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Figure 2. (a) Dialog for plotting KM curves and performing a log-rank test. (b) KM curves of overall survival grouped according to the stem cell

source.

command reflects the full model and not the model after stepwise
selection of explanatory variables. Survival curves adjusted for
other factors by the mean of covariates method, in which
average values of covariates are entered into the Cox proportional
hazards model, can be drawn by selecting ‘Graphs’ > ‘Adjusted
survival curve’.

A TD covariate can be incorporated in the Cox proportional
hazards regression in EZR. However, the function is limited to a
simple TD covariate. EZR can handle only one TD covariate, which
is initially 0 and may change to a value of 1 thereafter. For
example, if a user wants to evaluate the impact of grade lI-IV
acute GVHD on survival, it is not appropriate to treat the
development of acute GVHD as if it were known before
transplantation, as patients who died or relapsed before the
development of GVHD would be included in the 'no GVHD group’.
A variable whose value may change after transplantation should
be treated as a TD covariate, and this can be performed in EZR by
selecting ‘Statistical analysis’>‘Survival analysis’>‘Cox pro-
portional hazard regression with time-dependent covariate’.
In this case, 'AGVHD24’, which has a value of 1 for patients who
developed grade H-1V acute GVHD, should be selected in the TD
covariate’ list. ‘DaysToAGVHD24', which is the time from
transplantation to the development of grade II-IV acute
GVHD for patients who developed grade lI-IV acute GVHD or
the time to the last evaluation for patients who did not develop
grade lI-1V acute GVHD, should be specified in the ‘Time when TD
covariate changes from 0 to 1’ list. Other explanatory variables
should be specified in the same manner with Cox proportional
hazard regression, as described above. In the ‘Output window’,
the effect of grade lI-IV acute GVHD will be shown in the row
‘covariate_td'".

COMPETING RISK ANALYSIS

A competing risk analysis is an important statistical function in
studies on hematopoietic SCT. For example, if an investigator
wants to analyze the cumulative incidence of relapse after

© 2013 Macmillan Publishers Limited

transplantation, death without relapse (non-relapse mortality)
precludes the occurrence of relapse. Previously, one minus
the Kaplan-Meier (1 —KM) method of relapse while treating
deaths without relapse as censored observations has been
used to estimate the incidence of relapse. However, this
analysis overestimates the incidence of relapse, as it attempts to
predict the incidence of relapse when patients who actually die
would have relapsed. As a result, the sum of the incidence of
relapse, the incidence of non-relapse mortality and the probability
of relapse-free survival exceeds 100%. A more appropriate
estimate can be obtained using the cumulative incidence
function. This method subdivides the probability of failure
into the probability corresponding to each competing
event and provides an accurate incidence for each event. The
statistical significance of the difference in the cumulative
incidences of competing events among groups can be assessed
by Gray's test’ In addition, regression models for competing
risks data have been proposed by Fine and Gray,'® and by Klein
and Anderson."’

These competing risk analyses can be provided by adding the
‘emprsk’ package to R Excellent instructions for the use of this
package have been provided in this journal by Scrucca et al. in
2007 and 2010.">'3 EZR makes it possible to access these analyses
in a point-and-click manner. For example, the cumulative
incidences of relapse and non-relapse mortality can be plotted
and compared among groups by selecting ‘Statistical
analysis’' >‘Survival analysis’>‘Cumulative incidence of
competing events and Gray test’ (Figure 4b). Users have to
specify a time-to-event variable (‘DaysToDFS’ in this case, which
indicates the time to the earliest event or time to the last
evaluation for patients without any events), a status indicator
(‘CompRisk’, which has a value of 1 for relapse, 2 for non-relapse
mortality and 0 for no event), and grouping variables, if required
(‘Source' in this case). The ‘Output window’ shows the results of
Gray's test following the point estimations with 95% confidence
intervals of the cumulative incidences of each event. If a user
wants to plot cumulative incidence curves for only one of the
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a Point estimations, standard errors, c
and 95% confidence intervals of
survival rate at each time point

> summary (km)

Call: survfitv{foxmula = Surv(DaysTolS, O5)f~ Source, data = Dataset,
na.action = na.omit, conf.type = “log~Log™)

oo bability median L pysiue

Scure I} 0397 (0127-0881) 478 (231-NA) | 0847
time n.risk n.event burvival std.erz lower 5% CI upper 85% e1) ... D603 (0455~0.727) | 1578 {781 -NA)
22 57 3 0.982 0.0174 5.8219 2,998 1. 9503 (0187-0755) . NA{I76-NA) .
25 $6 H 0.965 0.0244 5.5669 0.991 ¥ 0191 (0044-0418). | 3 (97-613) - 209E-6 .
30 55 10,947 0.0296 5.8456 0.983 - 0709 (0561-0815) | 1578 (1242-NA)
54 54 1 0,930 0.0358 5.8237 5.973 | 0556 (0353-0715) | 1242(564-NA) | 0921
14 53 1 0.912 0.037% 5.8020 5.963 0565 (0405-0698) | NAUO-NA)
76 52 1 0.895 0.0406 0.7896 2.951 : ,9595(3:3'\19;@721) ) 1%3((14304;:?) o7
84 51 1 0.877 0.0435 2.7596 5.939 ; R 8. - X . ;
25 " 1 0.859 0.0462 5.7576 5,927 » {30 0 0454 {0275-0681) | 781 (530-NA) |
120 45 3 0.840 0.0490 0.7146 9.913
160 aq 1 Dp.221 0.0515 9.6921 5.599
176 43 1 D.802 0.0537 2.6708 5.885
150 42 1 0.783 0.0587 5.6485 2.870
201 41 1 0.763 0.0575 5.6272 0.855
308 34 1 6,741 0.0601 4.6010 0.838
313 33 1 0,739 0.0623 5.57584 0.821
b Numbers of patients, observed

events, and expected events based
on the null hypothesis of each group

> (res <~ gurvdiif(3frv(DayeIol3,08)~Scurce, data=Dataset,. rho=0, na.astion =
+  na.omat))
Call:
survdiff (formula = v (DaysTeCS, 038) ~ Source, data = Datasat,
na.action = na.s:i\ir., rho = 0)

{ 1
N Cbserved Expected (O-E)~2/E (C-E)"*2/V

Source=EM 57 2% 22.76 .1354 8.376
Scurce=C3 6 3 1.24 0.4688 0.439
Source=pP3 30 i3 12.0: 9.0822 0.126

Chisg= 0.7 on 2 degrees of freedom, p= 0.705 gumewm= Pvalue

Figure 3. (a) Point estimations, s.e. and 95% confidence intervals of survival rate at each time point. (b) The results of log-rank test.
(c) Summary of the survival analyses copied to the clipboard and then pasted into a spreadsheet.
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Figure 4. (a) Dialog for performing a Cox proportional hazards regression, (b) Dialog for plotting cumulative incidence curves and performing Gray's test.
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Log hazard ratios, hazard ratios,
standard errors of hazard ratios, z

> sunmary (GoxModel, i} values and p values
Call:

coxph {(formula = Surv(DaysIods, O5) ~ Age DiseaseRiak + Regimen +

Scurce, dava = Davaset, mecthod = "brepslow®)
n= 93, number of events= 36 \

| conf expiccef) se(cosf) z Brivizl) 1
Age 0,03891 1.08967 ©0.0168% 2.373 Q.01738% *
DiseaseRiak{T.Low] ~1.35348 0.25834 0.35980 -3.762 0.0Q0163 =#+
Regimen{T,RIC] -1.18271 0.31578 ©.51488 ~2,239 0.025170 ~
Scurce (T.CB) 0.32593 1.38532 ©.75075 0.434 0.664186
Souxce [T.FB} $.36227 1.43818 ©.3781€ 0.955 0.339406

Signif. codes: G '¥eXS Q. Q0L AR GLOL A Q.05 LY 0,1 0 7 3

exp(coes) exp(~coef) lower .35 upper .95

Age 1.0397 Q.8658 1.006% 1.0738
DiseaseRisk{T.Low] 0.2583 3.8703 0.1276 ¢, 822¢
Regimen{T.RIC] 0.3158 3.1668 0.138% 0.8663
Source{T.CB} 1.3853 0.72L9 0.318: 6.5339
Scurce{T.F3} 1 1.4331 Q.6962 0.6538 3,0118 1

Concoxdance= 3,735 {ae = ¢.052 )
Rsquaze= 0,243 (max possible= 0,955 )
Likelihood ravio test= 25.66 on 5 df,
Wald ceat = 26.6 on & df,
Score (logrank) test = 30.7%5 on 5 df,

=0.0005039
6.E230-D5
1.052e~08

}___.

