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METHODS

Specimens. Primary tumour specimens were obtained from patients who were
diagnosed with DLBCL, follicular lymphoma, MCL, MALT lymphoma, or classical
Hodgkin’s lymphoma. In total, 238 primary lymphoma specimens listed in
Supplementary Table 1 were subjected to SNP array analysis. Three Hodgkin’s-
lymphoma-derived cell lines (KM-H2, HDLM2, 1540} were obtained from
Hayashibara Biochemical Laboratories, Inc., Fujisaki Cell Center and were also
analysed by SNP array analysis.

Microarray analysis. High-molecular-mass DNA was isolated from tumour
specimens and subjected to SNP array analysis using GeneChip Mapping 50K
and/or 250K arrays (Affymetrix). The scanned array images were processed with
Gene Chip Operation software (GCOS), followed by SNP calls using GTYPE.
Genome-wide copy number measurements and LOH detection were performed
using CNAG/AsCNAR software'>",

Mutation analysis, Mutations in the A20 gene were examined in 265 samples of
B-lineage lymphoma, including 62 DLBCLs, 52 follicular lymphomas, 87
MALTs, 37 MCLs and 3 Hodgkin’s-lymphoma-derived cell lines and 24 primary
Hodgkin’s lymphoma samples, by direct sequencing using an ABI PRISM 3130x!
Genetic Analyser (Applied Biosystems). To analyse primary Hodgkin’s lym-
phoma samples in which CD30-positive tumour cells (Reed-Sternberg cells)
account for only a fraction of the specimen, 150 Reed-Sternberg cells were
collected for each 10pum slice of a formalin-fixed block immunostained for
CD30 by laser-capture microdissection (ASLMD6000, Leica), followed by geno-
mic DNA extraction using QIAamp DNA Micro kit (Qiagen). The primer sets
used in this study are listed in Supplementary Table 6.

Functional analysis of wild-type and mutant A20. Full-length cDNA for wild-
type A20 was isolated from total RNA extracted from an acute myeloid
leukaemia-derived cell line, CTS, and subcloned into a lentivirus vector
(pLenti4/TO/V5-DEST, Invitrogen). ¢cDNAs for mutant A20 were generated
by PCR amplification using mutagenic primers (Supplementary Table 6), and
introduced into the same lentivirus vector. Forty-eight hours after transfection
of each plasmid into 293FT cells using the calcium phosphate method, lentivirus
stocks were obtained from ultrafiltration using Amicon Ultra (Millipore), and
used to infect KM-H2 cells to generate stable transfectants of mock, wild-type
and mutant A20. Each KM-H2 derivative cell line was further transduced stably
with a reporter plasmid (pGL4.32, Promega) containing a luciferase gene under
an NF-xB-responsive element by electroporation using Nucleofector reagents
(Amaxa).

Assays for cell proliferation and NF-kB activity. Proliferation of the KM-H2
derivative cell lines was assayed in triplicate using a Cell Counting it (Dojindo).
The mean absorption of five independent assays was plotted with s.d. for each
derivative line. Two independent KM-H2-derived cell lines were used for each
experiment. The NF-kB activity in KM-H2 derivatives for A20 mutants was
evaluated by luciferase assays using a PiccaGene Luciferase Assay Kit (TOYO
B-Net Co.). Each assay was performed in triplicate and the mean absorption of
five independent experiments was plotted with s.d.

‘Western blot analyses. Polyclonal anti-sera against N-terminal (anti-A20N) and
C-terminal (anti-A20C) A20 peptides were generated by immunizing rabbits with

nature

these peptides (LSNMRKAVKIRERTPEDIC for anti-A20N and CFQFKQMYG
for anti-A20C, respectively). Total cell Iysates from KM-H2 cells were separated on
7.5% polyacrylamide gel and subjected to western blot analysis using antibodies to
A20 (anti-A20N and anti-A20C), IkBa (sc-847), IkBf (sc-945), IkBy (sc-7155)
and actin (sc-8432) (Santa Cruz Biotechnology).

Functional analyses of wild-type and mutant A20. Each KM-H2 derivative cell
line stably transduced with various Tet-inducible A20 constructs was cultured in
serum-free medium in the presence or absence of A20 induction using 1 pgml ™!
of tetracycline, and cell number was counted every day. 1 X 10° cells of each KM-
H2 derivative cell line were analysed for their intracellular levels of IxBp and 1kBe
and for NF-kB activities by western blot analyses and luciferase assays, respectively,
12 h after the beginning of cell culture, Effects of human recombinant TNF-o and
lymphotoxin-a (210-TA and 211-TB, respectively, R&D Systems) on the NF-«xB
pathway and cell proliferation were evaluated by adding both cytokines into 10 ml
of serum-free cell culture at a concentration of 200 pgml ™. For cell proliferation
assays, culture medium was half replaced every 12 h to minimize the side-effects of
autocrine cytokines. Intracellular levels of IxB, IxkBe and NF-xB were examined
12h after the beginning of the cell culture. To evaluate the effect of neutralizing
TNF-a and lymphotoxin-u, 1 X 10° of KM-H2 cells transduced with both Tet-
inducible A20 and the NF-«kB-luciferase reporter were pre-cultured in serum-free
media for 36h, and thereafter neutralizing antibodies against TNF-o (MAB210,
R&D Systems) and/or lymphotoxin-o (AF-211-NA, R&D Systems) were added to
the media at a concentration of 200 pgmi ™. After the extended culture during
12h with or without 1 pugml™" tetracycline, the intracellular levels of IkBp and
IBe and NF-kB activities were examined by western blot analysis and luciferase
assays, respectively. To examine the effects of A20 re-expression on apoptosis,
1 X 10° KM-H2 cells were cultured for 4 days in 10 ml medium with or without
Tet induction. After staining with phycoerythrin-conjugated anti-Annexin-V
(ID556422, Becton Dickinson), Annexin-V-positive cells were counted by flow
cytometry at the indicated times.

In vivo tumorigenicity assays. KM-H2 cells transduced with a mock or Tet-
inducible wild-type A20 gene were inoculated into NOG mice and their tumor-
igenicity was examined for 5 weeks with or without tetracycline administration,
Injections of 7 X 10% cells of each KM-H2 cell line were administered to two
opposite sites in four mice. Tetracycline was administered in drinking water at a
concentration of 200 pgml ™"

ELISA. Concentrations of TNF-o, lymphotoxin-a, IL-1, IL-2, IL-4, IL-6, IL-12,
IL-18 and TGF-B in the culture medium were measured after 48 h using ELISA.
For those cytokines detectable after 48-h culture (TNFo, LTw, and IL-6), their
time course was examined further using the Quantikine ELISA kit (R&D
Systems).

Statistical analysis. Significance of the difference in NF-xB activity between two
given groups was evaluated using a paired ttest, in which the data from each
independent luciferase assay were paired to calculate test statistics. To evaluate
the effect of A20 re-expression in KM-H2 cells on apoptosis, the difference in the
fractions of Annexin-V-positive cells between Tet (+) and Tet (—) groups was
also tested by a paired rtest for assays, in which the data from the assays per-
formed on the same day were paired.
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Summary

Umbilical cord blood transplantation (CBT) is widely accepted, but one
critical issue for adult patients is a low engraftment rate, of which one cause is
haemophagocytic syndrome (HPS). We aimed to identify the contribution of
HPS to engraftment failure after CBT, following preparative regimens
containing fludarabine phosphate, in 119 patients (median age, 55 years;
range; 17-69 years) with haematological diseases. Graft-versus-host disease
prophylaxis comprised continuous infusion of a calcineurin inhibitor with or
without mycophenolate mofetil. Of the 119 patients, 20 developed HPS
within a median of 15 d (cumulative incidence; 16:8%) and 17 of them did so
before engraftment. Donor-dominant chimaerism was confirmed in 16 of 18
evaluable patients with HPS. Despite aggressive interventions including
corticosteroid, ciclosporin, high-dose immunoglobulin and/or etoposide,
engraftment failed in 14 of 18 patients. Of these 14 patients, four received
second rescue. transplantation- and  all resulted in successful engraftment.
Overall survival rates significantly differed between patients with and without
HPS (15:0% vs. 354%; P < 001). Univariate and multivariate analysis
identified having fewer infused CD34" cells as a significant risk factor for the
development of HPS (P = 0:01 and 0-006, respectively). We concluded that
engraftment failure closely correlated with HPS in our cohort, which
negatively impacted overall survival after CBT.

Keywords: cord - blood : transplantation, - reduced-intensity chemotherapy,
haemophagocytic syndrome, engraftment failure.

