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Comparison of pharmacokinetic profiles on posttransplant day 3. (A) The mean 2-hr postdose cyclosporine A

(CYA) level in the CYA-ME group was 484 +272 ng/mL, and only two of nine patients (22%) reached the target CYA peak
range of 700 to 1000 ng/mL. (B) In contrast, the mean 4-hr postdose level in the 4-hr CYA-IV group was 856129 ng/mlL,
allowing all 27 patients (100%) to achieve the target peak level. 4-hr CYA-IV, 4-hr continuous intravenous infusion of
cyclosporine A; CYA-ME, oral microemulsion formulation of cyclosporine A.
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FIGURE 2. Adjustability of immunosuppressive agents.
The black dots indicate the initial cyclosporine A (CYA)
doses in both treatment groups normalized to 1, whereas
the radial arrows correspond to the dose modifications rel-
ative to the initial dose that were required to maintain the
target range for blood cyclosporine A concentrations in
each case. The box-and-whisker diagrams depict dose
variance in each group, calculated as the proportion of CYA
dose difference required to achieve the target trough and
peak levels over the initial dose. Dose variance was signif-
icantly smaller in the 4-hr CYA-IV group (18.3%=*13.9%)
compared with the CYA-ME group (35.3%=*21.9%,
P=0.017) group. CYA-ME, microemulsion oral formulation
of cyclosporine A; 4-hr CYA-IV, 4-hr continuous intrave-
nous infusion of cyclosporine A.

4 hr CYA-IV

trast, adequate and stable blood CYA trough/peak levels were
successfully achieved at posttransplant day 3 in all 27 patients
(100%) of the 4-hr CYA-IV group (4-hr postdose CYA level
856+129 ng/mL; Fig. 1B).

Adjustability of Immunosuppressive Agents

To evaluate the effort needed to adjust the immuno-
suppressive agents between the two groups, dose variance was
calculated for each case as follows:

Dose variance (%)

|CYA dose required to achieve the target level
— initial CYA dose|

initial CYA dose
A Student’s t test showed that patients in the 4-hr

CYA-IV group had a significantly smaller dose variance
(18.3%*13.9%) compared with those in the CYA-ME
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FIGURE 3. Effect of daily bile output on blood cyclo-
sporine A (CYA) concentration in stable posttransplant pa-
tients taking oral CYA. A subset analysis of the CYA-ME
group in stable patients tolerating regular diet around post-
transplant weeks 2 to 3 revealed that patients who achieved
adequate CYA exposure (CYA peak:trough ratios =2.0)
had significantly lesser amounts of external biliary drain-
age (173+50 ml/day) compared with those who did not
(403+46 ml/day, P=0.006). CYA-ME, oral microemulsion
formulation of cyclosporine A; 4-hr CYA-IV, 4-hr continu-
ous intravenous infusion of cyclosporine A.

(35.3%%21.9%; P=0.017) group, indicating minor interpa-
tient and intrapatient variability (Fig. 2).

Effect of External Bile Diversion on Oral CYA
Absorption

In the CYA-ME group, daily bile output and blood
CYA peak (2 hr after dose)/trough levels were measured in 14
of 15 patients (93%) at posttransplant weeks 2 to 3 when
bowel functions were deemed to have returned to their base-
lines, and patients could tolerate regular diet. Patients with
CYA peak:trough ratios more than or equal to 2.0, demon-
strating adequate exposure to CYA, had a significantly lesser
amount of biliary drainage (17350 mL/day) compared with
those with ratios less than 2.0 (40346 mL/day, P=0.006;
Fig. 3).

