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Abstract Neuroblastoma is known for its peculiar cel-
lular kinetics, which has provoked some controversy
regarding surgical treatment. Highly sensitive exploration
systems using reverse transcription polymerase chain
reaction (RT-PCR) methods have been developed to detect
neuroblastoma cells. In our series of 49 patients with
advanced neuroblastoma, circulating tumor cells (CTC)
were detected by this system in 55.6% of the stage 4
patients who were examined, suggesting that the primary
lesion may release tumor cells into the peripheral blood.
The Kaplan—Meier survival rate was significantly lower
among the patients with CTC or chemotherapy-insensitive
bone marrow micrometastasis, compared with those with-
out detectable micrometastasis (33.8 vs. 87.5%, P < 0.05).
In contrast, a stage 3 patient with MYCN amplification
exhibited drastic local relapse without systemic dissemi-
nation of the disease. Two patients were positive for CTC
without an identifiable primary site. These observations
indicate that the local growth of the primary tumor and
tumor cell dissemination may be regulated by different
molecular mechanisms in neuroblastomas. MYCN ampli-
fication seemed to be more closely associated with local-
ized tumor growth but was minimally correlated with CTC
positivity. High-risk neuroblastoma may include two sep-
arate subgroups characterized by different cellular kinetics:
a local risk cohort and a systemic risk cohort. Surgical
strategies for neuroblastoma should be determined with
taking this cellular kinetics into consideration.
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Department of Pediatric Surgery, Keio University,
School of Medicine, 35 Shinanomachi,
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Introduction

Surgical treatment for neuroblastoma has been controver-
sial. Without a doubt, surgery is a major therapeutic tool
for macroscopic lesions. However, not only macroscopic
tumors, but also the invisible spreading of tumor cells must
be considered in cancer treatment strategies. This consid-
eration is especially important for neuroblastomas, because
neuroblastoma has peculiar cellular kinetics. Methods for
detecting extremely small amounts of neuroblastoma cells
have been developed and applied clinically to some extent,
providing some suggestions regarding the cellular kinetics
of this disease. On the other hand, the prognostic signifi-
cance of micrometastasis has not been established for
neuroblastomas. In the current review, these problems are
described and our own experiences are presented.

Cellular kinetics of neuroblastoma

The unique clinical features are well known in neuroblas-
toma. Classically, a proportion of infantile patients who
show massive metastases to the liver, bone marrow, and
skin despite the presence of a small primary tumor has been
described and is known as “stage IVS™ [1]. The sponta-
neous regression of both the primary tumor and metastases
are commonly observed in this unique population. Subse-
quently, the role of nerve growth factor and its receptor, trk
A, has been clarified in the mechanism of the apoptosis of
infantile neuroblastoma [2]. Previously, we reported a
series of older cases of neuroblastoma that had no
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radiologically identifiable primary tumor despite massive
systemic metastases [3]. These clinical observations sug-
gest that the local growth of the primary tumor and the
systemic spreading of the tumor cells may be controlled by
separate molecular mechanisms in neuroblastomas. The
respective factors affecting the growth of primary and
metastatic neuroblastomas have not been fully identified at
present. How the primary tumor and the metastatic tumors
grow independently also remains unknown. From the
clinical point of view, studies on the mechanism of this
peculiar form of cellular kinetics for neuroblastoma are
definitely important in relation to the control of tumor
growth and spreading.

Detection of neuroblastoma cells

To trace the cellular kinetics, the development of a highly
sensitive method is required to detect neuroblastoma cells.
Several methods have been developed to detect tumor cells
with a very high sensitivity for some cancers. Immunocy-
tochemical methods can detect tumor cells with a sensi-
tivity of 1/10,000, and clinical applications of these
methods have often been reported for patients with leuke-
mia [4-6] as well as neuroblastoma [7, 8]. In the 1980s,
molecular biological techniques became widespread. Using
reverse transcriptase polymerase chain reaction (RT-PCR)
method, a selected sequence of tumor-specific genomic
mRNA can be amplified and visualized, enabling the
detection of tumor cells amidst more than 10° mononuclear
cells. More recently, nested PCR or a second PCR to
increase the sensitivity even further as well as quantitative
PCR have become more common. Several researchers have
reported that the quantitative evaluation of the minimal
residual disease might provide a higher prognostic value in
the selected cancers including neuroblastoma [9-11].
These techniques enable the detection of micrometastases
that are totally undetectable using conventional radiologi-
cal imaging tools and microscopic exploration. Several
trials, including our own, have explored the presence of
extremely low levels of neuroblastoma cells in the
peripheral blood and bone marrow [9, 12-17] (Fig. 1).
On the other hand, the most suitable molecular marker
for specific cancers has not been established for many
malignancies. Some markers provide a higher sensitivity,
but a lower specificity. Tyrosine hydroxylase, PGP9.5 [18,
19], and, more recently, GD2 synthetase [20], GAGE [21],
and cyclin D1 [22] have been named as specific markers of
neuroblastoma cells. More than 95% of neuroblastomas
exhibit a catecholamine biosynthesis pathway in their
tumor cells [23]. Tyrosine hydroxylase is the first and rate-
limiting enzyme of this pathway, and specifically expressed
in most neuroblastoma cells. Thus, tyrosine hydroxylase

