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Decreased incidence of acute graft-versus-host disease by continuous
infusion of cyclosporine with a higher target blood level

Kumi Oshlma 1.2 Yoshinobu Kanda 1.2 Hideki Nakasone Shunya Arai,! Nahoko Nishimoto,!
Hiroyuki Sato,! Takuro Watanabe,’ Norlko Hosoya,? Koji lzutsu,! Takashi Asan Akira Hangaishi,’
Toru Motokura, Shigeru Chiba,? and Mineo Kurokawa®

Cyclosporine A (CsA) is the mainstay of pharmacologic prevention of acute graft-versus-host disease
(GVHD). We previously reported that continuous infusion of CsA with a target blood leve! between 250 and
400 ng/ml significantly increased the incidence of acute GVHD compared to twice-daily infusion with a tar-
get trough level between 150 and 300 ng/m!. Thus, we raised the target level of CsA continuous infusion to
450-550 ng/ml. We treated 33 patients with the higher target level (CsA500) and compared the efficacy and
toxicity with those in the 33 historical control patients (CsA300 group). Other transplantation procedures
were not changed. The patients’ characteristics were equivalent. The average CsA concentration was
adjusted around 500 ng/m! and the actual daily dose was maintained at the initial dose (CsA 3mg/kg/day).
Toxicities were equivalently observed among the two groups. The Incidence of grades II-iV acute GVHD
was significantly lower in the CsA500 group (27 vs. 52%, P = 0.033). The target level of CsA was identified
as an independent significant risk factor for grades I1-IV acute GVHD (P = 0.038), adjusted for the presence
of HLA mismatch. The incidence of chronic GVHD was also decreased in the CsA500 group (47 vs. 73%,
P = 0.016). We conclude that the toxicity of the continuous CsA infusion with a target level of 450-550 ng/
ml is acceptable and the efficacy to prevent acute GVHD Is significant. A larger comparative study is war-

ranted to confirm these findings. Am. J. Hematol. 83:226-232, 2008.

Introduction

Cyclosporine A (CsA) is one of the most commonly
used immunosuppressive agents for the prevention of
acute graft-versus-host disease (GVHD) after allogeneic
hematopoietic stem cell transplantation (HSCT). However,
the dose, target blood level, and schedule of infusion vary
among protocols and have not been optimized [1]. On the
other hand, the importance of blood CsA concentration as
well as administered dose has been shown in several
reports [2-5). We previously compared continuous infusion
of CsA with a target blood level between 250 and 400 ng/
ml and twice-daily infusion targeted to a trough level
between 150 and 300 ng/ml in the early period after trans-
plantation in a retrospective study [6]. The incidence of
grades Il-IV acute GVHD was significantly higher in
patients who received the continuous CsA infusion,
adjusted for the other significant factors. The actual daily
dose of CsA in the continuous infusion group was
decreased from the starting dose of 3—1.9 mg/kg/day on
average at 4 weeks after transplantation, which might
have adversely affected the incidence of acute GVHD.
However, the incidences of renal dysfunction and relapse
were significantly lower in these patients. The lower inci-
dence of relapse in the continuous infusion group resulted
in better disease-free survival in patients with high-risk
diseases (43 vs. 16% at 2 years, P = 0.039), but not in
standard-risk patients (72 vs. 80%, P = 0.45). We thus
considered that the target CsA level of 250400 ng/ml in
the continuous infusion group was appropriate in high-risk
patients, but too low in standard-risk patients. Therefore,
we raised the target level of CsA to 450-550 ng/mi when
we continuously infuse CsA in standard-risk patients {7].
In this report, we evaluated the safety and efficacy of the
continuous infusion of CsA with this high target blood con-
centration at 500 ng/ml.

© 2007 Wiley-Liss, Inc.

American Journal of Hematology

226

© 2007 Wiley-Liss, Inc.

Results

Patient characteristics

We performed allogeneic HSCT for 33 standard-risk
patients with the higher target CsA level at 450-550 ng/ml
(CsA500 group). The historical control group treated with
the original target CsA level at 250400 ng/ml (CsA300
group) also included 33 patients [6]. The characteristics of
the patients were equivalent between the two groups,
except for the underlying disease (Table 1). The number of
patients with chronic myelogenous leukemia (CML) was
only 2 in the CsA500 group, including one with chronic neu-
trophilic leukemia in uncontrollable leukocytosis, due to the
introduction of imatinib in the treatment of such patients.

Blood concentration and actual daily dose of CsA

The dose of CsA was adjusted to maintain the blood CsA
concentration between 450 and 550 ng/ml in the CsA500
group. All patients required repeated dose adjustments of
CsA to maintain the targeted blood level. This adjustment
was successful and the mean CsA concentration was 488 +
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TABLE |. Characteristics of the Patients

CsAS00 group CsA300 group
(n = 33) (n=33) P-value
Sex
Male 20 26 0.18
Female 13 7
Age
<40 16 17 >0.99
>40 17 16
Undertying disease
AL 24 13 0.017
CcML 2 12
MDS 2 1
NHL 3 6
Others 2 1
Donor
Related 12 16 0.46
Unrelated 21 17
HLA
Match 28 25 0.54
Mismatch 5 8
Stem cell source
BM 25 26 >0.99
PB 8 7
Regimen
Non-TBI 4 9 0.21
T8l 29 24
MTX dose
<31mg/m? 16 11 0.32
>3tmg/m? 17 22

BM, bone marrow; PB, peripheral blood; TBI, total body irradiation; AL,
acute leukemia; CML, chronic myelogenous leukemia; MDS, myelodys-
plastic syndrome; NHL, non-Hodgkin's lymphoma.

89, 475 £ 41, and 482 + 69 ng/ml at the 1st, 2nd, and 3rd
week after HSCT, respectively (Fig. 1A). The actual dose
was 29 + 0.4, 28 + 0.8, and 2.7 + 0.7 mg/kg at the 1st,
2nd, and 3rd week after HSCT, respectively (Fig. 1B). The
median duration of intravenous cyclosporine was 41 days
(range 1674 days) after transplantation.

Toxicity

The incidence of renal dysfunction defined as elevation of
the serum creatinine level above X1.5 and X2.0 the baseline
value was equivalent between the CsA500 group and the
CsA300 group (Table I, 24 vs. 24%, P = 0.96 and 15 vs.
13%, P = 0.71, respectively). Liver dysfunction defined as
elevation of the total bilirubin level above 2 mg/dl was also
similar (30 vs. 24%, P = 0.78). Thrombotic microangiopathy
was not observed in any patients. No central nerves system
toxicities were observed. In the CsAS500 group, we decreased
the target level of CsA to 300 ng/m! due to hyperbilirubinemia
9 days after HSCT in one patient and substituted predniso-
lone for CsA in another patient due to hyperbilirubinemia and
renal dysfunction at day 21 after HSCT. The latter patient had
already had liver cirrhosis classified to Child-Pugh A due to
hepatitis C virus infection before HSCT.

Incidences of acute and chronic GVHD

We performed a univariate analysis to evaluate the impact
of potential confounding factors on the incidence of grades
-V acute GVHD and identified two significant factors; the
presence of HLA-mismatch including allele-mismatch and
the target level of CsA (Table IllA). As shown in Fig. 2A, the
incidence of grades II-1V acute GVHD in the CsA300 group
was significantly higher than that in the CsA500 group (52
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Figure 1. Actual blood concentration (A) and daily dose (B)
of cyclosporine. The mean CsA concentration was 488 + 89,
475 £ 41, and 482 + 69 ng/ml and the actual dose was 2.9 + 0.4,
2.8 £ 0.8, and 2.7 + 0.7 mg/kg at the 1st, 2nd, and 3rd week after
HSCT, respectively.