Short-Term Outcomes

No patients (0%) in the 4-hr CYA-IV group suffered
acute cellular rejections, and this rate was significantly lower
compared with that observed in the CYA-ME group (17%,
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TABLE 2. Short-term outcomes
Variables CYA-ME 4 hr CYA-IV P

Total 23 (100) 27 (100)
Acute cellular rejection 4(17) 0(0) 0.038
Adverse events

Dialysis-dependent renal 4(17) 4(15) 1.00

insufficiency

Neurotoxicity 2(9) 2(7) 1.00

Infection 8 (35) 9 (33) 1.00

CMYV antigenemia 16 (70) 18 (67) 0.83
CNI switch 8 (35) 2(7) 0.030
In-hospital mortality 2(9) 4 (15) 0.67

Data are presented as N (%).

CYA-ME, oral microemulsion formulation of cyclosporine A; 4-hr CYA-
IV, 4-hr continuous intravenous infusion of cyclosporine A; CMV, cytomeg-
alovirus; CNI, calcineurin inhibitor.

P=0.038; Table 2). All four episodes of acute cellular rejection
in the CYA-ME group occurred within 1 month posttrans-
plant (range 7-21 days) while the patients were on oral CYA.
The incidences of posttransplant comorbidities, including
dialysis-dependent renal insufficiency, neurotoxicity, infec-
tion, and cytomegalovirus antigenemia, were similar between
the two groups (Table 2). None of the patients in either group
developed hypertension, severe electrolyte disturbance, or
hyperlipidemia.

In the 4-hr CYA-IV group, 2 of 27 patients (7%) re-
quired a CNI switch to Tac because of seizures and severe
antibody-mediated rejection. This rate was significantly
lower than that observed in the CYA-ME group (8/23 pa-
tients, 35%, P=0.030; Table 2). The main reason for a CNI
switch in the CYA-ME group was inability to achieve target
trough levels, which occurred for five patients. The other
causes included acute cellular rejection, seizures, and acute
pancreatitis. In-hospital deaths occurred in 2 of 23 patients
(9%) in the CYA-ME group (chronic rejection and multiple
organ failure) and 4 of 27 patients (15%) in the CYA-IV
group (multiple organ failures, posttransplant lymphoprolif-
erative disease, and recurrent pneumonia). Mortality rates
were comparable between the two groups (P=0.67; Table 2).

Optimal Initial Dose of Oral CYA After 4-hr
CYA-IV

In the 4-hr CYA group, 4 cases of in-hospital mortali-
ties were excluded, and the remaining 23 patients underwent
trials of oral CYA conversion from 4-hr CYA-IV. Conver-
sions were successful for 18 of 23 patients (78%) with a me-
dian posttransplant day of 27 (range 10—82 days). For the
other 5 of 23 patients (22%), target trough/peak levels were
not achieved, and their CNT was switched to Tac. The median
doses of 4-hr CYA-IV before oral CYA conversion and initial
oral CYA were 30 mg (range 10—65 mg) and 83 mg (range
25-200 mg), respectively. The median dose ratio of 4-hr
CYA-IV before conversion to initial oral CYA was 1:3 (range
2.0-3.8). The median difference between the oral CYA dose
at conversion and at discharge was 20% (range 0%-50%).
From oral CYA conversion to time of discharge, none of the
18 patients experienced acute cellular rejections or adverse
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events, and adequate trough CYA levels were well maintained
throughout the study period.

Long-Term Prognoses

During a median follow-up period of 52 months (range
5-108 months), the 5-year overall survival rates for patients
in the CYA-ME and 4-hr CYA-IV groups were 78% and 81%,
respectively (P=0.88).

DISCUSSION

This is the first series to demonstrate the feasibility and
efficacy of 4-hr CYA-IV immunotherapy after LDLT in com-
parison with the CYA-ME regimen, a milestone in CNI-based
immunotherapy. Our 4-hr CYA-IV protocol demonstrated
excellent immunosuppressive potency (acute cellular rejec-
tion rate of 0%) with a similar toxicity profile and mortality
rate to those of the CYA-ME regimen.