Hazard ratios, their reciprocal values,
and their 95% confidence intervals

Results of three tests for the global null
hypothesis (none of the explanatory s
variables is associated with the response)

Figure 5.
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b Hazard ratios, their 95% confidence
intervals, and p values
> cox.cable l
[Hazazd ravio Lower 95%CI Upper 95$CI  p.value |
Bge 1.0408 1.0070 1.0740 ©.0173700
DiseaseRisk[T.Leow} 0.2523 c.1276 0.5229 0.0001687
Regimen[T.RIC} ©.3158 ©.115% 0.8663 0.0251790
Scurce{T.C3) 1.385¢ ©.3181 §.0340 0.6642000
Scurce{T,PB] 1.435% 6.6839 3.0120 0.3394000
> walgdcesc (CoxMadel, 1)
Overall p value for Scurce :  0.6086495
> prinvisox,.zph{Coxdodel, 1)
rho chisq <3

Age 2.1598 1.100 0.29417 .
DiseaseRiskIT.Lowi 0.2030 1.527 o.21654 | Evaluation of the
Regimen{T.RIC} 0.094% 0.327 ¢.56735 | proportional hazards
Source{T.CB} ~0.183¢ 1.113 0.29141 assumption
Scuzce[T.PB) 9.43117 6,827 ©.008%8 - I
GLOBAL NA 10,216 0.08516 (p = p values)

Cc

> svep.p.coxi{Comdodsl, 2, "TempDF", wald=dj
coxph (formula = Surv(DaysfoO5, O5) ~ Age + DiseassRisk + Regimen +
Seurce, dava = TempDF, method = "breslow™)

Fazard ratic Lower 35%CI Upper 95%CI p.valoe
Age 1.0400 3.0070 1.0740 0.03173700
DiseaseRisk{T.Low} o.2523 0.1276 0.8229 0.0001687
Regimen{T.RIC} 0.3158 0.11858 0.8683 0.0251700
Scurce{T.C8} 1.3850 0.3182 6.0340 3,6642000
Source{I.FPB} 1.4352 0.683% 3.0220 0.3334000

----- Remove Scurce from the model. (p=G.6086 by Wald test)

cox <~ coxphiSurv(DaysTol3, 05} ~ Age + DisesseRisk + Regimen, daca=
Final model after stepwise selection of

emem-Finzl meger theE explana}ory variables

{ Hazard ratio Lower $53CI Upper 953CI  p.value |
Age 1.0360 1.0040 1.0690 0.027176G0
DiseaseRisk{T.Low} 0.2552 §.3286 0.5208 0.0001753
Regimen{T.RIC} $.8237 §.13142 0.8621 0.0245900

(@) Main result of Cox proportional hazard regression that includes the hazard ratios, their 95% confidence intervals and P-values for

each explanatory variable, followed by the results of three tests for the global null hypothesis. (b) Summary of proportional hazards regression
analysis, the results. of Wald test and the results of testing the proportional hazards assumption. (c) Results of stepwise selection of

explanatory variables.

competing events, the number of event that corresponds to the
event of interest should be specified in the ‘Code of event to show
cumulative incidence rate’ column in the dialog. If more than 1
grouping variable is specified and only one of the events is
specified in the ‘Code of event to show cumulative incidence rate’
column, a summary table will be shown, which can be copied to
the clipboard by the w.ci() command (Figure 6b). A graph that
shows the cumulative incidences in a stacked manner can be
plotted by selecting ‘Graphs’ >‘Stacked cumulative incidences’
(Figure 6c).

Fine and Gray regression modeling can be performed from the
menu, ‘Statistical analysis’>‘Survival analysis’> ‘Fine-Gray
proportional hazard regression for competing events’. Users
have to specify a time-to-event variable, a status variable, the
number of event corresponding to the event of interest and
explanatory variables. The results of a regression analysis can be
copied to the clipboard by the w.multi(crr.table) command. When
we consider the sample file, if the effect of the use of PB or CB
compared with BM on the incidence of relapse is evaluated by
adjusting for age, disease risk and conditioning regimen, the use
of PB as stem cell graft is significantly associated with an increased
incidence of relapse with a subdistribution hazard ratio of 2.37
(95% confidence interval: 1.11-5.04; P=0.025). However, this
result should be considered with caution, as the overall P-vaiue for
stem cell graft was 0.070 by the Wald test, which can be calculated
by checking this option in the dialog.

I should note that the log-rank test and Cox proportional
hazards regression are also valid analyses of competing risks data.

© 2013 Macmillan Publishers Limited

In these analyses, cause-specific hazard function is evaluated
instead of the cumulative incidence function, censoring
events other than the event of interest. Therefore, the time-to-
event variable should indicate the time to the earliest event or
time to the last evaluation for patients without any events, and the
status variable should have a value of 1 for event of interest and 0
for other events or no event. The choice and interpretation of
these statistical tests for competing risks data are discussed
elsewhere.'*

FINAL REMARKS

In addition to the functions introduced above, EZR enables
the analysis of diagnostic tests in the ‘Statistical analysis’>
‘Accuracy of diagnostic test’ menu, matched-pair analysis
in the ‘Statistical analysis’'>‘Matched-pair analysis’ menu,
meta-analysis in the ‘Statistical analysis'>‘Metaanalysis
and metaregression’ menu and a sample size calculation
in the ‘Statistical analysis’>‘Calculate sample size’ menu. A
variety of graphs can be accessed in the “Graphs’ menu and the
statistical functions that were included in the original R
commander can be found in the ‘Original menu’. Created
graphs can be copied to the clipboard from the menu of the
graph window, ‘File’>‘Copy to the clipboard’, either as a
bitmap or as a metafile. | hope that EZR will help researchers to
perform statistical analyses, especially in clinical studies on
hematopoietic SCT. ’
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Figure 6. (a) Cumulative incidence curves of relapse (event= 1) and non-relapse mortality (event=2) grouped according to the stem cell

source. (b) Summary of the cumulative incidence analyses copied to the clipboard and then pasted into a spreadsheet. (¢) Stacked cumulative
incidence graph. The light gray area indicates the incidence of relapse (event=1) and the dark gray area indicates the incidence of non-

relapse mortality (event =2).
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Unrelated cord blood transplantation vs related transplantation
with HLA 1-antigen mismatch in the graft-versus-host direction

J Kanda', T Ichinohe?, S Kato®, N Uchida®, S Terakura®, T Fukuda®, M Hidaka’, Y Ueda®, T Kondo®, S Taniguchi*, S Takahashi'®,
T Nagamura-Inoue'’, J Tanaka'?, Y Atsuta'3, K Miyamura'® and Y Kanda' on behalf of the Donor/Source Working Group and
HLA Working Group of the Japan Society for Hematopoietic Cell Transplantation

INTRODUCTION
For patients who fack an HLA-identical sibling, an HLA-matched
unrelated donor (MUD) is considered to be the preferred
alternative donor in allogeneic hematopoietic cell transplantation
(HCT).""® However, it is difficult to find an MUD for patients with
rare HLA haplotypes. Furthermore, it takes at least a few months
from the start of an unrelated donor search to actually receive a
graft. Therefore, there is a large demand for an alternative source
to an HLA-identical sibling or MUD, particularly for patients who
have a rare haplotype or who need immediate transplantation.

