Characterization of acute graft-versus-host disease following
reduced-intensity stem-cell transplantation from an HLA-identical
related donor
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To investigate clinical features of acute graft-versus-host disease (GVHD) following reduced intensity stem-
cell transplantation (RIST), we retrospectively investigated medical records of 65 patients with hematologic
malignancies who underwent RIST from a matched related donor. Preparative regimen comprised fludara-
bine 30 mg/m® (n = 53) or cladribine 0.11 mg/kg (n = 12) for 6 days plus busulfan 4 mg/kg for 2 days.
Twelve patients received rabbit antithymocyte globulin 2.5 mg/kg/day for 2—4 consecutive days. Grade Il to
IV acute GVHD was diagnosed in 36 patients (55%). Its median onset was day 58 (range, 17-109), while it
was bimodal, peaking day 15-29 (early-onset GVHD, n = 18) and day 75-89 days (late-onset GVHD, n = 18).
Variables that were more common in early-onset GVHD than late-onset GVHD included skin rash (89% vs.
61%) and noninfectious fevers (33% vs. 11%). Desaturation, pulmonary infiltrates and hyperbilirubinemia
(>2.0 mg/dL) were more common in late-onset GVHD (6% vs. 22%, 0% vs. 17%, and 6% vs. 33%, respec-
tively). All of the patients with early-onset GVHD given corticosteroid responded to it, while 5 of the 18
patients with late-onset GVHD failed to respond it. Patients with either early-onset or late-onset GVHD
tended to have better progression-free survival (PFS) than those without it; however, there was no signifi-
cant difference in PFS between patients with early-onset GVHD and those with late-onset GVHD. This study
suggests that several etiologies might have contributed to the development of acute GVHD following RIST.
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Introduction

Reduced-intensity stem cell transplantation (RIST) is a
promising treatment for patients with hematologic malignan-
cies who would not be candidates for myeloablative alloge-
neic stem cell transplantation (allo-SCT) because of their
advanced age or comorbidity [1-3). Acute GVHD is a sig-
nificant cause of morbidity and mortality in RIST as well as
myeloablative allo-SCT [4-6]; however, the characteristics
of acute GVHD following RIST have not been fully investi-
galed. Acule GVHD following RIST is likely to dilfer from
that after myeloablative allo-SCT, since the immunological
backgrounds are different between them. First, RIST has
minimized the effects of conditioning regimens on tissue
damage, thereby reducing inflammatory cytokine release
[7.8]. Second, the intensity and duration of immunosup-
pressants used after RIST are different from those used af-
ter conventional alle-SCT [2,9-11]. Third, more antigen-pre-
senting cells survive the RIST conditioning than do myeloa-
blative conditioning, which may activate more donor T-cells
to initiate graft-versus-host responses [12,13]. Last, the
transient mixed chimerism following RIST may induce mu-
tual tolerance, which may attenuate both GVHD and host-
versus-graft (HVG) reactions [14,15]. Given few reports on
acute GVHD aller RIST [4,5,16-18], its overall characteris-
tics need to be further investigated.

We retrospeclively analyzed 65 patients with hematologic
malignancies who underwent RIST from a matched sibling
to Investigate clinical features of acute GVHD after RIST.

Results

Engraftment
All of the 65 patients achieved engraftment with a median
of day 11 (range, 5-16). No patients died of TAM within
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28 days ol RIST, while two patients died within 100 days of
RIST due to acute GVHD and hemophagocylic syndrome
Within 100 days of transplant, underlying diseases pro-
gressed in two patients.

Clinical features of acute GVHD

Thirty-six patients developed Grade IV acute GVHD. Its
median onset was day 58 (range, 17-109), while it was bi-
modal, peaking day 15-29 and day 75-89 days after trans-
plantation (see Fig. 1). The number of palients who devel-
oped Grade |-V acute GVHD before day 60 (early-onset
GVHD) and those who developed it after day 61 (late-onset
GVHD) were 18 each. The cumulative incidence of Grade Il-
IV acute GVHD was 26% at day 60 and 48% at day 120.

Clinical fealures of early-onsel and lale-onsel GVHD
were shown in Table |. Ten of 18 patients with early-onset
acute GVHD had lymphoma. This contrasted with the find-
ing that three of 18 patients with late-onset GVHD and two
of 29 patients withoul acute GVHD had lymphoma. Varia-
bles which were more common in early-onset GVHD than
late-onsel GVHD included skin rash (B9% wvs. 61%), and

'Hernatopoietic Stem Cell Transplantation Unit, The National Cancer Center
Hospital, Tokyo, Japan; “Depariment of Cell Tnerapy and Transplantation
Medicine, University ol Tokyo, Tokyo, Japan

Confligt of interest: Nothing 1o report

"Correspondence to. Masahiro Kami, Division of Exploratory Resaarch, The
Institute ol Medical Scionce, University of Tokyo, 4-6-1, Snirckanedal, Min
ato-ku, Tokyo 108-8638, Japan. E-mail, kams-tky @umin.ac.ijp

Received lor publication 20 August 2007, Revsed 3 March 2008, Accepted 10
March 2008

Am. J. Hematol 83:630-634, 2008

Published online 26 March 2008 in Wiley InterScience (www.inlerscience. wiey
com).

DOl 10.1002/ajh.21187

b/ S ww s intersoence wiley com/epl hin fhome 38105




10
9
8f [
27t |
; 6} e |
i |
BS5L —
-
£ =T
5s —
2 K 1}
I
0 i | I |
15-28 30-44 4559 60-74  75-89 90-104 105-119
Days atter transplontation
Figure 1. Onsel of acule GVHD ollowing RIST. Thirty-six patients developed

Grade |-V acute GVHD. fis median onsal was day 58 (range, 17-109), while it
was bimodal, peaking days 15-29 and days 75-89 aftes transplantation

noninfectious fevers (33% vs, 11%), while desaturation, pul-
monary infiltrates and hyperbilirubinemia (>2.0 mg/dL)
were more common in late-onset GVHD than in early-onset
GVHD (6% vs. 22%, 0% vs. 17%, and 6% vs. 33%,
respeclively). All of the palients who developed early
GVHD had already achieved complete donor-type chimer-
ism at day 60, whereas 42% of the patients who developed
late Grade |I-IV acute GVHD had achieved complete do-
nor-type chimerism at day 60 (P = 0.011). Other variables,
including use of ATG or methotrexate, were not significantly
associated with the type of acute GVHD (Table 1). Chimer-
ism changes belore and after GVHD development were
shown in Table |. Four patients remained in mixed chimer-
ism after development of GVHD.

Fifteen of the 18 patients with early-onset GVHD and all
of the 23 patients with late-onset GVHD were given cortico-
steroid. Responses to corticosteroid were shown in Table |.
All of the patients with early-onset GVHD given corticoste-
roid responded to it, while 5 of the 18 patients with late-
onset GVHD failed to respond it

Chronic GVHD

Of the evaluable 58 patients who survived without
relapse longer than 100 days after RIST, 35 patients devel-
oped chronic GVHD. Clinical features of chronic GVHD
were shown according to the types of acute GVHD (Table
1). Twelve of 16 evaluable patients with early-onset acule
GVHD and 14 of 17 evaluable patients with late-onset
acute GVHD developed chronic GVHD in their clinical
courses, while nine of 25 patients without prior history of
acule GVHD developed chronic GVHD.

PFS and its prognostic factors

PFS was shown according to types of acute GVHD (see
Fig. 2). Patients with either early-onset or late-onset GVHD
tended to have betler PFS than those without it, however,
the differences were not statistically significant.