TABLE Il. Incidences of Adverse Events Due to Cyclosporine

(-) (+) P-value
Incidence of serum creatinine > 1.5 X baseline value
CsA500 25 8 (24%) >0.99
CsA300 25 8 (24%)
Incidence of serum creatinine > 2.0 X baseline value
CsA500 28 5 (15%) 0.71
CsA300 30 3 (13%)
Incidence of bilirubin > 2.0 mg/dl
CsA500 23 10 (30%) 0.78
CsA300 25 8 (24%)
Incidence of TMA
CsAS500 33 0 (0%) >0.99
CsA300 33 0 (0%)

TMA: thromobtic microangiopathy.

vs. 27%, P = 0.033). Corticosteroids therapy for acute
GVHD was more frequently required in the CsA300 group
(39 vs. 15%, P = 0.051). The percentage of patients who
received corticosteroids to treat GVHD was lower than the
incidence of grades II-1V acute GVHD, because we did not
use systemic corticosteroids for grades !l acute GVHD with
skin involvement only. The difference in the incidence of

227



TABLE lil. Factors Associated the Incidences of Grades IHV Acute GVHD and Nonrelapse Mortality

A. Univariate analyses

Factor Acute GVHD P-value Nonrelapse mortality P-value

Sex
Male 20 (44%) 0.31 12 (30%) 0.020
Female 6 (30%) 0 (0%)

Age
<40 years 15 (46%) 0.30 4 (14%) 0.21
>40 years 11 (33%) 8 (30%)

Underlying disease
cML 7 (50%) 0.25 2 (14%) 0.49
Non-CML 19 (37%) 10 (25%)

Donor
Related 11 (39%) 0.97 8 (36%) 0.052
Unrelated 15 (40%) 4 (13%)

HLA
Match 17 (32%) 0.0037 10 (23%) 0.78
Mismatch 9 (69%) 2 (18%)

Stem cell source
BM 19 (37%) 0.46 9 (21%) 0.68
PBSC 7 (47%) 3 (24%)

Regimen
Non-TBI 4 (31%) 0.56 5 (49%) 0.035
TBI 22 (42%) 7 (15%)

MTX dose
<31mg/m? 12 (44%) 0.32 7 (19%) 0.87
>31mg/m? 14 (36%) 5 (24%)

Target fevels of CsA
CsA500 9 (27%) 0.033 2 (8%) 0.051
CsA300 17 (52%) 10 (27%)

B. Multivariate analyses

Factor RR of acute GVHD P-value RR of nonrelapse mortality P-value

Target levels of CsA
CsA300 1.00 0.039 1.00 0.064
CsA500 0.43 (0.19-0.96) 0.24 (0.053-1.09)

HLA
Match 1.00 0.0062
Mismatch 3.14 (1.39-7.14)

grades II-1V acute GVHD between the two groups was more
prominent in unrelated HSCT (Fig. 2B, 44 vs. 33% in related
HSCT and 59 vs. 24% in unrelated HSCT).

Next, we performed a multivariate analysis to identify in-
dependent risk factors for the development of Grades II-IV
acute GVHD. Two factors were independently significant
with a relative risk (RR) of 3.14 (95% confidence interval
[CI] 1.39-7.14, P = 0.0062) for the presence of HLA-mis-
match and RR of 0.43 (95% Cl 0.19-0.96, P = 0.039) for
the CsAS500 group, respectively (Table {lIB). The cumulative
incidence of Grades I, IV acute GVHD was only 11%. The
target level of cyclosporine (CsA500 vs. CsA300: 3 vs.
18%, P = 0.045) was identified as the only significant risk
factor for the development of Grades lll, IV acute GVHD.

The number of patients who developed limited and exten-
sive chronic GVHD was 5 and 18, respectively, in the
CsA300 group and 4 and 11, respectively, in the CsA500
group. The incidence of chronic GVHD was also signifi-
cantly decreased in the CsA500 group (Table IV and Fig. 3,
47 vs. 73%, P = 0.016). '

Transplantation outcome
The lower incidence of acute GVHD in the CsA500 group
translated into the lower incidence nonrelapse mortality (Ta-
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ble lll, 8 vs. 27%, P = 0.051). On the other hand, the inci-
dence of relapse tended to be higher in the CsA500 group
(Table V, 20 vs. 6%, P = 0.065), although this difference
became smaller when we excluded patients with CML (19
vs. 10%, P = 0.29). Finally, there was no significant differ-
ence in disease-free survival between the CsA500 group
and the CsA300 group (Fig. 4, 72 vs. 63%, P = 0.68).

Discussion

We successfully maintained the blood CsA concentration
at around 500 ng/ml and the actual dose at around 3 mg/
kg/day by twice a week monitoring for the first 3 weeks af-
ter transplantation. The preliminary data in these 33
patients suggested the feasibility and efficacy of the contin-
uous infusion of CsA at this higher target level.

Several studies have reported the relationship between
the blood concentration of CsA and the efficacy to prevent
GVHD after allogeneic HSCT [2-5]. Especially, the area
under the concentration-time curve (AUC) has been
believed to be the most important pharmacokinetic parame-
ter for the efficacy of calcineurin inhibitors [8,9]. The moni-
toring of AUC, however, requires frequent blood sampling
and is not suitable for daily practice. Therefore, the trough
concentration (Cy ) has been measured as a surrogate for
AUC in twice-daily infusion of CsA, although recent reports
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Figure 2. Incidence of Grades II-IV acute GVHD grouped
according to the target level of cyclosporine. (A) all patients,
(B) stratified by the donor type.

suggested that the measurement of blood concentration
at 2—4 hr after infusion may be more appropriate [10]. In
continuous infusion, the intradaily variation of the blood
concentration of CsA should be minimal and we can evalu-
ate the blood concentration regardless of the timing
(steady-state concentration; Cgg). However, the relationship
between Css in continuous infusion and Cy_ in twice-daily
infusion has not been clarified. Recently, Nakamura et al.
reported that the target Css in the continuous infusion of
CsA should be 2.55 times the Cy_to provide an equal AUC
during the twice-daily infusion with a target Cy, [11]. There-
fore, for example, the target Cgg in the continuous infusion
of CsA should be 383-638 ng/ml to obtain a similar AUC
during the twice-daily infusion with a target Cy_ at 150-250
ng/ml, that is generally used in daily practice. However, the
target blood concentration between 250 and 350 ng/ml is
widely used in the continuous infusion of CsA [4]. The
expected AUC will be far lower than that during the twice-
daily infusion of CsA at the generally used target level. The
target Cgs in this study at 500 ng/ml (450-550 ng/ml)
would be appropriate according to the calculation mode!. In
fact, the actual dose of CsA was maintained at 2.7 and 3.0
mg/kg on average. We had a concern that the incidence of
renal dysfunction would be increased, since the relationship
between the blood CsA level and drug-induced nephrotoxic-
ity has been shown [12]. The incidence of renal dysfunc-
tion, however, was not increased by the dose adjustment
and appropriate hydration when CsA levels above the tar-
get range were observed.

American Journal of Hematology DOI 10.1002/ajh

TABLE IV, Factors Assoclated the Incidence of Chronic GVHD

A. Univariate analyses

Factor Chronic GVHD P-value
Sex
Male 24 (67%) 0.63
Female 10 (56%)
Age
<40 years 16 (60%) 0.31
>40 years 18 (70%)
Underlying disease
CML 10 (77%) 0.12
Non-CML 24 (60%)
Donor
Related 14 (63%) 0.75
Unrelated 20 (66%)
HLA
Match 28 (64%) 0.74
Mismatch 6 (58%)
Stem cell source
BM 25 (60%) 0.20
PBSC 9 (81%)
Regimen
Non-TBI 27 (64%) 0.75
T8B! 7 (65%)
MTX dose
<31mg/m? 15 (64%) 0.81
>31mg/m? 19 (68%)
Target levels of CsA
CsA500 11 (47%) 0.016
CsA300 23 (73%)
B. Multivariate analyses
Factor RR P-value
Target levels of CsA
CsA300 1.00 0.014
CsA500 0.44 (0.23-0.85)
1.0
g o8- CsA300
;
E 061
£
s
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Figure 3. Incidence of chronic GVHD grouped according to

the target level of cyclosporine.

