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CLINICAL PRACTICE GUIDELINES
SIOP-PODC Adapted Risk Stratification and Treatment Guidelines:
Recommendations for Neuroblastoma in Low- and Middle-Income Settings

Nehal S. Parikh, mp,"* Scott C. Howard, mp,? Guillermo Chantada, mp,> Trijn Israels, mp,* Mohammed Khattab, mp,*
Patricia Alcasabas, mp,® Catherine G. Lam, mp,” Lawrence Faulkner, mp,? Julie R. Park, mp,’
Wendy B. London, php,'® and Katherine K. Matthay, mp"’

Neuroblastoma is the most common extracranial solid tumor in
childhood in high-income countries (HIC), where consistent
treatment approaches based on clinical and tumor biological risk
stratification have steadily improved outcomes. However, in low-
and middle- income countries (LMIC), suboptimal diagnosis, risk
stratification, and treatment may occur due to limited resources and
unavailable infrastructure. The clinical practice guidelines outlined
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in this manuscript are based on current published evidence and
expert opinions. Standard risk stratification and treatment explicitly
adapted to graduated resource settings can improve outcomes for
children with neuroblastoma by reducing preventable toxic death
and relapse. Pediatr Blood Cancer 2015;62:1305-1316.

© 2015 The Authors. Pediatric Blood & Cancer, published by Wiley
Periodicals, Inc.

INTRODUCTION

Neuroblastoma is the most common extracranial solid tumor in
childhood in high-income countries (HIC), where it accounts for
10% of pediatric cancers [1]. However, in low- and middle- income
countries (LMIC) with population-based registries, it accounts for
only 1-3% of cancers, and in most LMIC its true incidence is
unknown [2—4]. The limited available data suggest that in LMIC,
late diagnosis, lack of access to accurate staging, risk stratification,
optimal treatment, and abandonment lead to survival rates much
lower than those in HIC [3,5-9]. With the Pediatric Oncology in
Developing Countries (PODC) committee of the International
Society of Pediatric Oncology (SIOP) working group for adapted
treatment regimens, we developed these recommendations for
adapted management of neuroblastoma.

This manuscript focuses on neuroblastoma, since general
principles of adapted therapy have been previously reported [10—
13]. Optimizing treatment in LMIC at centers with variable
capabilities and infrastructure requires adapting diagnostic meth-
ods, risk stratification, and therapy for children with neuroblastoma
based on available resources [10-13]. In Table I, we defined each
setting based on the minimal required resources to facilitate
appropriate diagnosis and risk-stratified, intensity-adapted treat-
ment. We have used the terminology ‘‘Setting 1 to represent
centers with minimal resources, but with access to care and
treatment with curative intent, while *“‘Setting 4 represents centers
with state-of-the-art diagnostic and treatment capability for high-
risk neuroblastoma. Many countries, especially low-income
countries (LIC), have extreme heterogeneity in resources available
where some privately-funded centers may represent Setting 3, while
nearby institutions may be Setting 1. A consistent approach to
diagnosis and treatment that is adapted to local conditions and
resource availability will improve the care of children in LMIC.

METHODS

A Global Neuroblastoma Network (GNN) subcommittee of
pediatric oncologists from LMIC and HIC reviewed published
evidence about treatment strategies for low-risk, intermediate-risk,
and high-risk neuroblastoma and applied these strategies during

weekly online Global Neuroblastoma Network (GNN) case
discussions held via www.Cure4Kids.org. The subcommittee
consensus recommendations are based on review of published
evidence (using PubMed ®) for neuroblastoma diagnostics, risk
assessments, prognostic markers, and treatment strategies com-
bined with expert opinion about neuroblastoma and healthcare
delivery in LMIC. The draft was reviewed by peers in HIC and
LMIC and presented to a broad group of pediatric solid tumor
experts via web conferences of the SIOP PODC working group on
adapted treatment regimens, the annual SIOP meeting, and the
GNN weekly online multidisciplinary conferences [14].
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This is an open access article under the terms of the Creative Commons
Attribution-NonCommercial-NoDerivs License, which permits use and
distribution in any medium, provided the original work is properly
cited, the use is non-commercial and no modifications or adaptations
are made.

