Figure 3 Polymerase Chain Reaction for T-Cell
Receptor & Gene Rearrangement

{1 Negative control, aixi () patient’s sainple of frozen neoplastic Kmphaid cells in uscites,
A vlona band was idertibed at approxiinately 200 base fmirs.
Abbreviutions' bp = base pairs; M = molecutar wiright marker

clonal ERY genomes. Chromosome analysis demonstrared a
normal 46, XY karyotype in all 20 cells examined.

After admission, his abdominal distention and dyspnea
with hypoxemia progressed rapidly wirh spiking fever A
computed tmography scan demonstrated acute cespiraory
distress syndrome. Beeause we found no evidence of bacrerial
or fungal wfection or drug-induced pneumonts, cvclosporing
and methylprednisolane were staried immediately but with
no cffect, and he diwed of acure respitatory failure 1 week later,
A postmortem lung bivpsy showed extensive diffuse alveolur
damage withour the T"LGL cells involvement; on the ather
hand, the leukemc cell involvemen: in Glissor's sheath waus
shown by a liver biopsy.

Discussion

Tnn thy case, the increase in LGLs developed 7 manths after
the second cord blood crunsplantation, and the kinetics of
LGLs carrclied widh che apening off of immunnsuppression.
which suggested the possibility thar lymphocyinsis might
huve been associated with renctive expansion because of viral
infection or an alloimmune reaction. However, our case showed
TCR-Band TCR-6 gene rearrangement by Southern hlot analysis
and TCR- gene rearrangement by PCR and cytaronic Tecell
immunephenotype, which were comparible with T-cell LGLL,

Most cases of PTLD, usually of B-cell origin, are associated
with EBV inlection and represent the EBV-induced monnclonal
expansion of B cells in condutions with decreased T-cell immune
surveillance. 36 Although there have been some reports of
EBV-associated PTLD after cord blood transplantation, 10 the
incidence of PTLD of T-cell origin has been reparted to be only
4%-14% with a less frequent associarion with EBV.61
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Figure 4 Dnnor-Recipient DNA GChimerism Analysis hy
Comparing the Shorl Tandem Repeat

D165539
Recipient
9 10 11
Second
Cord Donor
" A
g 13
T-LGL
A
9 13

The pedpheral Hood samgle {containing 30% T-LGLY and the sacond cord Mood 3Empe
shower the same peaks at he gy D165530)

In our case, because a high viral load of EBV was detected
by real-time PCR analysis, we initially speculated that y8
T-LGIT was EBV-associared PTLD, bur this was bier denied
based on the resalts of EBV-encoded small RNA in sita
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Table 1A Literature Review of T-Cell Postiransplantation Lymphoproliferative Disorder Afler Hematopoietic Stem Cell
Transplantation?.13-16

Zutter ot al!3 Lymphoblastic iymphoma
Zutter et al®? 2 Lympheblastic ymphioma
Zutter st al'2 R 2/Femdlo =g lpolymorph
A 13/Male Sibling" NHL (difuse frga)
Bitvent e 5 NO/ND ND LGL{ofy .,
Coltins et alt5 8 11/Male ND NH polyoble) S KD Lybogsh node, brain
mostal® o A= | lolsted e AL Do | BB ”
Dur Gase 58/Male o8 LGL (y8) "~ Donor B, BN, asnies, Jves

“Human leukotyte antigen—maiched sibing
Apbrediations: ND = rut Getsroinest: NRL = ron-Hodgiin lymphora, PB = peripheral blosd, 0B = unrelated cord thood

fabie 18 Literature Review of T-Cell Postiransplantation Lymphoprotiferative Disorder After Hematopoietic Stern Cell

Mium:r etalt? E ot determined TCR-y (5B} k
Zufter et altd 2 630 Not determingt Not determined 140
Zutter ol alt3 3 R geipingdz. | - Polyclonal e
Wang et ai'4 ) 4 801 Negative v B TCR-y {PCR) > 1170
Sivetelal 5 300 Nogatva |- TORBEHE > 690
Collins et al1s ) 90 " Negadve Not deteirined 29
Auetall 480 . Negative TCR-y (PCR) » ek
Qur Case Negative T C{zcggésg)(iﬂ) 30

“Tung fion itanspiantation 1o FTLD.
vl ime tom dlagnosts of PTLD
Apbreviations: EBER-IS11 = EY-gncoded smal RHAN situ hybridization; 5B = Southem hiatting

hybridizadon stains and Southern blor EBY terminal repeat  a longer interval between the day of rransplantauon and the
amalysis. Therefore, the dlinical significance of EBVY infection in ocenreence of PTLD than in B-cell PTLD. The donor source
this case remains undetermined. of transplantation wncluded sibling (3 cases), father (1 case},
Most previously reported cases of T-cell PTLD developed  unrelared (1 case), cord (our case). and not described (2 cases).
after solid organ teansplantation,!? and there have been only 7 Therefore, whereas therc has been very litde experience with
previously documented cases of Tecell PTLD after allogencic  cases after cord blond transplantation, all 8 cases of PTLO in
HSCT, as summazized in Table 171318 Postransplantation the literarure are of B-cell origin.®11 Our case is the fiest report
lymphopralifetative disorder was of donor origin in 3 of 8 of PTLD of I-cell origin after cord blood rransplantation and
toral cases, including our case, of recipient origin in 2, and of  might reflece very incense immunosuppression passing through
underermined origin in e remaining 3. No correlation has been  consccutive cord blood transplancadion.
demonstrated between BBV and Tocell PTLD after HSCT. Tt has been reporied that Tecell PTLD has a worse
Generally, most cases of Becell postiransplanration prognosis than B-cell PTLD in a solid organ transplantation
lymphoproliferative disorder after T1SCT develop within the  setting. In 1 scrics of 6 cases presenting with T-cell non-
first 5 months, because the balance berween proliferating EBV- Hodgkin lymphoma as PTLD, pulmonary invalvement was
infected B cells and cytotoxic T cells cannot be controlled wich reported in 5 cases and marrow infiliration in 4 cases. All
the unrecovered lymphocyte componenss.!” In solid argan  patients showed aggressive courses. 18 OF impurtance is chat
transplancation, EBV-positive cases tend to occur eutlier than  of 8 patients with T-cell PTLD after HSCT: 3 patients who
EBV-negative cases, ie. a median interval of 6-10 months  died within 30 days had extranodal invulverment in the lung,
compared with 4-5 yeurs.67 Some cases of ‘Lieell PTLD have  liver, spleen, brain, and/or ascites.
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Conclusion

We have reported an unusual case of EBV-negative, ‘Icell
PTLD as 48 T-cell LGLI of donor origin after a second cord
bleod rransplantarion. The occurrence of Incell FLLD after
HECT is exrremely rare, and the efficienr accumulation of
knowledge and further rescarch are needed to establish the
oncogenic mechanism and appropriste therapeutic maneuvers
in chis disease engiry.
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ABSTRACT

To evaluate the potential of allogeneic hematopoietic cell transplantation (HCT) with a reduced-intensity
conditioning regimen (RIST) for the treatment of patients with hematologic malignancies not in remission, we
retrospectively reviewed the medical records of 132 patients (89 leukemia or myelodysplastic syndrome, 40
malignant lymphoma, and 3 others) who received conventional myeloablative HCT (CST, n = 52) or RIST
(n = 80). The median age of the RIST group was significantly higher than that of the CST group (53 years
versus 40 years, P < .01). The RIST group also included a higher proportion of patients with an HCT-specific
comorbidity index (HCT-CI) of 1 or more than the CST group (65% versus 37%, P = .03). The probabilities
of achieving complete remission and the incidences of grades II-TV and III-IV acute graft-versus-host disease
(AGVHD) in the CST and RIST groups were, respectively, 77% and 64%, 50% and 50%, and 23% and 28%,
with no significant differences. Similarly, there was no difference in the 2-year probabilities of nonrelapse
mortality ((NRM, 36% and 38%), progressive disease or relapse (PD 51% and 49%), overall survival (OS, 31%
and 38%), and progression-free survival (PFS, 28% and 29%). Multivariate analyses revealed that a higher
HCT-CI score and transplant from donors other than HLA-matched relatives were associated with increased
risks of NRM and poor OS, and patients who received chemotherapy within 2 months before HCT were
associated with increased risks of PD, poor OS, and PFS after transplantation. After adjusting for these
variables, the risks of NRM, PD, OS, and PFS in the RIST group were not significantly different from those
in the CST group. In conclusion, these results suggest that the antilenkemia/lymphoma effect associated with
RIST is comparable to that associated with CST. RIST appears to be feasible for the treatment of hematologic
malignancies not in remission.