Previous randomized control studies that compared con-
tinuous infusion of CsA and tacrolimus as GVHD prophy-
laxis had showed the superiority of tacrolimus to prevent
acute GVHD [13-16]. However, these studies employed the
lower target level of CsA between 150 and 400 ng/ml.
Yanada et al. have also reported that tacrolimus-based reg-
imen was better than cyclosporine-based regimen to pre-
vent GVHD in unrelated bone marrow (BM) transplantation
in Japan [17]. However, it was a retrospective analysis
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TABLE V. Factors Associated the Incidence of Relapse and Disease-Free Survival

A. Univariate analyses
Factor Relapse P-value Disease-free survival P-value
Sex
Male 5 (12%) 0.90 29 (58%) 0.054
Female 2 (15%) 18 (85%)
Age
<40 years 4 (16%) 0.72 25 (71%) 0.35
>40 years 3 (10%) 22 (60%)
Underlying disease
CML 1 (7%) 0.51 11 (79%) 0.34
Non-CML 6 (15%) 36 (60%)
Donor
Related 1 (4%) 0.10 19 (60%) 0.53
Unrelated 6 (20%) 28 (67%)
HLA
Match 6 (13%) 074 37 (63%) 0.64
Mismatch 1 (10%) 10 (72%)
Stem cell source
BM 7 (16%) 0.15 35 (63%) 0.55
PBSC 0 (0%) 12 (76%)
Regimen
. Non-TBI 0 (0%) 0.14 8 (51%) 0.41
TBI 7 (16%) 39 (69%)
MTX dose
<31 g/m? 1 (4%) 0.071 21 (77%) 0.19
>31 g/m? 6 (21%) 26 (55%)
Target levels of CsA
CsAS00 5 (20%) 0.069 26 (72%) 0.68
CsA300 2 (6%) 21 (63%)
B. Muitivariate analyses
Factor RR of relapse P-value RR of disease-free survival P-value
Target levels of CsA
CsA300 1.00 0.065 1.00 0.68
CsA500 4.08 (0.92-18.1) 0.82 (0.32-2.12)
' The incidence of grades II-IV acute GVHD in the
CsA500 group in this study was suppressed to 24% in
N CsAS00 unrelated HSCT including three HLA allele-mismatched
= transplants. This incidence was similar to that in the tacroli-
2 mus group of patients who underwent HSCT from an alter-
5 8 CsA300 native donor (30 from an HLA-matched unrelated donor
k- and 4 from the other alternative donor) in a Japanese
é - randomized controlled trial (21%) [13]. Adverse drug reac-
P tions were more frequently observed in the tacrolimus
group than in the CsA group in this Japanese randomized
2 trial [13], whereas the toxicities in the CsA500 group were
equivalent to those in the CsA300 group in the current
° study. Therefore, the continuous infusion of CsA with a tar-
2 s00 1000 1500 2000 2500 asoc  get concentration at 500 ng/mi may provide similar efficacy

3000
days

Figure 4. Disease-free survival grouped according to the tar-
get level of cyclosporine.

using the database of the Japan Society for Hematopoietic
Cell Transplantation (JSHCT) and therefore the dose, target
blood level, and infusion schedule of both cyclosporine and
tacrolimus were various. Especially, the target level of CsA
is generally low in the daily practice in Japan. Therefore,
the results of these previous studies that compared CsA
and tacrolimus as GVHD prophylaxis might have been
affected by the target blood concentration [13-17].
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of GVHD prophylaxis with less frequent toxicities compared
to tacrolimus. Wingard et al. have reported that an impor-
tant relationship between blood concentration of these
agents and their efficacy and toxicity using data of a
randomized controlled trial [16]. They showed that the effi-
cacy of CsA to prevent GVHD could be improved by elevat-
ing the target blood concentration of CsA, whereas the tox-
icity of tacrolimus could be reduced by lowering the target
blood concentration of tacrolimus. Therefore, a randomized
controlled trial to compare CsA and tacrolimus with their
appropriate target blood concentration is required to draw a
definite conclusion.

Another concern about the elevation of the target con-
centration of CsA was the possible increase in the inci-

American Journal of Hematology DOI 10.1002/ajh



dence of relapse [18,19). We previously showed that the
incidence of relapse was significantly lower after the contin-
uous infusion of CsA with the low target CsA concentration
at 300 ng/ml compared to twice-daily infusions targeted to
150-300 ng/ml, because the actual dose of CsA was obvi-
ously decreased in the continuous infusion group [6]. In
this study, the incidence of relapse tended to be higher in
the CsA500 group (20 vs. 6%, P = 0.065), aithough there
was no significant difference in disease-free survival. A
possible explanation of the tendency toward higher relapse
rate in the CsA500 group was the impaired graft-versus-
leukemia effect due to the higher CsA concentration.
Another explanation was the fact that the CsA300 group
included significantly more patients with CML in the first
chronic phase, the relapse rate of which is expected to be
very low. Actually, the difference in the incidence of relapse
became smaller when we excluded patients with CML. In
addition, relapse in the CsA500 group mainly occurred in
patients with relatively poor underlying diseases, including
one with chronic neutrophilic leukemia in uncontrollable leu-
kocytosis, one with acute myeloblastic leukemia with
monosomy 7, and one with acute lymphoblastic leukemia
with minimal residual disease detected by flow cytometry.
Therefore, it might be important to make an appropriate
definition of standard-risk disease. Currently, we are exclud-
ing acute leukemia in first remission with poor cytogenetic
abnormalities, such as the presence of Philadelphia chro-
mosome or monosomy 7, from standard-risk disease.

In conclusion, the continuous infusion of CsA with a tar-
get level of 450-550 ng/ml appeared to be safe and effec-
tive to prevent acute and chronic GVHD. A randomized
controlled trial is being planned to confirm the appropriate-
ness of this higher target level of CsA.

Patients and Methods

Patients

A continuous infusion of CsA with the target blood level between 450
and 550 ng/ml was started as GVHD prophylaxis for standard-risk
patients at our institute in March 2003. We compared the safety and ef-
ficacy of this GVHD prophylaxis with those in the historical standard-
risk patients in whom the blood CsA level was targeted to 250-350 ng/
ml [6]. Standard-risk disease included acute leukemia in complete
remission, CML in chronic phase, myelodysplastic syndrome without
leukemic transformation, chemosensitive lymphoma, and nonmalignant
disorders such as chronic active Epstein-Barr virus infection, while the
others were considered high-risk diseases.

Transplantation procedure

Conditioning regimen was mainly a combination of cyclophosphamide
(60 mg/kg for 2 days) with either busulfan (4 mg/kg/day for 4 days) or
total body irradiation (TBI; 2 Gy twice daily for 3 days). BM was exclu-
sively used as stem cell source in unrelated HSCT, whereas peripheral
blood (PB) or BM was chosen in HSCT from a relative. GVHD prophy-
laxis consisted of CsA and short term methotrexate (MTX). The dose of
MTX was 10 mg/m? on day 1 and 7 mg/m® on days 3 and 6 in HLA-
matched related HSCT. MTX at 7 mg/m? was added on day 11 in HLA-
mismatched related HSCT and HLA-matched unrelated HSCT. In HLA
allele-mismatched unrelated HSCT, the doses of MTX were increased to
15 mg/m? on day 1 and 10 mg/m? on days 3, 6, and 11.