@ Springer
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Fig. 1 Exploration of bone marrow micrometastasis of neuroblas-
toma using a single PCR method. Lanes I and 2 IMR-32 cell line as
the positive control. Lanes 3—6 bone marrow samples harvested from
four neuroblastoma patients. Case 3 (Lane 5) showed positive signal
for neuroblastoma at 256 bp, as observed in the positive control

mRNA is most commonly used as a molecular marker for
neuroblastoma cells. Practically, several types of tyrosine
hydroxylase mRNA synthesized using alternate splicing
in exons 1 and 2 have been identified [24-26]. Therefore,
the primers are usually designed to encode a common
sequence region so as to detect all types of tyrosine
hydroxylase mRNA [27].

The appropriate sensitivity of the PCR exploration is
another problem that remains unsolved. The expression of
genomic mRNA by contaminated leucocytes in a very
small amount has been described as ectopic RNA. Two-
step PCR methods possibly detect these non-specifically
expressed mRNA [28]. Future clinical studies may be
directed to standardize the methodology employed to
detect micrometastatic neuroblastoma. Therefore, at pres-
ent, all the staging and risk grouping systems are based on
light microscopic observation.

Circulating tumor cells

In our own series of 49 patients with advanced neuro-
blastoma, who were treated between 1991 and 2007, cir-
culating tumor cells (CTC) in the peripheral blood were
detected in 55.6% of the stage 4 patients using our previ-
ously described single RT-PCR method [29]. The above
two patients who exhibited massive metastases without an
identifiable primary site also presented CTC positivity
regardless of MYCN copy numbers. All the deaths in this
cohort of patients with CTC were related to the systemic
dissemination of the disease. CTC positivity was not
detected in any of the stage 3 patients at this sensitivity
level. The detection of CTC was not associated with
MYCN amplification. The positive rate was 44.4% among
the patients with amplified MYCN and 46.2% among the
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patients with a single copy of MYCN [29]. Clinically, 75%
of the patients who developed relapse with disseminated
metastasis, had a single copy of the MYCN oncogene,
whereas all the patients who developed local tumor relapse,
showed amplification of MYCN (although the number of
patients in this group was not large) [3].

These clinical observations suggest the following hypo-
thetic model explaining the cellular kinetics in neuroblas-
tomas. Tumor cells may grow at the primary site and,
simultaneously, translocate into the peripheral blood as
CTC to form distant metastases, which may be regulated by
molecular mechanisms other than those controlling the local
tumor growth (Fig. 2). Potentially, these primary and met-
astatic lesions may both become sources of CTC. Although
the amplification of the MYCN oncogene is closely asso-
ciated with localized tumor growth, it may be minimally
correlated with the systemic dissemination of the disease.

In addition, these observations highlighted the existence
of two clinical subgroups exhibiting different cellular
kinetics in advanced neuroblastoma patients: a systemic
risk cohort with CTC positivity, and a local risk cohort
characterized by MYCN amplification but without micro-
metastasis. These two cohorts may correspond to the two
categories in the INRG high-risk group [30].

