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A randomized controlled trial of cyclosporine and tacrolimus
with strict control of blood concentrations after unrelated bone
marrow transplantation
Y Kanda1, T Kobayashi2, T Mori3, M Tanaka4, C Nakaseko5, A Yokota6, R Watanabe7, S Kako1, K Kakihana2, J Kato3, A Tanihara1,
N Doki2, M Ashizawa1, S-i Kimura1, M Kikuchi1, H Kanamori4 and S Okamoto3 for the Kanto Study Group for Cell Therapy

Previous studies have suggested that tacrolimus (TAC) is more potent than cyclosporine (CSA) for prophylaxis against acute GVHD
after allogeneic hematopoietic stem cell transplantation (HSCT). However, the target blood concentrations of these drugs in these
studies were not consistent with the current recommendations. Therefore, we performed a randomized controlled trial to compare
CSA and TAC with target blood concentrations of 500 and 15 ng/ml, respectively, to prevent acute GVHD after unrelated HSCT. A
total of 107 patients were randomized into a CSA group (n= 53) or a TAC group (n= 54). During the first 4 weeks after HSCT, more
than 90% of the patients achieved a mean blood concentration of between 80 and 120% of the target concentration. The
incidences of grade II–IV and grade III–IV acute GVHD were 39.6 and 7.5% for the CSA group and 33.3 and 9.4% for the TAC group,
respectively (P= 0.41 and P= 0.76). Other clinical outcomes, including overall survival, disease-free survival and the incidences of
relapse, non-relapse mortality, and organ toxicities, were also equivalent. We concluded that the combinations of CSA and TAC with
strict dose adjustment showed similar efficacies and toxicities as prophylaxis against acute GVHD after unrelated HSCT.
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INTRODUCTION
Cyclosporine (CSA), which inhibits calcineurin and prevents T‑cell
activation, has a major role in the pharmacological prevention of
GVHD after allogeneic hematopoietic stem cell transplantation
(HSCT).1,2 Tacrolimus (TAC) is another calcineurin inhibitor, and
three randomized controlled trials as well as a meta-analysis of
these trials showed that the combination of TAC and methotrex-
ate (TAC-MTX) was associated with a significantly lower incidence
of acute GVHD than the combination of CSA-MTX, although there
was no survival benefit in the TAC-MTX group.3–6 A Japanese
nation-wide retrospective study confirmed that TAC was superior
to CSA for the prevention of acute GVHD.7 Therefore, it has been
believed that TAC is more effective than CSA in terms of
preventing acute GVHD, although this benefit is not translated
into better survival, probably due to increased toxicity.
However, the effects of these agents may be strongly affected

by their blood concentrations.8 In two of the three randomized
controlled trials mentioned above, CSA was continuously infused
with a target blood concentration between 150 and 450 ng/ml.4,6

This target concentration is much lower than that recommended
in the recent guidelines. For example, in the recent EBMT
(European Group for Blood and Marrow Transplantation) and
the ELN (European LeukemiaNet) recommendation, a target
trough concentration of 200–300 ng/ml is recommended when
CSA is given in two divided doses.1 This target trough concentra-
tion in bolus infusion corresponds to a target concentration of
400–600 ng/ml when CSA is administered continuously, since the

target steady-state concentration in the continuous infusion of
CSA should be 2–2.5 times higher than the trough concentration
in twice-daily administration to provide an equal area under the
concentration-time curve.9,10 In fact, the incidence of acute GVHD
was significantly higher in patients who received a continuous
infusion of CSA with a target concentration of 250–400 ng/ml than
in those who received a twice-daily infusion with a target trough
concentration of 150–300 ng/ml.11 On the other hand, the target
concentration of TAC during continuous infusion was much higher
than that in current transplantation practice; it was 10–30 ng/ml in
the two randomized trials in the United States and 20–25 ng/ml in
the Japanese trial, whereas a blood concentration of 8–12 or 10–
20 ng/ml has been recommended based on retrospective and
prospective studies.8,12,13

Wingard et al.8 analyzed the relationship between the blood
concentrations of CSA and TAC and their efficacies and toxicities.8

