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A New Approach in the Treatment of Stage IV
Neuroblastoma Using a Combination of
[13 I]Meta-iodobenzylguanidine (MIBG) and
cisplatin

R. Mastrangelo, A. Tornesello, R. Riccardi, A. Lasorella, S. Mastrangelo,
A. Mancini, V. Rufini and L. Troncone

The outlook for disseminated neuroblastoma (NB) continues to be dismal. NB is a radiosensitive tumour. Owing
to its high concentration in NB lesions, ['*'I]meta-iodobenzylguanidine [**'IJMIBG has the potential for
specifically delivering very large radiation doses to the malignant cells. Encouraging results have been reported
with [ I]MIBG used alone in patients resistant to conventional therapy and at diagnosis. We report the first
attempt to explore the integration of this new treatment modality with chemotherapy. Among the drugs effective
in NB, cisplatin was chosen because of its high degree of activity against NB, its mild haematological toxicity and
the known synergism between cisplatin and radiation. 4 patients, 3 with relapsed, heavily pre-treated, progressive
stage IV NB, and 1 with stage IV NB at diagnosis, all with a good ['*'[]MIBG uptake, were investigated with
combined therapy (CO-TH). Two complete remissions and one partial remission were observed in these patients
4-6 weeks following only a single course of both cisplatin and [**'I]MIBG at “standard” dosage. The only toxicity
was haematological, which was significant and relatively long-lasting, but was not associated with any serious
infections or bleeding tendency. The general condition of these patients during the entire study period was
excellent. The fourth patient, investigated at diagnosis with a modified less intensive treatment, obtained a partial
remission with mild haematological toxicity. During the subsequent courses of intensive multidrug chemotherapy,
this patient showed haematological toxicity comparable with that experienced by patients treated with an identical
drug combination, but without previous treatment with CO-TH. The provisional conclusion of this ongoing study
is that this new form of CO-TH appears most effective in obtaining a rapid and excellent response in heavily
pretreated relapsed patients with progressive disease, and should be further investigated in earlier stages of the
disease.

Key words: neuroblastoma, cisplatin, [\*!IJmeta-iodobenzylguanidine, synergism
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INTRODUCTION

DESPITE INTENSIVE chemotherapy regimens, prognosis con-
tinues to be very poor in disseminated neuroblastoma (NB) [1].
Owing to NB sensitivity [2], progress might be made with high-
dose radiation. However, delivery of a high radiation dose is
limited by host tolerance. Attention has recently focused on the
use of [!I]meta-iodobenzylguanidine ([**'I]MIBG), a radioac-
tive drug extremely useful for diagnosis and follow-up of NB,
and capable of selectively delivering a high dosage of radiation
to the NB cells. Encouraging results have been reported in
patients resistant to conventional therapy [3, 4], and good results
have also been observed with the use of [!3!I]MIBG at diagnosis,
although in a small number of patients [5-8]. In both these
circumstances, the radiopharmaceutical was administered alone,
and the only significant toxicity was myelosuppression, which
was more serious in intensively pretreated patients. In an attempt
to improve the long-term results in stage IV NB, integration of
this new treatment modality with conventional chemotherapy
would not only appear justified, but also highly desirable.

We report the first attempt to explore this new therapeutic
approach in which [*IJMIBG treatment has been combined
with cisplatin. Among the drugs effective in NB, cisplatin
was chosen because of its high degree of activity against NB
associated with a mild haematological toxicity; above all, pre-
clinical trials in cultured cells and animal tumours have estab-
lished a synergism between cisplatin and radiation [9, 10] when
the agents are given closely following one another. The mechan-
ism of this synergism remains uncertain, but one component of
cisplatin’s radiopotentiation appears to be the inhibition of repair
of potentially lethal radiation damage [11]. So far, most of the
experimental studies have been carried out by using single
doses of both cisplatin and radiation. Whereas conventional
radiotherapy is delivered over a period of several weeks in
multiple treatment fractions, the mode of administration of
['*'I]MIBG, injected in a single dose, closely resembles the
animal models. Therefore, one of the aims of the combined
therapy (CO-TH) would be to potentiate NB cell kill without
increasing toxicity, thereby improving the therapeutic ratio.