"Department of Pediatrics, Division of Hematology-Oncology, Con-
necticut Children’s Medical Center, Hartford, Connecticut ; 2University
of Memphis, Memphis, Tennessee; *Department of Hemato-oncology,
Hospital JP Garrahan, Buenos Aires, Argentina; VU University
Medical Center, Amsterdam, the Netherlands; 5Department of
Paediatrics, Children’s Hospital of Rabat, Rabat, Morocco; 6University
of the Philippines-Philippine General Hospital, Manila, Philippines;
"Department of Oncology and International Outreach Program, St. Jude
Children’s Research Hospital, Memphis, Tennessee; 8Cure2Children
Foundation, Florence, Italy; °Seattle Children’s Hospital, University of
Washington School of Medicine and Fred Hutchinson Cancer Research
Center, Seattle, Washington; "%Harvard Medical School, Boston
Children’s Hospital and Dana Farber Cancer Institute, Boston,
Maryland; ''Department of Pediatrics, UCSF School of Medicine
and UCSF Benioff Children’s Hospital, San Francisco, California

Conflict of interest: Nothing to declare.

*Correspondence to: Nehal S. Parikh, Connecticut Children’s Medical
Center, Hematology/Oncology, 282 Washington Street, SA, Hartford,
CT 06106. E-mail: nparikh@connecticutchildrens.org

Received 12 November 2014; Accepted 30 January 2015

© 2015 The Authors. Pediatric Blood & Cancer, published by Wiley Periodicals, Inc.

DOI 10.1002/pbc.25501
Published online 21 March 2015 in Wiley Online Library
(wileyonlinelibrary.com).



Parikh et al.

1306

“SurSewr ooueUosax oneusewl ‘TYA ‘Aydersowo) uorssiud uonisod asoon[sAxosporony LHJ-O QUIpTuEn3[Azuaqoporelowt ‘DI I, ‘PIOE JIOPUBMIATIUUEA “VAA PIow
SI[[TuRAOWOY ‘YA H ‘[[29 POO[q PaI ‘D ‘AnSIuraydojstyountuur ‘JHJ ‘Ure)s UIsod pue UrAXojeway ‘g29H 9seuadoIpAyep onoe[ ‘H'T Iunod poojq 23o[dwod Qg ‘Ayderdowo) pazueindwos ‘1D

Apoqnue Z(D-NUY ‘UIOUI}oNos|
sjuaSy
Suruonipuo)) juerdsuely,
Kdeiay], uoneipey
Kderayjoway) piepuels
sonolqnuy
Aypioe juejdsuel], pue uone[os|
ND] dyeIpad
Suisnoy Aiueq
u0o3Ing OIeIPd SIONPoId
poorg [[e 03 ss00y pidey
endsoH jueneduy ‘SursinN
sonIewIouqe
QWOSOWOIYD [eIUaWSas
Aprold VNA ‘NOAW
uonesyIsse[d NI
DHI ‘uress 42H
(proe
oun ‘40d SN 8D ‘$91K[0109]9)
¥ SSNI J1 sqef stsA[ towng,
‘VINA /VAH duln
SISA[eunIn ‘QuIuneaId
‘UNLLIQY ‘H'T ‘SOWAZUR JAI DD
Asdoiq % NG [eree[ig
paA[oAul J1 surds J0 peay TN
‘LAd-DAdg; 10 DIIN I¢;,
siajad
JUSWIOPQE/1SAYI/NOU UBIS 1D

urounanosy
sjualy
Suruonrpuo)) juerdsuely,
Aderay ], uoneipey
Adezayioway) prepuels
sonoqnuy
Anpioey juerdsuel], pue uone[os|
NDI dtelpad
Suisnoy Aqwueq
u0a3Ing OMEIpaq s}IONpoid
pooig [[e 0} $sa00y pidey
endsoH juaneduy ‘SursinN

NOANW
(I “OpEIS UONENUIISHIP)
(31qe[rer J1) uoneoyIsse[d DANI
DHI ‘urels g3H
(proe
oun ‘40d SN 8D ‘s91K[0109]9)
¥ SSNI J1 sqef sis[ Jowng,
‘VINA /VAH SuH
SISATRULIN ‘QUIUT)BAID
‘UNLLIRJ ‘HAT ‘SSWAZUS IAI] ‘DgD
Ksdoiq 29 aexdse Ng [eloe[ig
paajoaur J1 oulds 10 peay YN
LHd-DdHg, 10 DLIN -I¢,

s1ATed/uswopqe/1saydoau 1)

