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Abstract

Cyclosporine (CsA) is the most widely used immunosuppressive agent for the
prevention of acute graft-versus-host disease (GVHD). In a previous report, the
incidence of acute GVHD was decreased by increasing the target blood concentration
of CsA during a continuous infusion from 300 to 500 ng/mL-without excessive
toxicities. To confirm these results, we retrospectively analyzed 69 patients who
received a continuous infusion of CsA at a higher target CsA level between 450 and
550 ng/mL (CsA500 group) and compared the clinical outcome with 29 patients who
received CsA with a lower target concentration between 250 and 350 ng/mL (CsA300
group). The target concentration was determined based on the status of background
diseases. Multivariate analysis revealed that the incidence of grade I11-1V acute
GVHD was significantly lower in the CsA500 group, although the incidence of grade
I1-1V acute GVHD was not different. Toxicities were equivalently observed between
the two groups. Concomitant administration of voriconazole or itraconazole and
higher hematocrit were identified as independent significant factors for higher
concentration/dose ratio of CsA. The average dose of CsA to maintain CsA level
around 500 ng/mL was higher compared to the previous study (3.4 mg/kg vs. 2.7
mg/kg at 3 weeks), probably due to the difference in measuring method of CsA
concentration. We conclude that continuous infusion of CsA with a target level
between 450 and 550 ng/mL is a feasible and effective GVHD prophylaxis, but

caution should be paid for the difference in measuring method.



Introduction

A combination of cyclosporine (CsA) and methotrexate (MTX) is the most
commonly used immunosuppressive regimen in patients who undergo allogeneic stem
cell transplantation (SCT). However, the dose, target blood level, and schedule of
infusion of CsA vary among protocols and have not been optimized®. Several previous
studies have evaluated the relationship between CsA plasma or blood concentration
and the incidence of GVHD or toxicity. Most studies concluded that lower CsA
concentrations were closely related to an increased incidence of GVHD??. Previously,
Ogawa et al retrospectively compared two methods of CsA infusion; continuous
infusion with a target level between 250 and 400 ng/mL and twice-daily infusion with
a target trough level between 150 and 300 ng/mL in the early period after allogeneic
SCT*. The incidence of grade 11-1V acute GVHD was significantly higher in patients
who received continuous infusions of CsA, although these patients showed
significantly lower incidences of renal dysfunction and relapse. The actual daily dose
of CsA in the continuous group was decreased from the starting dose of 3.0
mg/kg/day to 1.8 mg/kg/day on average at 4 weeks after SCT, which might have
adversely affected the incidence of acute GVHD. The lower incidence of relapse in
the continuous infusion group resulted in better disease-free survival among patients
with high-risk diseases (43 vs. 16% at 2 years, P=0.039), but not in standard-risk
patients (72 vs. 80%, P=0.45). Hence, they considered that the target CsA level of
250-400 ng/mL in the continuous infusion group was appropriate in high-risk patients,
but too low in standard-risk patients. Therefore, they raised the target level of CsA to
450-550 ng/mL when they continuously infuse CsA in standard-risk patients and
reported that the incidence of acute GVHD was significantly decreased by increasing

the target blood concentration of CsA with acceptable toxicities®. Based on these



results, we have been administering CsA by continuous infusion with target
concentrations of 500 ng/mL for standard-risk patients and 300 ng/mL for high-risk
patients. In this study, we retrospectively analyzed the safety and efficacy of
continuous infusion of CsA with a high target blood concentration at 500 ng/mL to
confirm the previous findings. In addition, we evaluated the effect of factors that may

affect the pharmacokinetics of CsA.



Patients and Methods
Patients

We retrospectively analyzed the records of adult patients who underwent allogeneic
hematopoietic stem cell transplantation at our institution between June 2007 and
September 2011 using GVHD prophylaxis regimen consisting of CsA and MTX.
Those who received conditioning regimens including anti-thymocyte globulin or
alemtuzumab and those who received cord blood transplantation were excluded.

Finally, the data for 98 patients were analyzed.

