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ABSTRACT

Context: Neuroblastoma is a high-grade malignancy of childhood; it is chemo- and radio-sensitive, but prone to relapse after initial remission.
Aim: The aim of this study was to document the impact of first- or second-line radioionated ["*'l] meta-iodobenzylguanidine ('*'I-MIBG)
therapy or chemotherapy alone on the short-term response and long-term survival in untreated children and to further characterize the
side-effects of MIBG treatment. Materials and Methods: In this interventional randomized controlled study, 123 children with advanced
neuroblastoma were divided into three groups according to the treatment strategy: 65 were treated by chemotherapy alone (group I),
30 children who were not responding or had relapsed after chemotherapy were treated by second-line '*'I-MIBG (group II), and 28 children
were treated by *'[-MIBG as first-line from the start (group IlI). External beam radiotherapy was given to bone and brain secondaries
when detected. Staging work up was done before, during, and after management with a follow-up period of 5 years. Statistical Analysis
Used: All statistical tests were done using Whitney test for the continuous variants to compare the same group pre- and post-therapy.
Total actuarial survival and disease-free survival were calculated using Kaplan—-Meier analysis. Results: The number of treatments with
B1-MIBG varied between 1 and 4 per patient (mean 3). Toxicity was seldom severe. Mainly myelosuppression was noticed. Response was
documented before surgery for the primary tumor was performed. There was 9, 6, and 14 complete response (CR); 10, 18, and 16 partial
responses (PR); 3, 2, and 23 with a stable disease (SD); and 6, 4, and 12 progressed in each group, respectively. Total actuarial survival was
found to have a median of nearly 60, 55, and 33 months for groups I, II, and III, respectively, with a statistical significant difference between
the three groups. Conclusion: The current study showed the effectiveness of MIBG as a first-line treatment in the management of locally
advanced neuroblastoma cases with limited metastasis as initial response and long-term survival for the cases was favorable, while in cases
with multiple metastases, chemotherapy should be given first-line and, in case of failure or relapse, second-line MIBG therapy is warranted.
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INTRODUCTION

Neuroblastoma, the most common extra-cranial solid
tumor of childhood, has a long-term survival rate of only
15%.M At diagnosis, the defining characteristics of high-risk
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neuroblastoma include an age of >1 year, metastases,
amplification of the N-MYC oncogene, and histological
findings.**! Recent progress in the treatment of high-risk
neuroblastoma may be due to the use of higher doses of
chemotherapy® and improved supportive care.

Treatment of advanced neuroblastoma remains
unsatisfactory. The standard treatment of combination
chemotherapy followed by surgery induces a complete
remission in about 40% of cases; however, more than half
subsequently relapse and the long-term survival rates at best
are <20%. In an attempt to improve results in this group of
patients, intensive treatment protocols, referred to as “mega
therapy,” which combine high dose chemotherapy and/or
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total body irradiation (TBI) with autologous bone marrow
transplantation (BMT) have been developed.!'*

Targeted radionuclide therapy with [*'I] meta
-iodobenzylguanidine (**'I-MIBG), a catecholamine
analog selectively taken up by cells of neural crest origin,
was first used for the treatment of neuroblastoma after
discovering that, similar to phaeochromocytoma, it could
be imaged by this radiopharmaceutical. In patients with
relapsed or refractory disease, for whom all conventional
treatments had been exhausted, response rates of up to
58% have been reported using this treatment modality.”!
Due to the palliative ability of *'I-MIBG treatment as
well as its positive impact on response and survival
rates in advanced and refractory cases,’®”! authors were
encouraged to evaluate its therapeutic value regarding
early cases.

Although the exact mechanism of uptake of *'I-MIBG
remains unclear, it is believed to have the same uptake
and storage mechanism as that of nor-epinephrine in two
ways: First, a sodium-dependent system with a high affinity
but low capacity, which is easily saturated, and, second, a
sodium-independent, apparently unsaturatable process of
passive diffusion.”! Unlike nor-epinephrine, MIBG is not
metabolized and is excreted unaltered via the kidneys;
70-90% of the administered activity is recovered in the urine
within 4 days.!"!

