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Figure 1. Skin biopsy specimens, infiltrating cells, and overall survival. Immunochistochemical analysis of representative skin biopsy specimen (A}, the cell count
distribution of CD8*, CD163*, and CD1a* cells (B), and the impact of MM on OS (C-D). (A) Tissue sections of skin biopsy were stained with hematoxylin and eosin (ai,bi,ci), or
antibodies to CD8* (aii, bil, cii), or CD163* (aiii, bii, clii} as detailed in “Methods.” Shown are representative specimens of an MT/FM patient (ak-iii), a MT/MM patient (bi-iif), and
an FT/MM patient (ci-iii). Original magnifications X200. (B) Distribution of infiltrating cell counts (Bi, CD8*; Bii, CD163; and Biii, CD1a). (C) OS according to CD163* cell counts
(= 200 [FM] vs > 200 [MM]) in all patients. OS of patients with MM was significantly lower than that of those with FM (FM: 66.2% = 10.6% at 1 year and 58.3% + 11.4% at
3 years, MM: 37.8% = 21.0% at 1 year and 37.8% * 21.0% at 3 years, respectively; P = .005). (D) OS according to CD163* cell counts (=< 200 vs > 200) in 46 patients
undergoing steroid treatments. OS of patients with MM was significantly lower than that of those with FM (FM: 57.7% + 17.1% at 1 year and 50.7% =+ 17.4% at 3 years; MM:
18.2% * 22.7% at 1 yearand 18.2% = 22.7% at 3 years, respectively; P = .002}.

the fact that skin biopsies can be performed safely without any critical macrophage-targeted therapies'®2? could provide a clue to refrac-
complications, our results support the importance of conducting skin  tory GVHD.

biopsies of posttransplantation skin lesions. In cases where macrophage- In conclusion, macrophage infiltration of skin lesions after
dominant infiltration is observed in a skin biopsy specimen, allo-SCT was shown to be a significant predictive factor for
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Table 3. Analyses of risk factors for OS in all 104 patients

BLOOD, 1 OCTOBER 2009 - VOLUME 114, NUMBER 14

Univariate Multivariate

Parameter Hazard ratio (95% Ct) P Hazard ratio (95% Cl) P
Older than 50y 227 (123420) 009 .. ‘ =
High disease risk 1.87 {1.03-3.40) .04 1.92 (1.06-3.50) .03
Graft PB (vs BM) 2.04(0.91-461) o0 - . =
Unrelated donor 0.71 (0.40-1.29) 26 —_ —
HLA mismatch 113 (9.61-2.10) - 70 - . ' = ; e
Conventional regimens 0.74 (0.394 .39) .35 — —
Skin stage 3 or 4 at biopsy 111(0572.15) 76 .- =~ ==~ ==~~~ = _ _ _ o
MT (> 100 CD8* cells) 1.10 (0.59-2.08) 76 —_ —
MM (& 200 €D163* cells) 238 (1.27-449) - 006 245 (1.30-4.61) 1006

- indicates not applicable.
refractory GVHD, as well as being a negative prognostic factor
for OS. Our results indicate the importance of skin biopsies after Authorship

allo-SCT and suggest the possibility of developing infiltrating
cell-based strategies.
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Hematopoietic stem cell transplantation for core binding factor acute myeloid
leukemia: t(8;21) and inv(16) represent different clinical outcomes

Yachiyo Kuwatsuka,! Koichi Miyamura, Ritsuro Suzuki,? Masaharu Kasai,® Atsuo Maruta,* Hiroyasu Ogawa,®
Ryuji Tanosaki,® Satoshi Takahashi,” Kyuhei Koda,? Kazuhiro Yago,? Yoshiko Atsuta,? Takashi Yoshida, 0
Hisashi Sakamaki,'" and Yoshihisa Kodera'

Department of Hematology, Japanese Red Cross Nagoya First Hospital, Nagoya; 2Department of HSCT Data Management, Nagoya University School

of Medicine, Nagoya; 3Department of Hematology, Sapporo Hokuyu Hospital, Sapporo; “Department of Hematology, Kanagawa Cancer Center, Yokohama;
sDepartment of Molecular Medicine, Osaka University Graduate Schoot of Medicine, Osaka; 8Stem Cell Transplantation Unit, National Cancer Center Hospital,
Tokyo; "Department of Hematology, Institute of Medical Science, The University of Tokyo, Tokyo; 8Department of Hematology, Asahikawa Red Cross Hospital,
Asahikawa; Department of Hematology, Shizuoka General Hospital, Shizuoka; 1®Hematology Department, Toyama Prefectural Hospital, Toyama;

and 'Department of Hematology, Tokyo Metropolitan Komagome Hospital, Tokyo, Japan

We analyzed 338 adult patients with acute
myeloid leukemia (AML) with t(8;21) and
inv(16) undergoing stem cell transplanta-
tion (SCT) who were registered in the
Japan Soclety for Hematopoietic Cell
Transplantation database. At 3 years,
overall survival (OS) of patients with
t(8;21) and inv(16) was 50% and 72%,
respectively (P = .002). Aithough no differ-
ence was observed when restricted to
allogeneic SCT in first complete remis-

sion (CR; 84% and 74%), OS of patients
with t(8;21) and inv(16) undergoing alloge-
neic SCT in second or third CR (45% and
86% at 3 years; P = .008) was different.
0S was not different between patients in
first CR who received allogeneic SCT and
those who received autologous SCT for
both $(8;21) AML (84% vs 77%; P = .49)
and inv(16) AML (74% vs 59%; P = .86).
Patients with inv(16) not in CR did better
after allogeneic SCT than those with

t(8;21) (70% and 18%; P = .03). Patients
with t(8;21) and inv(16) should be man-
aged differently as to the application of SCT.
SCT in first CR is not necessarily recom-
mended for inv(16). For t(8;21) patients in
first CR, a prospective trial is needed to
clarify the significance of autologous SCT
and allogeneic SCT over chemotherapy.
(Blood. 2009;113:2096-2103)

Introduction

Core binding factor (CBF) acute myeloid leukemia (AML) includ-
ing t(8;21)(q22;q22) and inv(16)(p13q22)/t(16;16)(p13;q22)
[t(8;21) and inv(16)] is considered to be a favorable cytogenetic
subgroup in clinical studies.'* Patients with t(8;21) and inv(16)
have shown a markedly improved outcome with repetitive use of
high-dose cytarabine.”'3 However, the major treatment failure is
disease recurrence. ¥ These patients frequently become stem cell
transplantation (SCT) candidates.

Both t(8;21) and inv(16) AMLs are associated with disruption of
genes encoding subunits of the CBE, a heterodimeric transcriptional
factor involved in the regulation of hematopoiesis.'”!® Although these
2 different cytogenetics also share common clinical characteristics, they
are associated with different clinical features such as morphologic
presentation and immunophenotypic marker expression.!?

Several reports demonstrated inferior outcome of «(8;21) com-
pared with inv(16), but the number of patients who underwent
transplantation was limited."-"20 A recent study from the Dana-
Farber Cancer Institute reported that both patients with ¢(8;21) and
inv(16) de novo AML who underwent allogeneic transplantation
performed favorably compared with other karyotypes.?! To identify
the survival data and prognostic factors among the CBF leukemia
population who received SCT, we conducted a retrospective
analysis using a Japanese multi-institution database with a large
number of patients.

Methods

Study population

A total of 2802 adult patients who underwent autologous or allogeneic SCT
from 1996 and 2004 for AML were registered in the Japan Society for
Hematopoietic Cell Transplantation (JSHCT) database. Patients who under-
went SCT from unrelated donors were registered in the different registry in
the study period, but not all of the patients undergoing unrelated SCT were
registered in the JSHCT database. Demographic, diagnostic, clinical,
cytogenetics, induction, and outcome information were collected for each
patient, and were sent to a central registration center. Cytogenetic studies
were performed in each center, but a central review of cytogenetic analysis
was not performed.

Patients with de novo AML aged 16 to 70 years who received
hematopoietic SCT as the first transplant were included in the study. No
patients with prior history of autologous or allogeneic SCT were included in
the study. Of the remaining 2164 patients, 178 patients with t(15;17) or
PML/RARa were excluded from the analysis below (Table 1). Finally, of
the 1986 patients included in the analysis, 255 were reported to have t(8;21)
abnormality, and 83 to have inv(16). A total of 194 patients had no available
cytogenetic data. The remaining 1454 patients with normal karyotype and
other cytogenetic abnormalities were further coded and analyzed according
to published Southwest Oncology Group (SWOG) criteria.? The intermedi-
ate risk category included patients characterized by +8, —Y, +6, del(12p),
or normal karyotype. The unfavorable risk category was defined by the
presence of one or more of —5/del(5q), —7/del(7q), abn 3q, 11q, 20q, or
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Table 1. Cytogenetic risk groups of patients with AML who received
autologous SCT and allogeneic SCT

No. patients

Cytogenetic risk groups Auto-SCT Allo-SCT Total
i8:21) e e 25
inv(16) 17 66 83
t15:17): 6 s i78
Intermediate 140 748 889
Unfavorable - % . % 360
Unknown

Unknowncylogeneticrisk 27 = 498 908

No available cytogenetic data 44 150 194
Yol o o . e s i

Auto-SCT indicates autologous stem cell transplantation; Allo-SCT, allogeneic
stem cell transplantation.
*Patients with t(15;17) were excluded from the analysis.