Transplantation procedure

The conditioning regimen was mainly a combination of cyclophosphamide (60 mg/kg
for 2 days) with either intravenous busulfan (3.2 mg/kg/day for 4 days) or total body
irradiation (TBI; 2 Gy twice daily for 3 days).The reduced-intensity conditioning
regimen was a combination of fludarabine and melphalan or busulfan, with or without
low-dose TBI. Bone marrow (BM) was exclusively used as stem cell source in
unrelated HSCT, whereas peripheral blood (PB) or bone marrow was chosen in HSCT
from a relative.

GVHD prophylaxis consisted of CsA and short term methotrexate (MTX). The dose
of MTX was 10 mg/m? on day 1, and 7 mg/m? on days 3 and 6 in HLA-matched
related HSCT. MTX at 7 mg/m? was added on day 11 in HLA-mismatched related
HSCT and HLA-matched unrelated HSCT. In HLA-mismatched unrelated HSCT, the
dose of MTX were increased to 15 mg/m? on day 1 and 10 mg/m? on days 3, 6 and 11.
CsA was administered as a 24-hour continuous infusion. The starting cyclosporine
dose was 3 mg/kg/day for all patients. The concentration of CSA was measured three

times a week by fluorescence polarization immunoassay with a specific monoclonal



antibody (the CEDIA Cyclosporine kit, Sekisui Medical, Tokyo, japan), using whole
blood samples®. The dose of CsA was adjusted to maintain the blood CsA
concentration between 450 and 550 ng/mL for standard-risk patients (CsA500 group)
or between 250 and 350 ng/mL (CsA300 group) for high-risk patients. The route of
CsA administration was converted to oral at a ratio of 1:2 when patients were able to
tolerate oral intake after engraftment’. Acute GVHD was graded as previously
described®.

Standard-risk diseases were defined as acute leukemia in first or second complete
remission, chronic myelocytic leukemia in first or second chronic phase,
myeloproliferative disorders without leukemic transformation and myelodysplastic
syndrome without leukemic transformation, while others were considered high-risk

diseases.

Statistical considerations

Toxicities were evaluated until the route of CsA was changed to oral. Renal
dysfunction was defined as an elevation of serum creatinine level above x1.5 or x2.0
from the baseline value. Liver dysfunction was defined as an elevation of the total
bilirubin level above 2 mg/dL.

Dichotomous variables of the patients’ characteristics in the two groups were
compared using Fisher’s exact test. Overall survival and disease-free survival were
calculated with Kaplan-Meier method. The cumulative incidences of acute GVHD,
relapse and non-relapse mortality were calculated considering the effects of
competing events. Univariate and multivariate analyses for the incidence of acute

GVHD was performed with Fine-Gray proportional hazard regression.



We used a concentration/dose (C/D) ratio ([ng/mL]/[mg/kg]) on day 14 after
transplantation in CsA500 group to evaluate the effect of various factors on the
relationship between CsA concentration and actual dose of CsA. The C/D ratio was
calculated by dividing concentration by actual dose per weight at the 2nd week after
HSCT. This value corresponds to a reciprocal of clearance (CL), which is a
well-established pharmacokinetic disposition parameter and can be calculated by
dividing the rate of infusion by the steady state blood concentration during a
continuous infusion of CsA®*°. However, in this study, we used C/D ratio instead of
CL, since C/D ratio has been used in the previous studies in this field and it is easily
understood by physicians. The t-test was used to compare the C/D ratio between
groups and multivariate analysis was performed with linear regression. Factors with at
least borderline significance (P<0.10) by univariate analyses were subjected to
multivariate analyses. Backward stepwise deletion of the explanatory variables was
performed to leave only significant variables in the final model. All statistical
analyses were performed with EZR (Saitama Medical Center, Jichi Medical
university)**, which is a graphical user interface for R (The R Foundation for
Statistical Computing, version 2.13.0). More precisely, it is a modified version of R
commander (version 1.6-3) designed to add statistical functions frequently used in

biostatistics.