CsA was administered as a 24-hr continuous infusion. The concen-
tration of CsA was measured twice a week by fluorescence polarization
immunoassay with a specific monoclonal antibody, using whole blood
samples [20]. The dose of CsA was adjusted based on the ratio of the
measured blood concentration and the target blood concentration of cy-
closporine at 500 ng/ml to maintain the blood CsA concentration
between 450 and 550 ng/ml. For example, when the measured blood
concentration was 400 ng/ml using a daily cyclosporine dose of 200
mg, we multiplied the dose of cyclosporine by the ratio and determined
the next cyclosporine dose at 200 mg X 500/400 = 250 mg. The route
of CsA administration was converted to oral at a ratio of 1:2 when
patients were able to tolerate oral intake after engraftment. Acute

American Journal of Hematology DOI 10.1002/ajh

GVHD was graded as previously described [21]. Prophylaxis against
bacterial, fungal, and Pneumocystis carinii infection consisted of fluco-
nazole, tosufloxacin, and sulfamethoxazole/trimethoprim or inhalation of
pentamidine. As prophylaxis against herpes simplex virus infection,
acyclovir was given from days 7-35. Pre-emptive therapy with ganciclo-
vir for cytomegalovirus infection was performed by monitoring cytomeg-
alovirus antigenemia. The initial dose of ganciclovir was 5 mg/kg once
daily and the dose was elevated to 5 mg/kg twice daily, when an
increasing antigenemia was observed [22]. Other supportive proce-
dures were not changed.

Statistical considerations

Toxicities were evaluated until the route of CsA was changed to oral.
Renal dysfunction was defined as elevation of serum creatinine level
above X1.5 or X2.0 the baseline value. Liver dysfunction was defined
as elevation of the total bilirubin level above 2 mg/dl. Dichotomous vari-
ables of the patients’ characteristics in the two groups were compared
using Fisher's exact test. Overall survival, disease-free survival, and
the cumulative incidence of acute GVHD were calculated using the
Kaplan—Meier method, whereas the cumulative incidences of relapse
and nonrelapse mortality were calculated using Gray's method consid-
ering each other event as a competing risk [23]. Potential confounding
factors for the analyses included age, sex, donor types (related or
unrelated), stem cell sources (BM or PB), conditioning regimens (TBI
or non-TBI), HLA-mismatch, total doses of MTX, and the target levels
of CsA. To evaluate the influence of the confounding factors on these
events, the log-rank test and proportional hazards modeling were used
for univariate and multivariate analyses, respectively. Factors that
showed at least borderline significance (P < 0.10) in univariate analy-
ses were included in the multivariate analyses and stepwisely deleted
from the model, although the target level of CsA was persistently
stayed in the model. All P-values were two-sided and P-values of 0.05
or less were considered statistically significant.
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Objectives: Although Aspergillus galactomannan (GM) antigen detection is widely applied in the diag-
nosis of invasive aspergillosis (IA), false-positive reactions with fungus-derived antibiotics, other
fungal genera or the passage of dietary GM through injured mucosa are a matter of concern. The aim
of this study was to investigate the cumulative incidence and risk factors for false-positive GM antige-
naemia.

Patients and methods: The records of 157 adult allogeneic haematopoietic stem cell transplantation
(HSCT) recipients were retrospectively analysed. Episodes of positive GM antigenaemia, defined as
two consecutive GM results with an optical density index above 0.6, were classified into true, false and
inconclusive GM antigenaemia by reviewing the clinical course.

Results: Twenty-five patients developed proven or probable IA with a 1 year cumulative incidence of
12.9%, whereas 50 experienced positive GM antigenaemia with an incidence of 32.2%. Among the total
58 positive episodes of the 50 patients, 29 were considered false-positive. The positive predictive value
(PPV) was lower during the first 100 days than beyond 100 days after HSCT (37.5% versus 58.8%).
Gastrointestinal chronic graft-versus-host disease (GVHD) was identified as the only independent sig-
nificant factor for the increased incidence of false-positive GM antigenaemia (PPV 0% versus 66.7%,
P = 0.02).

Conclusions: GM antigen results must be considered cautiously in conjunction with other diagnostic
procedures including computed tomography scans, especially during the first 100 days after HSCT and

in patients with gastrointestinal chronic GVHD.

Keywords: fungal infections, invasive aspergillosis, chronic GVHD, gastrointestinal tract, mucosal damage

Introduction

Invasive aspergillosis (IA) remains one of the leading infectious
causes of death after allogeneic haematopoietic stem cell trans-
plantation (HSCT), despite new antifungal agents that have
become available in recent years.' The high mortality rate of 1A
was mainly attributed to the difficulty of diagnosis at the early
stage of the discase, because histopathological examinations
require invasive procedures and fungal cultures have low speci-
ficity and sensitivity in detecting TA.

Monitoring of the circulating Aspergillus galactomannan
(GM) antigen by the sandwich enzyme-linked immunosorbent
assay (ELISA) is a feasible non-invasive biological method for
early diagnosis of 1A. The GM ELISA test has seositivity of
67% to 100% and specificity of 8% to 99% in neutropenic
patients and allogeneic transplant recipients.*"® and was intro-
duced as microbiological evidence in the European Organization
for Research apd Treatment of Cancer and Mycoses Study
Group (EORTC/MSG) criteria for opportunistic invasive fungal
infection.” However, a concern is the false-positive reactions,

*Corresponding author. Tel: +81-3-5800-9092; Fax: +81-3-5840-8667; E-mail: kurokawa-tky @umin.ac jp
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which may lead to inappropriate invasive investigation or over-
treatment with antifungal agents. Previous studies have reported
various nisk factors for the false-positive results. including early
childhood,? the development of chronic graft-versus-host disease
(GVHD)? the passage of GM of food origin®'® and certain
exoantigens from other fungal genera'' or fungus-derived anti-
biotics.'*'* However, little is known about the exact mechanism
of false-positive reactions with these factors.

To clarify the cause of false-positive results, we retrospec-
tively analysed the incidence and risk factors for false-positive
GM antigenaemia in allogeneic HSCT recipients.

Patients and methods

Study population

GM ELISA became available at the University of Tokyo
Hospital as a routine diagnostic test in February 2000. During a
5 year period (February 2000 to May 2005), 163 consecutive
adult patients (>16 years old) underwent allogeneic HSCT at
the University of Tokyo Hospital. The medical records of 157
patients who had at least two GM ELISA tests after HSCT were
available for a retrospective analysis of positive GM antigenae-
mia. The median follow-up was 519 days (range, 15-2090 days)
after HSCT. The patient characteristics are shown in Table 1.
Acute leukaemia in first remission, chronic myelogenous leukae-
mia in first chronic phase, myclodysplastic syndrome with
refractory anaemia or refractory anaemia with ringed sidero-
blasts. and aplastic anaecmia were defined as low-risk diseases,
whereas others were considered high-risk diseases. Donors other
than human leucocyte antigen (HLA)-matched sibling donors
were defined as alternative donors.

Transplantation procedure

The coaventional preparative regimen for leukaemia/lymphoma
was mainly performed with either cyclophosphamide/total body
irradiation (TBI)-based regimens or busulfan/cyclophosphamide-
based regimens. In cyclophosphamide/TBl-based regimens, the
dose of cyclophosphamide was decreased and etoposide was
added instead in patients with impaired cardiac function.
Fludarabine-based regimens were used as reduced-intensity regi-
mens for elderly or clinically infirm patients.'* Cyclosporin A or
tacrolimus was administered combined with short-term metho-
trexate for prophylaxis against GVHD. Alemtuzumab was added
for patients who received a gratt from an HLA-mismatched
donor.'® Methyl-prednisolone or prednisolone at 1 or 2 mg/kg
was added for patients who developed grade I1-1V acute
GVHD, whereas prednisolone at (.5 mg/kg or more was added
for patients who developed extensive chronic GVHD.
Prophylaxis against bacterial, herpes simplex virus and
Pneumocystis jirovecii infections consisted of tosufloxacin, aci-
clovir and sulfamethoxazole/trimethoprim.

Antigen detection

GM assay was performed at least every other week after HSCT
until discharge from the hospital in the majority of patients. In
the outpatient setting, the monitoring of GM was continued at
cach visit in patients who were receiving immunosuppressive
therapy, at the discretion of attending physicians. Circulating
Aspergillus GM was detected using a sandwich immunocapture
ELISA (Platelia  Aspergillus. Bio-Rad. Marnes-la-Coquette.