21q, dei(9q), t(6;9), t(9;22), abn 17p, and complex karyotypes defined as
3 or more abnormalities. Patients with other cytogenetic aberrations
were considered an unknown risk group, and were analyzed together with
194 patients with no cytogenetic data.

This study was approved by the Committee for Nationwide Survey Data
Management of the JSHCT. Informed consent was obtained in accordance
with the Declaration of Helsinki.

Transplantation

A total of 1662 patients underwent allogeneic SCT, and 324 underwent
autologous SCT. Patients were treated with various conditioning regimens,
but most of those who underwent autologous transplantation received
non-total body irradiation (TBI) regimens (97%), including busulfan (BU),
cytarabine (CA), and etoposide. The most frequently used conditioning
regimens before allogeneic SCT were cyclophosphamide (Cy) plus TBI
(n = 327 patients), and BU plus Cy (n = 267). Conditioning regimens
before allogeneic SCT also included more intensified regimens such as CA
plus Cy plus TBI (n = 262) and BU plus Cy plus TBI (n = 146), or
reduced-intensity conditioning regimens with fludarabine (n = 241) or
cladribine (n = 19).

Stem cell sources for allogeneic SCT were bone marrow in 871 patients,
peripheral blood stem cell in 570 patients, bone marrow plus peripheral
blood stem cell in 23 patients, and cord blood in 190 patients. A total
of 1242 patients underwent allogeneic SCT from a related donor, and
404 patients underwent SCT from an unrelated donor.

Of the 1637 patients who had available data, 74% received transplants
from human leukocyte antigen (HLA)-matched donors. Among patients
who received unrelated bone marrow transplants, 156 patients were HLA
genotypically matched and 51 were HLA mismatched. HLA data for
39 mismatched unrelated bone marrow transplantation patients were
available. A total of 32 patients were one locus mismatched, and 7 patients
were 2 loci mismatched. Among patients receiving unrelated cord blood
transplants, 19 patients were serologically HLLA matched and 170 patients
were mismatched. HLA incompatibility was 5 of 6 HLA matched in
57 patients, 4 of 6 HLA matched in 99 patients, 3 of 6 HLA matched in
7 patients, and 1 of 6 HL.A matched in 1 patient.

Graft-versus-host disease (GVHD) prophylaxis mostly consisted of
methotrexate and a calcineurin inhibitor, either cyclosporin A or tacrolimus.
Several other prophylaxes include mycophenolate mofetil, antithymocyte
globulin, and CD34* selection. The incidence of acute GVHD was
evaluated in 1488 patients who survived more than 28 days, and chronic
GVHD was evaluated in 1302 patients who survived more than 100 days
after allogeneic SCT. GVHD was evaluated in each center.

Statistical analysis

Correlation between the 2 groups was examined with the chi-square test,
Fisher exact test, and the Mann-Whitney U test. Disease-free survival
(DFS) was calculated from the date of transplantation until the date of

STEM CELL TRANSPLANTATION FOR CBF AML 2097

relapse or the date of death in CR. Patient survival data were analyzed
with the method of Kaplan and Meier and compared by the log-rank test.

Univariate and multivariate analyses for OS were performed with the
aid of the Cox proportional hazard regression model, and variables were
selected with the stepwise method. The following variables were evaluated:
age, sex, and disease status at transplantation; CR versus not in CR; the
number of induction courses to achieve CR; one course versus more than
one course and failure; type of transplantation (allogeneic SCT vs
autologous SCT); conditioning regimen (reduced intensity vs myeloabla-
tive); TBI regimen or not; and the existence of additional karyotype
abnormalities or not. For those who received allogeneic SCT, in addition to
these variables, the following were also evaluated: type of GVHD
prophylaxis; short-course methotrexate plus cyclosporin A or short metho-
trexate plus FK506; acute GVHD, grade II to IV or grade II1 to IV; chronic
GVHD; HLA mismatch; donor; and donor source. The doses of methotrex-
ate were not surveyed. Each factor was considered to be prognostic if the
P value was less than .05. Data were analyzed with the Stata 9.2 statistical
software (College Station, TX).

Results
Initial characteristics of patients

The median age of all patients with AML in total was 41 years old
(range, 16-70 years old). Median follow-up period of living
patients was 37.3 months (range, 0.4-108 months). Patients were
categorized into 5 cytogenetic subgroups: with t(8;21), with
inv(16), intermediate risk cytogenetics, unfavorable cytogenetics,
and an unknown risk group. Table 1 shows the number of patients
in each cytogenetic subgroup and patients with t(15;17), who were
excluded from the analysis.

Characteristics of the patients with CBF who underwent
allogeneic SCT or autologous SCT are shown in Table 2. No
significant difference was observed between characteristic of
2 groups of patients with CBF who received autologous SCT,
except for the initial white blood cell count.

Of the 259 patients with CBF who received allogeneic SCT,
significantly more patients with t(8;21) had failed to achieve CR
with a single course of induction chemotherapy at diagnosis
(P = .002), and were not in CR at the time of transplantation
(P < .001). Among patients in CR at transplantation, the ratio of
those in first, second, or third CR was not different between t(8;21)
and inv(16) subgroups. Significantly more patients with inv(16)
received transplants from an unrelated donor (P = .004). Table 3
and Table S1 (available on the Blood website; see the Supplemental
Materials link at the top of the online article) summarize the
transplantation data of those undergoing allogeneic SCT. More
patients with inv(16) received unrelated transplants compared with
t(8;21) patients (P = .004).

Overall survival

The OS of 1986 patients with AML at 3 years was 48%, and those
with t(8;21), inv(16), intermediate, unfavorable, and unknown
cytogenetic risks showed OS of 50%, 72%, 52%, 35%, and 45%,
respectively (P < .001). Figure 1 shows survival curves of patients
with AML patients who underwent allogeneic SCT in first CR
(Figure 1A), in second or third CR (Figure 1B), or not in CR
(Figure 1C), categorized by the cytogenetic abnormalities. Survival
data are listed in Table 4. The OS of patients with t(8;21), inv(16),
and intermediate, unfavorable, and unknown risk undergoing
allogeneic SCT in first CR was 84%, 74%, 69%, 53%, and 52%,
respectively (P << .001), and that of patients undergoing allogeneic-SCT
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Table 2. Characteristics of patients with CBF AML

BLOOD, 26 FEBRUARY 2009 « VOLUME 113, NUMBER 9

Auto-SCT Allo-SCT
t(8;21) inv(16} t(8;21) inv(16}
{n = 61), no. {n = 17), no. P (n = 194), no. {n = 66), no. P
Median age y (range) . 44(1768) 37(1961) 59 3901670) " 34(1664) o084
Median WBC, g/L (range) 8.8 (0.2-94) 33 (2.1-199) .02 11 (.6-366) 53 (1.8-284) < .00t
Sex
Mae ... 4 12 79 117 40 . - 83
Female 20 5 74 26
No. of induction chemotherapy at diagnosis of AML
icouse . 4 5 P 125 85 002
> 1 or failure* 11 2 56 7
Additional cytogenetic abnormalities
Nore 53 15 . >4999 3. 54 .8t
Positive 8 2 4 12
Disease status at SCT
ecR.. 55 i6 . > 999 8 . 53 < .001
Notin CR 6 1 85 ih
CRi 43 13 98 49 22 79
CR2 7 1 45 26
CRs 0 1 g
Conditioning regimen
m , 0 1 - o 118 47 o
Not TBI 61 16 71 16

Correlation between the two groups was examined.

WBC indicates white blood cell count; g/L, 109L; CR1, first complete remission; and CR2 or 3, second or third CR.
*More than 1 or failure includes patients who did not achieve complete remission after first course of induction chemotherapy, and those who were resistant to induction chemotherapy.

in second or third CR was 45%, 86%, 57%, 44%, and 64%, respectively
(P = .09). OS of patients undergoing allogeneic SCT not in CR was
18%, 70%, 25%, 15%, and 18%, respectively (P = .003).

Table 3. Summary of aliogeneic SCT
(8;21) (n = 194),

inv(16), (n = 68),

no. no. 14
Conditioning regimen
RIST = : Lo : s 66
Myeloablative 161 56
GVHD prophylaxis*
SMTX+CyA 136 48 e
SMTX+FK 20 8
HLA
Match 146 ~ 47 5
Mismatch 45 i8
Donor
Related Geaiid 161 44 004
Unrelated 32 22
Stem cell source
BM . o ot e 40 et
PB 72 17
cB : 18 7
aGVHD grade
oF hive 37 54
-V 60 22
cGVHD type
None 64 . 28 o8
LmV/Ext 67 20

Correfation between the two groups was examined. Some of the missing data
was not available, and total numbers do not add up to the number of the patients in
each group.

