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Pharmacokinetics of CsA during the switch from continuous intravenous
infusion to oral administration after allogeneic hematopoietic stem cell

transplantation

S Kimura'!, K Oshima’, S Okuda', K Sato, M Sato, K Terasako, H Nakasone, S Kako, R Yamazaki,
Y Tanaka, A Tanihara, T Higuchi, J Nishida and Y Kanda

Division of Hematology, Saitama Medical Center, Jichi Medical University, Saitama, Japan

We investigated the serial changes in the blood CsA
concentration during the switch from continuous intrave-
nous infusion to twice-daily oral administration in
allogeneic hematopoietic stem cell transplant recipients
{(n=12). The microemulsion form of CsA, Neoral, was
started at twice the last dose in intravenous infusion in two
equally divided doses. The area under the concentration—
time : curve: during oral- administration (AUCss) was
significantly  higher than the AUC during intravenous
infusion - (AUC,) (median. 7508 - vs - 6705ng/ml x h,
P =0.050). The median bioavailability of Neoral, defined
as (AUCyo/DOSE:) divided: by (AUCv/DOSEy),
was 0.685 (range, 0.45~1.04). Concomitant administration
of oral voriconazole (n=4) significantly increased the
bioavailability of Neoral (median 0.87 vs 0.54, P =0.017),
probably . due - to the inhibition- of ~gut CYP3A4 by
voriconazole. Although the conversion from intravenous
to oral administration of CsA at a ratio of 1:2 seemed to
be appropriate in most patients, a lower conversion ratio
may be better in patients taking oral voriconazole. To
obtain a similar AUC, the target trough concentrations
during twice-daily oral administration should be halved
compared with the target concentration during continuous
infusion.

Bone Marrow Transplantation advance online publication,
9 November 2009; doi:10.1038/bmt.2009.316

Keywords: = CsA; pharmacokinetics; bioavailability; drug
interaction

Introduction

CsA is the most widely used immunosuppressive agent for
the prophylaxis of GVHD: after allogeneic hematopoietic
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stem cell transplantation (HSCT). It is usually administered
by intravenous infusion for at least several weeks after
allogeneic HSCT because of the damage done to the oral
and gastrointestinal mucosa by the conditioning regimen.
However, the dose, target blood level, and schedule of
administration vary dmong protocols and have not been
optimized.’ It has been shown that the blood concentration
of CsA affects the incidernces of acute GVHD and adverse
events,” and an increase in the target blood concentration
from 300 to 500 ng/ml in the continuous infusion of CsA
significantly “decreased the incidence of acute GVHD.?
On the basis of these results, we are currently administering
CsA by continuous infusion with target concentrations of
500 ng/ml for standard-risk patients and 300 ng/ml in high-
risk patients. When patients can tolerate oral intake, CsA is
switched from intravenous to oral administration at a dose
ratio of 1:2. Neoral, a microemulsion formulation of CsA,
has improved bioavailability and is the most commonly
used: oral product.* However, the appropriateness of this
conversion rate has been  inconsistent among’ earlier
studies. > Parquet et al. reported that doubling the last
intravenous - dose. provided the best  therapeutic range
concentration, whereas. the concentration/dose ratio was
similar in intravenous administration and oral administra-
tion. and thus, 1:1 conversion seemed appropriate in the
McGuire’s. study. In addition, no  data are available
regarding . the ' detailed: 'pharmacokinetics in - allogeneic
HSCT recipients. Therefore; in this study, we investigated
the serial changes: in the CsA blood ‘concentration during
the switch from intravenous to. oral administration and
assessed the bioavailability of Neoral.

Patients and methods

Patients

Patients ‘'who: underwent  allogeneic: HSCT : with- GVHD
prophylaxis consisting: of the continuous infusion of CsA
and ‘short-term: MTX were included: - This' single-center
prospective study was approved by the Institutional Review
Board: -of :Jichi - Medical - University, -and- each patient
provided their written informed consent to be enrolled in
the study.
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Transplantation procedure

