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Figure |, Distribution of chimerism status at day 30 after RIST.

(=90%). The percent donor-chimerism was signifi-
cantly higher in granulocyte than T cell fraction
throughout the entire course, and the median (mean)
values were, respectively, 100% (96%) versus 95%
(83%), 100% (98%) versus 100 % (89%), and 100%
(98%) versus 100% (91%) at days 30, 60, and 90, re-
spectively after RIST (Figure 2).

In univariate and multivariate analyses (Table 2),
having received <2 types of chemotherapy regimens
before RIST was the only factor that was significantly
associated with low donor T cell chimerism (<60%) at
day 30 (hazard ratio [HR): 6.1; 95% confidence inter-
val [CI],2.1-18.4; P < .01). Non-TBI regimens and re-
Jated donor also tended to be associated with lower
donor T cell chimerism.

Graft Composition and Donor Chimerism

By examining the impact of graft composition of
G-PBMC on donor chimerism, we found thar in-
creases in TNC and CD3 7 T cells contents paralleled
the increase in donor T cell chimerism at day 30 (P <
03 and P < .05, respectively). The same relatonship
was observed between CD347 cell contents and gran-
ulocyte chimerism (P = .06), In patients who received
bone marrow, a higher number of TNC infused was
associated with a higher level of donor T cell chime-
rism at day 30 (P < .01).
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Figure 2. Kinetics of chimerism status after RIST (mean percentages of
donor chimerism levels). Percent donor cell chimerism was significantly
higher in granulocyte than T cell fracton throughout the entire courie,
and the mean values were, respectively, 96% versus 83%, 98% versus
B9 %, and 98% versus 91% at days 30, 60, and 90 after RIST.
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Table 2. Factors affecting low donor T cell chimerism (<60%)
at day 10

Univariate analysis Multivariate analysis

Characteristics Qdds ratio (95% Cl) P Odds ratio (95%Cl) P

Patient age, years

<55 1

=55 104 (071 -587) 0.9
Disease type

Lymphoma I

MDSMPD 233 (069-787) 017

Acute leukemia 086 (024-303) 08I
Disease risk

Low I

' 151 (040-569) 054

Na. of prior chemotherapy regimens

=2 I I

<1 507 (1.73-1483) <00l &08(201-1841) <001
Stem cell source

G-PBMC 1
0B84 (028-257) 077

Unrelated i 1
Related 348 (075-1608) 011 421 (086-2049) 008

March |
0.63(0.17-234) 049

No I |
Yes 017 (002-138) 010 0.3(0.02-105) 0.08

No I
Yes .08 (035-332) 089

Association between Donor T Cell Chimerism
at Day 30 and RIST Outcome

Graft failure

The median (mean) percentage of donor T cell
chimerism at day 30 was 9% (18%) (0%-63%) in 5 pa-
tients who experienced graft failure, which was signif-
icantly lower than those in the other patients (97%
[B6%), 15%-100%, P < .01), as shown in Figure 3.
Day 30 T cell chimerism below 60% was associated
with a significantly increased risk of graft failure (Ta-
ble 3). Among the 5 patients who experienced graft
failure, 4 had achieved complere donor chimerism at
day 30 when evaluated in the granulocyte fraction,

Whereas 4 of the 5 patients (80%) who experi-
enced graft failure reccived HLA-mismarched grafis,
23 of the 112 patents (21%) who did not experience
graft failure received HLA-mismatched grafts (P =
.01). In a multvariate analysis, however, neither day
30 T cell chimerism below 60% nor HLLA mismatch
was associated with an increased risk of graft failure.
Among 18 patients with <60% donor T cell chime-
rism at day 30, HLA mismatch was significantly asso-
ciated with an increased risk of grafts failure (3 of 3
who received HLA-mismatched graft versus 1 of 13
who received HLA-matched grafts, P = .005). In con-
trast, HLA mismatch was not associated with an in-
creased risk of graft failure in 99 patents with 60%
or more donor T cell chimerism ar day 30 (1 of 24
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Figure 3. Donor T cell chimerism levels at day 30 in patients with or
without subsequent graft filure. Five of the |17 patients (4%) who ex-
perienced graft failure had a significantly lower donor T cell chimerism
level than the other engrafted patients (n = 112) {donor T cell chime-
rism, median 9% [range: 0%-63%) versus 97% [range: 15%-100%]. re-
spectively) (p < 01). Horizontal lines, median; boxes, 25-75
percentile; vertical lines, 10-90 percentile: circles, individual data outside
the 10-90 percentile.

who received HLA-mismatched grafts versus 0 of 75
who received HLA-matched grafts, P = .24).

GVHD

Grade TI-IV aGVHD occurred in 54 patents
(46%), and cGVHD occurred in 63 patents (64%).
No correlation was found between the kineues of T

Table 3. Association between donor T-cell chimerism at day
30 and clinical outcome

T-cell chimerism
at day 30
Toul <60% =80%

Outcome (n=117) (n=18) (n=99) P
Graft hilure

Ne 112 (96%) I4 (78%) 98 (99%) <0.01

Yo 5 (4%) 4(22%) 1 {1%)
Acute GVHD

0-1 &4 (55%) Il (61%) 53 (54%)

v 53 (45%) 7 (39%) 46 (46%) 055
Chronic GYHD*

No 36 (36%) 7 (50%) 19 (34%) 025

Yes 63 (64%) 7 (50%) 56 (66%)
NAM {at | year) 1.0% 1L1% 10.9% 026
PD (at | year) 273% 12.6% 28.1% 0.45
OS5 (at | year) 780% 65.7% 80.3% 002
EFS (at | year) 61 8% 55.6% 628% 001

GVHD indicates graft-versus-host disease; NRM, non-relapse morality,
PD, relapse or progressive disease; OS, overall survival, EFS, event-free

survival,
*Proportion of patients with chronic GYHD was assessed among 99

evaluable patients.
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cell chimerism and the occurrence of aGVHD or
¢GVHD, as shown in Table 3.

NRM and PD

Nineteen patients experienced NRM, with a 1-
year probability of 11% (Table 3), No correlaton
was found berween T cell chimerism at day 30 and
the incidence of NRM.

PD was observed in 39 patents, with a l-year
probability of 27% (Table 3). No correlation was
found between T cell chimerism at day 30 and the in-
cidence of PD.

Cause of death

Among the 18 patents who had <60% donor T
cell chimerism at day 30, 7 (39%) died of PD and 4
(22%) died of NRM, including bacteria sepsis (n =
2), pneumonitis (n = 1), and secondary carcinoma (n
= 1). In contrast, among the remaining 99 patents
who achieved 60% or more donor T cell chimerism,
21 (21%) died of PD and 15 (15%) died of NRM, in-
cluding pneumonitis (n = 8), sepsis (n = 3), hemor-
rhage (n = 1), GVHD (n = 1), cerebral infarcton (n
= 1), and unknown cause (n = 1).

OS and EFS

Seventy patients (60%) are currently alive at a me-
dian follow-up of 1040 days after RIST (range: 153-
2535). The 1-year probabilities of OS and EFS among
all of the patients were 78% and 62%, respectively, As
shown in Figure 4, OS was significantly better in pa-
tients who achieved 60% or more donor T eell chime-
rism at day 30 than in those who did not (P = .02). In
a Cox proportional hazard model, low T cell donor
chimerism (<60%) at day 30 was associated with
poor OS (HR: 2.2; 95% CI, 1.1-4.5; P = .02) and
EFS (HR: 2.0; 95% CI, 1.1-3.8; P = .02) adjusted
for other significant prognostic factors (Table 4). In
addition, high-risk disease and patient age (=55 years)
were associated with an increased risk of poor EFS
(HR: 2.4; 95% CI, 1.2-5.0; P = .02, HR: 1.8; 95%
CI, 1.1-3.0; P = .03, respectively) (Table 4).
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Figure 4. OS stratified according to donor T cell chimerism at day 30.
OS was significantly better in patients who achieved 60% or more donor
T cell chimerism at day 30 than in those who did not (P = 02).
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Table 4. Multivariate 4 with clinical

outcome

lysis: factors

Outcome Varable Harzard ratie 95% C1 P

os
Donor Tecell chimermm
at day 30
=60% ]
<60% 125 113447 002
EFS
Danor T-cell chimerism
art day 30
=60% I
<60% 105
Patents age. years
=55

Iilo-381 002

=55 180 I107-304 003
Dhsease risk
Low I

High 244 119-501 002

Clinical factors evaluated in the OS and EFS analyses were donor T-cell
chimerism at day 30 (with 60% as a cutoff), patent age at the tme of
RIST, disease type, disease risk, stem cell source, HLA matching and con-
ditioning.

