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Table 1. Patient characteristics

Variable UCB (n=:2288) RD/TAG-MM-GVH (n = 525) P

Age at transplant, median (range) 49 (16-82) 43 (16-74) <0.001

Recipient: sex
Female 1004 (44%) 239 (46%) 0.494
Male 1284 (56%) 286 (54%)

Disease
Acute myelogenous leukemia 1365 (60%) 269 (51%) 0.003
Acute lymphoblastic leukemia 498 (22%) © 137 (26%)

Chronic-myelogenous leukemia 124 (5%) 42 (8%)
Myelodysplastic syndrome 301 (13%) 77 (15%)

Duration: from diagnosis to transplant v
Median time (range), months 7.9 (0.2-768.5) 7.6 (0-251.7) '0.233

Disease risk
Standard 959 (42%) 249 (47%)" 0.050
High 1217 (53%) ‘257 (49%)°
Unknown 112 (5%) 19 (4%)

Source of stem cells
Bone marrow —_ 251(48%) ——
Peripheral blood — 274 (52%)

Cord blood +2288:(100%) —

HLA compatibility in the graft-versus-host: direction )
Matched 225 (10%) — <0.001
One-antigen mismatch 753:(33%) ‘525 (100%)

Two-antigen mismatch 1310 (57%) —

HLA compatibility in the host-versus-graft direction
Matched 233 (10%) 62 (12%) <0.001
One-antigen mismatch 716 (31%) 355 (68%)

Two-antigen mismatch 1339 (59%) 94 (18%)
Three-antigen mismatch e 14 (3%)

Conditioning regimen
Myeloablative 1390 (61%) 253 (48%) <0.001
CY +TBl+ 1062 164
Other TBI regimen 130 20
BU+CY*: 88 45
Other non-TBI regimen 110 24
Reduced intensity 894 (39%) 162 (31%)

FLUXTBI £ 840 138
Other regimen 54 24
Unclassifiable 4 (0.2%) 110 (21%)

GVHD prophylaxis
CSA/TAC 4+ MTX 1410 (62%) 8 (85%) <0.001
CSA/TAC+ MMF 246 (11%) 2 (2%)

CSA/TAC + Steroid 8 (1%) 13 (2%)
CSA/TAC only 571 (25%) 45 (9%)
Unknown 33 (1%) 7 (1%)

Use of in vivo T-cell depletlon )

No 2258 (99%) 472 (90%) <0.001
Yes 30 (1%) 53 (10%)

Year at transplant
1998-2004 760 (33%) 260 (50%) <0.001
2005-2009 1528 (67%) 265 (50%)

Follow-up of survivors )

Median time (range), years 2.1 (0.0-10.0) .401(0.1-12.2) <0.001
Abbreviations: BU, busulfan; CSA, cyclosporine; CY, cyclophosphamide; FLU, fludarabine; MMF, mycophenolate mofetil; MTX, methotrexate; TAC, tacrolimus;
T8I, total body irradiation; UCB, unrelated cord blood.

RD/TAG-MM-GVH group was . also highér than-that in the UCB RD/1AG-MM-GVH . was - significantly associated  with a higher
group (UCB group, 53%, 95% Cl, 51-55%; RD/TAG-MM-GVH group, incidence of neutrophil.and . platelet engraftment in the multi-
70%, 95% Cl, 66~74%; Gray test, P<0.001; Figure 1b). The use of variate ‘analysis (neutrophil engraftment; hazard ratio (HR), 3.46,
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95% Cl, 3.00-3.98, P<0.001; platelet engraftment, HR 2.20, 95% Cl,
1.89-2.57, P<0.001; Supplementary Table 1). As our previous
study revealed that an HLA-B mismatch had an adverse effect on
OS in transplantation from an RD/1AG-MM-GVH, patients in the
RD/1AG-MM-GVH group with an HLA-A, -B, or -DR mismatch were
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separately compared with the UCB group. We consistently
observed superior neutrophil and platelet engraftment in each
RD/TAG-MM-GVH group as compared with the UCB group
(Supplementary Table 1).

Acute and chronic GVHD

The incidence of grade 1I-IV or grade llI-IV acute GVHD in the RD/
TAG-MM-GVH group was significantly higher than that in the UCB
group (grade lI-IV acute GVHD at day 100: UCB group, 34%, 95%
Cl, 32-36%; RD/TAG-MM-GVH group, 50%, 95% Cl, 45-54%; Gray
test, P<0.001; grade -V acute GVHD at day 100: UCB: group,
11%, 95% Cl, 10-13%; RD/1AG-MM-GVH group, 21%, 95% C,
17-24%; Gray test, P<0.001; Figures 2a and b). The incidence of
chronic GVHD or extensive type of chronic GVHD in the RD/
TAG-MM-GVH group was also significantly higher than that in the
UCB group (chronic GVHD at 3 years: UCB group, 25%, 95% Cl,
23-27%; RD/TAG-MM-GVH group, 42%, 95% Cl, 38-47%; Gray test,
P<0.001; extensive chronic GVHD at 3 years: UCB group, 11%,
95% Cl, 10-13%; RD/1AG-MM-GVH group, 29%, 95% Cl, 25-34%;
Gray test, P<0.001; Figures 2c and d). A multivariate analysis
confirmed a higher risk of grade II-IV or grade lli-IV acute GHVD,
chronic or extensive chronic GVHD in the RD/1TAG-MM-GVH group
than in the UCB group (grade [I-IV acute GVHD; HR 1.64, 95% Cl,
1.43-1.90, grade llI-IV acute GVHD; HR 2.28, 95% Cl, 1.80-2.88,
chronic GVHD; HR 1.47, 95% Cl, 1.24-1.73, extensive chronic
GVHD; HR 2.35, 95% (I, 1.90-2.91, Supplementary Table 2).

