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Abstract
gcpatob.lastoma, Background: The aim of this study was to assess the surgical strategies for unresectable hepatoblastomas
WEETY: at the initial diagnosis based on the experience of two institutions.

Liver resection;

: : Methods: The PRETEXT (Pretreatment evaluation of tumor extent) and POST-TEXT (Post treatment
Liver transplantation

extent of disease) staging, surgical treatments, and clinical outcomes were retrospectively analyzed for 12
cases with PRETEXT III or IV and M(-) of 29 hepatoblastomas treated based on the JPLT-2 (The
Japanese Study Group for Pediatric Liver Tumor-2) protocol at two institutions between 1998 and 2011.
Results: Two of the 9 cases with PRETEXT III status were downstaged to POST-TEXT II. One of the 3
cases with PRETEXT IV showed downstaging to POST-TEXT III. Four of the 7 cases with P2 or V3
(indicated for liver transplantation) in the PRETEXT staging system showed P2 or V3 in POST-TEXT
staging after 2 cycles of CITA (JPLT-2 standard regimen), and one case showed P2 or V3 in POST-TEXT
staging at the initial operation and underwent primary liver transplantation. The initial surgical treatments
were 1 lobectomy, 2 segmentectomies, 6 trisegmentectomies, 2 mesohepatectomies, and 1 primary liver
transplantation. Both patients who underwent mesohepatectomies had bile leakage, and 1 of 5
trisegmentectomies had an acute obstruction of the right hepatic vein. Two patients underwent rescue
living donor liver transplantation. Both of these patients showed P2 or V3 positive findings in POST-
TEXT staging after 2 cycles of CITA.

Conclusions: POST-TEXT staging and P and V factors should be evaluated after 2 cycles of CITA for
unresectable hepatoblastomas detected at the initial diagnosis. The patients should be referred to the
transplantation center if the POST-TEXT IV, P2, or V3 is positive at that time. Liver resection by
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trisegmentectomy is recommended in view of the incidence of surgical complications. Careful treatment,
such as back-up transplantation, should thus be considered for liver resection in the cases with POST-
TEXT 1V, P2, or V3 status after initial 2 cycles of CITA.

© 2012 Elsevier Inc. All rights reserved.

Hepatoblastoma is the most common childhood liver
tumor. Multicenter trials have made it clear that pre- and/or
postoperative chemotherapy is necessary to improve the
outcome of the treatment of hepatoblastoma [1,2]. The
Japanese Study Group for Pediatric Liver Tumor (JPLT)
established JPLT-1, the first nationwide protocol for liver
tumors in childhood, to improve the outcome in children
with liver tumors in Japan [3].

Furthermore, a refined version of the protocol, designated
JPLT-2, was opened to participating institutions in 1998. The
PRETEXT (Pretreatment evaluation of tumor extent) staging
system was adopted from SIOPEL (International Society of
Pediatric Oncology Liver Tumor Study Group) as an
internationally approved staging system for tumor localiza-
tion. All patients other than non-metastatic PRETEXT I
patients are subjected to preoperative chemotherapy. A
second-line regimen including ifosfamide is applied for
tumors showing chemoresistance. A protocol including high-
dose chemotherapy with autologous stem cell transplantation
is used for patients with metastatic disease. The JPLT2
protocol resulted in an improvement in the 5-year overall
survival rate (OS) in non-metastatic cases to 100% for
PRETEXT I, 87.1% for PRETEXT II, 89.7% for PRETEXT
III, and 71.2%, for PRETEXT IV. The 5-year OS in
metastatic cases was 43.9%. The outcome in unresectable
and metastatic tumors remained unsatisfactory [4].

Liver transplantation is the only option for those children
with disease contained to the liver that is deemed
unresectable after a predetermined course of chemotherapy.
Long-term survival of 80% to 90% has been reported in
children with unresectable hepatoblastoma who undergo
primary transplantation [5,6]. The excellent results of
primary liver transplantation for unresectable hepatoblas-
toma, in contrast to the poor outcomes reported in children
requiring rescue transplant for recurrence after a primary
resection, have led some surgeons to advocate for the
expanded use of primary transplantation [7].

There are questions associated with the surgical strategies
for PRETEXT III or IV hepatoblastomas such as the
following: Extensive liver resection or liver transplantation?
Which patients truly need total hepatectomy with liver
transplantation? When should this be decided? The in-
dications for liver transplantation of hepatoblastomas depend
on POST-TEXT (Post treatment extent of disease). The
consensus of indication is POST-TEXT IV or P2 (Involve-
ment of the main portal vein) or V3 (Involvement of all three
hepatic veins and/or the IVC) in POSTTEXT ([8]. P2 means
the involvement of the main portal vein. V3 means the
involvement of all three hepatic veins and/or the IVC [9].

The aim of this study was to assess the surgical strategies for
unresectable hepatoblastomas at the initial diagnosis. The
PRETEXT and POST-TEXT staging, surgical treatments,
and clinical outcomes were retrospectively analyzed for
PRETEXT III or IV and M (—) hepatoblastomas treated
based on the JPLT2 protocol at two institutions between
1998 and 2011.