Kderoy], uoneipey
Aderayjowey) prepuels
sonoiqnuy

saniiqede)) Suro)lUO dATSUUY
Sursnoy Aqrueq
u0a3mg ommerpag

SI9[AJB[J 29 DY 0} SSA00Y
rendsoy juaneduy ‘SursinN

OHI
uress g3H

VINA/VAH =ut)

SISA[BULIN ‘QUIUNBAID
‘UNLLIRY ‘HAT ‘SeWAZUL IAI ‘DgD

Ksdoiq 29 oendse g [eroleg
UBDS QUOG-0 Ly

s1ATed/uswopqe/1sayd/odu 1D

(31qe[reAe 1) sounwue[oydoJed AIeuLin)
S9SEISLIOUW MOLIBUI QUOQ JO IOWN) [[20 AN[q punol [[ews Jo AS0[0ISTH
‘uoneurwexa [eoIsAyd ‘A10IS1

Adezayioway) prepuers
sonoqnuy

POO[q J[OYM IO DY 01 SSIY
[endsoH juaneduy ‘SursinN

uress gH

SISA[RULIN ‘QUIUNEBAID ‘UNLLIDY
‘HA'T ‘SSWAZU AT ‘DD

Ksdoiq 29 oexdse Ng [eloe[ig
‘punosenn [europqy
‘KoAIns RIS puB YXD

sonnaderay,

2Imonnseryuy

A3ojoyred

K10ye10Q8T

Suiderg

sisougeiq

¥ Sumog

¢ Sumeg

T Sumeg

1 Sumog

uonedynens ysny pue ‘Suige) ‘sisouser(] BWOISL[qOININ J0J SSUNIIS 2aN0sY T A TIVL

Pediatr Blood Cancer DOI 10.1002/pbc



SIOP-PODC Adapted Risk Stratification and Treatment

DIAGNOSIS

The diagnosis of neuroblastoma is based on pathology with
immunohistochemistry (IHC) complemented by urine catechol-
amines. In all settings, physical examination, basic laboratory,
radiographic, and pathologic evaluation should be performed
(Table I). Neuroblastoma should be suspected in children with
cervical, mediastinal, paraspinal, abdominal or pelvic masses, and
the diagnosis made by either biopsy of the primary tumor or by
identification of characteristic tumor cells in the bone marrow.
The presence of hypertension may suggest neuroblastoma or Wilms
tumor. Elevated urine catecholamines, including urine homovanil-
lic acid (HVA), vannilylmandelic acid (VMA), strongly suggest the
diagnosis, and is helpful to distinguish among small round blue cell
tumors [15]. Conversely, if urine catecholamines are not available
or are non-diagnostic, neuroblastoma can be differentiated from
other small round blue cell tumors using IHC staining for tyrosine
hydroxylase, CD56, and synaptophysin. Alternative diagnosis
should be considered for IHC positive staining for leukocyte
common antigen CD45 in lymphoma, CD99 in Ewing sarcoma, and
desmin and myogenin in rhabdomyosarcoma [16]. In Setting 1, IHC
is usually not available, and the treating doctor will have to rely on a
combination of the pathologic appearance and typical clinical
features (e.g., age at diagnosis, symptoms, sites of disease, sites of
metastases, lack of response to glucocorticoid therapy).

STAGING AND RESPONSE EVALUATION

Accurate staging and response evaluation are essential for
determining treatment and prognosis (Table I). In all settings,
bilateral bone marrow aspirate and biopsy should be performed to
detect bone marrow metastases, which occur in 70% of metastatic
neuroblastoma patients [17]. Radiologic and surgical staging depend
on locally available resources: Advance imaging, including magnetic
resonance imaging (MRI), '*’I-metaiodobenzylguanidine (‘*I-
mIBG) scans, and '®FDG-PET have increased the accuracy of
diagnosis and staging and facilitate local control with surgery and
radiotherapy, but due to high cost, are inconsistently available in
LMIC [18,19]. Surgical staging of the primary tumor is according to
the International Neuroblastoma Staging System (INSS-Supplemen-
tal Appendix I) [20]. The recent International Neuroblastoma Risk
Group (INRG-Supplemental Appendix I) staging system is a simpler,
radiologic staging, which is not influenced by degree of resection [21].