(O

The 3-year unadjusted OS rates in the UCB and RD/1AG-MM-GVH
groups were 38% (36-41%) and 39% (34-43%), respectively
(P=0.115). The use of either UCB or RD/1AG-MM-GVH was not
associated with OS rates in the multivariate analysis (UCB vs RD/
1AG-MM-GVH, HR, 0.99, 95% Cl, 0.87-1.12, P=0.833) in all-risk
patients, or either standard-risk (P=0.588) or high-risk patients
(P=10.639; Table 2), after adjusting for the following significant risk
factors: age > 50 years, male recipient, acute myeloid leukemia vs
MDS, high-risk disease, GVHD prophylaxis using only calcineurin
inhibitor vs calcineurin inhibitor + methotrexate, and earlier year
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Table 2. Multivariate analysis of overall mortality
Variable Total Standard risk® High risk
HR (95% Cl) P value HR (95% Cl) ' P value HR (95% Cl) P value
(A)
ucB 1.00 reference 1.00 reference 1.00 reference
RD/1AG-MM-GVH 0.99(0.87-1.12) 0833 1.06 (0.86-1.31) 0.588 0.96 (0.81-1.13) 0.639
(B
‘UCB : 1.00 & reference 1.00 reference 1.00 reference
RD/HLA-A-MM-GVH 0.92.(0.72-1.18) 0.519 0.99 (0.66-1.48) 0.959 0.90 (0.64-1.26) 0.551
RD/HLA-B-MM-GVH 1.20 (1.01-1.44) 0.043 144 (1.05-1.96) 0.023 1.12 (0.89-1.41) -0.326
: RD/HLA-DR-MM-GVH 0.85 (0.70-1.02) .0.084 0.88 (0.66-1.19) 0.411 0.84 (0.65-1.08) 0.170
Abbreviations: AML, acute myeloid- leukemia;“ALL, acute Tymphoblastic leukemia; CI, confidence interval; CML, chronic myelogenous leukemia; CSA,
cyclosporine; HR, hazard ratio; MDS, myelodysplastic syndrome; MMF, mycophenolate mofetil; MTX, methotrexate; TAC, tacrolimus. *Other significant variables
in model A were; patient age, 16-49 (reference, 1.00), 50-(HR, 1.50,:95% Cl, 1.35-1.66, P <0.001); sex of recipient, female (reference, 1.00), male (HR,1.12; 95%
Cl, 1.02-1.24; P=0.023); diagnosis, AML (reference, 1.00),ALL (HR, 1.11, 95% Cl, 0.98-1.26, P = 0.112), CML (HR, 0.90, 95% Cl, 0.72~1 A3, P= 0.374), MDS (HR, 0.81,
95% Cl, 0.68-0.95, P =0.001); disease risk, standard: risk (reference, 1.00), high risk (HR, 2.24; 95% Cl, 2.00~2.50; P<0.001), status not known, (HR, 1.59; 95%
C1,:1.21-2.09; P=0.001); GVHD prophylaxis, CSA/TAC+ MTX (reference, 1.00),CSA/TAC only (HR, 1.23; 95% Cl, 1.09-1.39; P=0.001), CSA/TAC + steroid/MMF
(HR,1.02; 95% Cl, 0.86-1.21; P = 0.820), other/missing (HR, 1.21; 95% Cl, 0.82-1.78; P =0.342); year of transplantation, 1998-2004 (reference, 1.00), 2005-2009
(HR, 0.89; 95% Cl, 0.80-0.99; P=0.038). Other significant variables in model A were; patient age, 16-49: (reference; 1.00)," 50-(HR, 1.72, 95% Cl, 1.42-2.07,
P <0.001); GVHD prophylaxis, CSA/TAC + MTX (reference, 1.00), CSA/TAC only (HR, 1.43; 95% Cl, 1.14-1.78; P=0.002), CSA/TAC + steroid/MMF (HR, 1.00; 95% Ci,
0.73-1.37; P=0.995), other/missing (HR, 1.51; 95% Cl, 0.67-3.39; P = 0.319). “Other significant variables were; patient age, 16-49 (reference, 1.00), 50-(HR, 1.41,
95% Cl,'1.23~1.61, P<0.001); diagnosis, AML (reference, 100), ALL (HR, 1. 13 95% Cl, 0.95-1.34, P=0.183), CML (HR, 0.94, 95% Cl, 0.70~1.27, P=0.704), MDS
(HR, 0.73, 95% Cl, 060‘0 89, P==0.002).
a 404 patients who received transplantation from an, RD/1AG-MM-GVH
involving an HLA-B mismatch was significantly lower than that in
s 0.8 1 the UCB group (P = 0.043; Figure 3b and Table 2), and a subgroup
2= % ——UcB analysis revealed that the adverse effect of an HLA-B mismatch
5 % \, . === RD/1AG-MM-GVH was significant only. in standard-risk patients :(standard-risk,
g 3 P =0.023; high-risk, P= 0326 Table 2).
S =
-3
22 S Relapse and NRM
2 ° 0.2 T The 3-year relapse. rates in the UCB and:RD/1AG-MM-GVH groups
< were 35% (95%Cl, 33-37%) and 32% (95% Cl, 28-36%),
0.0 - respectively (Gray test; P=0.041; Figure 4a), and a significant
: T T T | decrease in the incidence of relapse was found in the RD/1AG-
0 2 4 6 8 MM-GVH group in the multivariate analysis (RD/1AG-MM-GVH vs
Years after transplantation UCB, HR, 0.78, 95%(l, 0.64-0.95, P=0.012; Table 3). The impact of
reducing the'incidence of relapse did not differ according to the
b 10 HLA mismatch antigen in the RD/TAG-MM-GVH group (Table 3
- | —— UCB and Figure 4b). The 3-year NRM rates in the UCB and RD/TAG-MM-
2 08 - == RD/HLA-A-MM-GVH GVH groups were.30% (95% Cl, 28-32%) and 32% (95% C|,
£T < RDIHLA-B-MM-GVH 28-36%), respectively - (Gray test; P=0474; Figure 4c¢), and a
§ s RD/HLA-DR-MM-GVH significant increase in-the NRM rate was observed in the RD/1AG-
° 3 ) MM-GVH group in the multivariate analysis (RD/1AG-MM-GVH vs
_g-=-,; UCB, HR, 1.24, 95% Cl, 1.04-1.47, P=0.016; Table 3). In particular,
g § the NRM rate of patients who received transplantation from an
30 RD/1AG-MM-GVH: with..an HLA-B mismatch was significantly
p higher than that in the UCB group (RD/1AG-MM-GVH vs UCB,
HR, 1.50, 95% Cl, 1.17-1.92, P =0.001; Figure 4d and Table 3).
0.0 , , . , The causes of death in patients who died without relapse are
0 2 4 6 8 shown in Supplementary Table:3. The rates of GVHD and organ
Years after transplantation failurein the RD/TAG-MM-GVH group were higher than those in
. . ) ) .. - the UCB group (GVHD, 18 vs 10%, organ failure, 28 vs 19%),
Figure 3. Overall survival. Overall survival rates in the transplantation =

using an unrelated cord blood vs a related donor with a 1-antigen
mismatch at the HLA-A, HLA-B or HLA-DR locus in the GVH direction
(@) or with an HLA-A, -B, or -DR antlgen m:smatch in the GVH .

direction (b) are shown.

of transplantation (1998-2004). Figure 3a shows the adjusted
survival curves of the two groups. Next, the HLA-A, HLA-B and
HLA-DR mismatched groups in transplantation from-an RD/1AG-
MM-GVH were compared with the UCB group. The OS rate of
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whereas_the rates of graft failure .and infection were lower in
the RD/TAG-MM-GVH group (graft failure, 1 vs 5%; infection,
26 vs 38%).

The impact of the use of in-vivo T-cell depletion in the
RD/TAG-MM-GVH group

Based on the fact that the leading causes of death in the RD/1AG-
MM-GVH:.group ‘were. GVHD: and organ:failure; we analyzed the
risk factors for the development of -acute: GVHD in this group.

©:2013 Macmillan Publishers Limited

50



a 10
.
©
g 0871 — uce
§ - == RDMAG-MM-GVH
5 & 0.6 1
= Q.
8
2% 04
5
=
£
3
Q
Years after transplantation

C 10
B
§ Z 0.8 1 — UCB
% g -=-<- RD/MAG-MM-GVH
5 E 0.6
£8
RS
> & 4 -
=
£2 021 /5'/'
o

0.0 1

[4 2 4 [ 8
Years after transpiantation

Figure 4.

Cumulative incidence of T

Cumulative incidence of Q.