Umbilical cord blood transplantation (CBT) is an alternative
allogeneic haematopoietic stem cell transplantation (HSCT)
strategy for patients with haematological diseases who do
not have a matched related or unrelated donor and who
need urgent transplantation. The value of CBT using
myeloablative preparative regimens has already been con-
firmed among paediatric and adult patients (Laughlin ef al,
2004; Rocha et al, 2004; Takahashi ef al, 2004). However,
conventional myeloablative preparative regimens are associ-
ated with significant morbidity and mortality, particularly in

© 2009 Blackwell Publishing Ltd, British Journal of Haematology, 147, 543553

older patients or in those who have experienced extensive
prior therapy or organ dysfunction associated with trans-
plantation-related mortality. Various reduced-intensity pre-
parative regimens that have been applied to such patients by
several groups, including the authors of the present study,
have proven feasible (Barker et al, 2003, 2005; Chao et al,
2004; Jacobsohn et al, 2004; Miyakoshi et al, 2004, 2007;
Yuji et al, 2005; Misawa et al, 2006; Ballen et al, 2007;
Brunstein ef al, 2007; Komatsu ef al, 2007; Uchida ef al,
2008).
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Engraftment failure is a critical problem that can arise after
CBT. The limited doses of infused total nucleated and CD34%
cells contained in umbilical cord blood are thought to
influence the rate and kinetics of haematopoietic recovery. In
order to overcome engraftment failure, various kinds of
strategies, such as multiple unit or ex-vivo expanded CBT,
and co-infusion of peripheral blood stem cells, have been
employed (Shpall et al, 2002; Fernandez ef al, 2003; Barker
et al, 2005),

Several recent reports have described HPS that arose after
autologous and allogeneic HSCT followed by engraftment
failure (Sokal et al, 1987; Levy et al, 1990; Reardon et al, 1991;
Nagafuji ef al, 1998; Sato et al, 1998; Takahashi et al, 1998;
Ishikawa et al, 2000; Fukuno et al, 2001; Abe et al, 2002;
Tanaka et al, 2004, 2007; Kishi et al, 2005a; Boelens et al, 2006;
Ostronoff et al, 2006; Ishida et al, 2007; Koyama et al, 2007).
In a reduced-intensity conditioned CBT (RI-CBT) setting, we
experienced one patient who failed to achieve engraftment due
to HPS following HSCT (HSCT-HPS). Following this case,
several similar cases were observed in our institute. We
postulated that HPS could play a critical role in engraftment
failure after CBT. This report describes the characteristics of 20
patients with HSCT-HPS among 119 who underwent CBT.

Materials and methods

Patients

The study population consisted of 119 adult patients with
haematological diseases, who underwent CBT ‘as the" first
allogeneic HSCT at Toranomon Hospital, Tokyo, Japan
between January 2004 and December 2006. All the patients
were incurable using conventional approaches, lacked a human
leucocyte antigen (HLA)-identical sibling or a suitable unre-
lated donor from Japan Marrow Donor Program. Most of the
patients were considered inappropriate for conventional
myeloablative allogeneic HSCT due to being >50 years and/
or having organ dysfunction (cardiac ejection fraction <50%,
forced expiratory volume 10 s % <80%, or serum creati-
nine > 1-5X upper limit of normal range). Written informed
consent was provided by all patients in accordance with the
Declaration of Hersinki. The Institutional Review Board of
Toranomon Hospital approved the study.

Transplantation procedures

Cord blood units that were serologically matched for 24 of six
HLA antigens and which contained at least 1-8 % 107 nucleated
cells/kg of recipient body weight before freezing were obtained
from the cord blood bank at the Japan Cord Blood Bank
Network (Nishihira et al, 2003). The units were not depleted of
T lymphocytes. All patients received purine: analogue-based
preparative regimens comprising fludarabine phosphate (125~
180 mg/m?), melphalan (80-140 mg/m?)- or busulfan (BU;
8-16 mg/kg) and:0-8 Gy of total body irradiation: (TBI), as

decided by the treating physician. Graft-versus-host disease
(GVHD) prophylaxis comprised a continuous intravenous
infusion of either 0-03 mg/kg of tacrolimus (TAC) or 3 mg/kg
of ciclosporin (CsA), starting on day-1, except eight patients
who received 2 g/d of mycophenolate mofetil (MMF) starting
on day-1 in addition to TAC.

Supportive cares

All the patients were treated in reverse isolation in laminar
airflow-equipped rooms and received trimethoprim/sulfa-
methoxazole for Pneumocystis jirovecii prophylaxis. Fluoro-
quinolone and azole and acyclovir were administered to
prevent bacterial, fungal and herpes virus infection, respec-
tively. Neutropenic fever was managed according to the
guidelines (Hughes et al, 2002). Cytomegalovirus pp65 anti-
genaemia was monitored weekly and preemptive therapy with
foscarnet was initiated in the event of a positive result
(Matsumura et al, 2007; Narimatsu et al, 2007a). Haemoglo-
bin and platelet counts were maintained at >70 g/l and
10 x 10%/1, respectively. Granulocyte colony-stimulating factor
was administered intravenously from day 1 until neutrophil
recovery became durable.

Assessment of engraftment, chimaerism, pre-engraftment
immune reactions, disease risk and survival

Engraftment was defined as the first of three consecutive days
in which white blood cell counts were >1:0 X 10°/1 or the
absolute neutrophil counts were >0-5 x 10°/L. When the above
definition - was not. met by day 28 without subsequent
neutrophil - recovery,: the patient was: considered .to have
primary engraftment failure. Delayed engraftment was defined
as neutrophil engraftment after day 29. Secondary engraftment
failure was defined as a decrease in the neutrophil count to
<05 % 10%/1 for three consecutive days after successful engraft-
ment. The date of platelet recovery was defined as the first of
seven - consecutive - days: during which - the non-transfused
platelet- count was at least 20'x 10%/1.

Chimaerism was' assessed using’ fluorescent. in situ hybrid-
ization (FISH) in: sex-mismatched. donor-recipient pairs.: In
sex-matched: pairs, chimaerism: was assessed using the poly-
merase chain reaction for variable numbers of tandem repeats
with donor cells detected ‘at’ 10%: sensitivity (Thiede et al,
1999).

Pre-engraftment immune reactions (PIR) were diagnosed
when febrile patients (body temperature 238-0°C) developed
skin eruption, diarrhoea, jaundice (serum total bilirubin
>34-2 pmol/l) or body weight gain of >10% of baseline, with
no direct evidence of infection or adverse effects of medication,
developing 26 d before engraftment (Kishi ef al; 2005b).

Patients with ‘acute: myeloid leukaemia in-first or second
complete remission (CR) at the time of transplant, with acute
Iymphoblastic: leukaemia in first or second CR; with chronic
myeloid ' leukaemia - in the  chronic ' phase, with refractory
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anaemia or refractory anaemia with ringed sideroblasts of
myelodysplastic syndrome and with non-malignant diseases
were defined as being at standard risk. All other patients were
defined as being at high risk.

The overall survival (OS) of all of the patients was measured
from the date of transplantation to the date of death from any
cause.

Definition of haemophagocytic syndrome following
haematopoietic stem cell transplantation

We modified the criteria proposed by others for diagnosing
HPS after transplantation (Henter et al, 1991; Imashuku, 1997;
Tsuda, 1997) and selected two major and four minor criteria.
A diagnosis of HSCT-HPS required both major criteria, or one
major and all four minor criteria. The first major criterion
comprised engraftment failure, delayed engraftment, or sec-
ondary engraftment failure after HSCT and the second was
histopathological evidence of haemophagocytosis. The four
minor criteria comprised high grade fever, hepato-spleno-
megaly, elevated ferritin and elevated serum lactate dehydro-
genase (LDH). Although progressive cytopenia has formed
the backbone of the previous criteria, we excluded it considering
the post-HSCT setting.

Statistical analysis

The cumulative incidences were estimated for neutrophil
engrafiment and the development of HSCT-HPS (Gooley
et al, 1999). The probability of OS was estimated from the time
of transplantation according to "the- Kaplan-Meier product
limit method and outcomes were compared using the log-rank
test. The following patient or transplant characteristics (base-
line factors) were analysed using the Cox regression model to
determine their impact on the development: of HSCT-HPS:
patient’ age, gender (matched or ‘mismatched), blood  type
(matched or mismatched), disease (lymphoma or not); disease
risk (standard or high), preparative regimen (reduced-intensity
or myeloablative), GVHD prophylaxis (TAC alone or others),
disparity of HLA-A; -B; -DR antigen (one or two mismatched
antigens); and numbers of infused nucleated and CD34" cells.
A value of P < 0-05 was considered statistically significant."All
data were statistically ‘analysed using ' STAT-View 5.0 and
S-Prus 2000 (Mathsoft, Seattle, WA, USA).

Results

Patient’s characteristics

Table I summarizes the characteristics of the 119 patients and
cord blood grafts. The median age was 55 years (range, 17-69);
103 patients (87%) had: high' risk diseases. The preparative
regimen comprised fludarabine phosphate, melphalan and TBI
in 91 patients (76%)- and 106" patients  (89%) received TAC
alone “as: GVHD" prophylaxis.: MMF was administered ' in

Table 1. Patients’ characteristics and transplantation procedures.

Characteristic Number

Age (years), median (range) 55 (17-69)

Gender (male/female) 78/41

Primary diseases

Acute lymphoblastic leukaemia 10

Acute myeloid leukaemia 52

Chronic myeloid leukaemia 5

Adult T-cell leukaemia/lymphoma 11

Myelodysplastic syndrome 6

Malignant lymphoma 32

Aplastic anaemia 1

Chronic idiopathic myelofibrosis 1

Acute leukaemia of ambiguous lineage 1

Preparative regimens

Flu (125-180 mg/m?)/Mel 91
(80-140 mg/m?)/TBI (2-8 Gy)

Flu (125180 mg/m*)/Mel 7
(80-140 mg/m?)