Table 1. Patients’ characteristics

Characteristic Total patients
Sex (male/female) 105/52
Age, median (range) 41 (16-66)
Underlying disease

acute leukaemia 70

CML 26

MDS 22

SAA 8

other 31
Graft source

PBSC 69

BM 88
Donor type

matched sibling 58

mismatched related 15

unrelated 84
Preparative regimen

Cy (Etwp)/TBI-based regimens 105

Bu/Cy-based regimens 15

ATG-based regimens for SAA 5

Flu-based RIC 32
GVHD prophylaxis

CsA-+MTX 115

tacrolimus-+ MTX 18

alemtuzumab+CsA + MTX 24
Acute GVHD

grade 0-1 87

grade 11-1V 69
Chronic GVHD

extensive . 57

limited 30

none 47

CML, chronic myelogenous leukaemia; MDS, myelodysplastic syndrome;
SAA, severe aplastic anasemia: PBSC, peripheral blood stem cell; BM. bone
marrow; Cy, cyclophosphamide; Etp, etoposide: TBI, total body irradiation;
Bu. busulfan; ATG, antithymocyte globulin; Flu, fludarabine; RIC, reduced
intensity conditioning; GVHD, grsfi-versus-host disease; CsA, cyclosporin A;
MTX. methotrexate.

France) using a rat anti-GM monoclonal antibody.” The tech-
nique was performed as recommended by the manufacturer. The
optical absorbance of specimens and controls was determined
with a spectrophotometer set at 450 and 620 nm wavelengths.
The optical density (OD) index for each sample was calculated
by dividing the optical absorbance of the clinical sample by that
of the threshold control. Two consecutive serum sany)lcs with
an OD index of 0.6 or more were considered positive.'

Antifungal prophylaxis and treatment for IA

As ontifungal prophylaxis, fluconazole at 200 mg was princi-
pally given daily from day — 14 unti]l the end of immunosup-
pressive therapy. For patients with a history of TA, intravenous
micafungin at 150-300 mg or oral itraconazole at 200 mg was
administered instead. All patients were isolated in high-effi-
ciency particulate air (HEPA)-filtered rooms from the start of
the conditioning regimen to engraftment. Febrile neutropenia
was treated with broad-spectrum antibiotics in accordance with
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the published guidelines.'’ Antifungal treatment was started

when febrile neutropenia persisted for at Jeast 3—-4 days or when
IA was confinned or suspected with clinical or radiological
signs.

Diagnosis procedures and definitions

Diagnostic procedures included routine cultures of urine and
stools, repeated cultures of blood and sputum, weekly chest
X-ray, computed tomography (CT) scan of the chest and nasal
sinus and. when possible. bronchoscopic examinations and open
biopsy. CT scans were principally obtained for patients with (i)
clinical signs and/or symptoms suggestive of IA, (ii) persistent
or recurrent febrile neutropenia while on broad-spectrum anti-
biotic treatment, (iii) infiltrates or nodules on chest X-ray or (iv)
positive GM antigenaemia. In patients with clinical suspicion ot
IA, bronchoscopy with bronchoalveolar lavage (BAL) and/or
tissue biopsy were also performed whenever feasible. A diagno-
sis of 1A was classified as proven or probable on the basis of the
EORTC/MSG definitions.’” True-positive GM antigenaemia was
defined as two consecutive positive results with the established
diagnosis of proven or probable TA. Positive GM antigenaemia
in episodes that did not fulfil the diagnostic criteria for proven
or probable [A was considered as inconclusive-positive if (i) suf-
ficient examinations including chest and/or sinus CT scans were
not performed despite the presence of compatible clinical signs
and symptoms of 1A or (3i) the possibility that the radiological
abnormalities on the CT scans were due to TA could not be
denied because of the use of empirical antifungal therpy or tar-
geted antifungal therapy for other definite fungal infections at
the time of positive antigenaemia. Alternatively, positive antige-
naemia without sufficient evidence to diagnose proven or prob-
able 1A was considered as false-positive in any of the following:
(i) no radiological abnormalities were detected on chest and/or
sinus CT scans; (ii) non-specific abnormalities on CT scans
improved without any antifungal treatments for IA or culture
results for specimens from radiologically abnormal sites includ-
ing BAL fluid or sinus aspirate were negative: or (iii) CT scans
were not performmed because of no evidence meeting clinical
minor criteria in EORTC/MSG definitions. Positive antigenae-
mia recurring after the negative conversion at least 3 months
apart was considered an independent episode.

Statistical analysis

Sensitivity, specificity and positive predictive value (PPV) of the
GM ELISA were calculated on the basis of the clinical diagnosis
of proven or probable IA. The cumulative incidences of positive
GM antigenaemia and TA were evaluated using Gray's method,
considering death without each event as a competing risk.'®
Probabilities in two groups were compared using Fisher's exact
test. P values of less than (.05 were considered statistically
significant.

Results

Transplantation outcome

One hundred and fifty-seven allogeneic transplant recipients
were included in the study. Neutrophil engraftment was obtained
at a median of 17 days (943 days) after HSCT in 156 patients.
Grade [I1-1V acute GVHD was observed in 69 and chronic
GVHD in 87 of 134 who survived more than 100 days. Seventy

patients died, the causes being haematological relapse (n = 29),
infection (n = 14), non-infectious pulmonary complications
(n = 15), goastrointestinal bleeding (n = 6) or other reasons
(n=6).

Diagnosis of IA

Twenty-five patients developed proven (n = 8) or probable
(n = 17) 1A at a median of 204 days (range 21-1527 days) after
HSCT, with a 1 year cumulative incidence of 12.9% (Figure 1).
Twenty-two patients (88%) had pulmonary disease, two of
whom showed dissemination. The remaining three had tracheo-
bronchitis, sinusitis and gastrointestinal involvement, respect-
ively. IA was the direct cause of death in five patients. Positive
GM antigenaemia was observed in 22 patients with proven or
probable TA. In a patient-based analysis, the sensitivity and
specificity of the test were 88% (22 of 25) and 79% (104 of
132), respectively.

Episodes with positive GM antigenaemia

A total of 3296 serum samples were analysed from 157 patients
(mean, 21 samples/patient; range, 2-109 samples/patient).
Overall, 50 patients (31.9%) developed positive GM antigenae-
mia at a median of 107 days (range 12~1193 days) after HSCT,
with a 1 year cumulative incidence of 32.2% (Figure 1). Five
patients had second positive episodes at a median interval of
358 days (range 119-1103 days) between the first and second
episodes. Four positive episodes occurred in one patient.

A total of 58 positive episodes of the 50 patients were there-
fore analysed (Table 2). Twenty-two episodes were diagnosed
true-positive based on the diagnosis of proven or probable IA. In
these patients, the microbiological criterion was fulfilled with
pathological findings and/or culture results in 10 and GM
antigen test in 12. Seven were considered inconclusive-positive.
In all the seven episodes, we could not conclude whether the
abnormalities on CT scans were attributed to A or not, because
antifungal agents were administered empirically (n = 5) or for
the treatment of documented candidiasis (n = 2) at the time of
positive GM antigenaemja.

Twenty-nine episodes were considered false-positive, in all of
which piperacillin/tazobactam or amoxicillin/clavulanate was not
given at the time of positive GM antigenaemia. Penicillium and

1.0

0.8 4

J

0.6 1
Positive antigenaemia
0.4 4

Probability

1000 1500

Day»

0 500

Figure 1. Cumulative incidences of IA and positive GM antigenaemia after
HSCT.
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Table 2. Incidence of false-positive GM antigenaemia

Total  Episodes before Episodes after
episodes day 100 day 100
Trae-positive 22 8 14
False-positive 29 I 14
Inconclusive-positive 7 1 6
Total 58 24 34
False-positive rate (%) 50 62.5 . 412

Paecilomyces were not detected in these false-positive episodes.
At the time of false-positive antigenaemia, antifungal prophy-
laxis was given in 23 episodes (fluconazole, 20; itraconazole, 3),
and no antifungal agents at all in the remaining 6. Empirical or
targeted antifungal therapy was not performed in these episodes.
CT scans were performed in 22 episodes, in which no radiologi-
cal abnormalities were scen in 12, and non-specific abnormal-
ities in the remaining 10 were caused by P. jirovecii infections
(n = 2), bacterial infections (2 = 2), pulmonary involvement of
cancer (n = 1), heart tailure (n = 1), bronchiolitis obliterans
organizing pneurnonia (BOOP) (n = 1) or unknown aetiology
(n = 3). All three unexplained radiological abnormalities disap-
peared spontaneously.

