2 2  
T-cell depletion, n (%)   0.14
  Yes 239 (53.0%) 43 (44.8%)  
  No 212 (47.0%) 53 (55.2%)  
Median (IQR) time from diagnosis  
to allo-HCT, mo

5.4 (4.5–6.9) 5.9 (4.9–6.8) 0.15

Bold denotes statistical significance.
ALL = acute lymphoblastic leukemia; allo-HCT = allogeneic hematopoietic cell transplantation;  
BM = bone marrow cells; CMV = cytomegalovirus; CR = complete remission; GVHD = graft-ver-
sus-host disease; IQR = interquartile range; KPS = Karnofsky performance score;  
MAC = myeloablative conditioning; MSD = HLA-matched sibling donor; MUD = HLA-matched 
unrelated donor; PBSC = peripheral blood stem cells; Ph = Philadelphia chromosome;  
Rel = relapse; RIC = reduced intensity conditioning; UD = unrelated donor.



3

  (2022) 6:11	 www.hemaspherejournal.com

Ta
b

le
 2

U
ni

va
ri

at
e 

A
na

ly
si

s 
(A

ll 
S

tu
d

y 
P

o
p

ul
at

io
n)

 

LF
S 

HR
 (9

5%
 C

I) 
(P

) 

OS
 

HR
 (9

5%
 C

I) 
(P

) 

RI
 

HR
 (9

5%
 C

I) 
(P

) 

NR
M

 
HR

 (9
5%

 C
I) 

(P
) 

GR
FS

 
HR

 (9
5%

 C
I) 

(P
 

Gr
ad

e 
2–

4 
Ac

ut
e 

GV
HD

 
HR

 (9
5%

 C
I) 

(P
) 

Gr
ad

e 
3–

4 
Ac

ut
e 

 
GV

HD
 

HR
 (9

5%
 C

I) 
(P

) 

Ch
ro

ni
c 

GV
HD

 
(A

ll 
Gr

ad
es

) 
HR

 (9
5%

 C
I) 

(P
) 

Ch
ro

ni
c 

GV
HD

 
(E

xt
en

si
ve

) 
HR

 (9
5%

 C
I) 

(P
) 

C�N
S 

in
vo

lve
d 

 
(y

es
 v

s 
no

)
1.

20
 (0

.8
9-

1.
63

)
(0

.2
4)

1.
23

 (0
.8

8-
1.

72
)

(0
.2

2)
1.

27
 (0

.8
7-

1.
85

)
(0

.2
2)

1.
09

 (0
.6

6-
1.

82
)

(0
.7

4)
1.

01
 (0

.7
7-

1.
32

)
(0

.9
4)

1.
16

 (0
.8

1-
1.

65
)

(0
.4

2)
0.

85
 (0

.4
3-

1.
67

)
(0

.6
4)

1.
14

 (0
.8

2-
1.

61
)

(0
.4

3)
0.

94
 (0

.5
8-

1.
53

)
(0

.8
2)

P�a
tie

nt
’s

 a
ge

 (≥
m

ed
ia

n 
vs

  
<

m
ed

ia
n)

1.
32

 (1
.0

4-
1.

68
)

(0
.0

2)
1.

28
 (0

.9
8-

1.
66

)
(0

.0
7)

1.
32

 (0
.9

8-
1.

79
)

(0
.0

7)
1.

31
 (0

.8
9-

1.
94

)
(0

.1
8)

1.
22

 (0
.9

9-
1.

49
)

(0
.0

65
)

0.
81

 (0
.6

1-
1.

07
)

(0
.1

4)
0.

66
 (0

.4
-1

.0
9)

(0
.1

1)
1.

12
 (0

.8
6-

1.
45

)
(0

.4
2)

1.
17

 (0
.8

2-
1.

68
)

(0
.3

8)
Y�e

ar
 a

llo
-H

CT
 (≥

m
ed

ia
n 

vs
   

<
m

ed
ia

n)
0.

80
 (0

.6
2-

1.
04

)
(0

.1
0)

0.
84

 (0
.6

3-
1.

11
)

(0
.2

2)
0.

85
 (0

.6
1-

1.
19

)
(0

.3
4)

0.
73

 (0
.4

8-
1.

11
)

(0
.1

4)
0.

80
 (0

.6
4-

1.
00

)
(0

.0
51

)
1.