PATIENTS AND METHODS

4 stage IV NB patients were treated with CO-TH. Three
patients had relapsed progressive disease after multi-agent
chemotherapy which included cisplatin, and their characteristics
and observed responses are shown in Table 1. A fourth patient,
also with progressive disease, was investigated at diagnosis. All
patients showed a good ['3![JMIBG uptake. Tumour extent was
evaluated by computerised tomography (CT) scan, ['*'I[|]MIBG
scan, bone marrow (BM) aspirations from four different sites
and biopsy from two sites; evaluation of bone disease was
performed with both technetium—99 scans and with [**'I]MIBG
scans. 24 h urine collections for catecholamines and catecholam-
ine metabolites were also performed. The following treatment
schedule was planned for the relapsed patients: day 1, cisplatin
50-60 mg/m? i.v. over 6 h; day 2, ['*'IJMIBG 100-120 mCi at
high specific activity (> 1.1 GBg/mg) i.v. over 6 h followed, a
week later, by the same treatment combination. The patient
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treated at diagnosis had a somewhat different schedule (see case
4). In all cases, [*'IJMIBG was given after preventing thyroid
uptake by the administration of Lugol’s solution. Because of
the known dosimetric inaccuracies by [*>'I]MIBG scintigraphy
measurements, no attempt was made to estimate the absorbed
radiation dose by the tumour lesions. Informed consent was
obtained from parents. Re-evaluation of all measurable lesions
and assays of the urinary catecholamine metabolites were perfor-
med 4-6 weeks after CO-TH. Toxicity evaluation included
complete and differential blood counts, serum electrolytes, liver
enzymes, audiogram and renal function tests.

Case 1

A S5-year-old-boy was treated in fourth relapse with massive
bone marrow (BM) infiltration. At diagnosis, in the neonatal
period, the patient showed several enlarged right laterocervical
lymph nodes. Partial resection of the mass was performed, but 2
years later a systemic relapse was observed, including bony
lesions and enlarged abdominal lymph nodes. He was treated
with a total of 6 courses of carboplatin (500 mg/m? x 2 days)
and etoposide (100 mg/m? X 3 days) over an 8-month period,
with partial remission. 1 year later, because of progressive
disease, 4 D-CECaT regimen courses (desferal, cyclophospham-
ide, carboplatin, 500 mg/m? % 2 days, etoposide and thiothepa)
were administered with a mild response. 6 months before
admission, a full blown relapse was observed, which included
massive BM involvement. Following an initial minimal response
to 4 courses of melphalan, progressive disease was again observed
and the child was referred to our Centre. On admission, he
presented with generalised pain. Physical examination, CT scan
and [**1]MIBG scan demonstrated large abdominal and inguinal
lymph nodes. A mediastinal mass was also present (Table 1). A
[3II]MIBG scan displayed diffuse and intense uptake of the
cortical bones and BM. Massive BM involvement was present.
Catecholamines, vanillynmandelic (VMA) and homovanillic
acid (HVA) were within normal limits. The white blood cell
count (WBC) and the absolute neutrophil count were within
normal limits, whereas thrombocytopenia was present, with the
platelets level at 68,000/mm?. 5 weeks after CO-TH, physical
examination and CT scan showed disappearance of all soft tissue
masses; 2 BM aspirations and a BM biopsy showed no evidence
of BM infiltration. [\3!I]MIBG scan showed no evidence of
disease. Haematological toxicity was characterised by WHO
grade 3 neutropenia lasting 2 weeks, thrombocytopenia WHO
grade 3—4 for 3 weeks. 2 months later, 3 months from the
beginning of CO-TH, a generalised relapse was observed.

