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Only limited data are available regarding the relationship between blood concentration of tacrolimus and its
efficacy in preventing acute graft-versus-host disease (aGVHD). We retrospectively evaluated the effects of
the whole blood concentration of tacrolimus, which was measured by an automated microparticle enzyme
immunoassay, early after allogeneic hematopoietic stem cell transplantation (HSCT) upon the development
of aGVHD. Sixty patients, who underwent allogeneic HSCT from serologically human-leukocyte antigen-
matched unrelated donors and received continuous infusion of tacrolimus with short-term methotrexate
for GVHD prophylaxis, were included in this study. The target range of the blood concentration of tacrolimus
was set at 10 to 20 ng/mL, and the level was maintained within this range in all patients. However, the mean
blood concentration of tacrolimus during the third week after HSCT was significantly associated with the
grades of aGVHD (17.3 = 2.1 in patients with grades 0-l vs [5.9 = 2.8 in IV and 14.8 = 2.1 in Ill-IV; P
< .05 and <.0l, respectively). Multivariate analysis also demonstrated that higher age (=35) of
donor (odds ratio [OR] = 4.28) and lower mean blood concentrations of tacrolimus during the second
(OR = 0.75; 95% confidence interval [Cl]: 0.58-0.98) and third weeks (OR = 0.76; 95% CI: 0.58-0.98) after
HSCT were significant risk factors for grades -1V aGVHD (P <.05). We conclude that the early posttrans-
plantation blood concentration of tacrolimus had a significant impact on the development of moderate-

to-severe aGVHD after allogeneic HSCT from an unrelated donor.
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INTRODUCTION

Graft-versus-host disease (GVHD) remains 1 of
the major life-threatening complications of allogeneic
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hematopoietic stem cell transplantation (HSCT), de-
spite the introduction of calcineurin inhibitors such
as cyclosporine A (CsA) and tacrolimus. Tacrolimus
possesses 100 times greater in vitro inhibitory activity
against T cells than CsA, and has been widely used for
the prophylaxis of GVHD alone or in combination
with methotrexate (MTX) in patients undergoing allo-
geneic HSCT who are at high risk for developing
GVHD [1,2]. There have been 3 randomized trials
comparing the efficacy of CsA and tacrolimus in the
prophylaxis of GVHD after allogeneic HSCT, all of
which indicated that tacrolimus with short-term MTX
could prevent the development of acute GVHD
(aGVHD) more effectively than CsA with short-term
MTX [3-5]. However, the target ranges of the blood
concentration of tacrolimus early after transplantation
varied significantly among these 3 studies [3-5]. In
addition, the descriptions of the actual duration of
intravenous administration of tacrolimus, as well as
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the actual blood concentrations of tacrolimus, were
insufficient, and either of these parameters could
critically affect the drug’s efficacy. There have been
few studies that evaluated the optimal range of blood
concentration of tacrolimus early after allogeneic
HSCT for preventing aGVHD. Those studies clearly
demonstrated that a higher blood concentradon of
tacrolimus was associated with its toxicity and
transplant-related mortality (TMR), but failed to dem-
onstrate any significant impact of blood concentration
of tacrolimus on the incidence of aGVHD [6,7]. Based
on these findings, a target range of 10 to 20 ng/mL of
tacrolimus was recommended. However, wide target
ranges of tacrolimus concentration were set in these
studies. In addition, the evaluations of tacrolimus
concentrations at a steady state of intravenous infusion
were compared rather haphazardly with those of the
trough levels of orally administered tacrolimus. We
previously showed that the 2 routes of administration
had significantly different pharmacokinetic profiles [8].
Therefore, we believe that it is necessary to reevaluate
the relationship between the tacrolimus blood
concentration and development of GVHD within the
steady-state target range between 10 and 20 ng/mL.
Recently, Watanabe et al. [9] reported a significant
relatdonship between the tacrolimus blood concentration
and incidence of aGVHD of grades II-IV in pediatric pa-
tents. They tried to maintain the blood concentration
within 5 to 15 ng/mL, and found that the incidence of
aGVHD of grades II-IV was 65.9% in patients with
a mean blood concentration =7 ng/mL and 34.8% in
those with a blood concentration >7 ng/mL. In this
study, we retrospectively evaluated the relationship be-
tween the blood concentration of tacrolimus within the
recommended range and the development of aGVHD
within its currently recommended blood concentration
in adult padents who underwent allogeneic HSCT
from serologically human leukocyte antigen (HLA)-

matched unrelated donors.

PATIENTS AND METHODS

Patient and Donor Characteristics

Patents with hematologic disorders who underwent
allogeneic HSCT from an unrelated donor at Keio Uni-
versity Hospital were retrospectively evaluated. The in-
clusion criteria were as follows: (1) T cell-repleted
transplantation from an HLA-A, B, and DR serologi-
cally matched unrelated donor; (2) use of tacrolimus
and short-term MTX for GVHD prophylaxis; (3) ad-
ministration of tacrolimus intravenously for at least 3
weeks after transplantation without permanent discon-
tdnuation; and (4) regular measurement of the whole
blood tacrolimus concentraton at least 4 times in each
week. Among the 64 patients who underwent allogeneic
HSCT from an HLA-A, B, and DR serologically
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matched unrelated donor, 60 patients fulfilled the crite-
ria and were included in the analysis. Four patients were
excluded because of early discontinuation of tacrolimus
because of multiple organ failure (n = 2), disease relapse
(n = 1), and early switch from intravenous to oral (n =
1). The source of stem cells was bone marrow in all pa-
tients. The patient characteristics are shown in Table 1.
All patients underwent HSCT for the treatment of he-
matologic malignancies, with the exception of 2 patients
who had aplastic anemia. HLA-A and HLA-B antigens
were typed using standard serologic or low-
resolution techniques. HLA-A, B, and DRB1 alleles
were typed using high-resolution DNA techniques,
as described previously [10]. Fifty-nine patients
received myeloablative conditioning (total body
irridiation [TBI]-based, n = 58; busulfan + cyclopho-
phamide, n = 1), and 1 patient received a reduced-
intensity regimen (fludarabine + melphalan).

GVHD Prophylaxis

Tacrolimus was administered daily starting on day
—1 at a dose of 0.03 mg/kg by continuous intravenous
infusion, and the dose was adjusted to maintain the
whole-blood tacrolimus concentration between 10
and 20 ng/mL. The dose of tacrolimus had been
adjusted by each physician according to the whole-
blood tacrolimus concentration and adverse
events such as renal dysfunction. The whole-blood

Table 1. Patient and Donor Characteristics

No. of patients 60
Median age
years (range) 36 (12-56)
Sex
Male/female 41/19
Diagnosis
Acute leukemia 31
Chronic myelogenous leukemia 14
Myelodysplastic syndrome 7
Malignant lymphoma 6
Aplastic anemia 2
HLA compatibility
Serologically match 60
Class | (A and B)
Allele match 43
Allele mismatch 10
Data not available 7
Class It (DRBI)
Allele match 45
Allele mismatch 15
Median age of donor
Years (range) 34 (20-53)
Gender of donor
Male/female 37/23
Conditioning
Myeloablative 59
Reduced intensity |
Methotrexate doses for GVHD prophylaxis
Four doses (days |, 3, 6, and 1) 25
Three doses (days I, 3, and 6) 35

HLA indicates human leukocyte antigen;
disease.

GVHD, graft-versus-host
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concentration of tacrolimus was measured by an auto-
mated microparticle enzyme immunoassay. The
administration of tacrolimus was switched from intra-
venous to oral when patients could reliably take oral
medication. Basically, MTX at a dose of 15 mg/m’
was given intravenously on day 1, followed by 10
mg/m” on days 3, 6, and 11. MTX on day 11 was omit-
ted if the patients had severe infection, mucositis, and/
or liver dysfunction. Twenty-five patients received 4
doses, and 35 received 3 doses of MTX. Among the
35 patients who received 3 doses of MTX, 10 received
reduced doses of methotrexate (10 mg/m” on day 1,
and 7 mg/m” on days 3 and 6) according to the local

protocol. None of the patients received antithymocyte
globulin (ATG) for the prophylaxis of GVHD.