RIST indicates reduced intensity stem cell transplantation; sMTX, short-course
methotrexate; CyA, cyclosporin A; FK, tacrofimus; BM, bone marrow; PB, peripheral
blood; CB, cord blood; aGVHD, acute graft-versus-host disease; cGVHD, chronic
graft-versus-host disease; Lmt, limited; and Ext, extensive.

*Dose of methotrexate was not surveyed in the study. Detail of other GVHD
prophylaxis regimens are in Table S1.

‘When patients undergoing allogeneic SCT in first CR were
analyzed, 3-year OS was not significantly different between
patients with t(8;21) and inv(16) (84% and 74%, respectively;
P = .28), between inv(16) and intermediate risk groups (74% and
69%, respectively; P = .84), or between t(8;21) and intermediate
risk groups (84% and 69%, respectively; P = .06). However, when
patients undergoing allogeneic SCT in second or third CR were
analyzed, the 3-year OS of patients with inv(16) was significantly
better than patients with t(8;21) (86% and 45%, respectively;
P = .008), and better than intermediate risk patients (86% and
57%, respectively; P = .03). Difference was not significant be-
tween patients in the intermediate risk group and t(8;21) undergo-
ing allogeneic SCT in second or third CR (P = .36). The OS of
inv(16) patients undergoing allogeneic SCT not in CR was 70% at
3 years, which was also significantly better than that of ¢(8;21)
(18%; P = .03) and the intermediate risk group (25%; P = .045).

In addition, the OS of t(8;21) undergoing allogeneic SCT in first
CR was significantly better than that of the unfavorable risk group
(84% and 53%, respectively; P << .001), but the difference between
the 2 groups was not significant among patients undergoing
allogeneic SCT in second or third CR. In contrast, OS was not
different between inv(16) and unfavorable groups undergoing
allogeneic SCT in first CR, but it was significantly different when
they underwent allogeneic SCT in second or third CR (86% and
44%, for inv(16) and unfavorable groups, respectively; P = .01) or
allogeneic SCT in non-CR (70% and 15%, respectively; P = .006).

Survival curves of patients who underwent autologous SCT in
first CR, second or third CR, and not in CR are shown in Figure 2A,
2B, and 2C, respectively. The overall survival of patients with
t(8;21), inv(16), and intermediate, unfavorable, and unknown
cytogenetic risks in first CR was 77%, 59%, 74%, 38%, and 71%,
respectively (P = .049), while that of patients undergoing autolo-
gous SCT in second or third CR was 43%, 50%, 59%, 44%, and
42%, respectively (P = .8). The OS of patients undergoing autolo-
gous SCT not in CR with t(8;21), inv(16), intermediate, and
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Figure 1. OS difference of patients undergoing allogeneic SCT between
cytogenetic subgroups. (A} Survival curves of patients undergoing allogeneic SCT
in first CR. (B) Survival curve of patients undergoing allogeneic SCT in second or third
CR. (C) Survival curves of patients undergoing allogeneic SCT not in CR. Each are
categorized by cytogenetic risk groups, respectively.

unknown risks was 17%, 100%, 25%, and 13%, respectively, and
the survival curve of patients in the unfavorable risk group did not
reach 3 years (P = .35).

Figure 3A and B focus on t(8;21) and inv(16) patients, stratified
according to the type of (allogeneic or autologous) and disease
status at the time of transplantation (first CR, second or third CR,
and not in CR). The 3-year overall survival of t(8;21) patients in
first CR was not different between allogeneic and autologous
transplantation (84% and 77%, respectively), as well as that of
patients in second or third CR (45% and 43%, respectively) and
patients not in CR (18% and 17%, respectively). Similarly, the
3-year OS of inv(16) patients was not different between allogeneic
and autologous transplantation when they underwent transplanta-
tion in first CR (74% and 59%). A significant difference was observed
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among the 3 disease status groups of t(8;21) patients (P < .001; Figure
3A), but not inv(16) patients (P = .75; Figure 3B).

The OS of allogeneic SCT, excluding cord blood transplanta-
tion, was not different from the analysis presented here, including
bone marrow, peripheral blood, and cord blood transplantation
(Table S2; Figures S1,52).

DFS after SCT was also different among cytogenetic risk
groups (P < .001). DFS of patients with inv(16) (69% at 3 years)
was better compared with t(8;21) (49%), intermediate (46%),
unfavorable (31%), and unknown (41%) risk groups. Among
patients undergoing allogeneic SCT in first CR, DFS was also
different among cytogenetic subgroups (P < .001). When t(8;21),
inv(16), and intermediate cytogenetic subgroups undergoing alloge-
neic SCT in first CR were compared, the difference was not
statistically significant between t(8;21) and inv(16) (78% and 73%
at 3 years; P = .58), between t(8;21) and intermediate risk group
(78% and 63%; P = .1), nor between inv(16) and intermediate risk
group (73% and 63%; P = .65). DFS of patients with t(8;21)
undergoing allogeneic SCT in first CR was better than that of the
unfavorable risk group (78% and 47%, respectively; P < .001), but
the difference was not significant between inv(16) and unfavorable
risk groups (73% and 47%, respectively; P = .16).

DFS was not significantly different when 5 cytogenetic sub-
groups among patients undergoing allogeneic SCT in second or
third CR were compared (P = .32). The DFS of patients undergo-
ing allogeneic SCT in second or third CR was not significantly
different between ¢(8;21) and inv(16) (43% and 71% at 3 years;
P = .053), t(8;21) and the intermediate group (43% and 47%;
P = .76), or inv(16) and the intermediate group (71% and 47%;
P = .06). The difference was also not significant between t(8;21)
and unfavorable risk groups (43% and 42%; P = .7), nor between
inv(16) and unfavorable risk groups (71% and 42%; P = .06). The
DFS of patients undergoing allogeneic SCT who were not in CR
was significantly different among the 5 cytogenetic subgroups
(P = .005), and that of inv(16) (75% at 3 years) was significantly
better than t(8;21) (18%; P = .02), the intermediate risk group
(22%; P = .03) and the unfavorable risk group (10%; P = .003).

Relapse and TRM

The relapse rate (RR) after SCT also differed among cytogenetic
subgroups (P < .001). The RR of patients with inv(16) (18% at
3 years) was lower than t(8;21) (38%), intermediate (38%), and
unfavorable (56%) risk groups. The RR of t(8;21) and inv(16) after
allogeneic SCT was not statistically different in either first CR
(16% and 6%; P = .45) or second or third CR (34% and 16%,
respectively; P = .09).

Transplantation-related mortality (TRM) of all patients with
AML was 22% at 3 years. The TRM of t(8;21) (18%), inv(16)
(11%), and intermediate (21%), unfavorable (24%), and unknown
risk groups (27%) was significantly different among cytogenetic
risk groups (P = .02).

Evaluation of prognostic variables in CBF

Univariate analyses of t(8;21) showed that age (P = .004), not in
CR at transplantation (P < .001), allogeneic SCT (P = .01), and
TBI regimen (P = .006) were significant prognostic factors indicat-
ing poor OS (Table 5). Multivariate analysis for OS revealed older
age (P = .01) and not in CR at transplantation (P < .001) as the
independent prognostic variables. Univariate analyses of ((8;21)
patients who received allogeneic SCT in CR showed that age
(P = .02), TBI regimen (P = .01), and second and third CR at
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Table 4. Outcome of the AML patient population by cytogenetic risk groups

1(8;21) inv(16) Intermediate Unfavorable Unknown
% N % N % N % N % N P
os
Allogeneic SCT s : ;

v CR1 84 48 74 20 69 253 53 130 52 116 < .001
CR2ICHS 45 o4y 86 29 57 131 44 o4 64 55 o9
Non-CR 18 84 70 10 25 271 15 136 18 i16 .003

Autologous SCT - : ‘
CR1 77 42 59 13 74 89 38 15 71 39 .05
CR2/CR3 43 7 50 20 8g 15 44 6 42 18 8
Non-CR 17 [ 100 1 25 16 0 10 i3 8 35

DFS

Allogeneic SCT. : :
CR1 78 48 73 19 63 249 47 128 48 113 <.001
CR2/CR3 43 48 e A 27. 47 129 42 22 57 54 32
Non-CR 18 81 75 8 22 255 10 ies 16 107 .005

Autologous SCT : ! : : o ;
CR1 73 41 62 13 64 81 33 15 61 36 .09
CH2/CR3 43 e 50, 2 36 14 50 6 o039 18 .89
Non-CR 17 6 100 1 25 16 0 10 17 6 45

transplantation (P < .001) were also significantly prognostic for
poor OS. These variables remained significant after multivariate
analysis. Univariate analyses for inv(16) patients showed only age
(P = .009) to be a significant prognostic factor (Table 5). The
univariate analysis of inv(16) patients who underwent allogeneic
SCT in CR showed only additional karyotype abnormalities to be
an unfavorable prognostic variable (P = .009).

