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(Cell Signaling, Beverly, MA) and mouse anti-
rabbit IgG-HRP (Cell Signaling, Beverly, MA).
Thereafter, the sample was extensively washed
with phosphate-buffered saline. The immunopo-
sitive band was detected by means of a light-
emitting nonradioactive detection system (Amer-
sham International plc, Little Chalfont, Buckin-
ghamshire, UK) with Kodak X-Omat R film
(Eastman Kodak Co., Rochester, NY).

Data analysis

The pharmacokinetic parameters were estimated
according to model-independent moment analy-
sis as described by Yamaoka et al. [20]. The data
were analysed using Student’s t-test to compare
the unpaired mean values of two sets of data. The
number of determinations is noted in each table
and figure. A value of p<0.05 or 0.01 was taken
to indicate a significant difference between sets of
data. The electrophoresis results were analysed
by using NIH Image software.

Case Report

The patient was a 23-year-old man (56kg) who
had received bone marrow transplantation for
acute myelogenous leukaemia 3 months before.
He had been receiving immunotherapy with oral
administration of Neoral® capsule (Novartis
Pharma Co. Ltd.; CyA, 120mg/day, 2 times a
day). The trough blood concentrations of CyA
were well maintained at about 100 ng/ml. How-
ever, he developed Aspergillus pneumonia, which
was treated with intravenous infusion with
Fungizone® injection (AMB, 1-30mg/day, over
6h). Figure 1 shows the relationship between the
blood concentration of CyA and the dose of AMB
or CyA. The patient was also receiving Saxizon®
injection (Kowa Pharmaceutical Co. Ltd; hydro-
cortisone sodium succinate, 50-100 mg/day) and
had been given a preparation of mixed amino
acids and multiple vitamins since the transplan-
tation.

The blood concentration of CyA in the patient
gradually decreased to about one-third over the
12 days following the start of coadministration of
AMB. Although the CyA dose was increased to
160mg at day 17 after the start of AMB treatment,

Copyright © 2008 John Wiley & Sons, Ltd.

the blood concentration of CyA did not increase
immediately. Subsequently the blood concentra-
tion of CyA slowly recovered, reaching about
210ng/ml with 240mg/day of CyA after 34
days.

The levels of y-glutamyltranspeptidase (y-
GTP), alanine aminotransferase (ALT) and aspar-
tate aminotransferase (AST), parameters of he-
patic function, were initially 52, 45 and 65 IU/],
respectively, and subsequently remained stable
within normal ranges. The value of serum
creatinine as a parameter of renal function was
initially 0.8mg/dl, but increased slightly to
1.35mg/dl at day 9 after the start of AMB
treatment. Therefore, the AMB administration,
which was initially 30 mg/day daily for the first 9
days, was reduced to the same dose every second
day until day 40. Following the decrease of AMB
dosage frequency, the serum creatinine level
rapidly decreased to 0.8mg/dl. These results
suggest that the initial AMB treatment caused
slight renal impairment.

Experimental Results

Pharmacokinetics of CyA in rats with AMB
treatment

Figure 2 shows the blood concentration-time
courses of CyA after i.v. administration of CyA
(10 mg/kg) in control rats and in rats pretreated
with AMB (1.5 or 3.0mg/kg/day, i.v.) for 4 days.
The blood concentration of CyA in the low-AMB
group showed a significant, time-dependent
decrease compared with the control, and that in
the high-AMB group showed a similar decrease.

Figure 3 show the blood concentration-time
courses of CyA after p.o. administration of CyA
(10mg/kg) in control rats and in rats treated with
AMB. After p.o. administration, the concentra-
tion of CyA reached a maximum within 2—4h in
all three groups. The maximum blood concentra-
tions (Ciax) of CyA in the control, low-AMB and
high-AMB groups were 1.16, 0.37 and 0.26 ug/
ml], respectively. The blood concentration of CyA
was significantly and dose-dependently de-
creased by the AMB treatment.

The pharmacokinetic parameters of CyA in the
three groups are listed in Table 1. After the i.v.
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Figure 2. Blood concentration-time courses of CyA after an
i.v. administration of CyA (10mg/kg) in untreated rats (O)
and rats treated with AMB at 1.5mg/kg (4) or 3.0mg/kg (A)
for 4 days. Rats were given CyA at 24h after the last AMB
treatment. Each point and bar represents the mean 1 SD of
four rats. **Significant difference between the control group
and both AMB groups at p<0.01
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Figure 3. Blood concentration-time courses of CyA after a
p.o. administration of CyA (10mg/kg) in untreated rats (O)
and rats treated with AMB at 1.5mg/kg (A) or 3.0mg/kg (A)
for 4 days. Rats were given CyA at 24h after the last AMB
treatment. Each point and bar represents the mean + SD of
four rats. **Significant difference between the control group
and both AMB groups at p<0.01

administration, the values of the area under the
blood concentration—time curve from 0 to 24h
(AUCgy_241) in the two AMB groups were sig-
nificantly decreased compared with the control,

Copyright © 2008 John Wiley & Sons, Ltd.

Table 1. Pharmacokinetic parameters of CyA with or without
AMB (1.5 or 3.0mg/kg) in rats

Parameters Non AMB treatment
treatment

1.5mg/kg 3.0 mg/kg
i.v. administration
AUCq 54y (ugh/ml)® 450427 2844127 305+18"
MRT (h)® 596 + 082 501 + 051 4.67 + 053
CL¢t (ml/min)° 3.70 + 022 587 +0.19" 547 + 031"
Vd,, (1/kg)° 1324031 176 +035 1534023
ti/2 (h)° 587 +0.78 603 +0.68 4.18 + 0.83

p-o. administration

AUCq 545 (ugh/ml) 853 £0.78 3.61 £ 041" 2.66 + 023"
t1/2 (h) 632 +095 586 +082 5974093
Bioavailability (%)  19.0 12.7 8.7

Rats were intravenously or orally administered with CyA (10mg/kg)
at 24 h after the last AMB treatment in untreated rats and rats treated
with AMB at 1.5 or 3.0 mg/kg for 4 days. Pharmacokinetic parameters
were estimated according to model-independent moment analysis.
Each value represents the mean + SD of four rats.

“"Significant difference between the control group and both AMB
groups at p<0.05 and 0.01, respectively.

? Area under blood concentration-time curve from 0 to 24h.

> Mezan residence time from 0 to 24 h. '

“Blood total clearance.

9 Distribution volume at the steady-state.

¢Elimination half-life.

and the values of total clearance (CL.,) were
significantly increased. The elimination half-life
(t1/2) in the high-AMB group was significantly
faster than that in the control group. After the
p-o. administration, the AUCq.o4y, values of the
low- and high-AMB groups were significantly
decreased to about 42% and 31% of the control,
respectively. However, the t; /; values in the three
groups showed no significant difference. The
values of oral bioavailability of CyA of the low-
and high-AMB groups were decreased to about
67% and 46% of the control, respectively.

Laboratory data in rats after AMB treatment

Table 2 shows the laboratory data for rats treated
or not treated with AMB (1.5 or 3.0mg/kg).
There was no clear difference in the body weight
among the three groups. The laboratory data
reflecting hepatic function were unaffected by the
AMB treatment, except for the A/G ratio. The
values of blood urea nitrogen (BUN) and serum
creatinine were significantly increased by the
high-AMB treatment.
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RT-PCR analysis of mdrla, mdrlb and CYP3A2
mRNAEs in intestine and liver

Figure 4 shows the effect of AMB treatment (1.5
or 3.0mg/kg/day, iv, for 4 days) on the
expression of mdrla, mdrlb and CYP3A2
mRNAs in the duodenum, ileum and liver at
24h after the last treatment. The expression levels
of mdrla and mdrlb mRNAs were significantly
increased in the duodenum, but little changed in
the ileum and liver by the AMB treatment. On
the other hand, the expression of CYP3A2 was
significantly induced, in the liver only, by both
AMB treatments.