DISCUSSION

In this retrospective study of RIST with Bu, we
showed that43% of the patents retained mixed donor
T cell chimerism (<90%), whereas 92% achieved
complete chimerism in the granulocyte fraction, which
was consistent with previously published observational
studies in RIST [4,10,11,13,21]. Furthermore, we
showed that low donor T cell chimerism of <60% at
day 30 predicted poor OS and EFS, which suggests
that the kinetics of T cell chimerism are important af-
ter Bu-containing RIST.

Consistent with other reports, we found that the
induction of complete chimerism in T cell fraction
after o Bu-containing regimen was rather slow, and
granulocyte engraftment was earlier than T cell en-
graftment compared to patients who received RIC
regimens containing a combination of Flu and Mel
[10]. When the combination of Cy and Flu was
used for RIST conditioning, full donor chimerism
was achieved earlier in T cells than in myelogenous
cells [1,22]. Interestingly, when alemtuzumab was
used in a RIC regimen, 58% retained mixed donor
chimerism at day 90 after RIC [13]. This may be be-
cause of the fact that alemtuzumab remained in the
peripheral circulation long after RIST, which sup-
pressed not only host but also donor lymphocytes.
Based on these reports, we suspected that a Cy-con-
tining regimen suppresses host granulocytes less in-
tensely than a Bu-containing regimen, whereas
a Mcl-conuaining regimen suppresses host lympho-
cytes more intensely than a Bu-containing regimen.

The only significant variable associated with
a lower level of donor T cell chimerism at day 30
was having received <2 regimens of chemotherapy
pretransplant in our results. This result was consistent
with previous reports [4,10]. When a patient is treated
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with RIST, such as our low-dose Bu-containing regi-
men, prior chemotherapy may faclitate the achieve-
ment of higher levels of donor T cell chimerism by
decreasing the recipient immunocompertence,

In previous reports there has been some contro-
versy regarding whether there are any differences in
the levels of donor T cell chimerism after RIST with
or without low-dose TBI [11,13]. In our study with
Bu-containing regimens, regimens that included ad-
dinonal low-dose TBI tended to offer higher donor
T cell chimerism in a multvariate analysis. However,
there was no correlation between ATG-conditioning
regimens and donor T cell chimerism at day 30,
which was consistent with other regimens [13].
This might be because of the lower dose of ATG
(Fresenius, 5-10 mg/kg) in our regimens compared
to other studies that utilized the same ATG prepara-
tion (Fresenius, 40-90 mg/kg) [23,24]. Alternatively,
this might be simply because of the small number
of patients who received ATG in our study.

In previous reports, recipients of G-PBMC after
RIST showed higher percentages of donor T cell chi-
merism than those who received bone marrow [4,25],
which was not confirmed in our study. With regard
to regimens that include Bu, no previous large-scale
study has analyzed the correlation between the type
of stem cell source and T cell engraftment. When
low-dose Bu is contained in the RIC regimen, the
stem cell source may no longer influence the level of
T cell chimerism. Alternatively, this may be because
of the fact that most of the bone marrow recipients
in our study also received an additional 2-4 Gy TBI.
There was a trend toward a decreased risk of low donor
T cell chimerism in recipients of unrelated grafts, al-
though the difference was not significant. We specu-
late that a lower probability of low donor T cell
chimerism might be because of the additon of low
dose TBI for patients who underwent unrelated
HSCT.

Patents who received G-PBMC showed an in-
crease in TNC and CD3 ™ T cells that paralleled an in-
crease in donor T cell chimerism at day 30 after RIST
in our study. The same relationship was observed be-
tween CD347 cell contents and granulocyte chime-
rism. Baron et al. [26] reported that higher numbers
of donor T cells and CD34" progenitor cells in the
grafts were associated with higher levels of day 28 do-
nor T cell chimerism. Similarly, Carvallo etal. [22] re-
ported that higher levels of CD34 ™ progenitor cells in
the grafts were associated with higher levels of donor
myeloid chimerism early afrer RIST,

In this study, donor T cell chimerism levels of be-
low 60% early after RIST were significantly associared
with an increased risk of graft failure. It has been re-
ported that patients with <50% donor T cell chime-
rism early after nonmyeloablative HSCT were more
likely to have graft failure than those with more than
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50% donor T cell chimerism [4). After Bu-containing
RIC, Marsson et al. [21] reported that 2 of the 8 pa-
tients who had >50% recipient T cells on day 28
had graft failure or rejection, whereas this was not
seen in any of the 22 patients with <50% recipient T
cells. Lower donor natural killer NK-cell chimerism
after Bu-containing RIST was associated with an in-
creased risk of graft failure [4,27]. Although significant
associations of low donor T cell chimerism and HLA
mismatch with graft failure disappeared in our mulu-
variate model, our data suggested that HLA mismatch
was an important predictor of graft failure only in pa-
tients with <60% donor T cell chimerism at day 30.
The current study demonstrated that patients at high
risk of graft failure could be identified by chimerism
analysis at day 30 in T cell fractions, but not in granu-
locyte fractions, and that chimerism analysis at day 30
after Bu-containing RIST may allow early interven-
tons aimed at reversing graft failure.

Our results suggest that low donor T cell chime-
rism of <60% at day 30 may predict a poor out-
come, although levels of donor T cell chimerism
were not associated with NRM PD. In our study,
the levels of donor T cell chimerism were not asso-
ciated with aGVHD or ¢cGVHD, although some re-
ports have stated that donor T cell chimerism was
associated with the risk of GVHD [1,4,13,19.28]. It
is still controversial whether or not achievement of
complete donor T cell chimerism is needed to im-
prove OS and reduce the relapse risk in patients
who undergo RIST. Baron et al. [9] suggested that
the assessment of donor chimerism levels helps to
identify patients who are at higher risk of relapse af-
ter nonmyeloablative HSCT. High donor chimerism
levels among immune competent cells including T
cells and NK cells might be a surrogate for a high
graft-versus-tumor effect, and a fractionated chime-
rism analysis may be useful for detecting and quan-
tifying minimal residual disease after RIST. In
a small case series of Bu-containing RIST, mixed
donor chimerism was associated with an increased
risk of relapse and a worse prognosis [12,29]. In con-
trast, among patients who underwent RIST that
contained Flu, Bu, and alemtuzumab, those who
showed mixed donor chimerism beyond day 100
were associated with an improved OS and a lower
incidence of GVHD and NRM, without any effect
on the relapse risk [13]. Further studies are needed
to determine whether the achievement of complete
chimerism after RIST is beneficial with less risk of
PD and/or more risk of NRM.

In conclusion, within the limitations of a retrospec-
tive study, we found that the percentage of donor chi-
merism was significantly higher in granulocyte than T
cell fraction throughout the entire course after
Bu-containing RIST. Low donor T cell chimerism
of <60% at day 30 may predict a poor outcome, and
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a prospective study to examine the value of early inter-
vention based on chimerism data is warranted.
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Abstract To review a current experience of unrelated
bone marrow transplantation (BMT) with reduced-intensity
conditioning (RIC) regimens, we conducted a nationwide
survey with 77 patients (age, 25-68 years). The backbone
RIC regimen was a combination of fludarabine or cladri-
bine, busulfan or melphalan and total body irradiation at
2-4 Gy. Five patients died early, but 71 (92%) achieved
initial neutrophil recovery, Thereafter, 36 patients (47%)
died of therapy-related complications, 23 (30%) of whom
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died within day 100. Grades II-1V acute graft-versus-host
disease (GVHD) occurred in 34 of the 68 evaluable patients
(50%). In a multivanate analysis, a regimen containing
antithymocyte globulin (ATG) was significantly associated
with a decreased risk of acute GVHD (P = 0.041). Thirty-
three patients are currently alive with a median follow-up of
439 days (28-2002 days), with an OS of 50% at | year. In
conclusion, unrelated BMT with RIC regimens can be a
curative treatment in a subset of patients.
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1 Introduction

Allogeneic hematopoietic stem cell transplantation (HSCT)
is a possible curative approach for patients with various
hematologic malignancies. Recently, the application of
reduced-intensity conditioning (RIC) regimens, mostly
incorporating fludarabine as a backbone agent, has been
explored for patients whose age or concomitant medi-
cal conditions contraindicate the use of conventional
myeloablative regimens [1-3]. Since only 30-40% of
patients have an appropriate family donor available [4], the
establishment of an unrelated donor transplantation pro-
gram with RIC regimens is urgently needed.