Setting 1

Staging and response assessment depend on imaging studies and
bilateral bone marrow biopsy with simple hematoxylin and eosin
staining to document presence of disease (Table I). Plain
radiographs and abdominal ultrasound can document the extent
of thoracic and abdominal disease [22], but are suboptimal for
staging and pre-operative planning due to their lack of sensitivity to
detect small metastatic lesions in lymph nodes or lungs. Evaluation
for bone disease should include bone radiographs (e.g., a skeletal
survey), with the understanding that plain radiographs are less
sensitive (26% lesions identified) than bone scan (59% lesions
identified) to detect skeletal involvement [23,24].

Setting 2

Computerized tomography (CT) of neck, chest, abdomen, and
pelvis with intravenous contrast combined with **™Tc phosphonate

Pediatr Blood Cancer DOI 10.1002/pbc
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nuclear imaging provides greater sensitivity of anatomic location,
associated radiologic risk factors for surgery, and metastasis
(Table I). CT is more sensitive for bone involvement than plain
radiographs. If spinal involvement is suspected, magnetic reso-
nance imaging (MRI), if available, should be obtained to assess
invasion of the neural foramina and spinal cord compression.

Setting 3

In Setting 3, the neuroblastoma staging and risk classification
should include CT of neck, chest, abdomen, and pelvis with
intravenous contrast; MRI of sites with suspected spinal involve-
ment and sites where tumor extent is not well defined by CT; and
1231 mIBG scans, or ®FDG-PET (Table I). '**I- mIBG, which is
taken up via the norepinephrine transporter in 90% of patients with
neuroblastoma [19] is the most sensitive and specific test for
metastatic disease in bone or soft tissue. An '|FDG-PET scan is
also sensitive, but less specific than mIBG for neuroblastoma but
can be used in patients whose tumors are '**I- mIBG negative or
when '2’I- mIBG scans are unavailable [18].

RISK STRATIFICATION

In the past two decades, risk stratification using clinical and
tumor biological features has facilitated intensity-adjusted neuro-
blastoma therapy with resultant improvements in outcomes and
decreased complications in HIC [22,25-28]. Established prognostic
markers utilized over the past two decades include clinical features
such as stage, age, serum lactate dehydrogenase (LDH), serum
ferritin; tumor histological classification; and tumor biologic
features of MYCN gene amplification status, DNA ploidy and
segmental chromosomal aberrations [29-31].

Histologic classification according to International Neuroblas-
toma Pathology Classification (INPC) could be helpful in all
settings to guide risk stratification [15]. Unfortunately, INPC has
been underutilized in LMIC due to shortages of trained pathologists
familiar with pediatric malignancy and INPC. Fluorescent in situ
hybridization (FISH) or RT-PCR for tumor MYCN gene amplifica-
tion is desirable, but are most essential in risk stratification for
children with stage 4 tumor in patients <18 months of age, and for
all stage 3 tumors. DNA ploidy is most helpful in infants without
MYCN amplified disease, who have stage 4 or 4S disease, as
patients with diploid tumors have significantly lower survival, and
may require more intensive therapy [32,33].

Prognosis

In HIC, children with localized disease and favorable biology
tumors (INSS 1, 2, and 4 S or INRG L1, and MS) have an overall
survival (OS) of 96% with surgery alone, or in some cases
observation only [20-22,31,34,35]. In the intermediate risk group,
comprising of infants with metastatic disease or infants and children
with unresectable (INSS 3 or INRG L2) disease without tumor
MYCN amplification, the OS remains greater than 90% when
treated with 3—6 months of outpatient chemotherapy of moderate
intensity [26]. Yetin LMIC, survival rates even for localized disease
is usually lower [5-7] perhaps due to inaccurate staging or risk
stratification. Lack of access to biologic risk classification may lead
to over-treatment and higher risk of death from aggressive surgical,
toxicity, or treatment abandonment. Treating high-risk disease,
comprised mainly of children >18 months with stage 3 and 4
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disease and any stage with MYCN amplified tumors is challenging
even in HIC, with OS of 40% using modern protocols in settings
with excellent supportive care [36—40]. Due to economic, social,
and health system factors, high-risk patients typically form a greater
proportion of patients diagnosed with neuroblastoma in LMIC than
HIC. In LMIC, especially in Setting 1 centers, high risk patient are
often not treated with curative intent, since expected survival rates
would be <10% [5,6].