The conditioning regimen was mainly a combination of
cyclophosphamide (60 mg/kg for 2 days) and TBI (2 Gy
twice daily for 3 days) (n=8). Patients with severe aplastic
anemia (n=3) were prepared with fludarabine, cyclopho-
sphamide, and anti-thymoglobulin with or without a low
dose of TBI at 2Gy.” A reduced-intensity regimen with
fludarabine and melphalan was used for a 58-year-old
patient with acute lymphoblastic leukemia (n=1). GVHD
prophylaxis consisted of the continuous infusion of CsA
with a starting dose of 3 mg/kg/day and short-term MTX
(10-15mg/m? on day 1 and 7-10mg/m? on days 3 and 6,
and optionally on day 11 in HSCT from a donor other than
an HLA-matched sibling). The dose of CsA was adjusted
to maintain the blood CsA concentration between 450
and 550 ng/ml in standard-risk patients (n=19) or 250 and
350 ng/ml in high-risk patients (» = 3) according to the disease
status.> Acute GVHD was graded as described earlier.®
Prophylaxis against bacterial, fungal, and Pneumocystis
jiroveci infection consisted of Ilevofloxacin, fluconazole
(FLCZ), and sulfamethoxazole/trimethoprim (ST) or in-
halation of pentamidine. In three patients, micafungin
(MCFG) was used instead of FLCZ because of persistent
fever despite broad-spectrum antibiotic therapy, develop-
ment of Candidemia, and high risk for invasive aspergil-
losis, respectively. As prophylaxis against herpes simplex
virus infection, acyclovir (ACV) was given from days —7 to
35, followed by a long-term low-dose administration of
ACY for varicella zoster reactivation.” Pre-emptive therapy
with ganciclovir for cytomegalovirus infection was per-
formed by monitoring cytomegalovirus antigenemia.'®

Study schedule

When patients were able to tolerate oral intake, CsA was
switched from continuous infusion to oral administration.
Intravenous infusion was stopped just before the first oral
administration, The initial dose of Neoral was twice the last
daily dose of continuous infusion, and was given in two
equally divided doses based on the reported bioavailability
of Neoral  of ‘about :0.4 (40%) in allogeneic HSCT
recipients.® On the last day of the continuous infusion of
CsA (day =1), the serum CsA concentration was measured
at 9:00, 15:00; and 21:00. After the patient was switched to
Neoral, the CsA concentration was measured just before
(Co), and 1 (C)), 2 (Cy), 3 (Cs), 4 (Cy), 6 (Co), and 12 (Cy»)
hours after the oral administration of Neoral on the first
day (day 0) and between day 3 and day 5. The CsA
concentration was measured: using the CYCLO-Trac SP-
whole blood kit (DiaSorin, Inc., Stillwater, MN, USA).!!
In brief, 200 pl of whole blood sample was mixed: with
800 ul of methanol and centrifuged at 1600 g for Smin. The
methanolic supernatant (50 pl in duplicate) was mixed with
100 pl of '*I-ligand and 1 m! of anti-CY CLO-Trac Immune
Sep (pre-mixed mouse monoclonal antibody; donkey anti-
mouse serum, and normal mouse serum). After centrifu-
ging, the ligand was discarded by decanting and the amount
of radioactivity of the pellet was determined: Data were
analyzed by logit-log reduction. The standard curve was
obtained using the CsA standard sera provided in the kit.
The' intra-assay coefficient: of variance was <15%:. The
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inter-assay coefficient of variance was < 14%. The limit of
detection was 4.0ng/ml. The results of this assay showed
good correlation with those obtained by high-performance
liquid chromatography (r=0.98).

During the study, the dose of CsA could be modified at
the discretion of each physician. Vital signs and laboratory
variables including renal and liver function tests were
evaluated on days 0, 3, 7, and 14. Concomitant medications
that could potentially interact with CsA were recorded.

Statistical considerations

The area under the concentration—time curve (AUC)
(0—12h) of CsA was calculated by the trapezoidal method.
We estimated the bioavailability of Neoral by dividing
(AUCpo/DOSEps) by (AUCy/DOSE;y). Toxicities after
switching from intravenous to oral administration were
evaluated compared with the baseline data on day 0. Renal
toxicity was defined as an elevation of the creatinine (Cr)
level above. x 1.5 the baseline value. Liver dysfunction was
defined as an elevation of alanine aminotransferase (ALT)
above- x2: the baseline value, .or elevation of. the total
bilirubin (T-bil) level by 2mg per 100 m!l compared with the
baseline value. Comparisons were made using the Wilcoxon
signed-rank : test for-continuous variables.. The Pearson
correlation coefficient: was used to analyze the correlation
between:- AUC ‘and - the- CsA - concentration: -at : each
measurement point after logarithmic transformation. The
effect. of “concomitant  medications on CsA pharmaco-
kinetics was first analyzed by a univariate: analysis with
the - Mann—Whitney: U-test, and: then those with at least
borderline :significance: (P<0.10)were: subjected: to: a
multivariate analysis using- multiple regression: modeling.
A P-value of '<0.05 was considered to be significant.