Case 2

A 4-year-old boy with stage IV NB with a large right adrenal
tumour and extensive BM and bony metastases at diagnosis,
obtained complete remission following CAdO regimen
(cyclophosphamide 1.5 g/m? divided over 5 days; vincristine
1.5 mg/m? days 1 and 5; adriamycin 60 mg/m? day 5) and
complete removal of the primary tumour. Subsequently, several
courses of etoposide associated with cisplatin were delivered,
but a relapse was observed 15 months from diagnosis. On
admission, the patient had fever, anorexia and bone pain mostly
confined to the arms. Physical examination showed enlarged
right axillary lymph nodes. During the following days, these
lymph nodes rapidly increased in size. Haematological findings
included: haemoglobin level (Hb) 10g/dl, WBC 4500/mm3 with
neutrophils 50%, platelet count 195,000/mm?. Ultrasound
examination and CT scan of the abdomen and thorax were
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Table 1. Data of NB relapsed patients before and after combined therapy
Disease extent Total Total
[JMIBG  cisplatin Response  Evolution from
Sex/Age Bone marrow Cortical bony activity dosage (after 46 start of combined
Patient  (years) Soft tissues infiltration lesions (mCi) (mg/m?) weeks)  therapy (months)
1 M/4 Right paravesical mass, Massive Skull, 200 100 CR Relapse
several bilateral para-aortic rachis, 3)
and inguinal lymph nodes, pelvis,
mediastinal mass long bones
2 M/4  Right axillary lymph nodes None Right humerus, 240 120 CR Relapse
metacarpal bones 3.5)
femoral metaphyses
3 M/9 Supraclavicular, Massive Pelvis, 220 100 PR Stable disease
retroperitoneal, parailiac, rachis, @
intercavo-aortic, paravesical long bones
and inguinal lymph nodes

CR, complete response; PR, partial response.

negative. ['*'I]JMIBG revealed the presence of very large, right
axillary lymph nodes and extensive bony metastases (Table
1). Radiological skeletal survey and technetium-99 scans were
confirmatory. BM aspirations and biopsies showed no malignant
cells. Catecholamines and catecholamine metabolites were
within normal limits. 2 weeks after starting CO-TH, the physical
examination was negative; 4 weeks later, re-evaluation with
[BU]MIBG scan showed disappearance of all bony lesions.
Haematological toxicity was characterised by WHO grade 34
neutropenia and thrombocytopenia lasting 2 and 3 weeks,
respectively. 2 months later, 33 months from the beginning of
CO-TH, a generalised relapse was observed.

Case3

This was a 9-year-old boy with stage IV NB and relapsed
progressive disease. At diagnosis, when 2 years old, the patient
showed a large right abdominal mass and patchy BM involve-
ment. After chemotherapy regimens, which included pep-
tichemio, vincristine, cyclophosphamide and cisplatin (total of
200 mg/m? i.v.) and the total removal of the primary tumour, a
complete remission was obtained. Several courses of the same
regimen were subsequently administered. 5 years later, because
of a relapse at the abdominal primary site, the presence of large
abdominal lymph nodes and BM infiltration, a De-CECaT
regimen, which included carboplatin, was administered with a
partial remission. Following second-look surgery, the patient
was referred to our Centre because of the persistence of abdomi-
nal lymph nodes. [**'I)MIBG therapy was administered
(190 mCi i.v. in 6 h infusion) with no apparent response; 5
months later the same lymph nodes increased in size and a partial
regression was obtained following 4 courses of CAdO. While
waiting for haematologic toxicity recovery, a reduced dose
of cisplatin alone (3 daily fractions, i.v. 20 mg/m?/day) was
attempted with no further reduction of the abdominal masses. 2
months later, because of rapid progression of the disease, CO-
TH was administered. Before treatment, CT and [3!I]MIBG
scans revealed extensive disease (Table 1). Technetium-99 scans
confirmed bone lesions. BM aspirate revealed massive BM
infiltration. Haematological findings included Hb 10.2 g/dl,