Unrelated cord blood (UCB) has emerged as a promising
alternative source for pediatric and adult patients.®'” In UCB
transplantation, up to two antigen/allele mismatches between a
recipient and cord blood unit are acceptable without an increased
risk of acute graft-versus-host disease (GVHD). The clinical
outcome in UCB transplantation is improving, and is almost
comparable to that in HLA 8/8 allele MUD transplantation,
although a high risk of graft failure and early treatment-related
complications are still major issues.'>™"”

Another alternative source is an HLA-mismatched related donor,
particularly when a related donor with a 1-antigen mismatch at
the HLA-A, HLA-B, or HLA-DR locus in the graft-versus-host (GVH)

direction (RD/1AG-MM-GVH) is available. HCT from an RD/1AG-
MM-GVH results in a higher but acceptable incidence of acute
GVHD.'®2° In previous studies, HLA mismatches in the host-versus-
graft (HVG) direction were associated with a higher incidence of
graft failure and lower overall survival (05)."®'*' However, the risk
of graft failure might have been improved by the use of condi-
tioning regimens that strongly suppress the recipient’s immune
system.?? Therefore, in current clinical practice in Japan, stem cell
transplantation from an RD/TAG-MM-GVH is being performed
while accepting multiple antigen mismatches in the HVG direction
without specific ex vivo stem cell manipulation.'®'*%* We have
recently reported that OS in transplantation from an RD/1AG-MM-
GVH involving an HLA-B antigen mismatch was inferior, whereas
that from an RD/1AG-MM-GVH involving an HLA-A or -DR antigen
mismatch was comparable to that from an 8/8-MUD in standard-
risk diseases.”

Unlike transplantation from an MUD, transplantation using a
UCB unit or an RD/1TAG-MM-GVH can be performed immediately
when necessary. However, little information is available regarding
the priority in selecting these alternative donors. Therefore, we
conducted a retrospective study using national registry data on
2813 patients with leukemia or myelodysplastic syndrome (MDS)
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who received transplantation using a single UCB or an RD/
1AG-MM-GVH.

MATERIALS AND METHODS
Data collection

Data for patients (age: =16 years) with acute myeloid leukemia, acute
lymphoblastic leukemia, MDS and chronic myelogenous leukemia who
received a first HCT using a single HLA 0-2 antigen-mismatched UCB unit
or an RD/1AG-MM-GVH between 1 January 1998 and 31 December 2009
were obtained from the Transplant Registry Unified Management Program
(TRUMP),2* which includes data from the Japan Cord Blood Bank Network
(JCBBN) and the Japan Society for Hematopoietic Cell Transplantation
(JSHCT). Our analysis included 2306 patients who received a single UCB
graft (UCB group) and 541 patients who received a graft from an RD/
1AG-MM-GVH (RD/1AG-MM-GVH group). As of January 2012, double UCB
grafts for HCT are not available in Japan. The following patients were
excluded: 26 patients who lacked data on survival status, survival date, sex
of recipient, or GVHD prophylaxis and 8 patients who received stem cells
that had been manipulated by ex vivo T-cell depletion or CD34 selection.
Overall, 2288 patients who received a UCB unit and 525 who received a
graft from an RD/1AG-MM-GVH fulfilled the criteria. The study was
approved by the data management committees of TRUMP and by the
institutional review boards of Japanese Red Cross Nagoya First Hospital
and Saitama Medical Center, Jichi Medical University, where this study was
organized. .

Histocompatibility

Histocompatibility data for the HLA-A, HLA-B and HLA-DR loci were
obtained from reports from the institution where the transplantation was
performed or from cord blood banks. To reflect current practice in Japan,
HLA matching in UCB or RD/1AG-MM-GVH transplantation was assessed by
serological data for HLA-A, HLA-B, and HLA-DR loci. An HLA mismatch in
the GVH direction was defined as when the recipient’s antigens or alleles
were not shared by the donor, whereas a mismatch in the HVG direction
was defined as when the donor’s antigens or alleles were not shared
by the recipient.

End points

The primary end point of the study was to compare OS rates between the
UCB and RD/1AG-MM-GVH groups. Other end points were the cumulative
incidences of neutrophil and platelet engraftment, acute and chronic
GVHD, relapse, and non-relapse mortality (NRM). Neutrophil recovery was
considered to have occurred when the absolute neutrophil count
exceeded 0.5 x 10%/1 for 3 consecutive days following transplantation.
Platelet recovery was considered to have occurred when the absolute
platelet count exceeded 50 x 10%/I without platelet transfusion. The
physicians who performed transplantation at each center diagnosed and
graded acute and chronic GVHD according to the traditional criteria.?>?®
The incidence of chronic GVHD was evaluated in patients who survived for
at least 100 days.

Statistical analysis

Descriptive statistics were used to summarize variables related to the
patient characteristics. Comparisons between groups were performed with
the ytest or extended Fisher's exact test as appropriate for categorical
variables and the Mann-Whitney U-test for continuous variables. The
probability of OS was estimated according to the Kaplan-Meier method,
and the groups were compared with the log-rank test. The adjusted
probability of OS was estimated according to the Cox proportional-hazards
model, with other significant variables considered in the final multivariate
model. The probabilities of neutrophil and platelet engraftment, acute and
chronic GVHD, NRM, and relapse were estimated on the basis of
cumulative incidence methods, and the groups were compared with the
Gray test?”?® competing events were death without engraftment
for neutrophil and platelet engraftment, death or relapse without GVHD
for acute and chronic GVHD, death without relapse for relapse, and relapse
for NRM. The Cox proportional-hazards model was used to evaluate
variables that may affect OS, whereas the Fine and Gray proportional-
hazards model was used to evaluate variables that may affect engraftment,
GVHD, NRM and relapse.”® We classified the conditioning regimen as myelo-
ablative if either total body irradiation >8Gy, oral busulfan >9mg/kg,
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intravenous busulfan >7.2mg/kg, or melphalan >140mg/m? was used
in the conditioning regimen, and otherwise classified it as reduced
intensity, based on the report by the Center for International Blood and
Marrow Transplant Research.®° For patients for whom the doses of agents
used in the conditioning regimen were not available, we used the
information on conditioning intensity (myeloablative or reduced intensity)
reported by the treating clinicians. Acute leukemia in the first or second
remission, chronic myelogenous leukemia in the first or second chronic
phase or accelerated phase, and MDS with refractory anemia or refractory
anemia with ringed sideroblasts were defined as standard-risk diseases,
and other conditions were defined as high-risk diseases. The following
variables were considered when comparing the UCB and RD/1AG-MM-GVH
groups: the recipient’s age group (<50 years or >50 years at
transplantation), sex of recipient, disease (acute myeloid leukemia, acute
lymphoblastic leukemia, chronic myelogenous leukemia or MDS), disease
status before transplantation (standard- or high-risk), type of conditioning
regimen {myeloablative or reduced intensity), type of GVHD prophylaxis
(calcineurin inhibitor and methotrexate, calcineurin inhibitor only, or
other), year of transplantation (1998-2004, 2005~2009), and the time from
diagnosis to transplantation (<6 months or >6 months). In the analysis
within the RD/1AG-MM-GVH group, the use of in vivo T cell depletion (no
vs yes), stem cell source (peripheral blood (PB) stem cells vs bone marrow
(BM)), and the number of HLA mismatches in the HVG direction (0-1 vs
2-3) were also considered. Factors without a variable of main interest were
selected in a stepwise manner from the model with a variable retention
criterion of P<0.05. We then added a variable of main interest to the final
model. All tests were two-sided, and P<0.05 was considered to indicate
statistical significance. All statistical analyses were performed with Stata
version 12 (Stata Corp., College Station, TX, USA) and EZR (Saitama Medical
Center, Jichi Medical University, Saitama, Japan).>' EZR is a graphical user
interface for R (The R Foundation for Statistical Computing, version 2.13.0,
Vienna, Austria). More precisely, it is a modified version of R commander
(version 1.6-3) that was designed to add statistical functions that are

" frequently used in biostatistics.