Adapted Risk Stratification

Guidelines for risk stratification are shown in Table II. Age and
stage continue to be the strongest clinical prognostic factors for
neuroblastoma. Age <18 months implies favorable disease, even in
the presence of metastases, provided there is no tumor MYCN gene
amplification [31,41]. In Setting 3, where INPC classification may
be performed, toddlers age 12—18 months with stage 4 disease with
Unfavorable Histology (if available) and/or diploidy/hypodiploidy
should be considered to have high-risk disease even without MYCN
amplification. However, toddlers with stage 3 disease without
MYCN amplification should still be treated on the intermediate risk
protocol, as the benefit of transplant is not clearly defined [42].
Children >18 months of age with stage 4 disease should be
treated as high-risk, without further need for biologic or clinical
markers [31].

One significant limitation in LMIC is the inability to assess
MYCN amplification in some centers, despite the fact that it is
present in approximately 25% of patients [43] and is critical to
differentiate between intermediate and high-risk disease for
patients <18 months with stage 4 disease, and for all patients
with stage 3 disease [31]. Although MYCN amplification in stage 1,
2, and 4 S tumors could potentially change the risk group, it is
uncommon in this group [25]. When MYCN assessment is not
available, we would consider use of serum LDH and serum ferritin
as surrogate markers for MYCN amplification in INSS stage 3 and 4
disease [44]. In Children’s Cancer Group Study 3891, 70 eligible
newly diagnosed patients with Evans stage 3 disease were evaluated
for ferritin as a prognostic marker, demonstrating 5-year EFS
38 9% for patients with ferritin >143 ng/ml versus 78 £ 8% for
those with ferritin <143 ng/ml [42,45]. A review of INRG database
identified 1483 INSS stage 3 patients, of which ferritin was known
in 666 patients, and LDH in 959 patients. Five-year EFS associated
with ferritin <96ng/ml versus >96ng/ml was 77 £3% versus
61 +4%, respectively (P =<0.0001), while the 5-year EFS for
patients with LDH <580 U/L versus >580 U/L was 78 £ 2% versus
67 £3%, respectively (P = <0.0001) [42]. Therefore, any patient
with stage 3 disease and those <18 months with stage 4 disease
whose LDH and/or ferritin exceed this threshold may be stratified as
high-risk [33,42,45-47]. If we had to determine a single marker,
LDH would be arbitrarily used, as that has the most literature
support. The reported threshold at which elevated LDH serves as a
prognostic marker varies from >580 IU/L to >1000IU/L [42,48];
therefore, we recommend the intermediate level of 750 IU/L to
intensify therapy in LMIC when MYCN status is unknown. The
reported threshold at which elevated ferritin has been shown
to affect outcome has varied, from >92ng/ml to >142ng/ml
[31,48,49]; therefore we recommend considering a pre-treatment
ferritin >120ng/ml to intensify therapy in LMIC when MYCN
status is unknown. For both ferritin and LDH, we chose to use
an intermediate rather than the highest value as the proposed
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threshold, acknowledging differences in laboratory ranges while
noting that the largest INRG analysis used the lower value.
LDH and ferritin assessments are of uncertain prognostic
significance in patients with INSS 1, 2, or 4 S tumors, and therefore
not recommended for changing the risk category in those
patients [22,25,28,31,34].

TREATMENT GUIDELINES

Treatment guidelines according to risk group and setting are
outlined in Table II.

Low Risk Disease

In patients with INSS 1 and 2 tumors, the outcome is excellent,
with >95% 3year OS [27,50]. Regardless of setting, surgical
resection is sufficient for asymptomatic patients whose tumor is
largely (>50%) resected, even if some residual tumor remains.
Patients with tumor resection can be monitored without further
therapy, with ultrasound or CT every 3 months for the 1st year and
then every 6 months until 2 years after diagnosis [27]. Perinatal
adrenal neuroblastoma (Very Low Risk—VLR) patients, with small
adrenal masses detected before birth or within the first six post-natal
months, have an especially favorable outcome with >95% 4 year
OS, without any surgical or medical intervention [35]. We
recommend monitoring these patients with ultrasonography and
physical exam every 6-8 weeks, until the mass resolves, or until
significant growth warrants surgical resection. Occasionally, these
patients will progress to INSS 4 S, but they can be safely observed as
long as they remain asymptomatic [51,52].