© 2007 American Society for Blood and Marrow Transplantation
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INTRODUCTION at the ime of transplantation is the most important

Allogeneic hematopoietic cell transplantation
(HCT) has the potential to achieve long-term cure of
hematologic malignancies by pretransplant condition-
ing and a graft-versus-leukemia/lymphoma (GVL) ef-
fect. It has been well established that the disease status
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prognostic factor, and the rates of relapse and nonre-
lapse mortality (NRM) significantly increase in pa-
tients with hematologic malignancies who were not in
remission. Therefore, conventional stem cell trans-
plantation (CST) using a myeloablative conditioning
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regimen has been universally used in the hope of
maximally reducing the tumor burden before HCT in
patients not in remission. However, CST may not be
an option for many patients because of their older age
or associated comorbidities. Alternatively, over the
past few years, nonmyeloablative and reduced-inten-
sity conditioning stem cell transplantation (RIST)
have been offered to these patients undergoing HCT,
on the assumption that RIST would be better toler-
ated [1-4].

There have been several reports that the ontcome
of older patients who underwent RIST while in re-
mission was comparable to that of patients who re-
ceived CST [5-9], which suggests that the GVL effect
associated with RIST might be adequate for control-
ling chemosensitive or slowly progressing disease. On
the other hand, it still remains controversial whether
RIST is feasible for patients not in remission, al-
though small pilot studies have shown that RIST was
unsuccessful for advanced hematologic malignancies
[3,10-14]. To address this issue, we retrospectively
analyzed 132 patients who were not in remission at the
time of CST or RIST.

PATIENTS AND METHODS
Study Patients

We retrospectively reviewed the medical records
of 132 patients with various hematologic malignancies
who underwent allogeneic HCT (CST, n = 52; RIST,
n = 80) while not in remission at our institution from
January 2000 to December 2004. Patients with
chronic myelogenous leukemia (CML) in the chronic
phase, myelodysplastic syndrome (MDS)-refractory
anemia, and those with lymphoma in partial remission
(PR) were not included because the response to treat-
ment and the outcome of these patients is generally
considered to be similar to those in patients who are in
complete remission (CR). Bone marrow or granulo-
cyte colony-stimulating factor (G-CSF)-mobilized pe-
ripheral blood stem cells (PBSC) were harvested from
donors according to protocols approved by the guide-
lines of the Japan Marrow Donor Program, the Japa-
nese Society for Hematopoietic Cell Transplantation,
and the Japanese Society of Blood Transfusion. In-
formed consent was obtained according to the Decla-
ration of Helsinki,

Transplantation Procedures

The conditioning regimens used in CST included
the combination of cyclophosphamide (CY; 60 mg/kg
i.v. daily for 2 days) and fractionated total body irra-
diation (TBI; 12 Gy in 6 fractions over 3 days) in 34
patients, CY and oral busulfan (BU; 16 mg/kg divided
over 4 days) in 13 patients, and other combinations in
5 patients (Table 1). Targeted dose adjustment of BU
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was not performed. Patients who underwent RIST
were older than 50 years of age or those who had
comorbidities or prior transplantation. The condi-
toning regimens for RIST consisted of fludarabine
(30 mg/m® iv. daily for 6 days) or cladribine (0.11
mg/kg i.v. daily for 6 days) plus 8 mg/kg of oral BU
[15] with (n = 27) or without (n = 53) 4 Gy TBL In
Japan, only bone marrow is permitted as a stem cell
source in transplantation from an unrelated healthy
volunteer donor. In the setting of nonmyeloablative
stem cell transplantation from an unrelated donor,
the sustained engraftment rate has been reported to
be lower for recipients of bone marrow than for those
given PBSC [13]. Therefore, low-dose TBI was also
added to the conditioning regimen for RIST from an
unrelated donor to facilitate engraftment.

Day 0 was defined as the day of stem cell infusion.
G-CSF was administered after transplantation in all
patients until neutrophil engraftment. Most patients
who underwent CST were given cyclosporine (CSP)
with methotrexate (MTX) [16], and all patients who
underwent RIST were given CSP with or without
MTX for graft-versus-host disease (GVHD) prophyl-
axis (Table 1). GVHD was treated with 1 to 2 mg/kg/
day prednisolone equivalents, resumption of full-dose
CSP administration if applicable, or both. Initial doses
of corticosteroids and tapering schedules of immuno-
suppressive medications were modified at the discre-
tion of the attending physicians according to the pres-
ence or absence of malignant cells and the severity of
GVHD. Treatment for relapse after transplantation
was left to the discretion of the attending physicians.

All patients received ciprofloxacin (200 mg orally 3
times daily) for bacterial prophylaxis until neutrophil
engraftment. Fluconazole (100 mg once daily) was ad-
ministered for fungal prophylaxis. Patients who had pos-
itive serologic test results for herpes simplex virus or
varicella zoster virus received prophylactic low-dose acy-
clovir until the cessation of immunosuppressive agents
[17]. Prophylaxis against Pneumocystis jiroveci infection
was provided with trimethoprim-sulfamethoxazole from
the first day of conditioning to day —3 of transplanta-
tion, and from day 28 undl day 180 or the cessation of
immunosuppressive agents. Patients were monitored
with weekly cytomegalovirus (CMV) pp65 antigenemia
testing, and positive antigenemia was treated with gan-
ciclovir as described previously [18,19].

Definitions

Chemotherapy within 2 months before HCT was
defined as chemotherapy to control the disease except
for rituximab alone for lymphoma and imatinib me-
sylate alone for CML. Pretransplantation comorbidi-
ties were determined by the HCT-specific comorbid-
ity index (HCT-CI) [20] with a minor modification
[21]. Neutrophil engraftment was defined as the first

~ 582 ~



934 D. Maruyama et al.

Table i. Paticnt Characteristics

CST RIST P-Value
No. of patients 52 8o
Sex, male/female 25/27 50/30
Median age, years (range) 40 (3-55) 53 (20-68) <.0!
Disease status at conditioning, N (%)
AML 20 (38) 15 (19)
Relapse | 12 6
Relapse =2 - 5
Primary refractory 3 4
MDS (including overt AML) 15 (29) 24 (30)
Relapse | { 2
Untreated [ 11
Primary refractory 8 I
ALL 5 (10) 2 (3)
Relapse | 4 i
Relapse 2 i 1
CML 5 (10) i@
Accelerated phase 3 0
Blastic crisis 2 3
NHL 7 (13) 33 (40)
Relapse 1 2 6
Relapse =2 2 16
Primary refractory 3 3
Others* 0 3 (4)
Chemotherapy within 2 months before HCT, N (%) 33 (63) 52 (65)
Leukemia/MDS 30 23
Lymphoma 3 26
Others* 0 3
HCT-Cl score, N (%) 03
0 33 (63) 28 (35)
i-2 (AN V1)) 31 (39)
=3 8 (16) 21 (26)
Conditioning regimen, N (%)
TBUCY 34 (65) 0
BU/CY 13 (25) 0
Fludarabine-based (= TBI)} 0 68 (85)
Cladribine-based (=TBI)} 0 12 (15)
Others 5 (10) 0
Donor type, N (%) B
HLA-matched related donor 17 (33) 4} (51)
HLA-mismatched related donor 5(9) 7
Unrelated donor 30 (58) 32 (40)
Stem cell source, N (%) <.0l
G-CSF mobilized PBSC 21 (40) 49 (61)
BM 27 (52) 20 (25)
cB 4 (8) t1 (14)
GVHD prophylaxis, N (%) <.01
Cyclosporine§ 1(2) 52 (65)
Cyclosporine/MTXY 49 (94) 28 (35)
: Tacrolimus 1 (2) 0
| Tacrolimus/MTX 1@ 0
Prior HCT, N (%) 4 (8) 8 (10) .65

CST indicates conventional stem cell transplantation; RIST, reduced-intensity stem cell transplantation; AML, acute myelogenous leukemnia;
MDS, myelodysplastic syndrome; ALL, acute Iymphoblastic leukemia; CML, chronic myelogenous leukemia; NHL, non-Hodgkin’s
lymphoma; HCT, hematopoietic cell transplantation; HCT-CI, hematopoietic cell wansplantation-specific comorbidity index; T BI,
total-body irradiation; CY, cyclophosphamide; BU, busulfan; HLA, human levkocyte antigen; G-CSF, granulocyte colony-stimulating
factor; PBSC, peripheral blood stem cell; BM, bone marrow; CB, cord bload; GVHD, graft-versus-host disease; MTX, methoterexate.