09
 (0

.7
9-

1.
49

)
(0

.6
0)

0.
50

 (0
.3

1-
0.

83
)

(0
.0

07
)

0.
87

 (0
.6

5-
1.

17
)

(0
.3

6)
0.

84
 (0

.5
7-

1.
24

)
(0

.3
7)

Ph
+

 v
s 

Ph
–

T-
ce

ll 
vs

 P
h–

1.
39

 (1
.0

1-
1.

92
)

(0
.0

4)
1.

12
 (0

.8
0-

1.
57

)
(0

.5
1)

1.
06

 (0
.7

5-
1.

52
)

(0
.7

3)
1.

13
 (0

.7
9-

1.
62

)
(0

.5
0)

1.
49

 (1
.0

0-
2.

21
)

(0
.0

52
)

0.
97

 (0
.6

3-
1.

49
)

(0
.8

9)

1.
23

 (0
.7

1-
2.

13
)

(0
.4

5)
1.

39
 (0

.8
1-

2.
39

)
(0

.2
3)

1.
26

 (0
.9

6-
1.

67
)

(0
.1

0)
1.

12
 (0

.8
4-

1.
49

)
(0

.4
3)

0.
94

 (0
.6

6-
1.

36
)

(0
.7

6)
0.

93
 (0

.6
4-

1.
34

)
(0

.6
9)

1.
50

 (0
.7

2-
3.

10
)

(0
.2

8)
1.

83
 (0

.8
9-

3.
75

)
(0

.1
0)

1.
31

 (0
.9

3-
1.

86
)

(0
.1

3
1.

17
 (0

.8
2-

1.
67

)
(0

.3
9)

1.
07

 (0
.6

7-
1.

71
)

(0
.7

7)
0.

99
 (0

.6
2-

1.
60

)
(0

.9
8)

UR
D 

vs
 M

SD
0.

84
 (0

.6
6-

1.
07

)
(0

.1
7)

1.
00

 (0
.7

7-
1.

31
)

(0
.9

8)
0.

65
 (0

.4
8-

0.
88

)
(0

.0
05

)
1.

33
 (0

.8
9-

2.
00

)
(0

.1
7)

0.
93

 (0
.7

5-
1.

14
)

(0
.4

6)
1.

27
 (0

.9
6-

1.
69

)
(0

.1
0)

1.
14

 (0
.7

-1
.8

6)
(0

.6
1)

0.
88

 (0
.6

8-
1.

15
)

(0
.3

6)
0.

93
 (0

.6
5-

1.
33

)
(0

.6
9)

KP
S 

(≥
90

 v
s 

<
90

)
1.

04
 (0

.7
6-

1.
43

)
(0

.7
9)

0.
91

 (0
.6

5-
1.

27
)

(0
.5

9)
1.

15
 (0

.7
6-

1.
73

)
(0

.5
1)

0.
90

 (0
.5

5-
1.

47
)

(0
.6

6)
1.

12
 (0

.8
5-

1.
47

)
(0

.4
3)

0.
89

 (0
.6

3-
1.

26
)

(0
.5

1)
1.

28
 (0

.6
5-

2.
52

)
(0

.4
8)

0.
91

 (0
.6

5-
1.

26
)

(0
.5

7)
1.

1(
0.

68
-1

.7
7)

1.
2(

0.
70

)
P�a

tie
nt

 g
en

de
r  

Fe
m

al
e 

vs
 m

al
e

0.
90

 (0
.7

0-
1.

15
)

(0
.3

9)
0.

80
 (0

.6
1-

1.
06

)
(0

.1
2)

0.
92

 (0
.6

8-
1.

26
)

(0
.6

2)
0.

85
 (0

.5
6-

1.
29

)
(0

.4
5)

0.
82

 (0
.6

6-
1.

02
)

(0
.0

7)
0.

92
 (0

.6
9-

1.
23

)
(0

.5
8)

0.
59

 (0
.3

4-
1.

01
)

(0
.0

56
)

0.
92

 (0
.7

0-
1.

21
)

(0
.5

4)
0.

86
 (0

.5
9-

1.
25

)
(0

.4
2)

D�o
no

r g
en

de
r  

Fe
m

al
e 

vs
 m

al
e

0.
96

 (0
.7

5-
1.

24
)

(0
.7

7)
0.

98
 (0

.7
5-

1.
29

)
(0

.9
0)

1.
01

 (0
.7

4-
1.

