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Adoptive T Cell Therapy Targeting Minor Histocompatibility Antigens
for the Treatment of Leukemia and Renal Cell Carcinoma

Edus H. Warren
Program in Immunology, Fred Hutchinson Cancer Research Center

The graft-versus-host (GVH) and graft-versus-leukemia (GVL) reactions that occur after
MHC-identical allogeneic hematopoietic cell transplantation (HCT) are mediated by T
lymphocytes derived from the donor. Studies in our laboratory and others have shown
that CD8" cytotoxic T lymphocytes (CTL) specific for minor histocompatibility (H)
antigens expressed in recipient hematopoietic cells, including leukemic cells, but not
widely expressed in non-hematopoietic tissues, can be isolated from most MHC-
identical transplant recipients. A Phase | trial has been initiated at the Fred Hutchinson
Cancer Research Center to evaluate the safety and anti-leukemic efficacy of adoptive T
cell therapy with CD8" CTL clones specific for tissue-restricted minor H antigens, in
patients with advanced myelodysplastic syndrome and acute leukemia who relapse
after HCT from an MHC-identical donor. The CTL clones are generated from transplant
recipients prospectively at the time of transplant, and characterized for tissue specificity
and class | MHC restriction. To date, 44 infusions of eight different minor H antigen-
specific CTL clones have been administered to seven patients. Adoptively transferred
CTL have been detected in the blood and bone marrow of recipients up to 21 days after
infusion.  Graft-versus-tumor (GVT) effects have also been observed after
nonmyeloablative MHC-identical HCT for renal cell carcinoma (RCC), and studies to
investigate the specificity of effector cells involved in tumor regression are currently in
progress.

HIMES & OEMREIZIGT 52914 F—EZEN & L-BFRERE
Ty RNy F ) ERET  REFEM

MHC N—HF L -FEEEOHEREE (HCT) RISEZS2BHEAXNEE (GVH) BLUBIER
XA MAGVLRIGIE FF—BED T Ml >THIERIShd, BELCMDTIIL—TOw0m
RickY., BEOFEMBRMAICITESREICHBE SN TG LA, BMHEMEEZ SO EDRME
THERELTWSY A F—HRIZHFENG CDS IEEOMEESY THIIR (CTL) AXEDDHEIE
BBRENSBUTEDZLENREINTINDS, 2Ly FNYF UV UERRFRTIEL HCT RICEH
LE-#THOBMEMEERBECAMHMREZRICAVT, Bl RMaEEN <1 F—HRIC
RIiE9d % CD8 [5G CTL 2B FRAT DAEEOE—HRBRASME Sh TS, CTL Y 0—>
& HCT RICHERICHAGN L > THII S, HAHFRELSY SR I MHC WERMEICONWTRES
nd, BEECICSHEHEODELG >4 F—HRIZHEMLG CTL 20— 0 7 HIOREMFIZH L
T M4 ERSShz, Ecshi CTLIIRBOCE P CRE 21 BETHRIE S, BiE
FxifEE (GVM) $hBE L F-BHIERIEN HCT 221 -EHABODRETROLATE Y.
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Severe adverse events of allogeneic peripheral blood
stemn cell donors ~results of nation-wide 2,784
prospectively registered case survey and of its
comparison to bone marrow donors in Japan

Y. Kodera, M. Harada, S. Kato, S. Shiobara, N. Hamajima, Y.
Morishima, M. Tanimofo, S. Asano, Y. fkeda, H. Dohi, T.
Nakahata, M. Imamura, K. Kawa, Y. Takaue, Y. Kanda, K.
Yamamoto, A. Gratwohl for fthe Japan Society of
Hematopotetic Cell Transplantation and the Europsan Group
of Blood and Marrow Transplantation