Diagnosis and Grades of aGVHD

The diagnosis of aGVHD was made based on clin-
ical and pathological findings, and graded according to
the consensus criteria [11].

Statistical Analysis

The relation between the grades of aGVHD and
the concentrations of tacrolimus was evaluated using
the Jonckheere-Terpstra test. The difference between
the 2 groups was compared using the chi-square test,
the Fisher exact test, and Mann-Whitney U test as ap-
propriate. Multivariate analysis was performed using
multiple logistic regression analysis. P values <.05
were considered statistically significant.

RESULTS

Relationship between the Incidence of Grades of
aGVHD and Concentration of Tacrolimus

Among the 60 patients, 13 patients (21.7%) devel-
oped grade I aGVHD, 20 (33.3%) developed grade 11,
6 (10%) developed grade III, and 5 (8.3%) developed
grade IV (Table 2). Among the 31 patients with grades
[I-IVaGVHD, 27 patients (87.1%) developed aGVHD
in the third week or later period after transplantation.
The mean blood concentrations of tacrolimus during

Table 2. Mean Tacrolimus Concentraion in Relation to
Grades of GYVHD

Mean Concentration (+SD)

Grades of GYHD N of Tacrolimus (ng/mL)*
0 16 17.2 £ 1.20%
! 13 16.9 £ 1.387
Il 20 16.1 £ 1.897
1] 6 16.3 £2.28}
\% 5 14.1 £ 230}
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the first 3 weeks after transplantation ranged between
10.9 and 20.2 ng/mL (median: 16.6 ng/mL). In relation
to the grades of aGVHD, there was a significant trend
of lower mean concentration of tacrolimus during the
first 3 weeks after transplantation (P < .05) (Table 2).
The comparative analysis of the concentration of
tacrolimus in each week during the first 3 weeks after
transplantadon indicated that the mean concentration
of tacrolimus was significantly lower in patients with
grades II-IV aGVHD than those with grades 0-I
aGVHD in the second and third weeks after transplan-
tation (P < .05) (Table 3). The same analysis also
indicated that the mean concentration of tacrolimus
was significandy lower in patients with grades III-IV
aGVHD than those with grades 0-I aGVHD in the
third week after transplantation (P < .01) (Table 3),
but not in the second week. No significant differences
were observed in the analysis comparing the concen-
trations during the first week after transplantation

(Table 3).

Factors Affecting the Development of aGVHD

In addition to the concentration of tacrolimus, the
effects of patient age, patient sex, donor age, donor sex,
patient-donor sex match, HLA compatibility in class I
and II alleles, and the MTX doses on the incidence of
grades II-IV aGVHD were evaluated (Table 4). In
univariate analysis, older donor age, 3 doses of MTX
(vs 4 doses), and blood concentration of tacrolimus
were identified as significant factors for developing
grades II-IV aGVHD (Table 4). In multivariate analy-
sis, significant factors for developing grades II-IV
aGVHD included older donor age and mean tacroli-
mus blood concentration during the second and third
weeks each after transplantation (Table 4). Although
lower doses of MTX were not a significant factor by

univariate analysis, they showed a strong trend of asso-
ciation with aGVHD (P = .06) (Table 4).

Effects of Tacrolimus Concentration on Renal
Function

In all padents, the serum creatinine level was mea-
sured every day during the first month posttransplan-
tation. Among the 60 patients, the serum creatinine

Table 3. Relationship between Grades of Acute GVHD and
Concentration of Tacrolimus at Each Week after Trans-
plantation

Mean Concentration (£SD) of Tacrolimus (ng/mL)

Grades
of GVHD N First Week Second Week Third Week
0-1 29 173 +25 167+ 1.9 173 £ 2.1
v 31 16.7 £ 3.9% 15.0 + 3.11 15.9 + 2.8¢
-v h 15.5 + 4.8% 15.6 £ 2.7 148 £ 2.1%

GVHD indicates graft-versus-host disease.

*Mean concentraion during the first 3 weeks after transplantation.
1Significant trend of decrease in relation to grades of GVHD by
Jonckheere-Terpstra test (P < .05).

GVHD indicates graft-versus-host disease; SD, standard deviation.
*Not significant compared with grades 0-1.

TStatistically significant compared with grades 0-1 (P < .05).
FStatistically significant compared with grades 0-1 (P < .0I).
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Table 4. Univariate Analysis for Factors Affecting the Incidence of Acute GVHD (Grades li-1V)

Univariate Analysis

Multivariate Analysis

Factors Incidence of Acute GVHD (%) P Value Odds Ratio 95% ClI P Value
Patient sex Male versus female 53.7 versus 47.4 78 — —_— —
Patient age (years) 35 or greater versus <35 56.3 versus 46.4 61 e — —
Donor sex Male versus female 53.7 versus 47.4 A3 —_ — —
Donor age (years) 35 or greater versus <35 68.0 versus 40.0 .04 4.28 1.15-15.92 .03
Recipient/donor sex Match versus mimatch 48.0 versus 70.0 .30 — — e
HLA class I* Match versus mimatch 46.5 versus 70.0 .30 —_ — e
HLA class Il Match versus mimatch 51.1 versus 53.3 | — — —
MTX doses 4 doses versus 3 doses 37.1 versus 72.0 01 344 0.97-12.26 .06
Tacrolimus conc. 2nd week Continuous variable T <.05% 0.75% 0.58-0.98 .03
Tacrolimus conc. 3rd week Continuous variable T <.05¢ 0.76% 0.58-0.98 .04

GVHD indicates graft-versus-host disease; Cl, confidence interval; HLA, human leukocyte antigen; MTX, methotrexate; conc., concentration.

*Data were missing in 7 patients.
1The results are shown in Table 3.
JFor every increase of 1.0 ng/mL in blood concentration of tacrolimus.

level increased twofold or more during the first month
after transplantation as compared with that before
transplantation only in 3 patients (5%). There was
no significant correlation between the mean blood
concentration of tacrolimus during the 3 weeks of
the study period and the increase in serum creatinine
in all patients (p = 0.11, P = .40). No patients devel-
oped posterior reversible encephalopathy syndrome.

DISCUSSION

The prominent features of the present study com-
pared with other studies evaluating the relationship
between blood concentration of tacrolimus and
aGVHD were: (1) the blood concentrations of tacroli-
mus were all obtained during its continuous infusion;
(2) GVHD prophylaxis was tacrolimus and short-
term MTX in all cases; and (3) stem cell donors were
all serologically HLA-matched unrelated donors. Fur-
thermore, the target range of blood concentration had
been set at 10 to 20 ng/mL, which was strictly moni-
tored, and the mean concentration was successfully
maintained within the range in all the patients. In
this homogenous population, the blood concentration
of tacrolimus had a significant impact on the develop-
ment of grades II-IVaGVHD. Because a variety of fac-
tors reportedly affect the incidence of aGVHD, the
variation of those factors should be minimized to eval-
uate the efficacy of immunosuppressive therapy in pre-
venting aGVHD. Especially in regard to tacrolimus
administration, not only its actual blood concentration
but also the route of administration (continuous infu-
sion or oral) could have a significant effect on its effi-
cacy. In addition, the steady-state concentrations of
intravenous infusion and the trough levels of oral ad-
ministration were identically evaluated in the previous
study [6]. To avoid such potential confounders, this
study was designed to evaluate the relationship be-
tween the blood concentration of tacrolimus and the
development of aGVHD with minimal effects on other
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factors. This may explain the discrepancy between this
study and other studies that did not demonstrate the
significance of this relationship [6,7]. On the other
hand, a recent report on pediatric patients by
Watanabe et al. [9] demonstrated a similarly signifi-
cant effect of blood concentration of tacrolimus on
the incidence of aGVHD; in their study, as in ours,
the blood concentrations of tacrolimus were evaluated
under continuous infusion (28 days, in their report) [9].
To our knowledge, their report and ours are the only 2
studies demonstrating a clear relationship between the
blood concentration of tacrolimus and the develop-
ment of aGVHD.

