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FIGURE 4. H2Aub inhibits PRC2 MTase activity on mononucleosomes. 4,
DTT titration of PRC2 MTase activity on unmodified mononucleosomes
(unmod nucl) as quantitated by scintillation counting of incorporated *H. Error
bars represent the 5.D. of multiple scintillation counts. B and C, PRC2 MTase
activity was tested under reducing conditions on Xenopus unmodified,
H2Bub(G76A), and H2Aub(G76A) mononucleosomes. Representative exper-
iments are shown. Reactions were separated by SD5-PAGE and Coomassie
Blue-stained, and activity was assessed by fluorography. In B, a short exposure
is shown below a longer exposure. In C, automethylation activity is indicated
(¥). Activity was also assessed by scintillation counting of incorporated *Hinto
a fraction of each reaction (one-half in A and one-fourth in B). Error bars indi-
cate the 5.D. of multiple scintillation counts of the same reaction. In C, **, p <
0.0001 (Student’s paired test).

ibly inhibited PRC2 MTase activity (Fig. 4C). This was an
unexpected result because both H3K27me and H2Aub are
transduced by PRC2 and PRC1, respectively, with well estab-
lished roles in gene repression. However, several recent pub-
lications provide evidence that the functional link between
H2Aub and transcriptional repression is not as clear as was
once thought (40-42), and these will be discussed further
below.
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FIGURE 5. Summary of enzymatic cross-talk relationships between his-
tone monoubiquitylation and methylation. Left, histone monoubiguityla-
tion sites known to directly influence MTase activity directed toward the indi-
cated histone methylation sites (top) are indicated. Inside, the relevant MTase
and the type of cross-talk observed are indicated. @, the ubiquitylated his-
tone directly stimulates the indicated MTase; 3, inhibition; C, no detected
stimulation or inhibition. The results presented here and those published by
others (see text) are colored in blue and black, respectively.

DISCUSSION

Cross-talk between histone PTMs may have evolved as a way
to amplify, buffer, and integrate diverse signals impinging on
chromatin. Elucidating which PTMs “talk” to each other, which
do not, and via what mechanisms is critical in our quest to
understand cellular memory, development, and disease. To
study direct enzymatic cross-talk relationships between PTMs,
the use of highly defined in vitro chromatin templates is critical
(28). Here, we utilized chemically defined monoubiquitylated
histones to generate a set of mononucleosomal substrates for
MTase assays to investigate novel functions of histone ubiqui-
tylation and to shed light on the plasticity/specificity of cross-
talk with histone MTases (Fig. 5).

In landmark papers, H2Bub was shown to be an in vivo req-
uisite for methylation of H3K79 by Dot1 (9, 11). Careful subse-
quent studies using nucleosomes with site-specifically installed
monoubiquitin revealed that H2BK120ub directly stimulates
Dotl MTase activity (15). Interestingly, H2BK120ub is not
unique in its ability to cross-talk with Dot1L-mediated H3K79
methylation. Ubiquitylation at several other sites on the
nucleosome axial face and on the radial edge can also stimulate
DotlL activity (24, 32). From these data, it is clear that Dot1L
stimulation is relatively plastic with regard to the position of
histone monoubiquitylation. Using a disulfide-mediated
approach, we installed monoubiquitin at position 119 of H2A to
test whether H2Aub, the most abundant ubiquitylated species
in metazoan chromatin, could influence Dot1L MTase activity
on mononucleosomes. Our results clearly show that the
observed plasticity of the ubiquitylation site for Dot1L stimula-
tion in vitro does not extend to H2Aub (Fig. 3C). Thus, even
though H2Aub is a relatively abundant mark in mammalian
systems, it seems likely that its biological function is not linked
to H3K79 methylation and downstream events.

Most studies of the function of H2Bub in metazoans have
focused on its role in transcriptional activation (43). Although
the steady-state H2Bub level correlates well with the most
highly expressed genes genome-wide (44), in vivo depletion of
RNF20 (E3 ligase for H2BK120) and near abolishment of
H2Bub revealed a subset of genes repressed by RNF20 (45).
Surprisingly, genes repressed by RNF20 were found to be asso-
ciated with higher levels of H2Bub than genes activated by
RNF20. These data raise the possibility that H2Bub may be
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involved in transcriptional repression in some chromatin
contexts.

Given that H2Bub dramatically and directly stimulates the
evolutionarily unrelated MTases Dotl and Setl, we wondered
whether the ability of H2Bub to stimulate MTases is restricted
to MTases involved in active transcription (e.,g. H3K4me and
H3K79me) or if it extends to MTases involved in transcrip-
tional repression (such as PRC2). [n vitro PRC2 MTase assays
revealed no cross-talk, in either a stimulatory or inhibitory
direction, between H2Bub and PRC2-mediated H3K27me (Fig.
4B). Based on these results, it is unlikely that putative H2Bub-
mediated transcriptional repression, as observed in genome-
wide studies (45), is caused by direct stimulation of PRC2 activ-
ity. Going forward, it will be interesting to understand at the
molecular/structural level how H2Bub selectivity stimulates
MTases Dot1L and Setl but not PRC2.

Although H2Aub is typically understood to cooperate with
PRC2-mediated H3K27 methylation in transcriptional repres-
sion, we found that H2Aub produced a modest but reproduci-
ble inhibition of PRC2 activity in vitro (Fig. 4C). One more
trivial explanation for our finding might be that the relatively
close proximity of H2AK119ub to H3K27 in the nucleosome
(Fig. 1B) may simply sterically hinder PRC2 MTase activity.
Although this possibility cannot be ruled out by our studies,
recently published data from several groups suggest that the
widely accepted link between H2Aub and transcriptional
repression may not be so straightforward (40—42).

Eskeland et al. (42) showed that the H2A E3 ligase activity of
RinglB is dispensable for transcriptional repression of Poly-
comb target genes and for long-range chromatin compaction of
Hox gene clusters in vivo. In light of our in vitro results, it would
be of interest to know whether cells with catalytically null
Ring1B have attenuated or otherwise misregulated activation of
Hox genes during differentiation.

Scheuermann et al. (41) identified a novel Polycomb repres-
sive complex in Drosophila with H2A deubiquitinase activity,
PR-DUB. Interestingly, they found that H2A deubiquitinase
activity is required for proper transcriptional repression of
Polycomb target genes in vivo. Furthermore, repression of Poly-
comb target genes is even more severely compromised if dRing,
the E3 ligase for H2Aub, and PR-DUB are simultaneously
depleted. Therefore, at least in Drosophila, complexes with
directly opposing enzymatic activities on H2A synergistically
regulate transcriptional repression. These results suggest that
H2Aub in different genomic locations may have opposite influ-
ences on transcription or that dynamic cycles of H2A ubiquity-
lation and deubiquitylation may be required for proper gene
repression. We look forward to studies that will investigate how
the spatial, temporal, and kinetic control of H2Aub turnover on
chromatin contributes to gene regulation. Such studies would
greatly inform future in vitro studies using designer chromatin
to more closely mimic the dynamism of histone ubiquitylation
in vivo.