It has become clear, however, that the most prominent
responses were obtained in patients with a large tumor
burden at the time of treatment. This finding has served as
the basis for *'I-MIBG therapy whether first- or second-line."

The primary endpoint of the current study was to
document the impact of first-or second-line MIBG therapy
or chemotherapy alone on the short-term response and
long-term survival in untreated children and to further
characterize the side-effects of MIIBG treatment.

MATERIALS AND METHODS

Between June 2007 and August 2011, 123 neuroblastoma
patients diagnosed at the Paediatric Oncology Unit of
Alhada Military Hospital, Taif, Saudi Arabia were included
in the present study with a minimal follow-up of 2 years.
The institutional review boards (in both Faculty of Medicine,
Taif University and Al Hada Military hospital) approved
our study and was made aware of the additional radiation
dose. A written informed consent was obtained from all
parents of sick children before initiation of the treatment.
They were either children with Evans stages III and IV,
who were newly diagnosed to be treated randomly with
either chemotherapy alone (group I) or first-line MIBG
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therapy (group III), or those who failed after initial
successful therapeutic modalities (group II). MIBG was
given, as either second- or first-line therapy, to patients
aged <16 years with performance status >30% (K.I.).
Additional inclusion criteria for ®'I-MIBG therapy were a
reasonable selective uptake and retention of *'I-MIBG in
diagnostic MIBG imaging, platelets >50,000/mm?, serum
creatinine <1.5 mg/dl, and a written consent.

Accordingly, children included in the chemotherapy
group alone were 65, and all were treated by 6 cycles of
alternating courses of OPEC/OJEC —vincristine 1.5 mg/
m? (O), cisplatin 80 mg/m? (P), etoposide 200 mg/m? (E),
cyclophosphamide 600 mg/m? (C), and carboplatin
500 mg/m? (J)—every 21 days, if there was hematological
recovery. Second-line ®'I-MIBG therapy was given to 30
children. The age ranged from 1 year to 15 years, with
a median age of 5 years. All children were subjected to
the same chemotherapy (C/T) for 6 cycles, followed by
MIBG scanning when no response or residual tumor was
observed following C/T.

First-line ®'I-MIBG therapy was given to 28 children from
the start on an investigational basis.

External beam radiotherapy was given to bone and brain
secondaries when detected, irrespective of the group.

Diagnostic work up

e A full clinical examination with documentation of all
measurable diseases

* Performance status using K.I and body weight in
kilogram

e Laboratory investigations: CBC including platelets,
BUN, serum creatinine, LDH, ESR, and urinary
vanillylmandelic acid (VMA).

* Bone marrow aspiration and tumor biopsy

* Radiological imaging: Chest X-ray, CT scan of the tumor
site, and abdomino-pelvic sonography

e Radionuclide imaging: Bone scan and "*'I-MIBG scans

VMA was elevated in 27/30 patients in group II (90%) with
a median of 250 pg/mgm of creatinine and in all children
of group III. Figure 1 shows the number of courses of
BI-MIBG given to patients in the present study either as a
first-or second-line.

To prevent uptake of *'I by the child’s thyroid, an oral dose
of 100 mg potassium iodide was administered daily, starting
1 week before and for 1 week after ®'I-M1BG therapy.
A fixed dose of 100 mci "'I-MIBG was administered over
a 4-h infusion using a lead-shielded infusion pump. This
dose was repeated every 4 weeks for 2-3 courses.