Transplant using UCB vs HLA 1-AG mismatched RD
J Kanda et al

1.0
0.8 1 — UCB
==« RD/HLA-A-MM-GVH
2 0.6 v RDIHLA-B-MM-GVH
3 0.
3 - RD/HLA-DR-MM-GVH
£ 044
i
0.0 ;
0 2 4 6 8
Years after transplantation

1.0 1
> - UGB
= 0.8 ===~ RD/HLA-A-MM-GVH
‘g ~ RD/HLA-B-MM-GVH
£ 0.6 - RD/HLA-DR-MM-GVH
b
o
5
[
<
S
=

] 2 4 [ 8
Years after transplantation

Relapse and hbn-relapse'mortality‘ Cumulative incidence of relapse and non-relapse mortality after transplantation using an
unrelated cord blood vs a related donor with a 1-antigen mismatch at the HLA-A, HLA-B or HLA-DR locus in the GVH direction (a, ¢) or with

an HLA-A, -B, or -DR antigen mismatch in the GVH direction (b, d) are shown.

Table 3. Multivariate analysis of relapse and non-relapse mortality
Variable Relapse® Non-relapse mortaiity®
HR (95% Cl) P value HR (95% CI) P value
(A)
ucB 1.00 reference 1.00 reference
RD/1AG- MM GVH 0.78 (0.64-0.95) . 0.012 1.24 (1.04-1.47) 0.016
(B)
ucB 1.00 reference 1.00 reference
RD/HLA-A-MM-GVH 0.70 (0.49-1.00) 0.050 1.28 (0.93-1.76) 0.130
RD/HLA-B-MM-GVH 0.81 (0.62-1.07) 0.134 1.50 (1.17-1.92) 0.001
RD/HLA-DR-MM-GVH 0.80(0.61-1.04) 0.096 1.02 (0.78-1.32) 0.901

Abbreviations: AML, acute myeloid leukemia; ALL, acute lymphoblastic leukemia; CI, confidence interval; CML, chronic myelogenous leukemia; CSA,
cyclosporine; HR, hazard ratio; MDS, myelodysplastic syndrome; MMF, mycophenolate mofetil; MTX, methotrexate; TAC, tacrolimus. *Other significant variables
in model A were; diagnosié, AML (reference, 1.00), ALL (HR, 1.09, 95% Cl, 0.92-1.29, P=0.336), CML (HR,"1.39, 95% Cl, 1.05-1.82; P=0.019), MDS (HR, 0.59, 95%
Cl, 0.46-0.76, P <0.001); time from diagnosis to transplantation, <6 months (reference, 1.00), =6 months (HR, 0.80;.95% Cl, 0.70-0.92; P == 0.002); disease risk,
standard risk (reference, 1.00), high risk (HR, 2.81; 95% Cl, 2.41-3.27; P< 0.001), status not known, (HR, 2.17; 95% Cl, 1,45-3.23; P<0.001); conditioning intensity,
myeloablative (reference, 1.00), reduced intensity (HR, 1.22; 95% Cl, 1.04-1.44; P=0.014); GVHD prophylaxis, CSA/TAC -+ MTX (reference, 1.00), CSA/TAC only
(HR,:0.65;95% CI,; 0.53-0.78; P<0.001), CSA/TAC + steroid/MMF (HR, 0.75; 95% Cl, 0.59-0.96; P=0.024), other/missing (HR, 0.94; 95% Cl, 0.55-1.61; P = 0.825).
bOther significant variables in model A were; patient age, 16-49 (reference, 1.00), 50~(HR, 1.70, 95% Cl, 1.47-1.98, P<0.001); GVHD prophylaxis, CSA/
TAC + MTX (reference, :1.00),CSA/TAC only (HR, 1.70; 95%.Cl, 1.44-2.01; P<0.001), CSA/TAC -+ steroid/MMF .(HR, 1.18; 95% ‘Cl, 0.94-1.49; P =0.158), other/

missing (HR, 1.47; 95% Cl, 0.86-2.51; P=0.154);.year of transplantation, 1998-2004 (reference, 1.00), 2005-2009 (HR, 0.76; 95% Cl, 0.66-0.88; P<0.001).

In.multivariate analysis, two:factors were found to be significantly
associated with the risk of developing grade lI-IV acute GVHD: in
the RD/1AG-MM-GVH group: the use of in vivo T-cell depletion and
source of stem cells (use of in vivo T-cell depletion, yes vs no, HR
0.40, P=0.002, PB.vs BM, HR 1.61, P<0.001).

Because the use:of in vivo T-cell: depletion significantly Iowered
the -risk of acute GVHD, we .re-compared.the RD/1AG-MM-GVH
group andithe UCB:group while focusing on the use of in vivo
T-cell depletion in the RD/1AG-MM-GVH group. The incidence of
grade ll-IV ‘or grade. lll-IV acute  GVHD. or-chronic or extensive
chronic GVHD = in -the RD/TAG-MM-GVH' group using in vivo
T-cell depletion : was comparable to that 'in the UCB group

© 2013 Macmillan Publishers Limited
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(Supplementary Figure 1 and Supplementary Table 4), whereas
the incidences of neutrophil .and. platelet .engraftment  were
significantly higher in the RD/TAG-MM-GVH group using in vivo
T-cell depletion than in the UCB group (neutrophil engraftment,
HR, 552, 95% Cl, 3.36-9.05, P<0.001; platelet engraftment, HR
2.01, 95% Ci, 1.26-3.21, P<0.001).. Compared to the UCB group,
the RD/TAG-MM-GVH group with T-cell depletion showed lower
overall and NRM, albeit these differences were not significant,
which suggests that the use of in vivo T-cell depletion  may
improve the outcome of transplantation from:.an RD/1AG-MM-
GVH (Figure 5, Supplementary Table 5). It is interesting. to note
that the adverse impact of an HLA-B mismatch vs HLA-A or -DR
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Figure 5. OS (a), relapse (b) and NRM'(c) according to the use of

in vivo T-cell depletion in the RD/1AG-MM-GVH group.

mismatch in the RD/1AG-MM-GVH group' disappeared with the
use of in vivo T-cell depletion (with in vivo T-cell depletion; HLA-B
vs HLA-A/DR mismatch; HR 1.08, 95% Ci, 0.45-2.62, P=0.864,
without in vivo T-cell depletion; HLA-B vs HLA-A/DR mismatch; HR
1.59, 95% Cl, 1.25-2.01, P<0.001).

With regard to the effect of stem cell source, the incidence of
acute and chronic. GVHD in the RD/TAG-MM-GVH group using
BM was lower than that with PB but higher than that with UCB
(Supplementary Figure 2). The use of PB or BM did not affect OS,
relapse, or NRM (Supplementary Table 5).

DISCUSSION

In this nationwide retrospectwe study; we found that the survival
rate in the UCB group was comparable to thatin the RD/1AG-MM-
GVH group regardless of the disease risk.-The' RD/TAG-MM-GVH
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group with an HLA-B mismatch showed significantly higher overall
and NRM, whereas the RD/TAG-MM-GVH group with an HLA-A or
HLA-DR mismatch showed an OS comparable to that in the UCB
group. Neutrophil and platelet engraftment in the RD/TAG-MM-
GVH group were significantly faster than those in the UCB group,
whereas the incidence of acute or chronic GVHD in the RD/1AG-
MM-GVH group was significantly higher. However, the incidence
of acute or chronic GVHD in the RD/TAG-MM-GVH group with
in vivo T-cell depletion was comparable to that in the UCB group,
which translated into a better, but not significantly better, OS than
that in the UCB group.