However, a number of important differences be-
tween the present study and the report of Watanabe
et al. [9] should also be discussed. The results of our
study indicated that a tacrolimus blood concentration
of 15 to 16 ng/mL constituted the dividing line be-
tween patients with grades 0-I aGVHD and those
with grades II-IV or III-IV aGVHD (Table 3), and
thus that 15 to 16 ng/mL might be the recommended
concentration for efficacious prophylaxis of aGVHD.
However, Watanabe et al. [9] have suggested that
this line should be 7 ng/mL. This difference could
be explained by the differences in target blood concen-
tration of tacrolimus between the 2 studies (10-20 vs
5-15 ng/mL). In addition, their study included recipi-
ents of allogeneic HSCT using various types of stem
cells and donors. Because the recipients of stem cells
from HLA-identical siblings or cord blood from
unrelated donors could be considered at lower risk of
developing aGVHD [5,12-15], this could also have
partly contributed to the difference in targeted blood
concentration of tacrolimus between the 2 studies. It
is possible that the recommended targeted blood
concentration of tacrolimus could be different among
the types of stem cell sources, and this should be
examined separately.

Tacrolimus shows its inhibitory activity against ac-
tivated T cells in vitro in a dose-dependent manner
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[16-18]. The results of the present study clinically
support this observation. However, it should be
considered that tacrolimus also causes side effects,
such as nephrotoxicity, when its blood concentration
remains within the toxic range (presently considered
to be above 20 ng/mL) for a prolonged period [6,7].
Once its toxicity arises, physicians need to discontinue
the drug temporarily or decrease the target range.
Such an unexpected and unplanned dose adjustment
of tacrolimus is likely to increase the risk of
developing aGVHD, and this could be 1 of the
plausible explanations for the failure of the previous
reports to demonstrate the dose-dependent efficacy of
tacrolimus, because these reports applied wider and
higher (>20 ng/mL) target ranges [6,7]. Therefore,
our results suggest that the in vivo efficacy of
tacrolimus in preventing aGVHD is dose dependent
as long as its concentration is strictly maintained
within a less toxic therapeutic range.

- In addition to the blood concentration of tacroli-
mus, we found that the donor age was also a significant
factor affecting the development of aGVHD. Older do-
nor age (35 years old or older) increased the incidence
of grades II-IV aGVHD with an odds ratio (OR) of
4.28 (95% confidence interval [CI}: 1.15-15.92). There
have been a series of reports evaluating the risk factors
for aGVHD, and diverse factors have been identified
[19-27]. However, the effect of donor age on aGVHD
remains controversial. Among those studies, only a
few studies identified donor age as a significant factor
affecting the incidence of aGVHD); in these studies,
older donor age significantly increased the incidence
of aGVHD [26,27].

Renal toxicity is 1 of the most common adverse ef-
fects of tacrolimus. In the present study, in which the
target level of tacrolimus was set at 10 to 20 ng/mL,
only 5% of the patients experienced renal impairment
defined by doubled serum creatinine levels compared
with those before transplantation. In addition, there
was no significant correlation between the concentra-
tion of tacrolimus and an increase in the serum creati-
nine level. In this study, the dose of tacrolimus was
adjusted on a daily basis, not only according to its
steady-state blood concentration of tacrolimus but
also the serum creatinine level. In addition, efforts,
such as hydration and dose adjustment of other neph-
rotoxic drugs concurrently given, were made to correct
renal impairments. Therefore, our experience strongly
suggested that tacrolimus could be safely administered
at a concentration of 10 to 20 ng/mL if patients were
optimally managed.

In conclusion, physicians should recognize the

“significance of early posttransplantation blood con-
centration of tacrolimus in preventing aGVHD, and
should maintain the concentration between 15 and
20 ng/mL. Further prospective studies are warranted
to evaluate the efficacy and safety of this target range
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of blood tacrolimus concentration in allogeneic
HSCT recipients.
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M-CSF attenuates severity of chronic GVHD after unrelated BMT
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To study the effects of M-CSF administration on long-
term outcomes of unrelated BMT, we retrospectively
analyzed data from patients transplanted through the
Japan Marrow Donor Program. We obtained data from
54 patients who received M-CSF just after BMT and 500
patients who did not receive M-CSF or G-CSF acted as
controls. There were no significant differences between the
two cohorts with respect to OS, acute GVHD or relapse.
Although the incidence of chronic GVHD was comparable
between the two groups, extensive chronic GVHD was
observed significantly less often in the M-CSF cohort than
in the control group. Multivariate analysis identified M-
CSF as a significant factor for attenuating extensive
chronic GVHD (relative risk: 0.73; 95% confidence
interval: 0.55-0.94; P =0.012). We also found the same
results in matched-pair analysis. Qur observation suggests
the potential for clinical use of M-CSF to dampen severe
chronic GVHD.

Bone Marrow Transplantation advance online publication,
18 April 2011; doi:10.1038/bmt.2011.90

Keywords: M-CSF; unrelated BMT; chronic GVHD

Introduction

Chronic GVHD is a major barrier to successful hemato-
poietic SCT. Because immunosuppressive treatment is
necessary for extensive chronic GVHD, it remains a major
cause of late death despite its association with lower relapse
rates."? Its pathophysiology is poorly understood, and
management strategies beyond systemic corticosteroids
have not been established. Neither thalidomide nor
prolonged use of calcineurin inhibitors have been successful
in preventing chronic GVHD.**
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M-CSF, a growth factor for cells from the monocyte-
macrophage lineage, has been used after chemotherapy
and BMT to induce the early recovery of neutrophils and to
reduce the incidence of febrile neutropenia.®’” A tolerogenic
action of M-CSF was reported during the induction of DCs
from cord blood.*® Most recently, M-CSF administration
before conditioning reduced the severity of GVHD in a
mouse model, and it is anticipated that this modality may
be adopted as a new strategy for preventing GVHD.'?

In this study, we retrospectively analyzed data from
patients who underwent unrelated BMT through the Japan
Marrow Donor Program to study effects of M-CSF
administration on long-term outcomes of UR-BMT, and
we identified decreased severity of chronic GVHD after
M-CSF administration.

Materials and methods

We retrospectively analyzed data from patients who had
undergone their first BMT through the Japan Marrow
Donor Program between 1993 and 2005 and for whom
complete data concerning age, sex, HLA compatibility
and M-CSF treatment were available. Acute leukemia,
malignant lymphoma and multiple myeloma in the first
or second remission, CML in the first or second chronic
phase and MDS without leukemic transformation were
considered standard-risk diseases, whereas other hemato-
logical malignant diseases were considered high-risk
diseases. Chronic GVHD was classified as having limited
(involving only localized skin and/or liver) or extensive
(generalized skin or limited disease plus involvement of
other organs) involvement. Diseases that are not malignant
were considered benign diseases. Informed consent
was obtained from patients and donors in accordance with
the Declaration of Helsinki, and approval of the study
protocol was obtained from the JMDP Institutional
Review Board.