Additional cytogenetic abnormalities to CBF

A total of 49 patients with t(8;21) and 14 with inv(16) had
additional cytogenetic abnormalities. Data for additional cytoge-
netic abnormalities were obtained in 42 patients with t(8;21) and
13 patients with inv(16) (Table 6). Additional abnormalities were
selected that have been reported to be prognostic by others,
including loss of sex chromosome (X or Y), trisomy 8, trisomy 4,
del(7q), and del(9q) for the t(8;21) group, and trisomy 22, trisomy
8, trisomy 21, del(7q), and del(9q) for the inv(16) group.'+15.2022.23
There were no patients with trisomy 21 in the data of patients with
CBE. Patients with t(8;21) and patients with inv(16) were analyzed
separately. Among (8;21) patients undergoing allogeneic SCT,
survival was not different between patients with and without
additional karyotype abnormalities. When patients with inv(16)
were analyzed, the survival was not different between patients with
(n = 13) and without (n = 67) additional abnormalities (61% and
74%, respectively; P = .07). The survival of patients undergoing
allogeneic SCT without additional abnormality (n = 52) was
significantly better than that with additional abnormality (n = 11),
(85% and 53%, respectively; P = .004). When analysis was
restricted to patients in CR with inv(16) undergoing allogeneic
SCT, a similar difference was observed (86% without additional
abnormality [n = 42], and 60% with additional abnormality [n = 8],
respectively; P = .03). Difference in OS was observed among
non-CR patients with (n=9) and without (n = 1) additional
abnormality, but this difference may not be relevant with too few
patients in the analysis. We further analyzed subgroups of addi-
tional abnormalities of the patients with inv(16). Although the
number of patients were limited, significant difference was found
among 3 groups of patients; trisomy 8 or trisomy 22 as a sole
abnormality (n = 4), without additional abnormality (n = 69), and
other additional abnormality to inv(16) (n = 10). The OS at 3 years
were 100%, 74%, and 42%, respectively (P = .002). The OS of

patients undergoing allogeneic SCT was also different among these
3 groups (100%, n = 3; 85%, n = 52; and 33%, respectively;
P <.001).

Discussion

We analyzed the outcome of a large group of patients with adult
CBF AML in Japan who were treated with SCT. The current study
focused on the different outcome of the 2 different cytogenetic
subgroups of patients with CBF AML. undergoing SCT. Our study
demonstrated a comparable outcome between patients with t(8;21)
and inv(16) undergoing SCT in first CR, but the prognosis between
these 2 cytogenetic subgroups was different beyond first CR.

In the literature, there have been several reports showing
inferior survival of patients with t(8;21) compared with inv(16)
patients undergoing induction chemotherapy and SCT.!%!5.20 Other
studies categorized both patients with t(8;21) and inv(16) undergo-
ing allogeneic SCT together as good-risk CBF AML,"?! with a
relatively comparable prognosis. In our study, OS of patients with
t(8;21) undergoing allogeneic SCT in first CR was not statistically
different from intermediate cytogenetic subgroup (84% and 79% at
3 years, respectively; P = .058). Moreover, the survival of inv(16)
(74% at 3 years) and intermediate cytogenetic subgroups showed
no statistically significant difference.

In contrast, we have here demonstrated that the prognosis of
patients with €(8;21) undergoing allogeneic SCT with second or
third CR disease was significantly poor compared with those with
inv(16). This finding is consistent with those of other studies
reporting differences between the 2 types of CBF AML.!*! In the
present study, non-CR disease with t(8;21) was also significantly
poor compared with patients with inv(16). The Acute Leukemia
French Association reported that allogeneic donor availability
among patients with CBF AML who were in second CR was a
prognostic factor for better survival.'® We believe that different
treatment strategies should be applied for patients with £(8;21) and
those with inv(16) other than first CR.

Patients with t(8;21) undergoing allogeneic SCT and autolo-
gous SCT had a similar survival rate when they underwent
transplantation in first CR, and in further CR. No survival
difference between allogeneic SCT and autologous SCT was also

339



BLOOD, 26 FEBRUARY 2009 - VOLUME 113, NUMBER 9

A

1(8;21) (N = 42)

ot

Unknown (N=39) inv(16) (N = 13)

A d g

L bk : 5

\ Unfavorable (N = 15)

Survival Probability
5

)
R
o T T T T T 15‘ CR T
(] 2 4 6 8 10
Years after transplantation
B
Unfavorable (N = 6) P=28
227
5 A
-§ o 7 inv(18) (N=2)
a I e My
g k‘(‘3;21) N=7) \-Unknown (N = 18)
C W
3 N
a
o [ ‘ ‘ 2:1d 13rd CR ‘
0 2 4 6 8 10
Years after transplantation
C
inv(16) (N = 1) P= 35
o D
=~
z
[1]
8
&
© 8:21) (N = 6)
E - / Intermediate (N = 16)
3 N J i 3
a "
*__.Unknown (N = B)
o ». Unfavorable (N = 10) Notin CR
0 2 4 6 8 10

Years after transplantation

Figure 2. OS difference of patients undergoing autologous SCT between
cytogenetic subgroups. (A) Survival curves of patients undergoing autologous SCT
in first CR. (B) Survival curves of patients undergoing autologous SCT in second or
third CR. (C} Survival curves of patients undergoing autologous SCT not in CR. Each
are categorized by cytogenetic risk groups, respectively.

observed among inv(16) patients receiving SCT in first CR (74%
and 59%, respectively). The University of California, San Fran-
cisco (UCSF) group described the good results of patients with
advanced AML undergoing autologous SCT in second or third
remission, including patients with CBE* As in our study, the
European Group for Blood and Marrow Transplantation (EBMT)
reported that the survival rate of t(8;21) patients who received
allogeneic bone marrow transplantation was not significantly
different from that of patients who received autologous SCT.!
Results by others showed that allogeneic SCT in first CR did not
benefit good-risk cytogenetic subgroups.>?26 Schlenk et al also
demonstrated that t(8;21) patients receiving allogeneic SCT or
chemotherapy showed no difference in outcome.?? These results
suggest that autologous SCT can be considered as postremission
therapy for patients with CBF AML, but it remains unclear whether
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Figure 3. OS of patients with CBF. Survival curves of patients with (8;21) (A) and
with inv(16} (B). Both are stratified according to the type of transplantation (allogeneic
or autologous) and disease status at the time of transplantation (first CR, second or
third CR, and not in CR).

SCT is more beneficial for patients with CBF than high-dose
cytarabine. Survival of patients with inv(16) was favorable beyond
first CR. Patients with inv(16) in second or third CR, or even
non-CR patients, are good candidates for allogeneic SCT. There are
long-term survivors after allogeneic SCT in non-CR disease, so
t(8;21) patients with no other choice of treatment, such as those in
further CR or non-CR, can proceed to allogeneic SCT. In order to
confirm the appropriate treatment for t(8;21) patients in first CR, a
prospective trial is needed to compare the results of autologous
SCT for t(8;21) in first CR with standard chemotherapy. t(8,21)
patients with suitable related or well-matched donors should be
recommended to participate in a risk-adopted prospective trial
when they receive allogeneic SCT in first CR.

There were differences between the 2 types of CBF AML with
respect to prognostic valuables. Age was a significant and indepen-
dent prognostic variable in both t(8;21) and inv(16) patients, a
finding in agreement with reports from some,'*?’ but not all,

Table 5. Prognostic factors affecting overall survival of patients
with t(8;21)

Hazard
Variables Unfavorable factors ratio 95% Ct P
(8;21)
Age : 1.02 1.01:1.04-0.004
Disease status at SCT Notin CR 4.4 3.1-65 < .001
Transplaniation Allo-SCT: 1.9 1.2-3.0 {01
Conditioning regimen T8t 1.7 1.2-25 .005
inv(16)
Age : ‘ o 11 1.0-1.1 009

Clindicates confidence interval.
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Table 6. Additional cytogenetic abnormalities among patients with
CBF

Additional cytogenetic abnormalities 1(8;21), no. inv(16), no.

None : 206 69

With additional abnormalities 49 14*
=Y. : 10 1]
X 5 0
Trisomy. 22 : [V 3t
Trisomy 8 0 2t
Trisomy 4 : 2 0
Complex 7 4
del{7q) : : : 1t E 2
del(9q) 6 0
Other abnormalities . 27 : 9t
Unknown 7 1

*Patients with additional change to inv(16) and trisomy 4 with 1(8;21) tended to
show poor survival tendency, with P < .1.

TAll patients with trisomy 22, trisomy 8 with inv(16), and del(7q)} with 1(8;21) were
alive and censored at survival analysis.