*Others included 1 chronic lymphocytic leukemia and 2 multiple myeloma patients.

1 Twenty-three patients received 4 Gy TBL

$Four patients received 4 Gy TBL

§Including 7 with antithymocyte globulin.

YIncluding 10 with antithymocyte globulin.
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of 3 consecutive days after transplantaton that the
absolute neutrophil count exceeded 0.5 X 10%/L of
peripheral blood. The diagnosis and clinical grading
of acute and chronic GVHD (aGVHD, ¢GVHD)
were performed according to established criteria [22-
24]. CR was defined as lower than 5% blasts in the
bone marrow, with a neutrophil count >1.5 X 10°/L
and a platelet count >100 X 10°/L in leukemia/MDS
patients, and according to the International Work-
shop Criteria [25] in lymphoma padents,

Statistical Analysis

The endpoints of the study were progressive dis-
ease/relapse (PD), NRM, overall survival (OS), and
progression-free survival (PFS). OS, NRM, and PD
were defined as the dme between stem cell infusion to
the event, PFS was defined as the time between stem
cell infusion to PD or death from any cause, which-
ever occurred earlier. OS and PFS were estimated by
the Kaplan-Meier method [26]. NRM and PD were
estimated by the cumulative incidence. The chi-
square test or Fisher’s exact test was used to evaluate
the differences in the clinical characteristics of the
CST and RIST groups. The log-rank test and the gen-
eralized Wilcoxon test were used to compare the
probabilities of survival, NRM, and PD after HCT
over time across patient subgroups. )

Multiple Cox regression models were used for
multvariate risk factor analysis for PD, NRM, OS,
and PFS after HCT. Clinical factors evaluated in the
PD, NRM, OS, and PFS analyses were patient age at
the time of HCT (continuous), HCT-CI (0, 1-2, 3 or
more), conditioning (CST, RIST), donor (HLA-
matched related, HLA-mismatched related or unre-
lated), disease type (leukemia/MDS, lymphoma), and
chemotherapy within 2 months before HCT (yes, no).
Logistic regression analysis was performed to identify
prognostic factors that were associated with the
achievement of CR. In addition to the variables exam-
ined in the Cox analysis, blast percentage (=20%,
<<20%) in the bone marrow or peripheral blood and
the serum lactate dehydrogenase (LDH) level (nor-
mal, elevation) before HCT were included for the
analysis of CR in patients with leukemia/MDS and
those with lymphoma, respectively. We considered
2-sided P-values of <.05 to be statistically significant.
Statistical analyses were performed with the SAS ver-
sion 8.2 (SAS Inc, Cary, NC).

RESULTS
Patient Characteristics

The characteristics of all patients who underwent
CST (n = 52) or RIST (n = 80) are summarized in
Table 1. The median age of the RIST group was
significantly higher than that of the CST group (53
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years versus 40 years, P < .01). A large number of
patients in both groups had acute myeloid leukemia
(AML) or MDS (CST 67%, RIST 49%), and the
RIST group included a higher population of patients
with malignant lymphoma (CST 13%, RIST 40%).
All malignant lymphomas (n = 40) were non-
Hodgkin’s lymphoma, including aggressive (n = 16),
highly aggressive (n = 15), and indolent (n = 9)
lymphomas. The distribution of lymphoma subtypes
was similar between the 2 groups. Disecase status at
transplantation included primary refractory (n = 42),
refractory relapse (n = 65), blastic crisis, or acceler-
ated phase of CML (n = 8) and untreated disease
(n = 17). The distribution of disease status and the
proportion of patients who received chemotherapy
within 2 months before HCT were similar between
the 2 groups. The RIST group contained higher pro-
portions of patients with an HCT-CI score of 1 or
more (CST 37%, RIST 65%) and those who received
G-CSF-mobilized PBSC (CST 40%, RIST 61%)
than the CST group.

In the leukemia/MDS patients (n = 89), the me-
dian percentage of blasts (82 patients in bone marrow
and 7 patients in peripheral blood) in both groups
were similar (CST 29%, RIST 30%). In patients with
malignant lymphoma, serum LDH was elevated above
the upper normal limit in 3 of 7 (43%) in the CST
group compared to 23 of 33 (70%) in the RIST group.

Engraftment and GVHD

The clinical course and response are detailed in
Table 2. The median duradon of follow-up in surviv-
ing patients is 1123 days (range: 367-2044 days) in the
CST group and 899 days (range: 334-1961 days) in
the RIST group. Neutrophil engraftment was ob-
served in 48 patients (92%) and 75 patients (94%), at
a median of 17 days and 12 days, respectively. En-
graftment was not confirmed in the remaining 9 pa-
tients because of death or PD within 28 days after
HCT. The incidences of grade II-IV and grade III-IV
aGVHD were similar in the CST and RIST groups
(50% versus 50% and 23 % versus 28%, respectively).
The incidences of ¢cGVHD and chronic extensive
GVHD were also similar (46% versus 49% and 34%
versus 38%, respectively).

Disease Response

The probabilides of achieving CR as the best re-
sponse were similar after CST and RIST (77% and
64%, respectively) (Table 2). To examine the possible
risk factors for achieving CR, we separately analyzed
patients with leukemia/MDS and those with lym-
phoma using a logistic regression analysis (Table 3).
Conditioning regimen (RIST) did not influence the
CR rate in patients with leukemia/MDS (odds ratio
[OR] 1.11, 95% confidence interval [CI] 0.40-3.07,
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Table 2. Clinical Course and Response

CST (N = 52) RIST (N = 80)

Median follow-up of

surviving

patients, days 1123 (367-2044) 899 (334-1961)
Engraftment of

neutrophils,

N (%) 48 (92) 75 (94)
Median day (range) 17 (10-35) 12 (5-43)
Acute GYHD, N (%)
Grade lI-tV 26 (50) 40 (50)
Grade HI-IV 12 (23) 22 (28)
CR*, N (%) 40 (77) S1 (64)
Leukemia/MDS (n =
89), CRitotal 35/45 35/44
Lymphoma {n = 40),
CRitotal 517 14133
Causes of NRM, N (%) 15 (29) 26 (33)
GVHD [ 1
infection
fungus 0 4
CMY 0 i
bacterial 4 7
Interstitial
pneurnonitis 2 |
Otherst 3 2

CST indicates conventional stem cell tansplantation; RIST, re-
duced-intensity stem cell transplantation; GVHD, graft-versus-
host disease; MDS, myelodysplastic syndrome; CR, complete
remission; NRM, nonrelapse mortality; CMV, cytomegalovirus,

*CR as the best response after transplantation.

+Others included acute myocardial infarction, subarachnoid hem-
orthage, and pulmonary alveolar haemorrhage in the CST
group, and cerebral hemorrhage and unknown in the RIST

group.