Clinical Cancer Investigation Journal | January-March 2013 | Vol 2 | Issue 1



El-Sabban, et al.: Comparative study between first and second line MIBG therapy and chemotherapy alone

100%
0% - @ ‘4 ‘ 4
B80% -
To% +
60% 14 16
50%
40%
30% - s
20% - 7
10% +
= I e
First Line Second Line
M1 Course (12 Courses (13 Courses [ 4 Courses

Figure 1: Distribution of patients of meta-iodobenzylguanidine groups according
to the number of courses of MIBG therapy

Patients were isolated in a private room for 4-6 days and
were injected with dexamethasone at a dose of 8 mg/m?,
then prednisone 60 mg/m? orally for 7 days to guard against
laryngeal oedema and other radiation effects. Parents were
instructed to participate in their children’s care thereafter.
On the 5" day post-MIBG therapy, whole-body scintigraphy,
both anteriorly and posteriorly, was done for all patients.
Assessment of response was done pre- and post-therapy at
the end of all courses by ®'I-MIBG scintigraphy, bone scan,
CT scan of the primary tumor, bone marrow aspiration, and
VMA level estimation.

Criteria of response of 13/f MIBG therapy were as follows:®!

e Complete response (CR): >90% decrease in tumor
volume

e Partial response (PR): 50-90% decrease in tumor volume

e Stationary disease (SD): <50% decrease in tumor volume

e No response (NR): No change in the size of the tumor

e Disease progression (DP): Increase in the size of the
tumor

Statistical methods

The prevalence of the observed results was calculated in the
studied group pre- and post-therapy using normal proportion
methods (observed results/total number of the groups). The
continuous variants were compared for the same group
pre- and post-therapy using Whitney test. For calculation of
the (total actuarial survival, and disease-free survival) (TAS
and DFS) indices, Kaplan-Meyer’s method was used.

RESULTS

Patient characteristics are summarized in Table 1, as follows
in brief:

Primary tumors were found in the thorax in 7 cases (25%)
in group III, 7 (23.3%) in group II, and 18 (27.7%) in group 1.
On the other hand, primary abdominal tumors were found
in 21 cases (75%) in group III, 25 (83.3%) in group II, and
47 (72.3%) in group L.
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Table 1: Distribution of children according to site of the
tumors and staging

First-line Second-line Chemotherapy
MIBG Alone
No. % No. % No. %

Primary tumor

Thoracic 7 25 7 28,8 18 27.7

Abdominal 21 75 25 83.3 47 72.3
Metastases

Lymph nodes 16 57 15 50 30 46.2

Bone marrow 9 32 15 50 39 60

CNS 2 7.1 7 288 1 1.5

Bone 7 25 1 36.7 38 58.5

Soft tissue 1 3.6 4 13.3 2 3.1
Evan stage

11l 11 39.3 6 20 15 23.1

I\ 17 60.7 24 80 50 76.9

CNS: Central nervous system

Concerning metastasis, lymph node metastases were present
in 16 (57%), 15 (50%), and 30 cases (46.2%) in groups I1I, II,
and I, respectively. Bone marrow (BM) was positive in
9 (32%), 15 (50%), and 39 cases (60%), respectively. CNS
metastases prevailed in 2 (7.1%), 7 (23.3%), and 1 case (1.5%),
respectively, in the three groups. Bone secondaries were
diagnosed in 7 (25%), 11 (36.7%), and 38 cases (58.5%),
respectively, in the three groups. Soft tissue metastases
were detected in 1 (3.6%), 4 (13.3%), and 2 cases (3.1%) in
the three groups, respectively.

Staging

Evan stage III cases were 11 (39.3%), 6 (20%), and 15 (23.1%)
and Evan stage IV cases were 17 (60.7%), 24 (80%), and
50 (76.9%) in first- and second-line "*'I-MIBG treated groups
and chemotherapy group, respectively.

General conditions

Both performance status [Figure 2] and body weight
[Figure 3] improved significantly after MIBG therapy, the
average K.I. was 65.7, 68.9, and 66.2% pre-therapy and
increased significantly to 89.7, 82.4, and 84.9% post-therapy
in the first-line, second-line *'I-MIBG treated groups,
and chemotherapy group, respectively. The increase in
the body weight in the three groups was to a statistically
significant extent, with the least increase seen in the
chemotherapy group.