For both CSA and TAC, higher blood concentrations were
associated with an increased incidence of renal dysfunction. In
addition, a lower blood concentration of CSA (o300 ng/ml) was
associated with an increased incidence of acute GVHD, although
this relationship was not statistically significant.
Therefore, in previous randomized controlled trials, the target

blood concentrations were not optimal in either the CSA or TAC
groups. The higher incidence of acute GVHD in the CSA group
may be improved by elevating the target concentration of CSA,
while the higher incidence of renal toxicity in the TAC group could
be improved by lowering the target concentration of TAC. In fact,
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in a Japanese study, the incidence of acute GVHD was significantly
decreased by increasing the target blood concentration from 300
to 500 ng/ml.14

These considerations prompted us to perform a randomized
controlled trial to compare CSA-MTX and TAC-MTX for the
pharmacological prevention of acute GVHD, with target blood
concentrations of 500 and 15 ng/ml, respectively.

PATIENTS AND METHODS
Trial design
This open-label multicenter randomized controlled trial was performed by
the Kanto Study Group for Cell Therapy to compare CSA-MTX and TAC-
MTX with a 1:1 allocation. Patient entry was started in February 2008 and
closed in December 2012. During the entry period, inclusion criteria were
expanded in October 2009 as described in the next paragraph. This study
was approved by the institutional review boards of all participating centers
and was registered in the UMIN Clinical Trial Registry (UMIN000001151).

Patients
The inclusion criteria were age between 16 and 55 years, underlying
disease of AML, ALL or myelodysplastic syndrome, transplantation from an
HLA-A, -B and -DRB1 allele matched donor or an HLA-DRB1 1 allele
mismatched donor, ECOG performance status less than 2, the absence of
severe organ dysfunction (for example, SaO2 less than 94% or ejection
fraction less than 55%) and the absence of active infection. HLA-C typing
was not routinely performed until 2009.
In October 2009, patients aged between 56 and 65 years became

eligible to accelerate patient inclusion. In addition, lymphoma and chronic
myeloid leukemia were added to the inclusion criteria. Low-risk diseases
were defined as acute leukemia in first or second remission, chronic
myeloid leukemia in accelerated phase or first or second chronic phase,
myelodysplastic syndrome of refractory anemia or refractory anemia with
ringed sideroblast. More advanced diseases were considered as high-risk
diseases. All patients provided their written informed consent before being
enrolled in these studies.

Conditioning regimen and stem cell source
While the conditioning regimen was decided at the discretion of the
participating centers, regimens that were considered to be frequently
associated with mixed chimera, such as low-dose TBI alone, were not
allowed. Bone marrow was exclusively used as the stem cell source, since
unrelated peripheral blood stem cell transplantation was not available in
Japan during the study period.

GVHD prophylaxis
Patients were randomly allocated to either CSA-MTX or TAC-MTX as
prophylaxis against GVHD, stratified by patient age, conditioning regimen,
disease status and institutions. CSA was started on day − 1 at a dose of
3 mg/kg/day by continuous infusion and the dose was adjusted to
maintain a blood concentration of around 500 ng/ml. For example, when
the blood concentration of CSA was 600 ng/ml under the administration of
CSA at 180mg/day, the dose of CSA was decreased to 150mg/day (5/6th of
the original dose). TAC was started on day − 1 at a dose of 0.03mg/kg/day
by continuous infusion and the dose was adjusted to maintain a blood
concentration of around 15 ng/ml. CSA and TAC were changed to an oral
form when it could be tolerated by the patient at doubled and tripled
doses, respectively. For patients without GVHD, we started to taper CSA or
TAC from day 50 by 5% per week and discontinued the drugs at around
day 180.15 Methotrexate was administered at 10mg/m2 on day 1 and at
7mg/m2 on days 3, 6 and 11.16

Blood concentrations of CSA and TAC were measured at each center by
various methods including AxSYM (Abbott, North Chicago, IL, USA), TDx
(Abbott), EMIT (Siemens, Munich, Germany), ACMIA (Siemens) and CEDIA
PLUS (Thermo Scientific, Waltham, MA, USA). Therefore, before this study
was started, pilot samples were sent to each center and the measurement
results were checked. The mean values and standard deviations of the
measured results were 147.7 ± 23.5, 224.9 ± 24.5 and 520.9 ± 69.8, respec-
tively, for samples prepared at 150, 250 and 500 of CSA. For TAC, samples
prepared at 3.0, 8.0, 15.6 and 21.8 ng/ml resulted in values of 3.6 ± 0.76,
7.3 ± 0.77, 14.0 ± 1.10 and 21.9 ± 3.19 ng/ml, respectively.