P = .84) or in those with lymphoma (OR 0.29, 95%
CI 0.05-1.75, P = .18). In the leukemia/MDS pa-
tients, those who received chemotherapy within 2
months before HCT (OR 0.32, 95% CI 0.09-1.05,
P = 06) and transplant from donors other than an
HLA-matched relative (OR 0.28, 95% CI 0.08-1.06,
P = .06) tended to have a lower CR rate, whereas the
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Figure I. Cumulative incidence of PD. The 2-year probabilities of
PD in the CST (51%) and RIST (49%) groups were not signifi-
cantly different (P = .76).

blast percentage (=20%) of bone marrow or periph-
eral blood was not associated with the CR rate. In
lymphoma patients, chemotherapy within 2 months
before HICT was the only factor that was significantly
associated with a low CR rate (OR 0.04, 95% CI
0.005-0.40, P < .01), whereas serum LDH elevation
did not influence the CR rate.

As shown in Figure 1, the cumulative incidence of
PD was not significantly different between the CST
and RIST groups. The 2-year probabilities of PD
were 51% in the CST group and 49% in the RIST
group, which were not significantly  different
(P = .76). Cox regression analysis was performed to
identify factors that were associated with PD. Muld-
variate analyses in all patients showed that those who
received chemotherapy within 2 months before HCT
were associated with an increased risk of PD (hazard
ratio [HR] 3.93, 95% CI 1.97-7.83, P < 01) (Table
4). After adjusting for these variables, the intensity of
conditioning (CST or RIST) did not influence the
rate of PD in any of the patients. To further evaluate
the association between risk factors and outcome, we
performed a subset analysis in patients who underwent
CST or RIST. As a result, chemotherapy within 2

Table 3. Logistic Analysis of CR Rate in Leukemia/MDS and Lymphouta Patients

Leukemia/MDS (N = 89)

Lymphoma (N = 40)

Odds Ratio (95% CI) P Odds Ratio (95% CI) P
HCT-CI 0 1.00
1-2 1.44 (0.43-4.87) 56 3.33 (0.66-16.7) 14
3 or more 0.96 (0.28-3.35) .95 2.22 (0.40-12.3) 36
Age 1,00 (0.97-1.04) .70 1.02 (0.97-1.07) 49
Conditioning RIST 1.tE (0.40-3.07) .84 0.29 (0.05-1.75) .18
Donor Alternative* 0.28 (0.08-1.06) 06 0.95 (0.26-3.42) 93
Chemotherapy within 2
months before HCT Yes 0.32 (0.09-1.05) .06 0.04 (0.005-0.40) <01
Blasts} =20% 0.62 (0.21-1.80) a8
Serum LDH level Elevation 0.35 {0.09-1.34) Jg2

MDS indicates myelodysplastic syndrome; HCT-CI, hematopoietic cell wansplantation-specific comorbidity index; RIST, reduced-intensity
stem cell transplantation; LDH, lactate dehydrogenase; CI, confidence interval.

*Non-HLA-matched related donor.

1Blast counts in bone marrow (N = 82) or peripheral blood (N = 7).
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Table 4. Multivariate Analysis of PD, NRM, OS, and PFS in All Patients

PD NRM [+13 PFS
Covariates* N HR (95% CI) P HR (95% C1) P HR (95% CI) P HR (95% ClI) P

Conditioning

CsT 52 I.00 1.00 1.00 1,00

RIST ao 0.9} (0.53-1.55) T2 0.99 (0.51-1.96) 99 0.95 (0.60-1.51) 83 0.95 (0.63-1.43) 79
HCT-Cl score

0 65 1.00 .00 1.00

1.2 38 3.25 (1.43-7.40) <.01 1.76 (1.08-2.89) .02

3 or more 29 6.61 (2.88-15.2) <,01 2.62 (1.51-4.56) <.01 1.63 (1.02-2,62) .04
Danor

MRD 58 1.00

Alternative} 74 2.77 (1.39-5.54) <.01 1.80 (1.15-2.82) .01

Chemotherapy within
2 months before

HCT
No 47 1.00 1.00 1.00
Yes a5 3.93 (1.97-7.83) <.01 1.73 (1.10-2.72) .02 2.23 (1.44-3.45) <.01

PD indicates progressive disease or relapse; NRM, nonrelapse mortality; OS, overall survival; PFS, progression-free survival; HR, hazard ratio;
CST, conventional stem cell transplantation; RIST, reduced-intensity stem cell transplantation; HCT-CI, hematopoietic cell transplan-
tation-specific comorbidity index; MRD, HLA-matched related donor; HCT, hematopoietic cell transplantation.

“Factors analyzed included age at the time of HCT (continuous), HCT-CI (0, 1-2, 3, or more), conditioning (CST, RIST), donor (MRD,
Alternative), disease type (feukemia/MDS, lymphoma) and chemotherapy within 2 months before HCT (yes, no).

1Non-HLA-matched related donor.

months before HCT was associated with an increased
risk of PD only in the RIST group, and not in the
CST group (Table 5).

NRM

Major causes of NRM for patients in both groups
were GVHD and infecton (Table 2). More patients
died of fungal infection in the RIST group compared
to the CST group, but the 2-year probabilites of
NRM were not significantly different (36% and 38%,
P = 50, Figure 2 ). A Cox regression analysis was
performed to identify factors associated with NRM.
Multivariate analyses in all patients showed that a
higher HCT-CI score (1 or more) and transplant from
an HLA-mismatched related or unrelated donor (al-

ternative donor) were associated with an increased risk
of NRM (Table 4). After adjusting for these variables,
the intensity of conditioning (CST or RIST) did not
influence the rate of NRM in any of the patients. A
subset analysis revealed that a higher HCT-CI score
(1 or more) was associated with increased NRM in the
CST group, but not in the RIST group (Table 5), In
contrast, transplant from an alternatve donor was
associated with increased NRM in the RIST group,
but not in the CST group.

Survival

The 2-year probabilities of OS and PFS were not
significantly different between the CST and RIST
groups (31% and 38%, P = .98, for OS; 28% and

Table 5. Multivariate Analysis of Ontcomes after HCT in the CST and RIST Gronps

CST (N = 52) RIST (N = 80)
Covariates HR (95% CI) P HR (95% CI) P
PD Chemotherapy within 2 months before HCT NS 6.16 (2.15-171.7) <.01
NRM HCT-Ci (1-2) 4.48 (1.26-16.0) .02 NS
HCT-Cl (3 or more) 10.2 (2.91-35.7) <.01 2,41 (1.14-5.10) .02
Alternative donor* NS 4.63 (1.96-10.9) <.01
oS HCT-CI (1-2) 2.69 (1.23-5.90) K NS
HCT-CI (3 or more) 4.84 (1.97-11.9) <01 NS
Alternative donor* NS 3.04 (1.73-5.35) <.0l
PFS HCT-CI (3 or more) 2,26 (1.01-5.04) .04 NS
Chemotherapy within 2 months before HCT 2.10 (1.05-4.19) .03 2,10 (1.19-3.70) .01
Alternative donor* NS 1.79 (1.06-3.00) .03

PD, indicates progressive disease or relapse; NRM, nonrelapse mortality; OS, overall survival; PFS, progression-free survival; HR, hazard ratio;
CST, conventional stem cell transplantation; RIST, reduced-intensity stem cell transplantation; HCT, hematopoietic cell transplantation;
HCT-CI, hematopoietic cell transplantation-specific comorbidity index; NS; not significant.

*Non-HLA-matched related donor.
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Figure 2. Cumulative incidence of NRM. The 2-year probabilities

of NRM in the CST (36%) and RIST (38%) groups were not
significantly different (P = .50).

29%, P = .89, for PFS), as shown in Figure 3 and
Figure 4. The 2-year probabilities of PD, OS, and
PFS were not significantly different between patients
who developed grade III-TV aGVHD and those who
did not (37% and 44%, P = .39, for PD; 33% and
50%, P = .07, for OS; 27% and 41%, P = .24, for
PFS). On the other hand, the 2-year probability of
NRM in patients who developed grade II-IV
aGVHD was significantly higher than that in those
who did not (56% and 21%, P = .004). We also
evaluated outcomes in patients who had AML or
MDS (CST, n = 35; RIST, n = 39). There was no
significant difference in the 2-year probabilities of PD
(50% and 51%), OS (37% and 33%), and PFS (34%
and 22%) between the CST and RIST groups. On the
other hand, the 2-year probability of NRM in the
RIST group was significantly higher than that in the
CST group (52% and 23%, P = .03).