In Aprit 2000, we created a system, which was cooperatively
steered by The Japan Society of Hematopoietic Cell
Transplantation (JSHCT) and G-CSF producing and/or selling
companies, to catch up the types and the frequencies of acute
and late severe adverse events (SAE) of peripheral blood
stem cell (PBSC) donors in Japan. Every PBSC donor was
registered to JSHCT and was given unigue donor number
(UDN) before the PBSC donation. Every harvest center was
mandatory required to submit the day 30 report as well as the
immediate report of any severe SAE, and also to ask donors
Ereceiving annual health check for 5 years. This time, we
report the acute SAE observed among 2, 784 consecutive
donors in 223 institutes and the late SAE reported by the forth
year of post PBSC harvest among 1,746 donors who agreed
with this work of the society. As of March 2004, 47 acute SAE
out of 2,784 cases (1.7%) were reported. Those were 12
thrombocytopenia, 9 liver damage, 8 febrile episode, 1
interstitial  pneumonitis, subarachnoid hemorrhage (SAH),
cholecystitis with stone and others. Late SAE were reported at
27 out of 1,746 cases (1.5%). Those were 2 hematological
malignancies (acute myelogenous leukemia and
myeloproloiferative disorder), 8 other malignancies (4 breast
cancer, 1 gastric cancer, uterus cancer, brain tumor,
pharygeal cancer), 5 thyroid disorder, 3 myoma uteri, 2
rheumatoid arthritis, 1 brain infarction and SAH and others. To
compare these acute and late SAE of PBSC donors to those

of bone marrow (BM) donors, the guestionnaires shared with
The European Group of Blood and Marrow Transplantation
were sent to 378 institutes of JSHCT and 203 institutes
(53.7%) answered about 10,701 cases and the comparative
results were as followings: BM donors: PBSC deonors; Death
within 30 days = 0:0, Hematological malignancy = 2:2. These
results showed that acute SAE, some of which were close to
life-threatening, occurred at PBSC donors with certain
frequency and that variable fate SAE also occured although
the frequency of the occurrence of hematological malignancy
was not necessarily high at PBSC donors.
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Human Leukocyte Antigen Haploidentical
Hematopoietic Stem Cell Transplantation:
Indications and Tentative Outcomes in Japan

Yoshihisa Kodera,® Tetsuya Nishida,® Tatsuo Ichinohe,” and Hiroo Saiji°

The stem cell banking system in Japan by the Japan Marrow Donor Program (JMDP)
and Japan Cord Blood Bank Network (JCBBN) has provided increased opportunities for
patients who might benefit from stem cell transplant from allogeneic sources but who
lack human leukocyte antigen (HLA)-matched related donors. Nevertheless, most pa-
tients probably do not undergo transplantation because of the absence of suitable stem
cell sources. To fulfill this potential need, the outcomes of transplants from HLA-
mismatched relatives with or without T-cell depletion were retrospectively analyzed: the
rates of engraftment and survival were insufficient in transplants with T-cell depletion,
and the actual increase in transplantable donor numbers was small because only a
single locus mismatched donor was the realistic choice in those without T-cell deple-
tion. Since prophylaxis with tacrolimus reduced the incidence of grade 1-IV acute
graft-versus-host disease (GVHD) in HLA class | allele mismatched unrelated donors,
we studied transplantation from HLA one haploidentical family donors who showed
microchimerism of noninherited maternal antigens, without T-cell depletion but with
tacrolimus prophylaxis. The rates of engraftment and survival in this circumstance were
similar to those obtained with transplantation from HLA-matched sibling donors.
Semin Hematol 42:112-118 © 2005 Elsevier Inc. All rights reserved.

ematopoietic stem cell transplantation (HSCT) from

HLA genotypically identical siblings as well as from
HLA allele-matched unrelated volunteer donors has be-
come a standard modality in the treatment of hematologic
malignancies and marrow failure syndromes in japan.'-8
In addition, the development of a cord blood banking
system offers patients who lack suitable donors among
relatives or among donors registered in the Japan Marrow
Doneor Plan (JMDP)? 10 an opportunity to receive stem cell
transplants. Despite stem cell banking systems, about half
of patients with hematologic disease are excluded from
transplant using alternative stem cell sources, HLA closely
matched related, unrelated donors, or cord blood. To meet

this demand, certain approaches, such as transplantation
from HLA partially- mismatched family members using
methotrexate and cyclosporine for graft-versus-host dis-
ease (GVHD) prophylaxis'!'? and CD34* cell transplant
from haploidentical relatives using antithymocyte globu-
lin (ATG) for the prophylaxis of graft failure and
GVHD,!31* have been investigated. Ourcomes were ac-
ceptable but hardly optimal.