38
)

(0
.9

6)
0.

89
 (0

.5
9-

1.
35

)
(0

.5
8)

1.
03

 (0
.8

3-
1.

27
)

(0
.8

0)
1.

03
 (0

.7
7-

1.
38

)
(0

.8
2)

0.
96

 (0
.5

8-
1.

6)
(0

.8
8)

1.
20

 (0
.9

2-
1.

58
)

(0
.1

8)
1.

00
 (0

.6
9-

1.
45

)
(1

.0
0)

F�e
m

al
e 

do
no

r t
o 

m
al

e 
re

ci
pi

en
t (

ye
s 

vs
 n

o)
1.

03
 (0

.7
6-

1.
41

)
(0

.8
3)

1.
07

 (0
.7

6-
1.

5)
(0

.7
1)

1.
04

 (0
.7

0-
1.

53
)

(0
.8

6)
1.

03
 (0

.6
2-

1.
71

)
(0

.9
2)

1.
16

 (0
.8

9-
1.

51
)

(0
.2

7)
0.

94
 (0

.6
5-

1.
36

)
(0

.7
3)

1.
06

 (0
.5

7-
1.

99
)

(0
.8

5)
1.

35
 (0

.9
7-

1.
87

)
(0

.0
7)

1.
32

 (0
.8

5-
2.

04
)

(0
.2

2)
P�a

tie
nt

 C
M

V 
se

ro
po

si
tiv

e 
 

Ye
s 

vs
 n

o
1.

10
 (0

.8
6-

1.
40

)
(0

.4
5)

1.
19

 (0
.9

1-
1.

55
)

(0
.2

1)
1.

01
 (0

.7
5-

1.
37

)
(0

.9
3)

1.
26

 (0
.8

4-
1.

90
)

(0
.2

6)
1.

14
 (0

.9
2-

1.
4)

(0
.2

3)
0.

91
 (0

.6
9-

1.
20

)
(0

.5
1)

0.
91

 (0
.5

5-
1.

48
)

(0
.7

0)
0.

98
 (0

.7
5-

1.
28

)
(0

.8
7)

1.
08

 (0
.7

5-
1.

55
)

(0
.6

9)
D�o

no
r C

M
V 

se
ro

po
si

tiv
e 

 
Ye

s 
vs

 n
o

1.
14

 (0
.9

-1
.4

5)
(0

.2
8)

1.
07

 (0
.8

2-
1.

4)
(0

.6
2)

1.
05

 (0
.7

8-
1.

43
)

(0
.7

4)
1.

31
 (0

.8
8-

1.
95

)
(0

.1
8)

1.
10

 (0
.8

9-
1.

35
)

(0
.3

8)
0.

92
 (0

.6
9-

1.
22

)
(0

.5
5)

0.
82

 (0
.5

0-
1.

34
)

(0
.4

3)
1.

13
 (0

.8
7-

1.
48

)
(0

.3
6)

1.
12

 (0
.7

8-
1.

61
)

(0
.5

3)
�R�e

gi
m

en
 in

te
ns

ity
  

RI
C 

vs
 M

AC
1.

69
 (1

.2
5-

2.
28

)
(0

.0
00

7)
1.

30
 (0

.9
2-

1.
84

)
(0

.1
3)

2.
30

 (1
.6

2-
3.

26
)

(<
0.

00
01

)
0.

83
 (0

.4
5-

1.
56

)
(0

.5
7)

1.
32

 (1
.0

1-
1.

73
)

(0
.0

45
)

0.
68

 (0
.4

4-
1.

06
)

(0
.0

9)
0.

37
 (0

.1
3-

1.
00

)
(0

.0
51

)
0.

77
 (0

.5
0-

1.
17

)
(0

.2
2)

0.
74

 (0
.4

1-
1.

35
)

(0
.3

3)
T�B

I a
s 

pa
rt 

of
 re

gi
m

en
  

Ye
s 

vs
 n

o
0.

61
 (0

.4
7-

0.
79

)
(0

.0
00

1)
0.

67
 (0

.5
0-

0.
88

)
(0

.0
05

)
0.

50
 (0

.3
7-

0.
69

)
(<

0.
00

01
)

0.
87

 (0
.5

5-
1.

37
)

(0
.5

4)
0.

78
 (0

.6
2-

0.
98

)
(0

.0
4)

1.
12

 (0
.8

0-
1.