In Japan, unrelated BM donor coordination (from donor search
to transplantation) takes a median of 4 months, whereas much
less time is required for UCB or RD/1AG-MM-GVH transplantation if
there is a candidate. This was reflected in the longer duration from
diagnosis to transplantation in-unrelated BM transplantation.>
In contrast, UCB and RD/1AG-MM-GVH transplantation show a
similar and shorter duration (Table 1 ;:7.9 months vs 7.6 months).
Therefore, in cases where both UCB-and RD/TAG-MM-GVH are
available, donors should be chosen based on their advantages
and disadvantages. Compared with UCB, the use of RD/TAG-MM-
GVH has a great advantage in neutrophil and platelet engraft-
ment, which is not inconsistent with a previous finding that
engraftment in the UCB group was significantly delayed compar-
ing with that in MUD.>? This translated into a lower rate of death
from graft failure or infection in the RD/1AG-MM-GVH group.
However, these advantages were offset by a substantial increase
in the incidence of acute and chronic GVHD in the RD/1AG-MM-
GVH group. The risk of grade lll-IV acute GVHD and extensive
chronic GVHD in the RD/1AG-MM-GVH group was twice that in the
UCB group. If UCB units . containing adequate. total nucleated cell
doses (ex. >2.5 x 107/kg) are available** the selection of UCB
would be appropriate to avoid the risk of chronic GVHD. In
contrast, RD/1AG-MM-GVH would be more appropriate when early
neutrophil engraftment should be prioritized, such as for a patient
with an active infectious disease at transplantation.

The high incidences of GVHD and GVHD-related death in the
RD/1AG-MM-GVH group indicate the need for stronger immuno-
suppression to improve ‘the clinical outcome. The use of T-cell
depletion, mostly by ATG, was significantly associated with a lower
incidence of grade llI-IV acute GVHD and extensive chronic GVHD
in the RD/TAG-MM-GVH group. Although this effect was not
statistically significant, the RD/TAG-MM-GVH group with in vivo
T-cell depletion showed lower overall and treatment-related
mortality, which would outweigh a possible increased risk of
relapse. These findings in our cohort suggest that ATG may be
effective, and the addition of ATG in the RD/1AG-MM-GVH group
should be assessed in a prospective study.

As shown in our previous study,” overall mortality in the
RD/1AG-MM-GVH group . involving an HLA-B mismatch was
significantly “higher than' that in the RD/1AG-MM-GVH group
with -an HLA-A -or' -DR mismatch, probably because of an
additional- HLA-C antigen - mismatch as ‘expected from linkage
disequilibrium between HLA-B and HLA-C and available data on
HLA-C antigen.?>** The incidence of grade Ili-IV acute GVHD in
the HLA-B mismatch group was higher than that in the HLA-DR
mismatch group, but. was- comparable to that in the HLA-A
mismatch : group. ‘In -addition, the incidence of .death from
GVHD. was: similar in-the HLA-B and HLA-A/DR mismatch groups
(data not.shown). Therefore, the reason for the:lower overall
morality in the RD/1AG-MM-GVH group with an HLA-B: mismatch
remains unclear. However, the adverse effect of an HLA-B
mismatch . disappeared when in vivo T-cell depletion was used,
which suggests that an: lmmunologlcal effect is involved in this
mechanism.

This study has several I|m|tatrons First, in..clinical practice in
Japan, matching of HLA-DR is counted at a-low resolution, as with
HLA-A and HLA-B, whereas it is counted at a high resolution in‘the

© 2013 Macmillan Publishers Limited



United States and Europe. To evaluate the impact of this
difference, we divided patients -in the UCB group with two
antigen mismatches into two groups by using available HLA-DRB1
allele information: a group with two antigen mismatches with one
additional HLA-DRBT1 allele mismatch (n = 609) and another group
with two antigen mismatches without an additional HLA-DRB1
mismatch (n = 295). We did not find a significant difference in OS
between these two groups (P=0.758), which suggests that HLA-
matching using HLA-DR antigen or allele information will not
affect OS in the present study. Second, the findings in the present
study are based on Asian cohort who received a ‘single’ UCB or
RD/1AG-MM-GVH transplantation. Lighter body weight in Asian
population than Caucasian population may make it easy to find a
suitable single UCB unit that contains adequate total nucleated
cell doses. In addition, as suggested by Oh et al,*® limited
heterogeneity of Japanese population may affect the outcomes of
transplantation. Therefore, the findings should be externally
validated in the non-Asian cohort or transplantation using
double UCB units. Third, information on the dose and type of
ATG was missing in two-third of the patients who received ATG.
However, the available data showed that the median dose
of thymoglobulin (2.5 mg/kg) or ATG-F (8 mg/kg) was equivalent
to the dose that is widely used in our daily practice. Lastly,
heterogeneous backgrounds may have resulted in a bias, although
we tried to adjust for possible confounders by multivariate analyses.
Lastly, the effect of multiple testing should be taken into account for
the interpretation of secondary end points.

In conclusion, our findings suggest that both UCB and RD/
1AG-MM-GVH are suitable as alternative donors for patients
without an HLA-matched sibling or unrelated donor. However, the
presence of an HLA-B-antigen mismatch in the GVH direction has
an adverse effect on OS because of treatment-related complica-
tions. Neutrophil and platelet engraftment in the RD/1AG-MM-
GVH group were significantly faster than those in the UCB group,
whereas the incidence of acute and chronic GVHD in the RD/1AG-
MM-GVH group was significantly higher, which translated into a
high incidence of death from GVHD. Donor selection between
UCB and RD/1AG-MM-GVH should be determined based on the
presence of an HLA-B mismatch in RD/TAG-MM-GVH and from the
risks and benefits derived from the risk of graft failure and
infection in the UCB group and acute or chronic GVHD in the
RD/1AG-MM-GVH group. Additional immune suppression using
in vivo T-cell depletion may improve the clinical outcome in the
RD/1AG-MM-GVH group by decreasing the incidences of GVHD
and NRM and may also overcome the adverse effect of an
HLA-B mismatch. This approach should be assessed in a
prospective study.
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ORIGINAL ARTICLE
Allogeneic hematopoietic stem cell transplantation for

intermediate cytogenetic risk AML in first CR

N imahashi’, R Suzukl ,T Fukuda?, K Kakihana®, H Kanamori®, T Eto®, T N\orl , N Kobayasht K lwato®, T Sakura10 K Ikegame
M Kurokawa'?, T Kondo', H hda14 H Sakamak| J Tanaka'®, K Kawa'®, Y Morishima'’, Y Atsuta? and K Miyamura’

'AI!ogenem hematoporetlc SCT (allo-HCT). from matched sibling donor (MSD) is recommended for younger pa’uents with
intermediate cytogenetic risk AML in first CR (CR1), whereas the role of alternative donor transplants in these patients is unknown.
We retrospectively analyzed 605 patients with intermediate-risk AML, who received myeloablative allo-HCT in CR1. The 4-year OS
for MSD {n = 290) and matched unrelated donor (MUD n= 141) was:65% and 68%: (P=0.50), respectively.-In multivariate analysis,
) MUD had a similar nsk of overall morta ity as MSD (hazard ratio = 0. 90; 95% confidence interval, 0.62-1.30; P =0.58), whereas older
_age, female donor/male recsplent (FDMR) combmatlon and requiring more than one course of |nductlon chemotherapy to achieve
~-CR1 were poor prognostic factors for OS. Thus, 0S after MUD. HCT with sex combinations other than FDMR was significantly higher.
- than that after MSD.HCT from fernale donors to rale recipients (4-year OS 72% versus 55%, P==0.04). These results suggest that ..
+HCT, not only from:MSD, but also from MUD, should be conisidered in younger patients with mtermednate risk AML in CR1,'and that
the donor—rec;plent sex combmatlon is more lmportant than the donor type in donor selectlon