Statistical analysis was performed with JMP (version 5.1;
SAS Institute Inc., Cary, NC, USA) and R software
(www.r-project.org/). OS was analyzed by the Kaplan—
Meier method, and the log rank test was used to test the
significance of differences. The incidence of GVHD and
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Table 1 Patient’s characteristics relapse was estimated by the cumulative incidence method
Factor M-CSF No CSF P considering death W{thout GVHD and de.ath without
(n=54) (n=500) relapge as competing risks, respectively, according to EBMT
statistical guidelines (http://www.ebmt.org/1WhatisEBMT/
Gender of patient Op_Manual/OPMAN_StatGuidelines_oct2003.pdf). The in-
Male 35 297 0302 cidence of chronic GVHD was evaluated in patients who
Age of patient survived more than 100 days after transplantation. Factors
Range 2-59 0-65 that significantly affected chronic GVHD were evaluated
Median 27 31 0-160 by the Cox proportional hazards model. For matched-pair
Gender of donor analysis, one or two patients were selected from the control
Male 42 31 0020 cohort by closely matching for recipient age and gender,
Age of donor donor age ‘ar.ld ge-nder, disease risk, GVHD prophylaxis,
Median 36 33 0.076 ATG administration, era of transplantation and HLA
) compatibility.
Disease
Benign 0 19 0.014
Malignancy (standard risk) 35 239
Malignancy (high risk) 19 242 Results
ATG Fifty-four patients received M-CSF administration within
Yes 1 26 0.220 R .
8 days of undergoing a BMT for a median length of
Number of infused nucleated cells 13 days, and data from 500 patients who received no CSF
Mean ( x 10° cells/kg) 3.01 2.83 0.521 were used as the control. Forty-five patients started M-CSF
GVHD i injection on the first day after completing BMT. There were
f A’f %%Xaw 1 314 0104 Do significant differences in the patients’ ages or sex, the
Tacrolimus + MTX by 151 donors’ ages, ATG administrqtion, infused nucleated
Others 1 35 cell number, GVHD prophylaxis or HLA compatibility
A (Table 1). The M-CSF cohort (M) group received more
Ldentical 19 320 0.495 transplants from male donors (M, 77.8% vs control,
62.3%; P=0.020) in the nineties (M, 57.4% vs control,
Year 35.8%; P=0.002), and contained more standard-risk
;ggg:;ggg ;; ;;(l) 0.002 diseases than the control cohort (M, 64.8% vs control,
47.8%; P=0.014).
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Figure 1 Kaplan—-Meier curves showing OS in patients with or without M-CSF administration after BMT (a). Cumulative incidence curves showing the
probability of chronic GVHD (b), extensive chronic GVHD (¢) or relapse (d) in a competing risks setting.
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OS of the M cohort group was superior to that of the
control cohort (Figure la; M, 57.7% vs control, 46.4% at
5 years after transplantation), but the difference was not
significant (log rank test, P=0.084). There were no significant
differences in the incidence or grade of acute GVHD between
the two cohorts (Gray test, all acute GVHD, P=0.316; grade
2-4, P=0.691; grade 3-4, P=0.855).

The incidence of chronic GVHD was comparable in the
two cohorts (Figure 1b; Gray test, P=0.903). The
incidence of extensive chronic GVHD of the M cohort
was significantly lower than in the control (Figure lc; Gray
test, P=0.021). The observed occurrence of extensive
chronic GVHD was 8.9% in the M cohort and 24.3% in
the control. Multivariate analysis revealed that M-CSF
administration was a significant factor, as was the age of
patients and donors, underlying disease and acute GVHD
(Table 2). Although chronic GVHD is associated with a
lower relapse rate of the underlying malignant disease, we
did not observe any increase of relapse rate in the M cohort
(Figure 1d; Gray test, P=0.533).

We also performed matched-pair analysis with M-CSF-
treated patients and identified a significant decrease in
extensive chronic GVHD (Figure 2b; Gray test, P<0.001).

Table 2 Multivariate analysis for extended type chronic GVHD
using Cox proportional hazard modeling

Factor Relative risk (95% CI) P
Patient’s age 1.01 (1.00-1.02) 0.015
Donor’s age 1.02 (1.01-1.04) 0.010
Disease risk
Standard 1.00 <0.001
High 1.60 (1.16-2.41)
Benign 0.87 (0.40-1.56)
Acute GVHD
No 1.00 0.006
Yes 1.23 (1.06-1.45)
CSF
No 1.00 0.012
M-CSF 0.73 (0.55-0.94)

Abbreviation: CI =confidence interval.

The gender of patients and donors, donor-recipient sex-matching, ATG,
administration, GVHD prophylaxis, HLA compatibility and era of
transplantation had no significant effect.
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The incidence of chronic GVHD was lower in the M cohort
without significance (Figure 2a; Gray test, P=0.066). There
were no significant differences in the incidence or grade of
acute GVHD (Gray test, all acute GVHD, P=0.345; grade
2-4, P=10.333; grade 3-4, P=0.303).

Discussion

M-CSF is one of the cytokines that increases after BMT, and
is reported to be associated with the development of acute
GVHD in children."' Therefore, there was a possibility that
M-CSF administration might have caused an increase in the
severity of acute GVHD, but instead we observed a decrease
in the severity of chronic GVHD. In patients with chronic
GVHD, both the serum IL-10 level and IL-10 production
from mononuclear cells have been shown to decrease after
stimulation.’*'* After stimulation with lipopolysaccharide,
M-CSF-induced macrophages produce large amounts of IL-
10 instead of IL-12.'* Recent reports have shown that M-CSF
induced DCs with IL-4 in a culture from human cord blood,
and that these DCs produced high amounts of IL-10, but not
IL-12, a pattern similar to that seen in M-CSF-induced
macrophages.®® The low incidence and severity of both acute
and chronic GVHD after cord blood transplantation irres-
pective of HLA disparity, has been well documented.!®™'®
M-CSF is elevated during pregnancy and in cord blood.!**°
Taken together, the above information offers possible
explanations for low incidence and severity of GVHD in
cord blood transplantation. In this context, our observation
suggests that M-CSF administration after UR-BMT might
decrease severity of chronic GVHD, through induction of
certain types of macrophages and DCs.

Very recently, Hashimoto er al'® revealed that host
macrophages persist in the spleen and lymph nodes after
conditioning to reduce allo-reactive donor T cells. Pre-
transplant administration of M-CSF limited expansion of
donor allo-reactive T cells and improved GVHD outcome in a
mouse model. Similarly, M-CSF administration in our analysis
might have induced host macrophages to engulf donor T cells.

The present study raises the possibility that M-CSF
administration after BMT might be used to control chronic
GVHD, although some issues remain to be resolved. First,
our study was a retrospective analysis, and a prospective
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Figure 2 Cumulative incidence curves showing the probability of chronic GVHD (a) or extensive chronic GVHD (b) in a competing risks setting for

matched patients with or without M-CSF.
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randomized study is necessary to further evaluate the
effects of M-CSF. Second, we used classical diagnostic
criteria and severity classifications of chronic GVHD, and
did not distinguish between late onset acute GVHD and
classic chronic GVHD. Nor did we use the global scoring
system that the National Institute of Health consensus
development project proposed.*' Third, most patients
started M-CSF injection beginning on the first day after
transplantation. Donor T cells are engulfed by splenic
macrophages during the first day of transplantation, and
before initiation of donor T-cell proliferation.'® Therefore,
there is a possibility that our administration schedule
impaired the M-CSF effect on acute and chronic GVHD.
The most appropriate administration schedule remains to
be clarified.
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Patients at High Risk of Infection Following Allogeneic Hematopoietic

Cell Transplantation
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M. Yoshida, M. Bingo, H. Okamura, M. Aimoto, M. Manabe, K. Hagihara, Y. Terada, Y. Nakao,

and M. Hino

ABSTRACT

Reports on the efficacy of intravenous immunoglobulin (IVIG) prophylaxis against
cytomegalovirus (CMV) infection after allogeneic hematopoietic cell transplantation
(HCT) have often sparked controversy. In addition, we are not aware of any study that has
examined whether prophylaxis with IVIG affects the incidence of CMV infection in
high-risk patients—those who are elderly or have received human leukocyte antigen
(HLA) mismatched HCT. In the present open-label, phase II study, we addressed this
question. We enrolled 106 patients in the study. The cumulative incidences of CMV
infection at 100 days after HCT were similar in the intervention and the control groups
(68% and 64%, P = .89; 89% and 87%, P = .79, respectively, for patients 55 years or older
and those who received HLA-mismatched HCT). In those who received HLA-mismatched
HCT, 1-year overall survival after HCT was 46% in the intervention group and 40% in the
control group (P = .31); for age = 55 years, the corresponding values were 46% and 40%
(P = .27). Our data showed that prophylaxis with regular polyvalent IVIG did not affect
the incidence of CMV infections or survival among older patients or those who receive

HIA-mismatched HCT.

YTOMEGALOVIRUS (CMYV) infection is still a ma-

jor complication after allogeneic hematopoietic cell
transplantation (HCT). The efficacy of prophylaxis with
polyvalent or hyperimmune CMV intravenous immuno-
globulin (IVIG) after HCT has been explored since the
1980s. Many clinical trials conducted then and in the early
1990s showed significant prophylactic effects of IVIG
against CMV infection and/or CMV pneumonia.’™ In
addition, earlier meta-analyses (1993 and 1994) also dem-
onstrated the benefits of prophylactic use of IVIG.'*'! In
contrast, the results of a recent placebo-controlled, ran-
domized trial and a meta-analysis found no significant effect
on overall or CMV infections.'*'* However, these previous
studies mostly consisted of cases that were human leukocyte
antigen (HLA)-matched and underwent myeloablative
HCT.