56
)

(0
.5

0)
2.

13
 (1

.0
5-

4.
30

)
(0

.0
4)

1.
17

 (0
.8

5-
1.

62
)

(0
.3

4)
1.

07
 (0

.6
9-

1.
66

)
(0

.7
5)

M
AC

-T
BI

 v
s 

al
l o

th
er

s
0.

60
 (0

.4
7-

0.
77

)
(<

0.
00

01
)

0.
68

 (0
.5

2-
0.

89
)

(0
.0

05
)

0.
46

 (0
.3

4-
0.

63
)

(<
0.

00
01

)
0.

97
 (0

.6
3-

1.
51

)
(0

.9
0)

0.
77

 (0
.6

2-
0.

96
)

(0
.0

2)
1.

21
 (0

.8
8-

1.
65

)
(0

.2
5)

2.
10

 (1
.1

0-
4.

02
)

(0
.0

3)
1.

20
 (0

.8
8-

1.
63

)
(0

.2
5)

1.
16

 (0
.7

6-
1.

76
)

(0
.4

9)
T�-

ce
ll 

de
pl

et
io

n 
 

Ye
s 

vs
 n

o
1.

12
 (0

.8
8-

1.
43

)
(0

.3
4)

1.
15

 (0
.8

8-
1.

49
)

(0
.3

1)
1.

16
 (0

.8
6-

1.
57

)
(0

.3
4)

1.
07

 (0
.7

2-
1.

58
)

(0
.7

4)
0.

86
 (0

.7
-1

.0
6)

(0
.1

5)
0.

88
 (0

.6
7-

1.
16

)
(0

.3
7)

0.
52

 (0
.3

2-
0.

86
)

(0
.0

1)
0.

63
 (0

.4
8-

0.
83

)
(0

.0
00

9)
0.

51
 (0

.3
5-

0.
75

)
(0

.0
00

5)
D�o

no
r s

ou
rc

e 
 

(P
BS

C 
vs

 B
M

)
1.

16
 (0

.8
8-

1.
51

)
(0

.2
9)

1.
21

 (0
.9

-1
.6

3)
(0

.2
0)

0.
94

 (0
.6

8-
1.

31
)

(0
.7

3)
1.

72
 (1

.0
5-

2.
81

)
(0

.0
3)

1.
33

 (1
.0

5-
1.

69
)

(0
.0

2)
1.

02
 (0

.7
5-

1.
38

)
(0

.9
2)

1.
18

 (0
.6

8-
2.

05
)

(0
.5

6)
1.

84
 (1

.3
3-

2.
55

)
(0

.0
00

2)
1.

70
 (1

.1
-2

.6
5)

(0
.0

2)

Bo
ld

 d
en

ot
es

 s
ta

tis
tic

al
 s

ig
ni

fic
an

ce
.

AL
L 

=
 a

cu
te

 ly
m

ph
ob

la
st

ic
 le

uk
em

ia
; a

llo
-H

CT
 =

 a
llo

ge
ne

ic
 h

em
at

op
oi

et
ic

 c
el

l t
ra

ns
pl

an
ta

tio
n;

 B
M

 =
 b

on
e 

m
ar

ro
w

 c
el

ls
; C

I =
 c

on
fid

en
ce

 in
te

rv
al

; C
M

V 
=

 c
yt

om
eg

al
ov

iru
s;

 C
NS

 =
 c

en
tra

l n
er

vo
us

 s
ys

te
m

; C
R 

=
 c

om
pl

et
e 

re
m

is
si

on
; G

RF
S 

=
 c

om
po

si
te

 e
nd

 p
oi

nt
 o

f G
VH

D-
fre

e,
 

re
la

ps
e-

fre
e 

su
rv

iva
l; 

GV
HD

 =
 g

ra
ft-

ve
rs

us
-h

os
t d

is
ea

se
; H

R 
=

 h
az

ar
d 

ra
tio

; I
QR

 =
 in

te
rq

ua
rti

le
 ra

ng
e;