Short-term assessment (Response)

Response in the primary tumors

The response rates of patients in the primary tumor site
were as follows [Table 2]: CR was achieved in 9/28 (32.1%),
6/30 (20%), and 14/65 (21.5%) in the first-line, second-line
[1-MIBG treated groups, and chemotherapy group,
respectively. PR were observed in 10 (34%), 18 (60%),
and 16 cases (24.6%) in the three groups, respectively. SD
in 3 (10.7%), 2 (6.7%), and 23 cases (35.4%) in the three
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Figure 2: Comparison between the mean values of Karnofsky scale pre and
post treatment

Figure 3: Comparison between the mean values of body weight pre and post
treatment

Table 2: Response rate in primary tumor sites in the studied groups

Degree of First-line MIBG P1 Second-line MIBG P2 Chemotherapy P3
response No. % No. % No. %

CR 9 32.1 <0.05 6 20 >0.05 14 21.5 <0.05
PR 10 34 <0.01 18 60 <0.01 16 24.6 >0.05
SD 3 10.7 >0.05 2 6.7 <0.01 23 35.4 <0.01
NR 1 3.6 >0.05 1 3.3 >0.05 ) 7.7 >0.05
DP 5 17.9 >0.05 3 10 >0.05 7 10.8 >0.05

P1: Comparison between first- and second-line MIBG, P2: Comparison between second-line MIBG and chemotherapy, and P3: Comparison between chemotherapy and first-line
meta-iodobenzylguanidine, CR: Complete response, PR: Partial responses, SD: Stable disease, NR: No response, DP: Disease progression

groups, respectively. No response was observed in 1 (3.6%),
1(3.3%), and 5 cases (7.7%) in the three groups, respectively.
Disease progression was observed in 5 (17.9%), 3 (10%),
and 7 cases (10.8%) in the three groups, respectively.
Collectively, responses in the form of CR and PR in the
primary tumor sites were statistically higher in the MIBG
therapy groups whether first- (66.1%) or second-line
BI-MIBG treated groups (80%) versus the chemotherapy
treated group (46.1%) (P < 0.05).

Regarding the impact of metastasis on the response
[Table 3], it was found that none of those 9 cases with CR in
the first-line "' I-MIBG had metastasis, while 2/6 (33.3%) with
CRin the second-line, and 3/14 (21.4%) in the chemotherapy
group had metastasis. In those achieving PR, 2/10 (20%),
16/18 (88.9%), and 9/16 (56.3%) in the first-line, second-line
BI-MIBG, and chemotherapy groups, respectively, had
metastasis. On the other hand, 1/3 (33.3%), 2/2 (100%), and
20/23 (86.9%) in the three groups, respectively, with SD had
metastasis. Concerning non-responders in the form of NR or
DP, all cases in the three groups who were non-responders
had metastases.

Long-term assessment (Survival)

Figure 4 revealed the total actuarial 5-year survival of
the studied groups during the follow-up period. The
median survival was found to be statistically highest in the
first-line MIBG therapy group, which could not be reached
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with the end of the follow-up period and approached
in the current study nearly 60 months. Whereas, it was
51 months for the chemotherapy group with P < 0.05 on
comparing survival between the two groups and it was
lowest in the second-line *'I-MIBG group (33 months)
with P < 0.01 on comparing survival between this group
and the other two groups.

On the other hand, at the end of the follow-up period (5 years),
it was found that 55% of the first-line group, 40% of the
chemotherapy group, and 14% of the second-line group
were still alive.

Toxicity

The first-line MIBG therapy group showed grade I
myelosuppression in 5/28 cases (17.9%) and hemorrhage in
1 case. Whereas, the second-line MIBG therapy group showed
grades I and II myelosuppression in 21/30 cases (70%),
abdominal distension in 20/30 cases (66.7%), and severe
hemorrhage in 1 case. The chemotherapy group showed
grades II and III myelosuppression in 39/65 cases (60%),
grades Il andIIl vomiting in all cases, and grade III alopecia
in all cases.