Multivariate analyses in all patients showed that a
higher HCT-CI score (1 or more) and transplant from
an alternative donor were associated with poor OS,
and patients who received chemotherapy within 2
months before HCT were associated with poor OS
and PFS (Table 4). After adjusting for these variables,
the risks of OS and PFS were not significantly differ-
ent between the CST and RIST groups. Disease type
(leukemia/MDS or lymphoma) was not a significant

Fall 36

CST{n=52)

Drrvoad e 20}

RIST (=t}
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Figure 3. Estimated OS according to the conditioning regimen.
The 2-year prababilities of OS in the CST (31%) and RIST (38%)
groups were not significanty different (P = 98).
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factor for OS or PFS. Furthermore, subset analyses
revealed that a higher HCT-CI score (1 or more) was
associated with poor OS and PFS in the CST group,
but not in the RIST group (Table 5). In contrast,
transplant from an alternative donor was associated
with increased NRM in the RIST group, but not in
the CST group. Patients who received chemotherapy
within 2 months before HCT had a poor PFS in both
groups.

DISCUSSION

Our results suggest that the antileukemia/lym-
phoma effect of RIST might be comparable to that of
CST for hematologic malignancies that are not in
remission. We found that a higher HCT-Cl score and
transplant from an alternative donor were associated
with increased risks of NRM and poor OS, and pa-
tients who received chemotherapy within 2 months
before HCT because of the acceleration of disease
progression were associated with increased risks of
PD, poor OS, and PFS. The estimated rates of NRM,
PD, OS, and PFS in the RIST group were not signif-
icantly different from those in the CST group even
though the patients who received RIST were signifi-
cantly older and had significantly higher HCT-CI
scores than those who received CST. Several reports
have described a similar OS rate in older patients who
underwent RIST and CST because the lower NRM
rate was offset by a higher PD [5,27,28]. In contrast,
Scott et al. [7] found no significant differences in OS,
PFS, PD, or NRM between CST and RIST in pa-
tients with MDS/AML.

In this study, disease response to the transplanta-
tion procedure was similar between the CST and
RIST groups when the CR rate is considered the best
response, as were the rate and timing of PD. Whereas
some reports have shown that PD after HCT was
increased in patients who underwent RIST compared
to CST [3,5,11], others have found no significant
difference [6-8,29]. This discrepancy might result
from the differences in disease status at the time of

P83
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Figure 4. Estimated PFS according to the conditioning regimen.

‘[he 2-year probabilities of PFS in the CST (28%) and RIST 29%)

groups were not significantly different (P = .89).
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transplantation and the intensity of the conditioning
regimens. In our study, the median percentage of
blasts in leukemia/MDS patients and the distribution
of serum LDH levels in lymphoma patients were com-
parable between the CST and RIST groups. The
proportion of patients who required chemotherapy
within 2 months before HCT was similar in the 2
groups. Overall, the risk of disease progression was
comparable. The lack of a significant difference in PD
between the CST and RIST groups in our study may
be because the reduced-intensity regimens used in our
study were more intense than those in previous re-
ports. Nevertheless, our results suggest that RIST has
a comparable antileukemia/lymphoma activity through a
GVL effect compared to CST.

Our study found that chemotherapy within 2
months before HCT was the only factor that signifi-
cantly predicted a lower CR rate in lymphoma pa-
tients and tended to be associated with a lower CR
rate in leukemia/MDS patients. Furthermore, chemo-
therapy within 2 months before HCT was also asso-
ciated with a worse prognosis not only with regard to
PD but also for OS and PFS. A subset analysis showed
that this negative impact of recent chemotherapy was
only seen in RIST patients, and not in CST patents,
which suggests that the tempo of the progression of
the disease before HCT is especially important in
RIST patients. Wong et al, [30] reported that high
peripheral blast counts (=30%) in patients with AML/
MDS were associated with poor event-free survival
and OS after HCT regardless of the conditioning
regimen, In our study, however, 220% of blasts in the
bone marrow or peripheral blood and serum LDH
level elevation did not have a significant impact on the
CR rate in leukemia/MDS and lymphoma padents,
respectively.

In our study, there was no significant difference in
NRM between the CST and RIST groups, which was
in contrast to previous reports showing that reduced-
intensity regimens were associated with less organ
damage, and thus contributed to less NRM
[1,4,5,9,27,31-34]. There are several possible explana-
tions for this discrepancy. First, the patients who re-
ceived RIST were older and had a higher HCT-CI
score than those in the CST group. Second, the re-
duced-intensity conditioning (RIC) we used was more
toxic than “truly nonmyeloablative” conditioning. Fi-
nally, we tapered immunosuppressive medications
rapidly, especially in the RIST group, in an attempt to
induce a more potent GVL effect, which resulted in
more severe GVHD and subsequent infectious com-
plications. However, our data showed that grade III-IV
aGVHD did not contribute to a reduction in the rate of
PD or to an overall improvement in survival, which was
consistent with a previous report [14], although a high
rate of NRM in patients with severe aGVHD may have
masked its competing event (ie, PD).

939

We confirmed that HCT-CI was a significant risk
factor for NRM and OS in patients not in remission.
HCT-CI has recently been introduced to evaluate
pretransplant comorbidities in HCT recipients, which
predict well NRM and OS after allogeneic HCT [20].
In this study, the proportion of patients who were not
in remission and were associated with comorbidities
was 53%, which was higher than the value (42%) in
our previous report [21], probably because these pa-
tients tended to be heavily pretreated and were forced
to pursue HCT in the hope of a rare cure. Interest-
ingly, this negative impact of HCT-CI was only seen
in patients who underwent CST, and not in those who
underwent RIST. Our data imply that RIC may be
preferable in patients with hematologic malignancies
not in remission and with a high HCT-CI score by
reducing early NRM after transplantation.

Transplant from an alternative donor was another
prognostic factor for NRM and OS in this study,
which is consistent with previous reports [12,35-38].
Furthermore, an increased risk of NRM and OS as-
sociated with alternative donors was observed only in
patients who underwent RIST. There are several pos-
sible explanations. First, the Japan Marrow Donor
Program allows the donation of bone marrow, but not
PBSC, from volunteer donors, which has been re-
ported to be associated with poor engraftment and
worse outcomes after nommyeloablative stern cell
transplantation [13]. Second, our conditioning regi-
men including low-dose TBI for RIST from an alter-
native donor was more toxic than that for RIST from
an HLA-matched related donor. Further studies are
required to establish optimized conditioning regimens
and GVHD prophylaxis for RIST in unrelated pair
settings.

In 27 patients who had all of these risk factors (ie,
chemotherapy within 2 months beore HCT, HCT-CI
score of 1 or more, and transplant from an alternative
donor), the 2-year probabilities of NRM, PD, and OS
were 56%, 44%, and 21%, respectively, with no sig-
nificant differences between the CST and RIST
groups (data not shown). Therefore, the indications
for transplantation in patdents with multiple risk fac-
tors should be carefully determined.

This study has several inherent limitations. First,
the eligibility requirements for CST and RIST were
different. Most patients who received RIST were con-
sidered ineligible for CST because of age or comorbid
conditions. Second, factors other than the condition-
ing regimen were not entirely comparable between
the 2 groups, that is, patient age, underlying diagnosis
(leukemia/MDS and lymphoma), donor selection,
stem cell source, and GVHD prophylaxis. Third,
some of the conventional cytoreductive conditioning
regimens we used (ie, use of oral BU and lack of its
pharmacologic monitoring) may no longer be consid-
ered optimal. Fourth, because the reduced-intensity
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regimens used in our study were more intense than
those in previous reports, our data may not be gener-
alized to the concept of “reduced-intensity regimen”
and there may be circumstances where PD would be
more marked. Finally, the follow-up of patients in this
study was too short to draw any definite conclusions.
Nevertheless, the observed data may still be useful in
evaluating the impact of RIST on disease control in
patients suffering from a higher risk of disease pro-
gression after transplantation.