1. Patients and methods

All 29 patients treated for hepatoblastoma at the
two institutions (Kyushu University Hospital and Kyoto
Prefectural University of Medicine Hospital) from 1998
through 2011 were retrospectively reviewed. This study
was performed according to the Ethical Guidelines for
Clinical Research published by the Ministry of Health,
Labor, and Welfare of Japan on July 30, 2003 (revised
2008) and complies with the Helsinki Declaration of 1964
(revised 2008).

The tumors were evaluated using state-of-the-art imaging,
including computed tomography; clinical staging was based
on PRETEXT (pretreatment extent of tumor) as applied in
SIOPEL [9,10]. M (metastatic), E (extrahepatic invasion), P
(main portal invasion), V (invasion of all three hepatic veins
or the vena cava), and R (rupture at diagnosis) were added as
annotations to PRETEXT staging.

All 29 patients with hepatoblastomas were treated based on
the JPLT2 protocol in principle [4]. Briefly, PRETEXT I
tumors were primarily resected, and PRETEXT II-IV cases
were treated with preoperative chemotherapy. At least two
courses of a combination of 80mg/m? cisplatin on day 1,
followed by 30 mg/m? pirarubicin on days 2 and 3, which was
designated CITA, were repeated preoperatively. CITA was
allowed to be substituted with transarterial chemoemboliza-
tion using 30mg/m? pirarubicin and 200mg/m? carboplatin
(CATA-L) at the discretion of the physician. CITA was
repeated until surgical resection became feasible. A combina-
tion of 3g/m? ifosfamide on days 1 and 2, 400mg/m?
carboplatin on day 3, 30mg/m? pirarubicin on days 4 and 5,
and 100 mg/m? etoposide on days 1-5 (ITEC) was given until
the tumor became resectable if CITA (CATA-L) failed to
induce PR (as defined below). Postoperative chemotherapy
was given to all cases. PRETEXT I and II tumors were treated
with four courses of half-dose CITA (low-CITA). PRETEXT
III, IV, and metastatic cases were treated with two courses of
CITA. Patients who required salvage with ITEC preopera-
tively were treated with two courses of ITEC.
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The PRETEXT and POST-TEXT staging, surgical
treatments, and clinical outcomes were retrospectively
analyzed for 12 cases with PRETEXT III or IV and M (-) L
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PRETEXT III disease, with P2 and V3 (Case No. 8). The
POST-TEXT staging after 2cycles of CITA was III, and P1
and V3. POST-TEXT staging at the time of initial operation
was III, and P1 and V2 after an additional 2 cycles of CITA,
and the patient underwent trisegmentectomy. Acute liver
dysfunction due to obstruction of the right hepatic vein
occurred after left trisegmentectomy. Living donor related
liver transplantation was performed 7days after left triseg-
mentectomy. Both of the 2 cases that underwent rescue liver
transplantation showed P2 or V3 positive in POST-TEXT
staging after 2 cycles of CITA.

There were some surgical complications among the 11
cases that underwent liver resections. Both of the 2 cases
with mesohepatectomies had bile leak complications, and
only one of 6 trisegmentectomies had acute obstruction of
right hepatic vein. There were 3 liver transplantations (one
primary transplantation and two rescue transplantations).
One of the 2 rescue transplantations had acute graft failure.
Therefore, 11 cases were alive with evidence of disease,
while 1 case died due to transplantation related complica-
tions (graft failure after 4 days of transplantation).

3. Discussion

The current Children’s Oncology Group (COG) hepato-
blastoma protocol (AHEP0731), determines tumor extent
from computed tomography (CT) imaging using the
PRETEXT system [10], which is now referred to as POST-
TEXT for studies obtained after treatment with neoadjuvant
chemotherapy. Children with POST-TEXT III or IV tumors
are referred to the pediatric liver transplant center and extreme
liver resection at diagnosis if possible and no later than just
after the secondcycle of chemotherapy. This strategy is
designed to prevent protracted courses of chemotherapy and
ensure expeditious access to transplant for truly unresectable
tumors. Meanwhile, Lautz et al. advocated that an excellent
oncologic cure, comparable with that reported for primary
transplantation, is possible with nontransplant resection in
appropriately selected children with POST-TEXT III or IV
hepatoblastomas [8].

The present study retrospectively analyzed the PRETEXT
and POST-TEXT staging, surgical treatments, and clinical
outcomes for 12 hepatoblastomas with PRETEXT III or IV
and M (-). Two of 12 cases with PRETEXT III or IV, showed
down staging in POST-TEXT after 2 cycles of CITA, and 1
case showed downstaging at the initial operation. Three cases
(25%) showed downstaging in POST-TEXT at the time of the
operation. Four of 7 cases with P2 or V3 in PRETEXT staging
showed P2 or V3 in POST-TEXT staging after 2cycles of
CITA, and one case showed P2 or V3 in POST-TEXT staging
at the initial operation, and then underwent primary liver
transplantation. Six cases (86%) showed down staging in P or
V factors at the initial operation. These 6 patients underwent
liver resection at the initial operation. However, both cases
that underwent rescue liver transplantation showed P2 or V3