Results

Patient characteristics

There were 69 and 29 patients in the CsA500 and CsA300 groups, respectively. The
characteristics of the patients were equivalent between the two groups, except for the
underlying disease (Table 1). Five patients with high-risk diseases were included in

the CsA500 group, as there was an HLA-mismatch at a low-resolution level.

Blood concentration and actual daily dose of CsA

The dose adjustment of CsA in the CsA500 group was successful and the mean
CsA concentration was 380+£105 ng/mL, 48271 ng/mL, and 512+70 ng/mL at the 1st,
2nd and 3rd week after HSCT, respectively (Figure 1A). The actual dose of CsA was
3.3 +£0.9 mg/kg, 3.6 £ 1.1 mg/kg, and 3.4 £ 1.2 mg/kg at the 1st, 2nd and 3rd week
after HSCT, respectively (Figure 1B). The median duration of intravenous
administration of CsA was 35.5 days (range 14-112 days) after transplantation. The
dose adjustment of CsA in the CsA300 group was also successful and the mean CsA
concentration was 340+101 ng/mL, 328+48ng/mL, and 347+76 ng/mL at the 1st, 2nd
and 3rd week after HSCT, respectively. The actual dose of CsA was 1.9 + 0.5 mg/kg,
1.9 £ 0.6 mg/kg, and 1.8 + 0.7 mg/kg at the 1st, 2nd and 3rd week after HSCT,
respectively. The median duration of intravenous administration of CsA was 34 days

(range 15-103 days) after transplantation.

Toxicity and Incidence of infection
The incidence of renal dysfunction defined as an elevation of the serum creatinine
level above x1.5 and x2.0 from the baseline value was equivalent between the

CsA500 group and the CsA300 group (Table 2, 46% vs. 48%, P=1.00 and 17% vs.



7%, P=0.58, respectively). Liver dysfunction defined as an elevation of the total
bilirubin level above 2 mg/dL was also similar (48% vs. 52%, P=0.83). In the CsA500
group, we decreased the target level of CsA to 300 ng/mL, due to renal dysfunction in
six patients, and thrombotic microangiopathy in one patient. In 3 of these patients,
two with renal dysfunction and one with thrombotic microangiopathy, an
improvement in each toxicity was observed by decreasing the target level of CsA
without worsening acute GVHD. No central nerves system toxicities were observed.
The incidences of blood stream infection (BSI), fungal infection other than BSI, and
viral infection including cytomegalovirus infection and viral hemorrhagic cystitis
were equivalent between the CsA500 group and the CsA300 group (20% vs. 28%,

P=0.44,12% vs. 14%, P=0.75, 4% vs. 7%, P=0.63, respectively).

Incidence of acute GVHD

As shown in Figure 2, the incidence of grade I1-1V acute GVHD was equivalent
between the CsA500 and CsA300 groups (34.8 % vs. 41.4%, P=0.53), but the
incidence of grade I11-1V acute GVHD tended to be higher in the CsA300 group
(24.1% vs.10.1 %, P=0.08). Multivariate analysis revealed that the presence of HLA
mismatch was the only independent significant factor for the development of grade
I1-1V acute GVHD, while two factors were identified as independent risk factors for
the development of grade I11-1V acute GVHD; the CsA300 group (hazard risk [HR]
3.60, 95% confidence interval [C1] 1.19-10.81, P=0.02) and the presence of HLA

mismatch (HR 4.77, 95% CI 1.60-14.25, P=0.005) (Table 3, 4).



Transplantation outcome of the CsAS00 group patients

In the CsA500 group, engraftment was achieved in 68 patients (99%) at a median of
19 days after HSCT. Overall survival and disease-free survival for the CsA500 group
were 70.7 and 60.9% at 4 years after transplantation (Figure 3A and B). The

cumulative incidence of non-relapse mortality at 4 years was 13.3% (Figure 3C).