In conclusion, our results suggest that the antileu-
kemia/lymphoma effect associated with RIST might
be comparable to that of CST for hematologic malig-
nancies not in remission, particularly when patients do
not require chemotherapy within 2 months before
HCT or they had a higher HCT-CI score. To deter-
mine the ultimate utility of specific conditioning reg-
imens, controlled prospective trials are needed, with
enrolled patients being stratified according to disease
activity, hematopoietic stem cell source, and associ-
ated comorbidities.
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Abstract

We investigated the feasibility of reduced-intensity conditioning with 4 Gy total body irradiation, fludarabine (30 mg/m?
for 6 days), and busulfan (4 mg/kg for 2 days) for bone marrow transplantation from a serologically HLA-matched unrelated
donor. Seventeen adult patients (median age, 55 years; range, 27-67 years) with various hematologic malignancies (6 in remis-
sion, 11 not in remission) were treated. Successful engraftment was achieved in all patients at a median of day 18 (range,
day 14-35) after transplantation, although subsequent secondary graft failure was observed in 2 patients. The cumulative inci-
dence of acute graft-versus-host disease (GVHD) of grades Il to IV at day 100 was 48%. With a median follow-up of 286 days
(range, 56-687 days), the rates of 1-year overall survival, 100-day nonrelapse mortality, and 1-year nonrelapse mortality were
41%, 14%, and 46%, respectively. Eleven patients died, and the causes of death were relapse (n = 4), pulmonary complica-
tions (n = 4), acute GVHD (n = 2), and sepsis (n = 1). The remaining 6 patients (at transplantation,2 were in remission, and
4 were not in remission) are currently still in remission. These results suggest that this regimen reduces the risk of graft fail-
ure, but further studies are needed to ameliorate transplantation-related toxicities, primarily GVHD and/or pulmonary com-
plications.
Int J Hematol. 2007;85:256-263. doi: 10.1532/1JH97.06199
© 2007 The Japanese Society of Hematology
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1. Introduction with high doses of systemic chemotherapy/radiation is
associated with significant toxicities. In contrast, HSCT
Although allogeneic hematopoietic stem cell transplanta- ~ Wwith a reduced-intensity conditioning regimen allows older

tion (HSCT) is a possible curative approach for patients patients and those who have contraindicating comorbidities
with various hematologic malignancies, only 30% to 40% of ~ to undergo HSCT [2-7].

patients in Japan have an appropriate family donor avail- Nevertheless, special consideration should be paid to
able [1]. Hence, the application of unrelated-donor trans- developing reduced-intensity conditioning protocols for the
plantation using bone marrow or cord blood cells has been unrelated-donor HSCT setting, because the incidences of
expanding, Another area of current interest is the applica- both graft rejection and graft-versus-host disease (GVHD)
tion of reduced-intensity conditioning regimens, mostly ~ are greater than in related-donor transplantation. In addi-
incorporating fludarabine as a primary agent, because con- tion, the intensity of the reduced-intensity conditioning reg-

ventional allogeneic HSCT using a conditioning regimen  imen influences transplantation-related toxicities and the
relapse rate, and the stem cell source (ie, peripheral blood
stem cells or bone marrow cells) influences engraftment [8].
Accordingly, several reduced-intensity conditioning proto-

Correspondence and reprint requests: Yoichi Takaue, National cols have been tested to address a variety of problems [8-
Cancer Center Hospital, 5-1-1, Tsukiji, Chuo-ku, Tokyo 104-0045, 17]. In this study, we investigated the feasibility of
Japan; 81-3-3542-2511; fax: 81-3-3542-3815 (e-mail: bone marrow transplantation (BMT) from a serologically
ytakaue@ncc.gojp). HLA-matched unrelated donor with a regimen containing
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4 Gy of total body irradiation (TBI), fludarabine (Flu), and
busulfan (BU).

2. Patients and Methods
2.1, Patients and Donors

The data for adult patients with hematologic malignancies
who underwent unrelated-donor BMT through the Japan
Marrow Donor Program between June 2002 and December
2003 at the National Cancer Center Hospital were analyzed
retrospectively. This protocol was approved by the Ethics
Committee, and written informed consent was obtained from
each patient, The patients who were enrolied in this study
were ineligible for conventional allogeneic HSCT because of
age (older than 50 years) and/or concomitant diseases or pre-
ceding intensive therapies, such as antologous HSCT or mul-
tiple chemotherapies. Donor-recipient pairs were selected on
the basis of serologic matching for HLA-A and HLA-B and
molecular matching for HLA-DRB1. HLA allele typing was
performed by intermediate-resolution polymerase chain
reaction (PCR) analysis. The stem cell source, which was
determined by the Japan Marrow Donor Program donor
center, was bone marrow in all cases.

2.2. Treatment Plan and Evaluations

The conditioning regimen consisted of 30 mg/m? Flu intra-
venously daily for 6 days (day -8 to day -3), 4 mg/hkg BU
orally daily for 2 days (days -6 and -5, without BU dose
adjustment), and 4 Gy TBI without lung shielding (day -9 or
day -1, single dose or 2 divided doses). Non-T-cell-depleted
bone marrow was infused on day 0. The time of neutrophil
engraftment was defined as the first of 3 consecutive
days with an absolute neutrophil count 20.5 x 10%L., and the
time of platelet engraftment was defined as the first of 7
consecutive days with a platelet count 220 x 10%/1. without
transfusion support. Granulocyte colony-stimulating factor
(G-CSF) was administered at 300 pg/m? from day 6 and con-
tinued until neutrophil engraftment. The degree of donor
chimerism among peripheral blood mononucleated cells was
evaluated by PCR analysis of short tandem repeat polymor-
phisms with fluorescently labeled primers. Secondary graft
failure was defined as cytopenia with an absolute neutrophil
count <0.1 x 10%L or decreasing chimerism not associated
with relapsing disease in patients who had recovered in the
early posttransplantation period.

GVHD prophylaxis consisted of cyclosporin A (CsA)
from day -1 (daily administration of 3 mg/kg by continuous
intravenous infusion or 6 mgfkg orally in 2 divided doses)
and methotrexate (10 mg/m? intravenously on day 1 and 7
mg/m? on days 3, 6, and 11), The CsA dosage was adjusted
according to the patient’s renal function and to maintain
therapeutic levels (250-350 ng/mL) with continuous infusion
or trough levels (150-250 ng/mL) with oral administration. In
patients without GVHD, CsA was tapered from day 100 over
a 3- to 6-month period. Standard criteria were used to grade
acute and chronic GVHD [18,19]. Chronic GVHD was eval-
uated in patients who survived at least 100 days and was clas-
sified as limited or extensive. Patients who developed acute

GVHD 2zgrade 1I were treated with methylprednisolone at 1
to 2 mg/kg per day.

2.3. Supportive Care

Antimicrobial prophylaxis consisted of ciprofloxacin, flu-
conazole, acyclovir, and trimethoprim/sulfamethoxazole
according to our institutional protocol. All patients were
nursed in a room equipped with high-efficiency air filtration
of particulates. Monitoring for cytomegalovirus (CMV) anti-
genemia was performed once a week after neutrophil
engraftment by means of the horseradish peroxidase-C7
method, Patients positive for CMV antigenemia were started
preemptively on ganciclovir therapy.

2.4, Statistical Analysis

Overall survival was calculated from the time of trans-
plantation until death from any cause. Progression-free
survival was measured from transplantation until disease
progression or death from any cause. Nonrelapse death
was defined as death due to any cause other than relapse.
Survival curves for overall survival and progression-free
survival were estimated by the Kaplan-Meier method.