Infants with stage 4 S asymptomatic disease have an overall
Syears survival 100% for those patients that did not require
chemotherapy [51]. For patients with symptomatic stage 4 S
neuroblastoma with hepatic dysfunction, coagulopathy, respiratory
compromise, or renal impairment, we recommend treatment with
intermediate risk therapy. Infants younger than 3 months with
hepatomegaly even without symptoms deserve prompt intermediate
risk treatment until symptoms abate due to the higher risk of death at
this age [33,51].

Intermediate Risk Disease

There have been significant advances in the therapies for
children with intermediate risk neuroblastoma, allowing de-
intensification of therapy while maintaining survival. Children
with stage 3 intermediate risk neuroblastoma or infants with stage 4
were treated in the 1990s with cisplatin, etoposide, doxorubicin, and
cyclophosphamide over 9 months, with a 4-year EFS of 100% for
favorable stage 3 [53] and 3-year EFS >93% for infants with INSS
4, MYCN-Non amplified disease [54]. The poor prognostic
indicators identified in the infant group were diploid and/or
MYCN-amplified tumors [32,55]. A French cooperative trial
showed that INSS 3 infants without MYCN gene amplification
had a 94 £ 5% EFS with moderate-intensity chemotherapy [56]. A
large INRG report showed that patients with INSS stage 3 tumors
without MYCN amplification had an 81% 5-year EFS [42].

Therapy has since been modified to shorten the course of
treatment, substitute carboplatin for cisplatin, and decrease the
cumulative doses of active agents by 60% in an effort to decrease
toxicities, hospital stay, and costs, while maintaining survival
outcomes, with 88% 3-year EFS and 96% OS [26]. In settings where
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carboplatin is unavailable or is cost-prohibitive, cisplatin can be an
alternative. Table III outlines a well-tolerated intermediate-risk
therapy suitable for each setting [26]. We recommend dose
reduction as outlined in Table II according to availability of
resources given the typically favorable outcome and potential need
to conserve blood products.

Aggressive surgery may cause significant morbidity in patients
with intermediate risk neuroblastoma. Of 235 children with
intermediate risk group on the COG A3961 trial, 28% had surgical
complications including major hemorrhage, vascular and renal
injuries, and intra-operative need for organ resection [26]. Subse-
quent pilot investigations showed that intermediate risk patients
will often mature without progression despite residual unresected
tumor [57]. Given the high survival rate for the intermediate group
regardless of resection extent [49], we recommend chemotherapy
for 4-8 cycles depending on control of metastases and tumor
reduction with conservative surgery performed if needed to
achieve >50% primary tumor response. Radiation therapy is not
recommended even in the setting of residual disease. Patients can be
monitored with ultrasound or CT every 3-months for the 1st year
and then every 6 months until 2 years after diagnosis.

High Risk Disease

Despite numerous advances and multimodal therapies in the
treatment of children with neuroblastoma, those with high-risk
disease continue to be our greatest challenge. The incorporation
of three distinct phases of therapy has improved outcome for
high-risk neuroblastoma: intensive induction treatment, myeloa-
blative chemotherapy with autologous hematopoietic stem cell
rescue, and treatment of MRD [58-60]. The goal of induction
therapy is to achieve maximum reduction of tumor burden,
including reduction of metastatic bone marrow, and bone disease
within a timeframe that will minimize the risk of developing
resistant tumor clones and clinical progression. Subsequently,
potentially resistant residual tumor is treated with high-dose
myeloablative therapy followed by autologous hematopoietic
stem cell transplantation (ASCT), which has been shown to
significantly improve EFS [58]. The relapse rate of greater than
40% even after such therapies has led to post-transplant treatment
for MRD-positive patients using isotretinoin and monoclonal
anti-GD2 antibodies [39,58,59].

Due to the lack of transplant expertise, reduced access to blood
products and pheresis, and difficulty supporting patients through the
period of myelosuppression, few Setting 1 centers in LMIC have
attempted curative treatment of high-risk neuroblastoma, and have
commonly prescribed palliative care. Furthermore, the cost of
isotretinoin and lack of access to monoclonal anti-GD2 antibody
impede effective MRD treatment in some LMIC. However, a
coordinated treatment approach based on resource capabilities can
improve outcome for these children progressively, and will
eventually lead to overall improvement in supportive care and
therapy of childhood cancer. We propose a graduated intensity plan
for high-risk patients in different LMIC settings (Table IV).