Effect of various factors for the C/D ratio of CsA

We assessed the effects of possible factors on CsA concentrations, including sex, age,
liver function, renal function, serum triglyceride level, total cholesterol level, blood
glucose level, body mass index, concurrent administration of voriconazole or
itraconazole, and hematocrit. Among these factors, three factors were associated with
significantly higher C/D ratio of CsA,; age older than 45 years (P=0.04),
administration of voriconazole or itraconazole (P=0.01), and hematocrit higher than
22.6% (P=0.02). By multivariate analysis, administration of voriconazole or
itraconazole and hematocrit were identified as independent significant factors that

associated with higher C/D ratio of CsA (Table5).
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Discussion

In this study, we evaluate the safety and efficacy of a continuous infusion of CsA
with a target blood concentration around 500 ng/mL. Renal and liver dysfunctions
were observed with a similar frequency between the CsA300 and CsA500 groups. The
incidence of grades I11-1V in the CsA500 group was significantly lower than that in
the CsA300 group. The incidence non-relapse mortality was only 13.3% in CsA500
group, suggesting that the administration of CsA at a higher concentration enables
safe allogeneic SCT.

The patients in the CsA300 group and those in the CsA500 group, however, had
completely different disease status and the CsA300 group may not be an appropriate
control group. Therefore, we also compared the clinical outcomes in the CsA500
group in this study with those in the CsA500 group in a study previously reported by
Oshima, et al. The incidences of an elevated creatinine doubled from the baseline
value were similar, 15% and 17% in the previous and current studies, respectively,
whereas the incidence of an elevated bilirubin level was higher in the current study
(30% vs. 48%). A possible explanation for this increased incidence of liver toxicity is
the increased actual dose of CsA. The actual doses of CsA were 3.3 £ 0.9 mg/kg, 3.6
+ 1.1 mg/kg, and 3.4 + 1.2 mg/kg at the 1st, 2nd and 3rd week after SCT in the current
study, whereas they were 2.9 £ 0.4, 2.8 £ 0.8, and 2.7 £ 0.7 mg/Kkg in the previous
study. The difference in the actual dose might result from the differences in the
measuring methods of CsA concentration between the two institutions. We used the
CEDIA Cyclosporine kit (Sekisui Medical, Tokyo, japan), whereas TDx (Abott japan,
Tokyo, Japan) was used in the previous study. Nevertheless, the incidence of grade
I1-1V acute GVHD was slightly higher in the current study (27% vs. 35%). This

discrepancy could be explained by the different proportions of patients who received
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HLA-mismatched SCT (15% vs. 28%). In fact, the incidence of grade II-1V acute
GVHD was 26% if we calculated in limited population of patients who underwent
HLA-matched SCT.

CsA pharmacokinetics was highly variable***

, With factors such as transplant type,
patient age and concurrent drug therapy. In this study, the C/D ratio of CsA
significantly increased by three factors; age of patients over 45 years, hematocrit
higher than 22.6%, administration of voriconazole or itraconazole. By multivariate
analysis, administration of voriconazole or itraconazole and higher hematocrit were
identified as independent significant factors that were associated with higher C/D ratio
of CsA. The azole antifungal agents act as an inhibiter of Cytochrome P450. The
intensity of the interaction is depended on the type of azole antifungal agents.
Voriconazole and itraconazole are considered to exhibit strong interaction compared
to fluconazole™. In this study, we also observed the increase in the C/D ratio of CsA
by the administration of voriconazole or itraconazole. In addition, higher hematocrit
was associated with higher C/D ratio, which can be explained by the fact that the
uptake of CsA by erythrocytes was found to be about 50%°.

CsA is extensively metabolized, with the liver being the main site of metabolism. In
a previous report, hepatic dysfunction delays the clearance of CsA or CsA metabolites,
whereas additional studies showed that standard biochemical tests of liver function
including serum bilirubin, AST, ALT and alkaline phoshatase levels were not
indicators of the ability of the liver of metabolizing CsA™. In the current study,
elevated serum ALP and bilirubin levels were associated with higher C/D/ ratio with
borderline significance by univariate analyses, but these factors were not significant in
multivariate analysis. In addition, it has been generally considered that renal function

does not affect the CsA pharmacokinetics, although there have been some conflicting

12



reports 1. In the current study, the correlation of the C/D ratio of CsA and renal
failure was not observed.