Finally, Richly et al. (40) identified ZRF1 as an H2Aub-bind-
ing protein involved in differentiation-dependent transcrip-
tional activation of Polycomb target genes. If reduced PRC2
activity on Polycomb group-repressed genes is an important
early step in pushing the chromatin state toward one more per-
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missive to transcription, then our in vitro cross-talk data may
provide another layer of mechanistic explanation for H2Aub
involvement in transcriptional derepression.

Although our studies represent a significant advance in the
use of designer nucleosomes containing H2Aub versus H2Bub,
important uncertainties remain that will need to be addressed
in future experiments. In particular, the role of ubiquitin turn-
over (e.g due to the cyclic action of ubiquitin ligases and deu-
biquitinases) is not addressed in our system, nor are potential
differences in spatial and temporal control of H2Aub and
H3K27me in transcriptional regulation.

We look forward to subsequent studies that will use designer
chromatin to explore enzymatic cross-talk relationships
between H2Aub and H2Bub with not only MTases but also with
other histone-modifying activities. More generally, we expect
further study of histone PTM cross-talk relationships to be a
fertile approach to understand how combinations of PTMs are
coordinately regulated to maintain and affect dynamic changes
in chromatin state, such as those that accompany gene expres-
sion changes resulting from developmental or environmental
signal transduction.
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accurate information on prognosis is often difficult to obtain in
this condition.

Conclusions

In general, CBT are associated with poor prognosis and only
limited information is available at present due to a lack of suffi-
cient cases. Diagnosis during fetal life is difficult. It is important
to extensively evaluate the tumor on imaging (location, size and
features) and clinical features (gestational age at diagnosis, com-
plications) and select the most appropriate management of preg-
nancy and the perinatal treatment based on consultation with
various specialists. Accumulation of further data is important to
clarify the entire clinical picture and establish a management
system for this condition.
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Vincristine, actinomycin D, cyclophosphamide chemotherapy resolves
Kasabach—Merritt syndrome resistant to conventional therapies
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When kaposiform hemangioendothelioma (KHE) is accompa-
nied by Kasabach—Merritt syndrome (KMS), it may result in
considerable morbidity and mortality.'* The usual treatment for
KHE associated with KMS of the extremities includes the use of
steroids, coil embolization, radiation therapy and interferon-c..
Recently, vincristine (VCR) has also been reported to be effective
to control the coagulopathy in KMS *** In the present case, KMS
was resistant to conventional therapies, and so we elected to use
VCR monotherapy. Several courses of VCR monotherapy were
insufficiently and transiently effective, and the consumptive
coagulopathy recurred. Therefore, we decided to treat this patient
using combined vincristine, actinomycin D and cyclophospha-
mide (VAC) therapy. After four cycles of VAC, KMS caused by
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infant, kaposiform hemangioendothelioma, Kasabach-Merritt syndrome, vincristine, actinomycin D and cyclophospha-

the left arm hemangioma finally resolved and there has been no
recurrence for 6 years. In this case, VAC therapy was effective
after failure of repeated VCR monotherapy.

Case report

A male infant, born at full term by spontaneous vaginal delivery,
was noted to have a large hemangioma of the left arm. He pre-
sented with anemia and thrombocytopenia at 1 month of age, and
was diagnosed with KMS. The patient was referred to National
Center for Child Health and Development for treatment of KMS
at 2 months of age. First-line systemic therapy with corticoster-
oids was initiated (prednisolone 2 mg/kg per day) with simulta-
neous irradiation (10 Gy in five fractions), but it did not affect the
tumor size or platelet counts. Subcutaneous injections of 1-3 x
10° (U/m* body surface area) of interferon-c for 1 month and
mega-dose methylprednisolone therapy were then attempted,
which also failed to improve KMS. At this stage the patient
required 2 mg/’kg per day of corticosteroids, and also needed
frequent platelet transfusions to control bleeding. Transcatheter

© 2012 The Authors
Pediatrics International © 2012 Japan Pediatric Society
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Fig.1 Histopathology showing kaposiform hemangioendothe-
lioma. The capillary vessels are diffusely proliferating in the fat
tissues, and there is evidence of dense hyperplasia of the spindle
shape cells (arrow).

embolization of the feeding artery under general anesthesia was
attempted three times. This resulted in a transient increase in the
platelet counts. KMS relapsed within 2 weeks after the embo-
lization. A biopsy showed that capillary vessels were diffusely
proliferating in the fat tissues, and there was evidence of dense
hyperplasia of spindle-shaped cells consistent with KHE, which
frequently causes KMS (Fig. 1).!6%

Considering that the therapeutic effects of steroids,
interferon-o, radiation, and embolization therapy were limited in
the present case, we decided to start VCR. VCR was given
weekly at a dose of 1.5 mg/m? (body surface area). After 8 weeks
of VCR injections, the rate of platelet consumption gradually
decreased, and platelet transfusions were no longer required
(Fig.2). After 11 cycles of VCR therapy, platelet counts
increased up to 200 000/uL and were maintained at that level for

Vincristine 1.5mg/m?

Ci)@@@

|

® 00
H

}

PLT (x 10%uL)
o
BN

16 17 18 19 20
Age (months)

Fig.2 Platelet (PLT) counts after vincristine (VCR) therapy. PLT
infusions were required every day until the fifth VCR injection. After
eight courses of VCR the patient did not require PLT infusions, and
the PLT count increased from 40 000 to 250 000/uL.
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Fig.3 Platelet counts after vincristine (VCR) or vincristine, acti-
nomycin D and cyclophosphamide (VAC) therapy. VCR was dra-
matically effective for Kasabach—Merritt syndrome (KMS) but the
effect was transient; the tumor showed regrowth and platelet counts
repeatedly decreased. After eight courses of VCR monotherapy, the
patient was treated with five courses of VAC. Remission of KMS was
achieved for >4 years.

a few months without any treatments. The tumor showed
regrowth, however, and platelet counts decreased again 4 months
after cessation of VCR therapy (Fig. 3). VCR monotherapy was
again applied for recurrent KMS. In this situation, the platelet
counts transiently increased after several episodes of VCR, but
they gradually decreased after cessation of VCR therapy. After
repeating seven doses of VCR monotherapy, at the age of 3 years
it was decided to convert to a combination therapy of vincris-
tine, actinomycin D, and cyclophosphamide (VAC). The VAC
regimen included vincristine at 1.5 mg/m? on day 1, actinomycin
D at 0.015mgkg on days 1-5 and cyclophosphamide at
10 mg/kg on days 1-3. During VAC therapy there were no
serious side-effects. After four cycles of VAC therapy, KMS
caused by the left arm hemangioma was finally resolved and
there has been no recurrence for 6 years (Figs 3.4).

Discussion

When KHE is accompanied by KMS, it may result in consider-
able morbidity and mortality. In the present case KMS was
treated with steroids, coil embolization, radiation therapy and
interferon-o., but these therapies were totally ineffective. Biopsy
indicated KHE, which often causes life-threatening KMS.
Several reports have recently shown VCR to be effective for
controlling the decreased platelet counts and potential mortality
associated with KMS.>%%"" In addition, Haisley-Royster et al.
reported that all four patients in whom KMS relapsed after a first
course of VCR therapy, were successfully treated with second
courses of VCR.? In contrast, the present patient had a relapse of
KMS after several doses of VCR monotherapy.