Other transplantation procedures
Prophylaxis against bacterial, fungal and Pneumocystis carinii infection was
performed according to the policy of each center, but mainly consisted of
fluoroquinolones, azoles and sulfamethoxazole/trimethoprim. As prophy-
laxis against HSV infection and varicella zoster infection, acyclovir was
given from days − 7 to 35, followed by long-term low-dose (200mg/day)
administration.17,18 CMV antigenemia assay using C10/C11 antibody was
performed at least once a week after engraftment and preemptive therapy
with ganciclovir was started for high-risk patients.19

Acute GVHD was graded as previously described.20 Patients who
developed grade II–IV acute GVHD were treated with 1–2mg/kg of
(methyl-)prednisolone, while grade II acute GVHD limited to the skin was
treated with topical steroid with or without hydrocortisone infusion.
Chronic GVHD was diagnosed and graded according to the National
Institutes of Health Consensus Criteria.21

Statistical considerations
GVHD prophylaxis was considered successful if none of the following four
criteria were present; death within 100 days after HSCT, development of
grade II–IV acute GVHD before day 100, discontinuation of assigned
calcineurin inhibitor before day 100, and the use of immunosuppressive
agents other than the assigned calcineurin inhibitor and MTX. The use of
hydrocortisone infusion and topical steroid was allowed.
Non-inferiority was predefined as a difference in the success rates

between the two groups of no more than 15%. On the basis of the
assumption of a success rate of 60% in the CSA-MTX group and 50% in the
TAC-MTX group,7,14,22 49 patients in each treatment group were required
to show non-inferiority with an alpha error of 5% and a power of 80%.
Based on the assumption of a 10% loss of patients between the enrollment
and randomization, a total of 110 patients needed to be enrolled in
this study.
Fisher’s exact test was used to compare categorical variables and the

Mann–Whitney U-test was used to compare continuous variables. Overall
survival was estimated according to the Kaplan–Meier method, and
compared among groups with the log-rank test. The incidence of GVHD
was calculated while treating death without GVHD as a competing event,
and compared using Gray’s test.23 All P-values were two-sided and P-values
of 0.05 or less were considered as statistically significant. All statistical
analyses were performed with EZR (version 1.27, Saitama Medical Center,
Jichi Medical University), which is a graphical user interface for R (version
3.1.2, The R Foundation for Statistical Computing).24 More precisely, it is a
modified version of R commander (version 2.1-5) that was designed to add
statistical functions frequently used in biostatistics.

RESULTS
Patients
A total of 108 patients were enrolled in the study between
February 2008 and December 2012. Among these patients, one
patient was excluded because of the presence of HLA mismatch at
a serological level. Therefore, a total of 107 patients were
randomized into the CSA-MTX group (n= 53) or the TAC-MTX
group (n= 54) (Figure 1). There were no differences in age, sex,
underlying disease, disease status or conditioning regimen
between the two groups (Table 1). The proportion of patients
who received HLA-mismatched graft (based on HLA-A, -B and
-DRB1 information) was higher in the CSA-MTX group (22.6 vs
11.1%), but this difference was not statistically significant
(P= 0.13). For patients for whom we had complete information
regarding HLA-A, -B, -C and -DRB1 alleles, 20 of the 48 patients
(41.7%) and 13 of the 47 patients (27.7%) in the CSA-MTX and
TAC-MTX groups, respectively, had at least one HLA mismatch
(P= 0.20).