Tacrolimus appears to reduce the frequency of severe
acute GVHD in stem cell transplants from HLA-matched
related and unrelated donors,!® and this drug might
improve the outcomes of transplants {rom other alterna-
tive donor sources. Furthermore, van Rood et all® and
Tamaki et all” showed that survival of patients trans-
planted from mothers was significantly better than from

3Bone Marrow Transplantation Center, Japanese Red Cross Nagoya First
Hospital, Nagoya, Japan.
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fathers because of feto-maternal tolerance, providing the-
oretical support for transplantion from HLA haploidenti-
cal related donors without T-cell depletion. This review is
a report of HLA haploidentical stem cell transplantation
from related donors with modern immunosuppressive
drugs, as well as of the current status of stem cell trans-
plantation in Japan.
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Figure 1 Status of HSCT in Japan. CBSCT, cord blood stem cell
transplant; BMT, bone marrow transplant; PBSCT, peripheral blood
stem cell transplant; Auto, autologous; Allo, allogeneic; UR-BMT,
unrelated donor BMT.

Current Status and Clinical
Outcomes of Hematopoietic Stem
Cell Transplantation in Japan

Allogeneic Transplant in Japan

Figure 1 shows the annual and cumulative case numbers trans-
planted from different stem cell sources in Japan; data were
obtained by compiling the nationwide case report system of the
Japan Society of Hematopoietic Cell Transplantation (JSHCT;
capture rate ~70%),'8 the JMDP (capture rate ~100%), the
Japan Cord Blood Network (JCBBN) (capture rate near 100%),
the nationwide peripheral blood stem cell donor follow-up sys-
tem conducted by JSHCT (capture rate ~100%), and grant
studies supported by the Ministry of Health, Labor and Welfare
of Japan. Transplants numbered approximately 3,000 in 2002,
and 75% of them were allogeneic, including 8% bone marrow
transplants (BMTs) and 25% peripheral blood stem cell trans-

Tahle 1 QOutcomes of Matched Sibling and Unrelated Donor BMT*

plants (PBSCTs) from related donors, 24% BMTs from un-
related donors, and 19% cord blood stem cell transplants
(CBSCTs).

Bone Marrow Transplantation
From Unrelated Donors and

From Genetically Matched Sibling
Donors

Outcomes of transplants from each stem cell source are summa-
rized in Tables 1 through 4. The probability of overall 5-year
survival for patients who received bone marrow from HLA-
matched siblings, whose data were collected from 331 depart-
ments participating in the JSHCT, was separately analyzed for
adulis (age =16) and children (age <16). The probability of
5-year disease-free survival (DFS) of patients who received bone
marrow [rom 6/6 HLA serologically matched unrelated volun-
teer donors provided an opportunity for bulk analysis. The data
were collected from departments registered with the JMDP. As
indicated in Tables 1 and 2, the 5-year Kaplan-Meier survival for
patients transplanted from unrelated donors was equivalent to
that of patients who received marrow grafts from HLA genotyp-
ically matched siblings for indications of acute myelogenous
leukemia (AML), acute lymphocytic leukemia (ALL), and my-
elodysplastic syndrome (MDS). The survival of chronic myelog-
enous leukemia (CML) patients transplanted in chronic phase
from unrelated donors was lower than that for patients trans-
planted from siblings but was equivalent for patients trans-
planted at more advanced stages of this disease. For severe aplas-
tic anemia, the survival rate of patients transplanted from
unrelated donors was lower than that for HLA genotypically
identical siblings, but outcormes were comparable for patients
transplanted in relatively eatly stages of the disease (low-risk
BTF group). From these outcomes, we consider BMT from 6/6
HLA serologically matched, unrelated donors as well as from
HILA genotypically matched siblings to be the “gold standard”
for stem cell transplants.