DISCUSSION

The current study revealed that first-line **!I-MIBG therapy
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Table 3: Impact of the presence of metastases on the response rate in the studied groups (initially metastatic)

Degree of First-line MIBG P1 Second-line MIBG P2 Chemotherapy P3
response No. % No. % No. %

CR 0/9 0 <0.05 2/6 33.3 >0.05 3/14 21.4 <0.05
PR 2/10 20 <0.01 16/18 88.9 <0.05 9/16 56.3 >0.05
SD 1/3 3.8 <0.05 2/2 100 >0.05 20/23 86.9 <0.01
NR 1/1 100 >0.05 1/1 100 >0.05 8/ 100 >0.05
DP 5/% 100 >0.05 3/3 100 >0.05 7/7 100 >0.05

P1: Comparison between first- and second-line MIBG, P2: Comparison between second-line MIBG and chemotherapy, and P3: Comparison between chemotherapy and first-line
meta-iodobenzylguanidine, CR: Complete response, PR: Partial responses, SD: Stable disease, NR: No response, DP: Disease progression

was the most effective regarding short-and long-term
control of locally advanced tumors. The highest CR and
longest median survival (approximately 60 months) was
observed in this group, but it was least effective with
multiple metastases. On the other hand, second-line
BI-MIBG therapy was found to be effective in controlling
patients with multiple distant metastases with highest
percentage of PR, but worst regarding survival with a
median survival of 31 months. Concerning chemotherapy
alone, it was found to be effective in inhibition of tumor
spread. This arm also had the highest incidence of SD with
a midway median survival of 51 months.

Advanced neuroblastoma and conventional management
Even in cases with advanced disease, it is possible to obtain
a remission rate of 70% or more with chemotherapy and
surgery.'l However, the relapse rate is high among these
patients, and many of them die because of the refractory
recurrent tumor.?*? In the current study, the majority of
the chemotherapy alone treated patients (group I) showed
SD (35.4%) rather than CR (21.5%) or PR (24.6%), and the
addition of second-line "*'I-MIBG (group II) enhanced the
response in such a way that it increased the incidence of PR
to be 60% and reduced the incidence of SD.

Concerning survival, in the Spanish neuroblastoma group,
the probability of survival with stage IV disease was 0.24 at
5 years." Moreover, Philip, et al.'¥ reported an outcome of
32% survival at 5 years for patients given a highly intensive
investigational megatherapy. The toxicity death rate in this
group of 33 patients was 24%. In the European registry, overall
survival after 5 years was not more than 33% for stage 3 and
stage 4 patients. The current study revealed a 40% survival
in the chemotherapy group (group I), which is very similar to
the Euproean study* and Philip, et al.'®l and higher than that
of the Spanish group.'¥ However, in the current study, this
value of survival was decreased markedly to 14.1% at 5 years
in the second-line MIBG group (group II) due to increased
toxicity mainly in the form of severe myelosuppression.
Moreover, those children were mostly metastatic with a
poor performance status reducing the tolerance for both
chemotherapy and ®'I-MIBG."”! On the other hand, when
MIBG was used alone (group III) as first-line, survival was
highest at 5 years (55%) that is attributed to the salvage surgery
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Figure 4: Comparison between total actuarial survival of the studied groups

performed following neo-adjuvant radionuclide therapy,
which represents 66.1% of the children of this group.

Advanced neuroblastoma and targeted radionuclide
therapy

BI-MIBG therapy has been used since the 80s in Europe
and the United States as a single palliative agent for
chemo-refractory cases or more recently in combination with
myeloablative therapy before bone marrow rescue. Other
applications of ®'I-MIBG therapy have been unresectable
stage 3 disease, first-line therapy in combination with
chemotherapy, and consolidation therapy after induction
of a major partial remission.?!

Sixty percent of neuroblastomas in young children
reported by the literature are stage 4 (undifferentiated and
widely disseminated) at diagnosis, which is very close
to the percentage reported in the current study, where
91/123 (73.9%) were Evan’s stage IV.I°!? In these cases,
new treatment strategies are needed as the results of the
conventional treatment modalities are not satisfactory.
Inclusion of ¥I-MIBG therapy is highly desirable because
of the high specificity of the agent and the radio-sensitivity
of the primary and metastatic tumors.