Results

Patients

Between January 2008 and April 2009, 12 patients were
enrolled in the study. There were 7 males and:5 females
with a median age of 34.5 years (range, 16-58). Underlying
diseases included acute myeloblastic leukemia (i =4); acute
lymphoblastic - leukemia: ‘(n=23), severe aplastic: anernia
(n=13), chronic myelogenous leukemia (n= 1), and myelo-
dysplastic syndrome (n = 1). Five patients received bone
marrow graft from an unrelated donor, whereas I and 6
patients, respectively, received bone marrow and peripheral
blood stem cell graft from a related donor. There was an
HLA mismatch in three donor-recipient pairs.

Pharmacokinetic analysis

The median duration from transplantation to_ the switch
from ' intravenous to- oral administration. was 40 days
(range, 27-60).- The dose of CsA and the pharmacokinetic
parameters during intravenous and oral administration are
shown in Table 'I.- Neoral was started at approximately
twice the last dose of intravenous infusion, except that 1
patient: (No. 8) received Neoral at the same dose as in
intravenous: infusion; as the mean CsA concentration: on
the: last day of intravenous  infusion was >700ng/ml.
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Table 1 Dose of CsA and pharmacokinetic parameters during the intravenous and oral administration of CsA
Patient no. Day -1 Day 0 Steady state (Days 3-5)

DOSEy- Chican AUC,, DOSEro  Cuax  Toax  Coin AUCh_po DOSErs  Coue  Thax  Com AUCro

(mglday) (nglml) (ng/mix h) (mglday) (ng/ml) (h) (ngiml) (ngimlxh) (mglday) (ngiml) (h) (ng/ml) (ng/mixh)
i 96 590 7110 200 1300 2 370 9525 160 1400 3 550 10625
2 140 643 7680 280 1600 3 480 10860 250 1000 2 320 7080
3 130 553 6630 260 2700 3 360 12555 160 1200 2 290 7790
4 173 663 7950 360 1900 2 340 11785 360 2500 1 420 12420
S 192 677 7920 400 1500 3 240 8685 400 1500 2 280 8355
6 125 577 6780 260 1200 2 360 8300 260 1200 3 360 8450
7 80 527 6330 160 650 0 390 5725 160 800 2 280 6105
8 192 717 8730 200 930 2 360 8100 200 990 4 300 7225
9 240 477 5820 500 1600 3 280 9035 500 2400 2 290 11265
10 125 357 4350 260 840 2 210 5285 260 880 2 210 5310
11 58 257 3090 120 720 2 130 3375 120 360 4 110 2860
12 77 303 3690 160 1100 2 190 6025 160 1000 1 260 6590

Abbreviations: AUC;v=area under the concentration-time curve (AUC) during continuous infusion; AUCpo=AUC during

oral administration;

DOSE,y =dose of CsA during continuous infusion; DOSE; = dose of CsA during oral administration.

o
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Figure 1 Correlation between the AUC and the CsA peak (a: Cy) and trough (b: C,,) levels.

In three patients (Nos. 1, 2, and 3), the dose of CsA was
reduced on day 1 due to the high CsA concentration on
day 0 (the day when Neoral was started).

The: median: AUC value was 6705ng/ml x h- (AUCy;
range,: 3090-8730) before the conversion from intravenous
to oral administration (day —1), 8493 ng/ml x h (AUCv 03
range, 337512 555) on day 0, and 7508 ng/ml x h (AUCso;
range, 2860—12420) on days 3-5, respectively. AUCpo was
considered to be the  AUC of Neoral in the steady state,
as AUCv.po was affected by the intravenous administra-
tion of CsA and at least 3 days are required for the CsA
concentration to stabilize after a change in' the admini-
stration route. As a resulf, not only  AUCv.po but also
AUCys was significantly higher than: AUC (P=0.050),
even though the dose of Neoral was reduced in ' three
patients and the conversion ratio’ was' 1:1 in another
patient. The median bioavailability of Neoral was 0.685
(range, 0.45-1.04).