Prognostic significance of micrometastasis

Although the prognostic significance of micrometastasis or
CTC in the peripheral blood is better established for some
of the hematological cancers, it remains controversial in
neuroblastoma [9, 12—-15]. We reported previously that the
Kaplan—-Meier survival rate was 42.0% in patients with
CTC positivity in our series, and was definitely lower than
that of 90.0% of the patients with no detectable CTC [29].
In our series, micrometastasis to the bone marrow was
detected in 72.2% of the stage 4 patients who were
examined. The positive rate was 85.7% in the patients with
CTC positivity and 50% in the patients without detectable

Tumor cell
translocation

Fig. 2 Hypothetic model for cellular kinetics of neuroblastoma

tumor cells in the peripheral blood. The temporary
appearance of bone marrow micrometastasis did not affect
the clinical outcome in our series. However, the persistent
bone marrow micrometastasis after chemotherapy, which
was detected in half of the patients, seemed to be associ-
ated with a poor prognosis. Combining these results, the
Kaplan—-Meier analysis showed a statistically significant
difference in the survival rate between patients with CTC
positivity and/or persistent bone marrow micrometastasis
and those without detectable micrometastasis (33.8 vs.
87.5%; P < 0.05). Thus, our observations support a
hypothesis that the presence of micrometastasis can be
regarded as an independent clinical risk factor other than
MYCN amplification, and has strong clinical implication
on the determination of treatment strategy in advanced
neuroblastoma. Similar observation regarding the bone
marrow micrometastasis was also reported from Japan
[31]. In addition, since these micrometastases are often
chemotherapy resistant, they may include a cancer stem
cell-like population of neuroblastoma cells, such as side
population cells or tumor-initiating cells. More recently,
Hansford et al. [32] succeeded in identifying a highly
tumorigenic cell population in the bone marrow of neuro-
blastoma patients. Future study may be directed to control
the proliferation of these cell populations.

Optimal local treatment

In recent concepts for neuroblastoma surgery, risk assess-
ment has been emphasized in the design of surgical strat-
egies. Different strategies should be applied according to
the risk assessment. Image-defined risk factor (IDRF) is a
recently proposed concept used to evaluate image diag-
nostic findings in a standard manner in relation to the risk
groupings of neuroblastoma [33]. In infants with low or
intermediate risks who exhibit IDRFs, surgical extirpation
may be abandoned. The risk benefit balance of surgical
treatment and presumably a benign tumor biology deter-
mine the surgical strategy. An analysis of molecular
markers provides important information regarding the
biological features of tumors, enabling surgical risks to be
avoided.

Among the high-risk patients, aggressive surgery would
benefit patients in the local risk cohort the most. In con-
trast, for those in the systemic risk cohort, the clinical
impact of intensive surgical treatment remains unestab-
lished [34]. Several studies, including ours, have demon-
strated the clinical significance of intensive local treatment
for neuroblastoma patients with stage 4 disease, whereas
other studies have not [35-37]. We previously observed
that no local relapse occurred after completing total
resection of the primary tumor, systemic lymph node
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dissection, and intraoperative radiation (IOR) [35]. Nev-
ertheless, all the patients with macroscopic residual tumor
died within 1 1/2 year after surgery because of systemic
metastasis in this series. These observations suggest that
surgical eradication may be essential for long-term survival
in all patients with high-risk neuroblastomas. The primary
tumor might still act as a source of neuroblastoma cells
which are released into the peripheral blood, even after
chemotherapy and IOR, possibly resulting in systemic
relapse. Hypothetically, local control may also play an
important role in controlling the systemic dissemination of
the disease. If so, reducing the surgical intensity could be
considered dangerous also in patients with metastasis.
Further studies would be still required to determine if
surgical intensity could be reduced even for the cases of the
systemic risk cohort.

On the other hand, an interesting clinical trial is now in
progress in Japan. This novel trial is characterized by non-
stop chemotherapy until mega-therapy with stem cell
transplantation, combined with delayed local therapy,
including surgery, until the end of the treatment course
[38]. The most beneficial aspect of this new protocol is the
avoidance of delays in chemotherapy because of surgical
complications.

Consideration of quality of life during the distant
post-therapeutic period

Another aspect that should be considered when deciding on
the surgical strategy is the securement of a satisfying post-
therapeutic quality of life. A high incidence of morbidity
has been associated with intensive local treatment [39, 40].
IOR can be used to control the primary site completely;
however, the morbidity rate after intensive surgery with
IOR was as high as 33.3% in our series. Renal vascular
problems were seen in 15.2% of the patients, representing
the most common complication after IOR [41]. Thus,
modern surgical guidelines for advanced neuroblastoma
recommend less harmful surgery and lymph node sampling
instead of systemic dissection, and direct to avoid resection
of surrounding organs.