Our 4-hr CYA-IV regimen allowed effortless achieve-
ment of target CYA trough and peak levels in all patients
(100%) with small interindividual and intraindividual dose
variation by posttransplant day 3, which is considered to be
the critical period for preventing acute cellular rejection (5).
In LDLT, intravenous CYA infusion for 4 hr facilitates ade-
quate and stable CYA exposure to reproduce the unique area
under the concentration-time curve of CYA-ME exhibited in
deceased donor liver transplantation recipients, character-
ized by a rapid increase in blood CYA concentrations usually
within 2 hr after drug administration (18, 19). This CYA peak
level correlates well with area under the concentration-time
curve and shows strong association with freedom from graft
rejection (19). On the contrary, dose adjustment in the
CYA-ME group was demanding in our series with only 22%
of patients reaching the minimum target CYA peak level by
day 3. Marked dose disparity among CYA-ME patients was
also observed, along with a significantly higher incidence of
acute cellular rejection and an increased risk for switch to Tac
compared with the 4-hr CYA-IV group. Published evidence
demonstrating successful adoption of CYA-ME with 2-hr
postdose monitoring in deceased donor liver transplantation
recipients cannot be extrapolated to LDLT patients, whose
CYA exposure levels are unpredictable with inferior out-
comes when oral administration is used. Thus, when CYA is
used as the primary immunosuppressive agent in LDLT, our
4-hr CYA-IV protocol provides ideal therapeutic drug mon-
itoring for optimization of CYA dosing and effect in the early
stage after transplant.

In contrast to a recent report (14), we did not identify
factors (including graft:recipient weight ratio) that signifi-
cantly correlated with initial blood CYA trough levels in the
4-hr CYA-IV group. The timing of measurement and the dis-
similarity in patient backgrounds may explain this difference.
However, we did not extensively investigate this subject because
reaching target peak CYA level within several days posttrans-
plant is a matter of utmost importance (5). We successfully
achieved an ideal concentration-time curve at posttransplant
day 3 in all patients of the 4-hr CYA-IV group with no acute
cellular rejection. This is one of the striking advantages of intra-
venous CYA infusion.

We also investigated the optimal initial dose and time
for converting from 4-hr CYA-IV to oral CYA administra-
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tion. Data are limited for determining the conversion dose
ratio of CYA-IV:oral CYA, ranging from 1:2 to 1:9
(14, 20, 21). Our current policy, based on clinical data, is to
administer initial oral CYA at a dose 3-fold greater than that
of intravenous CYA. This is in accordance with previous re-
ports that described the absolute bioavailability of oral CYA
as 38%=*10% in healthy volunteers and the use of 4-hr
CYA-IV for LDLT (14, 22). Regarding the time, although we
sought to convert CYA from intravenous to oral administra-
tion at posttransplant weeks 2 to 3, considerable interindi-
vidual discrepancies in patient and graft recoveries hindered
prompt conversion, and only 6 of 23 patients (26%) were
successfully changed to oral administration by day 21. Be-
cause the amount of external biliary drainage obviously
affected CYA-ME absorption (Fig. 3), intermittent tube
clamping in stable LDLT recipients with more than or
equal to 300 mL/day bile output, or simply increasing the
initial oral CYA dose at the time of oral CYA conversion,
may be a reasonable strategy to provide sufficient trough
and peak CYA levels. Our goal is to start oral CYA once the
patient’s condition is stabilized, ideally around posttrans-
plant day 7 to 10, and a safe and rapid oral conversion
protocol has yet to be determined.

The present series has several limitations. It was a ret-
rospective analysis of data collected in a single center, and the
number of patients was small. Era bias may exist. A significant
number of patients in the CYA-ME group required CNI
switching. The selection of antimetabolites and biliary recon-
struction techniques were not standardized. A prospective
study might be required to validate the proposed 1:3 ratio of
intravenous CYA:oral CYA dose at the time of conversion.