Unresectable hepatoblastomas
(PRETEXT IV or P2 or V3 and M(-) )

CITA 2 cycles

| Evaluation of POST-TEXT (P,V factors) |

IV or P2 orvs/ w any of IV or P2 or V3

| Consultaion to transplantation cen!erJ ! Continue of chemotherapy]

* CITA 2 cycles *

' Evaluation of POST-TEXT (P,V factors) at operation

I\rorPZurV wnyofwornor\ﬂ J'

ionectomy ] |

| Liver Transplantation | | Liverr tion ( Tri

Fig.1 Plan of surgical strategies for unresectable hepatoblastomas.

positive in POSTTEXT staging after 2 cycles of CITA. In the
retrospective view of one patient (Case No. 3) who underwent
rescue liver transplantation, if medical insurance was
appropriate for transplantation for hepatoblastoma at right
lobectomy (second operation), liver transplantation should
have been performed. Another patient (Case No. 8) under-
went rescue liver transplantation because the drainage area of
RHV was extremely small, though the involvement of the
RHV (right hepatic vein) was not found at POST-TEXT
staging at the initial operation. Primary transplantation should
therefore have been performed in this case as well. Regarding
surgical complications, both mesohepatectomies had bile
leak complications.

Preliminary plan of a surgical strategy for unresectable
hepatoblastomas can be recommended from these results
(Fig. 1). POST-TEXT staging and P, V factors should be
evaluated after 2cycles of CITA. The patients should be
referred to the transplantation center if the POST-TEXT IV, or
P2 or V3 is positive at that time. The final decision to perform
either resection or transplantation should be determined based
on POST-TEXT staging and P, V factors after an additional
2cycles of CITA. Trisegmentectomy is recommended,
because mesohepatectomies have a high rate of surgical
complications, such as bile leaks. Careful treatment, such as
backup transplantation should therefore be considered for
cases presenting with POST-TEXT IV or P2 or V3 after the
initial 2 cycles of CITA.
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KEYWORDS Abstract Purpose: In the International Neuroblastoma Risk Group (INRG) classification
Neuroblastoma system, stage 4s was changed into stage MS in children less than 18 months of age. Stage
Stage 4s MS is defined as a metastatic disease with skin, liver and bone marrow, similar to INSS stage
Stage MS 4s. To evaluate the outcome of stage 4s cases in patients 12 months of age and over and to
Prognosis determine the appropriate treatment strategy.

Method: We performed a retrospective review of 3834 patients registered with the Japanese
Society of Pediatric Oncology and Japanese Society of Pediatric Surgeons between 1980
and 1998.

Results: The rates of stage 4s patients were 10.7%, 6.3% and 3.3% in patients of <11 months
of age, from =12 to <17 months of age, =18 months of age, respectively. The 5 year event-
free survival rates were 89.4%, 100% and 53.1%, respectively. The rates of MYCN amplifica-
tion and unfavourable histology were smaller in stage 4s groups than stage 4 groups in all
ages.

Conclusion: In the children 12 months of age and older, stage 4s cases are markedly different
from stage 4 cases in regard to the clinical features and prognosis. The prognosis of stage 4s
cases from =12 to <17 months of age is excellent. The concept of stage MS appears to be
appropriate.
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1. Introduction

Neuroblastoma is the most common extra cranial solid
tumour in childhood. The prognosis of the disease is lar-
gely dependent on the age of the child and the extension
of the tumour at diagnosis. In general, the prognosis for
neuroblastoma in infants is much more favourable than
in older children. Stage 4s neuroblastoma, first described
by Evans, is a special metastatic disease for patients <12-
months-old associated with a favourable prognosis.'?
Although these patients have wide metastatic disease, they
have a favourable prognosis and also have high rates of a
spontaneous regression. The stage 4s neuroblastoma is
defined as an infant <12-months-old with metastases
restricted to the liver, skin, and/or bone marrow, in which
the primary tumour is localised (stage 1 or 2).

Recently, the International Neuroblastoma Risk
Group (INRG) classification system was developed in
order to establish a consensus approach for pre-treatment
risk stratification. The new International Neuroblastoma
Risk Group Staging System (INRGSS) was developed
for the INRG.** To classify neuroblastoma patients by
INRG classification system, we used the criteria of INRG
stage, age, histological category, grade of tumour differen-
tiation, M YCN status, 11q aberrations and tumour cell
ploidy. In this INRG system, stage 4s changes to stage
MS in children <18 months old. Stage MS is defined as a
metastatic disease with special features, similar to INSS
stage 4s, although there is no restriction regarding the size
of the primary tumour. The metastases are restricted to the
skin, liver and bone marrow. Age is not a component of
the definition of stage MS.>* Therefore, stage MS includes
children aged from more than 12 months to less than
18 months of age. Conventionally, an age of > 12 months
has been the reference point for decisions for stage 4 neu-
roblastoma. Recently, an age cutoff of 18 months was pro-
posed in a large-scale research study.’

The present study was undertaken to clarify how high
the frequency of the stage 4s cases of =12 months and
to clarify whether the prognosis is excellent or not for
a decision-appropriate treatment strategy. This is the
first report of stage 4s neuroblastoma in patients
=12 months of age.