Graft rejection, regimen-related toxicities and grafi-
versus-host disease (GVHD) have been the major problems
in unrelated HSCT with RIC [5-13]. In unrelated trans-
plantation, engraftment is influenced by the source of stem
cells and superior results have been observed with periph-
eral blood stem cells (PBSC) compared to bone marrow [9,
14]. Nevertheless, PBSC has not yet been approved as a
graft source for unrelated transplantation in Japan [15]. The
level of regimen-related toxicities directly depends on the
intensity of the regimen, and the incidence of GVHD
increases with unrelated donors compared to related donors.
Although attempts have been made 1o overcome these
problems, a suitable procedure for unrelated bone marrow
transplantation (BMT) with RIC regimens has not yet been
established. To accumulate further expertise, we conducted
a nationwide survey of Japanese patients with hematologic
malignancy who had undergone BMT from an HLA-mat-
ched or -mismatched unrelated donor with RIC regimens.
Although the present data were obtained from a limited
population of patients, these findings may show a current
status of unrelated BMT with RIC.
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2 Patients and methods
2.1 Data sources

This survey collected the data of 77 consecutive patients in
17 panicipating hospitals who received unrelated BMT
with RIC for hematologic malignancies between 2000 and
2004, Data were derived from questionnaires distributed to
each hospital. Additional questionnaires were sent to con-
firm the follow-up data, including the occurrence of
GVHD. The minimum data required for inclusion of a
patient in this study were age, sex, histological diagnosis,
status at transplant, donor information, conditioning regi-
men, date of transplant, donor chimerism status, therapy-
related complications, date of last follow-up, disease status
at follow-up, date of disease progression (PD)/death and
cause of death.

This study was approved by institutional review board of
each individual center. All patients provided written
informed consent according to the Declaration of Helsinki.
Unrelated donors provided consent through the Japan Mar-
row Donor Program as part of its standard procedures. The
indications, conditioning regimens, management of GVHD
and supportive care for BMT were left to the discretion of
each institution. Patients who had previously received
allogeneic HSCT and those younger than 20 years were not
included. Patients younger than 50 years who had organ
dysfunction and/or have previously received high-dose
chemotherapy with autologous HSCT were also included.

2.2 Definitions

RIC regimens were defined as previously reported [6, 9,
10], and conditioning regimens that included either beyond
4 Gy of total body irradiation (TBI), 8 mg/kg of busulfan
or 140 mg/m® of melphalan were excluded from the study.
Alleles at the HLA-A, -B, and -DRB1 loci were identified
by middle-resolution DNA typing as described previously
[16]. Risk status at transplantation was categonized as
either standard risk or high nisk. Standard-risk diseases
included acute leukemia in first complete remission,
chronic myeloid leukemia in first chronic phase, and
refractory anemia of myelodysplastic syndrome (MDS).
Other diseases were categorized as high-risk disease. Graft
failure was analyzed in patients who survived more than
28 days posttransplant according to the critena reported by
Petersdorf et al. [17]. Briefly, the definition included failure
of the absolute neutrophil count (ANC) to surpass 500/mm*
before relapse, death or second transplantation, as well as a
decrease in the ANC to less than 100/mm* on at least three
consecutive determinations with a finding of severe hypo-
plastic marrow. The degree of donor chimerism among
peripheral blood T cells was assessed several times
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between day 28 and day 100 after HSCT using fluores-
cence in situ hybrdization (FISH) to detect X and Y
chromosomes for recipients of grafts from sex-mismatched
donors, and polymerase chain reaction-based analyses of
polymorphic microsatellite regions for recipients of sex-
matched or sex-mismatched transplants. Mixed chimerism
was defined as the detection of 5-90% of donor cells in the
peripheral blood. Acute and chronic GVHD were graded
according to the consensus criteria [ 18, 19]. Patients who
survived 100 days were evaluable for the assessment of
chronic GVHD. Overall survival (OS) was measured as the
time from the day of transplantation until death from any
cause, and progression-free survival (PFS) was the time
from the day of transplantation until PD/relapse or death
from any cause, Patients who died from transplantation-
related causes were classified as non-relapse mortality
(NRM) regardless of their disease status.

2.3 Statistical analysis

The primary endpoint of this study was OS and chimerism.
The secondary endpoints were PFS, NRM, PD, and the
incidence of acute and chronic GVHD. Descriptive statis-
tical analysis was performed to assess patient baseline
information. Patients were divided into two groups: age 60
or above and less than 60. OS and PFS were calculated
using the Kaplan-Meier method. The cumulative incidence
of acute GVHD was calculated using the method described
by Gooley et al. [20] to eliminate the effect of competing
risks. The competing event for acute GVHD was defined as
death without grades II-1V acute GVHD. For each end-
point, a Cox proportional hazard model was used for
univariate and multivariate analyses. The factors included
in the analysis were HLA disparity (mismatch vs, identical),
recipient age (age 60 or above vs. less than 60), use of TBI
(yes vs. no), use of ATG (yes vs. no), diagnosis of AML
(yes vs. no), risk status (high vs. standard) and acute GVHD
(I1-1V vs. 0-1). Acute GVHD in the model was treated as a
time-varying covariate. We defined statistical significance
as a P value less than 0.05. All statistical analyses were
performed using STATA version 8 (College Station, TX).

3 Results
3.1 Patients and diagnoses

The patients’ charactenistics are listed in Table 1. The
median age of the patients was 54 years (range, 25-68 years)
as 4 whole. Twenty-one patients (27%) had acute myeloge-
nous leukemia (AML), 2 (3%) had acute lymphoblastic
leukemia, 5 (7%) had chronic myeloid leukemia, 20 (26%)
had MDS or myeloproliferative disease (refractory anemia,
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n = 8; refractory anemia with excess blasts, n = 9; others,
n = 3), 19 (25%) had non-Hodgkin lymphoma (follicular
lymphoma, n = 12; diffuse large B-cell lymphoma, n = 4;
mantle cell lymphoma, n = 2; peripheral T-cell lymphoma,
unspecified, n = 1), 7 (9%) had adult T-cell leukemia/lym-
phoma, and 3 (4%) had multiple myeloma. Sixty-three
patients (82%) had high-risk disease at the time of allogeneic
BMT.

3.2 Conditioming regimens

Conditioning regimens are shown in Table 2. None
received ex vivo T-cell depleted transplantation.

3.3 HSCT procedure and supportive care

Forty-seven patients (61%) were transplanted from a mat-
ched, 24 (31%) were from a | allele-mismatched, and 6
(8%) were from a 2 or 3 allele-mismatched unrelated
donor. All patients received bone marrow as a source of
stem cells. The prophylaxis of GVHD was either cyclo-
sporine- or tacrolimus-based. Thirty-nine patients (51%)
received cyclosporine with methotrexate, including five
patients who received an ATG-containing preparative
regimen. Nine patients (12%) received cyclosporine alone,
including five patients who received ATG. Each patient
received cyclosporine with mycophenolate mofetil and
cyclosporine with prednisolone, respectively. Twenty-five
patients (33%) received tacrolimus with methotrexate,
including one patient who received ATG. Two patients
(3%) received tacrolimus alone, including one who
received ATG. Granulocyte colony-stimulating factor was
administered intravenously from day +1 or +6 until neu-
trophil engraftment in all patients,

3.4 Engrafiment and chimerism

Five patients died before the engraftment evaluation, with a
median survival time of 15 days (range, 2-17 days). Sev-
enty-one patients (92%) achieved initial neutrophil
recovery, but three patients (iwo AMLs and one MDS)
later experienced secondary graft failure: one each with
AML and MDS afier unrelated BMT from an HLA-I
allele-mismatched donor received a second transplantation
when they failed to achieve subsequem complete donor-
type chimerism, but both died of infectious complications,
The other patient with AML after unrelated BMT from an
HLA-6 allele-matched donor achieved initial complete
chimenism, but later developed secondary graft failure
upon the administration of ganciclovir for cytomegalovirus
antigenemia, However, this patient achieved the sponta-
neous recovery of autologous marrow function and is
currently surviving beyond 2,000 days.
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Table 1 Patient charactenstics