In conclusion, our 4-hr CYA-IV protocol enables accurate
therapeutic drug monitoring and provides safe and effective im-
munosuppression for LDLT. Excellent patient compliance is ex-
pected because of the minor interindividual variances. A 4-hr
CYA-IV regimen is superior to CYA-ME and would be a potent
alternative strategy for primary immunosuppression in LDLT.
Conversion to oral CYA is affected by external biliary drainage
and is occasionally demanding, in which case establishing opti-
mal dose and time is warranted.

MATERIALS AND METHODS
Study Population

We undertook a single-center, retrospective cohort analysis of 50 adult
patients (older than 18 years) who underwent primary ABO-compatible
LDLTs between April 2001 and December 2009. Written informed con-
sent was obtained from all patients. This study conformed to the ethical
guidelines of the 1975 Declaration of Helsinki and was conducted under
the approval of the Institutional Review Board of Keio University School
of Medicine (2010-075).

Regardless of the type of biliary reconstruction (duct-to-duct vs. Roux-
en-Y), external bile diversion was performed in all patients. Biliary drainage
tubes were routinely left open during the first 2 weeks and then clamped
according to the general condition of the patient. Study subjects were divided
into the following two groups based on the primary CNI administered as an
immunosuppressive agent: CYA-ME and 4-hr CYA-IV. We introduced
CYA-based immunotherapy in 2001, and CYA-ME was employed as the
primary immunosuppression until 2004. A transition was made in 2005 to
the current protocol of 4-hr CYA-IV. Patient backgrounds, CNI dose adju-
stability, and clinical outcomes were compared between the two groups.
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Immunosuppressive Regimens

Patients were principally treated with a standard triple regimen compris-
ing CNI, corticosteroids, and an antimetabolite. The patients in the 4-hr
CYA-IV group received a 4-hr continuous intravenous infusion of CYA at an
initial dose of 0.8 mg/kg twice daily. In the CYA-ME group, oral administra-
tion of CYA was initiated at 2.5 mg/kg twice daily. In both groups, the trough
CYA levels were measured twice daily. The peak CYA levels were measured
frequently whenever the dose was modified, at the end of infusion in the 4-hr
CYA-IV group and at 2 hr after oral administration in the CYA-ME group.
For patients in the 4-hr CYA-IV group, a switch to oral CYA administration
was attempted 2 to 3 weeks after transplant when the patients were consid-
ered clinically stable; the basic starting dose was 3-fold greater than that of
intravenous CYA and was administered twice daily. The CYA doses were
adjusted to maintain therapeutic levels according to the posttransplant pe-
riod (target trough and peak ranges 300—400 and 700—1000 ng/mL, respec-
tively, to month 1; 150-300 and 500—700 ng/mL, respectively, to month 3;
and 80-150 and 300-500 ng/mL, respectively, thereafter). The decision to
switch from CYA to Tac was made if a patient was unable to reach the target
CYA range during the first 3 days after LDLT or whenever acute rejection or
CYA toxicity occurred. Blood CYA concentrations were measured by fluo-
rescence polarization immunoassay (Abbott Laboratories, Abbott Park, IL).
Methylprednisolone was given intravenously to all patients at a dose of 10
mg/kgat the time of graft reperfusion, at 2 mg/kg/day for days 1 through 3, at
1 mg/kg/day for days 4 through 6, and at 0.5 mg/kg/day thereafter, and then
tapered and terminated at approximately 6 months after LDLT. For stable
patients, antimetabolites were added to supplement the immunosuppressive
regimen at the discretion of the transplant team; mycophenolate mofetil
(500-1500 mg/day) or mizoribine (2-3 mg/kg/day) was used in most pa-
tients. Because the antimetabolites were prescribed on an auxiliary basis, they
were prone to switching to other agents or withdrawal if a patient suffered
rejection, infection, or suspected drug-induced toxicities.

In 2004, for patients with liver failure because of HCV infection, basilix-
imab (antiinterleukin 2 receptor a chain monoclonal antibody) was intro-
duced. They were maintained steroid-free throughout the posttransplant
period, but the dosage of CNIs and antimetabolites was kept identical to that
with non-HCV patients.