5.Year Survival

Matched Sibling BMT"*

Unrelated Donor BMT ¢

Adult Child
AML
1 CR 67 (474) 76 (157) 68 (253)
2CR 59 (171) 69 (27) 52 (190)
> 3CR 42 (18) 50 (2) 27 (48)
Relapse 20 (224) 49 (48) 10 (278)
ALL
1 CR 56 (377) 73 (132) 59 (316)
2 CR 26 (84) 39 @27 46 (210)
> 3CR 18U 3927 28 (54)
Relapse 16 (154) 13(95) 15227

Abbreviations: AML., acute myelogenous leukemia; CR, complete remission; ALL, acute lymphocytic leukemia.

*Data from JSHCT, December 2001.
tData from JMDP, October 2002.
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Talile 2 Outcomes of Matched Sibling and Unrelated Donor BMT

5-Year Survival

Matched Sibling BMT*

Unrelated Donor BMTT

Adult Child

CML

1CP 73 (555) 78 (41) 52 (546)

2CP 34 (26) om 41 (81)

Acc 40 (55) 67 (3 37(115)

BC 28 (51) 8(78)
MDS

- 65 (167) 81 (39) 57 (75)

e 80 (5)

— 39 (133 46 (22) 38 (68)

— 35(167) 51 (35) 31 93

— 41 (44) 45U7 48 21)
Aplasia

Child 93 (19) 90 (89) Low-risk BTF 73 (97)

Adult 87 (37 53 (19) High-risk BTF 56 (125)

Abbreviations: CML, chronic myelocytic leukemia; CP, chronic phase; Acc, accelerated phase; BC, blastic crisis; MDS, myelodysplastic

syndrome; BTF, blood transfusion.
*Data from JSHCT, December 2001.
tData from JMDP, October 2002.

Allogeneic PBSCT Among
Siblings for Advanced Leukemia and the
Outcome of CBSCT After 2001

Outcomes of PBSCTs {rom related donors and of CBSCTs
were compared to the excellent results obtained with geno-
typically matched siblings and genotypically compatible
matched unrelated donors. PBSCTs from HLA-matched sib-
lings showed 5-year DFS equivalent to that of BMT when
transplant was undertaken at an early stage of leukemia (first
complete remission of acute leukemia and first chronic phase
of CML) and improved survival when transplanted at an ad-
vanced stage of the disease (Table 3). Comparing unrelated
BMT and CBSCT in patients younger than 15 years, the
former is advantageous in terms of 3-year DFS but the differ-

ence became smaller for transplants performed after 2001
(Table 4).

Table 3 Outcomes of BMT Versus PBSCT From Matched
Siblings

5-Year DFS (n)

BMT PBSCT

AML

1 CR 59.8 (192) 61.5 (68)

Other 35.5 (182)" 40.0 91)*
ALL

i CR 56.7 (152) 56.8 (52)

Other 15.2 (88) 26.5 (39)
CML

1CP 72.7 (259) 72.761)

Other 36.2 (53) 67.2 (26)

Abbreviation: DFS, disease-free survival.
Data from JSHCT, December 2003.
*Three-year DFS.

Outcomes of Allogeneic Stem Cell
Transplantation and Genetic Homogeneity
in Japanese

Table 5 summarizes the frequency of grades II-IV acute
GVHD after allogeneic BMT from related and unrelated do-
nors according to HLA match status among Japanese pa-
tients. The frequency of grades 11I-1V acute GVHD was 8.1%
among 4,701 HLA genotypically identical sibling transplants
and 13.1% among 1,371 6/6 HLA serologically matched un-
related donors. These frequencies were almost the same as in
our earlier reports®!?% but lower than that of other co-
horts.>?! Since most of the cases transplanted from 1991 to
1999 received cyclosporine-based GVHD prophylaxis, we
consider the low incidence of severe acute GVHD to be a
reflection of the genetic homogeneity of Japanese people.