Variable Younger than 60 years 60 years or older
(n = 60) (n=17)
Patient age (range, median) 25-59, 52 60-68, 63
Disease
Acute myelogenous leukemia 16 (27%) 5(29%)
Acute lymphoblastic leukemia 2(3%) 0
Chronic myeloid leukemia 5 (B%) 0
Myelodysplastic synd or myeloproliferauve 12 (20%) B (47%)
disease
Malignant lymphoma 16 (27T%) 3(1B%:)
Adult T-cell leukemia/lymphoma 7(12%) 0
Multiple myeloma 2(3%) 1 (6%)
Risk stanus
Standard 13 (22%) 1 (6%)
High 47 (78%) 16 (94%)
HLA disparity
Matched 37 (62%) 10 (59%)
One-mismatched 19 (32%) 5(29%)
Two or more mismatched 4 (T%) 2 (12%)
Donor-recipient sex match
Male-male 20 (33%) Il (65%)
Male-female 16 (27%) 2(12%)
Female-male 9 (15%) 4 (24%)
Female-female 15 (25%) 0
GVHD prophylaxis
HLA Human leukocyte antigen, Cyclosporine = methotrexate 38 (63%) 10 (59%)
GVHD graft-versus-host d Tacroli + meth ite 21 (35%) 6 (35%)
* The daw of two patients were Others 1 (2%) 1 (6%)

excluded because infused

nucleated cell dose was (x lﬂ’ﬂ:g, range)

Median nucleated cell dose infused

280 (0.39-5.52)° 292 (0.76-4.30)

unknown

Chimerism was evaluated in 68 patients (88%), with
short tandem repeats analysis (n = 52), vanable number of
tandem repeats analysis (n = 5) and FISH analysis in the
case of sex mismatch (n = 11). Complete donor chime-
rism was confirmed in 58 (85%) within day 100. Mixed
chimerism was confirmed in nine patients (13%), but two
later reverted to recipient type. One patient failed to
achieve donor-type chimerism due to disease relapse on
day 20. The incidence of complete donor chimerism was
similar in those younger and older than 60 years (85 and
86%), with a similar incidence of mixed chimensm
(15 and 14%). No patients received donor lymphocyte
infusion.

3.5 GVHD

Acute GVHD occurred in 41 of the 68 evaluable patiems
{60%), grades 11-1V in 34 (50%) and grades [I-IV in 14
patients (219). Chronic GVHD occurred in 26 of the 42
evaluable patients (62%), with extensive type in 23 (55%).
The incidence of grades I1-1V acute GVHD was the same

in patiemts younger and older than 60 years (50%). The
incidence of grades III-1V acute GVHD (22 and 14%) and
extensive chronic GVHD (56 and 50%) was similar. In
unrelated BMT, from HLA-6 allele-matched (n = 40),
HLA-1 allele-mismaitched (n = 23), and HLA-2 or 3
allele-mismatched (n = 5) donors, grades 11-IV acute
GVHD occurred, respectively, in 18 (45%), 10 (43%) and 3
patients (60%), and chronic GVHD occurred in 15 (38%), 9
(39%) and 2 patients (40%). In univariate and multivaniate
analyses, an ATG-containing regimen was significantly
associated with a decreased risk of the onset of prades
=1V acute GVHD (data not shown).

3.6 Survival

Thinty-three patients are currently alive with a median
follow-up of 439 days (28-2,002 days). with an OS of 50%
at | year and 46% a1 2 years. The OS of patients younger
than 60 years was 49% at 2 years (95% confidence interval
|CI], 34-62%), and this could not be defined in older
patients (95% C1, 15-45%). Patients younger than 60 years
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Table 2 Conditioning regimens

Condinoning regimens Younger than 60 years 60 years or older
in = 60) (n=17)
TBI-containing
Fludarabine 180 mg/m’ (or cladribine 0.66 mg/kg), oral busulfan 8 mg/kg, TBI 4 Gy 30 (50%) 6 (35%)
Fludarabine 125-180 mg/m’, melphalan £0-140 mg/m°, TBI 4 Gy S (8%) 3 (18%)
Fludarabine 180 mg/m” (or cladribine 0.66 mg/kg), oral busulfan 8 mg/kg. TBI 2 Gy 2(3%) 0 (0%)
Fludarabine 180 mg/m”, TBI 4 Gy 0 (0%) 1(6%)
ATG-containing
Fludarabine 180 my’m: (or cladribine 0.66 mg/kg), oral busulfan 8 mg/kg, ATG 5(8%) 4 (24%)
Fludarsbine 180 mg/m’, cyclophosphamide 60 mg/kg. ATG 1 (2%) 0 (0%)
Fludarabine 180 mg/m°, ATG 1(2%) 0 (0%)
TBI and ATG-containing
Fludarabine 180 mg/m’, oral busulfan 8 mg/kg, TBI 4 Gy, ATG 1(2%) 1 (6%)
Non-TB1 and non-ATG
Fludarabine 180 mg/m’, oral busulfan & mg/kg 6 (10%) 2 (12%)
Fludarabine 125-180 mg/m’, melphalan 140 mg/m* 5 (8%) 0 (0%)
Fludarabine 180 mg/m’, oral busulfun 8 mg/kg, cyclophosphamide 60 mg/kg 2(3%) 0 (0%)
Fludarabine 180 mg/m’, oral busulfan 8 mg/kg, thiotepa 10 mg/kg 1 (2%) 0 (0%)
Fludarabine 180 mg/m’, cyclophosphamide 60 mg/kg 1 (2%) 0 (0%)
TBI Total body imadiation, ATG antithymocyte globulin (ATG-Fresenius 10 mg/kg or thymoglobulin § mg/kg)
tended to show better survival than older patients s NRM
(P =0.124). The HLA disparity (match vs. mismatch), = — age < E0yeans
TBI vs. non-TBI, ATG vs. non-ATG-containing regimen, T o e
and disease category (AML vs. MDS or myeloproliferative s
disease vs. lymphoid malignancies) was not significantly g . thys
associated with OS (data not shown). Patiemts with stan- r =
dard risk tended to show better survival than those with I .
high nsk (P =0.129). In univariate and multivariate = o
analyses, no variables were significantly associated with ;
OS (data not shown), s
3.7 NRM and PD s 0-0.081
2 24 36 a8
Manths after transplantation

Thinty-six patients (47%) died of therapy-related compli-
cations, with a cumulative incidence of NRM at | year of
43% (95% CI, 31-56%). Of the patients who died of
therapy-related complications, 23 (30%) died within day
100 of transplantation and 13 (17%) died thereafter. The
NRM at 1 year in patients younger and older than 60 years
wis 38% (95% CI, 25-53%) and 61% (95% CI, 36-85%),
respectively, as shown in Fig. 1. The causes of NRM were
infection (23%), regimen-related toxicity (14%) and
GVHD (9%). GVHD-related monality was found in 26%.
Infection was the major cause of death in patients younger
than 60 vears. Regimen-related toxicity, mainly pulmonary
complications, was the major cause of treatment failure for
patients older than 60 years. In univariate and multivariate
analyses, no variables were significantly associated with
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Fig. 1 Non-relapse monality stratified sccording to patient age,
younger or older than 60 years

NRM (data not shown). Relapse or progression of primary
disease after unrelated BMT with RIC regimens was
observed in 13 patiems (17%; 10 patients younger than
60 years and 3 older than 60 years). There were no
relapsed patients after transplantation in standard risk
group. The incidence of death due to relapse or progression
of pnmary disease was 14%, In univariate and multivariate
analyses, no variables were significantly associated with
PD although patients with grades -1V acute GVHD
showed a relatively lower incidence of PD (data not
shown),
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4 Discussion

This report reviews the current experience of unrelated
BMT with RIC regimens in Japan, with particular focus
on the risk factors for engrafiment, GVHD, NRM, sur-
vival and PD. Although the engrafiment rate has been
reported to be lower when RIC unrelated transplantation
was performed with bone marrow compared to peripheral
blood cells [9, 10], we observed that sustained engrafi-
ment was achieved in 99% of evaluable patients, with
complete donor chimerism confirmed in 85%. The inci-
dence of graft failure was not different from that in RIC
transplantation from related donors in Japan; 3.7% in
recipients with an HLA-maiched donor and 5.7% in those
with a I-locus-mismatched donor [21]. Complete donor
chimerism in our study was comparable with that reported
from the National Marrow Donor Program (85 vs. 84%)
[22]. In our study, two-thirds of patients successfully
received 2-4 Gy TBl-containing regimens, which were
aimed at the enhancement of engraftment, as suggested in
a previous report with patients with aplastic anemia (23],
while 2 of the 12 patients who received an ATG-con-
taining regimen had late graft failure, similar to a previous
report which noted an incidence of 19% [5]. It has been
reported that the Japanese population is more homogenous
than others in terms of the distribution of HLA, Thus, it
would be possible that the impact of minor HLA dispar-
ities on engraftment may become prominent afier RIC
transplantation,