Relationship between AUC and the CsA concentration at
each measurement point

Although' the CsA concentration: at each measurement
point significantly correlated with AUCy after logarithmic
transformation, the ‘strongest correlation was- observed
between Cs and AUCso (Figure 1a and Table 2, correlation

coefficient 0.984, P<0.001).. The :AUCso- could’ be: pre-
dicted from the trough concentration. (C, or C,,), which
is. widely ‘measured  in daily practice,. by the following
formula - based . on: the  linear regression -model: : Log
(AUCp6)=1.020 x Log(C5)+ 1.344 (Figure 1b). Accord-
ingly, each trough concentration between 50 and 250 ng/ml
corresponds to: the CsA concentration: during the contin-
uous intravenous infusion of CsA with the same AUC,
calculated by dividing the predicted AUC by 12, between
99.and: 514 ng/ml (Table 3). Thus, when the continuous
intravenous administration of CsA with a target concen-
tration-of :500 ng/ml was switched  to twice-daily oral
administration, the target trough level should: be about
250 ng/ml to obtain the same AUC. ‘Also, the target blood
concentration: of 300 ng/ml" during  continuous  infusion
corresponds to the target trough concentration at 150 ng/ml
during twice-daily oral administration: This estimation was
different from that in kidney transplantation by Nakamura
etal. (Table 3)."2

Influence of possible corifounding factors on the
bivavailability of Neoral

With regard to laboratory data, there were 1o statistically
significant ‘correlations ' between - the - bioavailability - of
Neoral and: the serum Cr level,; ALT level,.and T-bil level

w
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Table 2 Correlation coefficients between the AUC and the
cyclosporine concentration at each measurement point

Correlation  P-value Conversion formula

coefficient
Co 0.869 <0.001 Log(AUCPO) =0.846 x Log(C0)+1.747
Cl1 0.874 <0.001 Log(AUCPQO)=0.465 x Log(Cl)+2.539
C2 0.953 <0.001 Log(AUCpo)=0.718 x Log(C,) +1.693
C3 0.984 <0.001 Log(AUCeo)=0.821 x Log(C;)+1.424
C4 0918 <0.001 Log(AUCpo)=0.876 x Log(C.)+1.319
C6 0.961 <0.001 Log(AUCpo) = 1.314 x Log(Cs) +0.258
C12 0.921 <0.001 Log(AUC;o)=1.020 x Log(Cy5) + 1.344

Abbreviation: AUCpo =area under the concentration-time curve during
oral administration.

Table 3 Target cyclosporine concentration during continuous
infusion to obtain a similar AUC during twice-daily oral administra-
tion with each target trough concentration

Trough level of CsA during
twice-daily oral administration

Corresponding CsA concentration
during continuous infusion

(ng/ml)
Nakamura et al.’* Current study
50 128 99
100 255 202
150 383 305
200 510 409
250 638 514

Abbreviation: AUC =area under the concentration—time curve.

(P=0.867, P=0.159, and P=0.770, respectively). Four
patients had developed acute GVHD before the change in
the route of CsA administration, but all of them had stage |
skin GVHD that was successfully controlled by topical
steroid. None of the patients had gastrointestinal involve-
ment and thus the influence of gut GVHD on the
bioavailability of Neoral could not be evaluated:

With: regard to ‘drug interactions, the effects - of the
following - drugs' on'the bioavailability - of Neoral were
evaluated; antifungal agents including FLCZ; itraconazole
(ITCZ), voriconazole (VRCZ), and MCFG; antibacterial
agents including ST, vancomycin, fluoroquinolones (FQ),
and cefepime, antiviral agents including ACV and ganci-
clovir (DHPG), and other drugs  including amlodipine,
sulpiride, gabapentin, and ‘prednisolone (PSL) (Table 4).
FLCZ (n=13), ITCZ (n=3), and VRCZ (n=4) were
exclusively ‘administered - orally. These agents had  been
started at least 7 days before the change in the route of CsA
administration. By the Mann=Whitney U-test, VRCZ, FQ,
and ST were shown to have significant effects with at least
borderline significance (P =10.048, P=0.061; and P=0.100,
respectively). Among these, only VRCZ was identified as an
independent  significant factor: by a multivariate: analysis
(P=0.017). - The - median - bioavailability - of 'Neoral in
patients taking VRCZ was 0.87 (range, 0.76-1.04), whereas
it was only 0.54 (range, 0.45-0.94) in those without VRCZ.