3. Results
3.1. Patients

The median age of the 17 patients was 55 years (range,
27-67 years; Table 1), The diagnoses were acute myeloid
leukemia (AML) (n = 7), myelodysplastic syndrome
(MDS) (n = 4), chronic myelogenous leukemia (n = 1), non-
Hodgkin’s lymphoma (n = 4), and multiple myeloma (n = 1).
Six patients were in remission at transplantation, and the
remaining 11 were not in remission. Three patients with
MDS or AML following MDS underwent unrelated-donor
BMT as a primary treatment. Seven donor-recipient pairs
were fully matched for HLA-A, HLA-B, and HLA-DRB1
at the allele level, 4 donor-recipient pairs had an allele-level
mismatch at the HLA-A locus, and 5 pairs had an allele-
level mismatch at the HLA-DRBI locus. One patient was
mismatched with the donor at 3 HLA alleles,

3.2. Engraftment and Chimerism

The median number of infused nucleated cells was 2.7 x
10%kg (range, 0.65-5.5 x 10%kg). All patients achieved neu-
trophil recovery, but 5 patients did not become independent
of platelet transfusion during their follow-up period
(Table 2). The median times until neutrophil and platelet
recoveries were 18 days (range, 14-35 days) and 26 days
(range, 15-112 days), respectively (Figure 1), Late graft fail-
ure was observed in 2 patients, one of whom had secondary
graft failure due to myelosuppression caused by ganciclovir
treatment for CMV colitis. In this patient, donor chimerism
was not assessed after day 30 when complete donor
chimerism was confirmed. In the other case, donor
chimerism decreased from 89% on day 30 to 33% on day 60,
despite the tapering of CsA from day 30. Chimerism was
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Table 1.

Patient and Disease Characteristics*

Time from HLA

Patient Age, Dx to Allelic GVH HVG Contraindications to Pretransplantation

No, y/Sex  Disease Status HSCT, mo Mismatch Vector  Vector Conventional HSCT Comorbidities

1 55/F AML CR3 117 Age No

2 52/F AML Primary Ref 13 DRB1 9 1 Age + comorbidity Pneumonia

3 57/F AML Rel2 28 Age Atrial fibrillation

4 55/M MDS Primary Ref 3 Age Atrial fibrillation

5 57/M MDS CR1 8 Age No

6 59/M CML CpP2 8 Age No

7 55/M PTCL PR 16 DRB1 1 1 Age Gastric ulcer

8 58/M AML Untreated 10 DRB1 1 1 Age Bronchial asthma,
FEV, 75%

9 59/M AML Untreated 33 DRB1 § 1 Age Bilirubin 1.5 mg/dL

10 52/M AML CR1 11 A 1 1 Age FEV, 67%

11 57/M MDS CR1 13 Age Prior gastric cancer

12 61/M AML CR2 58 A, both DRB1 3 3 Age No

13 67/F FL Primary Ref 58 A 1 1 Age + comorbidity Dyspnea requiting
oxygen

14 27/M DLBCL  ReB3 38 A 1 0 Prior autologous HSCT  No

15 48/F MM Primary Ref 80 Comaorbidity Ventricular septal
defect

16 52/F MDS Untreated 130 A 1 1 Age No

17 49/M FL Rel 28 DRB1 1 1 Prior multiple No

chemotherapies

*Dx indicates diagnosis; HSCT, hematopoietic stem cell transplantation; GVH, graft-versus-host; HVG, host-versus-graft; AML, acute myeloid
leukemia; CR3, third complete remission; Ref, refractory; Rel2, second relapse; MDS, myelodysplastic syndrome; CML, chronic myelogenous
leukernia; CP2, second chronic phase; PTCL, peripheral T-cell lymphoma; PR, partial remission; FEV, forced expiratory volume in 1 second; FL, fol-
licular lymphoma; DLBCL, diffuse large B-cell lymphoma; MM, multiple myeloma.

evaluated by analysis of short tandem repeats in 14 patients,
and complete donor chimerism was confirmed in 12 of these
patients. One patient who relapsed on day 32 had exhibited
54% donor chimerism on day 30. In the remaining 3 patients
who relapsed after transplantation, complete donor
chimerism had been achieved by day 30. In the patient who
relapsed on day 78, donor chimerism decreased from 100%
on day 30 to 64% on day 60. Mixed chimerism was not con-
firmed in the other 2 patients before disease progression or
relapse. The patients without graft failure or relapse did not
have mixed chimerism during their follow-up periods.

3.3. Regimen-Related Toxicities and Infections

Regimen-related toxicity was graded according to the
National Cancer Institute Common Toxicity Criteria,
version 2.0, and maximum toxicities are shown in Table 3.
Fifteen of the 17 patients had grade il oral/pharyngeal
mucositis that required morphine as an analgesic.
Reversible elevation (grades I1-1V) in transaminase and
bilirubin levels occurred in 35% and 12% of the cases,
respectively. No veno-occlusive disease was observed. Four
patients developed transient grade 111 hyponatremia within
28 days after transplantation. Four patients developed tran-
sient pulmonary infiltration or congestive heart failure due
to hypercytokinemia at engraftment, and 2 of these patients
developed grade 11 acute G VHD after engraftment. No his-
tologic findings of acute GVHD were seen in the other 2
patients. One patient developed reversible paroxysmal

supraventricular tachycardia. One patient developed bloody
diarrhea and abdominal pain even after improvement of
acute GVHD of the skin, and we diagnosed intestinal
thrombotic microangiopathy from the results of a gut
biopsy. This patient was successfully managed by diminish-
ing immunosuppressive treatment. Four patients who had
blood cultures positive for bacterial infection (Pseudontonas
aeruginosa, Acinetobacter lwoffil, Corynebacterium sp, and
Staphylococcus sp) within 28 days after transplantation were
successfully treated with antibiotics. Invasive aspergillosis
was encountered in 2 patients {1 proven and 1 possible
case). In the proven case, the patient had bronchiolitis oblit-
erans, which was the ultimate cause of death. Of the 17
patients, CMV antigenemia was detected in 12 patients,2 of
whom had CMYV colitis.

3.4. Graft-versus-Host Disease

Acute GVHD of grades 11 to IV was diagnosed in 8
patients (48%; 95% confidence interval [CI], 36%-59%); the
GVHD was grade 11 in 3 patients and grade 1V in 5. The
median time to the onset of acute GVHD was 32 days
(range, 20-81 days) after transplantation (Figure 2A). Two of
4 patients who skipped methotrexate treatment on day 11
because of severe mucositis developed grade 1V acute
GVHD. Two of the 5 patients with grade IV acute GYHD
subsequently died. One of these patients had acute GVHD
after the withdrawal of CsA treatment at the time of
leukemia relapse, and the other patient had received bone
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Figure 1, Engraftment after unrelated-donor bonc marrow transplan-
tation following reduced-intensity conditioning cxpressed as the cumu-
lative probability of a ncutrophil count >0.5 X 10%L (A) and a platelet
count >20 X 10%/L (B). Al paticnts achicved neutrophil recovery, but 5
paticnts did not achicve platclet recovery. The median times until neu-
trophil and platelet recoverics were 18 days (range, 14-35 days) and 26
days (15-112 days), respectively. Late graft failure was obscrved in 2
paticnts.

marrow from a donor with allele-level mismatches at 3 HLA
loci, Two patients with grade IV acute GVHD involving only
the skin were successfully treated with methylprednisolone.
Grade 1 acute GVHD involving only the skin was treated
solely with CsA in 2 patients (Table 2). In 7 patients without
relapse or secondary graft failure, CsA was tapered from a
median of day 120 (range, day 96-169). Only 2 of the 7
patients were able to discontinue CsA (at days 203 and 288),
Chronic GVHD was documented in all patients who

survived beyond day 100 (1 with limited GVHD, 9 with
extensive disease). There was no significant correlation
between HLA disparity at the allele level and the incidence
of GVHD, although it was difficult to analyze the data statis-
tically because of the small number of patients in this study.