Hu et al. reported that combined VAC therapy was effective
for intractable KHE associated with KMS, which was resistant to
corticosteroid therapy.” Because of toxicity considerations, such
as veno-occlusive disease, hemorrhagic cystitis, pancytopenia
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Fig.4 (a) After six courses of vincristine there was a large, dark-
red lesion covering the left arm and upper thorax. (b) After vincris-
tine, actinomycin D and cyclophosphamide therapy, the dark-red
lesion of the left arm had largely resolved.

and secondary malignancy, we were initially hesitant to use acti-
nomycin D or cyclophosphamide. Only one case of KHE asso-
ciated with KMS treated with VAC combination therapy after
VCR monotherapy has been reported, but combination VAC che-
motherapy was not effective in that report.”” In addition, no
comparative study of VAC combination therapy and VCR mono-
therapy for KHE associated with KMS has been reported. We
decided to treat the present patient with VAC combination
therapy because of the persistence of refractory coagulopathy and
life-threatening condition.

Gottschling et al. reported that cyclophosphamide mono-
therapy was a safe and effective treatment for patients suffering
from life-threatening diffuse hemangiomatosis unresponsive to
corticosteroid therapy.”® Cyclophosphamide monotherapy might
have been effective in the present case but the previously reported
cases all involved multiple cutaneous and liver hemangiomas,
with complications that included high-output failure, and hepatic
failure, and did not include KMS.

The present patient was treated with radiation therapy after
steroid and interferon therapy. Due to problems with radiation
therapy in infants, however, such as cancer or growth disorder, it
might be better to treat pediatric patients with VCR or VAC
chemotherapy prior to radiation therapy.

VAC therapy for Kasabach—Merritt syndrome 287

Vincristine, actinomycin D and cyclophosphamide therapy
resulted in a significant decrease of tumor size, correction of
the thrombocytopenia and a complete remission for 6 years in
the present patient. The combined therapies of steroids,
interferon-o), radiation and embolization were not effective for
KHE in this patient. Thus, VAC therapy may provide an alter-
native therapeutic approach to intractable KMS resistant to con-
ventional combination therapies, even when VCR monotherapy
is not effective.
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ABSTRACT

We investigated the pharmacokinetics of mizoribine in the acute phase after adult living
donor liver transplantation (LDLT). Between February 2004 and October 2009, 16
recipients received immunosuppressive therapy that included mizoribine (100 to 200 mg/d)
after undergoing LDLT. We determined the serum levels of mizoribine before (C0) and
3 (C3), 4 (C4), and 10 (C10) hours after administration on postoperative days 3, 7, and 21.
We assessed area under the concentration time curve (AUC) (hour - pg/mL), normalized
serum concentration (NSC) at CO [concentration (pg/mL)/dose (mg/kg body weight)],
and estimated glomerular filtration rate (eGFR). The mizoribine concentration showed
increases at C3 and C4 followed by a decrease at C10 on all days. AUC was 4.3, 5.9, and
8.3 in the 200-mg/d dose group on days 3, 7, and 21, respectively. NSC at CO increased for
3 weeks after LDLT. There was a significant correlation between the NSC at C0 and eGFR
on day 21, but not on days 3 and 7. There were no correlations between the NSC at C0 and
either aspartate aminotransferase, total bilirubin, albumin, trough cyclosporine, or trough
tacrolimus on any day. The pharmacokinetics of mizoribine in the acute phase after LDLT

seems to be affected by postoperative day and renal function.

IZORIBINE IS AN ORAL IMMUNOSUPPRES

sive agent approved in Japan, Korea, and China for

the prevention of graft rejection in renal transplantation. Its
immunosuppressive potential is promising, and three-drug
combination therapy with a calcineurin inhibitor, a steroid,
and mizoribine is sometimes used for patients after renal
transplantation.'™ The application of mizoribine has now
been extended to lupus nephritis, chronic rheumatoid arthritis,
and nephritic syndrome treatment in Japan.* Using antime-
tabolites as immunosuppressants in combination therapy may
be beneficial for reducing the dose and side effects of calcineu-
rin inhibitors or steroids after living donor liver transplanta-
tion (LDLT).>® Due to the absence of information on the
pharmacokinetics of mizoribine in liver transplantation, the
options for secondary and tertiary agents in immunosuppres-
sive combination therapy are limited to azathioprine (AZA)
and mycophenolate mofetil (MMF). It is critical to ensure that
the concentrations of the immunosuppressive agent used is
maintained within an appropriate range, especially in the
acute phase after LDLT, because even a minor failure in
management postsurgically, when liver graft volume and func-
tion are not fully recovered, can be lethal. Since mizoribine is

© 2012 by Elsevier Inc. All rights reserved.
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excreted from the kidneys, and since AZA and MMF are
metabolized or activated in the liver, it is worthwhile to
investigate the pharmacokinetics of these antimetabolites in
patients with hepatic dysfunction. In this study, we monitored
mizoribine levels on postoperative day 3, 7, and 21 and
assessed the pharmacokinetics of mizoribine in the acute
phase of LDLT.
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PATIENTS AND METHODS
Patients

Between February 2004 and October 2009, 16 transplant recipients
were treated with an immunosuppressive regimen that included
mizoribine after undergoing LDLT. The backgrounds of the pa-
tients are summarized in Table 1. The immunosuppressive regimen
was a three-drug combination therapy. In cases of hepatitis C
positivity, basiliximab was used instead of a steroid. In cases of
ABO blood-type incompatibility, the three-drug combination ther-
apy and additional regimens were employed; patients were preop-
eratively administered rituximab twice, and a steroid, prostaglandin
El, and gabexate mesilate were administered through the portal
vein for 3 weeks postoperatively. Mizoribine was given orally twice
a day at a dose of 100 mg/d in the initial three cases, and 200 mg/d
in the other 13 cases. Tacrolimus was chosen as the calcineurin
inhibitor for the initial cases of hepatitis C positivity and ABO
blood type incompatibility, and cyclosporine was used in the other
cases.

Serum samples were collected before and 3, 4, and 10 hours after
dosing on postoperative days 3, 7, and 21. All serum samples were
analyzed to determine the mizoribine concentration. The concen-
trations before and 3, 4, and 10 hours postadministration were
defined as CO0, C3, C4, and CI10, respectively. Blood samples
were centrifuged for 5 minutes at 1500g, and all serum samples
were stored at —80°C prior to being assayed. Informed consent was
obtained from each patient or family, and the study protocol
conformed to the ethical guidelines of Keio University School of
Medicine.

