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Abstract

Background: Li-Fraumeni syndrome (LFS) is a hereditary cancer predisposition syndrome that is commonly
associated with a germline mutation in the tumor suppressor gene p53. Loss of p53 results in increased expression
of CD44, a cancer stem cell (CSC) marker, which is involved in the scavenging of reactive oxygen species (ROS).
Here, we report a change in the expression of a CD44 variant isoform (CD44v8-10) in an 8-year-old female LFS
patient with osteosarcoma and atypical liver cancer after chemotherapy.

Case presentation: The patient visited a clinic with a chief complaint of chronic pain in a bruise on her right knee.

Magnetic resonance imaging (MRI) raised the possibility of a bone malignancy. Biochemical testing also revealed
significantly elevated levels of AFP, which strongly suggested the existence of a primary malignancy in the liver.

MRI imaging showed the simultaneous development of osteosarcoma and liver cancer, both of which were
confirmed upon biopsy. Combined therapy with surgical resection after chemotherapy was successful in this
patient. Regardless of the absence of a familial history of hereditary cancer, a germline mutation in p53 was
identified (a missense mutation defined as ¢.722 C>T, p.Ser241Phe). To better understand the cancer progression
and response to treatment, immunohistochemical (IHC) analysis of biopsy specimens obtained before and after
chemotherapy was performed using a specific antibody against CD44v8-10.

Conclusion: This case demonstrates the ectopic up-regulation of CD44v8-10 in a biopsy sample obtained after
cytotoxic chemotherapy, which confers high levels of oxidative stress on cancer cells. Because the alternative
splicing of CD44 is tightly regulated epigenetically, it is possible that micro-environmental stress resulting from
chemotherapy caused the ectopic induction of CD44v8-10 in vivo.

Keywords: Li-Fraumeni syndrome (LFS), cancer stem cells (CSCs), CD44 variant isoforms

Background

Li-Fraumeni syndrome (LFS) is a familial cancer predis-
position syndrome, which is inherited in an autosomal
dominant manner. This syndrome is most frequently
associated with soft tissue sarcoma, osteosarcoma, pre-
menopausal breast cancer, brain cancer, and adreno-
cortical carcinoma, but it can also result in other types
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*Division of Surgery, Department of Surgical Subspecialities, National Center
for Child Health and Development, 2-10-1 Ckura, Setagaya-ku, Tokyo
1578535, Japan
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of tumors. LFS is classified into two major subgroups:
classic LFS and Li-Fraumeni-like (LFL) syndrome, which
shares some, but not all, of the features of LFS [1-3].
Juvenile development of simultaneous and multiple
cancers raises the possibility of LFS.

Sequence analysis of the entire p53 coding region
(exons 2-11) detects about 95% of p53 mutations, most
of which are missense mutations. A functional assay
may be useful for determining the clinical significance
of novel missense mutations [4]. It has been indicated
that approximately 70% of LFS patients and 8-22% of

© 2012 Yoshida et al; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the Creative
Commmons Attribution License (http//creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and
reproduction in any medium, provided the criginal work is properly cited.

—i b=



Yoshida et al. BMC Cancer 2012, 12:444
http://www.biomedcentral.com/1471-2407/12/444

patients with LFL syndrome have detectable p53
mutations [5]. Comprehensive analyses of genotype-
phenotype correlations have led to a better understand-
ing of tumors that are associated with germline pS53
mutations [6].

CD44 is an adhesion molecule for extracellular matrix
components such as hyaluronic acid and osteopontin
[7], and plays an important role not only in wound
healing and cell migration, but also in tumor invasion
and metastasis. CD44 has numerous isoforms generated
through alternative mRNA splicing. For instance, CD44v6
interacts with c-Met, the receptor of hepatocyte growth
factor (HGF), thereby increasing the survival and prolif-
erative ability of tumor cells That is one of the reasons
why the expression of the CD44 splice variant CD44v6 is
correlated with the metastasis of colon cancer to the liver
and a poor clinical prognosis [8]. CD44 has been recently
identified as one of the cellular surface markers associated
with cancer stem cells (CSCs) in several types of tumors.
Notably, CD44 variants (CD44v) are exclusively expressed
in epithelial-type cells, whereas the CD44 standard iso-
form (CD44s) is expressed in both epithelial and mesen-
chymal cells [9].