RESULTS
Characteristics of patients and transplants

Table 1 shows the patient and transplant characteristics.
Recipients of an RD/1AG-MM-GVH were younger than recipients
of a UCB unit. Approximately half of the recipients in the RD/1AG-
MM-GVH group received PB. The number of HLA mismatches in
the GVH direction between a UCB unit and recipient was 0 in 10%,
1 in 33% and 2 in 57%. In the RD/TAG-MM-GVH group, the
number of antigen mismatches in the HVG direction was 0 in 12%,
1in 68%, 2 in 18% and 3 in 3%. Most of the recipients of an
RD/1AG-MM-GVH received a calcineurin inhibitor with methotrex-
ate for GVHD prophylaxis, whereas 25% of UCB recipients received
only calcineurin inhibitor. In vivo T-cell depletion including
antithymocyte globulin (ATG) or alemtuzumab was used in 10%
of the RD/1AG-MM-GVH group, but in only 1% of the UCB group.
Alemtuzumab was used in only one patient, who received
transplantation from an RD/1AG-MM-GVH. Information regarding
the dose and type of ATG was missing in two-third of the patients
who received ATG. Available data showed that the median
dose of thymoglobulin was 2.5 (range 2.5-9.0, n=9) and 2.5
(range 1.25-5.0, n=10) mg/kg and the median dose of ATG-
Fresenius was 8.0 {range 5.0-10.0, n=3) and 8.0 (range 5.0-10.0,
n=17) mg/kg, in the UCB and RD/1AG-MM-GVH groups, respec-
tively. Two-third of UCB transplantations were performed between
2005 and 2009. The median duration of follow-up for survivors
was 2 and 4 years in the UCB and RD/1AG-MM-GVH groups,
respectively.

Neutrophil and platelet engraftment

The incidence of neutrophil engraftment at day 50 in the RD/1AG-
MM-GVH group was higher than that in the UCB group (UCB
group, 73%, 95% confidence interval (Cl), 71-75%; RD/1AG-MM-
GVH group, 93%, 95% Cl, 91-95%; Gray test, P<0.001; Figure 1a).
The incidence of platelet engraftment at day 150 in the

Leukemia (2013) 286 -294

287



Transplant using UCB vs HLA 1-AG mismatched RD

J Kanda et af

288

Table 1. Patient characteristics
Variable UCB (n=2288) RD/1AG-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
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 — 14 (3%)
Conditioning regimen
Myeloablative 1390 (61%) 253 (48%) <0.001
CY+TBi 1062 164
Other TBI regimen 130 20
BU+CY* 88 45
Other non-TBI regimen 110 24
Reduced intensity 894 (39%) 162 (31%)
FLU£TBI* 840 138
Other regimen 54 24
Unclassifiable 4 (0.2%) 110 21%)
GVHD prophylaxis
CSA/TAC + MTX 1410 (62%) 448 (85%) <0.001
CSA/TAC + MMF 246 (11%) 12 (2%)
CSA/TAC + Steroid 28 (1%) 13 (2%)
CSA/TAC only 571 (25%) 45 (9%)
Unknown 33 (1%) 7 (1%)
Use of in vivo T-cell depletion
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) 4.0 (0.1-12.2) <0.001
Abbreviations: BU, busulfan; CSA, cyclosporine; CY, cyclophosphamide; FLU, fludarabine; MMF, mycophenolate mofetil; MTX, methotrexate; TAC, tacrolimus;
T8, total body irradiation; UCB, unrelated cord blood.

RD/1AG-MM-GVH group was also higher than that in the UCB
group (UCB group, 53%, 95% Cl, 51-55%; RD/1AG-MM-GVH group,
70%, 95% Cl, 66-74%; Gray test, P<0.007; Figure 1b). The use of
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RD/1AG-MM-GVH was significantly associated with a higher
incidence of neutrophil and platelet engraftment in the multi-
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/1AG-MM-GVH group as compared with the UCB group
(Supplementary Table 1).

Acute and chronic GVHD

The incidence of grade II-IV or grade llI-IV acute GVHD in the RD/
1AG-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/1AG-MM-GVH group, 50%, 95% Cl, 45-54%; Gray
test, P<0.001; grade lll-IV acute GVHD at day 100: UCB group,

11%, 95% Cl, 10-13%; RD/1AG-MM-GVH group, 21%, 95% Ci,

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/
T1AG-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/1AG-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 ll-IV or grade -1V acute GHVD,
chronic or extensive chronic GVHD in the RD/1AG-MM-GVH group
than in the UCB group (grade II-IV acute GVHD; HR 1.64, 95% (i,
1.43-1.90, grade llI-IV acute GVHD; HR 2.28, 95% Cl, 1.80-2.88,
chronic GVHD; HR 147, 95% Cl, 1.24-1.73, extensive chronic
GVHD; HR 2.35, 95% Cl, 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=0.639; Table 2), after adjusting for the following significant risk
factors: age > 50 years, male recipient, acute myeloid leukemia vs
MDS, high-risk disease, GYHD prophylaxis using only calcineurin
inhibitor vs calcineurin inhibitor + methotrexate, and earlier year
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Figure 2. Acute and chronic GVHD. Cumulative incidences of grade II-IV (a) and grade HlI-IV acute GVHD (b) and chronic (¢) and extensive

chronic GVHD (d) are shown.
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Table 2. Multivariate analysis of overall mortality

Variable Total® Standard risk® High risk®
HR (95% CI) P value HR (95% CI) P value HR (95% Ci) P value
(A)
ucB 1.00 reference 1.00 reference 1.00 reference
RD/1AG-MM-GVH 0.99 (0.87-1.12) 0.833 1.06 (0.86-1.31) 0.588 0.96 (0.81-1.13) 0.639
(8) -
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 1.44 (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 lymphoblastic leukemia; Cl, 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, 0.72-1.13, 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%
Cl, 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 4+ 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, 1.00), 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, 0.60-0.89, P =0.002).
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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 antigen mismatch 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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patients who received transplantation from an RD/1AG-MM-GVH
involving an HLA-B mismatch was significantly lower than that in
the UCB group (P =0.043; Figure 3b and Table 2), and a subgroup
analysis revealed that the adverse effect of an HLA-B mismatch
was significant only in standard-risk patients (standard-risk,
P =0.023; high-risk, P=0.326; Table 2).

Relapse and NRM

The 3-year relapse rates in the UCB and RD/1AG-MM-GVH groups
were 35% (95%Cl, 33-37%) and 32% (95% CI, 28-36%),
respectively (Gray test; P=0.041; Figure 4a), and a significant
decrease in the incidence of relapse was found in the RD/1AG-
MM-GVH group in the multivariate analysis (RD/1AG-MM-GVH vs
UCB, HR, 0.78, 95%Cl, 0.64-0.95, P =0.012; Table 3). The impact of
reducing the incidence of relapse did not differ according to the
HLA mismatch antigen in the RD/1AG-MM-GVH group (Table 3
and Figure 4b). The 3-year NRM rates in the UCB and RD/1AG-MM-
GVH groups were 30% (95% Cl, 28-32%) and 32% (95% Cl,
28-36%), respectively (Gray test; P=0474; Figure 4c), and a
significant increase in the NRM rate was observed in the RD/1AG-
MM-GVH group in the multivariate analysis (RD/1AG-MM-GVH vs
UCB, HR, 1.24, 95% Cl, 1.04-1.47, P=0.016; Table 3). In particular,
the NRM rate of patients who received transplantation from an
RD/1AG-MM-GVH with an HLA-B mismatch was significantly
higher than that in the UCB group (RD/TAG-MM-GVH vs UCB,
HR, 1.50, 95% Cl, 1.17-1.92, P=0.001; Figure 4d and Table 3).