Flu (125180 mg/m?)/BU 14
(8-16 mg/kg)/TBI (4-8 Gy)

Flu (150-180 mg/m?)/BU 3
(8-16 mg/kg)

Others 4

GVHD prophylaxis

CsA alone 5

TAC alone 106

TAC and MMF 8

Cord blood cells

Number of infused nuclear cells,
median (range), ><107/kg

Number of infused CD34* cells,
median (range), x10°/kg

2:52 (1-85-5'13)

0-766 (0-110-3-16)

Sex match

Matched 24
Mismatched 95
HLA match

6/6 2
5/6 14
4/6 103
ABO-blood type match

Matched 36
Mirnor mismatched 31
Major mismatched 38
Bidirectional mismatched 14
Disease risk

Standard/high 16/103

GVHD, graft-versus-host disease; BU, busulfan; CsA, ciclosporin; Flu,
fludarabinie phosphate; Mel; melphalan; MMF, mycophenolate mofetil;
TAC, tacrolimus; TBI, total body irradiation; HLA, human leucocyte
antigen.

addition to TAC for eight patients (7%). The median numbers
of infused. total nucleated: and: CD34% cells were 2:52 x 10’
(range, 1:85-5'13). and 0:766 X 10° cells/kg: (range, 0:110-
3-16); respectively. The donor-recipient pairs had serological
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mismatches at two HLA loci, a gender mismatch and an ABO
blood-type mismatch in 103 (87%), 95 (80%) and 83 (70%)
patients, respectively. Among 103 patients who survived
beyond 28 d after CBT, neutrophil engraftment was achieved
in 89 of them at a median of day 20 (range, 11-45). The
cumulative incidence of neutrophil engraftment at day 60 was
85'6%. Secondary engraftment failure occurred in four of these
89 patients. Eleven patients were diagnosed with ‘delayed
engraftment’ according to our definition. The direct causes of
death in 16 patients who died within 28 d of CBT included
sepsis (n = 10), haemorrhage (n = 2), relapse of primary
disease (n = 2), thrombotic microangiopathy (TMA) (n = 1),
and central nervous system complication (# = 1). Chimaerism
data was obtained from 111 patients. Chimaerism analysis was
performed in 58 patients in the peripheral blood and in 53
patients in the bone marrow. One hundred (90'1%) of them
had achieved complete donor chimaerism by day 60. The
median length of time required to complete donor chimaerism
was 18 d (range, 9-93). Chimaerism was analysed in 10 of 16
patients who died within 28 d of CBT. All except one had
complete donor chimaerism before neutrophil engraftment.
Seventy-three (61:3%) of the 119 patients developed PIR. By
day 100 after CBT, 55 patients had developed bacteraemia at a
median of 10 d (range, 3-89 d). Of these 55 patients, 33

Table 1I. Characteristics of HSCT-HPS patients.

developed bacteraemia within 14 d of transplantation. Cyto-
megarovirus (CMV) was reactivated in 60 patients at a median
of 33 d (range, 3-101 d). Ten patients developed histologically
confirmed CMV enterocolitis. Eleven patients developed limbic
encephalitis caused by human herpes virus 6 (HHV-6) at a
median of 20 d of transplantation (range, 13-33 d).

HSCT-HPS patients’ characteristics

Table II shows the characteristics of the 20 of 119 patients who
had clinical features of HPS according to our diagnostic
criteria. The cumulative incidence of HPS after CBT was 16:8%
(Fig 1). HPS occurred within 4 weeks of transplantation and
the median day of diagnosis was 15 d post-transplant (range,
10-27 d). The 20 patients comprised 13 men and seven
women, with a median age of 52 years (range, 23—69 years); 17
patients had high risk disease. None of them had evidence of
HPS before transplantation. The preparative regimen com-
prised fludarabine phosphate, melphalan and TBI for 15
patients and 19 patients received TAC alone as GVHD
prophylaxis. MMF was administered in addition to TAC for
one patient. The median numbers of infused total nucleated
and CD34" cells were 2-40 X 107 cells/kg (range, 1-98-5'13)
and 052 X 10° cells/kg (range, 0-18-3-10), respectively. The

Age
(years)/ TNC CD34* Gender HLA Blood type  Preparative GVHD
Patient gender  Disease Status (x10°/kg)  (x10%kg)  match match  match regimen prophylaxis
117 68/M ALL RLI 2:64 074 Match 4/6 BD MM F125/M80/TBI4 TAC
157 38/M AML PIF 2:39 0-31 MM 4/6 Minor MM F125/M80/TBI4 TAC
161 69/M NHL RL1 2:54 : 099 Match 4/6 Major MM F125/M80/TBI4 TAC
164 48/F ATLL PR 513 310 MM 4/6 Minor MM F125/M80/TBI4 TAC
171 23/M AML RL2 2:30 0-52 MM 5/6 Minor MM F180/B8/TBI8 TAC
181 62/M AML CR2 194 018 MM 4/6 Major MM F125/M80/TSP TAC
194 61/M CML BC 2:25 1-47 MM 5/6 Match F125/M80/TBI4 TAC
198 56/F ATLL PR 3-99 0-20 MM 4/6 BD MM F125/B8/TBI4 TAC
208 52/IM NHL PD 2+41 052 MM 4/6 Minor MM F125/M80/TBI4 TAC
209 52/M AML/MDS = CR1 2:52 058 Match 4/6 Major MM F125/M80/TBI4 TAC
212 57IM AML/MDS = NT 2:08 0-57 MM 4/6 Minor MM F125/M80/TBI4 TAC
215 47/F NHL PD 316 0-45 MM 4/6 Major MM F180/B8 TAC
239 50/F AML/MDS  PIF 2:34 0-31 MM 6/6 Match F180/M140/TBI4 . TAC
240 39/M AML RL1 2:62 029 MM 4/6 Minor MM F125/M140/TBI4 = TAC
242 33/F AML RL1 2:57 0-39 MM 4/6 Minor MM F125/M160/TBI4 . TAC
246 66/M AML/MDS - PIF 2:37 0-65 MM 4/6 Major MM F125/M80/TBI4 TAC
274 31/F NHL RL pASCT 272 0-22 MM 416 Match F180/M140 TAC
278 59/M AML/MDS .- PIF 198 0-50 MM 4/6 Major MM F125/M80/TBI4 TAC
280 40/F NHL RL1 2:35 0-90 Match 4/6 Minor MM F125/M80/TBI4 TAC
282 62/M AML CR2 205 0-70 Match 4/6 Minor MM F125/M80/TBI4 TAC/MMF

ALL, acute lymphoblastic leukaemia; AML, acute myeloid leukaemia; AML/MDS, acute myeloid leukaemia with multilineage dysplasia; ATLL, adult
T-cell leukaemia/lymphoma; B, oral busulfan, mg/kg; BC, blastic crisis; BD, bidirectional; CML, chronic myeloid leukaemia; CR, complete response;
F, fludarabine; GVHD, graft-versus-host disease; HLA; human leucocyte antigen; M; melphalan, mg/m?% MDS, myelodysplastic syndrome; MM,
mismatch; MMF; mycophenolate mofetil; NHL, non-Hodgkin lymphoma; NT; not treated; pASCT; post autologous stem-cell transplantation; PD,
progressive disease; PIF, primary induction failure; PR, partial response; RL, relapse; TAC, tacrolimus; TBI, total body irradiation; TNC, total

nucleated cell count; TSP, tespamine.
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Fig 1. Cumulative incidence of HPS following CBT.

donor-recipient pairs had serological mismatches at two HLA
loci, a gender mismatch and an ABO blood type mismatch in
17, 15 and 17 patients, respectively.

Clinical features of HSCT-HPS patients

Table 11T shows the clinical features and outcome of HSCT-HPS
patients. All patients, except for one, presented with high grade
fever. Hepatosplenomegaly was found in four patients and 11
had clinical manifestations of PIR. Serum aminotransferases

Table HI, Clinical features and outcome of HSCT-HPS patients.

(predominantly aspartate, rather than alanine aminotransferase)
and bilirubin were elevated in 12 patients each. None of them had
acute hepatic failure. Serum LDH and ferritin levels were elevated
in 16 and 19 patients respectively [median value (range) of
highest LDH, 340 (65-2444) i/u per litre and ferritin, 9397
(1423-568500) pg/l]. The highest values of serum ferritin by day
30 after CBT significantly differed between patients with and
without HPS (P < 0-0094) (Fig 2). The diagnosis of HPS was
confirmed by cytological or pathological assessment of all
patients, except for one with extremely elevated serum ferritin
who rapidly developed secondary engraftment failure, which was
strongly indicative for HSCT-HPS. Bone marrow aspirates from
18 of 19 patients exhibited haemophagocytosis (the remaining
one was diagnosed by a bone marrow biopsy post-mortem). This
test was performed between day 10and 27 d after transplantation
to determine the cause of delayed neutrophil recovery or to
predict the development of HPS. Bone marrow aspiration smear
showed very hypocellular marrow with a prominent increase of
activated macrophages phagocytosing red cells and myeloid
precursors.

Engraftment and chimaerism of HSCT-HPS patients

Of 14 patients with HPS who failed to engraft (primary
engraftment failure), eight died within 28 d of CBT. Three
patients achieved engraftment after day 29 of CBT (delayed

Engraftment M in Day of Chimaerism LDH Ferritin
Patient (d) BM (%) Dx (% donor)  PIR - Fever HSM (i/u per litre) (pg/l) Intervention Response
117 Not engrafted '°29:0 19 NA No.Yes No 65 NA None Not engrafted
157 Not engrafted = 66:0 19 984 Yes ~Yes  Yes 1255 1423 CS/GsA Not engrafted
161 Day 19, sEF -~ NA* NA* NA* Yes Yes No 1372 9397 C§ Not engrafted
164 Day 13, sEF 1.0 25 962 No “Yes  Yes. 2444 568500 CS/CsA Engrafted
171 Not engrafted 43:0 27 02 No-::Yes No 166 6434 : CS Not engrafted
181 Not engrafted - 53:0 12 94:0 No Yes  Yes. 587 18150 CS Not engrafted
194 Not engrafted- - 24:0 13 98-8 Yes - Yes No 664 34200 CS Not engrafted
198 Not engrafted = 17:0 20 946 Yes:-Yes No 208 2719 CS Not engrafted
208 Not engrafted’ 21'5 13 996 Yes: - Yes No 994 18640 CS/VP16 Not engrafted
209 Not engrafted ~ 510 12 64:0 No " Yes No 174 1946 IVIG/second CBT Engrafted
212 Day 30 305 11 636 Yes . Yes NE 261 9339 IVIG Engrafted
215 Day 33 185 21 99-8 Yes Yes No:- 216 9808 CS Engrafted
239 Day 30 250 22 - 964 Yes - Yes NE 313 5212: - CS Engrafted
240 Not engrafted’ 15-0 i1 990 Yes . 'Yes  NE - 268 58824 . CS Not engrafted
242 Not engrafted = 10:0 10 964 Yes = Yes No 143 3439 IVIG/second CBT Engrafted
246 Not engrafted . 15-0 21 182 No :-Yes No 800 7740~ Second CBT Engrafted
274 Not engrafted - 90'0 11 684 Yes: Yes  NE- - 367 20304 - Second CBT Engrafted
278 Not engrafted 340 10 99-4 Yes: Yes  No 891 111800 - None Not engrafted
280 Not erigrafted 11'5 13 100 No “Yes  Yes 1634 67600 CS/VP16 Not engrafted
282 Day 24, sEF 580 20 92'6 No. No No 276 2464 CS Not engrafted

BM, bone marrow; CBT; cord blood transplantation;: CS, corticosteroid; CsA; ciclosporin; Dx, diagnosis; HSM, hepatosplenomegaly; IVIG, intra-
venous immunoglobulin; M, macrophage; NA, not available; NE, not evaluated; PIR, pre-engraftment immune reactions; sEF, secondary engraftment

failure;
*Haemophagocytosis confirmed by post-mortem bone marrow biopsy.