Conclusions

In summary, both local and systemic risk must be consid-
ered when deciding on a surgical strategy. Some of the
clinical observations presented above suggest that local
control and systemic control therapies for neuroblastoma
may interfere with each other. Therefore, a suitable balance
between local and systemic therapy is extremely important
for the treatment of neuroblastoma. The suitability of

@ Springer

surgical therapy for neuroblastoma should be discussed
also based on the observations of the cellular kinetics.
Molecular biological tools may help pediatric surgeons to
make appropriate decisions by providing a more detailed
risk assessment in relation to the cellular kinetics.
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Abstract

Background: The current survey aimed to describe the clinical features of critical infantile hepatic
hemangioma (IHH) and the implications of recent treatments.

Materials and Methods: A nationwide survey of critical [HH patients treated between 2005 and 2010
was performed in all 117 registered pediatric surgical hospitals in Japan. As a result, 19 patients were
identified and reviewed using a statistical analysis.

Results: Abdominal distention (47.4%), high-output cardiac failure (47.4%), coagulopathy (42.1%), and
respiratory distress (31.6%) were the major symptoms. Three patients died (1 of coagulopathy, 1 of cardiac
failure, and 1 of both). An accompanying portovenous shunt was also highlighted. Infantile hepatic
hemangioma was totally insensitive to steroid treatment in 3 (23.1%) of the 13 patients, and 9 (47.4%) of the 19
patients required other treatments. Surgical resection and S-blocker improved the hematologic data, whereas
hepatic arterial ligation and embolization seemed to produce a limited effect. Among the dead patients, several
hematologic parameters were significantly worse: the thrombocyte count (pretherapeutic: 73 000 vs 300 000/
mm?, dead vs survivor, respectively [P < .03]; posttherapeutic: 66 000 vs 388 700/mm? [P < .003]) and the
prothrombin time (posttherapeutic, 35.0 vs 12.1 seconds [P < .0001], dead vs survivor, respectively).
Conclusion: For critical THH cases with steroid-insensitive hematologic disorders, alternative treatments
including B-blocker therapy, surgery, and liver transplantation should be considered.

© 2011 Elsevier Inc. All rights reserved.
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A certain proportion of hepatic hemangiomas seen in
neonates and infants has been known to cause critical
complications such as high-output cardiac failure and
coagulopathy and are considered potentially fatal. This
subtype of infantile hepatic hemangioma (IHH) is rare but
may be regarded as a distinct clinical entity because of its
unique and critical features. Nevertheless, the precise clinical
features of THH including the predictive risk factors are not
well known. Steroid treatment is most commonly used for
hemangiomas; however, the efficacy for the IHH patients has
not been established. On the other hand, novel therapeutic
options such as f-blocker therapy and liver transplantation
have been applied to the critical cases. The current
nationwide survey aimed to describe the clinical features
and the implications of treatment options for critical IHH.

1. Materials and methods

A primary survey on IHH was sent to all 117 pediatric
surgical institutions nationwide that are registered with the
Japanese Society of Pediatric Surgeons after receiving the
permission of the academic board of the association. Based on
the results of the primary survey, a more detailed secondary
survey was mailed to the 38 institutions that possibly treated
the THH patients during the last 5 years. Nineteen IHH infants
(8 males and 11 females) who required treatments under the
age of 1 year, between January 2005 and December 2010,
were identified in 11 institutions by the secondary survey and
were involved in the current study. The patients were treated
respectively according to the local protocol of each hospital
for THH. Their relevant clinical courses, biochemical and
hematologic data, pathologic images, and radiologic images
were collected to construct a database and then analyzed
using a statistical analysis (¢ test) under the permission of
the institutional review board of the National Center for
Child Health and Development (No. 2010-440).

The age at the time of diagnosis ranged from 0 to 9
months (median, 1 month), the birth weight ranged from 966
to 3340 g (median, 2757g), and the gestational period ranged
from 27 weeks and 3 days to 41 weeks and 3 days (median,
38 weeks and 3 days).

2. Results
2.1. Clinical symptoms

Abdominal distention (47.4%), high-output cardiac
failure (47.4%), coagulopathy (42.1%), and respiratory
distress (31.6%) were the major symptoms. Liver dysfunc-
tion (15.9%), renal failure (10.6%), hepatosplenomegaly
(5.3%), hypertrophic cardiomypathy (5.3%), hypothyroid-
ism (5.3%), and failure to thrive (5.3%) were also observed.
Hypergalactosemia with hyperammonemia was observed in
2 patients, and congenital cystic adenomatoid malformation

of the lung and Beckwith-Wiedemann syndrome was
observed in 1 patient each. Three patients in the series died
during the neonatal period: 1 died of coagulopathy, 1 died of
cardiac failure, and | died of both coagulopathy and cardiac
failure. The lesions were located in the 4 segments of the
liver with a similar incidence. Four patients (21.1%) had
extrahepatic hemangiomas, all of which were skin lesions.