WBC 6600/mm?, absolute neutrophil count 4200/mm?, platelet
count 95 000/mm?3. Catecholamine levels were: 86 ug/day; VMA
was 60.6 mg/day and HVA 47.7 mg/day. 6 weeks after the
beginning of CO-TH, CT scan revealed reduction (> 50%) of
abdominal and supraclavicular lymph nodes; ['*!I)MIBG scan
showed a marked reduction in uptake, at the level of the rachis,
and of the bony metastases. BM aspirations and biopsy revealed
patchy infiltration. Catecholamines were 44 ug/day, VMA was
32.6 and HVA 29.5 mg/day. No progression of the disease has
been observed during the subsequent 5 months. Haematological
toxicity is shown in Figure 1. There was a WHO grade 3
neutropenia and WHO grade 4 thrombocytopenia lasting,
respectively, 1 week and 4 weeks, and 4 platelet transfusions
were administered owing to occasional increases in the number
of petechiae.

Case 4

A 36-month-old child was admitted to our hospital with a
history of persistent fever and diffuse bone pain. Physical
examination showed a left abdominal mass and a left orbital
haemorrhagic lesion. Haematological findings included:
Hb 6.3 g/dl, WBC 3900/mm? (with 32% neutrophils), platelets
164,000/mm?>. An abdominal CT scan showed a left retroperi-
toneal mass (6 X 8 cm). BM aspiration at two sites showed
massive infiltration by malignant cells. Skeletal survey both by
bone X-rays and bone scan with 99m-technetium methylene
diphosphate (®*™Tc-MDP) showed extensive bony lesions.
[**'I)MIBG scan visualised the primary tumour located in the
left adrenal, as well as multiple bony metastases in the skull and
distal long bones; intense uptake of the radiopharmaceutical was
also evident along the spine and pelvis, suggesting neoplastic
BM infiltration. Catecholamines were within normal limits, but
VMA was 52.5 mg/24 h (n.v. 1.5-3.5 mg/24 h), HVA 69.9 mg/
24 h (n.v. <5).

During the clinical examination of approximately 1 week,
rapid progression of the disease was evident, with the appearance
of 2 new subcutaneous skull lesions in the left parietal region. 3
days later the subcutaneous masses increased markedly in size
and two additional masses (3 X 3 cm and 2 X 3 cm) on the
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Figure 1. Case 3. Haematological toxicity. (a) Time course of white

blood counts (@——@) and absolute neutrophil counts (@ -@). The

arrow indicates the day the combined treatment was started. (b) Time

course of platelet counts after ['*'I]MIBG alone (M- —8) cisplatin

alone (l---W) and combined therapy (ll—HM). The arrow indicates
the day 3 different treatments were started.

same side were observed. Following a course of cisplatin 80 mg/
m? i.v. over 4 days, his general condition improved and no
further tumour growth was observed. 4 days later, at the time
of radiometabolic treatment, no change was observed in the
['*'T)MIBG uptake by tracer investigation (Figure 2a and b).
150 mCi of [*'I]MIBG at high specificity (> 1.1 GBg/mg) split
into two parts was administered by slow i.v. infusion (6-8 h)

(a) (®)

Figure 2. Case 4. [*'I]MIBC: uptake before (a) and after treatment
(b) with cisplatin alone.
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with a 1-week interval. Subsequent ['*!'I)MIBG scintigraphic
assessment 3—4 weeks later showed partial regression of all NB
lesions, including a small reduction of the primary tumour and
the complete disappearance of BM infiltration (also documented
by 4 BM aspirations and biopsy). VMA and HVA were within
normal limits. A second course of ['*'I]MIBG (100 mCii.v.6 h
infusion) was administered, and 3 weeks later a moderate
reduction in size of the primary tumour on CT scan (a total of
40-50% reduction) allowed its surgical total removal.
[3'I)MIBG scintigraphy performed immediately after surgery
showed only mild uptake of the tracer in a confined area of the
skull (Figure 3).