Bone Marrow Transplantatlon (2013) 48, 56— 62 d0| 10. 1038/bmt 2012.84; publlshed onhne 18 June 2012

Keywords: AML; first CR; allogeneic hematopoietic SCT

INTRODUCTION . ; alternative post-remission therapies, on an.intent-to-treat donor
The current standard treatment strategy for young- patients:with versus no-donor basis showed significant disease-free survival and
AML. consists of induction chemotherapy and subsequent post- OS benefit with allo-HCT, not only from a matched sibling donor

remission therapy. The post-remission therapy includes intensive ~ (MSD), but ‘also from a matched “unrelated donor (MUD).>™"°
consolidation: chemotherapy and allogeneic hematopoietic SCT Accordingly, allo*HCT in CR] from MSD or MUD is recommended
(allo-HCT). Although the toxicity: of consolidation chemotherapy is for unfavorable risk AML2

relatively low; a substantial proportion of patients relapse, and the The indication for allo-HCT in CR1 depends on the available
risk of relapse depends on cytogenetic risk."? On the other hand, donor type in patients with intermediate cytogenetic risk AML. As
allo-HCT as a post-remission therapy is associated with the lowest meta-analyses of prospective studies showed that allo-HCT in CR1
relapse . rates. -However, : this . benefit  is limited: by the high from MSD offered significant disease-free survival and OS
nonrelapse mortality (NRM) and the donor type has a significant benefit>® allo-HCT in CR1 from MSD is recommended. In
impact on NRM.? The risk of. NRM associated with allo-HCT needs contrast, the indication for allo-HCT from alternative donors
to be balanced with the risk of relapse, and hence, the indication among these patients is unknown because higher NRM may
for allo-HCT among patients with AML in the first: CR (CRT) offset therapeutic benefits.® Although several studies reported

depends on the cytogenetic risk and available donor type.* comparable outcome after MUD or MSD transplantation,’®'3
Regarding those patients with favorable cytogenetic risk AML, these studies included only a small. number of patients with
who achieved CR1, the long-term disease-free survival after intermediate-risk AML inCR1,.and. information- regarding - the

intensive consolldauon chemotherapy ‘of approximately 60% is outcome of -allo-HCT from alternative donors in this group of
reported, and they d;d not benefit from allo-HCT in CR1.>™ Thus, patients is - limited.  Collectively, further investigation of the
these patients are not considered candidates for allo-HCT in' CR1.®  outcome of allo-HCT" from alternative donors in” patients with

As for patients with unfavorable cytogenetic risk AML in CR1, intermediate-risk AML in CR1 is warranted. In the present study,
previous prospectlve studies that assugned allo-HCT versus we  retrospectively analyzed the impact of donor type on
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transplant outcomes among patients with intermediate-risk AML
in CR1.

MATERIALS AND METHODS
Collection of data and data ‘source
The recipients’ clinical data were provided by the Japan Socnety for

Hematopoietic Cell Transplantation (JSHCT) and the Japan Marrow Donor

Program {JMDP). The registry data is managed using the Transplant
Registry Unified Management Program’ system.'* Both JSHCT and JMDP
collect recipients’ clinical data at 100 days after allo-HCT. The patient’s data
on survival, disease status and long-term complications;, including chronic
GVHD and second malignancies, are renewed annually by follow-up forms.
This study was approved by the data management committees of JSHCT.
Informed consent was provided according to-the Declaration of Helsinki.

Patients

Between January 1996 and December 2008, a total of 682 adult patlents
aged 16 to 70. years, with intermediate cytogenetic risk AML.in. CR1,
received first BM or PBSC transplantation with myeloablative conditioning
regimens. Excluding 66 patients without complete HLA data and 11

patients whose  follow-up ‘data were hot available, we analyzed 605

patients..Only BM grafts were ‘used 'in-unrelated HCT, because the PBSC
donation- from unrelated donors. was -not: permitted --in . Japan.. HLA
compatibility was determined by serological .typing for HLA-A, -B and
-DR in related donor (RD) HCT, and by high-resolution typing for HLA-A, -B,
-C and -DRB1 in unrelated donor HCT. A MSD was defined as a serologically
MSD, whereas other RDs were defined as RDs other than MSD."A- MUD was
defined as an eight/eight identical unrelated donor, whereas a mis-
matched unrelated donor (MMUD) was defined as an unrelated donor who
had at least one locus mismatch.

Definitions

Neutrophil recovery was defined by an ANC of at least 500 cells per mm?>
for three:consecutive points. Acute and chronic GVHD were diagnosed and
graded according to defined criteria.'>'® ‘Relapse was defined as. a
recurrence of . underlying hematological - malignant ; diseases. :NRM: was
defined as death during continuous remission. For OS, failure was death
due to any cause, and surviving patients were censored at the last follow-
up. The date of transplantation was the starting time point for calculating
all outcomes. Cytogenetic risk-group assignment was done according to
the Southwest Oncology Group/Eastern Cooperatlve Oncology Group
classification.?

Statistical analys:s

The two-sided y*-test was used for categoncal variables, and the two-sided
Wilcoxon rank sum test was used for continuous variables. OS was
calculated using the Kaplan-Meier method. The log-rank test was used for
group ' comparisons.” Cumulative incidence “curves were used in a
competing-risks 'setting to calculate the probability of acute and chronic
GVHD; relapse and NRM."7 For GVHD, death without GVHD and relapse
were the competing: events; for relapse, death without relapse was-the
competing event; and for.NRM; relapse was the competing: event. Gray’'s
test was used.for group comparison: of cumulative incidence.’® The Cox
proportional hazards regression. model was used to test the statistical
significance of several potential prognostic factors: for. relapse, NAM and
0S. Variables with a significance level less than 0.1 in univariate analysis
were entered into multivariable models and sequentially eliminated in'a
stepwise backward fashion. Each step of model building contained the
main effect of donor type. Factors with a significance level less than 0.05
were kept in the final model. The-median value was used as a cut-off.point
for year of transplant. For WBC counts at diagnosis, 50 x 10%/L was used as
a cut-off point according to the previous report.'® All P-values were two-

Allo-HCT for intermediate-risk- AML in CR1
N Imahashi et al

HCT, 141 had MUD HCT and 121 had MMUD HCT. Of 53 patients
with other RD, HLA was matched in 14 and mismatched in 39
patients. Of 121 patients with MMUD, 69 were one locus
mismatched and 52 were two or more loci‘mismatched. The
median age of patients was 37 (range, 16-59) years, and median
time from’ diagnosis toHCT was 743 (range, 0.43-54.3) months.
The median follow-up period of survivors was 4.2 (range, 0.1-13)
years. .The ~ proportions - of - male ' patients, normal - karyotype,
conditioning regimens, including TBI, and BMT were significantly
higher, whereas those of M1/M2/M3/M4/M5 FAB classification and
CYA-based GVHD prophylaxns weré significantly lower in the
unrelated HCT than in the related HCT. The time from diagnosis to
HCT was longer in the unrelated HCT compared with related HCT.
Other characteristics were not_significantly dn‘ferent between
related and unrelated HCT.