Loss-of-functional mutations in the p53 gene promote
tumor development. CD44 expression is generally sup-
pressed by p53 binding to the CD44 promoter, so that
increased expression of CD44 is detected in tumor cells
with mutant p53 [10].

CSCs are defined as the small population of cancer
cells with multi-lineage differentiation potential. These
self-sustaining cells have the exclusive ability to self-
renew and maintain the tumor tissue [11]. CSCs often
fail to respond to chemotherapy, thereby causing distant
metastasis and latent relapse. For this reason, we focused
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on the change in tumor expression of CD44 as a result
of chemotherapy. Minimal residual disease (MRD) after
chemotherapy is expected to be enriched in CSCs com-
pared with the pre-chemotherapy tumor specimen.
Alternative splicing is mainly responsible for the diver-
sity of CD44 isoforms. Among these variants, CD44v8-
10 enhances reduced glutathione (GSH) synthesis by
stabilizing the xCT transport system for cysteine, the
precursor of GSH. Hence, CSCs acquire an enhanced
reactive oxygen species (ROS) defense system [12]. Cyto-
toxic drugs such as Adriamycin induce apoptosis by caus-
ing oxidative stress, which damages DNA. To better
understand the influence of oxidative stress on the tumor
microenvironment, changes in the expression of CD44v8-
10 were evaluated in response to chemotherapy. We
hypothesized that oxidative stress due to the administra-
tion of cytotoxic chemotherapy would affect the expression
of CD44v8-10 in p53-mutated cancer cells in this patient.

Case presentation

An 8-year-old female slipped on the stairs and had a
bruise on her right knee. However, since the pain per-
sisted, the patient visited a nearby orthopedic clinic.
Magnetic resonance imaging (MRI) revealed the possi-
bility of a bone malignancy (Figure 1). The patient was
then admitted to the hospital for further examination.
Biochemical testing revealed significantly elevated levels
of both serum AFP (AFP: 79016 ng/ml, L3: 3555 ng/ml
(4.5%), PIVKA-II: 128 IU/1), which suggested possible
malignancy of the liver. A serum AFP level as high as
79,000 ng/ml was also indicative of a liver tumor. Anti-
bodies against hepatitis virus B and C were not detected.
The development of hepatoblastoma was atypical in
terms of the age of onset, given that hepatoblastomas

Before chemotherapy

Liver tumor

Osteosarcoma

Figure 1 Reduced tumor masses in the liver and bone after chemotherapy. Magnetic resonance imaaging (MRI) revealed that the sizes of
both the liver tumor and the osteosarcoma were significantly reduced by the combination chemotherapy.

After chemotherapy
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typically arise in patients under 3 years of age. Patho-
logical diagnosis was transitional liver cell tumor
(TLCT). A subset of liver cell tumors in older children
and adolescents may develop as an intermediate between
blastomatous tumors and adult-type tumors. This type
of tumor, referred to as TLCT, is highly dependent on
Wnt signaling than other categories of liver tumors [13].
MRI imaging showed the simultaneous development of
osteosarcoma and liver cancer (Figure 1), both of which
were confirmed by biopsy. After two courses of standard
neoadjuvant chemotherapy for hepatoblastoma (a com-
bination of cisplatin (CDDP) and tetrahydropyranyl-
adriamycin (THP-ADR)), the residual liver tumor was
removed completely by surgical extended lobectomy.
After treatment with the standard neoadjuvant chemo-
therapy protocol for osteosarcoma (a combination of
CDDP, ifosfamide (IFO), and methotrexate (MTX)), the
diminished osteosarcoma was totally resected and an
artificial joint was placed. The levels of transitional
serum biomarkers for the liver tumor and osteosarcoma
are shown (Figure 2), in which the blue arrows indicate
repeated neoadjuvant chemotherapy. To date, there has
been no sign of relapse or latent metastasis for about
two years after last surgery. Combined therapy with sur-
gical resection after chemotherapy was, therefore, success-
ful in this patient. Given that we found the simultaneous
development of a liver tumor and osteosarcoma, we per-
formed genetic testing to evaluate the patient’s suscepti-
bility to malignancy. Despite the absence of a familial
history of hereditary cancer, a germline mutation in p53
(722 C>T, p.Ser241Phe) was identified. Notably, the
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frequency of de novo mutations in LFS is between 7% and
20% [14]; it is, therefore, conceivable that the p53 muta-
tion occurred de novo during embryonic development.