The causes of death in patients who died without relapse are
shown in Supplementary Table 3. The rates of GVHD and organ
failure in the RD/1AG-MM-GVH group were higher than those in
the UCB group (GVHD, 18 vs 10%, organ failure, 28 vs 19%),
whereas the rates of graft failure and infection were lower in
the RD/1AG-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/1AG-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.
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Figure 4. Relapse and non-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 mortality®
HR (95% Ci) 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
(8)
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; Cl, 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; diagnosis, 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% Cli, 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% Cl, 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% Ci, 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 (Supplementary Figure 1 and Supplementary Table 4), whereas
associated with the risk of developing grade lI-IV acute GVHD in the incidences of neutrophil and platelet engraftment were
the RD/1AG-MM-GVH group: the use of in vivo T-cell depletion and significantly higher in the RD/1AG-MM-GVH group using in vivo
source of stem cells (use of in vivo T-cell depletion, yes vs no, HR T-cell depletion than in the UCB group (neutrophil engraftment,
0.40, P=0.002, PB vs BM, HR 1.61, P<0.001). HR, 5.52, 95% Ci, 3.36~9.05, P<0.001; platelet engraftment, HR

Because the use of in vivo T-cell depletion significantly lowered 2.01, 95% Cl, 1.26-3.21, P<0.001). Compared to the UCB group,
the risk of acute GVHD, we re-compared the RD/1AG-MM-GVH the RD/1AG-MM-GVH group with T-cell depletion showed lower
group and the UCB group while focusing on the use of in vivo overall and NRM, albeit these differences were not significant,
T-cell depletion in the RD/1AG-MM-GVH group. The incidence of which suggests that the use of in vivo T-cell depletion may
grade lI-IV or grade IlI-IV acute GVHD or chronic or extensive improve the outcome of transplantation from an RD/1AG-MM-
chronic GVHD in the RD/1AG-MM-GVH group using in vivo GVH (Figure 5, Supplementary Table 5). It is interesting to note
T-cell depletion was comparable to that in the UCB group 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% Cl, 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/T1AG-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 retrospective study, we found that the survival
rate in the UCB group was comparable to that in the RD/1AG-MM-
GVH group regardless of the disease risk. The RD/1AG-MM-GVH
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group with an HLA-B mismatch showed significantly higher overall
and NRM, whereas the RD/1AG-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/1AG-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/1AG-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.3?
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/1AG-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 Illi-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/TAG-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 -1V acute GVHD and extensive chronic GVHD
in the RD/TAG-MM-GVH group. Although this effect was not
statistically significant, the RD/1AG-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 lll-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/TAG-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 immunological effect is involved in this
mechanism.

This study has several limitations. 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
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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-DRB1 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 (2.5mg/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/1AG-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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To clarify which is preferable, a related
donor with an HLA-1 Ag mismatch at the
HLA-A, ‘HLA-B, or HLA-DR loci in the
graft-versus-host (GVH) direction (RD/
1AG-MM-GVH) or an HLA 8/8-allele
(HLA-A, HLA-B, HLA-C, and HLA-DRB1)~
matched unrelated donor (8/8-MUD), we
evaluated 779 patients with acute leuke-
mia, chronic myelogenous leukemia, or
myelodysplastic syndrome who received
aT cell-replete graft from an RD/1AG-MM-
GVH or 8/8-MUD. The use of an RD/1AG-
MM-GVH donor was significantly associ-

ated with a higher overall mortality rate
than the use of an 8/8-MUD in a multivari-
ate analysis (hazard ratio, 1.49; P < .001),
and this impact was statistically signifi-
cant only in patients with standard-risk
diseases (P = .001). Among patients with
standard-risk diseases who received
transplantation from an RD/1AG-MM-GVH
donor, the presence of an HLA-B Ag mis-
match was significantly associated with a
lower overall survival rate than an HLA-DR
Ag mismatch because of an increased
risk of treatment-related mortality. The

HLA-C Ag mismatch or multiple allelic
mismatches were frequently observed in
the HLA-B Ag-mismatched group, and
were possibly associated with the poor
outcome. In conclusion, an 8/8-MUD
should be prioritized over an RD/1AG-MM-
GVH donor during donor selection. In
particular, an HLA-B Ag mismatch in the
GVH direction has an adverse effect on
overall survival and treatment-related
mortality in patients with standard-risk
diseases. (Blood. 2012;119(10):2409-2416)

introduction

An HLA-matched unrelated donor (MUD) is considered to be an
alternative donor in hematopoietic stem cell transplantation (SCT)
for patients who lack an HLA-identical sibling. However, it is
difficult to find an MUD for patients with rare HLA haplotypes.
SCT from a related donor with 1 Ag mismatch at HLA-A, HLA-B,
or HLA-DR loci in the graft-versus-host (GVH) direction results in
a higher but acceptable incidence of acute GVHD and outcomes
comparable to that of SCT from a matched related donor (MRD) in
patients with high-risk diseases because it reduces the risk of
relapse via a graft-versus-leukemia (GVL) effect.!* In previous
studies, HLA mismatches in the host-versus-graft (HVG) direction
were associated with higher graft failure and lower overall survival
(0S).124 However, strategies to reduce the risk of graft failure
might have been improved by the use of conditioning regimens that
strongly suppress recipient immune system.’ Therefore, in current
clinical practice in Japan, SCT from a related donor with 1 Ag

mismatch in the GVH direction and accepting multiple Ag
mismatches in the HVG direction without specific stem cell
manipulation is being performed,'* although such an approach has
not yet been evaluated in a large cohort.

Our previous study showed that SCT from an HLA-1 Ag-
mismatched donor in the GVH or HVG direction is comparable to
that from an HLA-A, HLA-B, or HLA-DR Ag-MUD.! However,
this study is relatively old (1991-2000) and may not reflect current
practice. Furthermore, the analysis was mainly performed based on
serological matching, because information on HLA allele matching
in unrelated transplantation was insufficient at that time. The
importance of allele matching at the HLA-A, HLA-B, and HLA-
DRBI1 loci in unrelated donor transplantation has been established
previously.®8 In addition, the importance of allele matching at the
HLA-C locus has been highlighted in several recent studies of
unrelated transplantation, although HLA-C matching is, in general,
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still not considered in related transplantation.®>!? Therefore, we
conducted a nationwide retrospective study to compare the clinical
outcomes of transplantation from a related donor with an HLA-1
Ag mismatch at the HLA-A, HLA-B, or HLA-DR loci in the GVH
direction (RD/1AG-MM-GVH) with an HLA 8/8-allele (HLA-A,
HLA-B, HLA-C, and HLA-DRB1)-MUD (8/8-MUD).