Despite the observed satisfactory engraftment rate, we
confirmed a high NRM rate (47%) after unrelated BMT
with variable RIC regimens, due mostly 1o GVHD-related
complications, including infections under steroid therapy,
as previously designated by Wong et al. [10]. On the other
hand, the incidence of death due to relapse or progression of
primary disease was low (14%). Hence, successful pro-
phylaxis and treatment of GVHD is particularly important
in this procedure, and studies with ATG [5, 2] or ale-
miuzumab [25-27] have reported encouraging results.
Although the number of patients was still small, in our study
an ATG-comaining regimen resulted in a decreased inci-
dence of acute and chronic GVHD, despite the use of a
lower dose (ATG-Fresenius 10 mg/kg or Thymoglobulin
5 mg/kg) than reported elsewhere. This study showed that
age older than 60 years tended to be associated with a
higher risk of NRM after unrelated HSCT with RIC regi-
mens, though this relation was not statistically significant in
a multivariate analysis. This finding, however, is limited by
the small sample size. Additional use of ATG may reduce
the incidence of GVHD-related NRM even in older patients
but ATG should be carefully incorporated since about 20%
of patients who received an ATG-containing regimen
developed late graft failure in our study.

This study suggested that the onset of grades [I-IV acute
GVHD was associated with a lower incidence of PD,
although this was not statistically significant in a multi-
variate analysis, possibly due to the small sample size.
However, GVHD in tum resulted in a higher incidence of
NRM, and a desirable grafi-versus-leukemia or lymphoma
effect would be offset, panicularly in older patients [10,
28]. Hence. our observation echoes the warning that the
intentional induction of GVHD should be avoided.

Compared to the long-term follow-up data after unre-
lated HSCT with RIC from the NMDP reported by Giralt
et al. [22], our NRM at | year was worse (43 vs. 30%), but
OS was likely to be better (50% at | year and 46% at
2 years vs, 44% at | year, 28% at 3 years and 23% at
5 years). In their report, disease stage, performance status,
stem cell source, HLA matching, and timing of transplant
were the most important prognostic factors for survival
after RIC unrelated donor transplantation. This study sug-
gested that high risk and HLA-mismatched patients were
associated with worse OS, although this was not statisti-
cally significant in the multivariate analysis. Interpretation
of these results, however, should be careful because of
relatively shon period of follow-up and the small sample
size in our study. Although high risk patients was 82%, rate
of relapse were unexpectedly low in our study. This might
be due to earlier monality, which precludes estimate of
relapse rate. Altemmately, more patients (60%) received
more intense conditioning composed of 8 mg/kg of
busulfan or 80-140 mg/m* of melphalan and 4 Gy TBI in
our study.

In conclusion, we confirmed that unrelaied BMT with
RIC regimens can be a curative therapeutic option in a
subset of patients with advanced hematologic malignancy,
but at the expense of a high risk of severe complications
and NRM. The incorporation of low-dose TBI may be
advantageous for enhancing engraftment, and a suitable
prophylaxis for GVHD still remains a primary target of
clinical research. Based on the observed data, a prospective
tnial is currently underway to determine the value of a
lower dose of ATG (ATG-Fresenius 5 mg/kg) to be added
10 the combination of fludarabine and busulfan,
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Small intestinal CMV disease detected by capsule endoscopy after

allogeneic hematopoietic SCT
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CMV disease 15 a serious complication after allogeneic
hematopoietic SCT (Allo-HSCT) in addition to GVHD.!
CMV disease can involve many organs and the gastro-
intestinal tract is a common site.” There are several reports on
small intestinal endoscopic findings of GVHD detected by
capsule endoscopy,’ © but only limited information has been
published regarding endoscopic findings of CMV enteritis
after Allo-HSCT using capsule endoscopy.® We report herein
a case of CMV enteritis involving the small intestine after
Allo-HSCT that was detected by capsule endoscopy.

A S8-year-old man with myelodysplastic syndrome
underwent Allo-HSCT with HLA mismatched unrelated
cord blood at the National Cancer Center Hospital in
Tokvo, Japan. The conditioning regimen consisted of
fludarabine (125 mg/m°), melphalan (80 mg/m*) and 4 Gy
THI. Tacrolimus was administered for GVHD prophylaxis.

The transplantation course was uneventful for 7 months,
but the patient then started experiencing epigastric pain
and watery diarrhea. Total colonoscopy revealed several
erosions surrounding a single ulceration in the ascending
colon (Figure la). Biopsy specimens obtained from the
uleeration and erosions showed enlarged endothelial cells
with nuclear inclusion bodies (Figure 2a) that were positive
for CMV by immunohistochemical staining (Figure 2b)
No definite histological feature to support GVHD was
found. A simultancous CMYV antigenermia assay using the
monoclonal antibody C7-HRP (Teijin, Tokyo, Japan)
indicated two positive cells per 44000 cells. A subsequent

capsule endoscopy (PillCam SB, Given Imaging Inc.
Israel) also revealed a single ulceration with satellite
erosions in the jejunum, but we were unable to perform a
biopsy bhecause of the primary limitation of capsule
endoscopy, that is, lack of any biopsy capability. The
ulceration in the jejunum was very similar to the one found
in the ascending colon (Figure 1b).

Antiviral therapy was started with ganciclovir (10mg/kg,
day) followed by foscarnet (60 mg/kg/day) for 6 weeks and
the patient’s symptoms resolved completely. A follow-up
CMYV antigenemia assay was negative and endoscopic
findings by capsule endoscopy and total colonoscopy
revealed healing scars without any active lesions.

Intestinal complications after Allo-HSCT predominantly
affect the small intestine,” but macroscopic findings of
small intestinal disorders following Allo-HSCT have not
been fully investigated. Traditional small bowel examina-
nons such as push enteroscopy are somewhat invasive in
nature and most patients undergoing Allo-HSCT cannot
tolerate such procedures due to the seriousness of their
condition. Capsule endoscopy i1s now widely accepted for
small intestinal investigation as being far less invasive. In
the present case, this advanced technology enabled us to
obtain clear endoscopic images of CMV enteritis in the
small intestine after Allo-HSCT

CMV antigencmia assay is one of the most widely used
methods to detect CMV reactivation in o variety of clinical
settings:” however, it is of httle value in predicting and
dingnosing gastrointestimal CMV disease.” The difTerential
dingnosis of antestinal disorders following Allo-HSCT
includes intestinal GVHD, thrombotic microangiopathy,
treatment-related  toxiaties and  clostridivm  difficile

Figure 1

Total colonoscopy revealed u single ulceration (a) with several erosions in the ascending colon. Capsule endoscopy also revealed a single

uleeration (b) with several erosions in the jejunum very similar 1o the one found in the ascending colon
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Figure 2 Biopsy specimens obtai
(a) that were positive for CMV by i

d from the ulcerat
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enterocolitis as well as CMV enterocolins.” Actual diag-
nosis is usually based on pathological examinations of
endoscopically obtained mucosal biopsy specimens, but
this is not possible with capsule endoscopy due to its lack of
biopsy capability.

In the present case, we were able to make a diagnosis of
CMV entenitis in the small bowel without histological
biopsy because of similar coincident findings in the
ascending colon that were proven by pathological examin-
ation to be CMYV colitis. This diagnosis was subsequently
confirmed clinically by prompt resolution of intestinal
symploms, endoscopic findings and CMV antigenemia
assay after antiviral treatment using ganciclovir and
foscarnet.

Fortunately, CMV enteritis involved both the small
intestine and colon in this case. CMV colitis, which was
proven by biopsy, was a factor in diagnosing small
intestinal CMY disease; however, CMV enteritis involving
only the small intestine without colon involvement may not
be rare after Allo-HSCT because the small intestine is a
frequent and severe site for gastrointestinal complications
following Allo-HSCT.” In such a situation, our picture
(Figure 1a) showing ulceration detected by capsule endo-
scopy may be useful in diagnosing small intestinal CMV
disease after Allo-HSCT.
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and erosions showed cellular enlargement of endothelial cells with nuclear inclusion bodies

References

Stocchi R, Ward KN, Fanin R. Baccarani M, Apperley JF.
Management of human cytomegalovirus infection and disease
after allogeneic bone marrow transplantation. H, logica
1999; 84: 71-79.