Immunohistochemical (IHC) analysis of the patient’s
tumors prior to and following chemotherapy was per-
formed using an antibody against the human CD44
variant isoform. CD44v8-10 was not expressed in both
the liver tumor and the osteosarcoma before chemo-
therapy, but was ectopically expressed after chemother-
apy (Figure 3).

Discussion and conclusion

CD44 exists in as many as 16 different isoforms,
which are generated through alternative mRNA splicing.
CD44v8-10 is generated by epithelial splicing regulatory
protein 1 (ESRP1), an RNA-binding protein [15].
Whereas the standard CD44 isoform (CD44s), which
contains exons 1-5 and 16-20, is expressed predomin-
antly in hematopoietic cells and normal epithelial cell
subsets, CD44 variant isoforms with insertions in the
membrane-proximal extracellular region are abundant in
epithelial-type cancers, including liver tumors. Recently,
CD44v8-10 was reported to have a novel function; it
inhibits oxidative stress in tumor cells by promoting the
GSH synthesis [12]. However, exactly transcriptional fac-
tors or epigenetic mechanisms controlling the induction
of ESRP1, the master regulator of CD44v8-10, remain
unclear [9]. We have already performed IHC using the
specific antibody against human ESRP1 and ESRP2. Un-
fortunately, there was no antibody which was suitable
for IHC due to reactions to the non-specific antigens, so
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Figure 3 CD44v8-10 IHC of both tumors before and after chemotherapy. Immunohistochemical anzlysis of a transitional liver cell tumor
(TLCT) prior to chemotherapy (a), a post-chemotherapy TLCT tissue (b), an osteosarcoma biopsy tissue sample obtained prior to chemotherapy
(c), and a post-chemotherapy osteosarcoma tissue (d) stained with an antibody against CD44v8-10 (Inset: higher magnification; scale bar: 10 um).
(Inset: higher magnification; scale bar: 10 um).

that we could not obtain data that shows ESRP1 or
ESRP2 exclusively in the nucleus (data not shown).

Osteosarcoma originates from mesenchymal tissue,
not epithelial tissue, meaning that the CD44 variant iso-
forms expressed in osteosarcoma may have a completely
different function from those expressed in liver cancer.
Whereas the function of CD44v8-10 in osteosarcoma is
unknown, the only v6 expression is negatively correlated
with 5-year metastasis-free survival. Therefore, overex-
pression of the variant isoform, CD44v6, is considered a
poor prognostic marker in patients with osteosarcoma
[15]. However, no specific data has been reported
regarding the biological significance of CD44v8-10 in
osteosarcoma. The cytotoxic drugs CDDP and THP-
ADR increase the ROS level in cancer cells, thereby in-
ducing DNA damage and apoptosis. It is possible that
CD44v8-10 is induced following chemotherapy in osteo-
sarcoma to counteract this oxidative stress.

Considering the lack of familial history of malignancy
in this case, it is supposed that the de novo p53 germline
mutation occurred during early development. The p53
protein suppresses expression of CD44 by binding to the
promoter region of CD44 [10], and CD44v8-10 was not
expressed in both tumors before chemotherapy. The ab-
sence of p53 likely enabled the upregulation of CD44v8-
10 in response to chemotherapy. However, this finding

does not rule out the possibility that other CD44 iso-
forms were fully expressed prior to chemotherapy.
Although cancer cells may acquire resistance to oxida-
tive damage by upregulating CD44v8-10, there has been
no sign of relapse or metastasis so far in this patient.
The fact that CD44v8-10 expression was not correlated
with increased malignant potential in this case seems to
be contradictory to our previous research [12]; however,
the effect of CD44v8-10 expression may depend on the
origin of the tumor. It is possible that CD44v8-10 may
function differently in hepatic tumors and osteosar-
comas with p53 mutations than in gastric and colorectal
cancers.