Methods

Data collection

Data for patients 16-70 years of age with acute myelogenous leukemia
(AML), acute lymphoblastic leukemia (ALL), myelodysplastic syndrome
(MDS), or chronic myelogenous leukemia (CML) who received a first
allogeneic transplantation from a related donor or HLA-6/6-Ag-MUD
between January 1, 2001 and December 31, 2008 were obtained from the
Transplant Registry Unified Management Program,'? which includes data
from the Japan Society for Hematopoietic Cell Transplantation and the
Japan Marrow Donor Program. Our analysis included 344 patients who
received a graft from an RD/1AG-MM-GVH donor and 453 patients who
received a graft from an 8/8-MUD. The following patients were excluded:
11 patients who lacked data on survival status, survival date, sex of
recipient and donor, stem cell source, GVHD prophylaxis, or performance
status; 2 patients who received both BM and peripheral blood in related
transplantation; and 5 patients who received stem cells manipulated by
ex vivo T-cell depletion or CD34 selection. Finally, 327 patients who
received a graft from an RD/1AG-MM-GVH donor and 452 patients who
received a graft from an 8/8-MUD fulfilled the criteria. The data on
2318 patients who received transplantation from an MRD were also

~ collected on the basis of similar inclusion and exclusion criteria to compare
the OS rate. The study was approved by the data management committees
of Transplant Registry Unified Management Program and by the institu-
tional review board of Saitama Medical Center (Jichi Medical University,
Saitama, Japan), where this study was organized.

Histocompatibility

Histocompatibility data for serological and genomic typing for the HLA-A,
HLA-B, HLA-C, and HLA-DR loci were obtained from reports obtained
from the institution at which the transplantation was performed. To reflect
current practice in Japan, HLA matching in RD/1AG-MM-GVH donors
was assessed by serological data for HLA-A, HLA-B, and HLA-DR loci,
whereas that in 8/8-MUD was assessed by genomic data for HLA-A,
HLA-B, HLA-C, and HLA-DR loci. When the recipient’s Ags or alleles
were not shared by the donor, this was considered an HLLA mismatch in the
GVH direction; when the donor’s Ags or alleles were not shared by the
recipient, this was considered a mismatch in the HVG direction. SCT from a
related donor with 1 Ag mismatch in the GVH direction has been performed
by accepting multiple Ag mismatches in the HVG direction,'? and therefore
was included in this study.

End points and statistical analyses

The primary end point of the study was to compare OS rates between the
RD/1AG-MM-GVH and 8/8-MUD groups. For exploratory purposes, OS,
treatment-related mortality (TRM), relapse, acute and chronic GVHD, and
cumulative incidences of neutrophil engraftment were analyzed in a subset
of cohorts. The physicians who performed transplantation at each center
diagnosed and graded acute and chronic GVHD according to standard
criteria.'*!3 The incidence of chronic GVHD was evaluated in patients who
survived for at least 100 days. Neutrophil recovery was considered to have
occurred when the absolute neutrophil count exceeded 0.5 X 10%L for
3 consecutive days after transplantation.

Descriptive statistics were used to summarize variables related to
patient characteristics. Comparisons between groups were performed with
the x? statistic or extended Fisher exact test as appropriate for categorical
variables and the Mann-Whitney U test or the Kruskal-Wallis test as
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appropriate for continuous variables. The probability of OS was estimated
according to the Kaplan-Meier method, and the groups were compared with
the log-rank test. The probabilities of TRM, relapse, acute and chronic
GVHD, and neutrophil engraftment were estimated on the basis of
cumulative incidence curves to accommodate the following competing
events'S: death for relapse, relapse for TRM, death without GVHD for acute
and chronic GVHD, and death without engraftment for neutrophil engraft-
ment; the groups were compared with a Gray test.'? Cox proportional-
hazards regression was used to evaluate variables that may affect OS,
whereas the Fine and Gray proportional-hazard model was used to evaluate
variables that may affect TRM, relapse, acute and chronic GVHD, and
neutrophil engraftment.!® For patients for whom conditioning intensity
(myeloablative or reduced-intensity) was not reported, we reclassified the
conditioning regimen as either myeloablative or reduced-intensity accord-
ing to the National Marrow Donor Program/Center for International Blood
and Marrow Transplant Research operational definitions.'? To be consistent
with our previous study, acute leukemia in the first or second remission,
CML in the first or second chronic phase, and MDS without leukemic
transformation were defined as standard-risk diseases, and others were
defined as high-risk diseases.’ The following variables were considered: the
recipient’s age group (= 50 years or > 50 years at transplantation),
recipient’s sex, presence of female (donor) to male (recipient) sex mis-
match, performance status (0-1 or 2-4), disease (AML, ALL, CML, or
MDS), disease status before transplantation (standard- or high-risk), type of
conditioning regimen (myeloablative or reduced-intensity), type of GVHD
prophylaxis (cyclosporine-based, tacrolimus-based, or other), use of antithy-
mocyte globulin or alemtuzumab, and the time from diagnosis to transplan-
tation (< 6 months or = 6 months). In addition, a variable of graft source
(BM or peripheral blood) was also considered in the analysis specific to
related donors. Factors with P < .10 in the univariate analysis were used in
the first multivariate model without donor type and deleted in a stepwise
manner from the model by backward selection. We added donor type to the
final model. All tests were 2-sided, and P < .05 was considered to indicate
statistical significance. All statistical analyses were performed with STATA
Version 11 software (StataCorp) and R Version 2.12.0 software (The R
Foundation for Statistical Computing).

Results
Patient characteristics

Compared with recipients of an 8/8-MUD, recipients of an
RD/1AG-MM-GVH were more likely to be younger, to be male
receiving a transplantation from a female donor, to have a shorter
duration from diagnosis to transplantation, to have a high-risk
disease, to receive cyclosporine for GVHD prophylaxis, to receive
antithymocyte globulin or alemtuzumab, and to have a longer
follow-up period (Table 1). Approximately half of the recipients in
the RD/IAG-MM-GVH group received peripheral blood stem
cells, whereas during this period in Japan, the source of transplanta-
tion from an MUD was restricted to BM. In the RD/1AG-MM-
GVH group, the number of Ag mismatches in the HVG direction
was 0 in 11%, 1 in 67%, 2 in 20%, and 3 in 2%. HLA-A, HLA-B,
and HLA-DRBI1 allelic information in both recipients and donors
was available in 148 of 327 transplantations from an RD/1AG-MM-
GVH donor and information on HLA-C Ag mismatch in either the
GVH or HVG direction was available in 123 of 327.

os

The 2-year OS rates in the 8/8-MUD and RD/1AG-MM-GVH
groups were 0.59 (95% confidence interval [CI], 0.53-0.64) and
0.44 (95% CI, 0.38-0.49), respectively (log-rank test; P < .001;
Figure 1A). Multivariate analysis revealed that, compared with the
use of an 8/8-MUD, the use of an RD/1IAG-MM-GVH was a
significant adverse factor for OS (hazard ratio [HR], 1.49; 95% CI,

— 77 —
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Table 1. Patient characteristics

RD/1AG-MM-GVH
(n=1327)

8/8 MUD

Variable (n = 452) P

iy (range
Re

cipiéni sex, n (%) )
267.(89%)

Female
Sex cof
Female tor

143 (44%)
ecipients,n (
91 (28%)

185 (41%)

512

.~ MDs:
Dur.

)
36 (11%) 452 (100%)
18(67%)
65 (20%)

Cbﬁdiﬁoning regimen, n (%)

43 (74
84 (26%)

113 (35%)
209(64%)
5 (2%)

<001

Median follow-up of survivors, 36.2 (3.0-95.7) 13.5 (1.7-62.8) < .001
mo (range)

*HLA compatibility was defined according to the HLA-A, HLA-B, and HLA-DR
loci,

1.19-1.86; P < .001; Table 2). Age > 50 years, performance status
= 2, and high-risk disease were also found to be significant adverse
factors, whereas other variables, such as the time from diagnosis to
transplantation, were not.

Because our previous study showed that the impact of an
HLA-1 Ag mismatch in a related transplantation on OS differed
according to whether patients had standard-risk or high-risk
diseases,! the survival rates were compared separately in each
disease-risk group. The OS rates of patients with standard-risk
diseases in the 8/8-MUD group were significantly higher than those
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in the RD/1AG-MM-GVH group (P = .003), whereas there was no
significant difference in high-risk patients (P = .090; Figure 1B-
C). Although the interaction between the donor type and disease
risk did not reach statistical significance (P = .140), multivariate
analyses in each disease-risk group showed that the adverse impact
of the use of an RD/1AG-MM-GVH donor was significant in
standard-risk patients (HR, 1.72; 95% CI, 1.24-2.39; P = .001),
but not in high-risk patients (Table 2).