Table 2. Physical and biochemical data in rats treated with
AMB

Non AMB treatment
treatment
1.5mg/kg  3.0mg/kg
Body weight (g) 220 + 7 227 + 12 216 + 11
AST (IU/D 84+5 82 +8 88 + 14
ALT (IU/D 40 +7 35+2 38 +13
Albumin (g/dl) 407 £0.11 393 +015 3.67 +0.31
A/G ratio 2234£015 197+025 1704031
Total bilirubin 0.14 + 004 015+008 0.14 +0.06
(mg/dl

BUN (mg/dl) 151+18 261459 4681937
serum creatinine 0.26 +0.03 028 + 003 037 £ 005"

(mg/dD

Data were measured at 24 h after the last administration of AMB (1.5
or 30mg/kg iv) for 4 days in rats. Each value represents the
mean + SD of four rats.

"““Significantly different from the control at p<005 and 001,

respectively.
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Expression of P-gp and CYP3A?2 in intestine and
liver

Figure 5 shows the effect of the AMB treatment
(3.0mg/kg/day, iv., for 4 days) on the expres-
sion levels of P-gp and CYP3A2 proteins detected
by western blot analysis. The protein levels of P-
gp in the duodenum and liver were significantly
elevated compared with the untreated control
level, but the level in the ileum was hardly
changed by AMB. On the other hand, the protein
level of CYP3A2 in the liver was significantly
elevated compared with the control level, while
the levels in the duodenum and ileum showed no
significant change.

Discussion

In order to understand why the blood concentra-
tion of CyA in a patient receiving immunother-
apy decreased following coadministration of
AMB, the effect of repeated i.v. administration
of AMB (1.5 or 3.0mg/kg) for 4 days on the
disposition kinetics of CyA was examined in rats
after i.v. or p.o. administration (Figures 2, 3). A
dose of 1.5 or 3.0 mg/kg was used in rats because
the total clearance of AMB in rats is about five
times higher than that in humans (0.5mg/kg)
[21]. As it was previously established that
dexamethasone [9] and cyclophosphamide [10]
induced P-gp and CYP3A2 within 4 days of
coadministration, in this study AMB was coad-

CYP3A2 mRNA :

mRNA /B-actin

(c) duodenum flenm liver

Figure 4. Effect of AMB on the expression of mdrla, mdrlb and CYP3A2 mRNAs in duodenum, ileum and liver. The data
represent the relative expression of the mRNAs obtained as mRNA/ f-actin mRNA ratios in the control group (), the low-AMB
(1.5mg/kg, M) and high-AMB (3.0mg/kg, ] groups at 24h after the last AMB treatment for 4 days. “"Significant difference
from the control group at p<0.05 and p<0.01, respectively
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Figure 5. Western blot analysis of P-gp (a) and CYP3A (b) proteins in the duodenum, ileum and liver of rats with (3J) or without
the high-dose AMB (3.0mg/kg) for 4 days, at 24h after the last AMB treatment. ““Significant difference from the control

group at p<0.05 and p<0.01, respectively

ministered intravenously to rats for 4 days. The
blood concentration of CyA after i.v. administra-
tion was significantly, though not dose-depen-
dently, decreased in both AMB groups compared
with the control. After p.o. administration, there
was a significant, dose-dependent decrease of the
blood concentration of CyA in both AMB groups.
The oral bioavailability of CyA was clearly
decreased by AMB treatment (Table 1).

It is well known that renal failure is the main
side effect of AMB in clinical practice. There are
some reports indicating that the disposition
kinetics of CyA is influenced by renal failure in
rats. Shibata et al. [22] reported that CYP3A and
P-gp in liver and intestine are not likely to be
involved in lowering the oral bioavailability of
CyA in gentamicin-induced acute renal failure,
and that a change in bile function is responsible
for the marked decrease. Huang et al. [23]
reported that the expression level of P-gp in rats
with glycerol-induced acute renal failure was
increased 2.5-fold in the kidney, but was not
increased in the liver or brain. Leblond et al. [24]
reported that chronic renal failure is associated
with a decrease in total liver CYP450 (mainly
CYP2C11, CYP3A1 and CYP3A2) activity in rats,
and this leads to a significant decrease in drug
metabolism. In the rats, hepatic function was not
impaired, as judged from the laboratory data,
whereas increases in the values of serum creati-
nine and BUN indicated an appreciable impair-
ment of renal function by the high-AMB
treatment (Table 2). However, the increases of

Copyright © 2008 John Wiley & Sons, Ltd.

serum creatinine and BUN were not large
compared with the increases of about 3- to 5-
fold and 2- to 5-fold in model rats with
gentamicin- or glycerol-induced renal failure,
respectively [22-24]. Therefore, it was considered
that the AMB-induced renal impairment was not
great even in the high-AMB group, and may have
had only a slight influence on the excretion of
CyA, which is metabolized mainly by CYP3A.

It was found that in our model the expression
of mdrla and mdrlb mRNAs was characteristi-
cally induced about 3-fold in the duodenum
compared with the control, but was only slightly
increased in the ileum and liver by both AMB
treatments (Figure 4). Also, the expression of
CYP3A2 mRNA was increased about 2-fold over
the control in the liver. These results are broadly
consistent with the previous findings in mice
treated with dexamethasone (DEX) [25,26]. Un-
like DEX, AMB did not induce a substantial
increase of CYP3A2 mRNA expression in intes-
tine, possibly because the dose levels of AMB
were relatively low. This seems consistent with
the relatively minor renal impairment. The
studies with DEX [9-11,26] indicated that in-
creased mRNA levels of mdrla, mdrlb and
CYP3A2 mRNAs are well reflected in increased
levels of P-gp and CYP3A2 proteins. In this study
also, the induction of the mRNAs by AMB
treatment resulted in correspondingly increased
levels of P-gp and CYP3A2 proteins (Figure 5).
Therefore, it was considered that the oral
bioavailability of CyA was reduced in the present
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animal model as a result of increased efflux
transport via P-glycoprotein in the duodenum
and an increased first-pass effect of hepatic
CYP3A2 induced by AMB. Interestingly, there
was not a great difference in the t;,, values of
CyA among the three groups. Therefore, it
appears that the induction of CYP3A2 in the
liver only slightly influences the disposition
kinetics of CyA. Previously it was suggested
that, under physiological conditions, the oral
bioavailability of CyA is mainly controlled by
CYP3A in the upper intestine, rather than in the
liver, but when P-gp is induced by steroid, the
intestinal absorption of CyA may be inhibited
[26]. Therefore, it is considered that the decrease
of bioavailability of CyA caused by AMB treat-
ment is mainly due to a decrease of intestinal
absorption resulting from the induction of P-gp.

In the case of our patient, the stable trough
values of blood CyA concentration during re-
peated p.o. administration of CyA were decreased
after repeated intravenous infusion administra-
tion of AMB was started, and the decrease
continued for 3 weeks. During this period, the
laboratory data indicated relatively minor im-
pairment of hepatic and renal functions by AMB.
The patient had also been receiving hydrocorti-
sone since the transplantation, but the low dose of
hydrocortisone (50-100mg/day) appeared to
have had little influence on the plasma level of
CyA prior to the start of AMB treatment. There-
fore, we think that the clinical observations can
also be explained mainly in terms of the induction
of P-gp in the intestine by AMB.

It was previously clarified that the induction of
P-gp and CYP3AZ2 continues for 2 weeks after the
final DEX treatment [27]. Here, the patient
received repeated administrations of AMB for
40 days, so it was difficult to predict when the
levels of P-gp and CYP3A2 expression would
recover to the control values; therefore, we chose
to increase the dose of CyA gradually. The level
of blood CyA concentration began to increase 7
days after the dose of CyA was increased from
120mg/day to 160 mg/day, and after the dose of
CyA was further increased to 240 mg/day, the
blood CyA concentration reached 210ng/ml.
Therefore, we speculate that the blood CyA
concentration might have recovered to about
100ng/ml within 40 days after the start of AMB

Copyright © 2008 John Wiley & Sons, Ltd.

treatment, if the dose of CyA had been kept at
120mg/day throughout. However, there are
species differences in hepatic metabolism and
susceptibility to metabolic changes. Therefore, it
would be desirable to examine further the
influence of AMB treatment on the metabolic
activity, uptake and efflux of CyA in the intestine
by means of in wvitro studies using human
hepatocytes, human hepatic microsomes, intest-
inal membrane, Caco-2 cells, etc.