2. Patients and method

A retrospective review of 3834 patients with neuro-
blastoma was performed. The patients were registered
with the Committee of Neuroblastoma in the Japanese
Society of Pediatric Oncology and Japanese Society of
Pediatric Surgeons between 1980 and 1998.

The patients were divided into three groups: <11-
months of age, =12 to <17-months of age and >18-
months of age.

From these three groups, we extracted the cases suited
for stage 4s. The cases of metastasis were limited to the

skin, liver or bone marrow. The primary tumours were
observed within the tumour capsule (C;) or outside the
tumour capsule but not beyond the midline (C,;) and
without contra lateral regional lymph node, in other
words, the tumour of stage 3 was omitted. The maximum
diameter of the primary tumours is less than 10 cm. In
infancy, the stage 4s definition excluded bone marrow
metastasis with more than 10% tumour cell infiltration.
However, in this study, the ratio of the infiltration
tumour cells is not considered in the stage 4s cases
>12 months old. Thereafter, we examined the frequency
of these extracted cases and compared the clinical feature
and prognosis of stage 4 with those of 4s cases.

The stage 4s cases <12 months old were given either six
cycles of the low-dose regimen, consisted of a low-dose of
cyclophosphamide and vincristine over a 2-week period to
shrink the tumour, followed by surgical resection. Stage 4
cases were treated with intensive chemotherapy consisting
of cyclophosphamide and pirarubicin, cisplatin, vincristine
or etoposide. Infants less than 12-months old were treated
with reduced dosages. After 1992, many cases, especially
cases with M YCN amplification, received high-dose chemo-
therapy with stem cell transplantation.

Amplification of the M YCN had been studied in chil-
dren with those tumours since 1990 in JAPAN.

The histology of the primary tumour was mandatory
to allow diagnosis of the neuroblastoma according to
the International Neuroblastoma Pathology Classifica-
tion, with the central review system by the Committee
of Japanese Pediatric Tumor Pathology since 1994.

2.1. Statistical analysis

The Kaplan and Meier product limit methods were
used to estimate the event-free survival (EFS) and the
over-all survival (OS). The EFS calculated from diagno-
sis to the first event; relapse, progression or death
(exception of other reason death). OS is calculated from
diagnosis to death, excluded other reason death.
Because the number of the events of each group was
very small, we omitted the other reason death not to
make bias. The Cox proportional hazards model was
used to estimate the hazard ratios (HRs) and 95% con-
fidence intervals (CI).The exact test from the permuta-
tion of the log-rank statistic was used to compare the
EFS or OS probabilities between subgroups of patients.
Differences between the two groups in categorical data
were analysed by means of Fisher’s exact probability
test or the chi-square test. Two-sided P-values under
0.05 were considered as significant.

3. Results

The rates of stage 4s patients were 10.7%, 6.3% and
3.3% in patients <I11-months of age, 12-17 months of
age, and =18 months of age, respectively.
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Stage 4s patients frequently present even at
12 months of age and older, although their frequency
decreases with age. Since 1985, the high numbers of
patients under 11 months of age is the reason why cases
detected by screening are included. However, there is no
difference in the frequency of patients detected by
screening between stage 4 and 4s groups (Table 1).

The rates of MYCN amplified stage 4s patients were
3.7%, 0% and 0% in those =11 months of age, 12-17-
months of age and >18 months of age, respectively.
The rates of MYCN amplified patients were smaller in
the stage 4s groups than in the stage 4 groups in each
group (P <0.001, P=0.04 and P < 0.001, respectively).
Similarly, the rates of patients with unfavourable
histology were smaller in the stage 4s groups than in
the stage 4 groups. However, the difference in the fre-
quency of patients with unfavourable histology between
the two stage groups was not significant in those 12-17-
months of age, because of the small number of patients.

The stage 4s patients displayed a lower mean serum
LDH value than the stage 4 patients in each group
(Table 1).

In stage 4s patients <11-months old, observation and
surgery alone were 6.2% and 6.9%, respectively. Infants
less than 12-months old were treated with a different pro-
tocol between stage 4s and 4 group. Those stage 4s
patients received less dose chemotherapy than stage 4.
Patients >12-months of age with stage 4s and 4 tumour
received the same induction chemotherapy and most of
them received surgical resection. The other hand, the
number of patients who received high-dose chemother-
apy with stem cell transplantation were smaller in the
stage 4s groups than in the stage 4 groups in each age cat-
egory (P =0.002 and P = 0.017, respectively), for patients
<11 months of age and 12-17-months of age. All patients
<11-months of age who received high dose chemother-
apy have tumours with MYCN amplification. There
are no patients who received surgical resection only or