To visually compare MRDs and other stem-cell sources, the OS
rate for MRDs was layered on those for MUDs and RD/1AG-MM-
GVHs (Figure 1). The OS curve of transplantation from an MRD

A
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B
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Figure 1. OS according to donor type and risk of disease. OS after transplanta-
tion from an RD/1AG-MM-GVH donor, an 8/8-MUD, and HLA-MRD in patients with
both-risk (A), standard-risk (B), or high-risk diseases (C). Survival rates in the
8/8-MUD and RD/1AG-MM-GVH groups were compared with the log-rank test.
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Table 2. Multivariate analysis of OS
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Total (n = 779)

Variable

Standard-risk (n = 492) High-risk (n = 262)

HR (95% CI) P HR (95% CI) P

HR (95% CI) P

Donortvpe.
8/8 MUD

RDAAGMM-GVH

Age,y ‘ ’ V

=50
> 50

Performance status
0 -

2034

Disease risk

UStandard oo
High

UG

00.
2.41 (1.92-3.03)
1.38(0.82-2.33)

1.00

007

Eroa
CA7e(124-252) T 00

Only variables that remained after backward selection in the multivariate analysis are shown.

was superimposed on that from an MUD in both standard- and
high-risk patients (MRD vs MUD: standard-risk group, P = .895,
and high-risk group, P = .581). Multivariate analysis confirmed
that OS in the MRD group was comparable to the MUD group
(MRD vs MUD: standard-risk group, HR, 1.02; 95% CI, 0.79-1.32;
P = .878; high-risk group, HR, 0.98; 95% CI, 0.76-1.26; P = .865).

Effect of HLA mismatches on OS

To identify factors that may contribute to the inferior OS in
standard-risk patients in the RD/1AG-MM-GVH group compared
with those in the 8/8-MUD group, we evaluated the impact of each
HLA-A, HLA-B, or HLA-DR Ag mismatch in the GVH direction
and the number of Ag mismatches in the HVG direction on OS
rates in the RD/1AG-MM-GVH group.

In the RD/1AG-MM-GVH group, the OS rate for patients who
received a transplantation from a related donor with an HLA-B Ag
mismatch in the GVH direction and that from a donor with 2 or
3 Ag mismatches in the HVG direction were significantly lower
than those in other groups (log-rank test for HLA-A Ag mismatch
vs HLA-B Ag mismatch vs HLA-DR Ag mismatch in the GVH
direction, P < .001, and 0-1 mismatches vs 2-3 mismatches in the
HVG direction, P = .003; Figure 2). However, multivariate analy-
sis revealed that only the presence of an HLA-B Ag mismatch in
the GVH direction (HR, 1.57; 95% CI, 1.13-2.18; P = .007) was
significantly associated with a lower OS (Table 3).

The OS rates were also compared separately in the standard-risk
and high-risk disease groups (Figure 2). Although the interaction
between the presence of an HLA-B Ag mismatch and disease risk
did not reach statistical difference (P = .232), the adverse impact
of an HLA-B Ag mismatch in the GVH direction was observed in
the standard-risk group (HR, 1.86 95% CI, 1.14-3.01; P = .012),
but not in the high-risk group (Table 3). Conversely, the survival
curve for the HLA-A Ag or HLA-DR Ag-mismatched group was
almost superimposed on that for 8/8-MUDs (Figure 2; standard-
risk group: for the HLA-A Ag-mismatched group vs the 8/8-MUD
group, HR, 1.26; 95% CI, 0.73-2.19; P = 411; for the HLA-DR
Ag-mismatched group vs the 8/8-MUD group, HR, 1.37; 95% CI,
0.89-2.11; P = .154; high-risk group: for the HLA-A Ag-
mismatched group vs the 8/8-MUD group, HR, 1.26; 95% CI,
0.80-2.00; P = .320; and for the HLA-DR Ag-mismatched group
vs the 8/8-MUD group, HR, 1.03; 95% ClI, 0.67-1.59]; P = .880).
The impact of 2 or 3 Ag mismatches in the HVG direction was not
significant in either the standard-risk or high-risk group (Table 3).

Effect of an HLA-B mismatch on TRM, relapse, GVHD, and
neutrophil engraftment in patients with standard-risk diseases

Our findings showed that an HLA-B Ag mismatch in the GVH
direction strongly contributed to the low survival rate in standard-
risk patients, which can explain the inferior survival rates in the
RD/1AG-MM-GVH group compared with the 8/8-MUD group.
Therefore, we evaluated the impact of an HLA-B Ag mismatch in
the GVH direction on other outcomes in patients with standard-risk
diseases in the RD/1AG-MM-GVH group.

First, we compared the characteristics of patients with standard-
risk diseases who received transplantation from a related donor
with an HLA-A, HLA-B, and HLA-DR Ag mismatch in the GVH
direction (supplemental Table 1, available on the Blood Web site;
see the Supplemental Materials link at the top of the online article).
Two or 3 Ag mismatches in the HVG direction were observed more
frequently in the HLA-B Ag-mismatched group (28%) than in the
HLA-A Ag-mismatched group (2%) or the HLA-DR Ag-mis-
matched group (17%). Although there was no information available
on allelic mismatch or HLA-C Ag mismatch in more than half of
the patients, an HLA-C Ag mismatch in either the GVH or HVG
direction was observed more frequently in the HLA-B Ag-
mismatched group (61% among the available data) than in the
HLA-A Ag-mismatched group (25%) or the HLA-DR Ag-
mismatched group (17%).

The incidence of TRM was higher in the HLA-B Ag-
mismatched group (3-year mortality rate: HR, 0.47; 95% CI,
0.32-0.60) than in the HLA-A Ag-mismatched group (HR, 0.28;
95% CI, 0.14-0.44) or the HLA-DR Ag-mismatched group (HR,
0.27; 95% CI, 0.17-0.38; Figure 3A; log-rank test, P = .030). The
presence of an HLA-B Ag mismatch in the GVH direction was an
independent significant adverse factor that affected TRM in the
RD/1AG-MM-GVH group (Table 4). Conversely, the incidence of
relapse did not significantly differ among the 3 groups (Figure 3B
and Table 4).

The incidence of grade 2-4 acute GVHD in the HLA-B
Ag-mismatched group was higher than that in the HLA-A Ag-
mismatched group, but comparable to that in the HLA-DR
Ag-mismatched group (supplemental Figure 1 and supplemental
Table 2). There was no significant difference in the incidence of
grade 3-4 acute GVHD among the 3 groups. Regarding neutrophil
engraftment, multivariate analysis showed that an HLA-B Ag
mismatch was significantly associated with inferior neutrophil
engraftment and 2 or 3 Ag mismatches in the HVG direction were
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Figure 2. OS in patients with both-risk, standard-risk, or high-risk diseases according to the locus of HLA mismatch in the GVH direction and the number of
mismatches in the HVG direction. Survival rates in patients with HLA-A, HLA-B, and HLA-DR Ag mismatches in the GVH direction were compared with the log-rank test
(A,C,E). Survival rates in patients with 0-1 and 2-3 mismatches in the HVG direction were compared with the log-rank test (B,D,F). Survival rates of the 8/8-MUD group are

shown for visual comparison.

associated with inferior neutrophil engraftment, with marginal
significance (supplemental Table 2).