In conclusion, the results indicate that the oral
bioavailability of CyA is decreased by coadmi-
nistration of AMB because of an increase of
expression of P-gp and CYP3A induced by AMB
treatment. The results in this rat model were
consistent with the clinical observations. There-
fore, the blood concentration of drugs that are
substrates of P-gp and CYP3A, such as CyA,
should be carefully monitored in patients when
AMB is coadministered in combination with such
drugs.

References

1. Thiebaut F, Tsuruo T, Hamada H, Gottesman MM, Pastan
I, Willingham MC. Cellular localization of the multidrug-
resistance gene product P-glycoprotein in normal human
tissues. Proc Natl Acad Sci UISA 1987; 84: 7735-7738.

2. Georges E, Bradley G, Gariepy ], Ling V. Detection of P-
glycoprotein isoforms by gene-specific monoclonal anti-
bodies. Proc Natl Acad Sci USA 1990; 87: 152-156.

3. Gentile DM, Tomlinson ES, Maggs JL, Park BK, Back DJ.
Dexamethasone metabolism by human liver in vitro.
Metabolite indentification and inhibition of 6-hydroxyla-
tion. ] Pharmacol Exp Ther 1996; 277: 105-112.

4. Greiner B, Eichelbaum M, Fritz P, et al. The role of
intestinal P-glycoprotein in the interaction of digoxin and
rifampin. ] Clin Invest 1999; 104: 147-153.

5. Nakayama A, Saitoh H, Oda M, Takada M, Aungst BJ.
Region-dependent disappearance of vinblastine in rat
small intestine and characterization of its P-glycoprotein-
mediated efflux system. Eur | Pharm Sci 2000; 11: 317-324.

6. Di Marco MP, Edwards Dj, Wainer IW, Ducharme MP. The
effect of grapefruit juice and Seville orange juice on the
pharmacokinetics of dextromethorphan: the role of gut
CYP3A and P-glycoprotein. Life Sci 2002; 71: 1149-1160.

7. Tamai I, Safa AR. Competitive interaction of cyclosporins
with the Vinca alkaloid-binding site of P-glycoprotein
in multidrug-resistant cells. ] Biol Chemn 1990; 265: 16509-
16513.

8. Watkins PB. Drug metabolism by cytochromes P450 in the
liver and small bowel. Gastroenterol Clin North Am 1992;
21: 511-526.

Biopharm. Drug Dispos. 29: 195-203 (2008)
DOI: 10.1002/bdd



INTERACTION OF ORAL CYCLOSPORIN A/AMPHOTERICIN B

203

9.

10.

11.

12.

13.

14.

15.

16.

17.

Yokogawa K, Shimada T, Higashi Y, et al. Modulation of
mdrla and CYP3A gene expression in the intestine and
liver as possible cause of changes in the cyclosporin A
disposition kinetics by dexamethasone. Biochem Pharmacol
2002; 63: 777-783.

Shimada T, Aoki Y, Yokogawa K, et al. Influence of
cytarabine and cyclophosphamide on the disposition
kinetics of cyclosporin A after bone marrow transplanta-
tion. Transpl Int 2003; 16: 788-793.

Jin M, Shimada T, Shintani M, Yokogawa K, Nomura M,
Miyamoto K. Long-term levothyroxine treatment de-
creases the oral bioavailability of cyclosporin A by
inducing P-glycoprotein in small intestine. Drug Metab
Pharmacokinet 2005; 20: 324-330.

David-Neto E, Ballarati CA, Freitas O], et al. Comparison
of the fluorescent polarization (TDx) and the enzymatic
competitive (EMT 2000) immune assays for the measure-
ment of cyclosporin A blood concentration. Rev Hosp Clin
Fac Med Sao Paulo 2000; 55: 207-212.

Chin JE, Soffir R, Noonan KE, Choi K, Roninson IB.
Structure and expression of the human MDR (P-glyco-
protein) gene family. Mol Cell Biol 1989; 9: 3808-3820.
Oinonen T, Lindros KO. Hormonal regulation of the
zonated expression of cytochrome P-450 3A in rat liver.
Biochem | 1995; 309: 55-61.

Waki Y, Miyamoto K, Kasugai S, Ohya K. Osteoporosis-
like changes in Walker carcinoma 256-bearing rats, not
accompanied with hypercalcemia or parathyroid hor-
mone-related protein production. Jpn | Cancer Res 1995; 86:
470-476.

Kamataki T, Kitagawa H. Effects of lyophilization and
storage of rat liver microsomes on activity of aniline
hydroxylase, contents of cytochrome b5 and cytochrome
P-450 and aniline-induced P-450 difference spectrum. Jpn
J Pharmacol 1974; 24: 195-203.

Lowry OH, Rosebrough NJ, Farr AL, Randall R]. Protein
measurement with Folin phenol reagent. | Biol Chem 1951;
193: 265-275.

Copyright © 2008 John Wiley & Sons, Ltd.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Laemmli UK. Cleavage of structure proteins during the
assembly of the head of bacteriophage T4. Nature London
1970; 227: 680—-685.

Guengerich FP, Wang P, Davidson NK. Estimation of
isozymes of microsomal cytochrome P-450 in rats, rabbits
and humans using immunochemical staining coupled
with sodium dodecyl sulfate-polyacrylamide gel electro-
phoresis. Biochemistry 1982; 21: 1698-1706.

Yamaoka K, Nakagawa T, Uno T. Statistical moments
in pharmacokinetics. | Pharmacokinet Biopharm 1978; 6:
547-558.

Hutchaleelaha A, Chow HH, Mayersohn M. Comparative
pharmacokinetics and interspecies scaling of amphoter-
icin B in several mammalian species. ] Pharm Pharmacol
1997; 49: 178-183.

Shibata N, Inoue Y, Fukumoto K, et al. Evaluation of
factors to decrease bioavailability of cyclosporin A in rats
with gentamicin-induced acute renal failure. Biol Pharm
Bull 2004; 27: 384-391.

Huang ZH, Murakami T, Okochi A, Yumoto R, Nagai ],
Takano M. Expression and function of P-glycoprotein
in rats with glycerol-induced acute renal failure. Eur |
Pharmacol 2000; 406: 453-460.

Leblond FA, Giroux L, Villeneuve JP, Pichette V.
Decreased in vivo metabolism of drugs in chronic renal
failure. Drug Metab Dispos 2000; 28: 1317-1320.

Jin M, Shimada T, Yokogawa K, et al. Contributions of
intestinal P-glycoprotein and CYP3A to oral bioavailabil-
ity of cyclosporin A in mice treated with or without
dexamethasone. Int | Pharm 2006; 309: 81-86.

Jin M, Shimada T, Yokogawa K, et al. Site-dependent
contributions of P-glycoprotein and CYP3A to cyclosporin
A absorption, and effect of dexamethasone in small
intestine of mice. Biochem Pharmacol 2006; 72: 1042-1050.
Shimada T, Terada A, Yokogawa K, et al. Lowered blood
concentration of tacrolimus and its recovery with changes
in expression of CYP3A and P-glycoprotein after high-
dose steroid therapy. Transplantation 2002; 74: 1419-1424.