Success rate, survival, relapse and non-relapse mortality
Predefined success rates were 39.6% in the CSA-MTX group and
38.9% in the TAC-MTX group (Figure 2). The difference in the
success rates was 0.7% (95% confidence interval (CI) − 17.8–
19.2%).
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Figures 3a and b show overall and disease-free survival curves
stratified by the disease status before HSCT. Overall survival rates
at 3 years were 66.3% (95% CI 48.9–79.0%) and 33.3% (95% CI
10.3–58.8%) for low- and high-risk patients in the CSA-MTX group
and 70.4% (95% CI 53.8–82.0%) and 30.0% (95% CI 7.7–56.9%) in

the TAC-MTX group, respectively (P= 0.79). Disease-free survival
rates at 3 years were 62.1% (95% CI 45.1–75.2%) and 33.3% (95%
CI 10.3–58.8%) for low- and high-risk patients in the CSA-MTX
group and 59.0% (95% CI 42.4–72.2%) and 25.0% (95% CI 6.0–
50.5%) in the TAC-MTX group, respectively (P= 0.80).
The incidences of relapse and non-relapse mortality at 3 years

were 27.1% (95% CI 15.7–39.7%) and 17.5% (95% CI 8.5–29.2%) in
the CSA-MTX group and 35.6% (95% CI 22.9–48.5%) and 13.0%
(5.6–23.4%) in the TAC-MTX group, respectively (P= 0.49 and
P= 0.71, Figure 2c).

Engraftment and GVHD
Neutrophil engraftment was achieved in all but three patients
(97.2%). The incidences of grade II–IV acute GVHD were 39.6%
(95% CI 26.4–52.5%) and 33.3% (95% CI 21.1–46.0%) in the CSA-
MTX and TAC-MTX groups, respectively (P= 0.41, Figure 4a). We
performed a post hoc subgroup analysis, since there was a non-
significant trend toward a higher number of patients with HLA
mismatch in the CSA-MTX group. The incidences of grade II–IV
acute GVHD were 28.6% (95% CI 13.3–46.0%) and 35.3% (95% CI

Table 1. Patient characteristics

CSA (n = 53) TAC (n = 54) P-value

Age 46.00 (range 19–64) 48.00 (range 20–64) 0.49

Recipient sex (%)
Female 21 (39.6) 19 (35.2) 0.69
Male 32 (60.4) 35 (64.8)

Donor sex (%)
Female 19 (35.8) 15 (27.8) 0.41
Male 34 (64.2) 39 (72.2)

HLA (%)
Match 41 (77.4) 48 (88.9) 0.13
Mismatch 12 (22.6) 6 (11.1)

Conditioning (%)
Bu-Cy-based 10 (18.9) 10 (18.5) 0.31
Cy-TBI-based 28 (52.8) 26 (48.1)
Flu-based RIC 8 (15.1) 4 (7.4)
Other TBI MAC 3 (5.7) 5 (9.3)
Other non-TBI
MAC

3 (5.7) 9 (16.7)

Other RIC 1 (1.9) 0 (0.0)

Disease (%)
ALL 12 (22.6) 10 (18.5) 0.74
AML 31 (58.5) 27 (50.0)
ATL 1 (1.9) 1 (1.9)
CML 0 (0.0) 2 (3.7)
MDS 5 (9.4) 10 (18.5)
MPN 2 (3.8) 1 (1.9)
NHL 1 (1.9) 2 (3.7)
Other
leukemia

1 (1.9) 1 (1.9)

Disease risk (%)
Low risk 41 (77.4) 42 (77.8) 1
High risk 12 (22.6) 12 (22.2)

Abbreviations: ATL= adult T-cell leukemia; Bu=busulfan; Cy= cyclopho-
sphamide; MAC=myeloablative conditioning; MDS=myelodysplastic
syndrome; MPN=myeloproliferative neoplasms; NHL= non-Hodgkin lym-
phoma; RIC= reduced-intensity conditioning.

0.6

0.5

0.4

0.3

0.2

0.1

0.0

S
u

cc
es

s 
ra

te

Difference in success rates:
0.7% (95% confidence interval -17.8% - 19.2%).