Potential mechanisms for the ectopic induction of
CD44v8-10 expression in osteosarcoma are shown
(Figure 4):

a) Cancer cells expressing CD44v8-10 may have existed
in the original tumor, but were too rare to be
detected by IHC. These cells survived even under
conditions of oxidative stress caused by cytotoxic
chemotherapy.

b) Cancer cells expressing CD44v8-10 did not exist
originally, but the oxidative stress caused by
chemotherapy induced the expression of CD44v8-10
in the tumor.
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Figure 4 Two hypothetical models for the induction of
CD44v8-10 after chemotherapy. Cancer cells expressing
CD44vB-10 are present in the original tumor and clonally expand in
response to anti-cancer drugs (a). Cancer cells with CD44v8-10 are
absent from the original tumor, but oxidative stress caused by
chemotherapy induces the ectopic expression of CD44v8-10 (b).

Differentiating between these possibilities will require
further investigation into how the alternative splicing
machinery for CD44 is affected by chemotherapy. There
has been no sign of relapse or metastasis so far in this
patient, but it will be crucial to gather additional data
regarding CSC molecular dynamics during the course of
chemotherapy. Therefore, a larger number of cancer
cases need to be analyzed, and longer-term follow-up
studies must be conducted, to confirm the results of this
study.

Consent

Written informed consent was obtained from the patient
for publication of this case report and the accompanying
images. A copy of the written consent is available for
review upon request.
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CLINICAL AND TRANSLATIONAL RESEARCH

Cyclosporine A-Based Immunotherapy in Adult Living
Donor Liver Transplantation: Accurate and Improved
Therapeutic Drug Monitoring by 4-hr Intravenous
Infusion

Taizo Hibi, Minoru Tanabe, Ken Hoshino, Yasushi Fuchimoto, Shigeyuki Kawachi, Osamu Itano,
Hideaki Obara, Masahiro Shinoda, Naoki Shimojima, Kentaro Matsubara, Yasuhide Morikawa,
and Yuko Kitagawa

Background. A paucity of data exists for evaluating therapeutic drug monitoring in association with clinical outcomes
of cyclosporine A (CYA) treatment in living donor liver transplantation (LDLT).

Methods. A retrospective cohort analysis was conducted on 50 consecutive adult patients who underwent LDLT
between 2001 and 2009 to investigate the feasibility and efficacy of 4-hr continuous intravenous infusion of CYA-based
immunotherapy (4-hr CYA-IV, n=27) and compare the pharmacokinetic profile and short-term prognoses with an
oral microemulsion formulation of CYA (CYA-ME, n=23).

Results. All patients in the 4-hr CYA-IV group reached target CYA peak by day 3 compared with only 22% in the
CYA-ME group (P<0.001). Adjustability to achieve the target range was easier in the 4-hr CYA-IV group compared
with the CYA-ME group (P=0.017). Acute cellular rejection rate was lower in the 4-hr CYA-IV group (0%) compared
with the CYA-ME group (17%, P=0.038). A subset analysis of the CYA-ME group revealed that CYA exposure was
affected by external bile output (P=0.006). Patients in the CYA-ME group showed increased risk of switch to tacroli-
mus (35%) compared with the 4-hr CYA-IV group (7%, P=0.030). Toxicities and mortality rates were equivalent. The
optimal initial dose of oral CYA at conversion from the 4-hr CYA-IV was considered to be 3-fold greater than that of the
intravenous dose.

Conclusions. In LDLT, our 4-hr CYA-IV immunosuppression protocol was superior to CYA-ME oral dosing and
allowed accurate therapeutic drug monitoring with excellent patient compliance.