Spencer GD, Hackman RC, McDonald GB, Amos DE,
Cunningham BA, Meyers ID er al. A prospective study of
unexplained nausea and vomiting after marrow transplantation.
Transplantation 1986; 42: 602-607.

Yakoub-Agha 1, Maunoury V, Wacrenier A, Couignoux §,
Depil S, Desreumaux P er al. Impact of small bowel exploration
using video-capsule endoscopy in the management of acute
gastrointestinal graft-versus-host disease. Transplantation 2004;
78: 1697-1701.

Shapira M. Adler SN, Jacob H, Resmick 1B, Slavin S, Or R.
New insights into the pathophysiolopy of gastrointestinal graft-
versus-host disease using capsule endoscopy. Haematologica
2005; 990: 10031004,

Silbermintz A, Sahdev 1, Moy L, Viachos A, Lipton J,
Levine J. Capsule endoscopy as a diagnostic tool in the
evaluation ol graft-vs-host di Pediatr Transplant 2006;
10: 252-254

Neumann S, Schoppmeyer K, Lange T, Wiedmann M, Golsong
J, Tannapfel A er al. Wireless capsule endoscopy for diagnosis
of acute intestinal graft-versus-host disease. Gastrointest Endosc
2007; 65: 403-400.

Igbal N, Salzman D, Lazenby AJ, Wilcox CM. Dhagnosis of
gastrointestinal grafl-versus-host discase. Am J Gastroenterol
(M), 95: 3034-3038.

Boeckh M, Gooley TA, Myerson D, Cunningham T, Schoch G,
Bowden RA. Cylomegalovirus ppb5 2 in-guided carly
treatment with ganciclovir versus ganciclovir at engraltment
after allogeneic marrow transplantation: a randomized double-
blind study. Blood 1996, 88: 4063-4071.

Mori T. Mori 8, Kanda Y, Yakushiji K, Mineishi S, Takaue Y
et al. Clinical significance of cytomegalovirus (CMV) antigene-
mia in the prediction and diagnosis of CMV gastrointestinal
disease after allogencic hematopoietic stem cell transplantation.
Bone Murrow Transplany 2004; 33: 431434,

1a

w

R

]

o

-~

-

E=



Biology of Blood and Marrow Transplantation 14:510-517 (2008)
© 2008 American Society for Blood and Marrow Transplantation
1083-8791/08/1405-0001532.00/0

doi:10.1016/j.bbmt 2008.02.008

Preengraftment Serum C-Reactive Protein (CRP) Value
May Predict Acute Graft-versus-Host Disease and
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ABSTRACT

Ina maodel, infl ry cytokines play a primary role in the development of acute graft-versus-host dis-
case (aGVHD). Here, we retrospectively evaluated whether the preengraftment C-reactive protein (CRP) value,
which is used as a surrogate marker of inflammation, could predict posttransplant complications including
GVHD. Two hundred twenty-four adult patients (median age, 47 years; range: 18-68 years) underwent conven-
tional stem cell transplantation (CST, n = 105) or reduced-intensity stem cell rransplantation (RIST, n = 119).
Patients were categorized according to the maximum CRP value during neutropenia: the “low-CRP" group
(CRP < 15 mg/dL, n = 157) and the “high-CRP" group (CRP = 15 mg/dL, n = 67). The incidence of docu-
mented infections during neutropenia was higher in the high-CRP group (34% versus 17%, P = .004). When
patients with proven infections were excluded, the CRP value was significantly lower after RIST than after
CST (P = .017) or after related than after unrelated transplantation (P < .001). A multivariate analysis showed
that male sex, unrelated donor, and HLA-mismatched donor were associared with high CRP values. The high-
CRP group developed significantly more grade TI-IV aGVHD (P = .01) and nonrelapse mortality (NRM) (P <
.001), but less relapse (P = .02). The present findings suggest that the CRP value may reflect the net degree
of tissue damage because of the conditioning regimen, infection, and allogeneic immune reactions, all of which
lead to subsequent aGVHD and NRM.

@ 2008 American Seciety for Blood and Marvow Transplantation

KEY WORDS
C-reactive protein o Allogeneic transplantation e Acute graft-versus-host discase o Nonrelapse
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INTRODUCTION surrogate marker of infectious diseases [15-19]. This

process is further stimulated by other cytokines in-
cluding TNF-« [12,13]. After allogeneic HSCT, the
elevation of CRP was observed with infectious compli-
cations, but not in uncomplicated aGVHD [8,20]. On
the other hand, elevaton of CRP has been shown to
be associated with TRM [21-24]. Nevertheless, these

Allogeneic hematopoietic stem cell transplantation
(HSCT)isassociated with high trearment-related mor-
tality (TRM) because of acute graft-versus-host disease
(aGVHD) and infections [1,2]. Inflammatory cyto-
kines, for example, tumor necrosis factor-a (TNF-a),

interleukin-1 (1L-1), and IL-6 [3-11], are produced fol-
lowing conditioning and play a primary role in activat-
ing T cells, leading to GVHD and resultant target
tissue destruction [12,13]. An acute-phase protein,
C-reactive protein (CRP), is produced by hepatocytes
downstream of 11L-6 [14] and is widely used as a reliable
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previous studies adopred the sporadic measurement
of CRP and mostly focused on patients undergoing
conventional HSCT (CST) with a myeloablauve regi-
men. [t has been hypothesized that recently developed
reduced-intensity HSCT (RIST) decreases regimen-
related toxicities and, hence, may reduce inflammaton
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that augments the subsequent allogeneic immune
reaction to induce GVHD and nonrelapse mortality
(NRM).

In this study, the correladon between the preen-
graftment CRP value and subsequent clinical events
was analyzed to test whether high CRP reflected the
degree of tissue damage because of the conditioning
regimen, infections, and allogeneic immune reactions
and/or inflammation, all of which could contribute
to subsequent aGVHD and NRM.

MATERIALS AND METHODS
Patient Characteristics

The data from a cohort of 224 consecutive adult
patients with hematologic malignancies, who were
treated between January 2002 and July 2006 at the
National Cancer Center Hospital (NCCH, Tokyo,
Japan), were reviewed retrospectively. Patients who
developed graft failure or who had previous allogeneic
transplantation were excluded. Their characteristics
are listed in Table 1. The median age of the patents
was 47 years (range: 18-68 years), and their diagnosis
included acute myeloid leukemia (AML, n = 94), acute
lymphoblastic leukemia (ALL, n = 23), non-Hodgkin
lymphoma (NHL, n = 62), myelodysplastic syndrome
(MDS, n = 27) and chronic mycloid leukemia (CML,
n = 12). Standard risk included acute leukemia in first
complete remission, chronic leukemia in the first
chronic phase, MDS in refractory anemis, and NHL
in complete remission, with the rest of the patients cat-
egorized as a high-risk group. Stem cell sources used
for transplantation included bone marrow (BM, n =
108), peripheral blood stem cells (PBSC, n = 98) and
cord blood cells (CB, n = 18). One-hundred five pa-
tients received a CST regimen including total-body
irridiation (TBI)-based (n = 30) and non-TBI-based
busulfan-containing regimens (n = 55), whereas 119
patients received a RIST regimen including fludara-
bine or cladribine plus busulfan or melphalan (Table
1). CMV serostatus was positive in 157 patients and
negative in 67 patients. The median age of the patients
was 49 years in the high-CRP group (range: 19-67) and
47 years in the low-CRP group (range: 18- 68). Writ-
ten informed consent was obtained according 1o the
Declaration of Helsinki.