1Other abnormalities with inv(16) was poorly prognostic, with P < .001.

investigators.?® Transplantation in CR was a significant and indepen-
dent prognostic factor for patients with €(8;21), but not for those
with inv(16). The Cancer and Leukemia Group B (CALGB) also
reported differences between t(8;21) and inv(16) in prognostic
factors, in terms of race, sex, and secondary cytogenetic abnormali-
ties.'* Among patients with CBF AML, t(8;21) and inv(16) patients
undergoing SCT should be considered 2 separate clinical entities in
future clinical studies.

Several specific additional karyotype abnormalities have been
reported to be prognostic in patients with CBF AML. Among
t(8;21) patients, no specific additional karyotype abnormality was
prognostic for overall survival. The poor prognosis of t(8;21)
patients with trisomy 4 has been reported by others,?”> but the
survival difference was not statistically significant (P = .085) in
our case series. Since there were limited numbers of patients with
additional abnormalities, the real significance of each additional
abnormality should be investigated in large numbers of patients.

The reason for the different survival results between patients
with t(8;21) and inv(16) undergoing allogeneic SCT in our study
remains unclear. The impact of additional mutational events such
as c-Kit, FLT3, RAS, and gene-expression profiles was reported to
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be associated with the clinical outcome of patients with CBF
AML.>*3* The effects of these additional mutational events and
gene-expression profiles on the clinical outcome of autologous and
allogeneic SCT have not yet been studied. Which proportion of the
patients with CBF AML benefited from earlier SCT remains to be
identified in future clinical studies. Recent studies by others also
suggested that prognosis of CBF AML could differ among different
ethnic groups or races.!*¥-37 The background molecular basis
among the Japanese population must also be taken into account in
future studies.

In conclusion, the survival outcome of paﬁents with CBF AML
was similar when they received allogeneic or autologous SCT in
first CR. However, the outcomes were significantly different
between (8;21) and inv(16) when they received allogeneic SCT
beyond first CR. Therefore, these 2 kinds of CBF AML should be
managed differently when applying SCT.
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___ ABSTRACT

Background

NKG2D, an activating and co-stimulatory receptor expressed on natural killer cells and T
cells, plays pivotal roles in immunity to microbial infections as well as in cancer immuno-
surveillance. This study examined the impact of donor and recipient polymorphisms in
the NKG2D gene on the clinical outcomes of patients undergoing allogeneic T-cell-replete
myeloablative bone marrow transplantation using an HLA-matched unrelated donor.

Design and Methods

The NKG2D polymorphism was retrospectively analyzed in a total 145 recipients with
hematologic malignancies and their unrelated donors. The patients underwent transplan-
tation following myeloablative conditioning; the recipients and donors were matched
through the Japan Marrow Donor Program.

Results

In patients with standard-risk disease, the donor NKG2D-HNK 1 haplotype, a haplotype
expected to induce greater natural killer cell activity, was associated with significantly
improved overall survival (adjusted hazard ratio, 0.44; 95% confidence interval, 0.23 to
0.85; p=0.01) as well as transplant related mortality (adjusted hazard ratio, 0.42; 95% con-
fidence interval, 0.21 to 0.86; p=0.02), but had no impact on disease relapse or the devel-
opment of grade II-IV acute graft-versus-host disease or chronic graft-versus-host disease.
The NKG2D polymorphism did not significantly influence the transplant outcomes in
patients with high-risk disease.

Conclusions

These data suggest an association between the donor HNK1 haplotype and better clinical
outcome among recipients, with standard-risk disease, of bone marrow transplants from
HLA-matched unrelated donors.

Key words: NKG2D, HNK1, LNK4, unrelated donor; bone marrow transplantation,
single nucleotide polymorphism.
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Introduction

Hematopoietic stem cell transplantation (SCT) is a
potentially curative treatment for a range of hematologic
malignancies. Although the use of an HLA-matched unre-
lated donor is well accepted when an HLA-identical sib-
ling donor is unavailable, the risk of transplantation- relat-
ed complications may be increased.' Despite improve-
ments in clinical and supportive care, transplant- related
life-threatening complications, including graft-versus-
host disease (GVHD), infections and disease relapse,
remain an enormous obstacle to overcome.” Although
HLA matching is the major genetic determinant of clini-
cal outcome after allogeneic SCT, recent evidence sug-
gests that non-HLA immune-associated genes are also
implicated.’ Previous investigations have revealed that
several single nucleotide polymorphisms (SNP) which
affect individual immune response to infections and
inflammatory reactions are associated with the risk of
GVHD and transplant outcomes.™

NKG2D is an activating and co-stimulatory receptor
belonging to the C-type lectin-like family of transmem-
brane proteins and is expressed as a homodimer on natu-
ral killer (NK) cells, CD8" off* T cells, 8 T cells and acti-
vated macrophages.'®"® The ligands for NKG2D, such as
MHC class I-chain related proteins (MICA and MICB),
UL16 binding proteins are usually absent or expressed at
very low levels in normal cells but are up-regulated by
cellular stress including heat shock and microbial infec-
tions and are frequently expressed in epithelial tumor
cells.” Ligand engagement of NKG2D triggers cell-medi-
ated cytotoxicity and co-stimulates cytokine production
through a DAP10-phosphoinositol 3-kinase dependent
pathway and plays an important role in the elimination of
tumors and infected cells.'*'**

Recently, SNP were identified between LNK{ and
HNK1 haplotypes of the NKG2D gene.” In Japanese indi-
viduals, the HNK1 haplotype is associated with greater
activity of NK cells in the peripheral blood”*” and a lower
prevalence of cancers originating from epithelial
cells*”* The present study investigates the impact of
donor and recipient polymorphisms in the NKG2D gene
on the clinical outcomes of patients undergoing allogene-
ic myeloablative bone marrow transplantation using an
HLA allele-matched unrelated donor.

Design and Methods

Patients

NKG2D genotyping was performed on a total 145
recipients with hematologic malignancies and their unre-
lated donors who were part of the Japan Marrow Donor
Program (JMDFP). The recipients underwent transplanta-
tion, following myeloablative conditioning, with T-cell-
replete marrow from an HLA-A, -B, -C, -DRB1 allele-
matched donor between November 1995 and March
2000. HLA genotypes of the HLA-A, -B, -C, and -DRB1
alleles of the patients and donors were determined by the
Luminex microbead method described previously.
(Luminex 100 System; Luminex, Austin, TX, USA).** No

patient had a history of prior transplantation. The final
clinical survey of these patients was completed by
November 1, 2007. Diagnoses were acute myeloid
leukemia (n=49; 34%), acute lymphoblastic leukemia
(n=37; 26%), chronic myeloid leukemia (n=41; 28%),
myelodysplastic syndrome (n=11; 8%) and malignant
lymphoma (n=7; 5%), (Table 1). The recipients were
defined as having standard risk disease if they had acute
myeloid or lymphoblastic leukemia in first complete
remission, malignant lymphoma in complete remission,
chronic myeloid leukemia in any chronic phase or
myelodysplastic syndrome. All other patients were desig-
nated as having high-risk disease. Myeloid malignancies
included acute myeloid leukemia, chronic myeloid
leukemia and myelodysplastic syndrome, whereas lym-
phoid malignancies included acute lymphoblastic
leukemia and malignant lymphomas. Cyclosporine or
tacrolimus- based regimens were used in all patients for
GVHD prophylaxis whereas anti-T-cell therapy, such as
anti-thymocyte globulin and ex vivo T-cell depletion, was
not. All patients and donors gave their written informed
consent to molecular studies, according to the declaration
of Helsinki, at the time of transplantation. The project
was approved by the Institutional Review Board of
Kanazawa University Graduate School of Medicine and
the JMDP.