Eleven patients had a solitary lesion, whereas 8 patients
had multifocal lesions (2-10 lesions) in the liver. The size of
the lesion ranged from 25 to 100 mm in the maximum
diameter. Of the 3 patients who died, 2 had a huge solitary
lesion (>80 mm in the maximum diameter) and another had
multifocal lesions; however, no significant correlation was
observed between the tumor size and prognosis in the present
series. Histopathologic data were available for 7 patients; a
hemangioendothelioma was observed in 3 patients (type 1 in
1, subtype unknown in 2), a cavernous hemangioma was
observed in 3, and a large portohepatic venous shunt was
observed in 1 after the regression of IHH. Of the 3 patients
with hemangioendothelioma, 2 died, whereas all the patients
with cavernous hemangioma survived.

2.2. Treatments

Prednisolone (0.5-10 mg/kg) was administered to 13
patients for a period of 3 days to 9 months; 3 of these patients
experienced complete remission of the lesion, and 7 showed
a partial regression. However, THH was totally insensitive to
steroid treatment in 3 patients (23.1%), and 9 (47.4%) of the
19 patients required treatment other than steroids. o-
Interferon and vincristine were each administered to 1
patient, but only minimal responses were observed. In
contrast, a patient who was given 2.5 mg/kg of propranolol, a
p-blocker, exhibited a rapid improvement of hematologic
data within a week after administered. Two patients under-
went radiation therapy (2-3.5 Gy) at the age of 0 to 1 month,
which also induced the regression of IHH. Hepatic arterial
embolization was performed in 1 steroid-resistant patient at
the age of 0 month; however, the hepatic lesion and the
hematologic data did not improve significantly, and the
patient died. Four patients underwent surgical intervention: a
hepatic resection was performed in 3 patients, and hepatic
arterial ligation was performed in 1 patient. Surgical
resection sufficiently improved the thrombocyte count
(206,300 + 258,800 to 400,700 + 97,200/mm?>) and the
prothrombin time (PT) (28.5 + 18.9 to 13.0 + 1.6 seconds),
whereas hepatic arterial ligation had a limited effect.

A patient with multifocal lesions developed hepatic
vascular malformation with progressive liver dysfunction
after the regression of IHH as a result of steroid therapy and
subsequently underwent a liver transplantation at the age of |
year and 10 months.

Three dead patients were all treated with steroid initially
without sufficient response, then one of them underwent
embolization, and another received vincristin, which all
failed to control the critical conditions.
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2.3. Risk assessment

‘Among the pathologic, cardiac ultrasonographic, bio-
chemical, and hematologic parameters that were assessed in
relation to the prognosis, no significant difference was
observed in the biochemical parameters of liver function
and cardiac ultrasonographic parameters between the
patients who died and those who survived. Only the
thrombocyte count (73 300 = 52 900 vs 300 000 £ 195 600/
mm? before treatment [P < .03], 66 300 = 20 200 vs 388
700 =+ 118 300/mm?> after treatment [P < .003]) (Fig. 1) and
the posttherapeutic PT (35.0 + 14.7 vs 12.1 + 1.4 seconds
[P < .00017) (Fig. 2) exhibited significant deterioration
among the patients who died. Furthermore, these hemato-
logic parameters improved after treatment in the survivors,
whereas they deteriorated even after treatment in the
patients who died.

3. Discussion

Hemangioma is a benign vascular endothelial neoplasm
and one of the most common benign tumors seen in the
liver during childhood [1]. However, the description of its
natural course is still confusing in the literatures. Although
most hepatic lesions are asymptomatic, a very small
proportion leads to the development of critical pathophys-
iologies such as high-output cardiac failure and micro-
angiopathic consumptive coagulopathy because of the
highly increased vascular bed within the tumor. Conse-
quently, patients may experience a fatal clinical course,
often during the first year of life. Recently, Christison-
Lagay et al [2] reviewed the previous reports on the critical
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Fig.1  Pre- and posttherapeutic platelet counts. Platelet count was
not improved after treatment in the patients who died. Both pre- and
posttherapeutic platelet counts were significantly deteriorated in the
patients who died. Open circles indicate patients who survived;
closed circles, patients who died.
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Fig. 2 Pre- and posttherapeutic PT. Posttherapeutic PT was
significantly deteriorated in the patients who died. Open circles
indicate patients who survived; closed circles, patients who died.

hepatic hemangiomas and proposed that critical IHH be
regarded as a distinct clinical entity. They also pointed out
that diffuse lesions are more closely associated with critical
complications. Nevertheless, because of the rarity of the
patients, the precise clinical features and the treatment
strategy for critical THH have not yet established. To
describe the precise clinical features in relation to the risk
assessment and to study the efficacy of novel treatment
options for fatal symptoms, the current survey aimed to
accumulate the latest clinical information on critical IHH
patients nationwide by surveying all registered pediatric
surgical institutions in Japan.