CSA TAC

Group

39.6% P>0.99 38.9%

Figure 2. Predefined success rates in the two groups.
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Allocated CSA-MTX
(n= 53)

GVHD prophylaxis
Continuous infusion of CSA

at 3 mg/kg/day from day -1
Dose-adjustment to target

blood concentration of 500 ng/mL.
MTX at 10 mg/m2 on day 1 and

7 mg/m2 on days 3, 6, and 11.

Allocated  TAC-MTX
(n= 54)

GVHD prophylaxis
Continuous infusion of  TAC

at 0.03 mg/kg/day from day -1
Dose-adjustment to target

blood concentration of 15 ng/mL.
MTX at 10 mg/m2 on day 1 and

7 mg/m2 on days 3, 6, and 11.

Figure 1. Patient allocation. CSA= cyclosporine; TAC= tacrolimus; MTX=methotrexate.
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Figure 3. Overall (a) and disease-free survival (b) stratified by the disease status. The cumulative incidences of relapse and non-relapse
mortality (c).
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19.7–51.3%) in the CSA-MTX and TAC-MTX groups, respectively,
among patients who received graft from an HLA-A, -B, -C and
-DRB1 allele matched donor (P= 0.62, Figure 4b). There was no
significant difference in the incidence of acute GVHD among the
participating centers (data not shown).
The incidences of grade III–IV acute GVHD were also similar;

7.5% (95% CI 2.4–16.7%) and 9.4% (95% CI 3.4–19.2%) for the CSA-
MTX and TAC-MTX groups, respectively, in the whole population
(P= 0.76) and 3.6% (95% CI 0.2–15.7%) and 12.1% (95% CI 3.7–
25.8%) among patients who received graft from an HLA-A, -B, -C
and -DRB1 allele matched donor (P= 0.23).
The incidences of chronic GVHD at 3 years were 38.1% (95% CI

23.5–52.6%) and 46.9% (95% CI 3235-60.3%) in the CSA-MTX and
TAC-MTX groups, respectively (P= 0.60), among patients who
survived disease free for at least 100 days after HSCT.

Adverse events
With regard to the adverse events during the first 4 weeks, the
maximum values of serum creatinine and total bilirubin levels
were not different between the two groups (P= 0.26 and P= 0.46),
but the maximum value of serum alanine aminotransferase level
was significantly higher in the TAC-MTX group (P= 0.0056,
Figure 5). Thrombotic microangiopathy was observed in four
and three patients in the CSA-MTX and TAC-MTX groups,
respectively (P= 0.72).

Pharmacokinetics
During the continuous infusion of CSA or TAC, a significantly
higher percentage of blood samples in the CSA-MTX group than in
the TAC-MTX group was within the range of good blood
concentration control (60.8 vs 52.4%, P= 0.00013, Figure 6a),
which was defined as a blood concentration between 80 and
120% of the target concentration. Especially, within the first week
after HSCT, more than half of the blood samples in the TAC-MTX
group were higher than the good control range (Figure 6b). In the
second week after HSCT, the proportion of samples with good
control increased in both groups, but thereafter, the number of
samples with a higher concentration tended to increase in the
TAC-MTX group. However, when we analyzed the mean blood
concentration during the first 4 weeks in each patient, the value
was between 80 and 120% of the target concentration in 100 of
the 107 patients (93%).
The actual daily doses of CSA were 2.89±0.64, 3.26±0.91,

3.13±1.05 and 2.98±1.08mg/kg and those of TAC were 0.025±
0.015, 0.021±0.0068, 0.024±0.020 and 0.020±0.0068mg/kg,
respectively, during the first, second, third and fourth weeks
after HSCT.
There were no significant associations between blood concen-