Transplantation Procedures

GVHD prophylaxis included cyclosporine- (n =
174) and tacrolimus-based regimens (n = 50), with
an additonal short course of methotrexate (MTX) in
165 patients, Granulocyte colony-sumulating factor
(G-CSF) was administered in all patents from day
+6 of transplantation until engraftment was con-
firmed. Most patients received ciprofloxacin (200 mg
orally 3 imes daily) for bacterial prophylaxis until neu-
trophil engrafiment. Fluconazole (100 mg once daily)

s

Table 1. Patients’ Characteristics

N (%) Median
Low CRP High CRP
Group CRP Group CRP
< ISmgdl = 15 mgidL
Variable n= 157 n = &7 P Value
Age (year) 47 (18-68) 49 (19-67) 85
<40 51 (34) 26 (39)
=40 104 (68) 41 (61) A7
Patient sex
Male 84 (54) 48 (72)
Female 73 (4¢) 19 (28) .ol
Donor sex
Male 81 (52) 30 (45)
Female 76 (48) 37 (55) 35
CMY serostatus
Positive 140 (89) 64 (98)
Negative 17 (11) 1(4) .20
Disease risk
Standard 35 (22) 17 (25)
High 122 (78) 50 (75) 62
Conditioning
csT 72 (47) 33 (50)
RIST 85 (53) 34 (50) b4
GVYHD prophylaxis
Cyclosporin-based 122 (78) 52 (78)
Tacrolimus-based 35 (22) 15 (22) 99
Short term MTX (+) 107 (68) 58 (87) 004
Relation to donor
Related 94 (60) 13(19)
Unrelated 63 (40) 54(81) <.001
Stem cell source
Bone marrow 63 (40) 45 (67)
PBSC 87 (55) 1(186)
Cord blood T7(5) 11 (18) .00l

CRP indicates C-reactive protein; CMV, cytomegalovirus; CST,
conventional stem cell or | ion; RIST, reduced-imtensity
stem cell rransplantation; GVHD, graft-versus-host discase;
MTX, methatrexate, PBSC, peripheral blood stem cells; HLA,
human leukocyte anrigen.

was administered for fungal prophylaxis. Low-dose
acyclovir was given for prophylaxis against herpes sim-
plex virus and varicella zoster virus until the cessation
of immunosuppressive agents. Prophylaxis against
Pueumocystis jiroveci infection was provided with
trimethoprim-sulfamethoxazole (400 mg of sulfame-
thoxazole once daily) from the first day of conditioning
to day —3 of transplantation, and from day +28 unul
day + 180 or the discontinuation of immunosuppres-
sive agents. Patients with fever during the neutropenic
period were treated with cefepime, and additional
agents including vancomycin and aminoglycosides,
and amphotericin B were given as clinically indicated.
Neutrophil engraftment was defined as the first of 3
consecutive days after transplantation that the absolute
neutrophil count exceeded 0.5 x 10%/L.. In our insti-
tute, the CRP level was serially measured as part of
our routine checkup at least 3 umes a week. Hence,
all serially admitted patients were subjected to this
analysis. Every pauent had started CRP measurement
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Table 2. Comparison of Preengrafment CRP Value Seratified According to
the Conditioning Regimwen (CST verms RIST) and the Relation to Doror
{Relared versuy Unrelated)

CRP Value

Patients’ Characteristics Median (Range)

All patients 8.9 (0.1-42.7)
csT 10.5 (0.3-31.3)"
Related 9.4 (0.6-30.0)F
Unrelated 10.6 (0.3-31.3)F
RIST 6.2 (0.1-42.7)*

Related 1.6 (0.1-9.7)¢
Unrelated 16.2 (0.5-42.7)

CST indicates conventional stem cell transplantation; RIST, re-
duced-intensity stem cell ransplantanon.

*P=.07.
tP =33,
1P = 00

before the initiadon of the conditoning regimen, and
the median pretransplant CRP level was 0.3 mg/dL
(range: 0.0-20.5 mg/dL). The median maximum
CRP value during neutropenia was 8.9 mg/dL (0.1-

S, Fuji et al.

‘The “maximum CRP level” was determined by
measuring both the CRP level and the neutrophil
count, as shown in the example in Figure 1A. The av-
erage number of levels assessed for each padent was 8
(range: 1-30). The median day of the maximum CRP
level was day 10 of HSCT (range: 0-25), with 79%
of patents developing this in later days (=8 days).
The patients were categorized according to the maxi-
mum CRP level after the threshold CRP level was
determined following a preliminary analysis of the
maximum CRP level after CST using an ROC curve
analysis (data not shown). The “low-CRP” group
(CRP <15 mg/dL) included 157 patients and the
“high-CRP" group (CRP =15 mg/dL) included 67

patients.

Statistical Analyses

The primary endpoint of this study was the occur-
rence of grade II-IV and grade M-IV aGVHD,
according to the Consensus Criteria [25]. The second-
ary endpoints were overall survival (OS) and nonre-

42.7, Table 2). lapse mortality (NRM),  Swandard  descriptive
A 32 years old, male, AML CR2
stem cell source unrelated BM
(mg/dL) conditioning Bu/Cy (mg/dL)
20 50
Pre-engraftment neutropenic period
-— 3
= .
Pre-engraftment %
15 m:égf’ﬁw!-’*‘ .................. "
5 ‘¢ 4
H
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& * ¢
(5]
P e« +
HSCT t
| engraft day 16 44
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Figure 1. An example of how we measured CRP in a representative patient (A). Dot plot of the CRP level, All patients (B), CST versus RIST(C)

and relared versus unrelared (1))
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statistics were used. Student r, chi-square, Fisher's ex-
act test, and Wilcoxon rank-sum tests were used to
compare clinical and padent characteristics. To ana-
lyze the pretransplant risk factors for a high CRP level,
logistic analysis was used. OS was esumated using Ka-
plan-Meier curves. The cumuladve incidence of
aGVHD and NRM was estimated based on a Cox re-
gression model for cause-specific hazards by treatng
progressive disease or relapse as a competing event.
Cox proportional hazard models were used for the
multivariate analysis of variables in aGVHD, NRM,
and OS after HSCT. Clinical factors that were as-
sessed for their association with aGVHD included
patient age, patient sex, donor sex, CMV serostatus,
conditioning regimen (CST versus RIST), donor
(human leukocyte antigen [HLA}-matched versus
HLA-mismatched, related versus unrelated), GVHD
prophylaxis (cyclosporine-based versus rtacrolimus-
based, short-term MTX versus no MTX) and disease
risk (standard versus high risk). NRM and OS were
also assessed for their association with these factors.
Factors with P < .10 in the univariate analyses were
subjected to a multivariate analysis using a multple lo-
gistic analysis and Cox proportional hazard modeling.
In Japan, only BM and CB are allowed for unrelared
transplantation, and most transplantations with a re-
lated donor use PBSC as a stem cell source. Therefore,
the stem cell source was not included as a factor in the
multivariate analysis. A level of P < .05 was defined as
statistically significant. All P values are 2-sided. All
analyses were made with SPSS ver 10.0 statistical soft-
ware (Chicago, IL). This analysis was approved by the

institutional review board.

RESULTS
Infections

The median duration of follow-up in surviving pa-
tients was 965 days (61 to 1432 days) in the high-CRP
group and 915 days (76 to 1803 days) in the low-CRP
group, and the incidence of total documented infec-
tions during neutropenia was, respectively, 23 cases
in the high-CRP group (34%) and 27 cases in the
low-CRP group (17%, P = .004). The incidence of
bacteremia was, respectively, 20 cases (30%) and 20
cases (13%, P=.002), and the incidence of pneumonia
was 7 cases (10%) and 4 cases (3%, P = .01). The in-
cidence of central venous catheter infection was, re-
spectively, 4 cases (6%) and 7 cases (4%, P = .63).

Serial changes in the CRP level are shown in
Figure 1B; in most cases, the CRP level was elevated
within 2 weeks of HSCT. Swatified data according
to conditioning regimen (CST versus RIST) or rela-
non to donor (related versus unrelated) are shown in
Figure 1C and D, respectively.

To clarify the pretransplant risk factors for high
CRP values during neutropenia, we performed a logis-

513

e regression analysis, which showed that male, unre-
lated donor, stem cell source with BM or CB
transplantation (versus PBSCT), HLA-mismatched
donor, and immunosuppression with MTX were asso-
ciated with high CRP values during neutropenia (Ta-
ble 1). Factors that showed significant associations (P
< .1) were subjected to a3 muluple logistic regression
analysis, and the results showed that unrelated donor,
HLA mismatch and male sex were associated with high
CRP (P < .001, P = .005, P = .028, respecuvely), as
shown in Table 3. The median CRP levels after CST
and RIST were 10.5 (0.3-31.3) and 6.2 (0.1-42.7), re-
spectively, with a significant difference (P = .017) (Ta-
ble 2). Notably, within the RIST group, the median
CRP level was significantly lower in related than in un-
related transplantation (1.6 mg/dL. [0.1-9.7] veruss
16.2 mg/dL [0.5-42.7): P < .001). However, the logis-
tic analysis failed to disclose any overall significant dif-
ference between CST and RIST.