Table 1
Characteristics of patients with INSS stage 4 or stage 4s neuroblastoma.
<llm 12-17m <18m
No. %o P No % P No. % P
Patients Total 2579 252 1003
Stage 4s 275 10.7 16 6.3 33 33
Stage 4 294 114 73 29.0 523 52.1
Screening Stage 4s 174 63.2
Stage 4 154 524 0.173
MNA/no-MNA Stage 4s 8/206 3.7 0/9 0 0/32 0
Stage 4 30/156 16.1 <0.001 18/36 25 0.04 68/186 26.8 <0.001
UFH/FH Stage 4s 4/95 5.3 0/5 0 4/23 14.8
Stage 4 11/78 12.4 0.014 8/16 333 0.129 78/97 44.6 0.003
LDH(U/L) (mean level) Stage 4s 672.4 441.4 675.5
Stage 4 1483.8 <0.001 4755.6 <0.001 23164 0.019
Therapy
Observation Stage 4s 17 6.2 0 0 0 0
Surgery alone 19 6.9 1 6.2 0 0
Chemo-t+surgery 239 86.9 15 93.8 33 100
Radiation 13 4.7 4 25 13 393
HDT with SCT 4 1.5 0 0 5 15.2
Observation Stage 4 0 0 0 0 0 0
Surgery alone 8 2.7 0 0 0 0
Chemo-tsurgery 286 97.3 0.002 73 100 0.017 512 97.9 0.130
Radiation 90 30.6 23 31.5 162 31
HDT with SCT 19 6.4 20 274 142 27.2
Outcome
Alive Stage 4s 258 93.8 15 93.8 17 51.5
Dead of disease 9 3.3 0 0 12 36.4
Therapic death 5 1.8 0 0 2 6.1
Other reason death 1 0.4 0 0 0 0
Unknown 2 0.7 1 6.2 2 6.1
Alive Stage 4 215 73:1 19 26 112 21.4
Dead of disease 39 13.3 44 60.3 351 67.1
Therapic death 15 3.1 9 12.3 39 TS5
Other reason death 3 1 0 0 6 1.1
Unknown 22 7.5 1 1.4 15 29

Abbreviations: MNA, MYCN amplification; UFH, unfavorable histology; FH, favorable histology; HDT, high dose therapy; SCT, stem cell

transplantation.
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observation in stage 4 and 4s patients aged = 18-months.
In other words, stage 4s patients aged <I8-months
received less intensive treatment than stage 4 patients.

The details of prognosis of each groups were
described in Table 1.The prognoses of stage 4s patients
were good. Especially, the 5-year overall and event-free
survival rates of the cases <11 months of age, 12-17-
months of age were excellent (91.2/89.4% and 100/
100%, respectively) (Figs. 1 and 2). Comparing stage
4s with stage 4 in the same age, it was found that groups
of stage 4s had a significantly better prognosis than the
stage 4 groups (Figs. 1 and 2). For example, the P-values
of the event-free survival rates were 0.004, 0.006 and
<0.001, in patients =11 months of age, 12-17-months
of age and > 18 months of age, respectively.

4. Discussion

After Evans and DAngio reported on the uniqueness
of stage 4s tumours concerning their spontaneous
regression, most stage 4s tumours have been considered
to be low risk tumours with an excellent prognosis.'*
Although there has been one report that stage 4s neuro-
blastoma patients do not have a poor prognosis even
with M YCN amplification,® other reports have reported
a poor prognosis in patients with stage 4s tumours
with unfavourable prognostic factors such as MYCN
atmpliﬁcationﬁ‘g However, the tumours with poor prog-
nostic factors are few in stage 4s neuroblastoma; the
Children’s Cancer Group Study reported that MYCN
amplified tumour represented 0% of 80 stage 4s
tumours,'® and M YCN amplified cases constituted only
6% in 94 cases with stage 4s from the French Society of

T. Iehara et al. | European Journal of Cancer 48 (2012) 1707-1712

Pediatric Oncology.'! In addition, it was reported that
only 3.8% of all stage 4s tumours show an unfavourable
histology.!® From our results, only eight cases (3.7%)
with stage 4s tumours showed MYCN amplification,
and a few cases showed an unfavourable histology.
Presently, a few cases with unfavourable prognostic
factors were evident in stage 4s cases involving infants
both <11 months of age and >12 months of age. In
the stage 4s patients, the serum LDH level was lower
than the stage 4 patients in each group. These mean that
the stage 4s neuroblastoma cases were less aggressive
than the stage 4 cases at all ages were. These result that
stage 4s patients who are >12 months of age should
have a better prognosis than stage 4 patients have, and
these stage 4s cases should be different from stage 4
cases. Recently, some studies were conducted to clarify
the biological difference between stage 4s and stage 4
using microarray analyses.'>'* Although these studies
did not discriminate between these stages in terms of
genomic abnormalities, the possibility of a relationship
between some partial chromosomal aberration, such as
17q, and clinical behaviour has been suggested.'’
According to our research, the ratio of the stage 4s
cases decreased and those of stage 4 increased with
increasing age. The following two hypotheses can be
suggested to the reason why the incidence of stage 4s
cases changes with age. Firstly, stage 4 tumours, which
are different from stage 4s tumours, developed with
advancing age. The different biological characteristics
of stage 4s and stage 4 tumours support this view. The
number of cases detected might clinically decrease,
because stage 4s tumours show spontaneous regres-
sion.'*'® The second hypothesis assumes that stage 4s
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12-17m stage 4 72 26.1% 95%CI;2.81-4.52, P=0.006
> =18m stage 4s 31 53.1% HRs;2.71
>= 18m stage 4 508 18.7% 95%Cl;1.59-4.62, P<0.001