 K
PS

 =
 K

ar
no

fs
ky

 p
er

fo
rm

an
ce

 s
co

re
; L

FS
 =

 le
uk

em
ia

-f
re

e 
su

rv
iva

l; 
M

AC
 =

 m
ye

lo
ab

la
tiv

e 
co

nd
iti

on
in

g;
 M

SD
 =

 H
LA

-m
at

ch
ed

 s
ib

lin
g 

do
no

r; 
M

UD
 =

 H
LA

-m
at

ch
ed

 u
nr

el
at

ed
 

do
no

r; 
NR

M
 =

 c
um

ul
at

ive
 in

ci
de

nc
e 

of
 n

on
re

la
ps

e 
m

or
ta

lit
y;

 O
S 

=
 o

ve
ra

ll 
su

rv
iva

l; 
PB

SC
 =

 p
er

ip
he

ra
l b

lo
od

 s
te

m
 c

el
ls

; P
h 

=
 P

hi
la

de
lp

hi
a 

ch
ro

m
os

om
e;

 P
h+

 =
 P

hi
la

de
lp

hi
a 

po
si

tiv
e;

 R
el

 =
 re

la
ps

e;
 R

I =
 c

um
ul

at
ive

 in
ci

de
nc

e 
of

 re
la

ps
e;

 R
IC

 =
 re

du
ce

d 
in

te
ns

ity
 c

on
di

tio
ni

ng
;  

TB
I =

 to
ta

l b
od

y 
irr

ad
ia

tio
n;

 U
D 

=
 u

nr
el

at
ed

 d
on

or
; U

RD
 =

 u
nr

el
at

ed
 d

on
or

.



4

Kharfan-Dabaja et al Allo-HCT with MAC-TBI for Acute Lymphoblastic Leukemia

with remission status in CR1 when they received their first allo-
HCT at an EBMT participating center.

METHODS

Study design and population
This is a retrospective observational study of patients who 

underwent an allo-HCT for ALL which was reported to the 
ALWP of EBMT. The EBMT is a voluntary working group of 
more than 600 transplant centers that are required to report 
all consecutive HCTs and follow-up once a year. This study 
was approved by the ALWP of the EBMT institutional review 
board and was conducted in accordance with the Declaration 
of Helsinki and Good Clinical Practice guidelines. EBMT cen-
ters commit to obtain informed consent according to the local 
regulations applicable at the time of transplantation to report 
pseudonymized data to the EBMT.

Patients were eligible for inclusion in this study if they were 
of the adult age group (defined as ≥18 years) and received an 
allo-HCT for treatment of ALL in CR1 using a MAC or reduced 

intensity (RIC) conditioning regimen between 2009 and 2019. 
There was no preset upper age limit.

Data on patient-, disease-, and treatment-related character-
istics collected at the time of allo-HCT are shown on Table 1. 
A total of 547 patients with ALL with CNS-positive (n = 96) 
or CNS-negative (n = 451) involvement receiving an allo-
HCT at one of the EBMT participating centers were included. 
Completeness of follow-up after allo-HCT was calculated using 
the method described by Clark et al12; and they were 90% and 
93% at the date of the analysis (June 01, 2021).

Statistical analysis
Patient-, disease-, and treatment-related characteristics at 

time of allo-HCT were compared using the Χ2 test for cate-
gorical variables or the Mann–Whitney test for continuous 
parameters. Baseline characteristics were summarized using 
median, range, and/or interquartile range (IQR) for continuous 
variables, and frequency and percentage for categorical data. 
The reverse Kaplan–Meier method was used for estimation of 
follow-up.

Figure 1.  Leukemia-free survival. LFS = leukemia-free survival. 
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The primary endpoint was leukemia-free survival (LFS). 
Secondary endpoints included OS, cumulative incidences of 
relapse (RI), nonrelapse mortality (NRM), acute graft-versus-
host disease GVHD (grades 2–4), acute GVHD (grades 3–4), 
chronic GVHD (any grade), chronic GVHD (extensive), and 
the composite end point of GVHD-free, relapse-free survival 
(GFRS). In addition, subgroup prognostic analyses limited 
to patients in the CNS-positive and CNS-negative were also 
performed.

Definitions
CR represents complete hematologic remission. LFS was 

defined as survival without evidence of relapse or progression. 
OS was defined as time from intervention (allo-HCT) to death, 
regardless of the cause. RI was defined as leukemia recurrence at 
any site. NRM was defined as death without evidence of relapse 
or progression. The intensity of the preparative regimen was 
categorized based on established definitions.13 Whenever appli-
cable, non-myeloablative conditioning regimens were included 
under the broader RIC category. Performance status was graded 
using the Karnofsky performance score (KPS).