Indications for Allogeneic HSCT

The potential number of new candidates for allogeneic stem
cell transplants in Japan was estimated {rom the current an-
nual number of patients who initiated a donor search with

Table 4 Outcomes of Unrelated Donor BMT Versus Unrelated
Donor CBSCT

3-Year DFS ()

UR-
UR-BMT CBSCT
Transplanted before 2000 50.2 (347) 34.1 (139)
Transplanted after 2001 65.9 (116) 53.5 (96)
NOTE. For patients under age 15, both standard and high risks were

included.
Abbreviation: UR, unrelated donor.
Data from Cord Blood Bank Now, Vol 19, September 2004,
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Table 5 Outcome of Allogeneic CD34* Cell Transplantation in
Japan

Rate of engraftment 82.0%
Rate of acute GVHD (>grade-3) 8.4%

Overall survival 27.4%
Disease-free survival 18.5%
Cause of death
Infection 38%
Relapse 30%
Other TRM 22%
vOD 5%
GVHD 5%

Abbreviations: TRM, transplant-related mortality; VOD, veno-occlu-
sive disease; GVHD, graft-versus-host disease.
Data from Kato et al.'4

the JMDP. The number of patients registered with the JMDP
was 1,5361n 2000, 1,603 in 2001, and 1,792 in 2002 (when
the JCBBN began activity and imatinib was available for CML;
therefore, the effects of these factors were excluded). The
annual number of unrelated BMTs facilitated through the
JMDP was 7151n 2000, 749 in 2001, and 739 in 2002. Thus,
some 800 patients remain to be transplanted from donors
other than HLA genotypically identical siblings, 6/6 HLA-
matched unrelated donors, or HLA closely matched cord
blood. In general, the JMDP approves registration only for
patients younger than 50 years of age. The number of cases
awaiting transplantation would double if transplant eligibil-
ity was extended to patients under 65 so that approximately
1,500 new patients would appear each year as candidates for
allogeneic transplantation from alternative stem cell sources
other than HLA-matched related or unrelated donors, or
HILA closely matched cord blood, even if eligibility were re-
stricted to patients younger than 65 with leukemia, myelo-
dysplastic syndrome, and other marrow failure syndromes.

Alternative Stem Cell Sources

Transplants From

HLA Single Locus Mismatched

Family Members and 6/6 HLA-Matched
Unrelated Donors

Following a preliminary survey of the experiences ol local
transplant teams,!2, Kanda et al recently analyzed 142 pa-
tients who underwent allogeneic HSCT from HLA-mis-
matched family members and compared the outcome to that
obtained from 2,805 transplants among HLA-matched sib-
lings and to 1,002 transplants from 6/6 HLA-matched unre-
lated donors.?? Among 2,947 adult {age >16) patients who
received stem cell transplantation from family donors for the
first time between 1991 and 2000 for CML, AML, ALL, and
MDS, and for whom serologic HLA datasets for HLA-A, -B,
and DR loci were fully available, 112 received the transplants
from donors with a single locus mismatch (70 class 1 mis-
match; 42 class 2 mismatch; 70 bidirectional mismatch; 15
mismatch at graft-versus-host vector alone; 27 host-versus-
graft-vector alone; 89 BMT; 23 PBSCT), and the other 30

patients received the stem cells from donors with more than
two mismatched loci. Ninety-one percent of 2,947 patients
received cyclosporine-based GVHD prophylaxis. The study
included a control group provided by the JMDP of 1,002
patients transplanted from unrelated donors matched for age
and background disease. The overall survival of patients who
received stem cell transplants from a single locus mismatched
family member was equivalent to that of patients who re-
ceived BMTs from 6/6 HLA-matched unrelated donors for
both standard-risk (acute leukemia in first or second com-
plete remission, CML in first or second chronic phase, MDS
without leukemic transformation) and high-risk diseases.
The outcome following transplantation from a HLA single
locus—mismatched family member was comparable to that
following standard transplant from 6/6 HLA-matched unre-
lated donors. However, the availability of donors with a sin-
gle locus mismatch remains low.