Fig. 1. Comparison of event-free survival rates of between stage 4s and stage 4 in patients <11 months old, =12 to <17 months, and =18 months
old. The event-free survival rates; The groups of stage 4s had better prognosis than the groups of stage 4 in patients <11 months old, =12 to
<17 months, and =18 months old (hazard ratios; 1.17, 3.57 and 2.71, P = 0.001, P = 0.006 and P < 0.001, respectively).
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12-17m stage 4 72 28.9% 95%Cl;2.67-4.63, P=0.007
> = 18m stage 4s 31 53.5% HRs;2.38
> = 18m stage 4 508 24.4% 95%ClI;1.40-4.06, P=0.001

Fig. 2. Comparison of overall survival rates of between stage 4s and stage 4 in patients <11 months old, =12 to <17 months, and = 18 months old.
The overall survival rates; The groups of stage 4s had the better prognosis than the groups of stage 4 in patients <11 months old, =12 to
<17 months, and =18 months old (hazard ratios; 1.06, 3.56 and 2.38, P <0.001, P =0.007 and P = 0.001, respectively).

tumour change into stage 4 tumours, thus acquiring
malignancy and thereby inducing clonal evolution.

However, it has been reported in a small number of
cases that stage 4s tumours that progress to stage 4
tumours ultimately die.'”"®

Presently, the cases with stage 4s tumours displayed a
better prognosis than those cases with stage 4 tumour in
infants aged =12 months. Especially, the stage 4s cases
aged 12-17 months had a good prognosis (100% 5 year
event-free survival rate). According to the report of
other countries, cases involving infants =12 months of
age with metastatic disease are now classified into stage
4 and receive intensive treatment.’*** In our study,
cases = 12-months of age with stage 4s and 4 tumours
were treated with the same induction chemotherapy con-
sisting of cyclophosphamide and pirarubicin, cisplatin,
vincristine or etoposide. The number of patients who
received high-dose chemotherapy with stem cell trans-
plantation was smaller in the stage 4s groups than in
the stage 4 groups in aged 12-17-months category. As
these stage 4s cases from 12-17-months of age were pre-
viously defined high risk group, they should now receive
less intensive chemotherapy. It has been reported that
the patients from 12-18 months of age with stage 4
non-amplified MYCN neuroblastoma have a better
prognosis than older children.?®?' This group may
include stage 4s cases from 12 to 17 months of age.
These cases are appropriate as a low risk group as well
as the cases aged <11 months. Therefore, the concept
of stage MS of INRG of patients <18 months of age is
proper.

On the other hand, the 5-year overall and event-free
survival rates of stage 4s patients aged > 18-months
were not so good (namely, 53.1% and 53.5%, respec-
tively). This group should therefore be classified as

belonging to a high risk group, and the initial intensive
treatment should not be reduced.
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Abstract

Purpose: Anaplastic lymphoma kinase (4LK) has recently been identified as a gene conferring a
predisposition for neuroblastoma. We have analyzed tyrosine kinase domain mutations and
amplification/expression of the ALK gene and focused on clinical features of neuroblastoma cases
with ALK aberrations.

Methods: The frequency of ALK mutations, copy number gain, and expression were analyzed in 538
neuroblastoma tumors derived from 361 cases, including 161 cases detected by mass screening. These
cases were analyzed according to clinicopathologic features including the International Neuroblastoma
Staging System and patient outcomes.

Results: Three cases (0.8%) had ALK amplification, and 16 cases (5.2%) had missense mutations at
positions F1174, F1245, D1249, and R1275. Among them, 7 cases were diagnosed at more than 14 months
ofage, and 11 cases were infants, including 9 cases detected by mass screening and 1 multiple neuroblastoma
with a germline mutation. Of the 11 infants, 3 cases relapsed, and 1 case died of disease. Among cases
detected by screening, activated ALK cases showed significantly worse prognosis (P = .002). Of 7 older
cases, 5 had MYC amplifications, and 5 died of disease. The expression levels of ALK were up-regulated in
cases with unfavorable outcomes. In cases with activated ALK neuroblastoma, survival rates of patients
detected by screening were significantly better than those in the clinically detected group (P = .025).
Conclusions: The results of the present study support the hypothesis that activated 4LK tumors represent a
specific subset of neuroblastomas. These tumors usually develop in infants and may have a high capacity
for recurrence.

© 2012 Elsevier Inc. All rights reserved.