NKG2D genotyping

NKG2D was genotyped using the TagMan-Allelic dis-
crimination method” with a 9700-HT real time poly-
merase chain reaction (PCR) system (Applied Biosysterns,
Foster City, CA, USA) and results were analyzed using
allelic discrimination software (Applied Biosystems). The
genotyping assay was conducted in 96-well PCR plates.
The amplification reaction contained template DNA,
TaqMan universal master mix and a specific probe (prod-
uct No. C_9345347_10; Applied Biosystems) for
151049174, a single locus featuring a G-C substitution to
distinguish between the HNK/ (G) and LNK7 (C) haplo-
types of the NKG2D gene ?' %

Data management and statistical analysis

Data were collected by the JMDP using a standardized
report form. Follow-up reports were submitted at 100
days, 1 year and annually after transplantation. Pre-trans-
plant cytomegalovirus serostatus was routinely tested
only in patients but not in their donors. Engraftment was
confirmed by an absolute neutrophil count of more than
0.5x10°/L for at least 3 consecutive days. Acute and
chronic GVHD were diagnosed and graded using estab-
lished criteria.®” Overall survival was defined as the
number of days from transplantation to death from any
cause. Disease relapse was defined as the number of days
from transplantation to disease relapse. Transplant-relat-
ed mortality was defined as death without relapse. Any
patients who were alive at the last-follow-up date were
censored. When collecting data, only the main cause of
death was recorded if two or more causes were com-
bined. Data on etiological agents of infections, post-
mortem changes and supportive care (including prophy-
laxis of infections and therapy of GVHD, which were
given on an institutional basis), were not available for this
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cohort of patients. The analysis was performed using
Excel 2007 (Microsoft Corp, Redmond, WA, USA),
OriginPro version 8.0] (Lightstone Inc, Tokyo, Japan), and
R (The R Foundation for Statistical Computing, Perugia,
Italy).* The probability of overall survival was calculated
using the Kaplan-Meier method and compared using the
log-rank test. The probabilities of transplant-related mor-
tality, disease relapse, acute GVHD, chronic GVHD, and
each cause of death were compared using the Grey test™

and analyzed using cumulative incidence analysis,” con-
sidering relapse, death without disease relapse, death
without acute GVHD, death without chronic GVHD,
and death without each cause as respective competing
risks. The analysis was stratified for patients with stan-
dard-risk disease and high-risk disease to take into
account the already recognized prognostic differences.
The variables considered were recipient age at time of
transplantation, sex, recipient cytomegalovirus serosta-

Age, years

Recipient 0.39

Median 3l 23

Range 1-50 1-50

Donor

Median 33 28 0.02

Range 2249 21-50
Recipient NKG2D haplotype - . s

HNKlpositve 33 G0% 18 % 5%

_ HNKI negative 2 W% 10 2% o % _
Sex, male 0.77

Recipient 30 63%

Donor 4 549%
Reciplent/doiorsex =~ = - 0%
Sexmatched = 31 % -

Maleffemae = =~ 6 %
. Female/male 3 B
Disease 0.99

Acute myeloid leukemia 14 25% 9 24% 14 50% 12 50%

Acute lymphoblastic leukemia 10 18% 8 21% 10 36% 9 38%

Myelodysplastic syndrome 11% 5 13% ¢ 0% 0 0%

Malignant lymphoma 2 4% 3 8% 1 4% 1 4%

Chronic myeloid leukemia 23 42% 13 34% 3 11% 2 8%

ABO matching ~ Ry - , - 018

Matched 19 50% ‘ 14 0% 1 %
~ Major mismatch ; 10 2% ‘ 6 a% 5 A% ,

Minor mismatch ‘ 9 16% g 4% . 8§ % 2. &%
oBidiectional ... ... 0, 0 L. % .0 W ' %
Conditioning regimen 0.93 0.51

With total body

irradiation 43 8% 30 9% 26 93% 21 88%

Without total body

irradiation 12 22% 8 21% 2 % 3 13%
Prefransplant CMV serostatus. =~ 030 - 0%

CMVnegativerecipient 14 5% 5 3% b 21%
MwwEE 0 4 w2 % - F , m
GVHD prophylaxis 0.58 0.11

With cyclosporine 51 93% 34 83% 27 96% 20 83%

With tacrolimus 4 7% 4 11% 1 4% 4 17%

NG X10%ks - - 040 004
Median 54 58 ' 58 8
_Range 2346 2306 2800 24428 .
Engraftment 53 96% 38 100% 023 28 100% 23 96% 0.28

CMV. cytomegalovirus; TNC: total nucleated cell count harvested.
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tus before transplantation, disease characteristics (disease
type and disease lineage), donor characteristics (age, sex,
sex compatibility, and ABO compatibility), transplant
characteristics (total body irradiation-containing regimen,
tacrolimus versus cyclosporine, and total nucleated cell
count harvested per recipient weight). The median was
used as the cut-off point for continuous variables. The ¥’
test and Mann-Whitney test were used to compare results
of two groups. The Hardy-Weinberg equilibrium for the
NKG2D gene polymorphism was tested using the
Haploview program.®* Multivariate Cox models were
used to evaluate the hazard ratio associated with the
NKG2D polymorphism. Co-variates found to be statisti-
cally significant in univariate analyses (p<0.10) were
included in the models. For both the univariate and mul-
tivariate analyses, p values were two-sided and outcomes
were considered to be statistically significant with
p<0.05.

Results

Frequencies of NKG2D haplotype

The NKG2D gene polymorphism was analyzed in 145
pairs of unrelated donors-recipients of bone marrow fol-
lowing myeloablative conditioning (Table 1). The haplo-
type frequencies of LNK4/LNK4, HNK1/LNK4 and
HNK4/HNK1 were 43%, 42% and 15%, respectively in
donors and 35%, 45% and 20%, respectively in recipi-
ents. These frequencies were similar to those reported in
previous studies in Japanese populations®* and were in
accordance with the Hardy-Weinberg equilibrium
(p=0.80).

Transplant outcomes according to NKG2D haplotype
With a median follow-up of 115 months among sur-
vivors (range, 74 to 140 months), 30 recipients (21 %) had
relapsed or progressed and 62 (47%) had died. Three
patients (2%) died before engraftment. The analysis of
the influence of the NKG2D genotype on clinical out-

comes after transplantation was stratified according to
whether the recipients had standard-risk disease or high-
risk disease to account for the already recognized prog-
nostic difference. The overall survival at 5 years in
patients with standard-risk disease was 63% while that
of patients with high-risk disease was 44% (p=0.06). The
5-year cumulative incidences of trasplant-related mortali-
ty were 32% and 27 %, respectively (p=0.33) and those of
disease relapse were 10% and 31%, respectively
(p=0.0006).

The transplant outcomes according to NKG2D geno-
type are summarized in Table 2. Patients with standard-
risk disease receiving transplants from donors with the
HNK1 haplotype had a significantly better 5-year overall
survival (73% vs. 49%, p=0.01; Figure 1A) and lower
transplant-related mortality rate (22% vs. 45%, p=0.02;
Figure 1B) than those receiving transplants from donors
without the HNK1 haplotype. No difference was noted in
disease relapse in relation to the donors’ polymorphism
(9% vs. 11%, p=0.81; Figure 1C) or in the development of
grades II to IV acute GVHD (28% vs. 41%, p=0.25) or
chronic GVHD (37% vs. 41%, p=0.83). When patients
with acute myeloid leukemia or myelodysplastic syn-
drome were separately analyzed, there was still no differ-
ence in disease relapse in relation to NKG2D polymor-
phisms (data not shown). In patients with high-risk disease,
the donor HNK4 haplotype had no significant effects on
transplant outcomes (Table 2).

Multivariate analysis

Any factors found to be significant in univariate analy-
ses were included in the multivariate analysis. When
patients with standard-risk disease were analyzed, the
HNK1 haplotype in donors remained statistically signifi-
cant in multivariate analyses for both overall survival and
transplant-related mortality (Table 3). The presence of the
HNK haplotype in the donor resulted in better overall
survival (hazard ratio, 0.44; 95% confidence interval, 0.23
to 0.85; p=0.01) and transplant-related mortality (hazard
ratio, 0.42; 95% confidence interval, 0.21 to 0.86; p=0.02).

Table 2. Univariate analysis of the association of NKG2D polymorphisms with clinical outcomes after transplantation.

6!
Standard-risk disease
Donor NKG2D haplotype 0.0 0.02 0.81 0.25 0.83
HNKI-positive 55 73% 22% 9% 28% 37%
HNKI-negative 38 49% 45% 11% 41% 41%
Retipient NKGZD haplotype o
: HNKl-pqsigive,ia 6%

HNK]-negat %

High-risk disease

Donor NKG2D haplotype
HNKI-positive 28 43% 54%
HNKI-negative 24 46% 30%
' Recipient NKGZD haplotype =~ =
 HNKlpositve 33 0% . W% -
HNKl-negative . 4% .

OS: overall survival; TRM: transplant-related monrtality.
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The donor and recipient HNK1 haplotype did not signif-
icantly influence the transplant outcomes in patients
with high-risk disease.

Main causes of death

The main causes of death according to the HNK1 hap-
lotype of the donors and recipients are illustrated in
Figure 2A for patients with standard-risk disease, and in
Figure 2B for those with high-risk disease. In patients
with standard-risk disease receiving transplants from
HNK 1-negative donors, the most frequent cause of death
was acute GVHD, followed by interstitial pneumonia.
Transplants from HNK1-positive donors resulted in a sta-
tistically significantly reduced incidence of death attrib-
uted to acute GVHD (Figure 3A; p=0.006) as well as a
trend toward a lower incidence of death attributed to
interstitial pneumonia (Figure 3B; p=0.09). Other causes
of death did not differ according to the HNK 1 haplotype.