Clinical course after the change in the route of CsA
administration

One patient: (No. 2) developed. liver: dysfunction: with an
elevation of ALT from: 28 IU/l at baseline to 300 1U/1 2
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Clinical and laboratory data at the conversion that could influence the cyclosporine pharmacokinetics

Table 4
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alanine: aminotransferase;. AUC,y = area under the concentration~time curve (AUC) during continuous infusion; AUCpo=AUC during oral administration;

ganciclovir;: DOSE,, =dose " of : CsA during’ continuous infusion; DOSEpo=dose of CsA during oral administration; FLCZ

acyclovir; ALT =

cefepime; . DHPG

ITCZ = itraconazole; MCFG

Abbreviations:: ACV

CFPM

fluconazole; FQ = fluoroquinolones;

voriconazole.

predonisolone; ST = sulphametoxazole-trimetoprim; VCM = vancomycin; VRCZ

proton pump inhibitors; PSL

micafungin; PPl =



Bioavailability of oral CsA
S Kimura et al

Table 5 Serial changes in laboratory data and blood pressure after the change in the route of CsA administration
Mean (mininuun—maximum)
Serum creatinine (mg per 100 ml) ALT (IUj1) Total bilirubin (mg per 100 ml) Blood pressure level (mm Hg)

Day 0 0.87 (0.60-1.43) 64.4 (16-182) 0.63 (0.24-1.06) Systolic 130 (114-173)
Diastolic 82 (63-103)

Day 3 0.86 (0.32-1.63) 50.1 (10-106) 0.62 (0.27-1.47) Systolic 124 (109-150)
Diastolic 79 (51-103)

Day 7 0.92 (0.69-1.31) 44.6 (10-103) 0.61 (0.30-1.17) Systolic 122 (109-132)
Diastolic 80 (51-103)

Day 14 0.83 (0.67-1.29) 65.8 (10-300) 0.64 (0.27-0.96) Systolic 121 (113-135)

Diastolic 76 (68-89)

Abbreviation: ALT = alanine aminotransferase.

weeks after the conversion. The AUC of CsA was rather
lower after conversion, and thus CsA was not considered to
be the causative agent of liver dysfunction. Otherwise, no
notable changes in laboratory and clinical data were
observed (Table 5).

Four patients had developed grade I acute GVHD of the
skin before the change in the route of CsA administration.
During the 2 weeks after the switch, 3 of the 4 patients had
persistent grade I skin GVHD, whereas' GVHD was
improved in 1 patient. Among the eight patients who did
not have acute GVHD at the switch, one patient developed
grade I acute GVHD of the skin, which was well controlled
by topical steroid, and the other seven patients did not
develop acute GVHD during the observation period. No
clinically significant' changes: in_ vital ‘or biological para-
meters occurred in the study patients. One patient (No. 9)
developed - nausea: soon - after  conversion. An- excessive
increase in the CsA concentration was considered to be
the cause of nausea and this symptom was improved after
the dose of Neoral was reduced.

Discussion

Neoral is a.microemulsion: formulation: of CsA that has
improved: bioavailability and reduced: variability in phar-
macokinetic ' parameters = withinand - between -patients
compared with a conventional CsA formulation (Sandim-
mun).* Its bicavailability: ‘has been reported to" be 0.38
(38%) in healthy volunteers.'> However, allogeneic HSCT
patients have complications: that could influence the CsA
pharmacokinetics, such as damaged gastrointestinal muco-
sa and multiple drug interactions. The results of this study
showed that the median value of the bioavailability of
Neoral was: 0.685 (range, 0.45-1.04). Detailed - analyses
revealed that the oral administration: of VRCZ strongly
affected - the : bioavailability - of - Neoral (0.87 vs0.54).
Therefore, although the switch from intravenous to: oral
administration ‘of CsA-at a ratio of 1:2' seemed to be
appropriate in ‘most’ patients, a lower: conversion ratio
such as 1:1.1 or '1:1.2 may be better in patients taking
oral VRCZ.