Resulls of univariate and mullivariale analysis on prog-
nostic factors of PFS were shown in Table Il. Risk of under-
lying diseases and dose of transfused CD34-posilive cells
(X10E6/kg) were significant prognostic factors (relative risk
(RR); 4.26, 95% confidence interval (CI); 1.32-14.1, P-
value; 0.010, and RR, 0.64, 95% CI; 0.36-0.95, P-value
0.030, respeclively). History ol early-onset or late-onset
GVHD was not a significant prognostic factor.
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Discussion

The present study showed that median onset of acute
GVHD following RIST was day 58 (range, 17-109), while it
was bimodal, peaking day 15029 and day 75-89 days al-
ter transplantation (see Fig. 1). These findings suggest that
several eliologies might have contributed to the develop-
ment of acute GVHD following RIST. In myeloablative allo-
SCT, acute GVHD develops almost exclusively before day
60, however, the cumulative incidence of Grade |11V acute
GVHD was 26.2% at day 60 and 48% at day 120 in this
study. We should recognize that ~30% of the patients who
survive longer than 60 days without acute GVHD develop it
alter day 60.

The present study showed that RIST recipients frequently
develop early GVHD, which is characterized by fever and
rash. Steroid responsiveness was good; no patient with
early GVHD developed late GVHD. Several researchers
reported that engraftment syndrome, which is characterized
by noninfectious lever, rash, and transient liver dysfunction,
is commonly seen in RIST recipients [19,20]. The clinical
features of early GVHD shawn in this study are similar to
those of engraftment syndrome. However, the median inter-
val from engraftment to the development of early GVHD
was 10 days, and early GVHD cannot be explained solely
by immune reaction accompanied with engraftment. Little is
known about immune reaclions early after RIST. The Seattle
group has reported that patients who developed GVHD
within 50 days of nonmyeloablative transplantation were at
high risk of TRM [21]. Although they did not describe differ-
ent clinical features by the onset of GVHD, their results con-
trast with ours. The disparity may be associated with the dis-
tinct types of transplantation and different durations until do-
nor-type chimerism achievement. All patients treated with
our fludarabine or cladribine/busulfan-based regimen devel-
oped severe neutropenia [22]. The kinetics of engraftment
and immune reactions early after transplantation might be
different between RIST and nonmyeloablative transplanta-
tion. Further investigation is required to investigate the clini-
cal features of early acute GVHD following RIST.

The clinical courses of late GVHD were different from
those of early GVHD. Late GVHD often involved the gastro-
intestinal tract and the liver. The responsiveness to cortico-
steroid was poor compared with early GVHD. Three
patients died of acute/chronic GVHD and five of noninfec-
tious respiratory complications. Although the onset of late
GVHD after RIST was late compared with GVHD after CST,
its clinical courses were comparable with those of GVHD
after CST. Pathogenesis of late-onset acute GVHD remains
to be unknown, and further investigation is required. Since
GVHD has high morbidity and mortality, its prophylaxis is
crucial to iImprove the outcomes, and intense immunosup-
pressive therapy might be required for the treatment of
late-onset acute GVHD compared with early-onset one.

Whether complete donor T-cell chimerism is needed
before alloimmunity such as GVHD or the graft-versus-tu-
mor (GVT) effect can occur is a major matter of contro-
versy. While Childs et al., found that complete donor T-cell
chimerism preceded the occurrence of GVHD and disease
responses in RIST for metastatic renal cell carcinoma (23],
other researchers demonstrated that both GVHD and GVL
effects can occur in patients with mixed chimerism [24,25],
Since we have demonstrated that some patients remained
mixed chimera even after GVHD development, complete
chimerism is not essential in the development of GVHD fol-
lowing RIST. However, the majority of patients achieved
complete chimerism after developing GVHD. The present
study showed that underlying diseases, especially malig-
nant lymphoma is associated with early-onset acute GVHD.
Patients with malignant lymphoma might have received
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TABLE |. Clinical Features of Early-Onset and Late-Onset Grade I1-/V Acute GVHD

Eary-onset Late-onset
Types of acute GVHD (Day 15-60) (Day 61-) No GVHD
Number of patients 1B 18 28
Patients characteristica Age Your, median [range) 515 (30-61) 535 (37-84) 54 {25-87)
Primary diseases Acute leukomia 1 € 10
Myelodysplastc syndrome 5 5 8
Chrone myeloid leukemia 1 4 8
Mahgnant lymphoma 10 3 2
Others 1 (1] ]
Bex mismaches Datwadn Mach B 12 B
recipsani-gonod pairs
Mismatch (donor: male/lemaie) -] 2/4 w15
CO34-positve cells infused (10E6/kg) 34 (21-48) 26(14-66) 33(1587)
CD3-positive celis nfused (10E7/kg) 3.0(1.1-55) 3701772 3.0(1.2-8.6)
Use of memotrexate 1 4 5
Use of antithymocyte globulin 3 -4 [}
Engratimen Day (range) 11 (6-12) 11 (5-14) 12 (7-16)
Cramarsm (complota/mined) Day 30 wa 513 mm
Cay 60 130 mo 17/8
Day 90 12/0 152 1844
Day 120 &0 132 15/9
Acute GVHD Grade =11V aven 270 NA
Onset Day (range) 295 (17-59) 82 5 (63-109) NA
Dastribution of organ Skinfliverigut 16110 1168 NA
Allogenic immune reaction Noninlectionus fover 6 2 NA
5% weight gain 3 3 NA
Desaturation™ 1 4 NA
Pulmonary infiltration 0 3 NA
Changes of chimernsm NA to complete 4 0 NA
NA o mixed 2 0 NA
Mixed 1o complete 2 8 NA
Mixed o mixed 1] 2 MNa
Compitte to completn 5 7 NA
Primary theragy Coricosieroid/supporive 153 180 NA
Responses CRIPRINC/PD 11/4/0/0 wd/an NA
Chronic GVHD Numbaer of evaluable patients 16 17 25
Numbes of patients with chronic GVHD 12 14 a9
Types of chwonic GVHD Progressiveiquiescentde novo W0 o vo'e
Causes of death Total 4 5 9
Disease progression 0 1 5
Acute GVHD 1 1 0
Chronic GVHD * g 0
Others - 0 4*

NA, not apphicable; TRM, transplant-related mortality; GVHD, graft-versus-host disease;, CR, complete response; PH, partial response; NC, no

change; PD, progressive disease
* Oxygen saturation < 92%
" The patient died of ct

GVHD comp with

* These included secondary cancer and interstitial pneumonitis.
* These P pl I

fymphop

multiple courses of chemotherapy prior to RIST, and might
have achieved complete chimerism earlier than patients
with other types of hematologic malignancies. The present
study showed a strong association between achievement of
complete chimerism and the time of GVHD development.
The observation is consistent with the previous report [25].
Patients with early GVHD achieved complete chimerism
early, while complete chimerism achievement was late in
those with late GVHD and those without GVHD. There are
two possible explanations. First, early GVHD itself possibly
altacks donor hematopoietic cells to lead to complete chi-
merism. Canine and murine models have shown that a
state of mutual graft’host tolerance and absence of GVHD
can be created by the introduction of stable mixed chimer-
ism [26,27], while it Is still an open question whether mixed
chimerism per se protects the recipients against GVHD.
Further investigations on the association between chimer-
ism and GVHD are awaited.
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aspergliosis.
* These patients died of respiratory falure due to bronchiciitis cbiiterans (n = 2), and pnes ca

ed by P

ginosa (n = 1)

disorder, liver failure, hemophagocytic syndrome, and multiple organ tailure

Whether the GVT effect of early GVHD and that of late
GVHD are diflerent is a clinically important question. In the
present study, PFS of the patients with either type of
GVHD was longer than that of patients without GVHD (Ta-
ble Ilj. PFS after early-onset GVHD and that after late-
onset GVHD were comparable. These findings suggest the
possibility that the both types of GVHD have GVT effects
and that the intensity ol GVL effects is comparable.
Whaether the mechanisms of GVL effects by the two types
of GVHD needs further investigations.