Incidence and risk factors for false-positive GM antigenaemia

Of the 58 positive episodes, 29 satisfied the criteria of false-
positive antigenaemia, with a false-positive rate of 50%
(Table 2). During the first 100 days after HSCT, 15 of 24 posi-
tive episodes were considered false-positive, with a false-
positive rate of 62.5% (Table 2). PPV was 33.3% or 37.5%
when we included the inconclusive episode into the false-
positive group or the true-positive group, respectively. in the 24
positive episodes. PPV was 55.6% or 66.7% even in nine with
grade [I-1V acute GVHD at the time of positive GM antigenae-
mia. In contrast, 14 of 34 positive episodes beyond 100 days
were considered false-positive, with a rate of 41.2%, and PPV
was 41.2% or 58.8%. False-positive antigenaemia occurred
more frequently and therefore PPV was lower during the first
100 days.

There were no significant parameters that increased the inci-
dence of false-positive GM antigenaemia over the entire period
and during the first 100 days (Tables 3 and 4). The incidence
was rather decreased in the presence of active GVHD (at any
grade) and liver GVHD over the entire period, and grade
H-IV GVHD, grade III-IV GVHD and liver GVHD during
the first 100 days. In contrast, gastrointestinal chronic GVHD
was identified as the only significant risk factor for increased
false-positive GM antigenaemia beyond 100 days (Table 5).
Twenty of the 30 episodes of positive GM  antigenaemia
without gastrointestinal chronic GVHD were true-positive,
whereas all 4 positive GM antigenaemia episodes in patients
with gastrointestinal chronic GVHD were false-positive (PPV
66.7% versus 0%, P = 0.02). Gastrointestinal chronic GVHD

in these patients was associated with more than 500 mL of

diarrhoea at the time of positive GM antigenaemia, the diagno-
sis of which was pathologically confirmed with colon biopsy.

Table 3. Risk factors for false-positive GM antigenaemia after
HSCT

False-
Factors positive Others P value
Age
>40 years 18 18 1.00
<40 years 11 11
Disease risk :
standard risk 7 5 0.75
high risk 22 24
Graft source
bone marrow 16 15 0.79
peripheral blood : 13 14
Donor type
matched sibling donor 9 9 1.00
alternative donor 20 20
Neutrophil count
<500 cells/pl. 2 3 1.00
=500 cells/pl. 27 26
Active GVHD on positive GM
yes 13 23 0.01
no 16 6
Gastrointestinal GVHD on positive GM
yes 6 3 047
no 23 26
Liver GVHD on positive GM
yes 5 14 0.02
no 24 IS
Skin GVHD on positive GM
yes 137 20 041
no 105 50
Prednisolone on positive GM (1)
>0.5 mg/kg 137 20 0.41
<<0.5 mg/kg 105 S0
Prednisolone on positive GM (2)
>1.0 mg/kg 137 20 1.00
< 1.0 mg/kg 105 50

In thorough examinations for aspergillosis, no radiological
abnormalities were seen in two patients, non-specific abnormal-
ities on CT scan were observed but spontaneously disappeared
without clinical symptoms suggestive of A in one, and radio-
logical findings compatible with BOOP were observed and
promptly improved with systemic corticosteroids in one. There
was another false-positive episode probably associated with gas-
trointestinal chronic GVHD, which was included in the ‘no gas-
trointestinal chronic GVHD’ group because GVHD was absent
at the detection of positive GM antigenaemia, but gastrointesti-
nal chronic GVHD developed soon thereafter. Among these five
episodes, the GM levels became normal with the improvement
of gastrointestinal chronic GVHD in four, whereas GM antigen
monitoring was discontinued because of death from haematolo-
gical relapse in the remaining one.

414



False-positive galactomannan after HSCT

Table 4. Risk factors for false-positive GM antigenaemia before
day 100

Table 5. Risk factors for false-positive GM antigenaemia after day
100

False-

Factors positive Others P value

False-

Factors positive Others P value

Neutrophil count

<500 t 1 100
>500 14 8
Active GVHD on positive GM
yes 4 6 009
no 1L 3
Grade -1V acute GVHD on positive GM
yes 3 6 004
no 12 3
Grade IL~IV acute GVHD on positive GM
yes 0 3 004
no 15 6
Gastrointestinal GVHD on positive GM
yes 2 3 033
no 13 6
Liver GVHD on positive GM
yes 0 5 <01
no 15 4
Skin GVHD on positive GM
yes 3 4 036
no 12 5
Prednisolone on positive GM (1)
- 20.5 mg/kg 9 5 LOO
<0.5 mg/kg 6 4
Prednisolone on positive GM (2)
>1.0 mg/kg S 4 0068
< 1.0 mg/kg 10 5
Discussion

This study demonstrated that the sensitivity of the GM ELISA
test was 88% in patient-based analysis and PPV was 38% to
50% in episode-based analysis, which were comparable with
those in previous reports.®~® However, false-positive GM antige-
naemia frequently occurred during the first 100 days after
HSCT. and PPV was lower even among patients with grade 11—
IV acute GVHD, in whom the pre-test probability of TA was
considered to be much higher than patients without acute
GVHD.

A significant correlation between the occurrence of false-
positive GM antigenaemia and the presence of gastrointestinal
chronic GVHD was observed in this study. GM ELISA results
were false-positive in all four episodes with gastrointestinal
chronic GVHD at the time of positive GM antigenaemia. and
there was another false-positive episode in which GVHD was
absent at the detection of positive GM antigenaemia, but gastro-
intestinal chronic GVHD developed soon thereafter. During
these episodes, piperacillin/tazobactam or amoxicillin/clavula-
nate was not given, and occult infections by some fungi reacting
with GM ELISA were not detected, both of which were pre-
viously reported as important risk factors for false-positive GM
antigenaemia.'' ~'* Meanwhile, our results were consistent with
the conclusions of other studies that concurrent mucositis in

Active GVHD on positive GM

yes 9 17 0.23
no 5 3
Extensive chronic GVHD on positive GM
yes 7 10 1.00
no 7 10
Gastrointestinal GVHD on positive GM
yes 4 0 0.02
no 10 20
Liver GVHD on positive GM
yes 5 0.73
no 9 11
Skin GVHD on positive GM
yes 5 8 1.00
no 9 12
Oral GVHD on positive GM
yes 3 6 0.70
no t t4
Prednisolone on positive GM (1)
>0.5 mg/kg 3 3 0.67
<0.5 mg/kg 11 17
Prednisolone on positive GM (2)
2 1.0 mg/kg 2 1.00

—
[ 28 ']
o

< 1.0 mg/kg

HSCT recipients or immature intestinal mucosa in neonates
allows the translocation of GM contained in foods, leading to
frequent false-positive GM antigenaemia.”~>* "% These findings
suggested the possibility that passage of dietary GM into the
blood from the disrupted intestinal mucosal barrier might result
in false-positive antigenaemia in patients with gastrointestinal
chronic GVHD.