© 2009 Blackwell Publishing Ltd, British Journal of Haematology, 147, 543-553 547

— 130 —



S. Takagi et a/

100000+ l : I
80000+

60000+

Ferritin (ug/l)

40000+

20000+

PR E—

Without HPS

0 =

With HPS

Fig 2. Comparison of highest value of serum ferritin by day 30 of CBT
(with versus without HPS).

engraftment). Secondary engraftment failure occurred in three
patients, Chimaerism data were obtained from 18 out of 20
patients. Donor chimaerism was complete at the time of HPS
diagnosis in 13 patients. Three and two patients had donor-
and recipient-dominant chimaerism, respectively. An exami-
nation of bone marrow clot specimens using XY-FISH method
(Ishida et al, 2007) confirmed that the activated macrophages
in two patients with HPS who achieved complete donor
chimaerism (patients 157 and 181; Table II) were donor-
derived.

Concomitant clinical conditions of HSCT-HPS patients

Concomitant - clinical - conditions might be relevant to- the
development. of -HPS. Twelve of 20 patients:had. extant
infections, most of which were: bacteraemia (# = 10).: The
pathogens in eight patients. were Gram-positive cocci; namely
coagulase-negative Staphylococcus (n = 5), Enterococcus faecalis
(n.=2). and Enteracoccus faecium (n-='1); and’ Gram-negative
rods;: Stenotrophomonous. maltophilia. (n = 1) and Pseudomo-
nous aeruginosa (n = 1) in two. . Three patients were infected
with- CMV. Two had simultaneous bacteraemia and- HHV-6
infection. was: found in- one: patient who. developed limbic
encephalitis. Among eight: patients: who had no documented
infections, - five - developed: transient - atypical  lymphocytosis
soon after transplantation, two had ‘PIR; and: the remaining
patient - developed - HPS® without “any  concomitant . clinical
conditions.

Therapeutic interventions for HSCT-HPS and outcome

Corticosteroid: (CS):was administered in 13 of 20 patients to
reduce - macrophage activation, - CsA - was : administered  in
addition to' CS in two patients and: etoposide (VP-16) was
also administered - in "addition: to CS in two others. Four
patients underwent a second. rescue CBT; two: of which were
after the administration- of high-dose-intravenous immuno-
globulin (IVIG). One patient was: treated with IVIG alone.

Two patients could not undergo specific treatments due to
severe infections and/or severe organ damage. These efforts
finally resolved the failed engraftment in eight patients. The
prognosis was poor; 17 of 20 patients died (85%) and eight
had died by 28 d after CBT. The causes of death were sepsis
(n=7), relapse of primary disease (n = 3), haemorrhage
(n=2), TMA (n=2), GVHD (n = 2) and central nervous
system complication (1 =1). As of December 2007, the
median follow-up after CBT for surviving patients was 598 d
(range, 26-1426 d). The Kaplan-Meier probability of overall
survival at 4 years was 314% (95% confidence interval, 20-0—
42:8%). The overall survival was significantly poorer for
patients with HPS than without HPS (150% vs. 35-4%;
P = 00002, Fig 3).

Risk factors for HSCT-HPS

Univariate and multivariate analysis identified having fewer
infused CD347 cells as a significant risk factor for the develop-
ment of HPS (P =001 and 0006 respectively, Table IV).
Patients were subdivided into two groups according to the
intensity of preparative regimen; those who received 16 mg/kg
of BU or 8 Gy of TBI were categorized as ‘myeloablative’
(n = 18), and the others who received less intensive regimens
were classified as ‘reduced-intensity’ (n = 101). The incidence of
HPS was higher in the ‘reduced-intensity’ group, although it did
not reach statistical significance (P = 0-17).

Discussion

This study of clinical manifestations, therapeutic management,
outcome and risk factors for HPS after CBT is the largest to
date: Our results demonstrated that HPS is an aggressive and
devastating complication after CBT that closely correlates with
delayed engraftment or failure, resulting in a poor OS: As far as
we understand from the English medical literature (Table V),
only 23 patients in 16 case reports appear to have developed
HPS after-autologous (n°= 5): and- allogeneic (n = 18) HSCT
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Fig 3. Comparison of overall survival (with versus without HPS).
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Table IV. Risk factors of HPS development.

Univariate factors Cumulative incidence P value
Age (<55 vs. 255 years) 19:3% vs. 145% 050
Gender {mismatch versus match) 183% vs. 11-5% 041
Blood type (mismatch versus match) 20:8% vs. 8:1% 009
Underlying disease (non-lymphoma versus lymphoma) 17-1% vs. 16:3% 0-85
Risk of underlying disease (standard versus high) 18:8% vs. 16:5% 0-80
Preparative regimen (reduced-intensity versus myeloablative) 19-4% vs. 5:6% 017
GVHD prophylaxis (TAC alone versus others) 18:4% vs. 77% 035
Disparity of HLA-A, -B, -DR antigen (1 or 0 vs. 2-antigen mismatch) 18-8% vs. 16:5% 0-89
GVH vector (2 vs. 1 or 0-mismatch) 18-4% vs, 12:5% 041
HVG vector (1 or 0 vs, 2-antigen mismatch) 21-1% vs. 15:1% 0-53
Number of infused total nucleated cells (<2-52 vs. 22-52 X 107/kg) 186% vs. 150% 060
Number of infused CD34" cells (<0766 vs. 20-766 x 10°/kg) 27-1% vs. 6:8% 0-01
Multivariate factors Hazard ratio 95% Confidence interval P value
Blood type (mismatch versus match) 2-80 079-9-86 011
Preparative regimen (reduced-intensity versus myeloablative) 276 043-178 029
GVHD prophylaxis (TAC alone versus others) 271 041179 030
Number of infused CD34" cells (<0766 vs. 20:766 X 105/kg) 448 154131 0-006
GVH vector (1 or 0 vs. 2-antigen mismatch) 148 0-52-4-21 046

GVH, graft-versus-host; HVG, host-versus-graft.

(Sokal et al, 1987; Levy et al, 1990; Reardon ef al, 1991;
Nagafuji et al, 1998; Sato et al, 1998; Takahashi et al, 1998;
Ishikawa et al, 2000; Fukuno et al; 2001; Abe ef al, 2002;
Tanaka et al, 2004, 2007; Kishi et al, 2005a; Boelens et al, 2006;
Ostronoff et al, 2006; Ishida et al, 2007; Koyama et al, 2007).
Among 18 patients who received allogeneic HSCT, reduced-
intensity preparative regimens were employed in nine patients
and three underwent CBT. Thus, HPS has been considered a
rare event after HSCT. The incidence of HPS following CBT in
otir study, however, was strikingly higher than previous reports
have indicated.

Maltivariate analyses identified the dose of CD34" cells as
the ‘only statistically significant risk factor. Given that a low
dose of ' CD34" cells “can negatively - affect - the “rate . of
engraftment and duration to neutrophil recovery, more
infectious complications accompanying low CD34% cell
counts might be directly related to the onset of HPS..In our
study cohort, the incidence of infectious complications arising
during the early phase after transplant (by day 28) was higher
in those with HPS than those without HPS (12/20 vs. 37/99;
P = 0-027), suggesting that infections are associated with the
likelihood of developing HPS. The high prevalence of elderly
patients and of those with high-risk disease status. might
explain this high incidence of infections. Consequently, the
poor outcome following development of HPS was mainly due
to the engraftment failure and following exacerbation of
infections.

The - intriguing finding . of our chimaerism - analysis of
patients with HPS was that of donor-dominancy in 16 of 18
patients, XY-FISH determined that the phagocytosing macro-
phages were also- of the donor type in the two. evaluated

patients. These findings indicated that HPS after CBT might be
mediated by donor-derived macrophages rather than host-
derived, and that engraftment failure is not due to a simple
rejection mechanism, but to factors and events that activates
donor-derived macrophages and leads to the cascade of HPS.
The incidence of HPS may have been underestimated in
previous reports, as the reason for graft failure after trans-
plantation: had: often not been described, especially for graft
failure with donor-dominant chimaerism.