Biopharm. Drug Dispos. 29: 195-203 (2008)
DOI: 10.1002/bdd



ORIGINAL ARTICLE

Bone Mamow Transplantation (2007) 39, 501-507
© 2007 Nature Publishing Group  All rights reserved 0268-3369/07 $30.00

www.nature.com/bmt

Immature platelet fraction for prediction of platelet engraftment after
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Platelet regeneration represents an important and sepa-
rate element in the engraftment process for allogeneic
stem cell transplantation. Fully automated flow cytometry
using blood cell counters now allows reliable quantifica-
tion of reticulated platelets, expressed as the immature
platelet fraction (IPF). We studied the kinetics of IPF in
six patients grafted with allogeneic peripheral blood stem
cell transplantation (PBSCT), 12 patients with bone
marrow transplantation (BMT) and seven patients with
cord blood transplantation (CBT). Preconditioning ther-
apy caused an immediate and rapid fall in tri-lineage
hematopoiesis. IPF rose transiently above 3% after a
mean duration of 11 days post-PBSCT, 18 days post-
BMT and 19 days post-CBT. This was 1, 4 and 13 days
earlier than platelet engraftment, respectively. A linear
correlation model showed a close association between the
rise of IPF and tri-lineage engraftment after transplant-
ation. IPF counting may thus provide an accessible
measure of thrombopoietic activity, leading to early
evaluation of marrow function and allowing monitoring
of platelet regeneration.

Bone Marrow Transplantation (2007) 39, 501-507.
doi:10.1038/sj.bmt.1705623; published online 5 March 2007
Keywords: reticulated platelet; immature platelet frac-
tion; Sysmex XE-2100; IPF rise; allogeneic stem cell
transplantation; cord blood transplantation

Introduction

Allogeneic bone marrow transplantation (BMT) and
peripheral blood stem cell transplantation (PBSCT) have
been used successfully to treat patients with high-risk or
recurrent hematologic malignancies, bone marrow failure
syndromes and solid tumors.' In addition, the recent
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establishment of unrelated cord blood transplantation
(CBT) offers the possibility of cure even in adult patients
lacking an HLLA-matched related or unrelated donor.>?

At present, the observation of rising peripheral blood
neutrophil count offers the earliest practical measure of
engraftment onset. Failure of neutrophil recovery may,
however, reflect intercurrent events such as infection or
graft-versus-host disease and can be difficult to interpret.
Although reticulocyte counts performed by automated flow
cytometric methods provide a good indicator of erythro-
poietic activity that may predict bone marrow regeneration,
the duration, until increases in reticulocytes are seen, is
usually later than or equal to that of neutrophils after
transplantation.® ¢ Analysis of chimerism using fluores-
cence in situ hybridization (FISH) or polymerase chain
reaction (PCR)-based methods can allow earlier demon-
stration of engraftment after transplantation,’ but is costly
and therefore unsuitable for routine monitoring.

Evaluation of thrombopoiesis by quantifying reticulated
platelets, expressed as the immature platelet fraction (IPF),
has recently been described.® > Measurement of IPF is
beneficial in determining whether thrombocytopenia is due
to decreased production of platelets or to increased
peripheral destruction, leading to avoiding the need for
bone marrow examination as well as allowing optimal
platelet transfusions.>!* 7 We describe herein a study of
thrombopoiesis following allogeneic stem cell transplant-
ation using an automated blood cell counter for flow
cytometric techniques with a nucleic acid-specific dye in the
reticulocyte/optical platelet channel. Besides, we compared
the IPF to the immature reticulocyte count (IRF)'®'° to
predict bone marrow regeneration.

Patients and methods

Patients

Between January 2005 and December 2005, 26 consecutive
patients (15 men, 11 women) underwent unmanipulated
allogeneic stem cell transplantation at our institute. The
type of allografts used was determined at the reasonable
discretion of the patients’ physicians based on
various factors such as the presence or absence of related
donors, disease status, complications and immediacy of
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Table 1  Patient characteristics
PBSCT BMT CBT
n 6 12 7
Median age, years (range) 40 (17-60) 46(26-64) 57 (48-67)
Sex (male/female) 4/2 8/4 3/4
Disease
ALL 1 2 0
AML 4 3 1
CML 0 1 0
NHL 0 2 3
MM 0 0 1
MDS 0 1 2
SAA 0 2 0
ST 1 1 0
Donor type
HLA-identical sibling 4 6 0
Mismatched related donor 2 0 0
Matched unrelated donor 0 6 0
Mismatched unrelated 0 0 7
donor
Myeloablative regimen
TBI+CY+CA 3 9 0
Reduced-intensity regimen
TBI +Flu+ Mel 2 1 7
TBI+Flu 1 0 0
TLI+Flu+CY 0 2 0
Flu+ Bu 0 0 0
Median follow-up, days 260 (31-381) 197 (28-428) 225 (71-380)
(range)
OS at 1 year | 67% 83% 86%

Abbreviations: PBSCT =peripheral blood stem ccll transplantation;
BMT = bone marrow transplantation; CBT =cord blood transplantation;
ALL =acute lymphoblastic leukemia; AML =acute myeloid leukemia;
CML =chronic myeloid leukemia; . NHL =non-Hodgkin’s lymphoma;
MM = multiple myeloma; MDS = myelodysplastic syndrome; SAA =
severe aplastic anemia; ST =solid tumor; TBI=total body irradiation;
CY =cyclophosphamide; CA =cytarabine; Flu=fludarabine; Mel=
melphalan; TLI=total lymphnode irradiation; Bu=busulfan; OS=
overall survival.

transplantation. A total of 25 engrafted patients were
analyzed (Table 1), excluding a 62-year-old male patient
with secondary myelodysplastic syndrome receiving cord
blood transplant who died of regimen-related toxicity at
day 10 before engraftment. These 25 patients achieved
complete donor chimerism as confirmed using FISH to
detect X and Y chromosomes for recipients of sex-
mismatched transplants and PCR-based analysis of poly-
morphic microsatellite regions for recipients of sex-matched
transplants.” All patients were administered granulocyte-
colony stimulating factor at a dose of 5 ug/kg/day starting 1
day after graft infusion until absolute neutrophil count
(ANC) was =1 x 10°/1 for 3 consecutive days. Red blood
cell (RBC) and platelet transfusions were given to maintain
hemoglobin levels at >8g/dl and platelet counts at
>20 x 10%/1. All patients provided written informed con-
sent to participate before entry in the study.

Measurements of peripheral blood counts

Peripheral whole blood samples (3ml) collected into
ethylene diamine tetraacetic acid (EDTA)-2K anticoagu-
lant were analyzed at our institute. A normal reference
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range for IPF was established using 82 samples from
healthy volunteers with a median age of 31 years (range,
21-63 years) and all routine full blood count parameters
including platelets within the healthy reference range. All
samples were kept at room temperature until analysis and
were analyzed within 2h after collection. Samples with
platelet counts < 50 x 10°/1 were analyzed in duplicate and
mean IPF was calculated and used for analysis.

IPF was measured using an XE-2100 fuily automated
hematology analyzer (Sysmex, Kobe, Japan) with upgraded
software (XE IPF Master; Sysmex), as described pre-
viously.®® Briefly, two fluorescent dyes, polymethine and
oxazine, penetrate the cell membrane, staining the DNA
and RNA in white blood cells (WBCs), and the RNA in the
RBCs and platelets. Stained cells pass through a semi-
conductor diode laser beam, and the resulting forward light
scatter (cell volume) and fluorescence intensity (RNA and
DNA content) are measured. A computer algorithm
discriminates between mature and immature platelets
according to intensity of forward-scattered light and
fluorescence. The XE-2100 instrument used in the study
was equipped with upgraded software for data analysis of
IPF, to apply a preset gate for separating the two platelet
populations. Mature platelets appear as blue dots, whereas
immature platelets characterized as showing increased cell
volume and higher fluorescence intensity compared to
mature platelets are displayed as green dots. IPF is
calculated as the ratio of immature platelets to the total
number of platelets. An absolute count of immature
platelet can also be obtained as absolute immature platelet
count (AIPC).

The IRF was simultaneously measured in the same
channel on the XE-2100 analyzer.'®

Hematologic parameters were measured as part of
routine blood count analyses and results were available at
the same time.