In conclusion, the continuous infusion of CsA with a target level between 450 and
550 ng/mL is a feasible and effective GVHD prophylaxis, but caution should be paid
for the difference in measuring method of CsA concentration. Each center should
monitor the actual daily dose of CsA and compare the data with those in previous

reports.
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Table 1. Characteristics of the patients.

CsA500 group CsA300 group P-value
(n=69) (n=29)
Sex
Male 43 14 0.26
Female 26 15
Age
<45 34 13 0.83
=45 35 16
Underlying disease
AL 42 20 0.02
CML 3 0
MDS 10 0
NHL 9 9
Others 5 0
Donor
Related 29 14 0.66
Unrelated 40 15
HLA
Match 50 24 0.32
Mismatch 19 5
Stem cell source
BM 46 17 0.49
PB 23 12
Regimen
TBI 49 20 1
Non-TBI 20 9
MTX dose
<31mg/m* 23 14 0.18
>31mg/m* 46 15
Conditioning
MAC 44 15 0.37
RIC 25 14
Disease
Standard-risk 64 0 <0.001
High-risk 5 29

BM, bone marrow; PB, peripheral blood; TBI, total body irradiation; AL, acute leukemia; CML, chronic
myelogenous leukemia; MDS, myelodysplastic syndrome; NHL, non-Hodgkin’s lymphoma; MAC, myeloablative
conditioning; RIC, reduced-intensity conditioning
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Table 2. Incidences of adverse events due to cyclosporine.

) (+) Incidence P-value
Incidence of elevated serum creatinine level > 1.5 x baseline value
CsA500 37 32 (46%) 1.00
CsA300 15 14 (48%)
Incidence of elevated serum creatinine level > 2.0 x baseline value
CsA500 57 12 (17%) 0.58
CsA300 22 7 (24%)
Incidence of elevated serum bilirubin level > 2.0 mg/dL
CsA500 36 33 (48%) 0.83
CsA300 14 15 (52%)
Incidence of thrombotic microangiopathy
CsA500 61 8 (12%) 1.00
CsA300 26 3 (10%)
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Table 3. Factors associated the incidence of grade II-IV acute GVHD

Univariate analyses

Multivariate analyses

Factors HR (95%CIl) p-value HR (95%Cl) p-value
Target level of CsA

CsA500 vs. CsA300 1.24 (0.63-2.45) 0.53
Sex

Male vs. Female 1.35(0.70-2.57) 0.36
Age

<45vs. >45years 1.16 (0.60-2.22) 0.66
Underlying disease

AL vs. Non-AL 0.83 (0.42-1.64) 0.59

Donor

Related vs. Unrelated 0.79 (0.42-1.51) 0.48
HLA

Match vs. Mismatch 2.84 (1.48-5.42) 0.002 2.84 (1.48-5.42) 0.002
Stem cell source

BM vs. PB 1.47 (0.77-2.79) 0.24
Regimen

TBI vs. Non-TBI 0.81(0.37-1.74) 0.58
MTX dose

<31vs. >31mg/m’ 1.30 (0.66-2.57) 0.44
Conditioning

MAC vs. RIC 1.00 (0.51-1.94) 0.99

Disease

Standard vs High-risk 1.29 (0.67-2.51) 0.45

HR, hazard ratio, ClI, confidence interval; AL, acute leukemia; BM, bone marrow; PB, peripheral blood; TBI, Total body irradiation; MAC,
myeloablative conditioning; RIC, reduced-intensity conditioning
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Table 4. Factors associated the incidence of grade III-1V acute GVHD

Univariate analyses Multivariate analyses
Factors HR (95%ClI) p-value HR (95%Cl) p-value
Target levels of CsA