The postulated pathophysiology of HPS:is that excessive
cytokine - production from:- T cells activate  macrophages,
leading to a substantial loss of haematopoietic cells. Although
of ‘great: interest,” the role of cytokine levels: in"the precise
mechanism of HPS needs further study in the. future. We
previously described unique early immune reactions after CBT
and 'termed them PIR (pre-engraftment immune reactions),
i.e. non-infectious high-grade feéver: concomitant with ‘erup-
tion, diarrhoea and weight gain, starting on'a median of day 9
after CBT (Kishi et al, 2005b). In the present study; 61% of the
patients developed: this: syndrome, suggesting that’ immune
cells became activated soon after transplantation. We regarded
this syndrome as early onset of acute GVHD, where activated
donor T cell secreted various cytokines (Reddy & Ferrara,
2003).

We - also recently  reported - that - the “degree of HLA
mismatch" in - the  graft-versus-host: direction: was. inversely
associated with engraftment kinetics after RI-CBT (Matsuno
et al; 2009).: Paradoxically - to- the : former ' notion - of  graft
failure, the degree of HLA mismatch in' the host-versus-graft
direction had no impact on the engraftment kinetics. These

findings ** propose - a* novel: mechanism responsible - for
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engraftment failure after CBT and HPS might be one of the
relevant mechanisms. HLA disparity in the graft-versus-host
direction may augment allo-immune reactions, which evoke
hypercytokinaemia, macrophage activation, and occasionally
result in establishment of HPS. Indeed, most of our patients
received cord blood units with an HLA mismatch due to the
limited availability of cord blood units with a sufficient cell
dose, and received relatively less intensive GVHD prophylaxis
using calcineurin inhibitor alone. Thus, the donor T cells in
the grafts were more susceptible to stimuli of cytokines
triggered by infections and tissue damage from preparative
regimens. In most of the other reported series, methotrexate
(MTX), anti-thymocyte globulin (ATG), steroid, or MMF
was used along with calcineurin inhibitor for GVHD
prophylaxis and there are little reports about HPS. More
intensive immunosuppression may have a positive effect on
preventing post-transplant immune reactions (Narimatsu
et al, 2007b) and the development of HPS.

An optimal strategy has not been established to treat HPS,
especially after HSCT. Although CS was administered at the
discretion of the primary physician to 13 HPS patients to
reduce macrophage activation, HPS was resolved in only three
patients and all four who could tolerate a second rescue CBT
achieved durable engraftment.

In conclusion, HPS is a significant complication associated
with engraftment delay and failure following CBT. The
development of HPS increased mortality rates after CBT,
worsening the prognosis. The precise mechanism of HPS
development after HSCT remiains unknown, although several
lines of evidence suggest that donor immune cells are critically
involved and therefore a key. The identification of high risk
patients, more intensified- GVHD prophylaxis,” close and
careful follow-up: and - prompt ~differential - diagnosis ‘are
important for managing HSCT-HPS and avoiding engraft-
ment failure. More detailed. data from patients who have
undergone CBT as well as other types of transplantation are
warranted to further understand the mechanisms behind the
development of HSCT-HPS and to deévelop more effective
prophylaxis and treatment for this complication.
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Possible graft-versus-host disease involving the central
nervous system soon after cord blood transplantation

Hisashi Yamamoto Naoyuki Uchlda * Kazuya lshlwata Hideki Araoka 2 Shinsuke Takagl
Masanori Tsuji,! Da|suke Kato, Yosh|ko Matsuhashi,* Sachlko Seo,! Naofuml Matsuno, !
Kazuhiro Masuoka, ! Atsushi Wake,! Akiko Yoneyama,? Shigeyoshi Makino,® and Shuichi Taniguchit

The concept that central nervous system (CNS) could be a target of
graft-versus-host disease (GVHD) is controversial. There are a few
case reports which support the possibility of CNS-GVHD [1,2]. Here,
we describe a patient who developed unique CNS symptoms soon
after cord blood transplantation with: reduced-intensity conditioning
(RI-CBT). On Day 7 post-transplant, a high fever, slight skin eruption,
moderate diarrhea, and liver damage suddenly developed. Three days
later, her white blood cell (WBC) count rapidly increased to 1,700 ul~*
and consisted mostly of mature lymphocytes. Generalized convulsions
developed on the same day. An analysis of the cerebrospinal fluid
(CSF) revealed elevated proteins and pleocytosis comprising mostly
mature lymphocytes. The lymphocytes found in the peripheral blood
(PB) and CSF were phenotypically polyclonal T-cells that were donor
derived. Extensive investigations did not detect any microorganisms
or other causes for the T-cell proliferation and CNS symptoms. Consid-
ering the coexistence of CNS and systemic GVHD-like symptoms, pro-
liferation of donor-derived polyclonal T-cells in the CSF and PB, and
no microorganisms or other factors detected, CNS GVHD seems to be
the most likely explanation for her clinical course.

Cord blood (CB) has been increasingly applied as a viable source of stem
cells for allogeneic hematopoietic stem cell transplantation (allo-SCT) [3,4].
The incidence and severity of GVHD following cord blood transplantation
(CBT) are lower than those after allo-SCT using bone marrow or peripheral
blood stem cells from either matched siblings or unrelated donors [5-7]. On
the other hand, unique immune-mediated complications, such as pre-

engraftment immune reaction (PIR) and hemophagocytic syndrome (HPS),
have been observed early after RI-CBT [8,9]. Thus, the spectrum of
immune-mediated reactions after RI-CBT has not yet been fully clarified.

CNS complications have been described following allo-SCT [10]. Infec-
tions, drug toxicity, and metabolic and cerebrovascular disorders are the
major causes, and there have been rare cases of apparent immune-medi-
ated reaction to CNS [1,2].

Here, we present an interesting case of a patient who developed unique
CNS symptoms soon after RI-CBT. A 40-year-old woman with follicular lym-
phoma that was refractory to chemotherapy was admitted to our hospital in
September 2006. Her clinical stage was [V B at diagnosis in 2002. Six
cycles of rituximab (R)-CHOP (cyclophosphamide, doxorubicin, vincristine,
and prednisone) resulted in complete remission, and rituximab therapy was
maintained for 1 year. A relapse occurred in 2005 and was treated with R-
ACES (high-dose Ara C, carboplatin, etoposide, and steroids), R-ICE (ifosfa-
mide, carboplatin, etoposide), cladribine, and R-COP (cyclophosphamide,
vincristine, and prednisone), which resulted in a partial response at each
cycle. However, the disease gradually progressed thereafter, with the devel-
opment of systemic lymphadenopathy, pleural effusion, and ascites. Since
no suitable related or unrelated donors from the Japan Marrow Donor Pro-
gram were available, unrelated CB was considered as an alternative graft,
and she was referred to our hospital. The patient and graft were sex-mis-
matched and phenotypically two and genotypically three-loci mismatches in
HLA-A, HLA-B, and DRB1 loci. The types of the HLA-A, HLA-B, and DRB1
loci were A01 (0101)/A31 (3101), B35 (3501)/B48 (4801), and DRB1*04
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Figure 1.

Clinical course of the patient. Abbreviations: U-CBT, unrelated cord blood transplantation; BM, bone marrow; CSF, cérebrospinal fluid; mPSL, methylpredniso-

lone; FCV, foscarnet; HPS; hemophagocytic syndrome; VP-16, etoposide; WBC, white blood cell; BT, body temperature; LDH, factate dehydrogenase; AST, aspartate

aminotransferase; T-bil, total bilirubin.
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Figure 2. Activated lymphocyies in peripheral blood (a) and in cerebrospinal fiuid (b} on Day 10 post-transplant. Flow cytometry of peripheral bicod on Day 10 post-
transplant (c}. Activated macrophages in bone marrow on Day 17 post-transplant {d). May-Giemsa staining x 1000 (a, b} X400 (c). [Color figure can be viewed in the

online issue, which is available at www.interscience.wiley.com.}

(0404)/DRB1*09 (0801), respectively, in the recipient, and A26 (2601)/A31
(3101); B35 (3501)/B51 (5101),. and: DRB1*04 (0407)/DRB1*09. (0901),
respectively, in the donor. The graft contained 2.4 X 107/kg total nucleated
cells and 0.92 X 10%kg CD34" cells. The pretransplant conditioning regimen
consisted of fludarabine (25 mg/m?/day) for 5 days, melphalan (40 mg/m?
day) for 2 days, and 4 Gy of total body irradiation. Tacrolimus:alone: was
administered as GVHD prophylaxis. Granulocyte colony-stimulating factor
was started from Day 1. Pretransplant viral serology:was positive for HSV,
HVZ, CMV, and EBV, and negative for HIV and HTLV-1. She received 600
mg/day of oral acyclovir, 400 mg/day of oral tosufloxacin, 200 mg/day of oral
itraconazole, and trimethoprim-sulfamethoxazole (160 mg/day of the trime-
thoprim component) as for antimicrobial: prophylaxis. Figure 1 shows her
entire clinical course following RI-CBT. On Day 7 post-transplant, a high
fever, slight skin eruption, and moderate diarrhea developed with a slightly
increased WBC count (from 10 ™" on Day 6 to 30 pi™* on Day 7). Her
WBC count rapidly increased on Day 10 to 1,700 plI™' and comprised 90%
lymphocytes (Fig. 2a). Serum aspartate aminotransferase (AST) and alanine
aminotransferase (ALT) levels increased to 715 and 359 U/, respectively,
and serum-lactate dehydrogenase (LDH) levels increased to 1,101 [U/l. The
patient suddenly lost consciousness along with generalized convulsions on
the same day and required mechanical ventilation. Cerebrospinal fluid (CSF)
analysis revealed an extremely elevated protein level of 675 mg/d! (normal
range: 15-40 mg/dl) and pleocytosis (68 cells/pl), consisting mainly of lym-
phocytes (98%) (Fig. 2b). Magnetic resonance imaging scans of the brain
revealed no specific abnormalities typically seen in cerebrovascular disor-
ders, tacrolimus encephalopathy, thrombotic microangiopathy, or other CNS
complications, and schistocytes were undetectable in the PB. Flow cytome-
try revealed that the excessive lymphocytes in both PB and CSF comprised
polyclonal mature T-lymphocytes: expressing CD3, CD4, CD5, CD8, and
HLA-DR. The expression: of CD4 and. CD8 was variable, in. which
CD4-CD8*, CD4*CD8", and CD4*CD8" cells accounted. for. 65, 25, and 9%,
respectively, of the celis in PB, and 38, 56, and 6%, respectively, of those in