The recent, remarkable development of nonmyeloabla-
tive or reduced-intensity conditioning and alternative stem
cell sources such as unrelated cord blood and HLA-mis-
matched donors extended the range of patients eligible for
HCT. However, a critical problem is that use of unrelated

© 2011 by Elsevier Inc. All rights reserved.
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cord blood or HLA-mismatched donors as sources of stem
cells poses a considerable risk of infection after HCT,
especially in older patients.'*'®> To our knowledge, there
has been no investigation as to whether prophylaxis with
IVIG benefits patients who are older or undergo HLA-
mismatched HCT, both of whom have a high risk of
infection after HCT.

Herein, we conducted an open-label, phase II trial of
IVIG prophylaxis after HCT to investigate whether IVIG
showed prophylactic effects against CMV infection and

From Hematology, Graduate School of Medicine, Osaka City
University, Osaka, Japan.

This work was supported by a Grant-in-Aid for Scientific
Research from the Japanese Ministry of Education, Science,
Sports, and Culture, and a grant from the Japanese Ministry of
Health, Welfare, and Labour.

Address reprint requests to Hirohisa Nakamae, MD, PhD,
Hematology, Graduate School of Medicine, Osaka City Univer-
sity, 1-4-3 Asahi-machi, Abeno-ku, Osaka 545-8585, Japan.
E-mail: hirohisa@msic.med.osaka-cu.ac.jp

0041-1345/-see front matter
doi:10.1016/j.transproceed.2011.08.104

3927



3928

disease in a population that included patients who were at
a high risk of infection.

PATIENTS AND METHODS ]
Patients’ Eligibility, Control Group, and Study Endpoints

This phase II, single-center trial was conducted from July 2006. The
protocol was approved by the Institutional Review Boards of our
institute. After the concept, procedure, and potential risks of the
study were explained to patients who were eligible for the protocol,
written informed consent was obtained from all patients. The
patients who were scheduled for HCT were eligible for this study
irrespective of age, sex, type of graft, conditioning, and graft-versus
host disease (GVHD) prophylaxis, HLA, and ABO compatibility.
Patients who fulfilled at least one of the following criteria were
ineligible for the present study: (1) a history of allergy to immuno-
globulin products; (2) a history of severe adverse effects on
exposure to the immunoglobulin product; (3) positivity of anti-HIV
or hepatitis C virus antibodies, or hepatitis B virus (HBV) antigen;
(4) the presence of contraindications to inclusion in this study as
determined by the physician in charge. Polyvalent IVIG 5 g per
person was given intravenously once per week, from day —7 to day
98 after HCT. A total of 66 consecutive patients who underwent
HCT between January 2004 and June 2006 were selected as a
historical control group. The primary endpoint was the rate of
positive CMV antigenemia in the entire cohort. Secondary end-
points were (1) the peak levels of CMV antigenemia, or the
occurrence of CMV disease or CMV pneumonia at 1 year in the
entire cohort; (2) the probability of positive CMV antigenemia at
day 100 in the subgroup at high risk of infection; and (3) overall
survival in the entire cohort or in the subgroup at high risk of
infection.

Definition of CMV Infection and Disease

CMYV antigenemia was defined as detection of the pp65 antigen on
peripheral blood leukocytes. The details of the diagnostic method
(C7THRP) used are described below. CTHRP testing was performed
at least once a week after neutrophil engraftment. CMV disease
was defined by established criteria.'®

Evaluation of CMV Antigenemia (C7HRP)

Peripheral blood treated with EDTA 3 ml, phosphate-buffered
saline (PBS) 1.5 mL and 5% dextran solution 0.5 mL were mixed.
After standing the specimen for 15 to 20 minutes in a constant-
temperature bath at 37°C, the buffy coat was separated and
centrifuged at 1200 rpm for 10 minutes, and the supernatant was
then extracted. Ice-cold red blood cell-lysis buffer (3 mL) was
added to the sediment, the red blood cells were hemolyzed at 4 °C,
and the supernatant was extracted again. After 1 mL of the
sediment was adjusted to a cell density of approximately 1.5 X 10°
cells/mL by dilution with PBS, 100 nL was fixed on a microscope
slide by cytospin. The specimen was fixed by immersing in cold
acetone for 10 minutes and dried in air at room temperature for 10
minutes. The specimen was submerged in methanol for 100 sec-
onds to block endogenous peroxidase activity, washed with purified
water, and reacted with 50 pL of a solution of enzyme-labeled
antibody for 60 minutes. After three washes with buffered solution,
the specimen was exposed to 100 uL of substrate solution. After a
further three washes with buffered solution, counterstaining was
performed at room temperature for 30 seconds. The specimen was
washed with purified water, and thereafter 50 wL of mounting fluid
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was added. Finally, it was covered with a coverslip, and the number
of CMV-antigen-positive cells was counted by light microscopy.

Management of CMV Infection

Ganciclovir or valganciclovir treatment was started when CMV
antigenemia became positive at a level of 0.01 to 0.02% (5 to
10/50,000). In principle ganciclovir (5 mg/kg intravenously twice
daily) or valganciclovir (900 mg once a day orally) was given until
CMYV antigenemia became negative. It was recommended that
ganciclovir or valganciclovir treatment be started exclusively in
patients who underwent cord blood transplantation or were treated
with steroids when CMV antigenemia became positive at any level.
The dose of ganciclovir was adjusted appropriately in patients with
impaired renal function; ganciclovir was replaced with foscarnet in
patients with neutropenia or CMV infection refractory to ganciclo-
Vir.

Statistical Analysis

The cumulative incidences of CMV infection and CMV disease
were compared between the intervention and control groups with
death taken into consideration as a competing risk. The cumulative
incidence of CMV disease was calculated using Gray’s method,
taking death into account. We also evaluated the incidence of
grade II to IV acute GVHD, using Gray’s method. In this analysis,
death not associated with acute GVHD was treated as a competing
risk event. Estimated cumulative incidences of CMV infection and
survival probability were compared using the log-rank test.

The chi-square test was used to compare categorical variables in
the patients’ characteristics. Peak levels of CMV antigenemia were
compared using the Mann-Whitney U test. Plasma levels of immu-
noglobulin over time were compared between the two groups using
two-way analysis of variance. All P values were two-tailed and
considered statistically significant if the values were less than .05.
All statistical analyses were performed using PASW Statistics 17.0
(SPSS Inc, Chicago, Ill, USA) or the statistical software environ-
ment R, version 2.9.1.

RESULTS

We recruited 109 patients to participate in the study.
However, three were not treated according to protocol and
were excluded from the analysis. One patient declined
consent to participate in the study, one was excluded from
enrollment at the physician’s discretion, and one patient
was found to be positivity for HBV antigen. Patients’
characteristics are displayed in Table 1. A total of 106
patients were enrolled in the study from July 2006 to
February 2010. In the control group, the number of patients
who received reduced-intensity conditioning, T-cell-
depleted conditioning, and calcineurin alone as GVHD
prophylaxis was significant higher than in the intervention
group (Table 1). The intensity of conditioning was catego-
rized as myeloablative or reduced-intensity conditioning
according to the American Society for Blood and Marrow
Transplantation definition.'” Median follow-up durations in
patients who were alive at the end of the study were 629
days in the intervention group and 1864 days in the control
group, respectively.