In contrast, the development of gastrointestinal acute GVHD
was not significantly associated with the occurrence of false-
positive GM antigenaemia in our series. This was probably
because the overall false-positive rate during the first 100 days
after HSCT was higher than that beyond 100 days. Mucosal
damage due to the high-dose chemotherapy or TBI in the con-
ditioning regimen might be the cause of trequent false-positive
GM antigenaemia early after HSCT.®

Pfeitfer et al.'® recently showed the significant heterogeneity
of GM test perfonnance among patients with different preva-
lences of TA. They demonstrated that GM assay was more useful
in immunocompromised high-risk populations such as HSCT
recipients or patients with haematological malignancy than in
solid-organ transplant recipients. Although emphasizing the
utility of GM assay only when there is a high pre-test probability
of IA, they also addressed the need for further investigations of
the reasons for the heterogeneity. Prior antifungal therapy and
false-positive results are possible explanations for the heterogen-
eity, and our findings may contribute to the effective use of
the assay. However, our study is a retrospective evaluation and
therefore there are some potential weaknesses. In this study,
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regular screening of GM antigen was not rigorously performed,
but on an on-demand basis. This is in contrast to the previous
studies in which GM antigenaemia was evaluated more inten-
sively.*~> This fact might have affected the diagnostic perform-
ance of this assay. but the high cost of this test precluded such
intensive monitoring in daily ‘practice. In addition, we should
mention that this study might lack enough statistical power to
detect the other risk factors for false-positive antigenaemia than
gastrointestinal chronic GVHD because of the small number of
patients with positive antigenaemia. Also, the small number of
patients with positive antigenaemia precludes multivanate analy-
sis, which might be another reason for failing to find the poss-
ible impact of the other risk factors. The other major limitation
is that GM antigenaemia itself was included in the microbiologi-
cal criteria, which might have precluded the evaluation of true
performance of this assay. In this study, however, the number of
patients diagnosed with A talls from 22 to 10, if the GM results
are excluded from the criteria, which seemed too small for the
statistical analysis. Therefore, we used the original EORTC/
MSG definitions that include GM antigenaemia in the microbio-
logical criteria.

In conclusion, frequent false-positive GM antigenaemia was
observed in allo-HSCT recipients during the first 100 days after
transplantation or in those with gastrointestinal chronic GVHD,
leading to a decreased PPV of the GM ELISA test. Therefore,
GM antigenaemia results should be considered cautiously in
these patients in conjunction with other diagnostic procedures
including CT scans.
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Chronic neutrophilic leukemia (CNL) is a rare myeloproliferative disorder characterized by a
proliferation mainly of mature neutrophils. The prognosis is generally poor and an optimal
therapeutic strategy remains to be determined. Allogeneic hematopoietic stem cell transplan-
tation (HSCT) is expected to be the only curative therapy so far. We report a 46-year-old male
with progressive CNL who underwent bone marrow transplantation from an HLA-matched
unrelated donor. After engraftment was achieved on day 35, relapse of CNL was confirmed on
day 50. The progression of CNL was very rapid afterward and infiltration to the central nervous
system was observed. The Janus Kinase 2 (JAK2) V617F homozygous mutation was detected
from the peripheral blood or bone marrow samples throughout the clinical course. From com-
parison with reports of successful HSCT for CNL in the literature, it was inferred that HSCT
should be performed in a stable status before progression. Furthermore, JAK2 V617F-positive
CNL may contain an aggressive disease entity in contrast to previous reports. Accumulation of
experiences is required to establish a definite role of HSCT in the treatment of CNL and a prog-

nostic significance of JAK2 mutation in CNL. Am. J. Hematol. 82:386-390, 2007.

© 2006 Wiley-Liss, Inc.

Key words: chronic neutrophilic leukemia; allogeneic hematopoietic stem cell trans-
plantation; intracranial invasion; JAK2 V617F mutation

INTRODUCTION

Chronic neutrophilic leukemia (CNL) is a rare
myeloproliferative disorder which predominantly
affects older adults [1-3] and characterized by sus-
tained mature neutrophilic leukocytosis in peripheral
blood, neutrophilic granulocyte proliferation in the
bone marrow, and the absence of the Philadelphia
chromosome. Neutrophilia is usually progressive, and
anemia and thrombocytopenia occur successively [1].
Most patients with CNL have a poor prognosis with
a median survival of about 2 years [4]. Because of the
rarity of this disease, an optimal therapeutic strategy
remains to be determined. Allogeneic hematopoietic
stem cell transplantation (HSCT) is expected to be the
only curative therapy so far [1,4]. Several reports of
successful HSCT for CNL have been reported in the
literature, in which HSCT was performed during a

© 2006 Wiley-Liss, Inc.

controllable phase [S5,6]. However, we experienced a
46-year-old male with JAK2 Vé617F-positive CNL
who underwent bone marrow transplantation from
an HLA-matched unrelated donor in the progressive
phase and developed early systemic relapse associated
with central nervous system infiltration.
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Case Report

TABLE I. Summary of Chromosome Analyses

Total number Karyotype and number of

Date of cells analyzed cells with cach karyotype
2001,03°26 20 46. XY, inv.(9)
2001710522 20 46. XY . inv. (9)
2004,05/10 20 46. XY, inv. (9)
2004:10,05 20 46. XY.inv. (9)
2004/11/16 15 46. XY
2004/12/15 20 46. Y. «(X:6)(pl L;pl5).inv. (9)

46. XY. 1(1;11)(p34:423),
add(4)(pl 1), del(16)(pl1),
inv. (9)

46, XY, add(1)(p!1).del(1)(p36),
add(3)(p21), inv. (9)

46, XY, t(8:11)ql1;923), inv. (9)

46, XY, inv. (9)

CASE REPORT

A 46-year-old male was referred to our hospital in
March 2001 due to leukocytosis and hepatosplenome-
galy. White blood cell (WBC) count was 23.8 x 10°/
L with 89% of neutrophils. Hemoglobin (Hb) level
and platelet count were within normal limits (15.9 g/
dL and 46.1 x 10*/uL, respectively). Bone marrow
aspiration showed hypercellular bone marrow, which
was compatible with chronic myelogenous leukemia
in chronic phase. However, the karyotype was normal
except for inversion 9, which was considered to be a
normal variant. The ber/abl fusion mRNA was not
detected by reverse-transcriptase polymerase chain
reaction (RT-PCR). Morphological abnormality was
not apparent. In the next month, WBC count was ele-
vated to more than 25.0 x 10*/uL and he fulfilled the
diagnostic criterion of CNL according to the World
Health Organization (WHO) classification. There-
after, WBC count was stable and he was followed up
without any treatment. In November 2001, WBC
count increased to more than 40.0 x 10°/uL. There-
fore, we started hydroxyurea and WBC count was
well controlled below 10.0 x 103/uL. In April 2004,
however, WBC count increased again to more than
20.0 x 10*/uL with 91% of neutrophils, associated
with a progressive decline in Hb and platelet count,
which was refractory to the increased dose of hydroxy-
urea. We added cytarabine ocfosfate, but it was also
ineffective. He became dependent on frequent blood
transfusions. The lower margin of his spleen was pal-
pable beyond the navel level. Bone marrow aspiration
showed marked neutrophilic granulocyte prolifera-
tion and there was no change in chromosome analysis
and RT-PCR findings (Table I).

We performed bone marrow transplantation from
an HLA-matched unrelated male donor on October

: JAK2 V617F-Positive CNL and Allogeneic HSCT 387

Fig. 1. Bone marrow aspiration on day 50 showed neutro-
philic granulocyte proliferation without an increase in blast
cells. (May-Giemsa stain, x400). [Color figure can be
viewed in the online issue, which is available at www.
interscience.wiley.com.)