Discussion

In this nationwide retrospective study, we found that the survival
rate of the RD/1AG-MM-GVH group was significantly inferior to
that of the 8/8-MUD group, and this significant difference was
observed only in patients with standard-risk diseases, although the

interaction between donor type and disease risk did not reach
statistical significance. We reported previously that transplantation
from a related donor with 1 Ag mismatch in the GVH or HVG
direction gave a clinical outcome comparable to that of transplanta-
tion from a 6/6-Ag-MUD in patients with either standard-risk or
high-risk diseases.! However, because HLA matching at the allelic
level in unrelated transplantation significantly reduces the risk of
GVHD, in the present study, the survival curve of transplantation
from an 8/8-MUD was substantially improved, and could be
superimposed on a curve corresponding to that from an MRD.
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Table 3. Multivariate analysis of OS in patients receiving transplantation from a related donor with a 1-antigen mismatch in the GVH

direction

Total (n = 327)
HR (95% C1) P

Standard-risk (n = 175) High-risk (n = 133)

HR (85% CI) P

Variable

HLA-DR mismatdﬁ i
- HLA-A mismatch
HLA-B mismatch

1.00
07(0.73:1.56)
1.57 (1.13-2.18) .007

1.52 (1.14-2.03

Standérd ‘
~ High
Unknown

2.06 (1:53-2.78)
1.00 (0.53-1.89)

1.67/(0.:98-2.85)

HR (95% CI) P

1.00 ) 1.00
8(0.54 966 CUHA1(0.65-1.89 ~ g
1.86 (1.14-3.01) .012 ) 1.36 (0.86-2.17) .193

1.00

Only variables that remained after backward selection in the multivariate analysis are shown.

Consistent with our findings, several studies have shown that the
clinical outcomes of transplantation from an 8/8-10/10 MUD are
comparable to those from an MRD.?*2! The significant difference
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Figure 3. Cumulative incidence according to the locus of HLA mismatch in the
GVH direction in patients with standard-risk diseases. Cumulative incidences in
the related transplantation groups were compared with the Gray test. (A) TRM.
(B) Relapse.

in survival rates between transplantation from an RD/1AG-MM-
GVH donor and an 8/8-MUD disappeared in patients with high-
risk diseases, probably because the adverse impact of acute GVHD
on survival might be offset by the potential GVL effect in
transplantation from an RD/1AG-MM-GVH donor."?2?

We evaluated factors that may contribute to the inferior OS in
patients with standard-risk diseases in the RD/1AG-MM-GVH
group and found that, compared with the presence of an HLA-DR
Ag mismatch, the presence of an HLA-B Ag mismatch in the GVH
direction was significantly associated with lower OS and higher
TRM. Conversely, the rates of OS and TRM in the HLA-A Ag- or
HLA-DR Ag-mismatched group were superimposed on those in the
MUD group. However, HLA-A, HLA-B, and HLA-DR Ag mis-
matches had similar effects on the incidence of severe acute
GVHD; consequently, the causal relationship between an HLA-B
Ag mismatch in the GVH direction and higher TRM remains
unknown. In contrast to our findings, Valcarcel et al reported that
there was no significant difference in OS between the use of
1-Ag-mismatched related donors (n = 89) and 8/8-MUDs (n = 700)
in transplantation for AML and ALL during the first or second
complete remission.?® This difference from our results can be partly

Table 4. Multivariate analysis of TRM and relapse in patients with
standard-risk diseases receiving transplantations from a related
donor with a 1-antigen mismatch in the GVH direction

TRM (n = 164) Relapse (n = 164)
Variable HR (85% CI) P HR (95% CI) P
HLA mismatch in the GVH direction -~~~ g
HLA-DR mismatch 1.00 1.00

CHLAAmismatch - 1.22(0.59:2.52) 1587
HLA-B mismatch 2.00 (1.09-3.65) .025
HLA mismatch inthe HVG direction

0-1’ mismatches

0.70(0.29-1.67) .. 41¢
0.80 (0.34-1 .§7)

1,00
0.67.(0.23-1.98)

1.00
221 (114428) 019

s .1.00. :
_ 208(118365 011
agniosis to transplantation

ation from

<6mo 1.00
LEemo. 40(1.19-4.82) 014
Unknown .23 (0.77-6.48) .140

Only variables that remained after backward selection in the multivariate analysis
are shown.
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explained by the fact that the MUD group in their study included a
significantly smaller number of ALL patients with low-risk cytoge-
netics. In addition, in our study, genetic homogeneity in the
Japanese population might affect the lower incidence of severe

acute GVHD in MUD transplantation because of the less frequent .

mismatches in minor histocompatibility Ags.242

The frequency of an HLA-C Ag mismatch was substantially
higher in the HLA-B Ag-mismatched group than in the HLA-A or
HLA-DR Ag-mismatched groups. This finding may represent
linkage disequilibrium between the HLA-B and HLA-C genes,
which are located at a very close physical proximity within the
major histocompatibility complex.?®?” Therefore, the impact of
HLA-B-Ag might be affected by the co-presence of HLA-C Ag
mismatch. We could not evaluate the impact of HLA-C Ag
mismatch on OS rates because of the limited information on
HLA-C Ag mismatch; therefore, an analysis with larger cohorts
with complete HLA-C Ag information will be needed to evaluate
the impact of HLA-C and/or HLA-B mismatch in transplantation
from an RD/IAG-MM-GVH donor. Accordingly, we could not
evaluate the impact of the KIR ligand mismatch. Although the
impact of KIR ligand mismatch is still controversial, several
studies analyzing T cell-replete transplantation showed that KIR
ligand mismatch is associated with lower OS.!%28? The analysis of
KIR matching would be helpful in elucidating the mechanism
underlying the adverse effect of HLA-B mismatch in T cell-replete
transplantation from an RD/1AG-MM-GVH donor.

Whether the presence of allelic mismatches in addition to the
1-Ag mismatch (2 or more allelic mismatches in total) affects
transplantation outcome is also an important clinical question in
transplantation from an RD/1AG-MM-GVH donor. A high fre-
quency of 2-allele mismatches in the GVH direction was seen in
the HLA-B Ag-mismatched group, suggesting a possible associa-
tion between 2-allele mismatches and low OS. However, we did not
observe a significant effect of the number of allelic mismatches on
OS after transplantation from an RD/IAG-MM-GVH donor,
possibly because of the small sample size.

Qur study has several limitations. First, because several months
are required to arrange unrelated transplantations, patients at low
risk for relapse may more often be selected for these procedures. To
minimize this bias, we included the duration from diagnosis to
transplantation in the multivariate analysis; however, this variable
did not have a significant effect in the multivariate analysis.
Second, heterogeneous backgrounds may have resulted in a bias. In
particular, the stem-cell source in unrelated transplantation was
exclusively BM. However, the analysis of OS in the subgroup of
patients who received a BM graft from an RD/1AG-MM-GVH
donor or an 8/8-MUD showed similar results. Third, because we
have incomplete Ag and allele information on the HLA-C and
-DQBI1 loci, we may have underestimated the degree of mismatch-
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ing in transplantation from an RD/1AG-MM-GVH donor. Fourth,
the difference in the impact of donor type between standard- and
high-risk diseases should be cautiously interpreted, because the
interaction between the donor type and disease risk did not reach
statistical significance. This may be partly because of the lower
statistical power to detect the interaction than the main effect.

In conclusion, our findings suggest that an 8/8-MUD, if
available, should be prioritized over an RD/1AG-MM-GVH donor
for patients without an MRD if an immediate transplantation is not
necessary. In particular, the presence of an HLA-B Ag mismatch in
the GVH direction has an adverse effect on OS because of
treatment-related complications. This may be because of the high
frequencies of additional mismatches of HLA-C Ag or allele in the
HLA-B Ag-mismatched group. To elucidate the mechanism of the
adverse outcomes in RD/1AG-MM-GVH donors with an HLA-B
Ag mismatch, HLA Ag/allele matching including HLA-C should
be performed in transplantations from an RD/1AG-MM-GVH
donor. )
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