Haploidentical Stem Cell Transplantation of
Purified CD34* Cells

A nationwide survey in Japan of the outcome of haploiden-
tical transplants following negative T-cell depletion using the
Isolex CD34* selection kit,!% found 135 patients: 110 under
age 16 and 25 older than 16. The indications for transplan-
tation were 46 ALL, 32 acute nonlymphocytic leukemia
(ANLL), 13 CML, 8 MDS, 6 neuroblastoma, 1 malignant
leukemia (ML), 11 severe anaplastic anemia (SAA), 5 Fanco-
ni’s anemia, 2 inborn errors of metabolism, 6 severe com-
bined immunodeficiency, 1 Wiskott-Aldrich syndrome, 3
hemophagocytic syndrome, and 1 chronic active Epstein-
Barr virus infection. A total of 29 patients with standard-risk
and 81 with high-risk malignancies had been grafted with
CD34* cells purified from bone marrow cells (n = 38), gran-
ulocyte colony-stimulating factor (G-CSF)-mobilized pe-
ripheral blood (n = 74), or from a mixture of marrow and
blood (n = 23) donated from HLA haploidentical family
members. The status of HLA disparity between the recipients
and the donors was: 0/6-1/6 mismatch: n = 28; 2/6 mis-
match: n = 64; and 3/6 mismatch: n = 43. The removal rate
of CD3* cells was log 3.3-3.9, and the concentration of
CD34* cells after purification was 89.6%-93.6%, resulting
in the following cell doses: 38 patients received 3.2 £ 2.3 X
10%/kg CD34* cells derived from bone marrow, 74 patients
received 5.5 * 3.6 X 10%kg CD34* cells from peripheral
blood, and 23 patients received 4.9 * 7.1 X 10%kg CD34*
cells from the mixture of bone marrow and peripheral blood.
For prophylaxis of graft rejection and for GVHD, 47 of 135
received ATG and 105 patients received post-transplant
GVHD prophylaxis with cyclosporine, tacrolimus, metho-
trexate, and corticosteroid, either alone or in combination.
Nevertheless, in 30 transplants, CD34" cell selection was the
only measure of GVHD prophylaxis. Among these T-cell neg-
atively depleted single-haploidentical transplants from fam-
ily members, the incidence of grade M-IV acute GVHD was
8.4%, close to that observed for transplants from HLA geno-
typically matched siblings or from 6/6 HLA-matched unre-
lated donors without T-cell depletion (Table 6). However,
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Tahle 6 Probability of Acute GVHD According to Donor Type

Iincidence of Grade

Donor -1V Acute GYVHD

Syngeneic (n = 85) 2.4%
HLA-matched sibling (n = 4,701) 8.1%
HLA-mismatched sibling (n = 294) 16.7%
HLA-matched unrelated (n = 1,379) 13.1%
HLA-mismatched unrelated (n = 22.8%

991)
HLA-matched relative other than 1.0%

sibling (n = 227)
HLA-mismatched related other than 17.9%

sibling (h = 357)
Data from JSHCT, December 2001.

the rate of engraftment (82%) was lower than that after trans-
plant from unrelated donors (95%).5 The observed overall
survival of 27.4% and the DFS of 18.5% were insufficient
when compared to those obtained from standard transplants
(Tables 1 and 2) although most of the patients were trans-
planted at an advanced stage of disease.