Mizoribine Assay

Concentrations of mizoribine in serum were measured by Asahi
Kasei Pharma Corporation (Tokyo, Japan) using high-performance
liquid chromatography (HPLC). The serum was deproteinized and
filtered (Ultra-Free C3LCC, Millipore, Tokyo). Filtrate (10 pL)
was injected into an HPLC column (Shim-Pack CLC-NH2 15 cm x

Table 1. Patient Background

Liver diseases

Virus-related liver cirrhosis 11
Fulminant hepatitis 2
Primary biliary cirrhosis 2
Budd-Chiari syndrome 1
Sex
Male 10
Female 6
Age (y) 495 * 9.5
Body weight (kg) 60.6 = 10.5
ABO blood type compatibility
Identical 8
Compatible 4
Incompatible 4
Immunosuppressive regimen
Cyclosporine, steroid, and mizoribine 8
Cyclosporine, basiliximab, and mizoribine 2
Tacrolimus, steroid, and mizoribine 2
Tacrolimus, basiliximab, and mizoribine 3
Cyclosporine to tacrolimus convert on day 14, 1
steroid, and mizoribine
Mizoribine dose (minimum to maximum, mg/kg/ 0.60-4.0

day)

SHINODA, TANABE, KAWACHI ET AL

6.0 mm internal diameter, Shimadzu, Kyoto). The mobile phase
consisted of 66.7 mmol/L phosphate buffer (pH 2.5) and acetoni-
trile (27.5:72.5), and the flow rate was set at 1.3 mL/min. The drug
was detected at a wavelength of 280 nm using a UV detector, and
the detection limit was 0.02 pg/mL.

Blood Biochemistry

The serum levels of aspartate aminotransferase (AST), total bili-
rubin (TB), creatinine, albumin, and trough levels of cyclosporine
and tacrolimus were determined by a biochemistry laboratory in
our hospital.

Pharmacokinetic Parameters and Estimated Glomerular
Filtration Rate

The area under the concentration-time curve (AUC) (hour - pg/
mL) was estimated for the 100-mg/d dose patients, 200-mg/d dose
patients, and all patients by summing three trapezoidal areas (C0 to
C3, C3 to C4, and C4 to C10). Each trapezoid area was calculated
by multiplying the concentration (pg/mL) by time (hours). The
concentration of mizoribine was normalized according to dose and
body weight using the following equation: [normalized serum
concentration (NSC)] = [concentration of mizoribine (ug/mL)}/
[dose of mizoribine (mg/kg)]. The area under the NSC-time curve
[(hour - pg/mL)/(mg/kg)] was estimated for all patients by summing
three trapezoidal areas (0 to 3 hours, 3 to 4 hours, and 4 to 10
hours). Each trapezoid area was calculated by multiplying the NSC
[(pg/mL)/(mg/kg)] by time (hour). The highest concentration
among C0, C3, C4, and C10 was defined as Cmax (pug/mL). The
time from CO to Cmax was defined as Tmax (hours). Clearance of
mizoribine (Cl, L/h) was estimated by the following method: (1)
elimination rate constant (kel) was calculated using the equation;
kel (hour™") = —([natural logarithm of C10] — [natural logarithm
of C4])/(10 — 4); (2) C12 was estimated using the equation: C12 =
C10 % expt™*2); (3) the AUC of CO to C12 was estimated by
adding three trapezoidal areas (C0 to C3, C3 to C4, and C4 to C10)
and one additional trapezoid (C10 to estimated C12); and (4) Cl
was estimated using the equation; Cl (L/h) = [mizoribine dose per
intake (mg)]/[estimated AUC of C0 to C12 (hour - pg/mL)]. The
glomerular filtration rate (GFR) was estimated using the following
equation: estimated GFR (eGFR, mL/min/1.73 m*) = 194 X serum
creatinine "% x age %% (if female, % 0.739).7

Adverse Events

A diagnosis of acute cellular rejection (ACR) was reached when
patients showed elevation of hepatic enzymes and needle liver
biopsy results showed more than moderate-grade ACR. Patients
were diagnosed as having symptomatic infection if they had
prolonged high fever and infection marker positivity (bacteria,
cytomegalovirus, etc), or asymptomatic infection if they had the
infection marker positivity without high fever. Patients were diag-
nosed as having hepatic dysfunction if they had reelevation of
hepatic enzymes, and as having renal dysfunction if they underwent
serum filtration.

Statistical Analysis

Results are expressed as means =+ standard deviations (SDs) unless
noted otherwise. For parametric data, differences between groups
were evaluated using Student ¢ test for unpaired data, based on the
assumption that the data were derived from populations with equal
SDs. Correlations were evaluated using the Spearman rank test.
Differences were considered significant at P values less than .05.

= 366



PHARMACOKINETICS OF MIZORIBINE

RESULTS
Serum Mizoribine Concentrations

Figure la shows mean mizoribine concentrations in all
patients in this study on postoperative days 3, 7, and 21. The
levels were increased at C3 and C4 followed by a decrease
at C10 on postoperative days 3, 7, and 21. The highest
concentrations were 0.40, 0.65, and 0.90 pg/mL at C4 on
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postoperative days 3, 7, and 21, respectively. The C3/C0
ratios were 1.80 = 0.73, 2.07 = 1.68, and 1.94 = 0.50 on
postoperative days 3, 7, and 21; the respective C4/C0 ratios
were 2.07 = 1.33, 1.88 = 1.14, and 1.79 = 0.57, and the
C10/CO ratios were 1.54, 1.35, and 0.86. Figures 1b and 1c
show mean mizoribine concentrations on postoperative
days 3, 7, and 21 in the 200 and 100-mg/d dose groups,
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Mizoribine concentrations. C0, C3, C4, and C10 on postoperative days 3, 7, and 21 in (a) all patients, (b) 200-mg/d dose

patients, and (c) 100-mg/d dose patients. (d) NSC at C0, C3, C4, and C10 on postoperative days 3, 7, and 21 in all patients. Results
are expressed as mean + SEM or mean — SEM. CO, C3, C4, and C10; serum mizoribine concentration before and 3, 4, and 10 hours
after mizoribine administration, respectively. () A quantile box plot of NSC at CO on postoperative days 3, 7, and 21. The box for each
day represents the interquartile range (25-75th percentile) and the line within this box is the median value. Bottom and top bars of the
whisker indicate the 10th and 90th percentiles, respectively. Outlier values are indicated as open circles. NSC, normalized serum

concentration; SEM, standard error of the mean.
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respectively. Figure 1d shows NSC in all patients on post-
operative days 3, 7, and 21. The NSC at C0 was increased in
a time-dependent manner from day 3 to 21 and was
significantly higher on postoperative day 21 compared to
days 3 and 7 (P < .05; mean = SD values of NSC at C0:
0.18 = (.14, 0.22 = (.14, and 0.37 %= 0.13 on days 3, 7, and
21, respectively). Figure le shows a quantile box plot of
NSC at C0 on postoperative days 3, 7, and 21.

Pharmacokinetic Parameters

AUC, area under the NSC time curve, C0, Cmax, Tmax,
and Cl are shown in Table 2. Results are expressed as
mean = SD. Maximum, median, and minimum values are
indicated parenthetically in order.

Estimated Glomerular Filtration Rate

A quantile box plot of Fig 2 shows eGFR on postoperative
days 3, 7, and 21. The mean = SD eGFR values were 78 =
23,78 = 31, and 64 = 32 on days 3, 7, and 21, respectively.
There were no significant differences among these values.