Acute and chronic GVHD

The unadjusted cumulative incidences of grade 1I-IV acute GVHD
for the MSD and MUD HCT were 26% and 25% at 100 days

“(P=0.89), respectively, and those of grade llI-IV acute GVHD were

10% and 7% at-100 days (P =0.46), respectively (Table 2). The
unadjusted cumulative-incidences -of chronic GVHD for the:MSD

‘and. MUD HCT- were' 45% - and  44% -at 2 years: (P=0.98),

respectively, and-those .of -extensive -chronic -GVHD.: were 28%

and 23% at 2 years (P=0.37), respectively (Table 2).

sided, -and P-values of less than 0.05 were considered  statistically -

significant.

RESULTS
Patient characteristics

Characteristics of the patients are summarized in Table 1. Among
the 605 patients analyzed, 290 had MSD HCT, 53 had other RD

© 2013 Macmillan Publishers Limited
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Survival

OS rates for the MSD and MUD HCT wete 65% and 68% at 4 years,
respectively (P = 0.50; Table 2, Figure 1a). Univariate analysis of risk
factors for overall mortality showed that the following factors
were significant at the 0.1 level: patient age >40 years, female
donor/male recipient (FDMR) combination, and requiring more
than one course of induction chemotherapy to“achieve CR1
(Table 3). In multivariate analysis, MUD was'not-a significant factor
for overall mortality -(hazard ‘ratio: (HR) = 0:90; 95% -confidence
interval (Cl), 0.62~130; P=0.58). Significant factors for- overall
mortality -were - patient :age >40 years..(HR=1.55;: 95% Cl,
1.17-2.06;  P<0.01);~FDMR - .combination (HR=1.42; 95% I,
1.03-1.95; P=0.03): 'and: requiring - more -than. one course of
induction chemotherapy to ‘achieve CR1 (HR=1.81; 95% Cl,
1.36-241;  P<0.01) (Table +4). As the 'donor-recipient. sex
combination, but:not donor: type, was a significant:factor for
overall mortality, OS after MUD HCT with sex combinations other
than FDMR was significantly higher than that after MSD HCT from
female donors to male: recipients (4-year 0OS 72% versus 55%,
P =0.04) (Figure 1b).

Nonrelapse mortality

The cumulative incidences of NRM for the MSD and MUD HCT
were 17% and 19% at 4 years, respectively (P= 052) (Table 2,
Figure 2a). Univariate analys:s of risk factors for' NRM showed that
the following factors were significant at the 0.1 level patlent age
>40 years, FDMR combination and MMUD (Table 3). In_multi-
variate analysis, MUD HCT was not a significant factor for NRM
compared with MSD HCT (HR=1.26; 95% Cl, 0.77-2.06; P=0.35;
Table 4). Significant factors for higher NRM were patient'age >40
years (HR=1.71; 95% Cl, 1.17-2.50; P</0.01), FDMR combination
(HR=1.68; 95% Cl, 1.12-2.52; P=0.01) and MMUD (HR=1.83;
95% 1, 1.16-2.86; P<0.01).

Relapse

The cumulative incidences of relapse for the MSD and MUD HCT
were 24% and 19% at 4 years, respectively (P= 0.25; Table 2,
Figure 2b). Univariate analysis of risk factors.for. relapse showed
that the following factors were significant at the. 0.1 level: longer
interval: between diagnosis and transplantation, peripheral blood
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Table 1. Patient characteristics

Characteristics MSD Other RD MUD MMUD P-values®
No. of patients 290 53 141 121
Median patient age at HCT, years 39 36 35 37 0.09
Range 16-58 17-58 16-59 16-59
Patient sex, n (%) 0.02
Male 155 (53) 24 (45) 86 (61) 75 (62)
Female 135 (47) 29 (55) 55 (39 46 (38)
Sex matching, n (%) 0.61
Others ) 202 (77) 45 (87) 112 (79) 98 (81)
Female to male 61 (23) 7 (13) 29 (21) 23 (19)
Not available 27 1 0 0
FAB classification, n (%) <0.01
M1-M5 227 (82) 9 (80) 90 (70) 83 (74)
Mo, M6, M7 51(18) 10 (20) 39 (30) 29 (26)
Others, not available 12 4 12 9
Prior myelodysplastic syndrome, n (%) 0.52
No 279 (97) 49 (92) 134 (98) 116 (96)
Yes 10 (3) 4(8) 3(2) 5(4)
Not available 1 0 4 ]
Cytogenetics, n (%) 0.03
Normal 272 (94) 49 (92) 138 (98) 117 (97)
+8, +6, -Y, del(12p) 18 (6) 4(8) 3(2) 4 (3)
Conditioning regimen <0.01°
CY +TBI 94 (32) 25 (47) 65 (46) 64 (53)
CY +CA+TBI 40 (14) 3 (6) 18 (13) 10 (8)
CY+BU -+ TBI 12 (4) 1(2) 13 (9) 5 (4)
Other TBI regimen 36 (12) 8 (15) 12.(9) 16 (13)
BU+CY 102 (35) 12 (23) 31 (22) 17 (14)
Other non-TBI regimen 6 (2) 4(8) 2{1 A7)
GVHD prophylaxis, n (%) <0.01°¢
CsA-based 268 (94) 29 (55) 55 (39) 40 (34)
FK-based 9(3) 21 (40) 79 (56) 69 (59)
Others® 9 (3) 3(6) 7 (5) 8 (9)
Not available 4 0 0 4
Time from diagnosis to HCT®
Median 5.79 7.60 8.62 10.2 <0.01
Range 0.43-47.6 2.83-276 2.50-54.3 3.49-27.7
<6 months 153 (54) 17 (33) 20 (14) 10 (8) <0.01
6 to < 9 months 97 (34) 21 (41) 53 (38) 35 (29)
9 months or longer 34 (12) 13 (25) 68 (48) 75 (63)
Not available 6 2 0 1
Year of transplant, n (%) 0.76
1996-2003 156 (54) 23 (43) 74 (52) 66 (55)
2004-2008 134 (46) 30 (57) 67 (48) 55 (45)
Stem cell source, n (%) <0.01
BM 175 (60) 33 (62) 141 (100) 121 (100)
Peripheral blood 115 (40) 20 (38) 0(0) 0(0)
WBC counts at diagnosis, x 10°/L
<50 196 (71) 36 (75) 108 (79) 82 (75) 0.14
=50 79 (29) 12 (25) 29 (21) 27 (25)
Not available 15 5 4 12
No. of induction courses to achieve CR, n (%) 0.43
1 187 (68) 31 (62) 88 (67) 68 (60)
=2 88 (32) 19 (38) 43 (33) 45 (40)
Not available 15 3 10 8

months for the whole group.