IMMUNOGLOBULIN PROPHYLAXIS FOR CMV

Table 1. Patient Characteristics

Immunoglobulin+ Immunoglobulin/—ve

(n = 108), (n = 66), P
Variables n (%) n (%) values
Median age of patients 46 (19-69) 43 (16-69)
(range)
Sex
Male 62 (58) 34 (52) 46
Female 44 (42) 32 (48)
Stem cell source
BM 55 (52) 42 (64) 12
PB 27 (25) 17 (26)
CB 24 (23) 7 (11)
Conditioning
Myeloablative 93 (88) 36 (55) <.001
Reduced intensity 13 (12) 30 (45)
T-cell depletion 13 (12) 1@ .01
Rituximab treatment in 2(2) 1@ .86
the 2 mo preceding
transplantation
HLA-matching
HLA-matched 60 (57) 44 (67) 19
HLA-mismatched 46 (43) 22 (33)
CMV serostatus
Low 5(5) 7(11) 18
Intermediate 3@ 3(5)
High 94 (87) 48 (73)
Disease diagnosis
AA 6 (6) 0(0) 22
AML 34 (32) 32 (48)
ALL 22 (21) 11(17)
CML 5(5) 2(3)
MDS 10 (9) 5 (8)
MM 0(0) 1(2)
NHL 12 (11) 7(11)
ATL 11 (10) 7 (11)
other 6 (6) 1(2)
Acute GVHD prophylaxis
Calcineurin alone 9(8) 12 (18) .01
Calcineurin + MTX 84 (79) 50 (76)
Calcineurin + MMF 5(5) 2(3)
Other 8(8) 2(3)

The CMV risk was stratified into three groups: low (recipient negative and
donor negative); intermediate (recipient negative and donor positive); and high
(recipient positive and either donor negative or positive) based on recipient and
donor CMV serostatus before hematopoietic cell transplantation. BM, bone
marrow; PB, peripheral blood; CB, cord blood; HLA, human leukocyte antigen;
CMV, cytomegalovirus; AA, aplastic anemia; AML, acute myeloid leukemia;
ALL, acute lymphocytic leukemia; CML, chronic myeloid leukemia; MDS,
myelodysplastic syndrome; MM, multiple myeloma; NHL, non-Hodgkin's lym-
phoma; ATL, adult T-cell leukemia/lymphoma; GVHD, graft-versus-host dis-
ease; MTX, short-term methotrexate; CsA, cyclosporine; MMF, mycophenolate
mofetil.

CMV Infection and Disease in the Entire Cohort

The cumulative incidence of CMV infection 100 days after
HCT was comparable for the intervention group and con-
trol group (66% and 58%, P = .15, respectively; Fig 1).
Even in the subset of patients who did not undergo
T-cell-depleted conditioning, the cumulative incidence of
CMYV infection 100 days after HCT was similar for the
intervention group and control group (64% and 54%, P =
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24, respectively). On comparison of peak CMV antigen-
emia, these peak levels also did not differ significantly
between the intervention group and control group [median
(interquartile range): 0.009% (0-0.098) and 0.008% (0-
0.12), P = .82, respectively; Fig 2).

One year after HCT, CMV disease had developed in 12
patients in the intervention group (CMV pneumonia: n = 3;
CMV gastritis and/or enterocolitis: » = 9) and seven
patients (CMV pneumonia: n = 5; CMV gastritis and/or
enterocolitis: n = 2) in the control group (13% and 12%,
respectively; P = .93). In contrast, prophylactic use of IVIG
was weakly associated with a reduced cumulative incidence
of CMV pneumonia (3% and 9%, respectively; P = .09).

CMV Infection in the Subgroup at High Risk of Infection

To evaluate prophylactic effects on CMV infection in the
population at high risk of infection, we compared the
cumulative incidence of CMV infection during the first 100
days after HCT in the intervention and control groups that
received HLA-mismatched HCT including cord blood or
were =55 years old. There was no significant difference
between the intervention group and control group in the
cumulative incidence of CMV infection 100 days after
HCT, looking exclusively at the patients who received
HILA-mismatched HCT (68% and 64%, P = .89, respec-
tively) or were older (=55 years old; 89% and 87%, P = .79,
respectively; Fig 3).

Acute GVHD and Overall Survival

There was no significant difference in incidence of grades 11
to IV acute GVHD, with a rate of 50.2% in the intervention
group and 51.9% in the control group (P = .78). In the
entire cohort, 1-year overall survival after HCT was 62% in
the intervention group, whereas it was 56% in the control
group (P = .17). In those who received HLA-mismatched
HCT, 1-year overall survival after HCT was 46% in the
intervention group and 40% in the control group (P = .31).
One-year overall survival after HCT in individuals aged 55
years or more was 46% in the intervention and 40% in the
control group (P = .27).

Plasma Concentrations of Immunoglobulin

We compared plasma immunoglobulin concentrations in
the intervention and control groups during the 100 days
after HCT. The plasma immunoglobulin concentration did
not significantly increase in the intervention group as
compared to the control group (P = .73; Fig 4).

DISCUSSION

In the present study, prophylaxis with IVIG for CMV
infection after HCT did not contribute to a decrease in the
incidence of CMV infection and/or disease in both the
entire cohort and the subgroups at high risk of infection,
although prophylactic IVIG was weakly associated with a
decreased incidence of CMV pneumonia. Similar to our
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the solid line indicates the group without immunoglobulin.

results were the findings of recent meta-analysis, which
showed that IVIG prophylaxis reduced the rate of intersti-
tial pneumonia but not infection-related outcomes.™
Recently, strategies have been developed for prevention
and treatment of CMYV infection, including antiviral drugs
such ganciclovir, valganciclovir, and foscarnet; however,
these drug have significant adverse effects, particularly in
elderly patients.'® Therefore, prophylactic use of IVIG
appears to be an attractive strategy, particularly in patients
of an advanced age and/or with impaired organ function
such as renal dysfunction. However, our study could not

P=.82

2.5

2.0+

1.5

1.04

.5+

0.0~

Fig 2. Comparison of peak cytomegalovirus antigenemia (%) in
the groups with and without immunoglobulin prophylaxis. IVIG,
intravenous immunoglobulin.
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demonstrate the effectiveness of prophylactic IVIG for
CMYV infection after HCT in older patients.

According to our data, plasma immunoglobulin levels
measured until 100 days post-HCT did not significantly
increase in the intervention group compared to those in the
control group despite weekly administration of IVIG. We
therefore cannot completely rule out the possibility that an
insufficient dose of IVIG caused the lack of efficacy. How-
ever, the results of a prior placebo-controlled, randomized
trial that compared standard-dose and high-dose IVIG did
not show effectiveness of high-dose IVIG against viral
infections.'? An important finding was that the half-life of
IVIG was fairly short, at about 6 days for both the 250
mg/kg and the 500 mg/kg dosing regimens.'® We therefore
speculate that consumption of immunoglobulin is very rapid
after HCT, and it is very hard to sustain effective plasma
concentrations of immunoglobulin by regular, prophylactic
administration of IVIG.

In the previous literature, risk factors that were identified
for CMV infection and/or disease included recipient age,
CMV serostatus, herpes simplex virus serostatus, an unrelated
donor, reduced-intensity conditioning, and a T-cell-depleted
regimen as pretransplant characteristics; GVHD and delayed
immune reconstitution were the most important risk factors
after transplantation.'®?°~%* HCT from an HLA-mismatched
donor and HCT in older patients were significantly related to
delayed immune reconstitution and/or a high risk of
GVHD."*?* Tn our study, only 9 of 172 patients showed
hypoglobulinemia with a plasma immunoglobulin G (IgG)
concentration of under 400 mg/dL during follow-up. There-
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Fig 3. The probabilities of detection of cytomegalovirus infection in the groups with and without immunoglobulin prophylaxis (a) in
patients who received human leukocyte antigen-mismatched hematopoietic cell transplants and (b) in patients = 55 years old. The
dashed line indicates the group given immunoglobulin prophylaxis and the solid line indicates the group without immunoglobulin.

fore, our study results cannot be applied to patients with underlying selection bias due to the use of historical con-
hypoglobulinemia. Regarding this point, Schmidt-Hieber M et trols, although the strategy for prevention of CMV infection
al reported that prophylactic IVIG did not reduce the fre- did not change significantly in the time between the inter-
quency of episodes of CMV infection in a population with an vention and control groups, except for the use of prophy-
IgG concentration <400 mg/dL, a natural killer cell count < lactic IVIG. Our study was also limited by the small
100/uL, a CD4" cell count < 100/uL, or acute or chronic numbers in the subgroups who were at high risk of infec-
GVHD, all of whom were at high risk of CMV infection.” tion, the heterogeneity of the disease, the transplant con-
Our study has several limitations. It was not a random- ditioning, GVHD prophylaxis, and the stem cell source.
ized trial, and the results might have been affected by an However, we did not observe any trend to indicate a
preventive effect of IVIG against CMV infection in our
study. Our data demonstrate that prophylaxis with regular
1400+ =73 polyvalent IVIG did not affect the incidence of CMV
. infection and survival, even in patients who were at high risk
1200 7T T T of infection because they received HLA-mismatched HCT
- or were older.
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Abstract

Background: There has been insufficient examination of the factors affecting long-term survival of more than
5 years in patients with leukemia that is not in remission at transplantation.