3.5, Survival and Causes of Death

The median follow-up period was 286 days (range, 56-687
days). Overall, 11 patients died, but 6 patients are currently
in remission (2 in remission and 4 not in remission at the time
of transplantation). The estimated 100-day and l-year nonre-
lapse mortality rates were 14% (95% Cl, 12%-17%) and
46% (95% Cl, 33%-57%), respectively (Figure 2B). Esti-
mated 1-year overall survival and progression-free survival
rates were both 41% (95% Cl, 32%-51%; Figure 3). There
were 4 deaths due to recurrent or progressive disease at a
median time of 55 days (range, 32-93 days). The causes of the
7 treatment-related deaths included acute GVHD (n = 2),
secondary graft failure with sepsis (n = 1), interstitial pneu-
monitis (n = 1), organizing pneumonia (n = 1), bronchiolitis
obliterans (n = 1), and bronchiolitis obliterans with invasive
aspergillosis (n = 1).

4, Discussion

In our previous study in an unrelated-donor BMT set-
ting, 5 patients underwent conditioning with a combination
of Flu (30 mg/m? for 6 days) or cladribine (0.11 mg/kg for 6
days), BU (4 mg/kg for 2 days), and antithymocyte globulin
(2.5 mg/kg for 4 days) without TBI, but secondary graft
failure in 2 of these patients alerted us to a possible higher
risk of graft rejection when we used bone marrow instead of
peripheral blood celis as the stem cell source. In this study,
we demonstrated that the addition of 4 Gy of TBI to the
widely applied combination of Flu (30 mg/m? for 6 days) and
BU (4 mg/kg for 2 days) reduces the risk of graft failure and
enables the rapid achievement of full donor chimerism with-
out donor lymphocyte infusion (DLI) and that the regimen-
related toxicity was acceptable. Nevertheless, a relatively
high incidence of nonrelapse mortality was observed. We
lost 4 patients who developed extensive chronic GVHD and
subsequent pulmonary complications in the later phase,
more than 6 months after transplantation. Because many
patients develop extensive GVHD, we assume that the pul-
monary complications were primarily due to GVHD and
not the consequence of our reduced-infensity stem cell
transplantation (RIST) regimen incorporating 4 Gy of TBIL
However, Deeg et al reported that more pulmonary compli-

Table 3.

Maximum Toxicities (N = 17)*

Grade Cardiac, n Mucositis, n Ghn Hepatic, n CNS, n Hyponatremia, n Pulmonary, n Renal, n
0 12 0 9 1 16 6 11 15

| 4 0 3 2 0 7 2 0

] 0 2 4 7 0 0 0 2

] 1 15 1 5 1 4 4 0

v 0 0 0 2 0 0 0 0

*Gl indicates gastrointestinal tract; CNS, central nervous system,
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Figure 2. Cumulative incidence of acutc GVHD (grades 11-TV) (A)
and nonrclapse mortality (B) after unrelated bone marrow transplanta-
tion following reduced-intensity conditioning. Acute GVHD (grades 11-
1V) was diagnoscd in 8 paticnts (48%) (grade 11 in 3 patients and grade
1V in 5) at a median of day 32 (rangc, day 20-81). The cstimated 100-day
and 1-ycar nonrclapse mortality ratcs were 14% and 46%, vespectively.

cations developed in patients with aplastic anemia who
received 4 to 6 Gy of TBI in combination with cyclophos-
phamide/antithymocyte globulin for unrelated-donor BMT
than in patients who received 2 Gy TBI [20]. These investi-
gators recommended that a 2-Gy TBI dose is sufficient to
allow stable engraftment without increased toxicities, and
this proposal should be evaluated in future studies. On the
other hand, Maris et al described a nonmyeloablative condi-
tioning regimen consisting of 2 Gy TBI and Flu (90 mg/m?)
for unrelated-donor HSCT [8]. In their study, the use of
bone marrow rather than G-CSF-mobilized peripheral
blood cells as the source of hematopoietic stem cells led to
alower engraftment rate (56 % versus 85%), as well as lower
rates of overall survival (33% versus 57%) and progression-
free survival (17% versus 44%). Because bone marrow is
currently the only stem cell source available from volunteer
donors in Japan, we may need a more intensified regimen
than the combination of 2 Gy TBI and 90 mg/m? Flu.

In this study, the rates of acute GVHD of grades 11 to IV
and extensive chronic GVHD in patients who survived for
more than 100 days were 48% and 90%, respectively. Grade
IV acute GVHD was the primary cause of death in 2

patients. Moreover, the quality of life of patients who
develop extensive chronic GVHD rapidly deteriorates, par-
ticularly in elderly patients. Although CsA was tapered from
a median of day 120 in this series, it might be better to delay
the start of CsA tapering in elderly patients, who are associ-
ated with higher GVHD rates. Studies have incorporated in
vivo T-cell depletion through the addition of antithymocyte
globulin or alemtuzumab in order to reduce the risk of
GVHD [21-26). In the study reported by Chakraverty et al,
severe GVHD following RIST from an unrelated donor was
decreased with in vivo use of alemtuzumab in the prepara-
tive regimen [23]. In their study, the rates of acute GVHD
(grades 11 to IV) and chronic GVHD were 21% and 8%,
respectively. The long half-life of alemtuzumab (15-21 days)
may disturb the induction of full donor chimerism, however.
If patients cannot achieve full donor chimerism, the usual
option is DLI, which carries a risk of GVHD [26], Moreover,
lymphocytes for DLI are not always available for every
patient, particularly in unrelated-donor transplantation set-
tings. In this regard, we think that a regimen that routinely
involves DLI after transplantation cannot be considered a
universal strategy. In the present study, 2 patients who had

>

08

0.6

041 [ W——
0.2

Probability of Overail Survival

100 200 300 400 500 600 700
Days after Transplantation

>

w

10"
0.8-
0.6
0.4

0.2

Probability of Progression-free Survival

0 100 200 300 400 500 600 700
Days after Transplantation

Figure 3. Kaplan-Mecicr actuarial probability of overall survival (OS)
(A) and progression-free survival (PFS) (B) after unrelated-donor bone
marrow transplantation following reduced-intensity conditioning. The
median follow-up was 286 days (rangc, 56-687 days). The 1-ycar OS and
PFS rates were both 41%, All 6 of the surviving patients (2 in remission
and 4 not in remission at transplantation) remain in remission,
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secondary graft failure did not receive DLI, because of grade
IV acute GVHD in 1 patient and a reduced performance sta-
tus in the other. Another approach to preventing severe
GVHD is the use of novel immunosuppressive regimens.
Several combinations of agents for GVHD prophylaxis,
including CsA/mycophenolate mofetil [8,14,16] and
tacrolimus/methotrexate [10,15,27], have been reported pre-
viously, and their value should be tested in prospective trials.

The induction of adequate antileukemic activity is
another primary concern with a RIST procedure, particularly
for patients with refractory diseases. de 1ima et al reported a
promising regimen that consisted of once-daily intravenous
BU (130 mg/m? for 4 days) and Flu (40 mg/m? for 4 days) for
patients with AML or MDS [27]. Replacement of oral BU
with an intravenous preparation may result in an improved
toxicity/survival profile. In our series, 4 patients achieved
remission after RIST, although they were not in remission at
the time of transplantation. Hence, it is likely that the
antileukemic effect exerted by 4 Gy TBI in combination with

- Flu and BU is valuable even for the immediate control of

leukemic blasts, although this possibility needs to be
confirmed in further studies. The use of DLI has allowed the
rescue of relapsed patients after allogeneic HSCT. In this
study, however, we did not give DLI to 4 patients with pro-
gressive or relapsed diseases after transplantation because
the relevance of the graft-versus-leukemia effect in rapidly
proliferating diseases was not fully established and 2 of the
patients had developed acute GVHD.

In conclusion, our regimen of 4 Gy TBI, Flu (180 mg/m?),
and BU (8 mg/kg) was effective in reducing the risk of graft
failure following unrelated-donor transplantation. We
confirmed, however, that a high incidence of nonrelapse
mortality, primarily due to GVHD and/or pulmonary com-
plications, still remains a major obstacle for the wider appli-
cation of this procedure to elderly or medically infirm
patients. Further studies to identify ways to ameliorate trans-
plantation-related toxicities are urgently required.
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