The idea of using radionuclide therapy as first-line
treatment is based on the hypothesis that targeted therapy
is most effective in moderate to large tumor burden
patients because of the “crossfire” effect from adjacent
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cells.™ Additional arguments are that no drug resistance
is evoked and that this therapy leaves the general condition
of the patient undisturbed,!'* very similar to the current
study findings that revealed a significant improvement in
the general condition in the form of performance status
and body weight. If P'I-MIBG is effective in the current
study, a surgical resection of the primary tumor should be
performed, and in case of incomplete surgery, chemotherapy
of high intensity and short duration was given to achieve
CR. The ¥'I-MIBG therapy was given randomly to children
admitted to our hospital and who would have been treated
by chemotherapy as a first-line therapy modality after
obtaining a written consent from the parents. The main
interest of this study is to report on the feasibility of using
BI-MIBG as a neo-adjuvant treatment in patients with
inoperable stage III tumors or patients with distinctive
metastasis at diagnosis. The percentage of patients in CR
or PR after MIBG pretreatment and surgery was 66.1%
and 80%, respectively, for first- and second-line “'I-MIBG
therapy, which is similar to preoperative chemotherapy and
surgery percentages reported previously.!'>1¢!

One of the most important explanations for the impressing
response of neuroblastoma to MIBG therapy was reported
by Voute, ef al.'! who stated that in addition to the
radiation effect produced by the locally trapped radioactive
B, MIBG in itself is an inhibitor of complex I, which is
part of the enzyme system situated in the mitochondrial
respiratory chain. Inhibition of complex I leads to the
leak of paired electrons out of the respiratory chain,
which causes an increased production of the superoxide
radical. This superoxide radical is normally converted into
hydrogen peroxide by the enzyme superoxide dismutase,
subsequently, the hydrogen peroxide is converted into
harmless water and oxygen in a reaction catalyzed by
catalase. However, when catalase activity is reduced, as in
neuroblastoma cells, the hydrogen peroxide will partly be
converted into the very reactive oxygen-derived free radical,
the hydroxyl radical, which contributes to further elevation
in the contents of the free radicals mainly the superoxide
and hydroxyl radicals. Utilizing MIBG for neuroblastoma
treatment, therefore, adds a fourth factor in damaging the
tumor cells, whereas the radioactivity of 'I-MIBG can be
considered a fifth contributing factor.

Toxicity

In B'-MIBG therapy, the bone marrow is the dose-limiting
organ.¥ In a cohort of patients with neuroblastoma who
had received prior intensive chemotherapy, it has been
shown that the dose-limiting toxicity of a single-fraction
of BII-MIBG is myelotoxicity at a 2.5 Gy whole-body
dose.l""¥ This is very similar to current study that revealed
myelosuppression in 17.9% of the cases in first-line MIBG
therapy, but it increased to 70% in second-line MIBG
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therapy due to the additive effect of previous chemotherapy
toxicity. Matthay, et al.l”! considered a total dose of
4.0 Gy (whole-body dose), followed by stem-cell rescue is
well-tolerated with no other short-term organ dose-limiting
toxicity.

As a dose—toxicity relationship was previously established
between bone marrow suppression and the whole-body
dose, which can be used as a surrogate for marrow dose,
pre-therapy dosimetry '*I-mIBG scanning can be used to
predict the individual degree of bone marrow toxicity.®® That
is why two major lines of *'I-MIBG treatment developments
are taking place. Both involve "'I-MIBG dose escalation
to increase the tumoral radiation dose further, but differ
in methodology. In the United States, the “San Francisco
approach” gives a high activity of *'I-MIBG (15-18 mCi/kg,
about 550-660 GBq/kg) with stem cell support available. This
activity amount was previously established from toxicity—
dose relationship phase I studies.”» Whole-body (and tumor)
dose are calculated after therapy and a second treatment
is administered if necessary, based on the correlation of
radiation dose and observed toxicity.'”! The advantage is
that there is no need for more or less accurate planning/
simulation. The disadvantages are the wide range of whole
body (and tumor) doses that will still exist, and the risk
of individual under- or overtreatment and unpredictable
myelotoxicity to the patients. Howard, et al. reported the
feasibility of repetitive *'I-MIBG and achieved a 39% overall
disease response in 24 heavily pretreated patients.*!