Keywords: Cyclosporine A, Immunosuppression, Living donor liver transplantation, Therapeutic drug monitoring,
Rejection.

(Transplantation 2011;92: 100-105)

D espite development of a wide range of novel drugs, cal-
cineurin inhibitors (CNIs) remain the major agents for
immunosuppression in liver transplantation. Tacrolimus
(Tac) has been widely accepted for immunotherapy, whereas
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for patients unable to tolerate Tac, cyclosporine A (CYA) has
been described as a valuable rescue therapy (1-3). One meta-
analysis demonstrated that as a primary immunosuppressive
agent, Tac was superior to CYA (including both the original
oil-based formulation and the newer microemulsion formu-
lation) in terms of mortality, graft loss, and rejection at 1 year
(4). Nonetheless, all but one study included in this meta-
analysis measured CYA trough levels to attain adequate levels
of exposure (4).

Recently, Levy et al. (5) reported a randomized, multi-
center study indicating decreased overall incidence of and
statistically less severe acute cellular rejection in liver trans-
plant recipients on an oral microemulsion formulation of
CYA (CYA-ME) when 2-hr postdose levels were monitored,
as a surrogate marker of CYA peak, instead of conventional
CYA trough level. More importantly, a subset of patients in
the 2-hr postdose monitoring group who reached the mini-
mum target CYA peak range by day 3 demonstrated a signif-
icantly lower incidence of acute cellular rejection compared
with patients who only achieved the target peak level by days

Transplantation * Volume 92, Number 1, July 15, 2011
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7 and 10, suggesting that reaching target levels at an early
stage after transplant is crucial when a 2-hr postdose moni-
toring strategy is to be implemented (5). Subsequently, sev-
eral randomized trials including the LIS2T study have
reported promising results in terms of efficacy, toxicity, and
pharmacoeconomics with CYA-ME, showing equivalent re-
sults in patient groups receiving CYA-ME with 2-hr postdose
monitoring or Tac for patient and graft survivals and the
overall incidence of acute rejection (6—8).

Nevertheless, data collected for the previous studies were
generally based on deceased donor liver transplantations, and
these results cannot be simply applied to adult living donor liver
transplantation (LDLT). The reduced size of graft livers (usually
hemi-liver), prolonged intestinal paralysis because of lengthy
operation, and posttransplant external bile diversion described
in recent publications from high-volume LDLT centers mostly
in Japan (9-12) are the distinctive features of adult LDLT, con-
tributing to delayed graft functional recovery and poor enteral
absorption, which in turn substantially interfere with achieving
and maintaining the therapeutic CYA peak blood concentration
mentioned earlier.

To overcome these problems, intravenous CYA infu-
sion may become a promising option because of its ability
to ensure sufficient CYA exposure to exert immunosup-
pressive effects regardless of enteral absorption and biliary
drainage. Clinical evidence of the efficacy and safety of intrave-
nous CYA in liver transplantation is scarce, and appropriate
therapeutic drug monitoring remains to be elucidated (13, 14).
Moreover, no study has compared the clinical outcomes of in-
travenous infusion of CYA (CYA-IV) with CYA-ME regimens
in LDLT to date. In the era of individually tailored immunosup-
pression, establishing a standard intravenous CYA protocol in
LDLT is paramount, as an alternative CNI-based immuno-
therapy with potential advantages over Tac with regard to
posttransplant new-onset diabetes mellitus and in the treat-
ment of transplant patients with hepatitis C virus (HCV) or
primary biliary cirrhosis and as a salvage immunosuppressive
regimen in cases of Tac-related side effects (15—17). In this
study, we evaluated the feasibility and efficacy of 4-hr intrave-
nous CYA immunotherapy for LDLT, focusing on its therapeu-
tic drug monitoring in comparison with a CYA-ME regimen.