tration and clinical outcomes including overall survival, disease-
free survival and the incidences of GVHD and adverse events (data
not shown).
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Figure 5. Maximum values of serum bilirubin (a), alanine aminotransferase (ALT) (b) and creatinine levels within 4 weeks after transplantation
(c) in logarithmic scale.
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DISCUSSION
In this randomized controlled trial, we evaluated the efficacy of
CSA and TAC with a strict dose adjustment to target 500 ng/ml for
CSA and 15 ng/ml for TAC. Dose adjustment was successful, as
93% of the patients achieved a mean blood concentration of
between 80 and 120% of the target concentration during the first
4 weeks after HSCT. The proportions of patients in the CSA-MTX
and TAC-MTX groups with prophylaxis success were similar,
although the lower limit of the 95% CI of their difference was just
outside the predefined non-inferiority margin. Other clinical
outcomes including overall survival, disease-free survival and the
incidences of acute GVHD, relapse, non-relapse mortality and
organ toxicities were also equivalent, except that the incidence of
liver toxicity was higher in the TAC-MTX group, although this
study was not sufficiently powered for these secondary end
points.
The lack of a difference in the incidence of acute GVHD

between the CSA-MTX and TAC-MTX groups in the current study
highlights the importance of the target blood concentration of
calcineurin inhibitors. In the previous randomized controlled trials,
insufficient blood concentrations of CSA might have resulted in
higher incidences of acute GVHD and excessive concentrations of
TAC might have resulted in the higher incidences of renal toxicity.
In the current study, the target blood concentrations of both
drugs were determined at the clinically recommended levels,
which resulted in a similar efficacy and toxicity for CSA and TAC.
This situation is very similar to the comparison of idarubicin (IDR)
and daunorubicin (DNR) in remission induction therapy for AML. A
meta-analysis of randomized controlled trials revealed that the CR
rate was higher and fewer patients relapsed, albeit slightly more
died in remission, in the IDR group than in the DNR group.25

However, these differences disappeared when the total dose of
DNR was increased up to 250mg/m2.26 The previously reported
difference between CSA and TAC, like that between IDR and DNR,
might simply result from the dose setting.
In contrast to previous studies,8,11,14,27,28 there were no

significant correlations between blood concentration and various
clinical outcomes. This may be due to the successful control of
blood concentration with small variances in this study. Some of
the blood samples showed blood concentrations that were too
low or too high, but the subsequent doses were adjusted to
obtain appropriate concentrations, and finally, the mean blood

concentration of CSA or TAC in each patient was considered to be
achieved within an acceptable range.
Dose adjustment of TAC appeared to be more difficult than that

of CSA, since the proportion of blood samples with a good
concentration was lower in the TAC-MTX group. Especially, in
more than half of the blood samples in the TAC-MTX group within
the first week after HSCT, the blood concentration of TAC
exceeded 120% of the target concentration. If we consider
that the actual daily doses of TAC were within the range of
0.020–0.025mg/kg thereafter, the starting dose of TAC at
0.03 mg/kg may have been too high and should be reconsidered.
Another possible reason for the difficulty in the dose adjustment
of TAC may be the preparation of intravenous CSA and TAC.
Intravenous TAC is provided as a 5-mg/ml solution, and therefore,
for a patient with a body weight of 60 kg, 0.03 mg/kg of TAC
corresponds to only 0.36 ml of intravenous TAC preparation,
whereas 3.0 mg/kg of CSA corresponds to 3.6 ml of intravenous
CSA preparation, which contains 50 mg/ml of CSA.
This study has several limitations. First, HLA-C was not typed in

12 of the 107 patients. However, the conclusions of this study did
not change when we re-analyzed the data among patients who
received graft from an HLA-A, -B, -C and -DRB1 allele matched
donor. Second, the measurement of blood concentrations of CSA
and TAC was not centralized and was performed at each center
according to various methods. Nevertheless, the measurement of
pilot samples of CSA and TAC before the study began resulted in
acceptable variances. Finally, single-nucleotide polymorphisms of
cytochrome P 450 family genes may have affected the blood
concentrations of CSA and TAC, but we did not have access to
DNA samples of the patients.
In conclusion, the combinations of CSA-MTX and TAC-MTX with

strict dose adjustment showed similar efficacies and toxicities as
prophylaxis against acute GVHD after unrelated HSCT. Both
calcineurin inhibitors appear to be acceptable agents for
preventing acute GVHD, provided that their doses are adjusted
to maintain appropriate blood concentrations.
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