Method: We retrospectively analyzed leukemia not in remission at allogeneic hematopoietic cell transplantation
(allo-HCT) performed at our institution between January 1999 and July 2009. Forty-two patients with a median
age of 39 years received intensified conditioning (n = 9), standard (n = 12) or reduced-intensity conditioning

(n = 21) for allo-HCT. Fourteen patients received individual chemotherapy for cytoreduction during the three
weeks prior to reduced-intensity conditioning. Diagnoses comprised acute leukemia (n = 29), chronic myeloid
leukemia-accelerated phase (n = 2), myelodysplastic syndrome/acute myeloid leukemia (MDS/AML) (n = 10) and
plasma cell leukemia (n = 1). In those with acute leukemia, cytogenetic abnormalities were intermediate (44%)
or poor (56%). The median number of blast cells in bone marrow (BM) was 26.0% (range; 0.2-100) before the
start of chemotherapy for allo-HCT. Six patients had leukemic involvement of the central nervous system. Stem
cell sources were related BM (7%), related peripheral blood (31%), unrelated BM (48%) and unrelated cord blood
(CB) (14%).

Results: Engraftment was achieved in 33 (79%) of 42 patients. Median time to engraftment was 17 days (range:
9-32). At five years, the cumulative probabilities of acute graft-versus-host disease (GYHD) and chronic GVHD
were 63% and 37%, respectively. With a median follow-up of 85 months for surviving patients, the five-year
Kaplan-Meier estimates of leukemia-free survival rate and overall survival (OS) were 17% and 19%, respectively.
At five years, the cumulative probability of non-relapse mortality was 38%. In the univariable analyses of the
influence of pre-transplant variables on OS, poor-risk cytogenetics, number of BM blasts (>26%), MDS overt AML
and CB as stem cell source were significantly associated with worse prognosis (p = .03, p = .01, p = .02 and

p < .001, respectively). In addition, based on a landmark analysis at 6 months post-transplant, the five-year
Kaplan-Meier estimates of OS in patients with and without prior history of chronic GVHD were 64% and 17%

(p = .022), respectively.

Conclusion: Graft-versus-leukemia effects possibly mediated by chronic GYHD may have played a crucial role in
long-term survival in, or cure of active leukemia.
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Introduction

Patients with primary refractory or refractory relapsed
acute leukemia have an extremely poor prognosis. It has
been generally recognized that few cases with primary
refractory or refractory relapsed acute leukemia can be
cured using conventional chemotherapy alone [1]. While
allogeneic hematopoietic cell transplantation (allo-HCT)
has the potential to cure even active leukemia, it has not
been determined what subgroup can receive a long-term
benefit from it.

Several retrospective studies have reported the prog-
nostic factors for allo-HCT in patients not in remission
at allo-HCT including untreated first relapse cases [2-8].
However, the factors contributing to long-term survival
have not been established because the follow-up periods
of these studies were not long enough at less than five
years. Importantly, it can be assumed that patients who
survive for more than five years without leukemia
relapse are most likely cured. Only one large-scale retro-
spective study has examined long-term outcomes for
more than five years following allo-HCT in adult
patients with acute leukemia not in remission [9]. This
study showed that several pre-transplant variables
including complete remission duration, type of donor,
disease burden, performance status, age and cytogenetics
affected survival. However, whether post-transplant vari-
ables such as acute or chronic graft-versus-host disease
(GVHD) influenced the post-HCT prognosis was not
assessed. To our knowledge, no studies have investigated
pre- and/or post-transplant factors which are associated
with long-term survival exclusively in adult patients
with active leukemia at allo-HCT. Therefore, we com-
prehensively evaluated the pre- and post-transplant fac-
tors which contribute to long-term survival of more
than five years in patients with leukemia not in remis-
sion at allo-HCT.

Patients and methods

Between January 1999 and July 2009, 42 consecutive
patients (24 males and 18 females) with leukemia not in
remission, aged 15 to 67 years (median age: 39 years),
underwent allo-HCT at our institution. Patients with de
novo acute myeloid leukemia (AML; n = 17), acute lym-
phoblastic leukemia (ALL; n = 12), chronic myeloid leu-
kemia in accelerated phase (CML-AP; n = 2),
myelodysplastic syndrome (MDS) overt AML (n = 10)
and plasma cell leukemia (n = 1) were included. High-
risk AML was defined according to the Eastern Coop-
erative Oncology Group/Southwest Oncology Group
classification as having poor-risk cytogenetics (5/del[5q],
7/del[7q], inv[3q], abnllq, 20q or 21q, del[9q], t[6;9], t
[9;22], abn17p, and complex karyotype defined as three
or more abnormalities) [10]. High-risk ALL was defined
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as having poor-risk cytogenetics with either t(4:11), t
(9;22), t(8;14), hypodiploidy or near triploidy, or more
than five cytogenetic abnormalities [11]. Of study sub-
jects with acute leukemia, cytogenetic abnormalities
were intermediate (n = 17, 44%) or poor (n = 22, 56%).
Seven patients were primary refractory to induction che-
motherapy. The other patients relapsed after conven-
tional chemotherapy (n = 23) or the first or the second
HCT (n = 9). The median number of blast cells in bone
marrow (BM) was 26.0% (range; 0.2-100) before the
start of chemotherapy for allo-HCT. Six patients had
leukemic involvement of the central nervous system
(CNS). Stem cell sources were related BM (n = 3, 7%),
related peripheral blood (PB) (n = 13, 31%), unrelated
BM (n = 20, 48%) and unrelated cord blood (CB) (n =
6, 14%). Standard serologic typing was used for human
leukocyte antigen (HLA) -A, B and DRBI1. Thirty-one
pairs were matched for HLA-A, B and DRB1 antigens.
Three patients were mismatched for one HLA antigen
(two at HLA-A, one at HLA-B), and seven were mis-
matched for two (two at HLA-A and B, five (all CB) at
HLA-B and DRB1). The remaining one patient was mis-
matched for all three antigens (haploidentical). We clas-
sified conditioning regimens into four categories.
Standard conditioning (n = 12) comprised a busulfan-
based or total body irradiation (TBI)-based (12Gy) regi-
men. Busulfan was given as a total of 16 mg/kg orally or
equivalent dose, 12.8 mg/kg intravenously (i.v.). Intensi-
fied conditioning (n = 9) consisted of additional cytore-
ductive chemotherapy in the three weeks before
conditioning, followed by standard conditioning. Of the
21 patients receiving standard or intensified condition-
ing, 13 patients received the TBI-based regimen.
Reduced-intensity conditioning (n = 21) comprised a
fludarabine-based (n = 20) and cladribine-based regimen
(n = 1). Fludarabine was given as 25-35 mg/m? i.v. on
five or six consecutive days. Of the 21 patients receiving
reduced-intensity conditioning, 14 patients received
cytoreductive chemotherapy in the three weeks before
conditioning. Prophylaxis for acute GVHD was a calci-
neurin inhibitor alone (n = 5), calcineurin inhibitor plus
short-term methotrexate (n = 32), calcineurin inhibitor
plus mycophenolate mofetil (n = 2), or none (n = 3).
The calcineurin inhibitor included cyclosporine adminis-
tered to 33 patients and tacrolimus to six patients.

End points

The absence of post-transplant remission in some
patients biased the calculation of relapse rate, nonre-
lapse mortality (NRM) and leukemia-free survival
(LES). Therefore, we set five-year overall survival (OS)
as the primary end point. OS was defined as time from
the date of last transplantation to the date of death or
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last follow-up. LFS was defined as time from the date
of last transplantation to the date of disease relapse,
death during remission or last follow-up. NRM was
defined as a death not related to disease. Neutrophil
recovery was defined as an absolute neutrophil count
of at least 500 cells/mm? for three consecutive time
points. Platelet recovery was defined as a count of at
least 20 000 platelets/mm?® without transfusion sup-
port. Acute GVHD (aGVHD) was defined in accor-
dance with standard criteria [12]. Chronic GVHD
(cGVHD) was evaluated in patients surviving for more
than 100 days after allo-HCT and was classified into
limited or extensive type [13].