Statistical analysis

Engraftment of neutrophils, RBCs and platelets was
defined as an absolute neutrophil count (ANC)
>0.5x 10°1 for three consecutive measurements on
different days, a platelet count >30x 10%1 for three
consecutive measurements on different days in the absence
of platelet transfusions for >7 days, and a reticulocyte
count >30x 10%]1 in the absence of RBC transfusions,
respectively. Time to engraftment of neutrophils, RBCs and
platelets was defined as the time from transplantation to the
first day of engraftment of each lineage.

The relationship between recovery of IPF and engraft-
ment was estimated by simple linear regression and
correlation analysis. Unpaired or paired r-tests were used
to determine the level of statistical difference. Values of
P <0.05 were considered statistically significant.

Results

IPF values in healthy controls
IPF was measured in 82 healthy adults. Mean (+s.d.) IPF
was 2.0+ 1.1% (range, 0.5-5.7%) and mean AIPC was



4.5+19x10°1 (range, 1.4-10.4 x 10°/1). No significant
differences were noted in IPF or AIPC between men and
women.

Reproducibility and precision of IPF

The reproducibility of the IPF counting was measured by
20 repeated analyses using six different samples. In the
three samples from healthy individuals with platelet counts
within the normal reference range, the average mean for the
IPF was 1.9% (range, 1.7-2.0%), the average s.d. for the
IPF was 0.23% (range, 0.21-0.25%) and the average
coefficient of variation (CV) for the IPF was 12.6% (range,
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11.0-13.9%). For the remaining three samples from
individuals with low platelet counts (mean, 29 x 10°/I;
range, 10-50 x 10°/l), these parameters corresponded to
20.9% (16.6-25.4%), 2.4% (1.6-3.6%) and 11.1% (7.9~
14.2%), respectively.

Hematologic recovery after stem cell transplantation

In all patients, the ANC, reticulocyte count, platelet count,
IPF and AIPC fell progressively after onset of conditioning
to a nadir that persisted for a variable period, irrespective
of the intensity of each preparative regimen. Figure 1 shows
the mean hematologic parameters in each transplant group.
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Figure 1 Mean values for hematologic parameters during the post-transplant period after peripheral blood stem cell transplantation (a, d), bone marrow
transplantation (b, e) and cord blood transplantation (¢, f). ANC represents absolute neutrophil count, IPF immature platelet fraction and AIPC absolute

immature platelet count.
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Table 2 Hematologic recovery data
PBSCT P BMT P CBT P
Median % (range)
IPF, minimum 1.8 (0.4-2.5) 1.0 (0.4-2.1) 0.8 (0.4-1.2)
IPF, maximum 8.2 (5.1-34.0) 6.3 (4.2-12.9) 11.7 (4.2-19.4)
Mean days post transplantation (range)
IPF>3.0% 11 (7-13) 2 18 (6-22) 2 19 (15-29) ®
IPF>3.5% 11 (7-13) 21 (15-22) 23 (15-29)
IPF>4.0% 12 (7-14) 21 (15-28) 24 (15-29)
Platelet engraftment 12 (8-15) 0.3 22 (12-40) 0.01 32 (25-41) 0.01
RBC engraftment 14 (11-15) 0.2 25 (18-40) 0.02 36 (25-56) 0.01
Neutrophil engraftment 12 (10-18) 0.5 15 (11-20) 0.7 20 (12-28) 0.9
IRF >10% 14 (10-15) 0.7 16 (13-20) 0.9 21 (15-29) 04
Median number of sepsis® within 30 days post transplant (range)
1(0-2) 1 (1-3) 2(1-3)
Median unit of platelet transfusions within 30 days post transplant (range)
50 (20-100) 75 (40-140) 145 (110-200)

2Represents reference.
bSepsis was judged by persistent fever > 38°C.

Table 3

Correlation of time of IPF rise (x) with time of engraftment ()

Platelet engraftment

Neutrophil engrafiment RBC engrafiment

IPF>3.0%
IPF23.5%
IPF >4.0%

r=095, y=1.37x, P<0.0001
r=0.96, y=1.22x, P<0.0001
r=0.95, y=1.16x, P<0.0001

r=0.92, y=0.94x, P <0.0001 r=0.92, y=1.55x, P<0.0001
r=0.95, y=0.86x, P<0.0001 r=094, y=1.38x, P<0.0001
r=0.95, y=0.81x, P <0.0001 r=0.93, y=1.30x, P<0.0001

PBSCT restored tri-lineage hematopoiesis the fastest,
followed by BMT (Table 2). Following the period of
thrombocytopenia and <3% in IPF, a rise in IPF to >3%
post transplantation occurred in all engrafted patients. The
rise in IPF to >3% preceded platelet and RBC engraft-
ment after a mean of 18 days versus 22 days (P =0.007) and
25 days (P=0.02) post-BMT, and 19 days versus 32 days
(P=0.007) and 36 days (P=0.009) post-CBT (Table 2),
respectively. However, this was not evident in the PBSCT
group, with mean times of 11 days, 12 days (P =0.3) and 14
days (P=0.2) to IPF rise >3%, platelet and RBC
engraftment. Recovery of AIPC appeared similar to that
of platelet count. No significant differences were noted
between time to IPF rise >3% and time to neutrophil
engraftment in each transplant group.

Relationship with the IPF rise and engraftment

The minimum of IPF ranged 0.4-2.5% following con-
ditioning regimen, and the maximum of IPF in the early
post-transplant period ranged 4.2-10.4% (Table 2). Based
on these findings, when time to IPF rise >3.0, >3.5, or
=4.0% versus time to platelet engraftment was plotted for
all patients, a marked association was evident in each case
(Table 3). The correlation was maximal when the cutoff
count for IPF was set at 3.5% (Table 3; Figure 2a). Of note,
the IPF rise >3.0% preceded platelet engrafiment in four
PBSCT patients (67%), 10 BMT patients (83%) and all
seven CBT patients, suggesting that detection of the IPF
rise 23.0% can allow estimation of platelet engraftment
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‘ after transplantation. IPF rise also predicted RBC engraft-
ment (Figure 2c), but appeared coincident with neutrophil
engraftment (Figure 2b).

Comparison of the IPF to the IRF

The recovery of the IRF, which was defined as an IRF
value >10% according to previous reports,'*!” took a
mean of 14 days (range, 10-15 days) in patients undergoing
PBSCT; a mean of 16 days (range, 13-20 days) in patients
undergoing BMT; and a mean of 21 days (range, 15-29
days) in patients undergoing CBT (Table 2), which was
similar to the recovery of IPF >3% (£=0.7, 0.9 and 0.4,
respectively).

Discussion

Newly released platelets contain a coarse and punctuated
reticulum, and have been termed ‘reticulated platelets’, as
the platelet analog of red cell reticulocytes.?® The number of
reticulated platelets reflects the rate of thrombo-
poiesis,'>!52122 increasing when platelet production rises
and decreasing when production falls. Reticulated platelets
contain amounts of cytoplasmic RNA, and can thus be
distinguished from mature platelets poor in RNA by flow
cytometric quantification using any fluorescent dye binding
RNA.2! Several studies have clearly shown that platelet
RNA content correlates directly with megakaryocyte
activity under conditions of thrombocytopenia.13:1516.22
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platelets (a), neutrophils (b) and red blood cells (c) in transplant recipients.

Recent advances in technology enabled automatic and
immediate measurement of reticulated platelets, expressed
as IPF using the Sysmex XE-2100 blood cell counter with
upgraded software. This instrument is reportedly useful
in the diagnosis and monitoring of thrombocytopenic
patients.®®

A reference range for IPF in healthy individuals using
this method proved to be 0.5-5.7% in the present study.
This seemed comparable to the reference range of 1.1-6.1%
reported by a group in London, UK’ using the same
instrument.

In evaluating thrombocytopenia during the early post-
transplant period, knowing whether platelet production is
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developing or not is important. For this purpose, bone
marrow aspiration is sometimes used to provide informa-
tion on platelet production, such as the number of
megakaryocytes. However, bone marrow examination is
not accepted for routine clinical application, as the
procedure is invasive, time-consuming and prone to
subjective interpretation.