RESULTS

Patient Demographics

The CYA-ME (Neoral, Novartis Pharma K. K., Tokyo,
Japan, n=23) group and the 4-hr continuous intravenous
infusion of CYA (4-hr CYA-IV; Sandimmun, Novartis
Pharma K. K., n=27) groups were comparable for age, indi-
cations, Child-Pugh grade, model for end-stage liver disease
scores, preoperative conditions, Eastern Cooperative Oncol-
ogy Group performance status, graft lobe, graft:recipient
weight ratio, graft volume/recipient standard liver volume,
donor age, and blood loss (Table 1). The number of males in
the CYA-ME group was higher compared with that in the
4-hr CYA-IV group (P=0.035; Table 1). Regarding surgical
factors, the proportion of patients who underwent duct-to-
duct reconstructions was higher (P=0.044), and cold and
warm ischemia times were longer (P=0.002 and P<0.001,
respectively) in the 4-hr CYA-IV group compared with those
in the CYA-ME group (Table 1).
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TABLE 1. Patient demographics
4-hr
Variables CYA-ME CYA-IV P
Total 23 (100) 27 (100)
Age (yr) 47+9 50+12 0.47
Gender
Male 17 (74) 12 (44) 0.035
Female 6(26) 15 (56)
Indication for LDLT
HCV 8 (35) 9(33) 1.00
HBV 2(9) 3(11)
FHF 2(9) 3(11)
PBC 3(13) 3(11)
PSC 1(4) 1(4)
Alcohol 3(13) 3(11)
Others 4(17) 5(19)
Child-Pugh grade
A 0 (0) 1(4) 0.27
B 6 (26) 3(11)
G 17 (74) 23 (85)
MELD score 19%6 17+6 0.49
Preoperative condition
Outpatient 13 (57) 15 (56) 1.00
Hospitalized 7 (30) 8 (30)
ICU 3(13) 4 (15)
ECOG performance status
0-2 17 (74) 17 (63) 0.41
3,4 6 (26) 10 (37)
Graft lobe
Left (*caudate lobe) 10 (43) 17 (63) 0.17
Right 13 (57) 10 (37)
GRWR 0.90£0.27  0.90%0.21 0.92
GV/RSLV (%) 46%10 47%11 0.86
Biliary reconstruction
Duct-to-duct 14 (61) 24 (89) 0.044
Roux-en-Y 9(39) 3(11)
Donor age (yr) 41*15 38*12 0.35
Cold ischemia time (min) 53+22 8032 0.002
Warm ischemia time (min) 45*10 63+14 <0.001
Blood loss (mL) 4863+4424 5041*5873 0.91

Data are presented as N (%) and mean=*standard deviation.

CYA-ME, oral microemulsion formulation of cyclosporine A; 4-hr CYA-
1V, 4-hr continuous intravenous infusion of cyclosporine A; LDLT, living
donor liver transplantation; HCV, hepatitis C virus; HBV, hepatitis B virus;
FHF, fulminant hepatic failure; PBC, primary biliary cirrhosis; PSC, primary
sclerotic cholangitis; MELD, model for end-stage liver disease; ICU, intensive
care unit; ECOG, Eastern Cooperative Oncology Group; GRWR, graft:recip-
ient weight ratio; GV/RSLV, graft volume/recipient standard liver volume.

Pharmacokinetic Profiles of 4-hr CYA-IV and
CYA-ME Groups

For the CYA-ME group, 9 of 15 patients (60%) who
were not switched to other CNIs completed full pharmacoki-
netic evaluations on day 3. Of these nine patients, only two
(22%) reached the target peak range of 700 to 1000 ng/mL
(2-hr postdose CYA level 484272 ng/mlL; Fig. 1A). In con-
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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%=13.8%)
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.

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
856129 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|

4
initial CYA dose e

A Student’s ¢ 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=0.008). 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 (173+50 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%,

= 757 =
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TABLE 2. Short-term outcomes
Variables CYA-ME 4hr 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 CNI 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-

=l T8



104 I www.transplantjournal.com

tion. Data are limited for determining the conversion dose
ratio of CYA-IVioral 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 atan
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 300400 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/kg at 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 SP5S version 17.0 (SPSS Inc.,
Chicago, IL).
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ACNES: abdominal cutaneous nerve entrapment syndrome, RSB: rectus sheath block, TAP: transversus abdominis plane.
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