Although the present study provided novel information on
acute GVHD after RIST, there are some problems to be
discussed. First, it is a small-sized, retrospective study;
unrecognized biases might have aflected the results. Espe-
clally, enrolled patients had heterogeneous backgrounds
with respect to the conditioning regimen and GVHD-prophy-
laxis. Greater proportion of patients with late-onset GVHD
had received methotrexate as parl of their prophylaxis. We
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have attempted to address this heterogeneity in their multi-
variate analysis; however, given the overall small sample
size, the power of respective adjustments remains ques-
tionable. Large-scale prospective evaluations are required
to clarity the clinical features of acute GVHD following
RIST. Second, little information is available concerning
chronic GVHD [28], while the present study showed that ei-
ther early-or late-onset acule GVHD is highly predictable
for chronic GVHD. Manifestations typical of acute GVHD
occasionally develop after day 100 in RIST recipients, and
it is questionable whether current day 100 cut-off criteria is
appropriate for separation of acute from chronic GVHD fol-
lowing RIST [29]. Patients with late-onset acute GVHD
might show concurrent manilestation of chronic GVHD,
while we could not collect enough information on this issue
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Figure 2. Prog kee survival g 1o the iypes of acule GVHD (A}
Patients with early-onset GVHD (n = 17), (B) Patlents with le-onset GVHD (n =
18). (C) Patients withoul acute GYHD (n = 24). Pationts who were surviving with-
oul relapse ol day 100 after RIST were included in the analysis of prognosiic lac-
tots ol PFS. Patients with either early-onsel o late-onse! GVHD tended 1o have
better PFS than those withoul GVHD; h\:muvur the differences were nol aiaksh-
caly gig o sithar unk of ¥

in this retrospective study, requiring further investigation.
Third, optimal strategy should be established in the man-
agement of acute GVHD following RIST. It might be individ-
ualized according to the types of acute GVHD.

Patients and Methods

Data collection and transplanlntiun procedures

We d the 35 ol B5 cc ts with a
median age of 53 years (range, 25-67) who undeiWMI RIST rmm an
HLA-identical sibling donor lor the
cies between January 2001 and October 2003 at the National Cancer
Center Hospital Patienls with benign dispases were excluded since
their management ol acule GVHD is different from that in those with
malignancies. Those who had undergone RIST iwice were evalualed
only for the first RIST. All the patients and donors gave their written
informed consent in accordance with the requirements of the Institu-
tional Review Boards of the National Cancer Center Hospital,

Transplantation procedures

All the patients received purine analogue-based preparative regl-
mens. Fludarabine 30 mg/m® on days —8 o ~3 (n = 53) or cladribine
0.11 mg/kg on days -8 1o -3 (n = 12) plus busullan 4 mg/kg on days
-6 and -5 were administered [30). Twelve patienls received rabbil
antithy y (ATG, Thymoglobulin; IMTIX- SN'JGST&T Lyon,
anm]?ﬁmgfkg’duybr?—d ive days. Cy rine 3 mg'kg
continuous infusion was initiated for GVHD pmphyﬂams Irarn day 1, and
this was switched 1o oral admini when p ts d ol
lnlnke The dnsas were adjusted with its whole blood levels [31! Nine
fitional shorl-term methic {'ID rngu'rrl on day

Isnd?mgms on days 3 and 6). All the 1 granul
colony stimulating factor (G-CSF)- mobilized peripheral hlood slem cals
from an HLA-identical related donor. Supportive cares and manage-
ment of infectious complications were reported previously [30,32]. Chi-
i WaS d using poly chain reaction for variable
numbers of landem repeats with donor cells detecled al a sensitivity of
10% [33]. CD3-positive cell chimerism was d at days 30, 60,

90, and 120
Definition

Engral was defined as absolute neutrophil counts >0.5 x 10%L
for two live days. Diagnosis of acute GVHD was made by clini-

cal judgment logether with biopsy of the skin and gastreintestinal tract
Acute GVHD were graded according to the consensus criteria [34,35]
Grade |1V acute GVHD was ireated with 0.5-2.0 mg/kg/day of methyl-

p isolone in add 10 cyclos . Response to corticosteroid

TABLE Il. Univariate and Multivariate Analysis on Progression-Free Survival

Factors Relative risk 895% Confidence interval P-value
Univanate analysis
Age 1.03 0.87-1.11 034
Sex Female vs. male 0.8 0.30-2.17 0.68
Risk of primary diseases High vs. low* 245 0.87-6.90 0.09
Use of antithymocyle globulin Yes vs. no 21 0.81-5.45 0.13
Use ol methotrexate Yes vs. no 1.56 0.36-6.83 0.55
Dose ol CD34-positive cells per 1.0 x 10 E é/kg 0.65 0.43-0.99 0.045"
Grade 11V acute GVHD None 1 0.34
Early-onsel a.s2 0.18-1.80
Late-onset 0.56 0.11-1.96
Multivanale analysis
Rizk of primary diseases High vs. low" 426 1.32-141 0.010"
Use of antithymocyle globulin Yes vs. np 113 0.39-3.26 082
Dose of CD34-positive colls per 1.0 x 10 E 6/kg 0.64 0.36-0.95 0.030°
Grade |-IV acute GVHD None 1 012
Eatly onset 043 0.22-20
Late onset o3 011-3.1

GVHD, graft-versus-host disease.

* Low-fisk palients were defined as those with acute leukemia in firsi or second remission, chronic myelogenous leukemia in chronic phase, and
myelodysplastic syndrome relractory anemia. The others were classified into the high-nsk group.

® Statistically significant
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Functional analysis of cytomegalovirus-specific T lymphocytes compared to
tetramer assay in patients undergoing hematopoietic stem cell
transplantation
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In order to evaluate whether we conld predict reactivation
of CMV by monitoring the number of CMV-specific
cytotoxic T-lymphocytes (CTL), tetramer analysis was
performed in 37 patients who underwent hematopoietic
stem cell transplantation (HSCT). The results disclosed
that the mean number of CMV-specific CTL at day 30 did
not differ among patients who developed CMV antigene-
mia (22/pl) and those who did not (12/pl). Serial tetramer
analysis showed that 21% of the patients had > 10/pl
CMV-specific CTL at the first detection of CMV
antigenemia and 67% of the patients had more than
10/ul CMV-specific CTL at the onset of CMV disease.
Intracellular staining upon stimulation by CMV lysates
and peptide in patients with CMV colitis revealed that
both 1FN-y producing CD4 -+ and CD8 -+ lymphocytes
were suppressed at the onset of CMV colitis (1.6 and
8/ul), which increased with recovery of the disease (19 and
47/pl). These data suggest that it is difficult to predict
CMYV reactivation solely by the number of CMV-specific
CTL. We suggest that additional functional analysis by
intracellular cytokine assay may be useful for immuno-
monitoring against CMV.
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doi:10.1038/s.bmt.1705932; published online 19 November 2007
Keywords: CMV; intracellular  1FN-y; CTL; HSCT;
HLA-A02