American-Journal of Hematology

the CSF (Fig. 2¢). Y chromosome-based fluorescence in situ hybridization
analysis showed that most of these cells were derived from the donor
(98.8% in PB and 96.8% in CSF). Furthermore, 98% of BM cells obtained
on Day 10 were also donor derived. Routine cultures of PB and CSF for
bacteria and fungi were negative. Analyses by real-time polymerase chain
reactions were: negative for HSV-1, HHV-6, VZV, CMV, and EBV in PB and
CSF, and, for HSV-2, HSV-7, HSV-8, JCV, BKYV, ADV, Parvovirus B19, HBV,
and HCV: in: PB.: Southern blotting of cells from the PB showed that the
genes for both T-cell receptor C31 and J81 were in germ-line configuration,
and EBV- genome clonality: was undetectable. Methylprednisolone (500 mg/
day) was. administered for 3 days, and acyclovir was switched to foscarnet,
considering the possibility of acute GVHD and viral infection insensitive to
acyclovir.. After the initiation of these therapies, the numbers of lymphocytes
in PB and CSF gradually decreased, and her clinical symptoms and labora-
tory data improved, so methylprednisolone was carefully tapered. However,
high fever, diarrhea; and CNS symptoms recurred around Day 17, and then
pancytopenia and cholestatic liver damage rapidly progressed. On Day 17,
BM aspiration revealed an increase of activated macrophages (35%) with
massive hemophagocytosis (Fig. 2d). The chimeric status of the BM celis
revealed sustained donor cell dominance (96.8%), indicating that the hema-
topoietic cells and macrophages in the BM were both donor derived. Despite
the administration of etoposide (50 mg/m?) to control the hemophagocytosis,
pancytopenia and cholestatic liver damage progressed and the patient died
of bacterial sepsis 32 days after transplantation. An autopsy was not per-
formed.

Polyclonal: T-cell proliferation is the principal mechanism of the antigen-
specific immune -response that generally ‘occurs upon infection and/or
inflammation. GVHD is’ also primarily a" T-cell-mediated event, and the
subsequent expansion of donor T-cell clones-recognizing antigens causes
tissue damage either directly through T-cells encountering recipient MHC-
bearing . cells: in target tissues  or. indirectly through: cytokine. production
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We previously reported higher incidence of immune-mediated complica-
tions, such as PIR, characterized by high-grade fever, skin eruption, diar-
rhea, jaundice, and body weight gain developing before engraftment, and
HPS early after RI-CBT [8,9]. Despite the known immunological naivety of
CB cells, the exceptionally high incidence of PIR and HPS suggests that the
properties of CB cells are unique and distinctly different from adult donor
cells.

The most striking features of our patient were the remarkable polyclonal
T-cell proliferation both in PB and CSF, followed by sudden generalized con-
vulsions and loss of consciousness. As the coexistent CNS and systemic
GVHD-like symptoms, proliferating donor-derived polyclonal T-cells in the
CSF and PB, and microorganisms or other factors that might be responsible
for these symptoms or T-cell proliferation were undetectable. We therefore
postulated that an alloimmune reaction of the CB graft against the CNS
caused the CNS symptoms in our patient.

The concept that CNS could be a target of GVHD is controversial. Some
case reports support the possibility of CNS-GVHD [1,2]. All of the patients
in these reports were diagnosed with CNS-GVHD only when they responded
to immunosuppressive therapy and had histologically and immunophenotypi-
cally documented perivascular T-cell infiltration without evidence of other
CNS diseases with overlapping features.” However, uniform diagnostic
approaches or criteria have not been established. Most of the reported
CNS-GVHD was diagnosed at the time of chronic GVHD ' development.
Powles et al. [12] reported that convulsions, possibly due to cerebral edema,
could develop as a:manifestation of severe acute GVHD after haploidentical
transplantation. This could explain the events in our patient, aithough-infor-
mation: about the CSF, the presence or absence of T-cell proliferation, or
detectable infectious organisms was not provided in the literature. We
reported that early CNS complications are more frequent after RI-CBT than
after transplantation with other stem cell sources and that hypercytokinemia
associated with PIR could influence the development of CNS complications
[13]. T-cell proliferation in CSF along with the severe systemic: symptoms. in
our patient might have resulted from a type of hypercytokinemia that is
unique to RI-CBT.

Moreover, severe HPS developed around 10 days after T-cell proliferation,
and the activated ‘macrophages in the ‘BM were ‘donor derived. Although
HPS is a rare complication following allo-SCT, some investigators have sug-
gested that a severe alloimmune response could result in HPS after PB
transplantation [14,15]. Furthermore, we recently reported that the incidence
of HPS following RI-CBT is higher than was' previously reported and that
HPS is a significant risk factor for engraftment failure [9]. Hypercytokinemia
associated with engrafted: T-cell proliferation may have played an important
role in donor-derived macrophage activation and.in the development of HPS
in our patient. ;

In"conclusion, ‘we ‘described a patient. who developed  sudden’ general-
ized convulsions: and lost. consciousness at the same time as: polyclonal
T-cell proliferation soonafter ‘RI-CBT. The findings of extensive investiga-
tions indicated that the: CNS can be a target of GVHD. Further accumula-
tion of clinical and laboratory data with the awareness of this devastating

complication soon after RI-CBT is warranted to precisely understand the
underlying basic mechanisms and to develop optimal intervention strat-
egies.
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Treatment with hydroxyurea in a patient compound heterozygote
for a high oxygen affinity hemoglobin and p-thalassemia minor

Pierre-Olivier Gaudreau,! Xiaoduan Weng, ! Ghislain Cournoyer,! Louise Robin,!

Carmen Gagnon,? and Denis Souliéres’

Compound heterozygotes: for g-thalassemia and high oxygen affinity
hemoglobin (Hb) have been documented, but experience in the man-
agement of such rare cases is minimal. Although hydroxyurea (HU)
has never been used in a: heterozygote with. high oxygen affinity Hb
and p-thalassemia, we hypothesized that it would decrease erythrocy-
tosis through a lowered. production of abnormal cells and increase of

766

Ps¢ by induction of fetal hemoglobin (HbF). We present the case of a
patient with compound high oxygen affinity Hb mutation with p-thalas-
semia. PCR analysis revealed combined Hb Regina and IVS1-110 G/A
mutations.: Treatment ‘with HU :caused a decrease in Ht (61.1% to
38.6%) and erythrocyte volume (74.87 ml/kg to 40.65 ml/kg), as well
as an increase in Pgo (6 mmHg to 10 mmHg ) and HbF level (3.6% to
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Impact of HLA disparity in the graft-versus-host direction on engraftment in adult
patients receiving reduced-intensity cord blood transplantation
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Delayed engraftment or graft failure is
one of the major complications after cord
blood transplantation (CBT). To investi-
gate factors impacting engraftment, we
conducted a retrospective analysis of
adult patients who underwent reduced-
intensity CBT at our institute, in which
preparative regimens mainly consisted of
fludarabine, melphalan, and total body
irradiation with graft-versus-host (GVH)
disease prophylaxis using single cal-
cineurin inhibitors. Among 152 evaluable

patients, the cumulative incidence of neu-
trophil engraftment was 89%. High total
nucleated cell and CD34* cell dose were
associated with the faster speed and
higher probability of engraftment. In addi-
tion, the degree of human leukocyte anti-
gen (HLA) mismatch in the GVH direction
was inversely associated with engraft-
ment kinetics, whereas no statistically
significant association was observed with
the degree of HLA mismatch in the host-
versus-graft direction. Similarly, the num-

ber of HLA class | antigens mismatched
in the GVH direction, but not in the host-
versus-graft direction, showed a negative
correlation with engraftment kinetics. HLA
disparity did not have significant impact
on the development of GVH disease or
survival. This result indicates the signifi-
cant role of HLA disparity in the GVH
direction in the successful engraftment,
raising the novel mechanism responsible
for graft failure in CBT. (Blood. 2009;114:

Introduction

1689-1695)

Recent  studies have demonstrated cord: blood: transplantation
(CBT) as a safe and feasible alternative to bone marrow (BM) or
peripheral blood (PB) stem cell transplantation (SCT).in adults
when no suitable related donor is available.""* The incidence and
severity of acute graft-versus-host disease (GVHD) after CBT have
been low compared with those after unrelated donor BM transplan-
tation, 4 permitting use of a mismatched unit as a graft. The use of
CBT has also been increasing because of the potential advantage of
rapid availability and the lower risk to donors. The development of
reduced-intensity (RI) conditioning regimens for transplantation,
which results in less toxicity and depends largely on graft-versus-
tumor effects rather than high-dose therapy to eliminate malignant
cells, has been shown to allow elderly patients to undergo
allogeneic: transplantation.>® We- and other groups have reported
the feasibility of RI-CBT for adult patients with advanced hemato-
logic diseases.” 12

Despite the obvious advantage of CBT, high treatment-related
toxicity has been observed, which precludes the application of CBT
as a primary graft source. One of the major complications of CBT is
delayed engraftment or graft failure. Thus far, several factors have
been found to impact engraftment, including total nucleated cell
(TNC) dose, CD34* cell dose, and- human leukocyte antigen
(HLA) disparity.!>!? Here, we report the results of a retrospective
analysis of 163 adult patients who underwent RI-CBT at our
institute, which revealed, for the first time, the importance of HLA
disparity in the graft-versus-host (GVH) direction, adding a new
viable factor in choosing cord blood (CB) units as transplant-
able grafts.