Statistical Methods
All surviving patients were censored at the time of last con-

tact on record. Probabilities of LFS and OS were calculated 
using the Kaplan–Meier method. All transplant-related deaths 
were competing events when studying relapse-related deaths. 
Cumulative incidence was used to estimate the end points of RI, 
NRM, acute GVHD, and chronic GVHD to accommodate for 
competing risks.14 When assessing cumulative incidence of acute 
GVHD (day +180) and chronic GVHD (2−year), relapse and 
death were competing events.

Both univariate and multivariate analyses were performed 
using the Cox proportional-hazards regression model. We 
included in multivariate analyses variables with unbalanced dis-
tribution between the 2 groups and variables which are known 
to potentially influence posttransplant outcomes. Continuous 
variables were categorized according to the median for univar-
iate analyses and included without categorization in the Cox 
proportional-hazards regression model. Patients with missing 
information were excluded from analyses.

For prognostic analysis specifically pertaining to the 
CNS-positive group, a stepwise selection was performed for 

Figure 2.  Cumulative incidence of relapse. CNS = central nervous system. 
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conditioning intensity, cells source and T-cell depletion. Results 
were reported as the HR with 95% confidence intervals (CIs). 
Type I error rate was fixed at 0.05 for determination of fac-
tors associated with time-to-event outcomes. All P values were 
2-sided. Statistical analyses were performed with SPSS 24.0 
(SPSS Inc, Chicago, IL) and R 3.4.0 (R Core Team (2017). 
R: A language and environment for statistical computing.  
R Foundation for Statistical Computing, Vienna, Austria. URL 
https://www.R-project.org/).

RESULTS

The median number of reported cases per center for the 
entire study population was 3 (range, 1–76) and for patients 
with CNS involvement was 1 (range, 1–8). All patients in both 
groups were reported to be in hematologic CR1 at the time of 
allo-HCT.

The median follow-up for the entire population was 69.0 
(IQR = 43.6–107.9) months. The median follow-up for 
patients in the CNS-positive and CNS-negative groups were 79  
(IQR = 53–101) months and 67.2 (IQR = 43–109) months, 
respectively (P = 0.58).

Median age for patients in the CNS-positive group was lower 
(31.3 [IQR = 23.6–44.5] years versus 39.7 [IQR = 28.3–49.3] 
years, P = 0.004); and was transplanted more recently: median 
year 2012 (range, 2009–2019) versus 2010 (range, 2009–2019), 
P = 0.003. The CNS-positive group comprised a higher propor-
tion of patients with Philadelphia-negative (Ph−) B ALL (28.1% 
versus 21.3%) and with T-cell ALL (44.8% versus 35.0%),  
P = 0.01. A significantly higher proportion of patients in the 
CNS-positive group had a KPS <90 (29.2% versus 18.1%,  
P = 0.02). The CNS-positive and CNS-negative groups were 
comparable with respect to patient gender (male, 55.8% versus 
62.7%, P = 0.21), donor source (unrelated donor, 50.0% ver-
sus 56.5% P = 0.24) and intensity of the preparative regimen 
(MAC, 82.3% versus 85.6%, P = 0.41). These and other char-
acteristics of the study populations are summarized in Table 1.

TBI dose
In the MAC group, the prescribed TBI dose were distributed 

as follows: 8 Gy (n = 10, 2.6%), 9 Gy (n = 18, 4.7%), 10 Gy  
(n = 4, 1.05%), 11 Gy (n = 4, 1.05%), 12 Gy (n = 331, 85.7%), 
13 Gy (n = 6, 1.5%), 14 Gy (n = 11, 2.8%), and 16 Gy  
(n = 2, 0.6%).

Figure 3.  Leukemia-free survival. Multivariate analysis for patients with CNS involvement. CNS = central nervous system; LFS = leukemia-free survival; TBI-MAC = total 
body irradiation-myeloablative conditioning.

https://www.R-project.org/
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In the RIC group that received TBI as part of the preparative 
regimen, the prescribed TBI dose were as follows: 2 Gy (n = 17, 
70.8%), 3 Gy (n = 1, 4.2%), and 6 Gy (n = 6, 25%).