Effect of HLA Allele Mismatches
in Unrelated BMT Using
Tacrolimus Prophylaxis

A prospective phase Il study was performed to investigate
the ability of tacrolimus to prevent GVHD after BMT from
HLA allele-mismatched unrelated donors. Patients had ei-
ther leukemia or MDS at various clinical stages, were be-
tween the ages of 16 and 50, and had a clinical perfor-
mance status of O to 2. Tacrolimus was administered at a
dose of 0.03 mg/kg by 24-hour continuous infusion from
day 1 and converted to oral administration with appetite
recovery. The dose of tacrolimus was adjusted to keep its
blood concentration between 15 and 20 ng/mlL. DFS was
70% for standard-risk patients (acute leukemia in first
complete remission, CML in first chronic phase, and re-
fractory anemia of MDS; n = 21) and 30% for high-risk
patients (n = 31). The frequency of acute GVHD and DFS
were compared with age- and disease-matched patients
receiving cyclosporine and unrelated transplantation
through the JMDP during the same time period (Table 7).
The frequency of grades I1II-1V acute GVHD among pa-
tients who were transplanted from single-locus HLA class
1 allele mismatched donors with tacrolimus was 23.1%,
which was much lower than that of the cyclosporine group
(58.3%). For patients receiving marrow grafts {rom single-
locus HLA class II allele mismatched donors, the fre-
quency of grades III-IV acute GVHD in the tacrolimus
group was 10.5% and that of the cyclosporine group,
16.1%, both of which were lower than that observed for
single HLA class I allele mismatch transplants, and the
difference between the two groups was small. This can be
explained by our previous reports,?>2* which showed that
a single class Il allele mismatch did not increase the fre-

quency of severe acute GVHD in Japanese patients receiv-
ing cyclosporine-based GVHD prophylaxis. DFS of the
patients transplanted {rom single-locus HLA class [ mis-
matched unrelated donors with tacrolimus was equivalent
to that of patients transplanted [rom single-locus HLA
class 11 mismatched unrelated donors with either cyclo-
sporine or tacrolimus.?> Our previous reports confirmed
that HLA class I allele mismatch but not class 1I allele
mismatch was a significant risk factor for DFS of Japanese
patients transplanted from unrelated donors receiving cy-
closporine-based GVHD prophylaxis.?*?% In the present
study, tacrolimus improved the outcome of HLA class |
mismatch transplants to the level of class II mismatch
transplants. Tacrolimus may be more effective for HLA-
mismatched transplants such as haploidentical trans-
plants.

Haploidentical Transplantation
With Tacrolimus But Without
T-Cell Depletion From Related
Donors Suspected to be
Immunologically Tolerant to
Recipients

The presence of microchimerism of noninherited maternal
antigens (NIMA) in offspring as well as inherited paternal
antigens (IPA) in the mothers of transplant recipients was
examined.*® NIMA or IPA microchimerism exists for more
than 50 years in both offspring and mothers, suggesting that
the offspring and mother might be immunologically tolerant
of each other (Table 7). Preclinical trials of transplants be-
tween offspring who shared the paternal but not maternal
HLA haplotype with donors who had NIMA microchimerism
were performed using tacrolimus-based GVHD prophy-
laxis.?” Patients’ characteristics are described in Table 8, and
the outcomes in Table 9. Engraftment was obtained in all
patients. The probabilities of grades II-IV acute GVHD
among patients who received stem cells from two- or three-
antigen—mismatched donors were 24% and 29%, respec-
tively, which was slightly higher than the overall frequency of
grade I[I-1V acute GVHD in transplants {rom unrelated do-

Table 7 Probability of Grade [1-IV Acute GVHD and DFS After
HLA Allele-Mismatched Unrelated Donor BMT: Cyclospor-
ine Versus Tacrolimus

Probability of

Grade -1V 3-Year
Acute GYVHD DFS
Class 1 DNA 1 mismatch
Cyclosporine (n = 12) 58% 25%
Tacrolimus (n = 13) 23% 52%
Class 2 DNA 1 mismatch
Cyclosporine (n = 31) 16% 55%
Tacrolimus (n = 19) 10% 52%