Methods

Study patients

This study included adult patients with hematologic malignancies who under-
went RI-CBT as their first allogeneic SCT at Toranomon Hospital between
January 2002 and December 2006 consecutively. Twenty-nine patients who had
active serious infection or showed an Eastem Cooperative Oncology. Group
performance status of 3 or 4 before transplantation were not eligible for this study
because of differences in transplantation procedures or supportive care resulting
from serious organ dysfunction and- active infection. Then, the :remaining
163 consecutive, patients were reviewed. All patients had: diseases that were
incurable with conventional treatments, lacked suitable sibling: or. unrelated
donors, and were considered inappropriate for conventional allo-SCT as they
were: older than- 50 years and/or had organ dysfunction (often: attributable to
previous. intense : chemotherapy  and/or: radiotherapy). . Characteristics: of ‘the
163 patients are summarized in Table L.

For disease status,, those with hematologic malignancies in the first or
second complete remission at the time of transplantation, those in the
chronic phase or accelerated phase of chronic myeloid leukemia, and those
with refractory anemia of myelodysplastic syndrome were defined as being
at standard risk (n = 32), whereas those in other situations were defined as
being at high risk (n'= 131). All patients received a single CB unit. All
patients provided written informed consent in accordance with the Declara-
tion of Helsinki, and the study was conducted in accordance with the
requirements of the Institutional Review Board of Toranomon Hospital.

Donor selection

CB units were obtained from the Japanese Cord Blood Bank Network. All CB
samples, as well as the patient’s blood samples, were serologically: typed for
HLA-A, -B and -DR antigens before transplantation. Alleles at the HLA-A, -B,
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Table 1. Patient and cord blood characteristics

Variable Value
No. of patients 163
Median age, y (range) 55 {(17-79)
Sex: male/female, no. of patients 98/65
Primary diseases, no. of patients

Acute [ymphoblastic leukemia : 20

Acute myeloid leukemia 63

Chronic myslogenous leukemia 5

Myelodysplastic syndrome 12

Malignant lymphoma : : 39

Adult T-cell leukemia/lymphoma . 18

Muttiple myeloma . 2

Others 4
Hisk of underlying disease, no. of patients: standard/high 32181
Preparative regimens, no. of patients

Fiu + Mel + TBIZB Gy : 135

Flu + BU + TBI 4-8 Gy 18

Flu + Met ; . 6

Flu + BU 4
Median no. of infused nucleated cells; 107/kg {range) 2.68 (1.82-4.83)
Median no. of infused CD34+ cells, 10%kg {range) 0.76 (0.05-4.40)
Bload-type mismatch, no. of patients: match/mismatch 47/116
HLA antigen mismatch, no. of patients

g 3

1 24

5 . o - : i 136
GVHD prophylaxis, no. of patients

Cyclosporine A alone : 73

Tacrolimus alone 90

Flu indicates fludarabine; Mel, melphalan; TBI, totai body irradiation; and BU,
busulfan.

and -DRBI loci were identified by high-resolution DNA typing in 107 pairs
because HLA typing of alleles was not routinely performed in Japanese CB
banks. In 127 pairs, HLA-A and -B antigens were identified by serologic typing
and HLA-DRB1 alleles were determined by high-resolution DNA typing. CB
grafts had at most 2 mismatches for HLA-A, -B, and -DR antigens and had a
cryopreserved cell dose of at least 1.8 X 107 nucleated cells per kg of recipient
body weight. Mismatch was counted separately in the GVH and host-versus-graft
(HVG) direction; respectively. HLA mismatch in the GVH direction was defined
when the recipient’s antigens or alleles were not shared by the donor, whereas
HLA mismatch in the HVG direction was defined when the donor’s antigens or
alleles were not shared by the recipient.

Transplantation procedures

Pretransplantation conditioning regimens varied and were determined by each
attending physician according to the patient’s disease, disease status, and history
of prior therapy. All patients received purine analog-based preparative regimens.
The majority of patients (n = 119) received preparative regimens consisting of

’: TNC > 3 x 107/kg (n = 50)

'
E B
s 3 &
z < TNC < 3 x 107/kg (n = 102)
X

5 P < .001

6 1.0 2‘0 :;0 ‘;0 éO

Days after transpiant

BLOOD, 20 AUGUST 2009 - VOLUME 114, NUMBER 8

fludarabine 125 mg/m?, melphalan 80 mg/m?, and 4 Gy total body irradiation
(TBI). Patients in relatively poor performance status were conditioned with
busulfan to avoid severe gastrointestinal tract toxicity induced by the use of
melphalan. GVHD prophylaxis was carried out using a continuous infusion of
cyclosporine A 3 mg/kg or tacrolimus 0.03 mg/kg from day — 1 until the patients
could tolerate oral administration.

Supportive care

All patients were treated in reverse isolation in laminar airflow-equipped
rooms and received trimethoprim/sulfamethoxazole for Pneumocystis jirove-
cii prophylaxis. Fluoroquinolone, azole, and acyclovir were administered to
prevent bacterial, fungal, and herpes virus infection, respectively. Cytomeg-
alovirus pp65 antigenemia was monitored weekly. Hemoglobin and platelet
counts were maintained at more than 7 g/dL and at 10 X 10%/L, respec-
tively. Granulocyte colony-stimulating factor was administered intrave-
nously from day 1 until neutrophil recovery became durable.

Definition of engraftment, GVHD, and survival

Date of engraftment was defined as the first of 3 consecutive days when
the neutrophil counts exceeded 0.5 X 10%L. Patients who did not
achieve this criterion at any time after transplantation were considered
as primary graft failure. Chimerism was assessed using fluorescent in
situ hybridization in sex-mismatched donor-recipient pairs. In sex-
matched pairs, polymerase chain reaction for variable numbers of
tandem repeats was used with donor cells detected at a sensitivity of
10%. Acute and chronic GVHD was diagnosed and graded according to
standard criteria.'®!7 Overall survival was calculated from the day of
transplantation until death from any cause or last follow-up. Event-free
survival was defined as the duration of survival after transplantation
without disease - progression, relapse, graft failure, or death. Final
follow-up was conducted in December 2007, with a median follow-up of
surviving patients being 29.0 months (range, 3.7-58.9 months).

Statistical methods

Cumulative incidence of neutrophil engraftment was calculated using the
Gray method; treating death before engraftment or seécond transplantation
as competing events.!® Similarly, in the analysis of GVHD, death resulting
from ‘other causes or relapse leading:to early withdrawal of immune
suppression was considered competing risk. The probabilities of survival
were estimated using the Kaplan-Meier method. Multivariate analysis was
performed. using. the proportional. hazards model. P values < .05 were
considered statistically significant.

Results
Engraftment

Eleven of the 163 patients reviewed were not evaluable for the analyses
of donor engraftment resulting from early death (before 28 days after

B

= CD34 > 1 x 105/kg (n = 48)
g . RO PR
g = 3
5 s
2w CD34 < 1x 105/kg (n' = 104)
B
£ o
T g

3 P <.001

0 10 20 30 40 50

Days after transpiant

Figure 1. Cumulative incidence of neutrophil engraftment. (A) Effect of TNC dose. (B) Effect of CD34+ cell dose.
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transplantation) from disease progression (n = 1), infection (n = 6), and
multiple organ failure (n = 4). Of 152 evaluable patients, 135 patients
achieved neutrophil engraftment. The cumulative incidence of engraft-
ment at day 60 was 89%, and the median time to engraftment was
20 days (range, 11-55 days). Chimerism analyses were performed in
125 of 135 patients who achieved engraftment using either PB or BM
samples at the time of neutrophil recovery. All patients except for one
who had residual leukemic cells in PB at the time of engraftment
showed complete donor chimerism (> 90%). The median length of
time required to donor chimerism was 22 days (range, 11-55 days).

Age, recipient sex, risk of underlying disease, blood type
mismatch, and GVHD prophylaxis did not affect engraftment
kinetics (data not shown). TNC more than or equal to 3 X 107/kg
was associated with a significantly higher probability of engraft-
ment (P < .001), with the median time to engraftment of 16.5 days
(range, 11-55 days) compared with 21 days (range, 12-49 days) for
those who received less than 3 X 107/kg (Figure 1A). Similarly,
CD34* cell dose more than or equal to 10%/kg was associated with a
significantly faster engraftment (P <.001) than those who re-
ceived less than 10%kg (Figure 1B).

The cumulative incidence of engraftment and the time to engraft-
ment according to the degree of HLA mismatch are shown in Table 2.
Patients who had 0 and 1 antigen mismatch with the grafts’ were
combined, considering the small number of patients in O mismatch
group and comparable rate of engraftment and time to neutrophil
recovery between O and 1 antigen-mismatched group (Figure 2ZA-B),
and were compared with those of 2 antigens mismatched. Although
patients with 0 or 1 antigen mismatch showed a trend toward superior
engraftment kinetics compared- with patients: with- 2 antigens  mis-
matched, the differences did not reach statistical significance (Figure
2A; Table 2). We further analyzed the influence of HLA disparity on
engraftment in both the HVG and GVH direction. In the HVG direction,
the cumulative incidence of engraftment at day 60 was 93% in 0 or
1 antigen mismatch and 87% in 2 antigens mismatched (P = .4, Table
2). In. the: GVH . direction,. however, - the  cumulative incidence of
engraftment was 96% in O or 1 antigen mismatch and 85% in 2 antigens
mismatched (P <001, Figure 2B; Table 2), demonstrating that HLA
antigen disparity in the GVH direction was significantly associated with
engraftment kinetics. As shown in Figure 2C, HLA antigen disparity in
the HVG direction did not contribute to engraftment kinetics in patients
with.0 or 1 antigen mismatch in: the: GVH' direction, as. was. also
observed in those with 2 antigens mismatched in the GVH direction.
Although the number of patients in each group was small, patients with
0 or 1 mismatch in the GVH direction but 2 mismatches in the HVG
direction (n = 28) showed a trend toward superior engraftment kinetics
compared with patients with 0 or:1 mismatch in the HVG direction but
2 mismatches in the GV H direction (n = 18; P = .07). This finding may
indicate that HLA disparity in the GVH direction plays a greater role in
engraftment than that in the HVG direction.