Nineteen infantile patients who underwent treatment for
IHH during the last 5 years were identified throughout Japan.
The current series is not large despite a nationwide search
because only the recent patients were targeted to assess the
modern therapies. Although half of the patients required
alternative therapeutic options other than steroids, 16 of the
19 patients survived. Critical circulatory failure and
respiratory distress were again highlighted as the major
symptoms in the current series. In addition, liver dysfunction
and renal failure were also observed as potentially coexisting
pathophysiologies. Hypothyroidism, that was often de-
scribed in the previous reports, was observed in only 1
patient in the present series, suggesting that potential
hypothyroidism in IHH might not be assessed completely.
Of 4 syndromic patients, 2 were considered to have
hypergalactosemia arising from a portovenous shunt. In 1
case, a large portovenous shunt developed after the
regression of the hepatic lesions, and a liver transplantation
was subsequently required at the older age. Future study is
necessary to clarify whether a portovenous shunt may
congenitally coexist with vascular neoplasms or is acquired
by the transformation of a hemangioma.
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In the present survey, not only the patients with diffuse
lesions but also those with solitary lesions died of the critical
pathophysiologies unlike the previous observations have
suggested. Regarding the histopathology, hemangioendothe-
lioma, especially type 2 disease, is reportedly associated with
rapid growth and critical symptoms [3]. The current
observation suggests that any subtypes of hemangioendothe-
lioma may be potentially associated with high risk. Among
the clinical parameters, a decreased platelet count and a
prolonged PT are significantly associated with a fatal
outcome. The unresponsiveness of hematologic data to the
initial therapy may be strongly predictive for high risk than
diffuse radiologic findings. Because all of the dead patients
died within 30 days after birth, the rapid improvement of
critical condition in response to the treatment is thought to be
necessary for survival.

Regarding treatment, steroid therapy has been considered
the gold standard for hemangioma; however, almost a
quarter of the patients did not show any response to steroids
in the present series. Other than steroid therapy, o-interferon
therapy, chemotherapeutic agents such as vincristin [4,5],
actinomycin D, cyclophosphamide [6], and more recently,
propranolol (a -blocker) [7,8] have also been reported to be
effective for the medical treatment of hemangiomas,
including THH. In the current series, interferon, vincristine,
and propranolol were administered to steroid-resistant
patients, but only propranolol rapidly improved the hema-
tologic disorders.

Arterial embolization has also been reported to be
effective for the treatment of steroid-resistant IHH [97;
however, a steroid-resistant case that underwent emboli-
zation in the current series did not exhibit an improve-
ment in coagulopathy. Interestingly, a patient who
underwent a laparotomy and hepatic arterial ligation also
did not show a lasting effect. These observations suggest
that hepatic arterial intervention may not be capable of
strongly controlling the critical coagulopathy and tumor
growth. In contrast, a marked improvement in the
hematologic data was obtained after the surgical resection
of IHH. This may reflect the less critical condition of the
patients who were supposed to tolerate a laparotomy.
Liver transplantation is one of the latest therapeutic
options for IHH. According to the United Network for
Organ Sharing (UNOS) report [10] surveying patients of
all ages, 110 patients with an average age of 36 years
underwent 126 liver transplantations for hepatic heman-
gioendothelioma between 1987 and 2005, and the 5-year
survival rate was 64%. Markiewicz-Kijewska et al [11]
reported 4 infantile cases of urgent liver transplantation
for hemodynamic failure. Thus, transplantation may be
indicated also for urgent cases with hemodynamic failure.

Based on the above observations, an algorithm of
treatment strategy for IHH may be summarized as shown
in Fig. 3. For critical IHH cases showing steroid-insensitive
thrombocytopenia and PT prolongation, novel therapeutic
options including f-blocker therapy, surgery, and liver
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Fig. 3 A proposed algorithm of treatment for IHH.
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transplantation should be considered urgently as the
alterative treatment.
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