To examine whether IPF counting can solve this
dilemma, we tested IPF as a predictor of the timing of
platelet recovery in recipients of allogeneic stem cell
transplantation. IPF transiently increased in the early
post-transplant period in all engrafted patients, which
may reflect an explosive increase in platelet production at
the beginning of engraftment. In our study, the IPF >3.0%
was the earliest predictor for platelet engraftment, and the
IPF >3.5% was the most precise predictor based on the
correlation analysis. The IPF rise >3% substantially
preceded platelet engraftment after BMT or CBT. No such
precedence was evident after PBSCT, although this finding
may be attributable to rapid platelet recovery following
PBSCT.

Inadequate engraftment following transplantation repre-
sents a serious problem with high mortality. Although this
event occurs infrequently in patients receiving bone marrow
or peripheral blood grafts, engraftment is far slower and
graft failure is more likely in patients undergoing CBT.>?

Opportunistic infection and organ failure rise exponentially

with time to engraftment, and overall long-term survival
correlates closely with neutrophil and platelet engraftment
after CBT.? Early diagnosis or prediction of engraftment
failure may allow timely introduction of appropriate
treatment.??

As far as assessing marrow regeneration is concerned,
IPF rise offered a particularly early and sensitive index for
platelet and RBC engraftment after BMT and CBT. These
findings indicate that automated IPF counting may allow a
useful and early evaluation of the re-establishment of
hematopoiesis in platelet and RBC lineage following
allogeneic BMT and CBT. Notably, IPF rise >3%
represented the first sign of hematologic recovery in all
six PBSCT patients, six of 12 BMT patients (50%) and six
of seven CBT patients (86%), preceding or occurring at the
same time as neutrophil engraftment. However, early signs
of recovery were not so apparent when considering AIPC
that was gradually increased in paralle] with platelet
recovery. This discrepancy might be due to the fact that
small changes are barely perceptible when IPF is converted
to absolute numbers like AIPC.

A further advantage of IPF measurement is the ability
to make clinical decisions when hematopoietic recovery
appears delayed, particularly for patients at highest
risk of graft failure, such as those who have received
quite low doses of infused CD34-positive cells such
as cord blood graft, or recipients of an allograft with some
degree of HLA disparity. For such patients, close
monitoring to detect any early signs of hematopoietic
recovery may be easily accomplished with the IPF counter.
Nevertheless, we .were unable to define IPF and time
points after transplantation predictive of graft failure, as
only one of the 26 patients experienced graft failure in the
present study.
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Rising IRF values, expressed as a percentage of the total
reticulocyte count, is reportedly the first sign of hemato-
logic recovery after BMT and PBSCT.%5824 The present
study showed that the IPF recovered in parallel with the
IRF in patients receiving allografts including a cord blood
graft. When IPF and IRF were compared with respect to
correlation with engraftment, contributions of IPF and
IRF are almost equivalent to predict subsequent platelet
and RBC engraftment in a patient undergoing BMT or
CBT. On the other hand, neutrophil recovery was not
predictable from either IPF or IRF, possibly resulting from
the early recovery of neutrophils in this study that might be
related to the reduced-intensity conditioning regimen used
in the majority of the patients.

Previous reports have demonstrated that a transfusion of
platelets temporarily reduces the IPF, whereas infection
often raises the IPF with no subsequent increase in platelet
count.''7 In our study, it makes these issues complex that
most allograft recipients usually not only experience clinical
evidence of sepsis, but receive multiple platelet transfusions
in the early post-transplant period. The present study
showed no tendency that the patients receiving multiple
platelet transfusions or with infection demonstrated a
longer period for platelet regeneration or a longer time
lag between a rise in the IPF and an increase in the platelet
count.

In conclusion, a fully automated, rapid IPF counting
using the Sysmex XE-2100 fitted with upgraded software
provides clinically useful data on thrombopoietic activity in
the immediate post-transplant period. Results are available
at the same time as results for full blood counts. In
addition, IPF counting can be performed on 0.1 ml of
EDTA-anticoagulated blood. Such information will be an
important component in determining the necessity and
timing of platelet transfusions in patients with thrombo-
cytopenia after allogeneic transplantation. Therefore,
measurement of IPF should be comsidered as routine
practice to evaluate and monitor thrombocytopenic
patients following stem cell transplantation.
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Background: The onset of invasive aspergillosis (IA) after allogeneic haematopoietic stem cell
transplantation (HSCT) is bimodal. However, 1A early after HSCT has become less frequent due to the
shortened neutropenic period, and the clinical significance of empirical treatment for aspergillosis
based on persistent febrile neutropenia (FN) became less clear. Therefore, we started a presumptive
treatment strategy, in which anti-Aspergillus agents were started when patients developed positive
serum test and/or infiltrates or nodules on X-ray or CT-scan associated with persistent FN, in 2002.

Methods: We retrospectively reviewed the records of 114 adult patients who underwent allogeneic
HSCT between September 2002 and December 2005 in high-efficiency particulate air-filtered clean
rooms. Fluconazole was given as anti-Candida prophylaxis. The primary endpoint was the develop-
ment of early IA, which was defined as probable or proven IA according to the EORTC/MSG criteria
that developed between the day of HSCT and 7 days after engraftment.

Results: Among 73 patients who experienced persistent FN for 7 days or longer, anti-Aspergillus
agents were empirically started in 13 patients at the discretion of attending physicians, whereas
60 patients actually followed presumptive treatment strategy. Only 4 of 60 patients received anti-
Aspergillus agents. Two patients in the presumptive group developed early IA, but were successfully
treated with anti-Aspergillus agents started after the diagnosis of 1A.

Conclusions: These findings suggested the feasibility of a presumptive treatment strategy for aspergil-
losis in HSCT recipients. A randomized controlled trial is warranted to compare empirical and pre-

sumptive anti-Aspergillus strategy in allogeneic HSCT recipients.

Keywords: empirical treatment, febrile neutropenia, invasive aspergillosis

Introduction

Invasive fungal infection (IFI) is one of the leading causes of
transplant-related mortality and its incidence in allogeneic
haematopoietic stem cell transplantation (HSCT) recipients
ranges from 8 to 15%." =3 Invasive aspergillosis (IA) is the most
common IFI after allogeneic HSCT.'~* The development of 1A
after allogeneic HSCT shows bimodal distribution, one in the
neutropenic period early after HSCT and the other 2—-3 months
after HSCT when patients are taking glucocorticosteroid for
acute graft-versus-host disease (GVHD).'*>® 1A early after

HSCT, however, has become less frequent because of the shor-
tened neutropenic period due to the use of peripheral blood stem
cells (PBSC), granulocyte colony-stimulating factor (G-CSF)
and high-efficiency particulate air (HEPA) filtration and/or
laminar air flow.>~'? Therefore, the clinical significance of
empirical treatment for aspergillosis based on persistent febrile
neutropenia (FN) has become less clear, although it is supported
by old evidence and recent guidelines.'' '

Our transplantation unit moved to a new building in
September 2002. At the same time, we changed the strategy
against aspergillosis during the neutropenic period from
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empirical strategy to presumptive strategy, in which
anti-Aspergillus agents were started based on positive serum test
and/or infiltrates or nodules on X-ray or CT-scan associated with
persistent FN.'"'8 In this report, we reviewed the outcomes of
114 patients who underwent allogeneic HSCT in the new trans-
plant unit and evaluated the feasibility of the presumptive strat-
egy during the early neutropenic period after allogeneic HSCT.