In addition to the degree of mismatch, we analyzed the
significance of class I' (HLA-A, -B) or class II (HLA-DR)
mismatch (Table 2). The number of class I antigens mismatched in
the GVH direction showed a negative correlation with the probabil-
ity and the speed of engraftment (P = .006, Figure 2D), but not in
the HVG or both directions. More specifically, the presence of
HLA-B antigens mismatched in the GVH direction was signifi-
cantly associated with inferior engraftment kinetics (P = .04). To
the contrary, HLA-DR antigen mismatch did not influence engraft-
ment kinetics in either the HVG or the GVH direction.

The cumulative incidence of engraftment was also assessed
using 120 pairs who had HLA-A; -B antigens and -DRB1 allele
information available (Table 2). Patients with. O or' I mismatch
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showed better engraftment kinetics compared with those with 2, 3,
or 4 mismatches in the GVH direction, which was about to be
significant statistically (P = .05), whereas HLA mismatch in the
HVG direction did not show significant impact on engraftment.

HLA allele mismatch at the HLA-A, -B, and -DR was examined in
102 pairs. In the GVH direction, the cumulative incidence of engraft-
ment was 94% in O or 1 allele mismatch, 88% in 2 alleles mismatched,
and 80% in 3 to 5 alleles mismatched (P = .05), showing that alleles
mismatched in the GVH direction could be inversely associated with
engraftment kinetics (Table 2). In contrast, allele disparity in the HVG
direction did not affect engraftment (Table 2). When HLA-A, -B, and
-DR alleles were analyzed independently, no statistically significant
differences were observed in any allele tested in either the GVH or HVG
direction (data not shown).

Multivariate analyses revealed that low TNC dose (< 3 X 107/
kg) and HLA antigens mismatched in the GVH direction (O or 1 vs
2 antigens mismatched) were significantly associated with inferior
engraftment kinetics, when age, recipient sex, risk of underlying
disease, GVHD prophylaxis, and blood type mismatch were
included as covariates (P = .002 and P = .004, respectively).

Clinical features of graft failure

There were 17 patients who failed to achieve engraftment: 8 males and
9 females, median age of 55 years (range, 17-68 years), high-risk
diseases in 12 patients. Median TNC dose of CB grafts was 2.36 X107/
kg (range, 2.01-3.40 X 107/kg), and median CD34* cell dose was
0.59 X 10°kg (range, 0.30-1.38 X 10%kg). Nine of them died before
engraftment because of disease progression (n = 2), infection (n = 5),
multiple organ failure (n = 1), and idiopathic pneumonia syndrome
(n=1). The remaining 8 patients received a second RI-CBT at a
median of 34 days (range, 28-49 days) after first RI-CBT, and 3 of them
were alive in remission:

Among those who'did not achieve engraftment, chimerism
analyses in the BM early after transplantation were performed on
8 patients’ (median, 12 days; range, 10-17 days). Of those,
4 achieved complete donor chimerism, one had mixed chimerism
(60% donor type), and 3 patients showed recipient chimerism. Four
of 5 patients with donor dominant chimerism showed hemophago-
cytosis in the BM. On the other hand; all 3 patients with recipient
chimerism did not show hemophagocytosis.

GVHD and survival

Among 134 ‘evaluable patients, the cumulative-incidence of
acute GVHD of grade 1l to IV was 43%. The incidence of acute
GVHD according to HLA disparity in the GVH direction was
summarized in Table 3. Patients with 2 antigens mismatched
showed a trend toward higher incidence of acute GVHD II-IV
(P = .08). The number of class I or class II antigens mismatched
had no correlation with the incidence of acute GVHD. Similarly,
HLA disparity in the allele level was not significantly associated
with " the incidence of acute GVHD. Among 66 evaluable
patients, the cumulative incidence of chronic GVHD was 51%.
The degree of HLA mismatch was not significantly associated
with the incidence of chronic GVHD (data not shown). Other
pretransplantation factors, including age, infused cells, and
GVHD prophylaxis, did not affect the incidence of GVHD.
Overall survival and event-free survival at 2 years were 35% and
30%, respectively. HLA disparity in the GVH direction, as well
as in the HVG direction, did not influence overall survival and
event-free survival (Table 3; and data not shown).
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Table 2. Univariate analyses of engraftment kinetics according to HLA disparity

Neutrophil engraftment

No. of HLA mismatches n Cumulative incidence, % Median day Range P

HLA-A, -B, -DR (antigen .09
e+t 28 o 9 - - . t1a0 -
2 129 89 20 11-55

HLA-A, -B, -DR (antigen, HVG) 4
01 , e 4 - 93 - , . . .

) , . . . o e , o

HLA-A, -B, -DR (antigen, GVH) < .001
2 99 85 20 11-55

HLA-A, -B (class | antigen A
1 h 86 ' 91 ' 20 o 11-44

HLA-A, -B (class | antigen, HVG) 4
p - g6 . s e R '

1 86 89 20 11-55
2 ... _ =~ =~ =~ = _ = __ _ .=»—____=_ _ ... _______ @ _ 5 =

HLA-A, -B (class | antigen, GVH) ' ‘ 006
.- = = Z Z0 0 D95 ...~~~ .- _ ... . _ .~~~

1 88 91 20.5 11-44

-  _ _ _ - = =©=©9>9»6»6»nBnBBoBoBoo 56 = 9»9»@9@9 - 655R9B6B9nn . - 12es

HLA-A (antigen) 7

142 ' E 65 89 20 11-55

HLA-A (antigen, HVG) .8
s - e _ e e e

HLA-A (antigen, GVH) 2
.- .. . ...~ ., .. . _____ _ »—— __

142 ' o 49 86 oo 13-55

HLA-B (antigen) .07
1+2 116 87 ' 20 11-55

HLA-B (antigen, HVG) ; .06

142 86 - o 0 11-55

HLA-B (antigen, GVH)
P i e W -
142 86

HLA-DR (antigen) 4
142 90 195 T 1144

HLA-DR (antigen, HVG) 7
5= - : - s ; s
1+2

HLA-DR (antigen, GVH)

.04

o
1+2
HLA-A, -B (antigen), -DR (allele)

ntigen

, GVH)
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Table 2. Univariate analyses of engraftment kinetics according to HLA disparity (Continued)
Neutrophii engraftment

No. of HLA mismatches n Cumulative incidence, % Median day Range 4
HLA-A, -B, -DR (allele) 4

o+ 10 a0 18 14-30

2 36 86 20 11-44

3+4+5 56 84 19 11449
HLA-A, -B, -DR (allele, HVG) 3

041 , 19 94 19 1132

2 34 79 20 13-44

3+4i5 o ' 48 a6 2 1149 ,
HLA-A, -B, -DR (ailele, GVH .05

o1 , , o 16 94 17 1130

2 40 88 20 11-44

334+8 ' L e 80 20 1149

associated with time to engraftment and the probability of engraft-

Discussion ment, confirming previous findings on the association of cell dose

Delayed hematopoietic recovery and graft failure are significant
concerns in adult CBT. In the present study, median time to
engraftment was 20 days, which was comparable with that reported
in previous studies.!*"!? These data indicate that our pretransplan-
tation conditioning regimens, consisting mainly of fludarabine,
melphalan, and 4 Gy TBI, along with single calcineurin inhibitors
for GVHD prophylaxis, can exert reasonable immunosuppressive
effects that allow rapid hematopoietic recovery after CBT. The
engraftment was durable except for disease progression.

Almost all reports on CBT have demonstrated the profound
impact of infused cell dose on engraftment.!3!420 We showed that
both high numbers of TNCs and CD34" cells were favorably

with neutrophil recovery. Considering that CD34* cell dose reflects
stem cell contents in the CB unit, stem cell dose is one of the major
determinants of successful engraftment, as has been observed in the
xenogeneic transplantation model.21-23

Although our results, demonstrating that HLA disparity in the
GVH direction affected engraftment kinetics more than HLA
disparity in the HVG direction, may seem paradoxical to the former
notion of graft failure that results from graft rejection in most cases,
they suggest a novel mechanism of graft failure in CBT. Previously,
we have reported that a high incidence of noninfectious high-grade
fever often coexisted with eruption, diarrhea, and weight gain,
starting on a median of day 9 in more than 50% of the patients
receiving CBT.324 We regarded this reaction as early onset of acute
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Figure 2. Cumulative incidence of neutrophil engraftment. MM indicates mismatch. (A) Effect of HLA antigen mismatch. (B) Effect of HLA antigen mismatch in the GVH
direction. (C) Effect of HLA antigen mismatch according to mismatch both in the GVH and the HVG directions. 2GVH indicates 2 antigens mismatch in the GVH direction;
2HVG, 2 antigens mismatch in the HVG direction; 01GVH, 0 or 1 antigen mismatch in the GVH direction; 01HVG, 0 or 1 antigen mismatch in the HVG direction. (D) Effect of
HLAclass 1 antigen mismatch in the GVH direction.
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