Statistical analysis

If the disease for which the patient underwent trans-
plantation was present at the time of death or found at
autopsy, we defined disease relapse/progression as the
primary cause of death. Unadjusted survival probabilities
were estimated using the Kaplan and Mejer method and
compared using the log-rank tests. Cumulative incidence
curves were used in a competing-risks model to calcu-
late the probability of aGVHD, cGVHD and NRM [14].
For neutrophil and platelet recovery, death before neu-
trophil or platelet recovery was the competing event; for
GVHD, death without GVHD and relapse were the
competing events; and, for NRM, relapse was the com-
peting event. In order to examine the impact of cGVHD
on survival, we performed a landmark analysis, which
divided patients according to their prior history of
c¢GVHD at 6 months post-transplant [15]. We excluded
from landmark analysis patients who died or relapsed
less than 6 months after transplant, and did not use the
information on whether or not patients developed
c¢GVHD 6 months after transplant. Multivariable analy-
sis of prognostic factors for the primary outcome could
not be conducted due to lack of statistical power.
Instead, we performed a landmark analysis, which
divided patients according to the significant pre-trans-
plant factors and their prior history of cGVHD at 6
months post-transplant. All P values were 2-tailed and
considered statistically significant if the values were less
than 0.05. All statistical analyses were performed using
the PASW Statistics17.0 (SPSS Inc, Chicago, IL, USA)
and the statistical software environment R, version 2.9.1.

Results

The baseline characteristics of the patients are shown in
Table 1.

Engraftment :

Neutrophil engraftment was achieved in 33 (79%) of 42
patients. The median time to neutrophil engraftment was
17 days (range, 9-32). In a total of four of 27 evaluable
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Table 1 Baseline characteristics of study participants

Variable n (%) Median
(Range)
Male sex 24 (57.1)
Diagnosis
de novo AML 17 (40.5)
ALL 12 (286)
CML-AP 2 (48)
MDS overt AML 10 (23.8)
PCL 124
Cytogenetics
Intermediate 17
Poor 22
ECOG PS
0 2 (48)
1 25 (59.5)
2 7 (16.7)
3 8 (19.0)
Status at allo-HCT
Primary refractory/Refractory 7/32/3
relapse/Untreated MDS overt AML
No. chemo regimens prior allo-HCT 6 (0-18)
Time from diagnosis to allo-HCT (days) 319 (23-3738)
Marrow blasts at allo-HCT 26.0 (0.2-100)
Conditioning regimen
Intensified 9 (21.4)
Standard 12 (286)
Reduced-intensity 7 (16.7)
Reduced-intensity + cytoreductive 14 (33.3)
chemotherapy
GVHD prophylaxis
None 370
Calcineurin inhibitor alone 5(11.9)
Calcineurin inhibitor + sMTX 32 (76.2)
Calcineurin inhibitor + MMF 2 (4.8)
Donor (HLA-A, B and DRB1 antigens)
Matched related PB/BM 10/2
Mismatched related PB/BM 31
Matched unrelated BM 19
Mismatched unrelated BM 1
Umbilical cord blood 6

allo-HCT: allogeneic hematopoietic cell transplantation; HLA: human leukocyte
antigen; sSMTX: short-term methotrexate; MMF: mycophenolate motefil; BM:
bone marrow; PB: peripheral blood.

patients, a platelet count > 20 000/pl was not achieved.
In the patients that achieved platelet counts of = 20 000/
ul, the median time to platelet engraftment was 33 days
(range, 13-99). The cumulative probabilities of neutrophil
and platelet engraftment were 79% and 55%, respectively.

GVHD

Twenty-four of 42 patients developed aGVHD (eight
grade I, nine grade II, five grade III, two grade IV).
Twelve of 24 evaluable patients developed cGVHD (one
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limited, 11 extensive). At five years, the cumulative
probabilities of aGVHD and ¢cGVHD were 63% and
37%, respectively.

NRM

A total of eight patients were alive at the time of this
analysis, seven in complete remission (CR). The most
common cause of death was disease relapse/progression.
Causes of death were disease relapse/progression (n =
27), GVHD (n = 2), sinusoidal obstruction syndrome
(SOS) (n = 3), Epstein-Barr virus associated post-trans-
plant lymphoproliferative disorder (n = 1), and adeno-
virus infection (n = 1). Of six patients with CNS lesion,
five died of disease relapse/progression (n = 3), GVHD
(n = 1) and SOS (n = 1), and one was alive at last fol-
low-up although another HCT was planned due to BM
relapse post-transplant. At five years, the cumulative
probability of NRM was 38%. Nine patients died before
day 30, and 18 patients died within the first 100 days
post-HCT.

LFs and OS
A total of 22 of 33 evaluable patients attained a CR after
the allo-HCT. The median follow-up of survivors was 85
months (range, 24-126 months). The five-year Kaplan-
Meier estimates of LFS and OS were 17% and 19%,
respectively.

Univariable analysis

We analyzed the impact of pre- and post-transplant
characteristics on OS after allo-HCT. The factors
included age at transplant, sex, primary vs. secondary
leukemia, cytogenetics at diagnosis, number of BM
blasts, donor type, myeloablative vs. reduced-intensity
conditioning, and presence or absence of acute and
chronic GVHD. Results of univariable analysis for OS
are summarized in Table 2. In the univariable analyses
of the impact of pre-transplant variables on OS, poor-
risk cytogenetics, number of BM blasts (>26%), MDS
overt AML and CB as stem cell source were significantly
associated with worse prognosis (p = .03, p = .01, p =
.02 and p < .001, respectively). In addition, based on a
landmark analysis at 6 months post-transplant, the five-
year Kaplan-Meier estimates of OS in patients with and
without prior history of cGVHD were 64% and 17% (p
= .022) respectively (Figure 1).

Bivariable analysis

We performed the landmark analyses at 6 months post-
transplant, which classified patients according to signifi-
cant pre-transplant factors including poor-risk cytoge-
netics, number of BM blasts, or secondary leukemia and
their prior history of ¢cGVHD at 6 months post-trans-
plant. Results of bivariable analysis for OS are shown in
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Table 2 Univariable analysis of impact of pre-transplant
variables on overall survival

Variable Survival Log rank
(%o at5y) P value

Age at allo-HCT
< 40 28 0.055
> 40 6

Diagnosis
MDS overt AML 0 0015
Others 25

Cytogenetics
intermediate 35 0.013
poor 5

Marrow blasts at allo-HCT
< 26 33 0013
> 26 5

Donor source
Umbilical cord blood 0 <0.001
Others 22

Conditioning
Intensified 22 0.087
Standard 42

Reduced-intensity

Reduced-intensity + cytoreductive
chemotherapy

allo-HCT: allogeneic hematopoietic cell transplantation.

Figure 2, Figure 3 and Figure 4. The groups of patients
with intermediate cytogenetics, marrow blast < 26% or
primary leukemia, who developed cGVHD less than 6
months after transplant, showed significantly or border-
line significantly higher survival rates than those in the
other groups (p = .039, p = .147, and p = .060, respec-
tively). The five-year Kaplan-Meier estimates of OS in
the patients with intermediate cytogenetics, marrow
blast < 26% or primary leukemia in addition to prior
history of cGVHD were 75%, 83%, and 64%, respectively.

Discussion
Our data showed that allo-HCT resulted in long-term
disease remission and an eventual cure of active leuke-
mia in a subset of de novo AML or ALL patients with
marrow blast < 26% and without poor-risk cytogenetics,
possibly by graft-versus-leukemia (GVL) effects
mediated through ¢cGVHD. ) )
A retrospective study with a large cohort using data
reported to the Center for International Blood and Mar-
row Transplant Research demonstrated that pre-trans-
plant variables delineated subgroups with different long-
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