The drug interactions between CsA and azole antifungal
agents including FLCZ, ITCZ, and .VRCZ have been
well recognized.'* Azolé antifungal agents are metabolized
through  the : cytochrome - P450-3A " (CYP3A4)  enzyme
system, interfere with the metabolism of CsA; and thereby

increase the exposure to CsA. Therefore, careful monitor-
ing of the blood CsA concentration is recommended when
these agents are added during CsA administration. On
the other hand, there are considerable differences among
azole antifungals with regard to their ability to inhibit
CYP3A4.'* Interestingly, the concomitant use of oral
VRCZ significantly increased the bioavailability of Neoral.
We confirmed that VRCZ was started at least 7 days before
the switch from intravenous to oral administration of CsA
and was continued at the same dose after the switch.
Therefore, the drug interaction between CsA and VRCZ
seemed to be: stronger. during oral administration than
during the intravenous infusion of CsA. We hypothesized
that this stronger interaction can-be explained by the
presence of the P450 enzyme system in the gastrointestinal
mucosa. The CYP3A4 isoenzymes are the most abundant
isoforms of CYP and it has been postulated that CsA is
also metabolized in the intestine by gut CYP3A4 iso-
enzymes.'>. The: administration of VRCZ -might have
inhibited: the  gut  metabolism of CsA and increased the
bioavailability of CsA. However, a-prospective controlled
study is required to confirm this hypothesis.

ITCZ, another strong inhibitor of :CYP3A4, did: not
increase  the: bioavailability of Neoral. “As: the ratio of
AUCr/DOSE;y. was higher not only in patients: taking
VRCZ but also in patients: taking ITCZ compared with
other patients: (median 47.5, 55, and 41), ITCZ might have
inhibited liver CYP3A4 similar to VRCZ, but inhibited gut
CYP3A4 less strongly than. VRCZ. This might have been
affected by the different bioavailable dose of these agents,
as the bioavailability of ITCZ is lower than that of VRCZ,
in addition to the fact that the dose of ITCZ was lower than
that of VRCZ (200 vs 400 mg/day).

With ‘regard to the route of 'VRCZ, it was exclusively
administered orally in this study. Therefore, we could not
conclude whether the intravenous administration of VRCZ
would similarly affect the bioavailability of CsA. In earlier
reports, the extent of drug interaction between CsA and
azole antifungals varied according to the route-of admin-
istration and’ the doseor kind of ‘antifungal -agent.
Numerous reports: have shown' a significant  interaction
(> 84%) between oral FLCZ with a dose of 200 mg/day or
greater and oral CsA.''7 On the other hand, Osowski
et al.'® evaluated the drug interaction between intravenous
FLCZ at 400mg/day and intravenous CsA  in- HSCT
recipients and - there was a statistically significant but
smaller increase (21%) in the ‘serum: CsA: concentration.
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Mihara et al.'® reported that the mean steady-state whole-
blood level of CsA significantly increased after the route of
FLCZ administration was switched from intravenous to
oral. These data suggest that the drug interaction between
CsA and FLCZ was stronger when FLCZ was adminis-
tered orally. With regard to other azole antifungal agents,
not only oral but also intravenous administration of ITCZ
significantly affected the blood concentration of CsA 2%
Concerning the interaction between VRCZ and CsA, Mori
et al®® reported that the administration of VRCZ to
patients receiving CsA resulted in a significant increase in
the concentration/dose ratio of CsA, but the route of
VRCZ administration did not affect the changes in the
concentration/dose ratio. If we consider these findings
together, it may be reasonable to suggest that the
interaction between azole antifungal agents and CsA is
stronger when the antifungals are given orally, but the
difference becomes unclear with ITCZ and VRCZ, as the
interactions of these agents are stronger than that of FLCZ
and can be detected even when they are given intrave-
nously. Therefore, when we interpret pharmacokinetic data
of CsA, we must be cautious not only about concomitantly
used agents but also the route of administration of both
CsA. and the other drugs. For example, Parquet et al.
réported that a ratio of 1:2 in the switch from intravenous
to oral administration was appropriate,> whereas a 1:1 ratio
seemed to be appropriate in the study by McGuire et al.% In
the former study, oral FLCZ was used concomitantly and
thus their conclusion was consistent with our data. In' the
latter study, information  on'the use of antifungal agents
was not: described, and ‘thus the data’ were difficult: to
interpret.