Effect of Parameters on Mizoribine Concentration

There was a significant correlation between the NSC at C0
and eGFR on day 21 (Fig 3c, R? = 0.495, P < .05), but not
on days 3 and 7 (Fig 3a, 3b). There were no correlations
between the NSC at C0 and either AST, TB, albumin,
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Fig 2. A quantile box plot of eGFR on postoperative days 3, 7,
and 21. The box for each day represents the interguartile range
(25-75th percentile) and the line within this box is the median
value. Bottom and top bars of the whisker indicate the 10th and
80th percentiles, respectively. Outlier values are indicated as
open circles. eGFR, estimated glomerular filtration rate.

trough cyclosporine, or trough tacrolimus on any day (the
R? values were extremely low and P values were >.05 in
these analyses). There were no differences between the
mizoribine trough NSCs at C0 in patients with tacrolimus
and cyclosporine. There were no differences between the
mizoribine trough NSCs at C0 in patients with and without
steroids.

Table 2. Pharmacokinetic Parameters

100 mg/d 200 mg/d All patients
Area under the concentration time
curve (h - pg/mL)
Postoperative day 3 0 4.3 3.4
Postoperative day 7 2.8 5.9 5.4
Postoperative day 21 4.1 8.3 7.0
Area under the NSC time curve
[(h - pg/mL)(mg/kg]]
Postoperative day 3 24
Postoperative day 7 3.3
Postoperative day 21 4.7
CO (ug/mL)
Postoperative day 3 0(0,0,0) 0.28 = 0.19(0.51, 0.38, 0.36) 0.22 = 0.20 (0.51, 0.36, 0)

Postoperative day 7
Postoperative day 21
Cmax (pg/mL)
Postoperative day 3
Postoperative day 7
Postoperative day 21
Tmax (h)
Postoperative day 3
Postoperative day 7
Postoperative day 21
Cl (L'h)
Postoperative day 3
Postoperative day 7
Postoperative day 21

0.18 = 0.08 (0.24, 0.17, 0.11)
0.34 = 0.16 (0.47, 0.40, 0.16)

0(0,0,0)
0.35 = 0.15 (0.45, 0.34, 0.24)
0.49 + 0.16 (0.67, 0.42, 0.38)

5.0 £ 7.0(10, 5, 0)
5.6 + 3.7 (10, 4, 3)

23.4 = 14.4 (33.6, 23.4, 13.2)
11.8 = 4.3 (15.7, 12.6, 7.1)

0.43 = 0.28 (0.89, 0.35, 0.13)
0.60 =+ 0.26 (1.07, 0.56, 0.28)

0.59 = 0.22 (0.89, 0.61, 0.36)
0.48 = 0.50 (1.84, 0.59, 0.36)
1.08 = 0.82 (2.69, 0.83, 0.44)

42*41(4,30
2.8+1.4(4,3,0)
45+ 27(10,3.5,3)

20.7 £ 6.3 (28.2, 18.7, 12.7)
18.0 + 9.4 (30.1,10.7, 7.1)
14.3 = 9.5 (30.4, 11.8, 5.1)

0.36 = 0.26 (0.89, 0.26, 0.11)
0.52 = 0.26 (1.07, 0.39, 0.16)

0.59 = 0.22 (0.89, 0.61, 0.36)
0.66 = 0.42 (1.64, 0.58, 0.24)
0.88 = 0.72 (2.69, 0.67, 0.38)

42 *4.1(4,3,0
3.4 £29(10,8,0)
4.8 =29(10, 4,3)

20.7 = 6.3 (28.2, 18.7, 12.7)
19.9 + 9.7 (33.6, 19.2, 7.1)
13.4 = 7.6 (30.4, 12.2, 5.1)

NSC, normalized serum concentration; CO, serum mizoribine concentration before mizoribine administration; Cmax, highest concentration of serum mizoribine;
Tmax, time from mizoribine administration to Cmax; Cl, clearance of mizoribine.
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Adverse Events and Patient Outcomes

The incidence of adverse events is shown in Table 3. The
seven cases of asymptomatic infection were patients who
tested positive for cytomegalovirus infection but did not
present with fever. All patients survived more than 3 weeks
after operation.
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Fig 3. Correlation between mizoribine NSC at CO and eGFR.
Correlation between mizoribine NSC at CO and eGFR on post-
operative days 3 (a), 7 (b), and 21 (c). NSC, normalized serum
concentration; eGFR, estimated glomerular filtration rate.

Table 3. Incidences of Adverse Events
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No. of cases
Mortality 0(0%)
Antibody-mediated rejection 0(0%)
Acute cellular rejection 1(6%)
Central nervous disorder 1 (6%)
Hepatic dysfunction 1 (6%)
Pancytopenia 1 (6%)
Symptomatic infection 2(12%)
Renal dysfunction 3(18%)
Asymptomatic infection 7 (43%)

DISCUSSION

Our preliminary study in initial cases after LDLT showed
that peak concentrations of mizoribine occurred 3 or 4
hours postadministration. Sugitani and colleagues reported
that peak drug concentrations were reached approximately
3 hours after intake in patients who were treated with
mizoribine more than 1 month after renal transplantation,
at which time their condition had stabilized.? Therefore, we
decided to collect serum samples before and 3, 4, and 10
hours after oral mizoribine administration to assess peak
drug levels. The analysis showed that the highest concen-
tration was 0.40, 0.65, and 0.90 pg/mL at C4 on postoper-
ative days 3, 7, and 21, respectively, and the peak level was
approximately twice the level at CO on all days. Sugitani et
al studied patients who took higher doses of mizoribine (4
to 6 mg/kg/d) and reported that the peak concentration was
2.87 pg/mL, the peak level was approximately twice the
trough level, and there were few adverse events.® Our study
employed LDLT patients who took lower doses of mizor-
ibine (0.60 to 4.0 mg/kg/d) and showed that the peak
concentrations were much lower than those reported by
Sugitani et al. The lower concentrations in our study might
be a result of not only the lower mizoribine dose used but
also differences in intestinal absorption and renal excretion
between subject populations. Since the incidence of adverse
events in our study and that of Sugitani et al was acceptably
low in both cases, a potential alternative mizoribine proto-
col for LDLT could include a higher dose of mizoribine to
achieve higher trough and peak drug levels. However, the
optimal serum concentration of mizoribine in organ trans-
plantation patients has never been determined. In a study
by Sonda et al, which employed the mixed lymphocyte
reaction assay to assess the effects of mizoribine on periph-
eral lymphocytes from healthy adults, the inhibition rates
were 2.4%, 36.4%, 43.8%, 52.6%, 62.2% at mizoribine
concentrations of 0.05, 0.1, 0.5, 1.0, 5.0 pg/mL, respectively
(8). According to these data, the drug doses used by
Sugitani et al and in our study may have had an immuno-
suppressive effect on lymphocytes. Future clinical studies
should determine the optimal serum concentration of miz-
oribine when it is used as a second or third agent in
combination immunosuppressive therapy.