Abbreviations: CA =cytarabine; FK=tacrolimus; HCT=hematopoietic SCT; MMUD = mismatched unrelated donor; MSD=matched sibling donor;
MUD = matched unrelated donor; RD = related donor. *P-value between related and unrelated donors. ®P-value between TBI regimen and non-TBI regimen.
“p-value between CsA-based prophylaxis and FK-based prophylaxis. “Others include T-cell depletion. *The median time from diagnosis to transplant was 7.43
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Table 2. Clinical outcomes
MSD Other RD MUD MMUD
% (95% Cl) % (95% Cl) P-values® % (95% Cl) P-values® % (95% Cl) P-values®

Acute GVHD, grades [I-1V at 100 days 26 (21-31) 38 (25-51) 0.04 25 (18-32) 0.89 51 (42-59)" - <0.01
Acute GVHD, grades lli-IV at 100 days “10 (6-13) 15 (7-26) 0.19 7 (4-12) 046 4 (9-21) 0.16
Chronic GVHD at 2 years 45 (39-51) 48 (33-62) 0.75 44 (35-53) 0.98 1(32-51) 0.55
Extensive chronic GVHD at 2 years 28 (23-34) 31 (18-44) 0.73 23 (16-31) 0.37 23 (15-31) 0.25
OS at 4 years 65.(59-71) 53 (37-68) 0.26 68 (59-76) 0.50 61 (51-70) 0.25
Nonrelapse mortality at 4 years 17 (12-22) 18 (9-30) 0.73 19 (13-27) 0.52 25 (18-34) <0.01
Relapse at 4 years 24 (19-29) 29 (17-42) 0.45 19 (13-27) 0.25 12 (7-19) 0.02

Abbreviations: Cl = confidence interval; MSD = matched sibling donor; RD =
donor. ®P-values for comparison with MSD.

related donor; MUD = matched unrelated donor; MMUD = mismatched unrelated

a 1004
0.80 -
H
'S 0.60 4
5
0 —r —
= — e ——
S 040 4
>
o]
0.20 | — Matched sibling donors
R Other related donors
— — Matched unrelated donors
— - — Missmatched unrelated donors
OOO L T T T T T T
0 2 4 6 8 10 12
Years
b 100
0.80 +
"6 """" i
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12}
:“; .............
5 0.40
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0.20 4 — MSD, not female donor/male recipient
------ MUD, not female donor/male recipient
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0 2 4 6 8 10 12
Years
Figure 1. OS. (a) Comparison of MSD, other RD, MUD and MMUD

transplantation. (b) Comparison according to. the donor-recipient
sex combination and donor type among patients with MSD and
MUD.

as stem cell source, WBC counts at diagnosis 50 x 10%/L,
requiring more than one course of induction chemotherapy to
achieve CR1, and MMUD (Table 3). In multivariate analysis, MUD
HCT was not a significant factor for relapse compared with MSD
HCT (HR=0.98; 95% Cl, 0.58-1.64; P=0.93; Table 4). Significant
factors for relapse were WBC counts at diagnosis =50 x T0°/L
(HR=1.77; 95% Cl, 1.20-2.63; P<0.01) and requiring more than
one course.of induction chemotherapy to achieve CR1 (HR =2.24;
95% Cl, 1.54-3.27; P<0.01), and 9 months or longer interval
between diagnosis and transplantation (HR=0.56; 95% (|,
0.32-0.98; P=10.04).

© 2013 Macmillan Publishers Limited

DISCUSSION

We retrospectively analyzed the impact of dor\or type on
transplant outcomes among patients with intermediate-risk AML
in CR1. We observed comparable survival after MSD or MUD HCT,
but the donor-recipient sex combination had a significant impact
on transplant outcomes. The prognosis of older patients was
poorer than that of younger patients because of higher NRM.
These findings have important implications for the treatment of
intermediate-risk AML in CR1.

The prognosis of younger patients with intermediate-risk AML
could be improved by performing allo-HCT in CR1 when MSD is
available.>® On the other hand, it is unknown whether these
patients - without MSD may benefit from alternative donor
transplantation, because higher NRM associated with alternative
donor transplantation may offset therapeutic benefits.’ In our
study, NRM for a MUD HCT was 19% at 4 years, which was similar
to that for-a MSD HCT and appeared acceptable. The comparable
outcomes after a MSD or a MUD HCT observed in our study
suggest that HCT, not only from MSD, but also from MUD, should
be considered in younger patients with intermediate-risk AML in
CR1.

The FDMR combination had a crucial negative impact on
transplant outcome in the present study, whereas it'had no or a
modest effect on transplant outcome in other studies.'**' We
suggest two possible explanations for this discrepancy. First, it has
been reported that the negative effect of the FDMR combination
on survival was more pronounced in the standard-risk disease
group:than-in the high-risk disease group, because the negative
impact of the FDMR combination on NRM:was stronger in the
former than in the latter group, whereas the GVL effect associated
with the FDMR combmatnon becomes less important in the
standard-risk disease group.?™? In the current study, subjects
were restricted to patients with intermediate-risk AML in CR1. This
may have resulted in a pronounced impact of the FDMR
combination on transplant outcome in the current study.
Second; as the impact of the FDMR combination on NRM is
reported to be at least partially independent from that.of GVHD on
NRM,?" and Japanese patients have lower incidence of GVHD,?
the impact of sex combination on transplant outcome ‘may- be
more evident in the Japanese than in the western populations.??
The results of the present study suggest that the donor-recipient
sex combination is a more important factor than the donor type in
donor selection, in a certain subgroup of patients. As this may alter
the current: strategies in donor selectxon verification in future
studies is warranted.

Regarding older patients with intermediate-risk- AML, a recent
retrospective study showed that patients who underwent allo-HCT
in CR1 had better survival than those who were treated with

_ conventional chemotherapy alone, because the latter. patients

o8

were associated with high relapse rates.* On the .other hand,
previous prospective studies, including patients with AML of all
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Table 3. Univariate analysis of OS, nonrelapse mortality and relapse

Variables N oS NRM Relapse
HR (95% Cl) P-values HR (95% CI) P-values HR (95% Cl) P-values

Patient age

20-39 290 1.00 1.00 1.00

<20 45 0.83 (0.47-1.46) 0.52 0.67 (0.29-1.57) 0.36 1.05 (0.53-2.06) 0.89

=40 270 147 (1.11-1.95) <0.01 1.65 (1.14-2.41) <0.01 3 (0.78-1.65) 0.52
Sex matching

Others 457 1.00 1.00 1.00

Female to male 120 1.39 (1.01-1.91) 0.04 1.68 (1.12-2.53) 0.01 0.80 (0.49-1.31) 0.38
FAB classification

M1-M5 439 1.00 1.00 1.00

MO, M6, M7 129 0.89 (0.63-1.25) 0.51 1.01 (0.65-1.56) 0.97 0.87 (0.56-1.37) 0.55
Prior MDS

No 578 1.00 1.00 1.00

Yes 22 0.67 (0.28-1.64) 0.39 0.46 (0.11-1.86) 0.28 0.70 (0.22-2.19) 0.54
Cytogenetics

Normal 576 1.00 1.00 1.00

-+8, +6, -Y, del{(12p) 29 0.72 (0.35-1.46) 0.36 1.11 (0.52-2.38) 0.80 0.31 (0.08-1.25) 0.10
8/ :

Yes - 422 1.00 : 1.00 : : 1.00

No 183 1.06 (0.80-1.42) 0.68 1.01 (0.69-1.50) 0.94 1.01 (0.68-1.49) 0.97
GVHD prophylaxis

CsA-based 392 1.00 1.00 1.00

FK-based 178 1.13 (0.84-1.53) 0.42 1.14 (0.77-1.71) 0.51 1.10 (0.73-1.64) 0.65

Others .. 27 . 1.19(0.63-2.27) 0.59 1.06 (0.43-2.63) 0.89 1.48 (0.68-3.20) 0.32
Time from diagnosis to HCT ‘

< 6 months 200 ' 1.00 1.00 “1.00

6 to <9 months 206 70.86 (0.62-1.20) 0.37 0.92 (0.58-1.48) 0.74 0.77 (0.51-1.17) 0.23

9 months or longer 190 0.88 (0.63~1.22) 045 1.26 (0.81-1.96) 0.31 0.48 (0.29-0.77) <0.01
Year of transplant .