Materials and methods

Study patients

Medical records of 124 consecutive adult patients who underwent
allogeneic HSCT at the University of Tokyo Hospital between
September 2002 and December 2005 were reviewed. All patients
received prophylactic antifungal agents. Of the 124 patients, 114
who received fluconazole at 200 mg/day as anti-Candida prophy-
laxis were included in this study.'®?® The remaining 10 patients
were excluded from this study, because they had recent 1A and pro-
phylactically received anti-Aspergillus agents including micafungin
and itraconazole. Characteristics of the 114 patients are summarized
in Table 1. The median age was 43 years (range, 20-66 years).
Patients’ underlying diseases included acute myeloblastic leukaemia
(AML), acute lymphoblastic leukaemia (ALL), chronic myelo-
genous leukaemia (CML), myelodysplastic syndrome (MDS),
non-Hodgkin lymphoma (NHL), aplastic anaemia (AA) and so on.
Standard-risk diseases were defined as AMI/ALL in first complete
remission (CR1) or CR2, CML in first chronic phase (CP1) or CP2,
chemosensitive NHL, MDS in refractory anaemia or refractory
anaemia with ringed sideroblasts and non-malignant haematological
disorders. All other diseases were classified as high-risk diseases.
Eight patients had received previous autologous or allogeneic stem
cell transplantation. Two patients had a previous history of probable
IA prior to HSCT.

Transplantation procedure

The stem cell source was bone marrow (BM) from a related donor
in 8, BM from an unrelated donor in 47 and PBSC from a related
donor in 59. Myeloablative conditioning regimens were used in
74 patients, mainly with total body irradiation plus cyclophosphamide
or busulfan plus cyclophosphamide. Fludarabine-based reduced-
intensity conditioning regimens were conducted in 40 patients. In
these regimens, fludarabine was combined with either busulfan at
8-16 mg/kg in total or melphalan at 140 mg/m® in total. In some
patients, total body irradiation of 4 Gy in total was added.
Therefore, the intensities of regimens were close to the myeloabla-
tive conventional regimens. Prophylaxis against GVHD was per-
formed with calcineurin inhibitors (cyclosporine or tacrolimus) with
or without short-term methotrexate in the majority of patients.
In vivo T cell depletion using alemtuzumab or anti-thymocyte glo-
bulin was performed in 27 patients, concomitant with cyclosporine
and short-term methotrexate.

Neutrophil engraftment was defined as an absolute neutrophil
count >500 cellsymm? for 3 consecutive days. All patients were
housed in double-door HEPA-filtered laminar air flow rooms and
provided with low microbial diets until neutrophil engraftment. New
quinolones were given prophylactically in all patients. Recombinant
G-CSF was routinely administered for patients with non-malignant
disease and those with lymphoid malignancies after HSCT. Chest
X-ray and non-invasive screening serum tests for 1A including
galactomannan antigen test (Platelia Aspergillus, Bio-Rad

Table 1. Characteristics of the 114 patients who were included in
this study

Characteristic
Median recipient age, years (range) 43 (20-66)
Male/female 66/48
Underlying diagnosis, n (%)
AML 30 (26.3)
ALL 20 (17.5)
AUL 1(0.9)
CML 13 (11.4)
MDS 13(11.4)
NHL 16 (14.0)
ATL 4 (3.5)
AA 7 (6.1)
Others 10 (8.8)
1A before HSCT, n (%) 2(1.8)
Disease status, n (%)
Standard-risk 65 (57.0)
High-risk 49 (43.0)
Donor, n (%)
Related 67 (58.8)
Unrelated 47 (41.2)
Stem cell source, n (%)
BM 55 (48.2)
PBSC 59 (51.8)
Number of transplantation, n (%)
1 106 (93.0)
2 7 (6.1)
3 1(0.9)
HLA mismatches at serological level, n (%) 30 (26.3)
HLA mismatches at genetic level, n (%) 36 (31.6)
Conditioning regimen, n (%)
Myeloablative conditioning 74 (64.9)
Reduced-intensity conditioning 40 (35.1)
GVHD prophylaxis, n (%)
Cyclosporine alone 4 (3.5)
Cyclosporine and short-term MTX 80 (70.2)
Tacrolimus and short-term MTX 3(2.6)
In vivo T cell depleted 27 (23.7)
Engraftment, n (%) 112 (98.1)
Days of engraftment, median (range) 16.5 (9-43)
Antibacterial prophylaxis, n (%)
Tosufloxacin 110 (96.5)
Ciprofloxacin 4 (3.5)
Use of G-CSF, n (%) 68 (59.6)

MTX, methotrexate; G-CSF, granulocyte colony-stimulating factor; AUL,
acute unclassified leukaemia; ATL, adult T-cell leukaemia/lymphoma.

Laboratories, Mames-la-Coquette, France) and B-p-glucan (BDG)
test (B-glucan Test Wako, Wako Pure Chemical Industries, Tokyo,
Japan) were performed weekly. Initial empirical antibacterial treat-
ment for FN was started with fourth-generation cephalosporins or
carbapenems.'' For patients with persistent or recurrent FN for
7 days or longer, we did not start anti-Aspergillus agents as an early
presumptive treatment for aspergillosis until patients developed
positive serum test and/or infiltrates or nodules on X-ray or CT-scan
(presumptive group). Thirteen patients, however, received
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Figure 1. Treatment and outcome of patients included in the study. One hundred and fourteen patients were included in the study. One hundred and nine
patients experienced FN. Seventy-three patients experienced persistent or recurrent FN for 7 days or longer. Thirteen patients in the empirical group received
anti-Aspergillus treatment and the remaining 60 patients were included in the presumptive group. Four patients actually received anti-Aspergillus treatment
presumptively. In total, early 1A was observed in two patients in the presumptive group and none in the empirical group (3.3% versus 0%, P >0.99). IPA,

invasive pulmonary aspergillosis.

anti-Aspergillus agents empirically at the discretion of attending
physicians (empirical group, Figure 1).

Definition of IA

The primary endpoint of this study was the development of probable
or proven IA, that was diagnosed according to the criteria of the
European Organization for Research and Treatment of Cancer/
Invasive Fungal Infections Cooperative Group and the National
Institute of Allergy and Infectious Diseases Mycoses Study Group
(EORTC/MSG).Z' Microbiological criteria included two consecutive
positive galactomannan tests using a reduced cutoff of 0.6 optical
density index (O.D.1).”2 IA that occurred between the day of HSCT
and 7 days after engraftment was defined as early IA. The cumulat-
ive incidences of IA were calculated using Gray’s method consider-
ing death without IA as a competing risk.?

Results

Clinical outcomes after allogeneic HSCT

Engraftment was observed in all patients at a median of 16.5
days (943 days) after HSCT, except for two who experienced
carly death before engraftment. Forty-two patients, 37.5% of
those who achieved engraftment, developed grade -1V acute
GVHD at a median of 21 days after HSCT. Fifty-eight patients,
58.6% of those who survived more than 100 days after HSCT,
developed chronic GVHD. Thirty-six patients relapsed at a
median of 123.5 days after HSCT. Two-year overall survival of
all subjects was 52.4% with a median follow-up duration of sur-
viving patients of 822 (range 107-1603) days after HSCT.

Incidence of IA

Sixteen patients developed probable or proven IFI with a cumu-
lative incidence of 15.1%, including 13 IA, 2 mucormycosis and
1 candidiasis (Table 2). The cumulative incidence of IA was
11.6% (Figure 2) and the median onset was 169.5 days (range,
12-531 days) after HSCT. Twelve out of 13 IA patients suffered
from invasive pulmonary aspergillosis (IPA), whereas one deve-
loped gastrointestinal aspergillosis. No statistically significant
risk factor was identified for the incidence of IA except for male
sex (17.8% for male patients versus 2.1% for female patients,
P =10.018).