Data from Nishida et al.23
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Table 8 Incidence of Long-Term Fetomaternal Chimerism With Reference to Duration

Maternal Cell Chimerism in Offspring

Offspring Cell Chimerism in Mother

Duration of No. of No. No. of No.
Chimerism Subjects Detected % Subjects Detected %
0-9 39 23 59 42 32 76
10-19 59 46 78 44 36 80
20-29 71 56 79 51 40 78
30-39 39 25 64 17 11 65
40-49 26 13 50 11 8 73
50-59 11 6 55 1 1 100
60-69 1 1 100 0 0 0
Total 246 170 69 166 127 77

NOTE. Represented by offspring’s age at blood sampling.
Unpublished data from H. Saji, 2000.

nors (18.4%)° but equivalent to the frequency observed for
transplants from class I mismatched unrelated donors (HLA
-A/B one allele mismatch: 27.8%; HLA-C one allele mis-
match: 20.6%).2* The probability of survival for standard-
risk patients was comparable for those with HLA genotypi-
cally matched sibling donors and those with HLA allele-
matched unrelated donors (Table 10; see Tables 1 and 2).

Conclusion

HLA matching is an essential prerequisite for the success
of HSCT from related!??® and unrelated?*?° marrow do-
nors, in part because it predicts GVHD, a significant factor
for post-transplant survival. In transplantation of periph-
eral blood stem cells, GVHD may be more frequent than in
marrow transplant®®3! due to the high dose of T cells in the
stem cell preparation. In CBSCT, where requirements of
HLA matching are less stringent than for BMT or PBSCT,
the outcome is still affected by disparity of HLA.3233 An-
other factor considered to be critical is the timing of trans-
plant in relation to the patient’s clinical course and the

Table 8 Characteristics of Recipients

No. 33
Sex (M/F) 14/19
Median age, yr {range) 28 (2-57)
Diagnosis
AML 10
ALL/LBL 12
CML 7
DLBCL 3
ATL 1
Risk status at HSCT*
Intermediate 13
High 20

Abbreviations: LBL, lymphoblastic lymphoma; DLBCL, diffuse large
B-cell lymphoma; ATL, adult T-cell ieukemia.

Data from Ichinohe et al.2¢

*Risk status of hematological malignancies at the time of HSCT was
defined as follows: Intermediate, advanced CR/PR/CP, chemo-
sensitive relapse; High, primary refractory disease or chemore-
sistant relapse.

potential loss of the optimal moment for transplantation
due to delays in identifying a suitable donor. Qur results
demonstrate that when a HLA suitably matched stem cell
source cannot be identified among current donor pools,
HLA-haploidentical relatives among family members may
allow transplantation without delay. Retrospective analy-
sis of transplants from HLA-mismatched siblings among
Japanese patients®? supports the usefulness of such alter-
native stem cell sources. Our experience shows that trans-
plantation from HLA-haploidentical sibling donors pre-
dicted to be immunologically tolerant to the recipients
produced survival equivalent to that obtained {rom trans-
plantation using HLA-matched related or unrelated do-
nors, when tacrolimus was employed for GVHD prophy-
laxis, without T-cell depletion. Efforts to achieve
successful stem cell transplant beyond the conventional
HLA barrier must be continued.
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Tahle 10 Probability of Grade Il-IV Acute GVHD and DFS
After HLA-Haploidentical Related Transplantation

Probability of

Grade 1I-1V
Acute GVHD DFS

In GVH direction

HLA 2-antigen mismatch (n = 21) 24%

HLA 3-antigen mismatch (nh = 11) 29%
Transplanted in remission (n = 13) 62%*
Transplanted in chemorefractory 22%+t

n = 22)

Abbreviation: GVH, graft versus host.
Data from Ichinohe et al.?®

*At 3 years.

tAt 2.3 years.
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