When we switch the route of CsA administration from
continuous infusion to twice-daily oral administration; the
target - blood * concentration 'should . also: be changed.
Nakamura ef al.'? reported that the CsA blood concentra-
tion during continuous’ infusion was estimated to be 2.55
times the trough level during twice-daily oral administra-
tion of Neoral to obtain an equal AUC of CsA in kidney
transplant patients. In this study, we concluded that the
CsA concentration during continuous infusion should: be
doubled ‘compared with the trough concentration during
twice-daily oral administration in allogeneic HSCT reci-
pients. Although the calculation method was different; the
conclusion was consistent (mean 2.01) when we applied
their. ‘methods. Although ‘the reason: for the difference
between these studies: remains unclear; it may have been
due to the differences in the use of concomitant drugs or the
status of the gastrointestinal tract.

In: conclusion; when switching: CsA' from continuous
infusion to  oral administration; concomitant medications
that could affect the bioavailability of CsA; especially azole
antifungal agents, should be taken into account. Although
a :1:2 ratio on switching may -be -appropriate. in. ‘most
patients, ‘alower conversion: rafio. is recommended in
patients taking oral VRCZ.
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Target blood concentrations of CYA and tacrolimus in randomized
controlled trials for the prevention of acute GVHD after

hematopoietic SCT

Bone Marrow Transplantation advance online publication,
24 August 2009; doi:10.1038/bmt.2009.213

In a recent issue of Bone Marrow Transplant, Ram et al.'
reported a systematic review and meta-analysis of prophy-
laxis regimens for GVHD. They combined three random-
ized controlled trials that compared the combination of
CYA and MTX (CYA-MTX) with the combination of
tacrolimus and MTX (TAC-MTX), and concluded that
although TAC-MTX was superior to CYA-MTX in terms of
acute GVHD reduction, the incidence of all-cause mortality
was similar.'* A large retrospective study in Japan also
revealed that the incidence of grades II-1V acute GVHD
was significantly lower in patients who received TAC than
in those who received CYA in matched unrelated donor
transplantation, whereas no such difference was observed
in matched sibling donor transplantation.® Although it is
difficult to directly compare the incidence of GVHD among
these studies because of the difference in the study
population, these findings suggest that although TAC is
more effective than CYA for preventing acute GVHD, this
benefit does not confer a survival benefit, probably because
of increased toxicities.

However, before making such a conclusion, we have to
consider whether CYA and TAC were administered at
appropriate doses in these studies. Table | summarizes the
design and results of the three randomized controlled trials.
CYA was continuously infused with a target blood concen-
tration between 150 and 450 ng/ml. This target concentra-
tion ‘might have been too low, as the target concentration
was equivalent to the target trough concentration that
is widely accepted in' European centers when CYA was
administered twice daily.® The target steady-state concen-
tration in the continuous infusion of CYA should be higher

than the trough concentration in twice-daily administration
to provide an equal area under the concentration-time
curve.” In fact, in a retrospective study, the incidence of
acute GVHD was significantly higher in patients who
received a continuous infusion of CYA with a target
concentration between 250 and 400ng/m! than in those
who received a twice-daily infusion of CYA with a
target trough concentration between 150 and 300ng/ml.®
In contrast, the target concentration of TAC was between
10 and 30 ng/ml in the two randomized trials in the United
States and between 20 and 25ng/ml in the Japanese trial.
These target concentrations were apparently higher than
that in current transplantation practice. Couriel er al®
recommended a blood concentration of TAC between 8
and 12ng per 100ml based on their retrospective and
prospective studies.

It has been shown that the blood concentrations of
CYA and TAC affect the incidences of acute GVHD and
adverse events.'” In addition, an increase in the target
blood concentration from 300 to 500 ng/ml in continuously
infused-CYA significantly decreased the incidence of acute
GVHD.'! This difference was more prominent in trans-
plantation from an unrelated donor, similar to the fact that
the difference in the incidence of acute GVHD between
patients who received CYA and those who received TAC
was observed only in unrelated donor transplantation®!!
(Table 2). Therefore, continuous infusion of CYA with a
target concentration at 500 ng/ml may be as effective as
TAC with a target concentration used in our daily practice.
In contrast, although the relationship between the blood
concentration of TAC and the incidence of acute GVHD
was not clear; an increase in the blood concentration was
associated with greater renal dysfunction.'® Therefore,
renal toxicity associated with TAC could be reduced by
decreasing the target blood concentration to a range

Table 1 Summary of the randomized controlled trials of CYA and tacrolimus (TAC)
Study Group . Initial dose Target concentration  Grades 1I-IV acute GHVD (%)  2-pear survival (%)
Hiraoka et al? CYA Not fixed® Not fixed® 48 65

TAC 0.05mg/kg per day 20-25ng/ml 18 (P<0.0001) 63 (P=0.93)

continuous i.v.?