This study also showed that the NSC at CO increased
from postoperative day 3 to 21, suggesting that the NSC at

= 309/ =



1334

C0 did not reach a steady state until 3 weeks after the
operation. The time to reach steady-state drug levels is
generally calculated by multiplying the half-life of the drug
by 3 to 5, if the excretion rate is stable. The half-life of
mizoribine is 1.6 hours in patients with normal renal
function (creatinine clearance > 70 mL/min) and 4.6 hours
in patients with severely impaired renal function (creatinine
clearance < 40 mL/min),” and it can be estimated that
steady-state levels of mizoribine were reached within a few
days postadministration in LDLT patients. The present
finding that the NSC at C0 did not reach to a steady state
until 3 weeks postoperatively suggests that the time to reach
steady state was markedly prolonged in the LDLT patients.
The pharmacokinetics of mizoribine depends on both in-
testinal absorption and renal excretion.* eGFR showed that
levels were virtually unchanged on days 3 and 7 and slightly
decreased on day 21. It is known that intestinal absorption
is impaired in patients who have undergone long-duration
laparotomy. Absorption may also be impaired in LDLT,
which sometimes takes more than 10 hours to perform and
involves major surgical procedures on the intestine. There-
fore, we reason that the prolonged time to reach steady-
state levels of mizoribine within 3 weeks after LDLT could
be mainly attributable to poor absorption due to delayed
gastric emptying and reduced intestinal motility following
surgery. Recent studies have investigated the potential
impact of bile flow'” and the drug transporter of concen-
trative nucleoside transporter 1 polymorphisms'' on mizor-
ibine absorption. These factors might contribute to interin-
dividual differences in the plasma disposition of mizoribine.
Assessing the status of cholestasis in the liver and intestine
of patients by measuring bile flow from biliary drainage
tubes and genotyping for concentrative nucleoside trans-
porter may provide additional insight into postoperative
mizoribine absorption.

Because mizoribine is excreted by the kidneys, the serum
concentration of mizoribine achieved during therapy should
correlate with renal function. In fact, there was a significant
relationship between trough NSC at C0 and eGFR on day
21. It is noteworthy that the correlation between NSC at C0
and eGFR was found only on day 21, but not on days 3 and
7. Sonda et al reported that the dose of mizoribine should
be adjusted according to renal function in patients after
renal transplantation.® We assume that this suggestion may
not apply in the acute phase (several weeks) after LDLT
because it may take time for mizoribine absorption to fully
recover. It is reasonable that the serum concentration of
mizoribine was independent of hepatic function repre-
sented by the hepatic markers of AST or TB, because
mizoribine is neither metabolized nor activated in the liver.
We investigated other possible factors that could be asso-
ciated with mizoribine concentrations. One very important
aspect and potential confounder in all pharmacokinetic
studies after transplantation is the albumin concentration.
However, mizoribine does not bind to proteins and, in fact,
this study demonstrated that there was no relationship
between trough NSC at C0 and albumin concentration on
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days 3, 7, and 21. Another aspect of interest is the impact of
concomitant immunosuppressants such as steroids and cal-
cineurin inhibitors on mizoribine concentrations. Hohage
and colleagues reported that cyclosporine withdrawal re-
sulted in a significant increase in the trough levels and AUC
of mycophenolic acid in a group of renal transplant recip-
ients with impaired renal function.'> It is not known
whether calcineurin inhibitors have a pharmacological ef-
fect on mizoribine concentrations. This study showed that
there were no differences between the mizoribine trough
NSCs at C0 in patients treated with tacrolimus and cyclo-
sporine. Similarly, there were no differences between the
mizoribine trough NSCs at C0 in patients with and without
steroids. Therefore, this study did not find any factors
associated with mizoribine concentration other than except
renal function.

The efficacy and safety of mizoribine when used after
LDLT is of great interest. Although mizoribine is now our
preferred choice as a third agent in combination therapy,
we previously used AZA or MMF as the third immunosup-
pressive agent together with a calcineurin inhibitor and a
steroid in LDLT patients. It cannot be determined from this
study if the immunosuppressive effect and incidence of
adverse events with mizoribine are equivalent to those with
AZA and MMF because the backgrounds of patients in
whom mizoribine, AZA, and MMF were used are not
comparable. We did not encounter lethal or severe adverse
events arising from the use of mizoribine in this study. The
finding that there was no relationship between NSC at C0
and AST or TB also provides information about the phar-
macodynamics of mizoribine (ie, low-dose mizoribine may
have a minimal adverse effect on hepatic function). Al-
though our conclusions are limited by the small sample size
in this study and a lack of comparative studies, it appears
that low doses of mizoribine may be used safely after liver
transplantation.

In the present study, we reported the pharmacokinetics
of mizoribine in the acute phase after LDLT. The trend
from CO to C10 clearly showed that there were daily troughs
and peaks, as was shown in a past study on renal transplan-
tation by Sugitani and associates.> However, in our study
both the peak and trough levels were much lower than
those reported by Sugitani et al, probably because our
protocol employed a relatively low dose of mizoribine. A
new finding is that trough level increases for 3 weeks
postoperatively. We assume that mizoribine adsorption is
poor in the very early postoperative phase and, therefore, it
takes 3 weeks until the serum concentration of this agent
reaches a steady state. Mizoribine undergoes renal excre-
tion, and its serum concentration should show a correlation
with renal function if absorption is stable. It may not be
possible to apply this correlation in the initial days following
surgery, and a higher dose may be needed to compensate
for poor absorption. The dose may need to be adjusted for
renal excretion if more than 3 weeks passes after surgery. It
is expected that mizoribine would have minimal adverse
effects on hepatic function after surgery. Although there is
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a period of poor mizoribine absorption in the very early
postoperative phase, it could be a valuable alternative to
agents that are metabolized or activated hepatically in cases
where a renally excreted antimetabolite is preferable.

REFERENCES

1. Tanabe K, Tokumoto T, Ishikawa N, et al: Long-term results in
mizoribine-treated renal transplant recipients: a prospective, random-
ized trial of mizoribine and azathioprine under cyclosporine-based
immunosuppression. Transplant Proc 31:2877, 1999

2. Akiyama T, Okazaki H, Takahashi K, et al: Mizoribine in
combination therapy with tacrolimus for living donor renal trans-
plantation: analysis of a nationwide study in Japan. Transplant Proc
37:843, 2005

3. Sugitani A, Kitada H, Ota M, et al: Revival of effective and
safe high-dose mizoribine for the kidney transplantation. Clin
Transplant 20:590, 2006

4. Ishikawa H: Mizoribine and mycophenolate mofetil. Curr
Med Chem 6:575, 1999

5. Jain A, Kashyap R, Dodson F, et al: A prospective randomized
trial of tacrolimus and prednisone versus tacrolimus, prednisone and
mycophenolate mofetil in primary adult liver transplantation: a single
center report. Transplantation 72:1091, 2001

1335

6. Eckhoff DE, McGuire BM, Frenette LR, et al: Tacrolimus
(FK506) and mycophenolate mofetil combination therapy versus
tacrolimus in adult liver transplantation. Transplantation 65:180,
1998

7. Matsuo S, Imai E, Horio M, et al: Revised equations for
estimated GFR from serum creatinine in Japan. Am J Kidney Dis
53:982, 2009