Engraftment kinetics
The cumulative incidence of neutrophil engraftment at  

day +60 was 98.7% (95% CI = 96.9%-99.4%) and 94.7% 
(95% CI = 87.1%-97.9%) for the CNS-negative and the CNS-
positive groups, respectively (P = 0.051). Graft failure was 
observed in 1.1% (n = 5/447, missing values in 4 cases) in the 
CNS-negative group and 4.2% (n = 4/95, missing values in 1 
case) in the CNS-positive group (P = 0.055).

Univariate analysis
Presence of CNS involvement was not associated with worse 

LFS, OS, RI, or NRM (Table 2). Moreover, CNS involvement 
did not affect GRFS, grades 2–4 and grades 3–4 acute GVHD or 
chronic GVHD (all grades and extensive). Prescribing RIC regi-
mens resulted in worse LFS. Use of MAC-TBI regimens resulted 
in better LFS, OS, and a lower RI (Table 2).

Multivariate analysis
CNS involvement was associated with a trend towards worse 

LFS (HR = 1.38 [95% CI = 0.99-1.92], P = 0.057) and a sig-
nificantly higher RI (HR = 1.58 [95% CI = 1.06-2.35], P = 0.03 
(Figures 1 and 2; Table 3). Older age was associated with inferior 
OS and worse NRM (Table 3). More recent allo-HCTs resulted 
in better LFS and OS and a lower RI and NRM. Use of unrelated 
donors (URD) versus matched sibling donors (MSD) resulted in 
better LFS, a lower RI and a significantly higher cumulative inci-
dence of grade 3–4 acute GVHD (Table 3). Use of PBSC (versus 
BM) was associated with worse NRM and GRFS and a higher 
incidence of chronic GVHD (all grades and extensive) (Table 3). 
TBI-MAC resulted in better LFS and a lower RI (Table 3). T-cell 
depletion was independently associated with higher RI, a lower 
incidence of grade 3–4 acute GVHD and chronic GVHD (all grades 
and extensive), and a trend towards an inferior LFS (Table 3).

Subgroup analysis limited to patients with CNS involvement
In CNS-positive patients, the use of MAC-TBI preparative 

regimens resulted in a significantly improved LFS, OS and a 
lower RI (Figures 3–5; Table 4). Use of PBSC (versus BM) and 

Figure 4.  Overall survival. Multivariate analysis for patients with CNS involvement. CNS = central nervous system; OS = overall survival; TBI-MAC = total body irradiation-my-
eloablative conditioning.
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allo-HCTs performed more recently were also independently 
associated with better OS (Table 4). A Ph+ phenotype was an 
adverse prognostic indicator for lower GRFS (Table 4).

Subgroup analysis limited to patients without CNS involvement
A multivariate analysis in this population showed that use of 

MAC-TBI preparative regimens resulted in a lower RI, but at 
the expense of a higher NRM, ultimately not showing a benefit 
in LFS, OS, or GRFS. Use of URD resulted in a lower RI but a 
higher incidence of grade 2–4 and grade 3–4 acute GVHD. Use 
of PBSC (versus BM cells) was associated with a significantly 
higher NRM, worse GRFS and a higher incidence of grade 3–4 
acute GVHD and chronic GVHD (both all grades and exten-
sive). Use of T-cell depletion was associated with a higher RI and 
an inferior LFS (Suppl. Table S1).

DISCUSSION

This large observational study using registry data from the 
ALWP of the EBMT shows that CNS involvement at initial pre-
sentation remains an independent adverse prognostic factor for 

relapse in patients with ALL allografted in CR1, but it did not 
result in worse LFS or OS. This suggests that novel strategies 
after an allo-HCT ought to be studied within the context of a 
clinical trial. Such strategies include consolidation or mainte-
nance with antileukemia agents able to cross the blood-brain 
barrier to help further reduce the risk of relapse. Older age (per 
increments of 10 years) and more distantly performed allo-HCT 
were independent predictors of inferior OS.