Intriduction

Reactivation of CMV is one of the major complications in
patients undergoing hematopoietic stem cell transplantation
(HSCT) and is significantly related to morbidity and mortality
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despite the recent development of potent antiviral medica-
tions.'* The decision to admimster antiviral therapy s
currently based on the clinical risk and the detection of
viremia by vanous methods including PCR for CMV-denved
DNA or CMV antigenemia assay. However, treatment with
antiviral drugs such as ganaiclovir and foscarnet increases the
risk for secondary graft failure and other infectious complica-
tions due to myelotoxiaty. To optimize the therapy with
minimum drug exposure, il s important to monitor the
recovery of CMV-specific immunity accurately. For this
purpose, tetramer-based monitoring of CMV-specific cytotoxic
T-cells (CTL) has been widely performed in patients with an
HLA-A02 or HLA-B0O7 serotype.” ' Some of the results have
demonstrated that the reconstitution of CMV-specific CTL as
evaluated by quantitative tetramer 1o levels = 10-20/ul is
adequate for protection against CMV infection.” ” However,
some patients with CMV-specific CTL above this level still
experience CMV reactivation.” It has also been reported that
the cellular response 10 CMV in immunosuppressed patients
reflects  functional impairment,’ and CMV  reactivation
following HSCT has been shown to be associated with the
presence of dysfunctional CMV-specific T-cells.”’ Therefore,
by itself; the quantfication of CMV-specific CTL seems 1o be
insufficient and a simultaneous qualitative analysis of CMV-
specific lymphocytes is needed. Furthermore, it is essential that
we should develop a universal monitoring method, which is
not himited to HLA 10 cover larger populations, since an
epitope that is potent enough for immunomonitoning is not
obtained in some HLA types such as HLA-A24." In this
study, simultaneous functional analysis of CMV-specific
lymphocytes by intracellular cytokine assay upon stimulation
with CMV lysate and antigen peptide were performed with
tetramer-based CTL quantification in patients who underwent
HSCT to identify an optimal monitoring system

Materials and methods

Study patients
CMYV seropositive patients with an HLA-A*0201 or HLA-
A*0206 genotype who had undergone allogeneic non-T-cell
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depleted-HSCT between February 2002 and May 2005
were included in this study. Patients were eligible with the
availability for 160 days of follow-up. The study was
approved by the Ethics Committee and a written informed
consent was given by all patieats. Peripheral blood samples
were obtained at days 30+ 7 and 60+ 7 after transplant-
ation. When patients agreed to additional sampling,
additional samples were obtained every 2-3 weeks. The
median  age of studied patients was 52 (21-68).
The genotype for HLA-A(02 in 37 eligible patients was
HLA-A*0201 in 20 patients, HLA-A®0206 in |6 patients
and both the HLA-A*0201 and HLA-A®0206 genotypes in
one paticnt. Nine patients received BMT from an unrelated
donor, two received BMT from a related donor and the
remaining 26 received peripheral blood HSCT from a
related donor, With regard to the conditioning regimen, 11
patients received a conventional regimen that included
120mg/kg CY plus 16mg/kg BU or 120mg/kg CY plus
12Gy of TBI, whereas 26 received a reduced-intensity
regimen with 0.66 mg/kg cladribine (2-chlorodeoxyadeno-
sine) plus Bmg/kg BU or IB0mg/m” fludarabine plus
8mg/kg BU. For patients who received a graft from an
unrelated donor or DNA-mismatched donor, 4Gy of TBI
or S5mg/kg of rabbit antithymocyte globulin (ATG) were
added to reduced-intensity conditioning.

Diagnostic tests for CMV ifection and CMV disease

CMV seropositivity was assessed by the detection of IgG
antibodies to CMV late antigen. All patients and 31 donors
(84%) were seropositive for CMV. CMV antigenemia was
monitored weekly after engraftment to day 60, and at longer
intervals thercafter, by using the immunocytochemical detec-
tion of pp65 antigen in leukocytes. Test results were
considered to be positive when more than one cell per
S0000 Jeukocytes was positively stained. CMV disease was
diagnosed chinically, with confinnation by biopsy of the
involved organ. Pre-emptive antiviral therapy was given with
an antigenemia of more than |0 positive cells per 50000
leukocytes, which we defined as high antigenemia. The initial
therapy was ganciclovir 5mg/kg once per day, which was
adjusted according to the follow-up CMV antigenemia value.

Peptide and CMV antigen

A >80% pure HLA-A02-binding peptide NLVPMVATYV
(AA 495-503, referred 10 as NLV peptide) from the CMV
ppb 5 phosphoprotein was obtained using high-performance
liquid chromatography (Qiagen, Tokyo, Japan).

Tetramer staining

Tetramer staining was performed as recently described.!
Briefly, 5 ul CD8-FITC, CD4-PC5, CD19-PC5, CDI3-PC5
and 2pl PE-conjugated tetrameric HLA-A*0201 NLV
peptide complex (CMV-tetramer), purchased from Beck-
man Coulter Inc. (Fullerton, CA, USA), were added to
100 pl heparimized blood and incubated for 30min. After
RBC were lysed and washed twice, the cells were fixed and
acquired on a flow cytometer (FACS Calibur, Becton
Dickinson, Franklin Lakes, NJ, USA). More than 20000
cells in the lymphocyte gate were acquired and analyzed
using Cellquest software. The CD4—, CDI19—, CD13- and
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CDR8 + CMV-tetramer-positive fraction of the lymphocyte
gate was defined as CMV-specific CTL.

Intracellular cytokine assay

Intracellular cytokine siaining was performed as recently
described' with the following modifications. Peripheral
whole blood (1 ml) was stimulated for 6h at 37°C with
10 pg/ml NLV pepitide or | pg/ml CMV lysate (Advanced
Biotechnologies, Colombia, MD, USA), in the presence of
costimulatory monoclonal antibodies, CD28 and CD49%d
(Becton Dickinson, |pg/ml each). Breferdin A (Sigma,
St Lows, MO, USA; 10pg/ml) was added for the last 4 h
of incubation. Positive and negative controls were obtained
by stimulating the cells with 10pg/ml staphylococcal
enterotoxin B or phosphate-buffered saline. Samples were
lysed, permeabilized and stained with 2.5u] CD69-FITC,
20pul IFN-y-PE, 0.6 i CD3-APC and |0pl CDE- or
CD4- PerCP. More than 10000 cells in the lymphocyte gate
were acquired and analyzed using an FACS Calibur, The
cells were gated on the CD3 4 fraction of the lymphocyte
gate and the proportion of IFN-y and CD8 or CD4 was
analyzed. CD69 was used as a marker for activated T-cells.

Statistical analysis

The difference between groups was compared with the
Wilcoxon-Mann-Whitney U-test and the probabilities of
P<0.05 were defined as statistically significant.

Results

Tetramer staiming

CMYV antigenemia was observed in 27 patients (73%)
between day 23 and day 56 (median, day 34) after
transplantation; 13 (35%) of them had a peak antigenemia
level of = 10/50000 leukocytes (high antigenemia) which
required ganciclovir therapy and four (11%) subsequently
developed CMV disease. The median number of leukocytes
and lymphocytes were 3500 (1300-17200)/pl and 576 (228
3333)/ul at day 30 and 3900 (1400-9700)/ul and 1018 (192
6790)/ul at day 60, respectively. The median percentages of
CD4 4+ and CDE + /lymphocytes were 15% (7-64%) and
38% (20-83%) at day 30 and 25% (6-37%) and 52%
(27-83%) at day 60, respectively.

The tetramer analysis showed that the mean and median
number of CMV-specific CTL at day 30 was, respectively,
11 and 1.9/ul for patients without CMV antigenemia, 23
and 7.8/ul for those with antigenemia, 33 and 15/pl for
those with peak antigenemia < 10/50000, 12 and 3.7/pl for
those with high antigenemia, and 21 and 2.4/u] for those
who developed CMV disease. There was no significant
correlation between the number of CM V-specific CTL and
the incidence or severity of CMV antigenemia (P> 0.05)
(Figure 1).