Ratanatharathorn er al* CYA 3I'mg/kg continuous i.v. 150-450 ng/ml 44 57

TAC 0.03 mg/kg continuous i.v.  10-30ng/m! 32 (P=0.01) 47 (P=0.02)
Nash et al.? CYA 3mg/kg continuous Lv. 150450 ng/ml 74 50

TAC 0.03 mg/kg continuous i.v.  10-30ng/m! 56 (P=0.0002) 54 (P =0.46)

“Determined by each institution.
0.15mg/day orally was allowed.
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Table 2 Retrospective comparison of CYA and tacrolimus (TAC)
Study Donor Group Target concentration Grades -1V acute GVHD (%)
Yanada et al.® HLA-matched sibling CYA Not fixed?® 38
TAC Not fixed? 33
HLA-matched unrelated donor CYA Not fixed® 58
TAC Not fixed® 36
Oshima ef al.'! HLA-matched sibling CYA 300 ng/ml 44
CYA 500 ng/ml 3
HLA-matched unrelated donor CYA 300 ng/ml 59
CYA 500 ng/ml 24

*Determined by each institution.

between 10 and 20 ng/ml, without increasing the incidence
of acute GVHD. If we consider all of these points, neither
CYA nor TAC was administered at an appropriate dose in
the earlier three randomized controlled trials of CYA-MTX
and TAC-MTX. To clarify this problem, a randomized
controlled trial of CYA-MTX and TAC-MTX with target
blood concentrations at 500 and 15ng/ml, respectively, is
being performed in the Kanto Study Group for Cell
Therapy.
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Reverse seroconversion of hepatitis B virus
after allogeneic hematopoietic stem cell
transplantation in the absence of chronic
graft-versus-host disease
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The appearance: of hepatitis B surface antigen (HBsAg) in patients previously positive for
antibody to this antigen (HBsAb) is called reverse seroconversion, a rare complication after
hematopoietic stem cell transplantation (HSCT), which occurs almost exclusively after HSCT from
an HBsAb-negative donor and the development of chronic graft-versus-host disease (CGVHD).
However, we experienced a patient who developed reverse seroconversion 23 months after
unrelated HSCT even in the absence of immunosuppressants use or CGVHD. Serum
immunoglobulin level was: persistently normal. Therefore,. all HBsAb-positive recipients should

be considered to be at risk for HBV reactivation, even in patients without any risk factors.

Keywords: Hematopoietic stem cell transplantation, hepatitis B virus, reverse seroconversion, graft-versus-host disease

Introduction

The reactivation of hepatitis B virus (HBV) may
cause fulminant hepatitis- after hematopoietic stem
cell transplantation (HSCT) in patients positive for
hepatitis B virus surface  antigen ‘(HBsAg). The
prophylactic use of antiviral agents such as lamivu-
dine ‘or entecavir has reduced the risk of: severe
hepatitis, although the emergence of resistant muta-
tions was obseérved during an extended treatment
with lamivudine.!’? Recently, several papers have
reported - the reactivation: of ‘HBV ‘even in HSCT
recipients previously positive for antibody to HBsAg
(HBsAb).>7 This is called reverse seroconversion
(RS) and the risk factors for RS included HSCT from
an  HBsAb-negative "donor; the  development. of
chronic graft-versus-host disease (GVHD), and the
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use .of immunosuppressants. However,. we experi-
enced a patient who developed RS 23 months after
unrelated HSCT for acute lymphoblastic leukemia
even in the absence of the use of immunosuppressants
or the development of chronic GVHD. This experi-
ence suggested that close monitoring of HBV markers
is required even for patients without any risk factors.

Case report

A 42-year-old ~woman was diagnosed as acute
lymphoid leukemia with t(4;11)(q21;q23) transloca-
tion in June 2005. She was positive for HBsAb and
antibody to HBV core antigen (HBcAb) and negative
for HBsAg at the onset of leukemia, suggesting the
resolution” of "prior- HBV infection. She. achieved
complete remission with a single course of induction
chemotherapy. After three cycles of post-remission
chemotherapy, she underwent bone marrow: trans-
plantation -in : November 2005, from  an HLA-
matched unrelated donor  who was negative for
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