Use of MAC-TBI regimens was associated with better LFS 
and a significantly lower RI. The large majority of patients 
(90.6%) who were prescribed MAC-TBI received a dose ≥12 
Gy. These findings are consistent with a previously published 
EBMT study which showed superior outcomes of TBI-based 
MAC regimens post allo-HCT for ALL.7 Conversely, T-cell 
depletion had an adverse prognostic effect on relapse, a finding 
described in other studies,15 emphasizing the relevant role of 
donor alloreactive T cells in facilitating a bona fide graft-ver-
sus-leukemia effect in ALL as is also the case in myeloid leuke-
mias.16–19 In our study, the use of URD (versus MSD) resulted 
in better LFS and a lower RI. The latter is consistent with 
recently published UKALL14 trial which used in vivo T-cell 

Figure 5.  Cumulative incidence of relapse. Multivariate analysis for patients with CNS involvement. CNS = central nervous system; TBI-MAC = total body irradia-
tion-myeloablative conditioning.

http://links.lww.com/HS/A306
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depletion with alemtuzumab combined with fludarabine plus 
melphalan.20

When we performed a multivariate analysis limited to patients 
with CNS involvement, we again identified  MAC-TBI regimens 
as an independent predictor of better LFS and OS and a lower 
RI. While the available data did not allow us to specifically assess 
the frequency of relapse according to site(s), we speculate that 
myeloablative doses of TBI might offer a therapeutic advantage 
at sanctuary sites known to be less responsive to conventional 
chemotherapy. Large prospective studies are needed to confirm 
this assumption. Furthermore, a separate subgroup analysis lim-
ited to patients without CNS involvement also demonstrated the 
benefit of TBI-based MAC regimens in reducing the incidence of 
relapse in this population without affecting LFS and OS, likely 
explained by the higher cumulative incidence of NRM (Suppl. 
Table S1). The UKALL14 trial reported a 4.2% incidence of 
CNS relapse at 4 years postallografting despite adding 8 doses 
of intrathecal therapy (IT) to a RIC regimen that combined 
fludarabine, melphalan and alemtuzumab.20 The benefit (or lack 
thereof) of IT chemotherapy could not be ascertained because 
that intervention was not randomized.20

More recently performed allo-HCTs were associated with 
improved OS, LFS, and a lower NRM. We speculate that this 
benefit could be explained in part by the availability of better 
supportive therapies in more recent years. Interestingly, more 
recent allo-HCTs were also associated with a lower RI, a finding 
that appeared to be independent of other covariates included in 
the Cox model. Available data did not suggest a trend toward 
using higher TBI doses over time (data not shown).

We acknowledge several limitations of this study. First, due 
to the inherent nature of registry data, it was difficult to ascer-
tain the true absence of CNS involvement in the CNS-negative 
group. All patients in both groups were reported by their respec-
tive transplant centers to be in CR at the time of the allograft, 
but there was no centralized review process to ascertain that 
patients indeed proceeded to an allo-HCT in CR. Moreover, 
data pertaining to prescribed CNS prophylaxis and/or treat-
ment(s) of CNS disease prior to allo-HCT were not available 
to be incorporated in this analysis. Second, there were missing 
data on MRD status in both groups. In the CNS-negative group 
165 (37%) of 451 patients did not have data available on MRD 
status. In the CNS-positive group 44 (46%) of 96 patients also 
did not have data on MRD status, hence limiting the statisti-
cal power to perform a comparison. Third, we were not able 
to determine if the purported benefit of TBI was related to a 
particular dose within a range of what is considered myeloabla-
tive. Fourth, we lacked specific data defining patterns of disease 
relapse, either in the CNS or systemically. Unfortunately, the 
specific site of relapse or the time when the relapse occurred are 
not routinely collected in the registry. Available data on relapse 
site were limited to either involving the BM or extramedullary 
involvement or both; this information was available in only 
93 (55%) of 169 patients and was distributed as follows: BM 
involvement (n = 70/93, 75.3%), extramedullary (n = 16/93, 
17.2%), or both (n = 7/93, 7.5%).

In the absence of a randomized clinical trial comparing 
MAC-TBI-versus MAC-non-TBI regimens for ALL with CNS 
involvement; and considering the unlikeliness that such a study 
be designed and conducted in the future, these results represent 
the best evidence favoring MAC-TBI regimens for patients with 
CNS-positive ALL in need of an allo-HCT. MAC-TBI regimens 
also appeared to confer a beneficial effect on lowering the RI in 
the CNS-negative group.

CONCLUSIONS

Notwithstanding all aforementioned limitations, our data 
support prescribing a MAC-TBI regimen for patients with ALL 
with CNS involvement at initial presentation whenever possible. 

Strategies to reduce relapse by incorporating novel therapies in 
the posttransplant consolidation/maintenance setting need to be 
studied within the context of a clinical trial as this continues to 
represent an area of unmet need.
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