26th, 2004. The conditioning regimen consisted of cy-
clophosphamide (60 mg/kg for 2 days) and fractio-
nated total body irradiation (2 Gy twice daily for 3
days). Prophylaxis against graft-versus-host disease
(GVHD) consisted of cyclosporine (CsA) at 3 mg/kg
and short-term methotrexate (10 mg/m? on day 1 and
7 mg/m? on days 3, 6, and 11). Bone marrow aspira-
tion on day 19 showed hypocellular bone marrow,
but karyotype was 46, XY without inversion 9. There-
fore, hematopoiesis at that time was considered to be
donor-origin. On day 35, neutrophil engraftment was
achieved. Grade I acute GVHD of the skin was
observed, but quickly disappeared with topical ste-
roid. We performed bone marrow aspiration on day
50, which showed hypercellular bone marrow without
an increase in blast cells (Fig. 1). Chromosome analy-
sis showed complex abnormality including inversion 9
in all dividing cells analyzed (Table I). WBC count
began to increase to more than 10.0 x 103/uL with a
decline in platelet count. Therefore, he was diagnosed
to have a relapse of CNL and hydroxyurea was started
with a rapid tapering of CsA. The dose of hydrox-
yurea was increased to 3000 mg/day but WBC count
increased up to 47.6 x 10°/pL. Therefore, we started
a continuous infusion of cytarabine at 100 mg/day
from day 70. On the same day, however, he developed
dysarthria and hyperesthesia of the right side of his
body. We performed plain head CT scan, which
revealed multiple high-density lesions (Fig. 2A). Cere-
brospinal fluid obtained by lumber puncture on the
next day did not reveal an increase in cell count, but
we highly suspected of central nervous system infiltra-

American Journal of Hematology DOI 10.1002/ajh
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Fig. 2. Multiple high-density lesions, indicating hemor-
rhages, were observed in plain head CT scans on day 70 (A)
and on day 74 (B).

tion of CNL and administered cytarabine at 1 g/m?
by a 2 hr infusion. However, the neurological symp-
toms got worse and WBC count was persistently more
than 40.0 x 10°/uL with more than 60% of neutro-
phils. He became unable to communicate and aniso-
coria appeared on day 74. Plain head CT scan on that
day showed an enlargement of the pre-existing lesions
as well as an emergence of many new lesions (Fig.
2B). We started whole brain irradiation at 3 Gy/day
but the heart rate and blood pressure were elevated
suddenly on the night and his spontaneous ventilation
stopped. Although we started mechanical ventilation,
he died on day 79 probably due to intracranial hemor-
rhage. Autopsy revealed marked infiltration of
mature and immature neutrophils in most organs,
associated with multiple hemorrhagic lesions in the
brain (Fig. 3).

American Journal of Hematology DOI 10.1002/ajh

Fig. 3. Autopsy revealed invasion and mass formation of
mature and immature neutrophils in the parenchyma of the
brain (arrow). Hemorrhagic lesion was just close to the
mass (triangle). (Hematoxylin—-Eosin stain, x100). [Color fig-
ure can be viewed in the online issue, which is available at
www.interscience.wiley.com.]

Janus Kinase 2 (JAK2) Mutation Analysis

We evaluated JAK2 V617F mutation as described
previously [7]. In brief, genomic DNA was extracted
from peripheral blood or bone marrow samples and
amplified by polymerase chain reaction using sense
and antisense primers (5-TGCTGA- AAGTAGGA-
GAAAGTGCAT-3 and 5-TCCTACAGTGTTTT-
CAGTTTCAA-3, respectively). Fluorescent dye chem-
istry sequencing was performed on an ABI PRISM
3100 Genetic Analyzer (Applied Biosystem, Foster
City, CA) using the same primers. GenBank accession
NM 004 972 (JAK2 mRNA) and the corresponding
region from the NC_000 009 chromosome 9 contig
were used for sequence analysis.

The JAK2 V617F homozygous mutation was
detected in the peripheral blood sample obtained in De-
cember 2001, when the WBC count started to increase
for the first time after the diagnosis (Fig. 4). The same
mutation was detected in the bone marrow samples
obtained in the progressive phase before HSCT (Octo-
ber, 2004) and at relapse of CNL on day 50 after HSCT
(December, 2004). We could not evaluate the JAK2
V617F mutation on the CNS lesions because cerebro-
spinal fluid obtained by lumber puncture at CNS
relapse did not contain leukemic cells and brain tissue
obtained at autopsy was severely damaged and inappro-
priate for the JAK2 mutation analysis.

DISCUSSION

CNL is a new distinct entity which was defined in
the WHO classification, and only 150 cases have been
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Fig. 4. Fluorescent dye chemistry sequencing detected
JAK2 V617F homozygous mutation in the peripheral blood
sample obtained in December 2001. [Color figure can be
viewed in the online issue, which is available at www.
interscience.wiley.com.]

reported [4]. Therefore, the clinical and pathological
features of CNL, as well as an optimal therapeutic
strategy, have not been well understood. Oral cytore-
ductive agents, such as hydroxyurea, can control neu-
trophilia only temporarily, while intensive chemother-
apy has often resulted in death from infection or hem-
orrhage due to severe cytopenias [1,2,4]. Allogeneic
HSCT has been expected to be the only curative ther-
apy so far [1,4]. Several successful cases have been
reported. Hasle et al. reported a long-term remission of
CNL in two young patients who underwent allogeneic
HSCT when the WBC count was stably controlled with
hydroxyurea [5). Piliotis et al. also reported a successful
clinical course of 60-year-old male with CNL who
underwent allogeneic HSCT in the stable phase [6]. In
contrast, the current patient underwent allogeneic
HSCT when the disease was progressive despite of
administering hydroxyurea and had a relapse of CNL
early after HSCT. The difference in the transplantation
outcome might have resulted from the disease status at
HSCT, which is similar to the difference in the outcome
of HSCT for chronic myelogenous leukemia between
patients who underwent HSCT in accelerated or blastic
phase and those who underwent HSCT in chronic
phase. Another explanation may be the “publication
bias,” that unsuccessful outcomes tend to be rejected by
journal editors or are not submitted by clinicians.

The leading cause of death in patients with CNL is
intracranial hemorrhage, the pathogenesis of which re-
mains unclear [1,2,4]. Noguchi et al. reported a patient
who died of CNL due to intracranial hemorrhage. The
autopsy findings showed extensive infiltration of mature

and immature neutrophils, which resulted in the destruc-
tion of vascular walls [8]. On the other hand, vascular
destruction by mucormycosis was the cause of intracra-
nial hemorrhage in a CNL patient reported by Yasui
et al. [9]. Autopsy findings of the current patient demon-
strated invasion and mass formation of mature and
immature neutrophils in the parenchyma of the brain.
Regrettably, we could not examine the infiltration of
neutrophils to the vascular wall, because brain tissue was
already severely damaged at autopsy.

The JAK2 V617F mutation was detected in most
patients with polycythemia vera and one-third to one-
half of patients with essential thrombocythemia or idio-
pathic myelofibrosis [10]). However, there have been only
three reports as to the association between CNL which
met the current WHO diagnostic criterion and the JAK2
V617F mutation. Steensma et al. evaluated the preva-
lence of JAK2 V617F homozygous mutation in six
patients with CNL and the mutation was detected in one
patient, whose clinical course was stable with hydrox-
yurea more than two years from the diagnosis of CNL
[7). In addition, Mc Lornan et al. reported a CNL
patient with JAK2 V617F homozygous mutation who
was surviving at 96 months after the diagnosis of CNL
[11]. Recently, Lea et al. presented another CNL patient
with JAK2 V617F homozygous mutation who was sta-
bly controlled with busulphan [12]. All these reports sug-
gested a possible relationship between the presence of
JAK2 mutation and a long survival of CNL. In contrast,
the current patient showed progression of CNL 3 years
after the initial diagnosis and the subsequent clinical
course was uncontrollable. Therefore, an accumulation
of data is required to clarify the relationship between the
JAK?2 mutation status and the clinical course of CNL.

In conclusion, CNL is associated with extremely
poor prognosis and allogeneic HSCT has been con-
sidered to be the only curative strategy at the
moment. Considering the difference in the transplant
outcome between the current patient and those in the
previous reports of successful HSCT for CNL, it was
inferred that the status of the disease at HSCT might
be important. A prospective study to perform alloge-
neic HSCT early after diagnosis of CNL is warranted
to establish a role of allogeneic HSCT in the treat-
ment of CNL. In addition, JAK2 would become a
potential target for therapeutical intervention against
a subset of CNL, especially in the early phase before
the accumulation of additional genetic alterations.
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