CsA500 vs. CsA300 2.56 (0.90-7.19) 0.08 3.60(1.20-10.81) 0.02
Sex

Male vs. Female 1.46 (0.52-4.11) 0.47
Age

<45vs. >45years 1.22 (0.43-3.48) 0.71
Underlying disease

AL vs. Non-AL 0.64 (0.21-1.99) 0.44

Donor

Related vs. Unrelated 0.58 (0.20-1.65) 0.31
HLA

Match vs. Mismatch 3.55(1.26-9.98) 0.02 4.77(1.60-14.25) 0.005
Stem cell source

BM vs. PB 1.36 (0.48-3.85) 0.57
Regimen

TBI vs. Non-TBI 0.99 (0.30-3.19) 0.99
MTX dose

<31vs. >31mg/m? 1.57 (0.50-4.94) 0.44
Conditioning

MAvs. RIC 2.24 (0.79-6.34) 0.13

Disease

Standard vs High-risk 1.98 (0.70-5.57) 0.20

HR, hazard ratio, ClI, confidence interval; AL, acute leukemia; BM, bone marrow; PB, peripheral blood; TBI, Total body irradiation; MAC,
myeloablative conditioning; RIC, reduced-intensity conditioning
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Table S. Factors that may affect CsA C/D ratio

Univariate analysis

Multivariate analysis

Factor C/D ratio p-value p-value

SEX
Male 134.60+58.73 0.14
Female 114.49+39.98

Age
<45years 113.41+39.00 0.04
>45years 140.55+61.69

AST
<18mg/dL 124.70+47.66 0.74
218mg/dL 129.13+58.23

ALT
<25mg/dL 123.90+44.81 0.66
225mg/dL 129.71+59.87

ALP
<241mg/dL 112.57+39.28 0.06
2241mg/dL 137.83+60.58

yGTP
<63.5mg/dL 125.00+49.20 0.78
263.5mg/dL 128.71+56.68

T-Bil
<0.96mg/dL 114.98+39.87 0.08
20.96mg/dL 137.61+61.00

Cr
<0.55mg/dL 124.74+58.83 0.73
20.55mg/dL 129.36+46.86

Ccr
<100.3mL/min 130.19+47.00 0.64
2100.3mL/min 123.97+58.65

TG
<149mg/dL 124.22+50.07 0.68
2149mg/dL 129.74+56.43

TC
<174mg/dL 120.29+47.40 0.34
2174mg/dL 132.91+57.56.

Blood glucose
<124mg/dL 122.41+37.29 0.51
2124mg/dL 131.66+68.01

BMI
<21.43 121.53+57.80 0.41
221.43 132.43+48.02

ITCZVRCZ
- 117.74+39.88 0.01 0.008
+ 158.41+77.44

Ht
<22.6% 110.37+39.43 0.02 0.002
222.6% 141.70+59.38

Ccr, creatinine clearance; TG, triglyceride; TC, total cholesterol; BMI, body mass index;
ITCZ, itraconazole; VRCZ, voriconazole; Ht, hematocrit
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Figure 1. Serial blood concentrations (A) and actual daily doses (B) of cyclosporine.

Figure 2. Incidence of acute GVHD, grouped according to the target level of cyclosporine.
(A) grade II-1V, (B) grade III-1V.

Figure 3. Probabilities of overall survival (A), disease-free survival (B), and non-relapse
mortality (c) in the CsAS00 group.

21



Figure 1.

o o --- L--- 0 @ @
o O @@Of---- H- D 0
o 0O O ® 00------ - - - oD
_ 1 1 _ 1 _ 1
(=] o (] [e] o o o
o <} o s o o <]
[<'e] M~ (=] Ie] < [sp) ™~

(t7wyBu) auliodsojoAd Jo uonenuaduod poolg

Weeks after transplantation

oo @ ----- ---
o oO® Og------ ---{ oamo o
l l l I l l I
= w Lo =+ 3] [} -—

(Aep/Bx/6w) auliodso|aA9 Jo asop Ajrep jenioy
)

Weeks after transplantation

22



Figure 2.
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Figure 3.
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