Neuroblastoma, derived from neuroblasts in the neural
crest, is the most common malignant solid tumor in

* Corresponding author. Natural Science Center for Basic Research,
Hiroshima University, 1-2-3, Kasumi, Minami-ku, Hiroshima, 734-8551,

children. The incidence of neuroblastoma is about 1 case
per 7000 babies born per year [1]. More than 90% of

Japan. Tel.: +81 82 257 5951; fax: +81 82 257 5416. neuroblastomas are diagnosed within the first 5 years of
E-mail address: eiso@hiroshima-u.ac.jp (E. Hiyama). age, and they exhibit 3 distinct patterns of clinical behavior:
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life-threatening progression, spontaneous regression, or
maturation to ganglioneuroma. Many patients who are
diagnosed at more than 1 year of age have advanced
neuroblastomas with metastasis and usually show poor
outcome despite multimodal therapies. Because more than
80% of neuroblastomas produce catecholamines, their
metabolites (vanillylmandelic acid [VMA] and homovanillic
acid [HVA]) are detectable in the urine. Consequently, mass
screening projects to detect earlier-stage neuroblastomas
have been carried out in several countries [2-5]. In Japan,
large-scale mass screening of infants increased the annual
incidence of the disease more than 2-fold. In contrast, both the
incidence of advanced neuroblastoma in older children and
the cumulative mortality rate of neuroblastoma were reduced
significantly [2]. These findings indicate that a large number
of neuroblastomas occur in infants and spontaneously regress
or mature silently without clinical detection, whereas some of
them may progress into malignant phenotypes [2]. These
screening projects also provided us with a large number of
neuroblastoma samples for investigation of the biologic
characteristics of neuroblastoma. Transforming some tumors
from a favorable type to unfavorable one has been suggested
[6], but the precise molecular mechanism of malignant
transformation of these tumors remains to be elucidated.

Clinically, it is essential to distinguish progressive
neuroblastomas from favorable tumors because appropriate
multimodal therapies are necessary to improve the prognosis
of patients with progressive tumors. In contrast, aggressive
therapy should be avoided in patients with favorable tumors
to minimize side effects, late complications, and medical
expenses. To more clearly distinguish the molecular and
biologic heterogeneity of neuroblastomas, numerous ana-
lyses have been performed, and several distinct differences
have been found including MYCN amplification, DNA
ploidy, chromosomal loss or gain, expression of NTRKI,
telomerase activation, and others [7].

ALK, a receptor tyrosine kinase, was initially identified
through the analysis of a specific translocation in a subtype of
non-Hodgkin lymphoma [8]. Recently, ALK was identified as
a gene conferring a predisposition to neuroblastoma [9-12]. It
harbors mutations in the tyrosine kinase domain (TKD)
leading to aberrant activation of the gene and the downstream
pathway [9]. Germline mutations of ALK were shown to be
responsible for some hereditary neuroblastomas, and ALK has
also been found to be mutated in some sporadic neuroblasto-
mas [10-12]. Two hotspot mutations (F1174 and R1275) were
identified as activating mutations [13], and several other
mutations in TKD have been identified in sporadic neuroblas-
tomas [14]. In these tumors, activating mutations and ALK
amplification are the underlying mechanisms for ALK-
dependent tumorigenesis and might be associated with a
specific clinical phenotype in this disease [13,14].

In this article, we searched for acquired and germline ALK
mutations in more than 300 Japanese neuroblastomas,
including cases detected by mass screening. We investigated
the characteristics of the neuroblastoma cases with ALK

mutations, especially focusing on the treatment and the
clinical outcomes of neuroblastoma cases with aberrant ALK
genes. This study is the first to examine clinical features and
investigate both mutations and copy number alterations of
ALK in both a large set of sporadic neuroblastoma cases
and cases detected by mass screening. ,

1. Materials and methods

1.1. Samples

Over the past 2 decades, more than 500 neuroblastomas
derived from more than 400 cases, including approximately
180 detected by mass screening, have been stored at our
university hospital. In some cases, we were consulted for
molecular analysis by other hospitals in Japan. In the present
study, genomic DNA was extracted from 361 neuroblastoma
samples including 161 detected by mass screening. The
tumor stages at surgery and tumor histology were classified
according to the International Neuroblastoma Staging
System (INSS) [15] and the International Neuroblastoma
Pathological Classification (INPC) [16], respectively. Be-
tween 1991 and 2010, all patients were diagnosed at our
hospital or affiliated hospitals as having neuroblastoma.
Most patients were treated according to Japanese neuroblas-
toma protocols for infants or advanced stage neuroblastoma
(Al, new Al, or A3) [17]. The follow-up period for all
patients was more than 1 year. This research was approved
by the ethical committee of our university (ID no. Hiro-Rin-
20). Written informed consent for this research was obtained
from parents of all patients. None of the patients had prior
therapy before surgery or biopsy to obtain tumor specimens.
Venous blood (5-7 mL) was taken from patients before
surgery. Tumor DNA and constitutive DNA from each
patient were extracted and purified using standard methods.

1.2. Affymetrix platform

Array experiments were done according to standard
protocols for Affymetrix GeneChip Mapping 100K arrays
(Affymetrix, Inc, Santa Clara, CA) [18]. The 100K single
nucleotide polymorphisms (SNPs) or SNP 6.0 arrays were
scanned with the Affymetrix GeneChip Scanner 3000 using
GeneChip Operating System 1.2 (Affymetrix). Genotype calls
and intensity of the SNPs were processed by GeneChip DNA
Analysis Software. Individual SNP copy numbers and
chromosomal regions with gains or losses were evaluated
with the Affymetrix GeneChip Chromosome Number Tool 2.0.