The European “ESIOP B'-MIBG-protocol” is dedicated
to patients with high-risk neuroblastoma who failed
to achieve adequate partial remission after induction
chemotherapy. It uses high activities of MIBG, combined
with topotecan,l in order to deliver a total combined
whole-body dose of 4.0 Gy in two fractions. A stem cell
rescue is required after the second fraction. Relatively
simple dosimetry is performed after the first fraction and
calculates the activity to be administered in the second
fraction. This allows a very homogeneous total activity
dose to the patients and also allows better study of the
relevant parameters, i.e., whole-body and tumor doses. The
feasibility of this protocol was recently tested in a phase I
study in 8 children./*?

CONCLUSION

The current study concludes that locally advanced tumors
with one or two distant metastases can be managed by
first-line ®'I-MIBG therapy, while in children with multiple
distant metastases, chemotherapy should be considered as
a first-line therapy in such a way that at least it could stop
the spread of metastasis, and those children who failed to
respond to chemotherapy alone or relapsed could benefit
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from the second-line ®'I-MIBG therapy with an increase in
the risk of hematological toxicity.

REFERENCES

10.

11.

12.

Gaze MN, Wheldon TE, O’Donoghue JA, Hilditch TE,
McNee SG, Simpson E, et al. Multi-modality megatherapy with
131I-metaiodobenzylguanidine, high dose melphalan and total
body irradiation with bone marrow rescue: Feasibility study of a
new strategy for advanced neuroblastoma. Eur ] Cancer 1995;31A:
252-6.

Katzenstein HM, Kent PM, London WB, Cohn SL. Treatment
and outcome of 83 children with intraspinal neuroblastoma: The
Pediatric Oncology Group experience. ] Clin Oncol 2001;19:1047-55.
Schmidt ML, Lukens JN, Seeger RC, Brodeur GM, Shimada H,
Gerbing RB, ef al. Biologic factors determine prognosis in infants
with stage IV neuroblastoma: A prospective Children’s Cancer
Group study. ] Clin Oncol 2000;18:1260-8.

Woods WG, Gao RN, Shuster JJ, Robison LL, Bernstein M,
Weitzman S, et al. Screening of infants and mortality due to
neuroblastoma. N Engl ] Med 2002;346:1041-6.

Brans B, Linden O, Giammarile F, Tennvall J, Punt C. Clinical
applications of newer radionuclide therapies. Eur J Cancer
2006;42:994-1003.

Weinstein JL, Katzenstein HM, Cohn SL. Advances in the diagnosis
and treatment of neuroblastoma. Oncologist 2003;8:278-92.
Matthay KK, Panina C, Huberty ], Price D, Glidden DV, Tang HR,
et al. Correlation of tumor and whole-body dosimetry with tumor
response and toxicity in refractory neuroblastoma treated with
(131)I-MIBG. ] Nucl Med 2001;42:1713-21.

Hoefnagel CA, De Kraker ], Valdés Olmos RA, Vofite PA. PUI-MIBG
as a first line treatment in advanced neuroblastoma. Q ] Nucl Med
1995;39:61-4.

Lashford LS, Lewis IJ, Fielding SL, Flower MA, Meller S,
Kemshead JT, et al. Phase I/II study of iodine 131
metaiodobenzylguanidine in chemoresistant neuroblastoma:
A United Kingdom Children’s Cancer Study Group investigation.
J Clin Oncol 1992;10:1889-96.

Matthay KK, Tan JC, Villablanca JG, Yanik GA, Veatch ], FrancB, ef al.
Phase I dose escalation of Iodine-131-metaiodobenzylguanidine
with myeloablative chemotherapy and autologous stem-cell
transplantation in refractory neuroblastoma: A new approaches
to Neuroblastoma Therapy Consortium Study. ] Clin Oncol
2006;24:500-6.