To further evaluate the accurate number of CMV.
specific CTL at the onset of CMV anligenemia, serial
analysis of CMV-specific CTL was performed weekly in 14
patients (Figures 2 and 3). Patient’s charactenstics are
shown in Table |. CMV antigenemia was observed in 12
patients, and five of them (UPNI-5) developed high
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Figure 1 The number of CMV-specific CTL as evaluated by tetramer
assay on day 30 post transplantation. The number of CMV-specific
CTL did not differ between patiems who did not develop CMY
antigenemia, who had antigencmia below 10/50000, who had anti-
genemia of > 10/50000. The outlined circle O indicates patients who
developed CMV colitis.
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antigenemia, including three (UPNI-3) with CMV colitis.
The mean and median number of CMV.specific CTL at the
first detection of CMV antigenemia was 21/ul and 4.7
(0-100)/pl in the 12 patients, and three (UPN2, 13, 14)
showed > 10/ul. For those who did not require antiviral
therapy (UPN6-14), the number of CMV-specific CTL was
widely ranged. While UPNG6-8 showed < 10/ul throughout
the observation time, the maximum CTL count was = 200/ul
for UPNI2-14. The number of CMV-specific CTL for
UPNI and UPN2 who developed CMV colitis showed
> 10/pl, which was 14 and 80/ul when diarrhea occurred,
and 88 and 63/pl, respectively at the time of colon biopsy
which proved CMV colitis.

It has been demonstrated that in patients coexpressing
HLA-A02 and HLA-B07, CMV-specific cellular immune
responses restricted by HLA-BO7 dominate those restricted
by HLA-A02, possibly because CD8 + T cells specific for
dominant epitopes are able to suppress immune responses
1o less favored epitopes.” The allele frequency of HLA-BO7
is low (5.2%) among Japanese'* and only one patient
coexpressed HLA-BO7 in this study. We did not exclude
this patient (UPN14) from the analysis because the number
of HLA-A02-restricted CMV-specific CTL in this patient
was 9.5/ul on day 30 and the maximum value reached
243/ul on day 128 suggesting that the coexpression of
HLA-BO7 seems not to have affected the immunoresponse
of HLA-AZ2 in this patient.

Intracellular cyvtokine assay
Upon stimulation with CMV lysate, intracellular IFN-y
staining amoeng five patients (UPN1-5) who developed high

UPN-3

100 200

Clls /)1, et

0
-7 28 63 98 133168
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CMV tetramers cells
IFN- + colls
= mPSLZ 1mg/kg
« mPSL < Tmpkg

Day of colon hopsy
which proved CMV colilis

Days after ransplanialion s——————

Figure 2 Scrial analysis of patients whe had high antigenemia of = 10750000, B indicates CMV-specific CTL as evaluated by tetramer assay, @ indicates
CMV antigenermia, gray bar indicates the number of IFN-y+ cells/ul peripheral blood when stimulated with CMV lysate, the solid line indicates

methylprednisolone administration of 1 mg/kg/day or more, the dashed line indicates corticosteroid administration less than | mg/kg/day and | indicates the
dav of colon biopsy which CMV disease was diagnosed. UPNI, 2, 3 developed CMV disease. lnracellular IFN-y was undetectable on day 60 and day 90 for

UPNI and on day 60 for UPN3,
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Figure 3 Serial analysis in patients with CMV antigenemia of < 10/50 000 or patients withow CMV antigenemia. The legends are the same as Figure 2
Intracellular cytokine was not assessed for UPNIY and UPNI4

Table 1 Patients” charactenstics
o Age HEA-A  Primary disease  Condivioning  GVHD Stem cell CM wrology Max cMV
lorus reginwn prophylavis vource —_— CMV-4g diseare
Recipiem Dimor
UPN-0| 63 0201, 0206 CML (AP) CdA/BU CSP—-TAC PB + ' 740 |
UPN-02 57 201 NHL (DLBCL)  CdA/BU Csp PB t + 48 t
LIPN-03 49 020} NHL (low grade) CdA/BU CSP—-TAC PB ¢ 4 178 4
UPN-(4 4 0206 MCL CdA/BU/ CSP+sMTX PR + + 68
ATG
UPN-05 L] 0206 AML CAdA/BU/TBI CSP+sMTX UBM ¢ + 5
L PN-06 66 (1206 MDS (RA) Flu/BU CSP+sMTX PB t o
UPN-07 61 w201 NHL flow grade) Flu/BU/ATG CSP L'BM t + 10
UPN-08 62 0201 AML CdA/BU TAC PR + + 65
UPN-09 43 0201 MDS (RA) BL/CY CSP+sMTX  UBM + 0
UPN-10 41 0206 AML BU/CY CSP+sMTX  RBM + + 2.1
UPN-11 4 0201 NHL (low grade) Flu/BU CSP+sMTX PR t + 17
UPN-12 32 01206 RCC CdA/BU CSP PR + + 2R
UPN-13 42 0206 PCL CdA/BU) CSP+sMTX PB + + 2R
ATG
LUPN-14 43 124 RCC CdA/BLI/ CSP PR + + 1.3
ATG

Abbreviations: ATG =antithymocyte globuling CdA =cladnbine; CML (AP) =CML {accelerated phasey, CSP = cyclosporine; DLBCL = diffuse large
B-cell Iymphoma; Fiu = fludarabine; MCL = mantle cell lymphoma; MDS (RA) = myelodysplastic syndrome (refractory anemia); NHL = non-Hodgkin
Ismphoma; PB = peripberal blood; PCL = plasma cell leukemia; RBM = related bone mamrow, ROC=renal cell carcinoma, sMTX =shori term
methotrexate; TAC = wacrolimus; UBM = unrelated bone marrow

antigenemia and required antiviral therapy showed that the at day 160. As for three patients with CMV colitis
mean number of IFN-y-producing cells was 3.6 (0-6.7)/pl (UPNI1-3), only one patient (UPN2) had detectable level
at day 60, which subsequently increased to 72 (15-250)/pl of IFN-y-producing cells (4.8/ul) at the time of disease
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Figure 4

Intracellular cytokine assay in a patient with CMV colitis (UPN2). The samples were taken at the onset of CMV colitis (a—c) and after recovery

fram CMV colitis (d-F), The numbers of IFN-y-producing cells on lysate stimulation (a, d) and peptide stimulation (b, ¢) both increased after recovery from

CMV colitis. () and (M are negative controls.

onsel and were undetectable for the other two patients,
which remained negative until day 90 for UPNI1. The mean
number of IFN-y+ cells subsequently increased to 19
(5-38)/ul after recovery from CMV disease (Figures 2, 4a
and d). Among the patients who did not require antiviral
therapy, the 1FN-y-producing cells were all > 10/pl at
day 60,

When stimulated with CMV peptide, 1IFN-y-producing
cells numbered 8 (0-16)/ul at the time of disease onset with
a subsequent increase to 47 (15-95)/ul after recovery from
CMYV disease (Figures 4b and ¢).