FN and early IA

One hundred and nine patients experienced FN with median
duration of 12 days (range, 1-39 days). A median of three
(range 1-5) antibiotics per patient were used for empirical
antibacterial treatment.during FN. Seventy-three patients experi-
enced persistent or recurrent FN for 7 days or longer. The
median duration of neutropenia was 21 and 20 days in the
empirical group and presumptive group, respectively (P = 0.91).
Thirteen patients in the empirical group received anti-
Aspergillus treatment at a median of 9 days (range, 3-21 days)
after the onset of FN (Figure 1). Amphotericin B was adminis-
tered empirically in three patients, which was terminated within
2 days because of renal dysfunction. Micafungin was given to
the other 10 patients for a median of 16.5 days (range, 3-76
days). Sixty patients followed the presumptive treatment strat-
egy. Of the 60 patients in the presumptive group, 4 patients actu-
ally received anti-Aspergillus treatment presumptively, triggered
by an elevation of BDG in 1 and infiltrates or nodules on chest
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Table 2. Incidence of probable or proven IFI after allogeneic HSCT

No.
Diagnosis of IFI after HSCT
Proven diagnosis 4
Probable diagnosis 12
Onset of IFI after HSCT
Early IFI 2
Late IFI 14

Incidence of late IFI
Patients without FN 6
Empirical group 0
Presumptive group 8
Organisms that caused IFI

Aspergillus spp. 13
Candida glabrata 1
Mucor spp. 2

Treatment for IFI
Amphotericin B
Itraconazole
Micafungin
Voriconazole
None

Outcome
Improved
No change or progression 6

N WA N WL

(=]

X-ray or CT-scan in 3. One of them was subsequently diagnosed
to have probable IA within a week, because galactomannan test
became positive. We changed the anti-Aspergillus agent from
micafungin to voriconazole and IPA was successfully treated
(patient no. 4 in Table 3). Another patient in the presumptive
group, who did not receive empirical or presumptive
anti-Aspergillus agents, developed positive galactomannan test
and nodules on CT-scan simultaneously, and was diagnosed to
have probable TA (patient no. 5 in Table 3). This patient was
also successfully treated with micafungin.

In total, early IA was observed in two patients in the pre-
sumptive group and none in the empirical group (3.3% versus
0%, P > 0.99). There was no significant difference in the dur-
ation of FN between the two groups (15.6 days versus 17.7 days,

1.0 4

0.8

o
=)
)

Incidence

/‘“”_'H—

T T T T

0 500 1000 1500

Days

Figure 2. Cumulative incidence of IA after allogeneic HSCT. The
" cumulative incidence of LA was 11.6% in this study.

P =0.26). There was no death that was directly associated with
early IA in the whole population.

Discussion

In this study, the incidences of probable or proven IFI and 1A
were 15.1% and 11.6%, resgcctively, which were compatible
with other recent studies.'~>>7% Only three patients developed
IFI other than IA, probably due to the prophylactic use of fluco-
nazole.>”® Among the 13 patients with IA, only 2 developed IA
early after HSCT. Both patients were successfully treated with
anti-Aspergillus agents and therefore there was no death that was
directly related to early IA.

Empirical anti-Aspergillus treatment has been recommended
for patients with persistent FN.'?* However, this strategy is
based on two old randomized controlled trials published in the
1980s, before the era of fluconazole prophylaxis.'>** Until
recently, the standard antifungal agent in this setting has been
amphotericin B deoxycholate.'z'25 This approach is limited by
the substantial infusion-related toxicity and nephrotoxicity
caused by this agent. Recently, lipid formulations of amphoteri-
cin B and intravenous itraconazole appeared to have equivalent
efficacy compared with conventional amphotericin B with less
toxicity.'>'® Voriconazole and caspofungin were also reported to
have similar efficacy.’*!> However, these alternative agents are
very expensive and still more toxic than fluconazole.

A presumptive strategy has been expected to decrease the use
of these anti-Aspergillus agents by postponing anti-Aspergillus
treatment until more specific findings are detected in patients
with persistent FN. Several findings have been considered
specific for IA, such as halo sign on CT-scan in neutropenic
patients.2l In addition, blood tests to detect Aspergillus constitu-
ents have been investigated, including galactomannan antigen
test, BDG test and PCR to detect Aspergillus DNA ?>?%?7 Their
clinical roles, however, have not been clarified.?® Previously, we
prospectively compared the sensitivity and specificity of these
tests and found that the galactomannan test was the most suit-
able test for the diagnosis of IA with the best cutoff of 0.6
0.D.17 In this study, we included not only blood galactoman-
nan test with this cutoff index and halo sign on CT-scan but
also blood BDG test and infiltrates or nodules on X-ray or
CT-scan as triggers to start anti-Aspergillus treatment to increase
sensitivity rather than specificity. By this presumptive strategy,
only 2 of the 60 patients with persistent FN developed early 1A,
both of whom were successfully treated with anti-Aspergilius
agents after the diagnosis of probable IA. This enabled us to
decrease the use of anti-Aspergillus agents that are expensive
and potentially toxic (4 of 60 in the presumptive group versus
13 of 13 in the empirical group). Considering the low incidence
of early 1A in the presumptive group, most patients in the
empirical group might have been unnecessarily exposed to
anti-Aspergillus agents. This is a retrospective study and there-
fore there are several limitations. Especially, we could not
exclude the possibility of selection bias that high-risk patients
tended to be treated empirically at the discretion of the attending
physicians. However, there was no difference in the duration of
neutropenia between the two groups. Both patients with a pre-
vious history of IA were included in the presumptive group.

Maertens et al.”® recently showed the feasibility of preemp-
tive therapy against IA. They started liposomal amphotericin B

353



Oshima et al.

Table 3. Characteristics of patients who received anti-Aspergillus agents presumptively (nos. 1-4) and patients who developed early 1A

(nos. 4 and 5)
Prior Triggers to start Anti-Aspergillus  Diagnosis of
No. Age Sex Diagnosis 1A anti-Aspergillus agents agents early 1A Outcome
1 57 Male AML — Elevation of BDG MCFG No Death due to AML
progression

2 56 Male AML _ XP findings (consolidation) MCFG No Alive
3 35 Male CAEBV — CT findings (small multiple MCFG — ITC No Alive

nodules with halo)
4 56 Female ALL _ CT findings (nodules with halo) MCFG — VRC Yes Alive

(positive galactomannan

test after a week)
5 54 Male MDS Probable CT findings (nodules MCFG — ITC Yes Alive

1PA with halo) and positive

galactomannan test

CAEBY, chronic active Epstein—Barr virus infection; IPA, invasive pulmonary aspergillosis; MCRG, micafungin; ITC, itraconazole; VRC, voriconazole; XP,

X-ray photograph.

for patients with two consecutive positive galactomannan tests
or with CT findings suggestive of IFIL, regardless of the presence
or absence of FN. They successfully reduced the use of
anti-Aspergillus agents and no undetected cases of IA were
identified. This approach may be more sensitive than our pre-
sumptive strategy to add anti-Aspergilius agents only for patients
with persistent FN associated with positive serum test and/or
radiological evidence. However, frequent galactomannan testing
(thrice weekly) is required for this preemptive approach and thus
it can be performed in only a limited number of centres.

Recently, prophylactic use of itraconazole, an anti-
Aspergillus agent, has been evaluated in allogeneic HSCT reci-
pients in two randomized controlled trials. 2> The incidence of
IA was lower in the itraconazole group than the fluconazole
group in both trials. The difference in the incidence of IA
appeared 2 or 3 months after HSCT, not in the neutropenic period
early after HSCT. Therefore, the prophylactic use of anti-
Aspergillus agents should be considered for patients at higher-risk
for 1A, including patients receiving steroid for GVHD or neutro-
penic patients with a recent history of IA. However, for
patients who are receiving anti-Aspergillus prophylaxis, another
approach other than empirical or presumptive therapy, may be
required.

In conclusion, these findings suggested the feasibility of a pre-
sumptive strategy for 1A in HSCT recipients, provided that they
were treated in a HEPA-filtered laminar air flow room. A random-
ized controlled trial is warranted to compare the efficacy and
safety of presumptive and empirical strategy early after HSCT.
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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 disease, 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 IA.Z The GM ELISA test has sensitivity of
67% to 100% and specificity of 81% to 99% in neutropenic
patients and allogeneic transplant recipients,3 =6 and was intro-
duced as microbiological evidence in the European Organization
for Research and Treatment of Cancer and Mycoses Study
Group (EORTC/MSG) criteria for opportunistic invasive fungal
infection.” However, a concern is the false-positive reactions,
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