Two courses of chemotherapy (CAdO) with vincristine
(1.5 mg/m?), cyclophosphamide (1.5 g/m? divided over 5 days)
and doxorubicin (40 mg/m? in the first course, and the full dose
of 60 mg/m? in the second course) were administered with a 5-
week interval. The time course of platelet count, WBC and
granulocyte count from diagnosis up to the completion of CAdO
chemotherapy is shown in Figure 4. A month from the last
administration of CAdO, physical examination continued to be
unremarkable; CT scan of the abdomen and BM aspirations and
biopsies showed no malignant cells. Skeletal survey showed no
major changes; however, [\*'I)MIBG scintigraphy still showed
the small area of faint ['*'I)MIBG uptake in the skull. The
patient is being treated with conventional dosages of cisplatin
and etoposide, with no significant haematological toxicity. No
auditory, kidney, neurologic problems have been observed.

DISCUSSION

This pilot study was designed to test the tolerance and
effectiveness of combining ['3!I] MIBG and cisplatin in dissemi-
nated NB. The data presented are derived from work in progress
and, obviously, more patients need to be treated to support
general conclusions. However, some provisional conclusions
may be drawn. The overall response rate in the first 3 relapsed
cases investigated, including 2 complete remissions and 1 partial
remission, suggests that the combined regimen ['3'I]MIBG and
cisplatin is most effective in pretreated stage IV NB, particularly
in patients with BM infiltration and cortical bony metastases.
These patients had received extensive prior chemotherapy which
included cisplatin, and all had progressive disease at the time of
CO-TH.

The response rate, with only a few complete remissions, using
different intensive salvage chemotherapy regimens, has been in
the order of 20-40% in similar subsets of patients, including 19
patients treated with several courses of high-dose cisplatin with
etoposide administered over several months [12, 13]. Severe
haematological and non-haematological toxicity also occurred.
Effective responses were observed in less than 50% of stage IV
resistant NB patients, most of these being partial remissions,
after multiple courses of [*'I]MIBG administered alone, also
over a period of several months [4]. Furthermore, with
[*'IIMIBG alone, BM and cortical bony lesions very rarely
showed any response [14, 15]. Therefore, when compared with
similar patients treated with salvage chemotherapy or
[*'I)MIBG alone, our 3 patients showed much better results, in
terms of degree and rate of response, and with only one course
of the CO-TH, with both cisplatin and [**'I)MIBG at “standard”
dosage, administered over a short time. In these end-stage
patients, the short duration of the complete remission, not
maintained with further treatment, was not surprising.

The present treatment approach allowed the delivery of
large, but not myeloablative, doses of combined {!*!]MIBG and
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Figure 3. Case 4. [**'I]MIBG uptake before (a) and after (b) com-
bined therapy, following removal of primary tumour. A mild uptake
of the tracer is evident only in a confined area of the skull after
combined therapy.

cisplatin. The only toxicity was haematological, which was
severe and relatively long-lasting, but not associated with any
significant infections or bleeding tendency, despite initial haema-
tological depression and BM infiltration in 2 of the 3 patients
investigated. In case 3, even though synergistic “therapeutic”
effects of the CO-TH could only be suspected, it appears that at
least a “toxic™ synergistic effect could be excluded, considering
the time courses of the platelet counts (Figure 1). Furthermore,
the general condition of these patients during the entire study
period was excellent.

R. Mastrangelo et al.
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Figure 4. Case 4. Time course of absolute neutrophil ANC @- -@®)

and platelet counts (l——M) with combined therapy, and during two

courses with CAdO. The arrows indicate the days of cisplatin
(CDDP), ['*'I[]MIBG and CAdO administration.