Pharmacokinetic Evaluation

For the 4-hr CYA-IV group, a complete pharmacokinetic profile was ob-
tained on day 3 by measuring blood CYA concentrations at 0, 4, and 10 hr
after the start of infusion. For the CYA-ME group, the pharmacokinetic
profile on day 3 was obtained by measuring blood CYA concentrations at 0,
1,2, 4,6, 10, and 12 hr after oral administration.

Rejection and Adverse Events

" An acute cellular rejection episode was defined as a biopsy-proven, histo-
logic diagnosis of moderate to severe rejection according to the Banff Schema
that required a corticosteroid increment, including steroid pulse therapy,
with or without CNI switches (23). Patients who received dialysis after trans-
plant and who were not already known to have renal failure were classified as
suffering from dialysis-dependent renal insufficiency. Neurotoxicity in-
cluded convulsions, altered mental status, and leukoencephalopathy. Infec-
tion was identified whenever antimicrobial therapy was initiated separately
from the routine prophylactic antibiotics. Cytomegalovirus antigenemia was
checked twice weekly until discharge.

Statistical Analysis

Demographic data were presented as means*standard deviations or me-
dians (ranges). Categorical variables were compared using a chi-square test
or a Fisher’s exact test. Continuous variables were compared using a Stu-
dent’s ¢ test. If variables were not normally distributed with unequal vari-
ances (Levene’s test), a Wilcoxon Mann—-Whitney U test was used, when
appropriate. Overall survivals were determined by the Kaplan-Meier
method and compared using a log-rank test. P less than 0.05 was considered
statistically significant. All data analyses used SPSS version 17.0 (SPSS Inc.,
Chicago, IL).
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A QOL-Based Clinical Assessment Scale for Bowel Functioﬁs in
Patients With Anorectal Malformation (ARM)—First Report—

Shigeru Ueno™ ™ *, Yasuhide Morikawa™, Jun Iwai™, Naoki Okuyama™,
Tsugumichi Koshinaga™, Norio Suzuki™®, Hideo Takamatsu™, Tomoaki Taguchi®,
Yasushi Fuchimoto™, Hiroshi Matsufuji®, and Makoto Yagi®

* Japanese Study Group of Anorectal Anomalies (JSGA), JASGAP Committee
** Correspondence: Department of Pediatric Surgery, Tokai University School of Medicine

Purpose: In treating patients with ARM, it is indispen-
sable to evaluate their postoperative qualily of lives
(QOLs) affected by their bowel functions. This study
was carried out by the committee members to probe the
degree of QOL impact of each status by questioning
both patients and surgeons and to propose a new clinical
scale for assessing the postoperative status in the long-
term follow-up study project (JASGAP).

Methods: Ninety-seven ARM patients (cloaca 8, high
34, intermediate 18, low 37) and 38 pediatric surgeons
were asked about the degree of impact on QOL of bowel
functions which were categorized as incontinence,
soiling, awareness of defecation, and constipation, as well
as supportive treatments. A facial rating scale was used

Kev words: imperforate anus, child, quality of life,
postoperative care, outcome assessment
** 143 Shimo-Kasuya, Isehara-shi, Kunagowa, 259-1193JAPAN
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to quantitate the degree in the questionnaire. Collected
data were analyzed and a QOL-based clinical scale was
prepared by score-weighting the data. A pilot assess-
ment with the scale was done through another
questionnaire to the same respondents.

Resulis: (1) An overview of the impact on QOL of each
condition of bowel status was obtained through the
questionnaires. (2) There are some differcnces between
assessmenis by patients and those by surgeons. (3)
Scores by patients werc adopted in the proposed scale
and mean scores of each field were highest in patients
with low type and intermediate, high and cloaca type
anomaly were in descending order in rank. However, the
soiling score did not correlate to the ARM subtype.

Conclusion: A QOL-based clinical assessment scale for
bowecl functions in patients with ARM can be proposed
based on the questionnaires.
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