8. Sonda K, Takahashi K, Tanabe K, et al: Clinical pharmaco-
kinetic study of mizoribine in renal transplantation patients. Trans-
plant Proc 28:3643, 1996

9. Koshikawa SSM, Narita K, Sakai K, et al: Clinical study of
mizoribine on patients with incurable nephritic syndrome—a mul-
ticenter open study. Jin to Toseki 23:161, 1987

10. Mori N, Yokooji T, Kamio Y, et al: Increased intestinal
absorption of mizoribine, an immunosuppressive agent, in choles-
tatic rats. Pharmazie 65:457, 2010

11. Naito T, Tokashiki S, Mino Y, et al: Impact of concentrative
nucleoside transporter 1 gene polymorphism on oral bioavailability
of mizoribine in stable kidney transplant recipients. Basic Clin
Pharmacol Toxicol 106:310, 2010

12. Hohage H, Zeh M, Heck M, et al: Differential effects of
cyclosporine and tacrolimus on mycophenolate pharmacokinetics
in patients with impaired kidney function. Transplant Proc 37:1748,
2005

- 361 -



Pediatr Blood Cancer 2012;59:1332-1333

LETTER TO THE EDITOR
The Germline TP53 Mutation c.722 C>T Promotes Bone and Liver
Tumorigenesis at a Young Age

To the Editor: Tumor protein 53 (TP53) is the most important
tumor suppressor gene. The product of the gene p53 functions
as a transcriptional factor, which is activated in response to a
variety of physiological stresses and acts to halt deregulated cell
proliferation [1]. TP53 mutations defining Li-Fraumeni syndrome
(LFS) cause early onset of various different cancers [2]. Further-
more, some types of TP53 germline mutations cause specific
problems. For example, Ribeiro et al. [3] reported that the germ-
line point mutation encoding an R337H amino acid substitution is
associated with pediatric adrenal cortical carcinomas in southern
Brazil. DiGiammarino et al. [4] indicated that the mechanism of
this phenomenon, a so-called genotype-phenotype correlation,
could be explained by pH-dependent destabilization of a mutant
p53 tetramer. Here, we report the third case of multiple cancers
with the germline TP53 mutation ¢.722 C>T, which possibly
involves a genotype—phenotype correlation.

An 8-year-old female with pain in her right knee was admitted
to our hospital. Prior to admission, she had been healthy with
no family history suggesting susceptibility to cancer. Magnetic
resonance imaging showed an osteolytic tumor at the distal end of
the femur. Whole-body imaging revealed a huge tumor in the
liver, although no symptoms were observed. Plasma levels of
alpha-fetoprotein were elevated up to 79,016 ng/ml. We per-
formed biopsies for each site. Pathological findings from the sites
were completely different. The biopsy specimen of the femur
showed the proliferation of either polygonal or spindle-shaped
tumorous cells with prominent osteoid tissue formation. In con-
trast, the liver tissue was dominated by large tumor cells with
abundant eosinophilic cytoplasm, large vesiculated nuclei, and
large nucleoli. Thus, her final diagnosis was osteosarcoma and
hepatocellular carcinoma. Because she met the latest criteria for
LFS [5], we examined her germline TP53 mutations by gene
sequencing with the informed consent of her parents, although

TABLE L. ¢.722 C>T TP53 Mutations in the Literature

According to The International Agency for Research on
Cancer (IARC) database [6], this mutation has been previously
identified in two children (Table I). As with our patient, they were
diagnosed with multiple cancers before the age of 10 years, with
no family history [7,8]. Only the parents of case 1 were confirmed
as not having the mutation, because the other parents of case 2
and our patient were not tested. Furthermore, it is noteworthy that
one of the two reported cases was affected by osteosarcoma and
hepatoblastoma. There was no further information on case 2 other
than the presence of two LFS core cancers. According to the
IARC database, liver cancer has been reported only in two cases
(0.17% of cancers associated with a TP53 germline mutation),
whereas osteosarcoma is common. This suggests that ¢.722 C>T
is a germline mutation promoting tumorigenesis in the bone and
liver at a young age. Further reports of such cases will be required
to confirm this conclusion.
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Familial p53 Origin of
Case Proband cancer Age at onset Family history mutation mutation Reference
1 Hepatoblastoma, 3 months, 8 years No cancer No mutation De novo Toguchida et al. [7]
osteosarcoma (parents, brother) (parents, brother) germline
2 Two LFS core cancers  Concurrently under  No cancer Unknown Unknown Gonzalez et al. [8]
the age of 5
Our case  Hepatocellular Concurrently at No cancer Unknown Unknown
carcinoma, the age of 8 (parents)
osteosarcoma

the parents themselves did not have testing. The results showed a
germline missense mutation defined as ¢.722 C>T, p.Ser241Phe.
We treated with chemotherapy combined with total resection of
both tumors, and she has been disease-free for 13 months since
completion of therapy.
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Case
Report

doi: 10.5761/ates.cr.11.01848

Hepatoblastoma Metastasis Confined to the
Pulmonary Artery: Report of a Case

Yotaro Izumi, MD,' Ken Hoshino, MD,? Naoki Shimojima, MD,? Yasushi Fuchimoto, MD,?
Yuichiro Hayashi, MD,* Yasuhide Morikawa, MD,* and Hiroaki Nomori, MD'

Here, we report a case of hepatoblastoma metastasis to the left pulmonary artery which was
resected by left lingular segmentectomy plus left lower lobectomy in S-year-old girl. She had
previously undertaken right upper lobectomy and multiple lung partial resections on bilat-
eral lungs as hepatoblastoma metastatectomies. Prediction of postoperative pulmonary func-
tion based on perfusion scan merged with CT image and the measurement by CT volumetry,
showed that left lingular segmentectomy plus left lower lobectomy could preserve 78% of the
preoperative functional values and resection was done. Three weeks after the operation, her
condition recovered to the preoperative level. Pathological examination showed that the
metastasis was tumor embolism of hepatoblastoma which extended into the pulmonary arte-
rial wall, which to our knowledge, has not been previously reported.

Keywords: hepatoblastoma, pulmonary metastasis, pulmonary metastasis

Introduction

Hepatoblastoma, along with hepatocellular carcinoma,
is the most common malignant liver tumor in children
and is the third most common childhood malignant ab-
dominal tumor next to neuroblastoma and nephroblas-
toma."” Lung metastases of hepatoblastoma generally re-
spond sufficiently to initial chemotherapy. The improve-
ment of patient outcome with aggressive resection of lung
metastases is not always achievable, particularly in cases
in which metastases, which are not present at the time of
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diagnosis, appear during the course of treatment.” Never-
theless, resection is still the only treatment option for me-
tastases which are refractory to chemotherapy. To this
end, an accurate evaluation of the postoperative residual
lung function is important, and surgical resection should
be proactively considered if functionally feasible.

Case Report

A 5-year-old girl was diagnosed with hepatoblastoma
by liver biopsy, pretreatment tumor extension 4, which
was treated by systemic chemotherapy following the Jap-
anese Study Group for Pediatric Liver Tomor-2 protocol.
Response to chemotherapy 3 months later was progres-
sive disease, and she underwent liver transplantation.
Microscopic metastasis was detected in the perivascular
tissue of the surgical margin of the hepatic vein. After
liver transplantation, systemic irinotecan administration
(20 mg/m2/day, days 1 to 5, and 8 to 12) was initiated but
lung metastases developed.