Regarding the phenotype of IFN-y-producing cells,
median of 81% (76-100) were CD4+ and <20% were
CDS8 + upon stimulation by CMV lysate. The staining of
IFN-y was brighter in CD4 4 than in CDE8 4 cells and
CD69 was positive for both CD4+ and CD8 + fraction.
IFN-y-producing cells were CD6Y low positive and median
of 42% (25-68) were CDS8 +, while the rest were CDE
CD4- phenotype upon CMV peptide stimulation,

Discussion

Our results showed that it is difficult 10 predict CMV
infection by the number of CMV-specific CTL alone as this
did not correlate with the incidence and severity of CMV
infection. While UPNI and UPN2 developed CMV colitis
after the recovery of sufficient number of CTL, UPNG,
UPN7 and UPNS did not require antiviral therapy despite
low CMV-specific CTL. These results showed that
CMYV disease could occur after HSCT even in patients
with = 10/pl CMV-specific CTL as evaluated by tetramer
assay, which has been considered to be sufficient to protect
against CMV infection.” 7

CMV-specific CTL emerged immediately following the
detection of antigenemia in most patients, suggesting
that CMV infection can be a trigger for the recovery of
CMV-specific immunity. However, UPN9 had recovery of
CMV-specific CTL at day 60 even though his CMV
antigenemia and CMV DNA as evaluated by PCR were
negative throughout the course.

On the other hand, intracellular analysis revealed that
IFN-y production in both CD4+ and CDE& -+ T lympho-
cyles was depressed in patients with high antigenemia or
CMV  disease and this had subsequently recovered
at disease resolution. Functional analysis methods for
CMV-specific immune response by flow cytometry have
been established,'® and it was reported that patients who
developed CMYV disease after SCT had no detectable 11FN-y
production by CD3+ /44 T-cells upon CMV AD-169
antigen stimulation.'” It has also been demonstrated that
levels of 1FN-y-producing CD4 + cells less than one cell/ul
and CD8 + less than three cells/ul upon stimulation by
CMV-infected autologous dendritic cells are not protective
against recurrent infection.'® As assessed by IFN-y
ELISPOT assay, the threshold level for protection against
CMV reactivation was estimated as over one cell/ul
peripheral blood upon CMV pp63 peptide stimulation.'
The number of 1FN-y-producing cells upon CMV lysate
stimulation were above ten cells/pl among patients whose
antigenemia was < 10/50 000 cells in our study, which may
be sufficient for protection against CMV reactivation. It is
difficult to determine the exact threshold level for protec-
tion against CMYV since 1IFN-y production differs among
various stimulating agents, Also the magnitude of response
is higher in the cytokine flow cytometry assay while the
cytokine flow cytometry assay was less likely than
the ELISPOT assay to detect low-level responses."

Bone Marrow Transplantation




Functional analysis of CMVespecific CTL in HSCT
¥ Morita- Hoshi of al

520

Several studies on HIV-infected patients have shown
the availability of analyzing the phenotype and other
cytokine production of virus-specific T-cells such as IL-2,
TNF-2"" ** 1t has been demonstrated that virus-specific
T-cells. which produce both IFN-y and IL-2 are important
in virus-specific immumnity, and that IFN-y/IL-2 secreting
CD8 + T-cells were CD4SRA—/CCR7 - phenotype and
correlated with that of proliferating T-cells, whereas single
IFN-y-secreting cells were either CD45RA - /CCR7- or
CD45RA + /CCR7-.* Another study has shown that
immunorestored patients had increased levels of circulating
CMV.specific CD8+ T-cells with ‘early” (CD27+4/
CD28 + [CD45RA +, CD27 4 /[CD28 + /CD45RA-) and
‘intermediate’ (CD27- /CD28 + /CD45RA - ) phenotype.**
Only IFN-y production was assessed in our study, however
higher-order flow cytometry might have added more
discriminatory value. Foster er al™ demonstrated that
CMV-specific CD4+ T-helper cells show the same
reconstitution kinetics as CD8 + CTL. Thus, functional
analysis of lymphocytes upon lysate stimulation that can be
used to assess both CD4 + and CD8 + cells is a useful tool
for monitoring T cell immunity against CMV in patients
after HSCT. This method is more widely applicable than
peptide stimulation or tetramer assay, since it is not
restricted to HLA or a single epitope. However, peptide
stimulation and tetramer assay may stll be a major
procedure in the analysis of CD8 + T-cells, since tetramers
are widely applied to adoptive immunotherapy of CMV=*
and the dominant population of IFN-y-producing cells
upon lysate stimulation was CD4 4+ . Previous study has
demonstrated that flow cytometry following stimulation of
PBMC with pp65 and immediate early (IE)-1 peptide pools
consisted of 15-aa peptides was highly sensitive and specific
in predicting the presence of recognized epitope in the
respective proteins.™ Furthermore, it has been shown that
IE-1-specific responses were more important in protective
immunity than ppb5-specific responses in heart and lung
transplant recipients.”” The stimulation with comprehensive
peptide pools might have better assessed both functional
CD4+ and CD8+ T-cell responses. Further study is
needed to identify whether IE-1 is more important than
pp65 in allogeneic HSCT patients, and the significance of
1E-1 in Japanese population with low allele frequency
of HLA-A1 (1.8%), -B7 (5.2%) or -B8 (<1%),"* which is
known to present 1E-1 epitopes.

It 1s likely that the patients who did not have CMV
reactivation despile low CMV-specific CTL had sufficient
T-cell immune-recovery against CMV since the number of
intracellular  IFN-y positive cells upon CMV  lysate
stimulation was as high as that in patiens who had
recovered from CMV reactivation. As for CD8 + T cells in
these patients, CTL against other CMV-¢pitopes besides
NLV might have helped to protect against CMV. It is
reported that the recovery of CMYV specific T-cells is earlier
in patients who received reduced-intensity conditioning
compared to conventional regimen and this was delayed by
the use of ATG."™* Additionally, the graft source and
CD3 + T-cell dose significantly influence the recovery of
CMV-specific immunity.” The difference of immune
recovery according 1o the conditioning regimen and graft
source was nol demonstrated in this study, probably due 1o
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heterogeneous patients and small sample size. Functional
depression of the lymphocytes due to corticosteroid for
GVHD seems 1o be the major cause of CMYV infection as
documented in all patients with high antigenemia. More-
over, 75% of the patients with CMV disease were receiving
more than | mg'kg/day of methylprednisolone (mPSL),
while among those who did not require antiviral therapy,
only 13% had received | mg/kg/day or more mPSL. The
influence of corticosteroid on the number of CMV-specific
CTL is controversial. Some studies have reported that a
significant reduction of CMV-specific CTL occurred with
corticosteroid therapy.* * Others have shown that the
frequency and the absolute number of CMV-specific
CDS8 + T cells were similar in patients receiving cortico-
steroids and those who didn’t, while the CMV-specific
CD8+ T cells showed decreased cytokine production,' "
Our result was consistent with the latter observation that
while the number of CMV-specific CTL does not decrease
significantly with corticosteroid therapy, IFN-y production
of CMV-specific CTL is severely suppressed. Therefore,
concomitant assessment of T-cell function s essential in
patients after HSCT, especially in those who are receiving
corticosteroid therapy.
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ABSTRACT

Ina y cytokines play a primary role in the development of acute grafi-versus-host dis-
ease (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 transplantation (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 associated with high CRP values. The high-
CRP group developed significantly more grade 11-1V 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 ner 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 Society for Blood and Marvew Transplantation
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INTRODUCTION surrogate marker of infectious diseases [15-19]. This

process is further stimulated by other eytokines in-
cluding TNF-a [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, elevation of CRP has been shown to

Allogeneic hematopoietic stem cell transplantation
(HSCT)isassociated with high trearment-related mor-
rlity (TRM) because of acute graft-versus-host disease
(aGVHD) and infecnons [1,2]. Inflammatory cyto-

kines, for example, tumor necrosis factor-a (TNF-a),
interleukin-1 (IL.-1), and IL-6 [3-11], are produced fol-
lowing condinoning and play a primary role in activat-
ing T cells, leading to GVHD and resultant target
pssue destructdon [12,13]. An acute-phase protein,
C-reactive protein (CRP), is produced by hepatocytes
downstream of 1L-6 [14] and is widely used asa reliable

be associated with TRM [21-24]. Nevertheless, these
previous studies adopted the sporadic measurement
of CRP and mostly focused on patients undergoing
conventional HSCT (CST) with a myeloablative regi-
men. It has been hypothesized that recently developed
reduced-intensity HSCT (RIST) decreases regimen-
related toxicines and, hence, may reduce inflammation
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that augments the subsequent allogeneic immune
reaction to induce GVHD and nonrelapse mortality
(NRM).