2004-2008 . 286 1.00 ; 1.00 1.00

1996-2003 - 319 ..0.91 (0.69-1.21) 0.53 1.08 (0.73-1.59) 0.69 0.83 (0.57-1.19) 0.31
Stem cell source

BM ; 470 1.00 1.00 1.00

Peripheral blood ) 135 " 1.08 (0.78-1.49) 0.64 0.76 (0.47-1.23) 0.27 1.64 (1.11-2.42) 0.01
WBC counts at diagnosis ’ ‘ .

<50 x 10°/L : ; 422 1.00 1.00 1.00

>50% 10°/L: 147 1.15 (0.84-1.57)" 0.38 0.77 (0.49-1.24) 0.28 1.86 (1.27-2.74) <0.01
No.. of induction courses k k

1 } 374 1.00 o 1.00 1.00

=2 - 195 1.76 (1.32-2.33) <0.01 1.36 (0.92-2.01) 0.12 2.25 (1.55-3.26) <0.01
Donor

MSD o © 290 1.00 1.00 1.00

Other RD o 53 1.34 (0.84-2.15) 0.23 1.17 {0.58-2.39) 0.66 1.31 (0.73-2.33) 0.36

MUD 141 0.88 (0.61-1.26) - 0.49 1.12 (0.69-1.79) 0.65 0.77 (0.48-1.23) 0.28
- MMUD ; : 121 1.21:(0.86-1.71) . 0.27 1.73 (1.11-2.67) 0.02 0.56 (0.32-0.99) 0.046

Abbrevratrons Cl—conﬁdence interval; FK..tacrohmus HCT = hematopmetxc SCT; HR=hazard ratio; MDS = myelodysplastic syndrome; MSD = matched
5|blmg dorior; MMUD = mxsmatched unrelated donor; MUD = matched unrelated donor; NRM = nonrelapse mortality; RD = related donor.

cytogenetic risk groups, showed that the beneficial effect of allo-
HCT-in CR1'on OS was absent in patients older than 35-40 years,
because-the benefits:of the reduced relapse rate were offset by a
higherNRM:®?* In: accordance with these prospective: studies,
older patients had higher NRM and overall mortality than younger
patients in the'current study. Our study revealed that a substantial
number of older patients received allo-HCT in CR1, but the results
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of our study and others indicate that prospective studies to
evaluate the efficacy of allo-HCT in CR1 for older patients with
intermediate-risk AML:are necessary before it becomes a general
practice.

. The proportion of patients. who. received TBI regimens tended
to be lower in the:older patients than .in the younger patients in
the current study (data not shown), perhaps.in ‘an attempt to
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Table 4. Significant factors in multivariate analysis for OS, nonrelapse mortality and relapse
Variables N oS NRM Relapse
HR (95% Cl) P-values HR (95% Cl) -P-values HR (95% Cl) P-values
Patient age
20-39 290 1.00 1.00 — —
<40 45 ~.0.85 (0.48-1.50) 0.58 0.67 (0.28-1.57) 0.35 — —
=40 270 1.55 {1.17-2.06) <0.01 1.71 (1.17-2.50) <0.01 — —
Sex matching
Others 457 1.00 1.00 e —
Female to male 120 1.42 (1.03-1.95) 0.03 1.68 (1.12-2.52) 0.01 —_ —
WBC counts at diagnosis
<50 x 10%/L 422 — — - — 1.00 )
=50 x 109/L 147 — — — —_— 1.77 (1.20-2.63) <0.01
No. of induction courses
1 374 1.00 — — — 1.00 :
=2 195 1.81 (1.36-2.41) <0.01 — — 2.24 (1.54-3.27) <0.01
Time from diagnosis to HCT
<6 months 200 — — — — 1.00 ‘
6 to <9 months 206 — — — — 0.85 (0.55-1.31) 0.45
9 months or longer 190 — — — — 0.56 (0.32-0.98) 0.04
Donor
MSD 290 1.00 1.00 1.00
Other RD 53 1.35 (0.84-2.18) 0.21 1.31 (0.64-2.68) 0.47 1.44 (0.80-2.61) 0.22
MUD 141 0.90 (0.62-1.30) 0.58 1.26 (0.77-2.06) 035 0.98 (0.58-1.64) 0.93
MMUD 121 1.17 (0.83-1.67) 0.37 1.83 (1.16-2.86) <0.01 0.71 (0.38-1.32) 0.28
Abbreviations: Cl.= confidence interval; HCT = hematopoietic SCT; HR = hazard ratio; MMUD = mismatched unrelated donor; MSD = matched sibling donor;
MUD = matched unrelated donor; NRM = nonrelapse mortality; RD = related donor.
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reduce toxicity. However, there was no significant difference in
NRM between TBI'and non-TBI regimens among older patients
(data not shown). Recently, reduced toxicity myeloablative regi-
mens, such as the combination of fludarabine with myeloablative
doses of BU, were, developed with an aim to decrease toxicity
without compromising -antileukemic effects.?® These regimens
might be beneficial for older patients, especially for those with
standard-risk disease.”” The optimal conditioning regimens for
older patients need to be determined in the future studies.

OS after other RD'and MMUD HCT did not differ significantly
from that after MSD HCT in the current study, but these results
need to be interpreted with caution. First, the small number of
patients with other RD. limited the power to detect significant
differences in survival between MSD and other RD HCT. Second,
other RD and MMUD included donors with various degrees of HLA
incompatibilities. ‘Thus, it is difficult to draw firm conclusions
regarding the role-of other RD and MMUD HCT from this study.
Nonetheless, considering that other RD and MMUD HCT yielded a
4-year OS of 53% and 61%, respectively, allo-HCT from these
donors might be an option for patients with unfavorable features.
For example, as patients who required more than one course of
induction therapy to achieve CR1 have poor outcomes with
conventional chemotherapy,® they might benefit from allo-HCT
from other RD or MMUD, when MSD and MUD are not available.
~ Our study has several limitations. First, this is a non-randomized,
retrospective observational study using registry data, which would
allow for the introduction of bias. To minimize bias, we conducted
multivariate analyses to adjust for baseline differences. However,
some factors which might have influenced transplant outcomes
(such as performance score and extramedullary disease) could not
be included in the Cox proportional hazards regression model due
to a high frequency of missing:values. Second, a time-censoring
effect might have influenced the results.?® Patients who undergo
transplantation late after achievement of CR may be at-a lower risk
of relapse, by.virtue of -having remained in remission a time:long
enough for a transplantation to be performed.?® This effect might
have favorably affected the: outcome of  unrelated donor HCT.
However, there was no significant difference in. OS between MSD
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and MUD HCT, even when the time from diagnosis to
transplantation was included in the final model of multivariate
analyses {(data not shown). Third, although the role of allo-HCT
according to genetic mutations, such as FLT3-ITD, NPM1 and
CEBPA, is now being explored,®”® the information about these
mutations was not available and this was beyond the scope of the
present study. However, the results of our study do support
the inclusion of not only MSD HCT, but also MUD HCT, in the
prospective studies, which evaluate the role of allo-HCT according
to these genetic mutations. )

In conclusion, the results of our study suggest that HCT, not
only from MSD, but also from MUD ,should be considered in
younger patients with intermediate-risk AML in CR1, and that
the donor-recipient sex combination is more important than the
donor type in donor selection. Prospective studies to evaluate
the role of allo-HCT in CR1 for older patients are warranted.
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