In the period of 4 months following liver transplanta-
tion, left lung partial resection was done twice for each
one metastasis, right lung partial resection was done once
for 3 metastases, and right upper lobectomy for one
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Fig. 1

A tumor was suspected in the left lung hilum on chest computed tomography (CT). (A) On contrast enhanced

CT, hilar lymph node metastasis with invasion into the pulmonary artery was suspected. (B) Reconstructed

sagittal view. The tumor resided predominantly inside the left basal pulmonary artery with possible extensions

into A5 and A6.

metastasis was done along with systemic iritotecan ad-
ministration. Six months after liver transplantation,
serum level of alpha-fetoprotein (AFP) was elevated, 235
ng/ml (institutional standard value, under 20 ng/ml). On
contrast enhanced computed tomography (CT), hilar
lymph node metastasis with invasion into the pulmonary
artery was suspected. The tumor resided predominantly
inside the left basal pulmonary artery with possible ex-
tensions into A5 and A6 (Fig. 1A and 1B). Lingula seg-
mentectomy plus basal segmentectomy or lower lobec-
tomy was planned. Her respiratory function was vital ca-
pacity (VC): 0.90 liters, percent of predicted normal VC
(%VC) 78%, forced expiratory volume in 1 second
(FEVT) 0.80 liters, and percent of predicted normal FEV1
(FEV1%): 89%. The predicted respiratory function after
lingula segmentectomy plus lower lobectomy based on a
simple calculation of the number of remaining segments
was estimated to be approximately 60 % of the preopera-
tive values (9 of 15 segments remaining).” Lung perfu-
sion scan composed with CT images showed right lung to
the left lung ratio of 1:0.78, with decreased flow to the left
lower lobe, and lingula segment, 17%, and 5% of the total
estimated pulmonary blood flow, respectively. Together
with CT volumetry calculations, the respiratory function
after lingula segmentectomy plus lower lobectomy was
estimated to be approximately 78% of the preoperative

(3]

values (VC: 0.72 liters, %VC: 61%, FEV1: 0.62 liters,
FEV1: 69%). She was able to run the hospital corridor for
at least 200 meters with sustained oxygen saturation by
pulse oximetry at 98%. Since respiratory function predic-
tion by subsegments counting has been reported to result
in underestimation,” we collectively assessed that lingula
segmentectomy plus lower lobectomy was tolerable in
this patient.

Fifth rib bed thoracotomy was done, and the pleural
adhesions from previous surgery were dissected. The left
main pulmonary, A6a, A6b +c, A8 + 9 + 10, A4, and A5
were taped. The tumor was detected by ultrasound in the
A8 + 9 + 10 basal pulmonary artery, but the exact extent
could not be clearly depicted. No lesions were apparent in
the lung or the left hilum, and the tumor seemed to be
confined to the pulmonary arterial lumen. The blood
flow of the interlobar pulmonary artery and its branches
was tourniquet interrupted and an incision was made, on
the distal part of A8 + 9 + 10, to visualize the tumor.
Macroscopically, the tumor seemed to reside within the
pulmonary vessel wall with extension into the vessel
lumen. Proximally, the tumor extended beyond the bifur-
cation of A6 and A4 (Fig. 2A and 2B). Preservation of
the lingula segment or S6 was not considered possible,
and left lingula segmentectomy plus lower lobectomy was
done. On histology, tumor cells similar to the previously
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Fig.2 Intraoperative findings. A vessel tourniquet was placed on the left A4, A5, A6a, and A6b + c. (A) The intravas-

Hepatoblastoma M. is to the Pul

ry Artery

cular tumor was observed from the incision on the left basal pulmonary artery (arrow). (B) The incision on the
left basal pulmonary artery was extended proximally. The tumor seemed to occupy not only the vessel lumen
but also the vessel wall (arrows). The tumor extended proximal to the bifurcation of A6a and Ad.

Fig.3 Histological findings of the resected specimen. (A) On haematoxylin and eosin staining, tumor cells similar to
the previously resected hepatoblastoma, were seen within an organized thrombi with extension into the vessel

wall. (B) Elastica van Gieson staining showed that the internal elastic membrane of the vessel was intact, sug-
gesting that the lesion was a tumor embolism, which extended into the vessel wall.

resected hepatoblastoma were seen within an organized
thrombi with extension into the vessel wall (Fig. 3A).
Elastica van Gieson staining showed that the vessel inter-
nal elastic membrane was intact (Fig. 3B). The cells pres-
ent in the resected specimen appeared to be viable, and
the effect of chemotherapy was considered to be mar-
ginal. The resected margin of the pulmonary artery was
negative. Metastasis was not seen in the resected #11
lymph node. Tumor thrombus formation was not apparent
in other regions of the resected specimen.

— 366 -

Mechanical ventilation was required for 7 days after
surgery, but the patient regained preoperative performance
status, i.e. 0, 3 weeks after surgery. Her respiratory func-
tion at 4 months after surgery was VC 0.80 liters, %VC
63%, FEVI1 0.69 liters, FEV1% 92%, which was slightly
better than the estimated postoperative respiratory func-
tion. Irinotecan was continued postoperatively. Tumor re-
currence at the left lung hilum was suspected on CT 4
months after surgery. Although radiological changes due to
surgical manipulation could not be completely ruled out,
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taken together with the slightly elevated serum level of
AFP (24 ng/ml), the lesion was irradiated. The left hilar le-
sion became undetectable after irradiation. Six months
after surgery, the patient is without definitive residual dis-
ease, and serum AFP level is also normalized.

Discussion

The lung is known to be the most common site of me-
tastasis for hepatoblastoma, but to our knowledge, metas-
tasis confined to the pulmonary artery has not been re-
ported. In the present case, the tumor was suspected to be
tumor embolism which extended into the vessel wall.
From the extent of the tumor in the present case, removal
of the intravascular tumor followed by vessel plasty was
considered to be insufficient, necessitating lung resection.
The etiology of this metastasis is not clear, but as is fre-
quently seen in hepatocellular carcinoma, the residual
tumor at the hepatic vein margin may have somehow ex-
tended to the pulmonary circulation. To our knowledge,
the impact of immunosuppression on the outcomes of
liver transplantation for hepatoblastoma is still not estab-
lished. As is in this patient, considering the exposure to
chemotherapy throughout the course of treatment, it is
possible that immunosuppression could be reduced in
these patients thereby potentially decreasing the risk of
recurrence as well as new malignancies.” To this end,
further data accumulation is needed.

Since multiple pulmonary resections including a
lobectomy had been previously performed on this patient,
an accurate prediction of postoperative lung function was
necessary. To this end, evaluation of lung perfusion scan
fused with CT images, CT volumetry calculations,” and
exercise capability, all proved to be very useful rather

than resecting segments counting. The actual postopera-
tive function was better than the predicted values. This
could have been due to variances in the measurements, or
may imply that compensatory lung growth occurred in
this young patient.”

Disclosure Statement

None.
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