In this study, the correlation 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 inflammaton, 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. Patents who
developed graft failure or who had previous allogeneic
transplantation were excluded. Their characteristics
are listed in Table I. The median age of the patients
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 myci(:id leukemia (CML,
n = 12). Standard risk included acute leukemia in first
complete remission, chronic leukemia in the first
chronic phase, MDS in refractory anemia, and NHL
in complete remission, with the rest of the patients cat-
egorized as a high-risk group. Stem cell sources used
for ransplantadon included bone marrow (BM, n =
108), peripheral blood stem cells (PBSC, n = 98) and
cord blood cells (CB, n = 18). One-hundred five pa-
tems received a CST regimen including total-body
irridiation (TBI)-based (n = 50) and non-"TBl-based
busulfan-containing regimens (n = 553), 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 patents
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 obtined according to the
Declaration of Helsinki.

Transplantation Procedures

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

Table |. Patients’ Chavacteristics

N (%) Median
Low CRP High CRP
Group CRP Group CRP
< ISmgidl. = 15 mg/dL
Variable n =157 n =67 P Value
Age (year) 47 (18-68) 49 (19-67) .85
<40 531 (34) 16 (39)
=40 104 (66) 41 (1) .47
Patient sex
Male 84 (54) 48 (12)
Female 73 (48) 19 (18) .01
Donor sex
Male 81 (52) 30 (45)
Female 76 (48) 37 (55) 35
CMYV serostatus
Positive 140 (89) &4 (96)
Negative 17 (1) 3(4) .20
Disease risk
Standard 35 (22) 17 (25)
High 122 (78) 50 (75) 62
Conditioning
CST T2 (47) 33 (50)
RIST 85 (53) 34 (50) 64
GVHD 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 (18)
Cord blood 7 (5) 1 (18) <.001

CRP indicates C-reactive protein; CMV, cyromegalovirus; C5T,
conventional stem cell tr:w.planmtiun; RIST, reduced-intensity
stem cell transplantation; GVHD, grafi-versus-host disease;
MTX, methatrexate; PBSC, peripheral blood stem cells; FILA,
human leukocyte antigen

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
Preumocystis jiroveci  infecion 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 undil
day +180 or the discontinuation of immunosuppres-
sive agents. Patents with fever during the neutropenic
period were treated with cefepime, and additvonal
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 % 10%/L. In our insti-
tute, the CRP level was serially measured as part of
our routine checkup at least 3 omes a week. Hence,
all serially admitted patients were subjected to this
analysis. Every patient had started CRP measurement
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Table 2. Comparison of Preengrafment CRP Vilue Stratified Acconding to
the Condinionimg Regrmen (UST vernmes RIST) and the Relation to Denor
(Related verms Unrelated)

CRP Value

Patients’ Characteristics Madian (Range)

All patienty 8.9 (0.142.7)
csT 10.5 (03-31.3)*
Related 9.4 (0.6-30.0)1
Unrelated 10.6 (0.3-31.3)t
RIST 6.2 (0.1.42.7)*

Related 1.6 (0.1.9.7)
Unrelated 16.2 (0.5-42.7)1

CST mdicates conventional stem cell transplantavion; RIST, re-
duced-intensity stem cell transplantation.

P=017
tP =33,
tP < 001

before the initiation 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-
42.7, Table 2).

A 32 years old, male. AML CR2
(ma/dL) stem cell source unrelated BM

5. Fuji et al.

The “maximum CRP level” was determined by
measuring both the CRP level and the neutrophil
count, as shown in the l:l:lmp't‘ in Figurc 1A. The av-
erage number of levels assessed for each patient 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 1I-IV and grade III-IV aGVHD,
according to the Consensus Criteria [25]. The second-
ary endpoints were overall survival (OS) and nonre-
lapse  mortality (NRM). Standard  descriptive
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Figure |. An example of how we measured CRP in a representative patient (A), Dot plot of the CRP level, All parierus (B), CST versus RIST (C)

and relared versus unrelated (D)
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statistics were used. Student 7, chi-square, Fisher's ex-
act test, and Wilcoxon rank-sum tests were used to
compare clinical and patient characteristics. To ana-
lyze the pretransplant risk factors for a high CRP level,
logistic analysis was used. OS was estimated using Ka-
plan-Meier curves, The cumulative incidence of
aGGVHD and NRM was estimated based on a Cox re-
gression model for cause-specific hazards by treating
progressive disease or relapse as a competing event,
Cox proportional hazard models were used for the
muldvariate 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]-marched versus
HLA-mismatched, related versus unrelated), GVHD
prophylaxis (cyclosporine-based versus tacrolimus-
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 multiple lo-
gistic analysis and Cox proportional hazard modeling.
In Japan, only BM and CB are allowed for unrelated
transplantation, and most transplantatons 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
multvariate 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, respectvely, 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-
spectvely, 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 clevated
within 2 wecks of HSCT. Stratified data according
to conditioning regimen (CST versus RIST) or rela-
tion to donor (related versus unrelated) are shown in
Figure 1C and D, respecuvely.

To clarity the prewransplant risk factors for high
CRP values during neutropenia, we performed a logis-
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nc regression analysis, which showed that male, unre-
lated donor, stem cell source with BM or CB
transplantation (versus PBSCT), HLA-mismartched
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 a 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, respectively), 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 wransplantaton (1.6 mg/dL [0.1-9.7] veruss
16.2 mg/dL [0.5-42.7): P < .001). However, the logis-
uc analysis failed to disclose any overall significant dif-
ference berween CST and RIST.

Primary Outcomes

The cumulative incidences of aGVHD grade TI-TV
and grade 111-1V are shown, respectively, in Figure 2A
and B. Grade 11-1V and grade ITI-1V 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 proportonal 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 patents who received a myeloablative
condivoning regimen (grade 1I-IV aGVHD 25% in
the low-CRP group and 58% in the high-CRP group,
P < 001, grade ITI-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 Logistic Regresston Analysis of Risk Factors for High
CRP durimg Newrropena
Factors with P < 10 a Multrwariate Avalyss Was Shouwn*

Multiple Logistic
Regression Analysis

Outcomes and

Variables Odds 95% CI P Value
Unrelated donor 4.6 2.2-9.4 «.001
HLA mismatch 1.6 1.3-5.0 Joos
Patient sex (male) 2.1 1.1-4.2 0028
CRP indicares C-reacove protein; C1, confidence interval; HLA,

human leukocyre antigen; CMV, eytomegalovirus
*Facrors included in umvariare analysis: pavent sex, donor sex, CMV
serostatus, use of short-term MTX, relavion to donor, HLA mis-
match, conditioning, GVHD prophylass, stem cell source.
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Figure 2. Cumulanive incidence of grade 11TV aGVHD (A) and grade ITI-IV « GVHD (B) soranfied according to the maxmal CRP level during

neutrc perua.