1.3. ALK mutation analysis
Polymerase chain reaction (PCR) primers were designed

for exons 23, 24, and 25 of the ALK gene, according to
previous reports [9-12], and each exon was amplified from
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genomic and constitutional DNA using exon-specific
primers. The sequencing products were purified using
Centri-Sep Spin Columns (Princeton Separations Inc.,
Adelphia, NJ) and then prepared for running on the ABI
3100-Avant Genetic Analyzer (Applied Biosystems, Foster
City, CA) according to the manufacturer’s instructions.

1.4. Reverse transcription-PCR analysis of the
expression of ALK and MYCN genes

Total RNA extracted from each tumor sample was
reverse-transcribed using a high-capacity complementary
archive kit (Applied Biosystems). An aliquot of the
complementary DNA (equivalent to 20 ng total RNA) was
subjected to real-time reverse transcription—PCR using the
TagMan Gene Expression Assay (Applied Biosystems) for
ALK, and Pre-Developed TagMan Assay Reagents (Applied
Biosystems) for GAPDH as an internal control. More than 3
independent measurements were averaged, and relative gene
expression levels were calculated as ratios to GAPDH
expression for each sample.

1.5. Statistical analysis

Tests of association between aberrations and ALK
expression levels were performed with the use of Wilcoxon
t test. A log-rank test was used to evaluate survival rates. A
Cox proportional hazards model was applied to compare the
survival rates of each group.

All probabilities were 2-tailed, with a P value less than
.05 regarded as statistically significant.

2. Results
2.1. Single nucleotide polymorphism analysis data

Among the 361 tumors analyzed by SNP array, 3 tumors
harbored amplifications of the ALK gene, and 94 tumors
showed chromosome 2 gains. Among the cases with
chromosome 2p gains, 82 included the ALK gene, and 27
had MYCN amplification. Two cases had ALK amplification
with MYCN amplification, and no cases had ALK amplifi-
cation without MYCN amplification.

2.2. DNA sequencing

In exons 23 to 25 of the ALK gene, missense mutations
were detected in 16 of 361 investigated cases (4.4%)
(Tables 1 and 2). In those 16 cases with ALK missense
mutations, changes of amino acids were as follows: F1174
(n = 6), R1275 (n = 6), F1245 (n = 3), and D1249 (n = 1)
(Fig. 1). Among these cases, we detected 1 constitutional
mutation (F1174L, 3522C>A) in the case with multifocal

tumors (case 13 in Table 2). At base 3528 in exon 23 and
base 3657 in exon 25, C>T substitutions were detected in
other 2 cases, but these were silent mutations.

2.3. Expression analysis

We used reverse transcription-PCR to analyze gene
expression of ALK in neuroblastoma tumor samples with
ALK mutations or amplification (Fig. 2). The highest
expression was detected in the 2 unfavorable tumors with
ALK amplification. The expression levels of the tumors
with ALK missense mutations were significantly higher than
other tumors without mutations (P < .05). In the 2 tumors
with silent mutations, ALK expression levels were similar to
those without mutations. In the cases with ALK aberrations,
ALK expression levels in deceased patients were relatively
high but not significantly so.

2.4. Clinical and biologic features of cases with ALK
mutations or amplifications

For patients with ALK mutated or amplified tumors, the
clinical features of clinically detected cases are shown in
Table 1, whereas mass-screening detected cases are
presented in Table 2. In the 3 cases with ALK amplifications,
one INSS 48 case (case 19) was detected by mass screening
and had a MYCN amplification. The other 2 cases (cases 9
and 10) included an INSS 3 patient who was diagnosed at 14
months of age and an INSS 4 patient who was diagnosed at
22 months of age. All these cases were aggressive and
showed poor outcomes.

Among the 16 cases with missense mutations of ALK, half
were clinically detected, and half were detected by large-scale
screening. In the 8 clinically detected cases (Table 1), 2
hotspot mutations were detected in 7 cases. Among them, 5
were detected as INSS4 tumors at more than 18 months of age
and were unfavorable according to the INPC. In these 5 cases,
serum levels of neuron specific enolase (NSE) were more
than 100 ng/mL and urine levels of VMA and HVA were
elevated, except for case 3.The remaining 3 cases were infants
with INSS1, 3, or 4 tumors. Of these infants, 2 have survived
disease-free, but one case with 2p gain has survived with
remnants of the tumor. Review of the treatments provided to
the 8 clinically detected cases revealed that primary tumor
resection was feasible in 3 of the infants and an older INSS3
case, but in 4 older INSS 4 cases, the primary tumor was
resected after preoperative chemotherapy, followed by
postoperative chemotherapy including megachemotherapy
with stem cell transplantation. All 3 infant cases have
survived, but 4 of the 5 older cases died of disease.

In 8 cases detected by mass screening (Table 2), 6 were
hot spot mutations, none had a MYCN amplification, and 4
had 2p gains. All cases were localized tumors (INSS 1-3)
except for 1 patient (case 12) with favorable histology and 1
patient (case 11) died of disease. In the constitutional