Suita S, Zaizen Y, Sera Y, Takamatsu H, Mizote H, Ogami H,
et al. Neuroblastoma in infants aged less than 6 months: Is more
aggressive treatment necessary? A report from the Pediatric
Oncology Study Group of the Kyushu Area. ] Pediatr Surg
1995;30:715-21.

Klingebiel T, Bader P, Bares R, Beck J, Hero B, Jiirgens
H, et al. Treatment of neuroblastoma stage 4 with
131I-meta-iodo-benzylguanidine, high-dose chemotherapy and

Clinical Cancer Investigation Journal | January-March 2013 | Vol 2 | Issue 1

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

immunotherapy. A pilot study. Eur ] Cancer 1998;34:1398-402.
Philip T, Ladenstein R, Zucker JM, Pinkerton R, Bouffet E,
Louis D, et al. Double megatherapy and autologous bone marrow
transplantation for advanced neuroblastoma: The LMCE2 study.
Br J Cancer 1993;67:119-27.

Philip T, Ladenstein R, Lasset C, Hartmann O, Zucker JM,
Pinkerton R, et al. 1070 myeloablative megatherapy procedures
followed by stem cell rescue for neuroblastoma: 17 years of
European experience and conclusions. European Group for Blood
and Marrow Transplant Registry Solid Tumor Working Party. Eur
J Cancer 1997;33:2130-5.

De Kraker ], Hoefnagel CA, Caron H, Valdes Olmos RA, Zsiros J,
Heij HA, et al. First line targeted radiotherapy, a new concept in
the treatment of advanced stage neuroblastoma. Eur ] Cancer
1995;31A: 600-2.

Shafford EA, Rogers DW, Pritchard J. Advanced neuroblastoma:
Improved response rate using a multiagent regimen (OPEC)
including sequential cisplatin and VM-26. ] Clin Oncol 1984;2:742-7.
Vofite PA, van der Kleij AJ, De Kraker ], Hoefnagel CA, Tiel-van
Buul MM, Van Gennip H. Clinical experience with radiation
enhancement by hyperbaric oxygen in children with recurrent
neuroblastoma stage IV. Eur ] Cancer 1995;31A: 596-600.

Sisson JC, Shapiro B, Hutchinson R], Carey JE, Zasadny KR,
Zempel SA, et al. Predictors of toxicity in treating patients with
neuroblastoma by radiolabeled metaiodobenzylguanidine. Eur |
Nucl Med 1994;21:46-52.

DuBois SG, Messina J, Maris JM, Huberty ], Glidden DV,
Veatch J, et al. Hematologic toxicity of high-dose
iodine-131- metaiodobenzylguanidine therapy for advanced
neuroblastoma. J Clin Oncol 2004;22:2452-60.

Howard JP, Maris JM, Kersun LS, Huberty JP, Cheng SC,
Hawkins RA, et al. Tumor response and toxicity with multiple
infusions of high-dose 1311-MIBG for refractory neuroblastoma.
Pediatr Blood Cancer 2005;44:232-9.

McCluskey AG, Mairs R], Tesson M, Pimlott SL, Babich JW,
Gaze MN, et al. Inhibition of poly (ADP-Ribose) polymerase
enhances the toxicity of 131I-metaiodobenzylguanidine/topotecan
combination therapy to cells and xenografts that express the
noradrenaline transporter. ] Nucl Med 2012;53:1146-54.

Gaze MN, Chang YC, Flux GD, Mairs RJ, Saran FH,
Meller ST. Feasibility of dosimetry-based high-dose
131I-meta-iodobenzylguanidine with topotecan as a radiosensitizer
in children with metastatic neuroblastoma. Cancer Biother
Radiopharm 2005;20:195-9.

Cite this article as: EI-Sabban K, Al Sakhri H, Alsulaimani AA, Al Malky
T. Management of neuroblastoma. Comparative study between first-
and second-line radioionated meta-iodobenzylguanidine therapy and
chemotherapy alone. Clin Cancer Investig J 2013;2:41-7.

Source of Support: Nil, Conflict of Interest: No.

47