Primary Outcomes

The cumulative incidences of aGVHD grade I1-TV
and grade I11-1V are shown, respecuvely, in Figure 2A
and B. Grade 1I-1V and grade I1I-IV aGVHD were
both more frequent in the high-CRP group than in
the low-CRP group (P = .001 and P = .04, respec-
tively). A Cox proportional hazard model showed
that a high CRP level and CMV serostatus were asso-
ciated with an increased risk of grade I1-IV aGVHD
(Table 4). Similar results were obtained when we
included only the patients who received a myeloablanve
conditoning regimen (grade 11-IV aGVHD 25% in
the low-CRP group and 58% in the high-CRP group,
P < 001, grade III-IV aGVHD 7% in the low-CRP
group and 21% in the high-CRP group, P = .047).

Secondary Outcomes

OS and NRM are shown, respectively, in
Figure 3A and B. OS was significantly worse in the

Table 3. Muluple Lagistie Regresion Avalysis of Rusk Facrors for High
CRP during Newrropenia
Factors with P < .10 a Multivariate Analysy Was Shown”

Multiple Logistic
Regression Analysis
Outcomes and
Variables Odds 95% Cl P Value
Unrelated donor 46 2196 <.001
HLA mismatch 14 1.3-5.0 005
Patient sex (male) 2.1 1.1-4.2 0028

CRP indicates C-reacuve protein; Cl, confidence interval; HLA,
human levkocyre anugen; CMV, cyromegalovirus

*Factors included m univariate analysis: patent sex, donor sex, CMV

serostatus, use of short-term MTX, relavion 1o donor, HLA mus-

march, conditioning, GVHD prophylaxis, stem cell source
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Figure 2. Cumulative incidence of grade 11-IV aGVHD (A) and grade HI-TV aGVHD (B) straufied according 1o the maximal CRP level during

neutropena

high-CRP group than in the low-CRP group (1-year
OS 47% versus 75%, P = .001). NRM was signifi-
cantly higher in the high-CRP group than in the
low-CRP group (1-year NRM 47% versus 13%, P <
001). Similar results were obtained when we included
only patients who received a myeloablative condition-
ing regimen (1-year NRM 8% in the low-CRP group
and 38% in the high-CRP group, P = .007). A Cox
proportional hazard model showed that the risk factors
for poor OS were high CRP (P = .002, hazard ratio
[HR] 2.0, 95% confidence interval [CI] 1.3-3.1) and
high-risk disease (P = .015, HR 2.2, 95% CI 1.2-
4.0), whereas those for high NRM were high CRP (P
< 001, HR 4.0,95% CI 2.0-8.0) and high-risk disease
(P= 029, HR2.6,95% CI 1.1-6.2), as shown in Table
4. When the threshold was set at 15 mg/dL, the sensi-
tivity and specificity of the CRP level for prediction of
grade 11-IV aGVHD, NRM, or OS were 37% and
75%, 59% and 79%, and 40% and 78%, respectively.
The relapse rate was significantly lower in the high-
CRP group than in the low-CRP group (1-year relapse
21% versus 33%, P = 02).

Causes of death are summarized in Table 5. A total
of 57 patients (36%) in the low-CRP group and 39 pa-
ticnts (58%) in the high-CRP group died (P = .002,
OR 2.4 [1.4-4.4)). Six patients (4%) in the low- and 5
(7%} in the high-CRP group died because of aGVHD,
for example, death because of infectious diseases asso-
ciated with aGVHD and its treatment. Seven patients
(4%) in the low- and 11 (16%) in the high-CRP group
(P = .003, OR 4.2 [1.6-11.4]) died because of chronic
GVHD (¢cGVHD), including death because of infec-
tous diseases associated with cGVHD and its treat-
ment, No patient (0%) in the low- and 5 (7%) in the
high-CRP group (P = .002) died because of infectious
diseases excluding infectious disease concomitant with
GVHD. No patient in the low-CRP group and 4 (6%)
in the high-CRP group (P = .008) died because of mul-
tiple-organ failure (MOF) excluding MOF because of
GVHD and infectious disease,

DISCUSSION

The results of this retrospective study suggested
that higher CRP values during the neutropenic period
may reflect net inflammation secondary to tissue dam-
age because of the conditioning regimen, infection,
and subsequent allogeneic immune reactions, all of
which lead to aGVHD/¢GVHD and ultimate NRM.
In a mouse model, the concept that the producton
of inflammatory cytokines plays an important role in
the development of aGVHD, by affecting the afferent
and effector phase [12,13], has been accepred. Cooke
et al. [26] showed that LPS antagonism reduced
aGVHD in 2 mouse model, as indicated by Ferrara
et al. [4]. However, in human studies, the value of de-
termining individual levels of cytokines to monitor
aGVHD has not been fully explored, because this ap-
proach is very costly and requires sophisticated tech-
niques, which impedes its universal applicability. On
the other hand, CRP is already being widely used

Table 4. Multiple Variate Analyas for aGVHD, NRM, and OS*

Outcomes and Variables Hazard Ratio 95% Cl P value
Grade 1.1V aGYHD
High CRP 17 1.1-2.6 .01
CMY positivity 3.1 1.0-9.8 5
Disease risk (high) 16 0927 .10
NRM
High CRP 4.0 2.0-8.0 <.001
Age (=40 years old) 1.9 0.9-3.9 a7
Disease risk (high) 14 1.1-6.2 .03
os
High CRP 20 1.3-3.1 002
Disease risk (high) 22 1.2-4.0 .02

CRP indicates C-reactive protein; Cl, confidence interval; CMV,
cytomegalovirus; GVHD, graft-versus -host disease; TBI, rotal
body irradiation; NRM, nonrelapse moraliy; OS, overall

*Factors included in univariate analysis; patient sex, donor sex, CMV

serostatus, use of short-term MTX, relation 1w donor, HLA mis-

match, conditioning, GVHD prophylaxis, stem cell source
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Figure 3. OS srratified according o the maximal CRP level during neutropenia (A). Cumulative incidence of TRM stratified according to the

maxmal CRP level durning neuwtropenua (B).

worldwide, especially in Japan, to distinguish bacterial
infections from other causes of fever [15-19). Based on
this practice, we reviewed the value of the CRP level
after HSCT, and our data suggest that it might be use-
ful to monitor the CRP value as a net surrogate marker
for produced cytokines, and for predicting the subse-
quent development of aGVHD and NRM.

Our patients had various interacting backgrounds,
and it is still difficult to predict whether a patient with
a high CRP level is destined to suffer from GVHD or
major infectious complications. Infectious diseases
were previously reported to be a primary cause of ele-
vated CRP [8,20], which might, in turn, affect the se-
verity of aGVHD. In this study, we made every
effort, including intense culture studies, to exclude in-
fection as a primary cause of increased CRP, and
showed that there were significantly more documented

infections in the high-CRP group than in the low-CRP
group. Current practice for the prevention of infecdon
mostly focuses on the effective control of Gram-nega-
tive bacteria, considering the potent immediate patho-
logic effect of the organisms. However, if the
hypothesis that decreasing the net production of cyto-
kines is important for the prevention of subsequent
GVHD is correct, more effort should be paid 1o
broadly cover other types of organisms or even clini-
cally less significant infection, that is, stomatitis, at
least during the early period of neutropenia, particu-
larly in patients carrying risk factors for high CRP,
which included unrelated donor, HLA mismatch,
BM, and CB transplantation in this study. The addi-
tion of other markers, such as procalcitonin, may be
useful for identifying the risk of major infectious com-
plications [24].

Table 5. Causes of Death Stratified According to CRP Falue during Nentropenia

Low CRP Group High CRP Group
CRP < 15 mgl/dL CRP = 15 mg/dL
Causes of death n= 157 n= &7 P Value
Total 57 (36%) 39 (58%) 002
Relapse/progressive disease 34 (22%) 8 (12%) 09
acute GVHD (total) 6 (4%) 5(T%) 25
acute GYHD 5 (3%) 3(5%) 61
acute GYHD + infection 1(1%) 1(3%) A8
chronic GYHD (total) 7 (4%) 1(16%) 003
chronic GYHD 3(2%) 7(10%) .005
chronic GYHD + infection 4(3%) 4(6%) 21
Infection® 0(0%) 5 (7%) .002
HOF} 0 (0%) 4 (6%) .008
Respiratory failuref 3 (2%) 4 (6%) P |
Others Stroke 1 voD |
VoD 1 Myocardial infarction |

Secondary cancer |

Unknown 1

CRP indicates C-reactive protein; GVHD, grafi-versus-host disease; TBI, rotal-body irradianon; MOF, mulople organ failure; VOD, veno-

occlusive disease.
*Excluding infecuon during GVHD or GVHD treatment.
tExcluding MOF due to GVHD, infection.

$Evcluwding respiratory failure because of GVHD, infection, and MOF.