We believe that [\*'T)MIBG combined with cisplatin should
be attempted at an earlier stage of the disease, with the possibility
of even better results and less haematological toxicity. Because
of the virtual absence of non-haematological toxicity, there may
be room for intensification of treatment with the addition of non-
myelodepressive effective drugs, such as vincristine, to the CO-
TH. CO-TH would be useful for patients with unsatisfactory
initial conventional response and good MIBG uptake, with
the aim of reducing the tumour burden some time before
conditioning chemotherapy for autologous bone marrow trans-
plantation (ABMT), since it has been observed that patients
with a better pre-ABMT clinical response have a significantly
lower relapse rate after ABMT [16]. The optimal use of CO-TH
in the future treatment of stage IV NB may indeed derive
from tentative therapeutic approaches at the time of diagnosis,
whether BM infiltration is present or not. The only case treated
so far at diagnosis (case 4) points in this direction. Although
promising preliminary results have been obtained in children
with disseminated NB treated with [!3![|]MIBG alone at diag-
nosis, these new lines of investigation have not been adequately
pursued. There may be concern about the potential risk of BM
toxicity of ['3'I]MIBG, used alone or, more so, in association
with chemotherapy. In the presence of BM infiltration parti-
cularly, BM toxicity would also hamper the subsequent optimal
delivery of conventional chemotherapy, because of the excessive
BM depression due to the possible long-term BM toxicity from
[*'I]MIBG.

Our patient with stage IV NB and massive BM infiltration,
was the first case ever treated at diagnosis with CO-TH and
therefore, to be cautious, a less intensive, less concentrated
and modified regimen was administered. Nevertheless, the
integration of cisplatin with [**'T)JMIBG produced a good clinical
response. The results obtained with a short course of CO-TH
compare favourably with those obtained with the administration
at diagnosis of ['3!I]MIBG alone, delivered in 2-5 courses over
several months [8]. Haematological toxicity was mild; above all,
the haematological toxicity from the subsequent CAdO regimen
was comparable with that experienced by patients with NB
treated at our Centre with an identical drug combination, but
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without previous treatment with CO-TH (Figure 4). Following
our experience using CO-TH in relapsed patients, we plan to
gradually intensify the CO-TH, and reduce the administration
time of the initial treatment.

The findings reported in case 4 also have two important
clinical implications for the treatment of NB with CO-TH at
diagnosis. The first point regards the unpredictable waiting
time, sometimes up to a few weeks, to procure the drug for a
disease which, even at diagnosis, may be rapidly progressive.

The initial chemotherapy, as delivered to our patient, appeared -

very useful in controlling a rapidly progressive disease while
waiting for the radiopharmaceutical. The second point concerns
the fact that the biochemical and physiological integrity of the
malignant cell wall appears to be essential for the optimal specific
MIBG uptake [17], but our case showed that the ['3'I)MIBG
uptake by the NB cells is not altered by prior chemotherapy
(Figure 2) and would not jeopardise the uptake of the therapeutic
dose of [**'I]MIBG.

We believe that this new form of treatment combination
deserves further extensive evaluation in stage IV NB, and several
points need to be clarified, such as dosage, optimal infusion
time, and the sequence relationship of [!*!I]MIBG and cisplatin.
More data are also needed on the pharmacological modulation
of uptake and release of [*']]JMIBG in the tumour cells [18, 19].
In the future, no-carrier-added ['*'I)MIBG, rather than the
conventional low specific activity preparation, will probably
result in an enhanced therapeutic ratio because of the different
transport mechanisms in NB compared with normal tissue {20].
Finally, a better knowledge of the biochemical mechanisms of
interaction of cisplatin with radiation would most likely lead to
an optimal synergistic effect. All this information will probably
help to determine the future role of this new treatment approach
in the therapeutic strategy for one of the most frustrating
malignant tumours of childhood.
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