Discussion

The current study showed an association between the
NKG2D-HNK4 haplotype in unrelated donors of HLA-
matched myeloablative bone marrow transplants (haplo-
type frequency, 61%) and a significantly reduced trans-
plant-related mortality and better overall survival for
their recipients with standard-risk disease. The polymor-
phism of the donor NKG2D gene did not influence dis-
ease relapse or the development of grades II to IV acute
GVHD or chronic GVHD in the patients. One possible
explanation for the absence of the beneficial effects of
the HNK1 haplotype in patients with high-risk disease
may be that the number of cases in the study was insuf-
ficient for a meaningful assessment of the effect.
Alternatively, disease progression may precede the emer-
gence of the potential advantageous effects of the HNK1
donor haplotype that could protect the recipient from
severe transplant-related complications. There was a
larger difference in disease relapse between patients with

Table 3. Muitivariate analysis of the association of NKG2D polymorphisms with clinical outcomes after transplantation

standard-risk disease and those with high-risk disease:
10% and 31% at 3 years after transplantation, respective-
ly.
NKG2zD plays important roles in immunity to micro-
bial infections and is especially prominent in controlling
viral and bacterial infections.’® Therefore, the reduced
transplant-related mortality in patients with standard-
risk disease receiving grafts from donors with the HNK4
haplotype in this study might be a consequence of
increased resistance to infections in the recipients.
However, the hypothesis is too speculative because of
the unavailability of data on causes of infections in this
cohort. Further studies will be needed to clarify whether
the HNK1 haplotype in donors can effectively protect
patients against infections.

Several studies have shown that NK cell activity has an
important role in the outcomes of patients undergoing
allogeneic transplantation.®*** Alloreactive NK cells
reduced the risk of relapse of acute myeloid leukemia
without increasing the incidence of GVHD, resulting in a
marked improvement of event-free survival in a series of
haploidentical transplant recipients.** In HLA-identical
sibling transplants, the absence of HLA-C and HLA-B lig-
and for donor-inhibitory killer immunoglobulin-like
receptors (KIR) provided benefits in terms of survival and
relapse of patients with acute myeloid leukemia and
myelodysplastic syndrome in recipients of T-cell-deplet-
ed SCT.¥ On the other hand, the JMDP found that KIR
ligand mismatch was unfavorably correlated with relapse
of leukemia and survival in patients undergoing T-cell-
replete unrelated bone marrow transplants.*® All patients
in the present study received grafts from an HLA-A, -B,
and -C allele-matched donor, implying KIR ligand match
between each patient and donor. It is an open question
whether the NKG2D polymorphism could affect the out-
comes of patients undergoing transplantation with KIR-
mismatched grafts.

In this study, major and minor ABO incompatibilities
between the donor and recipient tended to be associated
with poorer transplant outcomes, regardless of the risk

Standard-risk disease

HNKI-positive donor 044 023-085 0.01 042 021-086 0.02 071 0.19-267 061 083 039-1.75 063 083 039175 062
* HNKI-positive recipient 122 060:250 058 132 061287 048 LIl 028448 088 154 066357 032 106 049231 088
Donor age, >31 years - - - - - - - - - 217 095496 007 - - -
Major ABO incompatibiiy. .- -~ . . . . = - = : - - 312 149656 0003 050 017145 000
Minor ABO incompatibility 242  1.17-5.03 0.2 - - - - - - - 029 007-124 0.10
High-risk disease
HNK1-positive donor 0.68 030-1.51 034 062 020-191 040 125 041-380 069 187 069-507 022 1.55 060-4.01 037
© HNKi-positive recipient 141 0.65:307 039 076 025229 063 235 066844 019" 047 018122 012 09 035238 0836
Age, >26 years 195 093409 008 630 186-21.32 6.003 - - - - - - -
:f"",DO;ﬂOV!’ a‘ge*,'>31 yea[s . _ jj‘f . = - - "'\\1'[‘ 053 0;]7',‘1.65: 02 e - . =
Minor ABO incompatibility ~ 2.94  1.19-7.25 0.02 - - - - - - 510 2081252 0.004 - - -
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category of the disease. These findings are compatible
with those of a previous study by the JMDP? although
the impact of ABO incompatibilities on SCT outcomes is
controversial.

This study also identified age as a significant predictive
factor for transplant-related mortality in the patients with
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Figure 1. Kaplan-Meier analysis of (A) overall survival, (B) cumula-
tive incidence of transplant-related mortality and (C) disease
relapse after transplantation according to the donor NKG2D poly-
morphism in patients with standard-risk disease. Patients with
donors with the HNK1 haplotype had better overall survival and
lower transplant-related mortality. Donor haplotype had no signif-
icant impact on disease relapse.

standard-risk disease. This is consistent with the results
of a previous study” showing that age over 35 years
increased the risk of transplant-related mortality after
allogeneic myeloablative SCT in high-risk patients.

A possible limitation of this study is the fact that no
direct evidence is yet available regarding the ability of
NKG2D polymorphisms to protect against microbial
infections. The association observed between the
NKG2D haplotype and transplant outcome might be due
to another genetic polymorphism in linkage disequilibri-
um responsible for a better transplant outcome. One can-
didate gene is NKG2F (KLRC4), which is located in the
NK complex region adjacent to the NKG2D gene, because
an intrinsic SNP (rs2617171) in the gene has been report-
ed to be in complete linkage with the NKG2D genotype >
Alternatively, polymorphisms may not be directly associ-
ated with controlling infection, but rather may be associ-
ated with other factors, such as sensitivity to treatment
against GVHD or protection against organ toxicities relat-
ed to transplants, which also influence the transplant out-
come. These hypotheses have yet to be verified give the
insufficient evidence.

Polymorphisms in genes encoding for nucleotide-bind-
ing oligomerization domain 2 (NOD2)/caspase recruit-
ment domain 15 (CARD15),” heme oxygenase-1 (HO-1)
promoter,® the Toll-like receptor 4, CC chemokine ligand
(CCL) 5 promoter,” transforming growth factor (TGE)
B1," interleukin (IL) 12, tumor necrosis factor (INF) o,
IL-23,” mannose-binding lectin (MBL), Fcy receptor Ila
(EcyRlla), myeloperoxidase (MPO), FcyRIIlb, IL-1Ra, IL-
10,” Fc receptor-like 3 (FCRL3), peptidylarginine deimi-
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Figure 2. Main causes of death after transplantation according to
the NKG2D polymorphism in patients with (A) standard-risk dis-
ease (B) high-risk disease.
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nase citullinating enzymes 4 (PADI4)® and methylenete-
trahydrofolate reductase (MTHER)" have been shown to
influence the outcome after allogeneic SCT. Most of
them are associated with the development of GVHD.
Only the NOD2/CARD15 and HO-1 promoter polymor-
phisms have a significant impact on overall survival after
SCT. Furthermore, the impact of the HO-1 promoter
polymorphisms depends on donor cells but not on recip-
ient cells, as observed with the NKG2D polymorphism
which, in the donor, was shown to be significantly asso-
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We made a disease-specific comparison
of unrelated cord blood (CB) recipients
and human leukocyte antigen allele~
matched unrelated bone marrow (BM) re-
cipients among 484 patients with acute
myeloid leukemia (AML; 173 CB and
311 BM) and 336 patients with acute lym-
phoblastic leukemia (ALL; 114 CB and
222 BM) who received myeloablative
transplantations. In muitivariate analy-
ses, among AML cases, lower overall
survival (hazard ratio [HR] = 1.5; 95% con-
fidence interval [Cl], 1.0-2.0, P = .028) and

leukemia-free survival (HR = 1.5; 95% Cl,
1.1-2.0, P =.012) were observed in CB
recipients. The relapse rate did not differ
between the 2 groups of AML (HR = 1.2;
95% CI, 0.8-1.9, P = .38); however, the
treatment-related mortality rate showed
higher trend in CB recipients (HR = 1.5;
95% Cl, 1.0-2.3, P = .085). In ALL, there
was no significant difference between the
groups for relapse (HR = 1.4, 95% Ci,
0.8-2.4, P =.19) and treatment-related
mortality (HR = 1.0; 95% CI, 0.6-1.7,
P = .98), which contributed to similar

overall survival (HR = 1.1; 95% CI, 0.7-1.6,
P =.78) and leukemia-free survival
(HR = 1.2; 95% CI, 0.9-1.8, P =.28).
Matched or mismatched single-unit CB is
a favorable alternative stem cell source
for patients without a human leukocyte
antigen—matched related or unrelated do-
nor. For patients with AML, decreasing
mortality, especially in the early phase of
transplantation, is required to improve
the outcome for CB recipients. (Blood.
2009;113:1631-1638)

Introduction

Allogeneic hematopoietic stem cell transplantation (HSCT) with
bone marrow (BM) or peripheral blood, the curative treatment of
choice for acute leukemia, is limited by the inadequate supply of
human leukocyte antigen (HLA)-identical related donors. Bone
marrow from HLA-matched unrelated donors has been a major
alternative graft source.!* Umbilical cord blood (CB), an alterna-
tive stem cell source to BM or peripheral blood stem cells, has been
used primarily in children,*'? but its use in adults is increasing.!1?