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 myeloablagve 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 rato
[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,HR 2.6,95% CI 1.1-6.2), as shown in Table
4. When the threshold was setat 15 mg/dL, the sensi-
tivity and specificity of the CRP level for prediction of
grade II-IV aGVHD, NRM, or OS were 37% and
75%, 59% and 79%, and 40% and 78%, respecuvely.
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-
tents (58%) in the high-CRP group died (P = .002,
OR 2.4 [1.4-4.4]). Six pauents (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 patents
(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-
tious diseases associated with cGVHD and its treat-
ment. No patent (0%) in the low- and 5 (7%) in the
high-CRP group (P = .002) died because of infectious
diseases excluding infectous 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 infecuous disease.

DISCUSSION

The results of this retrospective study suggested
that higher CRP values during the neutropenic period
may reflect net inflammation secondary to tssue dam-
age because of the conditoning regimen, infection,
and subsequent allogeneic immune reactions, all of
which lead to aGVHD/¢GVHD and uldmate NRM.
In a mouse model, the concept that the production
of inflammatory cytokines plays an important role in
the development of aGVHD, by affecting the afferent
and effector phase [12,13], has been accepted, Cooke
et al. [26] showed that LPS antagonism reduced
aGVHD in a mouse model, as indicated by Ferrara
et al. [4]. However, in human studies, the value of de-
termining individual levels of cytokines to monmitor
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 Varsate Analysis for alGGVHD, NRM, and 05"

Outcomes and Variables Hazard Ratio 5% Cl P value
Grade 1.1V aGVHD
High CRP .7 1.1-2.6 .01
CMYV positivity 31 L.o-9.8 K 1
Disease risk (high) I.é 0.9-2.7 10
NRM
High CRP 4.0 1.0-8.0 <.001
Age (=40 years old) 1.9 0.9-1.9 07
Disease risk (high) 1.4 1.1-8.2 .03
os
High CRP 2.0 1.3-3.1 002
Disease risk (high) 11 1.2-4.0 .02

CRP indicates C-reactive protein; Cl, confidence interval; CMV,
cymmegalovirus; GVHD, grafi-versus -host disease; TBI, tocal
body irradiation; NRM, nonrelapse mortality; OS, overall

*Factors included in univariare analysis: patient sex, donor sex, CMV

seroatatus, vse of short-term MTX, relsvion o donor, HLA mus-

match, conditioning, GVHD prophylaxis, stem cell source
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Figure 3. OS5 stratified according 10 the maximal CRP level during neutropenia (A). Cumulative incidence of TRM stratified according to the

maximal CRP level during neutropenia (B)

worldwide, especially in Japan, to disunguish 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.

QOur patents had various interacting backgrounds,
and it 15 still difficult to predict whether a patent with
a high CRP level is destined to suffer from GVHD or
major infectious complications. Infectious discases
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 infection
mostly focuses on the effective control of Gram-nega-
tve bacteria, considering the potent immediate patho-
logic effect of the organisms. However, if the
hypothesis that decreasing the net production of eyto-
kines is important for the prevention of subsequent
GVHD is correct, more effort should be paid to
broadly cover other types of organisms or even clini-
cally less significant infection, that is, stomatis, 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. Canuses of Death Stentified Acording to CRP Value during Newtvopenia

Low CRP Group High CRP Group
CRP = 15 mgldL CRP = |5 mg/dL
Causes of death n= 157 n =67 P Value
Total 57 (36%) 19 (58%) .002
Relapse/progressive disease 34 (22%) 8(12%) 09
acute GYHD (toral) & (4%) 5(7T%) 25
acute GVHD 5 (I%) 3 (5%) 63
acute GYHD + Infection 1 (1%) 1(3%) A6
chronic GYHD (total) 7 (4%) 11 (18%) .003
chronic GYHD 3 (2%) 7(10%) 008
chronic GVHD + infection 4(3I%) 4 (6%) 21
Infection® 0 (0%) 5(7%) 002
MOF} 0 (0%) 4 (&%) 008
Respiratory failuref 3(2%) 4 (&%) N1
Others Stroke 2 VoD |
VoD 12 Myocardial infarction |

Secondary cancer |

Unknown 2

CRP indicates C-reactive protein; GVHD, graft-versus-host disease; TBI, total-body irradiation; MOF, multiple organ failure; VOD, veno-

lﬂllll\l\'c lIl\l'J\l'
*Excluding infecnon during GVHD or GVHD treaoment.
t Excluding MOF due to GVHD, infection

t Excluding respiratory failure because of GVHD, infecoon, and MOF
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Tissue damage caused by the conditoning regi-
men, complicated infections, and allogeneic immune
reactions are the primary factors that are associated
with the inival elevaton of CRP early in the course
of allogeneic HSCT. Consequently, it can be specu-
lated that a reduced-intensity conditoning regimen
results in decreased cytokine release and a resultant
lower CRP value, which may lead 1o less chance of de-
veloping GVHD. Although the RIST regimens we
used were relatively dose-intense, in this retrospective
review we still found that CRP levels tended to be de-
creased after RIST compared to conventional myeloa-
blauve transplantation, particularly in a relared
compared to an unrelated transplantation setting. Be-
cause augmentaton of allogeneic immune and inflam-
mation reactions may induce a higher CRP value, we
speculate thar the benefit of RIST is diminished
when a strong allogeneic reaction is induced, as in
cases of unrelated transplantation.

To further evaluate the relationship between
a higher CRP value during neutropenia and common
risk factors associated with transplantation, we per-
formed a multvariate analysis and showed that unre-
lated donor, HLA mismatch, and male sex were
associated with higher CRP values. Additionally, from
the finding in the multvariate analysis that unrelated
donor and HLA mismatch were independently associ-
ated with high CRP, we surmised that the degree of ge-
netc disparity might be associated with higher CRP
during neutropenia, Based on a consideration of these
findings together, we think that a higher CRP value
may reflect the degree of tissue damage because of the
ransplant regimen and the subsequent magnitude of al-
logeneic immune reactions. Nevertheless, our analysis
was hampered, because in Japan only BM and CB are al-
lowed for unrelated transplantations, and most trans-
plantations with a related donor use PBSC as a stem
cell source. In these settings, a theoretically longer neu-
wropenic period after unrelated BM or CB mransplanta-
tion might be associated with a higher risk of infection,
which could lead to higher CRP, as shown in this study.

In this study, the primary causes of death in the
low-CRP group were mainly relapse and progression,
whereas in the high-CRP group this was NRM. Nota-
bly, the observation that the relapse rate was higher in
the low-CRP group than in the high-CRP group, as
previously suggested by Min et al. [23], may further
support our hypothesis that serum CRP values repre-
sent overall inflaimmation and cytokine production,
which paves the way to GVHD and related graft-ver-
sus-leukemia (GVL) effects. A possible reason for
this finding is that a low CRP level resulted in a lower
incidence of GVHD and a resultant decrease in the
GVL effect, or the high-CRP group developed earlier
and more-frequent death from NRM compared to the
low-CRP group, which left fewer patents for evalua-
tion of the later occurrence of relapse.

5. Fuji ec al.

In conclusion, our results suggest that the CRP
value in the neutropenic period before engraftment
in padents undergoing allogeneic HSCT may be
a net surrogate marker of early inflammation that leads
to the development of aGVHD/cGVHD and subse-
quent NRM, as has been proposed in mouse models.
The intensity of the conditioning regimen, infectious
diseases, and degree of allogencic immune response at-
tributed to HLA comparibility and the stem cell source
may be the major factors that predict higher CRP
values. Based on the results of this retrospective study,
future clinical studies to evaluate the feasibility of ear-
lier intervention and adjustment of the procedure for
preventing GVHD and NRM based on monitoring
of the early CRP value are warranted.
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