Clinical comparison studies of cord blood transplantation
(CBT) and bone marrow transplantation (BMT) for leukemia from
unrelated donors in adult recipients showed comparable out-
comes.'!"13 Recipients of CBT showed delayed neutrophil recovery
and lower incidence of acute graft-versus-host disease (GVHD).!!-13
Overall treatment-related mortality (TRM) was reported to be
similar'? or higher'! compared with HLA-matched BM. Acute
myeloid leukemia (AML) and acute lymphoblastic leukemia
(ALL) are different disease entities that require different chemo-
therapy regimens for treatment. However, previous comparison

studies have included both diseases because of limitation in the
number of CBTs given to adults.

In addition, the study periods of previous studies encompass the
pioneering period of CBT, when the general practice was to use
these grafts in patients in whom there were no other curative
options and when the relevance of cell dose and HL.A matching had
not yet been recognized.®”14

Accumulation of a larger number of CBT results enabled us to
make a controlled comparison with unrelated BMTs. To avoid the
inclusion of the pioneering period of CBT, the subjects were lim-
ited to those who received transplantations in and after 2000.

Methods

Collection of data and data source

The recipients’ clinical data were provided by the Japan Cord Blood Bank
Network (JCBBN) and the Japan Marrow Donor Program (JMDP).!
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Peripheral blood stem cell donation from unrelated donors is not permitted
in Japan. All 11 CB banks in Japan are affiliated to JCBBN. Both JCBBN
and JMDP collect recipients’ clinical information at 100 days after transplan-
tation. Patients’ information 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 JIMDP and JCBBN.

Patients

Between January 2000 and December 2005, a total of 1690 adult patients at
least 16 years of age with acute leukemia (999 AML, 261 CB and 738 BM;
and 691 ALL, 178 CB and 513 BM) received first HSCT with myeloabla-
tive conditioning either CB or BM from unrelated donors. Of these, patients
who received a single CB unit with 0 to 2 HLA mismatches, or HLA-A, -B,
-C, and DRB1 allele-matched BM from unrelated donors were analyzed.
HLA matching of CB was performed using low-resolution molecular typing
methods for HLA-A and -B, and high-resolution molecular typing for
HLA-DRBI. Of 1023 BM recipients with complete HLA high-resolution
data, the following recipients with HLA HLA-A, -B, -C, and DRBI allele
mismatches were excluded: 306 recipients with 1 of 8 mismatches (39 for
HLA-A, 6 for HLA-B, 137 for HLA-C, and 124 for HLA-DRBI),
150 recipients with 2 of 8 mismatches (36 for 2 class I antigens, and 114 for
class I and class II antigens), 33 recipients with 3 of 8 mismatches, and
1 recipient with 4 of 8 mismatches. Of 390 recipients of CB with complete
HLA data, 95 recipients with 3 mismatches and 8 patients with 4 mis-
matches were excluded. A total of 484 patients with AML (173 CBTs and
311 BMTs) and 336 patients with ALL (114 CBTs and 222 BMTS) were the
subjects for the analyses. Eighty-five centers performed 287 CBTs analyzed
in this study, and 114 centers performed 533 BMTs.

Definitions

Neutrophil recovery was defined by an absolute neutrophil count of at least
500 cells/mm? for 3 consecutive points; platelet recovery was defined by a
count of at least 50 000 platelets/mm? without transfusion support. Diagno-
sis and clinical grading of acute GVHD were performed according to the
established criteria.'® Relapse was defined as a recurrence of underlying
hematologic malignant diseases. Treatment-related death was defined as
death during a continuous remission. Leukemia-free survival (LFS) was
defined as survival in a state of continuous remission.

Statistical analysis

Separate analyses were performed for AML and ALL. Descriptive statistical
analysis was performed to assess patient baseline characteristics, diagnosis,
disease classification, disease status at conditioning, donor-patient ABO
mismatches, preparative regimen, and GVHD prophylaxis. The 2-sided x2
test was used for categorical variables, and the 2-sided Wilcoxon rank sum
test was used for continuous variables. Cumulative incidence curves were
used in a competing-risks setting to calculate the probability of neutrophil
and platelet recovery, acute and chronic GVHD, relapse, and TRM.!” For
neutrophil and platelet recovery, death before neutrophil or platelet
recovery was the competing event; for GVHD, death without GVHD and
relapse were the competing events; for relapse, death without relapse was
the competing event; and, for TRM, relapse was the competing event. Gray
test was used for group comparison of cumulative incidence.'® Overall
survival (O8) and LES were calculated using the Kaplan-Meier method.
The log-rank test was used for group comparisons. Adjusted comparison of
the stem cell source on OS and LFS was performed with the use of the Cox
proportional-hazards regression model. For other outcomes, the Fine and
Gray proportional-hazards model for subdistribution of a competing risk
was used.'® Adjusted probabilities of OS and DFS were estimated using the
Cox proportional-hazards regression model, with consideration of other
significant clinical variables in the final multivariate models. The variables
considered were the patient’s age at transplantation, patient’s sex, donor-
patient sex mismatch, donor-patient ABO mismatch, disease status at
conditioning, and #(9;22) chromosome abnormality or others for ALL,
cytogenetic information and French-American-British (FAB) classification

BLOOD, 19 FEBRUARY 2009  VOLUME 113, NUMBER 8

of M5/M6/M7 or others for AML, the conditioning regimen, and the type of
prophylaxis against GVHD. Factors differing in distribution between CB
and BM recipients (P <C.10) and factors known to influence outcomes
(such as patient age at transplantation and chromosome abnormalities and
FAB classification of leukemia) were included in the final models. Variables
with more than 2 categories were dichotomized for the final multivariate
model. The cutoff points of the variables were chosen to make optimal use
of the information, with the proviso that smaller groups contain at least 20%
of the patients. Variables were dichotomized as follows: patient age greater
or younger than 45 years at transplantation, female donor to male recipient
donor-recipient sex mismatch versus others for donor-recipient sex match-
ing, donor-recipient ABO major mismatch versus others for ABO matching,
M5/M6/M7 FAB classification versus others for classification of AML,
chromosome abnormality other than favorable abnormalities for cytogenet-
ics of AML, cyclophosphamide and total body irradiation (TBI) or busulfan
and cyclophosphamide or others for conditioning regimen of AML,
cyclophospohamide and TBI, or others for conditioning regimen of ALL,
and cyclosporine-based versus tacrolimus-based prophylaxis against GVHD.
Disease status at transplantation was categorized as first complete remission
(1CR), second or later complete remission (2CR), or more advanced
disease; which was included in the final model using dichotomized dummy
variables. All P values were 2-sided.

The statistical power to detect hazard ratios (HRs) of 2.0 and 1.5 (2
regression coefficient equal to 0.6931 and 0.4055, respectively) on Cox
regression of the log hazard ratio at a .05 significance level adjusted for
event rate were 99% and 78%, respectively, for 484 patients with AML and
97% and 60%, respectively, for 336 patients with ALL. The levels of
statistical power for subgroup analyses were as follows: 54% and 22% for
1CR, 51% and 21% for 2CR, 96% and 58% for more advanced in AML
patients, 62% and 26% for 1CR, 47% and 20% for 2CR, and 67% and 29%
for more advanced in ALL patients.?®

Results
Patient characteristics

The characteristics of the patients are shown in Table 1. There was
no significant difference in recipients’ age at transplantation in
AML (median age, CB vs BM = 38 vs 38 years, P = .61) and in
ALL (median age, CB vs BM = 34 vs 32 years, P = .29). The
female/male ratio was higher (CB vs BM = 54% vs 38% in AML
patients, and CB vs BM = 54% vs 38% in ALL patients, P < .001
and P = .005, respectively) in CB recipients, resulting in the lower
donor-patient sex match rate (CB vs BM = 48% vs 69% in AML
patients, and CB vs BM = 46% vs 65% in ALL patients, P < .001
and P = .002, respectively) in CB recipients. The proportion of
ALL patients with Philadelphia chromosome abnormality was
higher (CB vs BM = 38% vs 23%) in CB recipients. CB recipients
were likely to have more advanced disease status at transplantation
(relapse or induction failure, CB vs BM = 47% vs 31% in AML
patients, and CB vs BM = 26% vs 19% in ALL patients), and the
difference was significant in AML (P = .003). HLA-A, -B (low-
resolution typing), and -DRB1 (high-resolution typing) was mis-
matched in 93% of both AML and ALL among CB recipients,
whereas HLA -A, -B, -C, and -DRB1 were all genotypically
matched for BM recipients. The ABO-matched donor-patient pair
proportion was consistently lower for CB (CB vs BM = 34% vs
59% in AML patients and CB vs BM = 32% vs 58% in ALL
patients).

A preparative regimen with TBI and cyclophosphamide was used in
almost all patients, and cytosine arabinoside was supplemented for CB
recipients with AML (36%) in addition to TBI and cyclophosphamide.
For GVHD prophylaxis, tacrolimus (CB vs BM =29% vs 56% in
AML patients, and CB vs BM = 37% vs 53% in ALL patients) and
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