Induction and Local Control

No single chemotherapy induction regimen has proven to be
superior for induction response and EFS in high-risk neuroblastoma.
Allregimens reported to date employ multi-agent chemotherapy with

Pediatr Blood Cancer DOI 10.1002/pbc

a platinum agent, alkylator therapy such as cyclophosphamide,
topoisomerase therapy, usually with etoposide or less frequently,
doxorubicin, and vincristine. Initial reports suggested that increasing
dose intensity might improve response rate, but this has not been
borne out in single arm trials which all showed response rates
from 70 to 80% [39,61-63]. The dose-intensive rapid COJEC [64]
did show an improvement in EFS compared in a randomized trial
to OPEC-OJEC, though the 3-year EFS of 31% was not better
than that reported with other North American and European
regimens [40].

Given the increased need for supportive care with more intensive
regimens and without significant benefit expected for patients
without the option of myeloablative therapy, we have recommended
induction regimens in Setting 1 using a regimen with low dose
metronomic oral cyclophosphamide 25 mg/m? daily (max 50 mg) or
oral etoposide 50 mg/m*/day for palliation of pain and improve-
ment of quality of life, High Risk Setting 1 (HR-1) [65,66]. An
alternate approach non-curative therapy would entail administering
1-2 cycles of intermediate risk chemotherapy and local radiation to
the primary tumor bed (dosing per Tables III and V) to allow for
some tumor reduction, pain relief and improved quality of life.
Aggressive pain management is strongly recommended, as end-of-
life bone pain can be significant [67].

For Setting 2, we recommend either the same regimen used for
intermediate risk patients, (Table III), for 8 cycles or modified-
Pediatric Oncology Group (POG) 9341 induction regimen,
(Table 1V) [26,36]. For Setting 3, we suggest the modified-
POG 9341 induction regimen, which is more intensive than prior
French CAdO-PE [68], and has fewer reported acute toxicities
than N7 [63] or the SIOPEN rapid COJEC [40]. It optimizes
platinum, uses less doxorubicin, and has shorter hospitalization
(primarily given in a day hospital) and higher response rate than
the CCG 3891 protocol [58]. This protocol is currently being used
in Morocco for high-risk patients and has been tolerable in >60
patients without toxic death [69]. An alternative option is to
administer the OPEC-OJEC regimen that incorporates more
carboplatin but avoids doxorubicin; although response rates are
lower than those reported for POG 9341 [40]. Surgery to resect
the primary tumor is recommended after the 4th or 5th induction
cycle in patients, whose metastases have responded significantly
to chemotherapy, including either a complete metastatic response
or a partial response (PR) and fewer than six residual bone
metastases that might be treated with radiotherapy. In a review of
patients with high risk neuroblastoma on the CCG A3891 trial, a
statistically significant improvement was noted in patients with
stage 4 neuroblastoma achieving complete remission after surgery
with a Syear EFS 26% +4% versus 19% +3% [70] although
there are conflicting evidence as to the benefit of complete
resection when radiotherapy is also incorporated [71,72]. Given
the minimal likely benefit, we recommend avoiding mutilating
surgery likely to risk major complications in LMIC and instead
using radiation therapy to control unresectable primary tumor and
residual bone metastases.

The decision to proceed to a more intensive consolidation should
be based on the response to induction chemotherapy. Multiple
analyses of myeloablative regimens show that the outcome is
significantly better for patients who have achieved at least a partial
response at the end of induction [73], and preferably a good partial
response in metastases as manifested by a low MIBG Curie
score [74].



1311

SIOP-PODC Adapted Risk Stratification and Treatment

"A1931ns pue Aderayowayd PIm 9,0G5< Jo asuodsar Jown) Arewtid pue saseISEIOW JO UOIIN[OSAI JAJIYOR
03 st Adesoty Jo [e03 oYL, "DEIW LD SISA[RULIN QUIUNESIO ‘DFD UIEIQO ‘AITINS 10§ AJeN[EA ‘S3[0AD 7 OV, “siuswarmbar joape[d 10 eruadonnau pue 193] JO POOYL[SNI] AU} SONPI 0) ‘UIALT ST aSOp
PaIRIIPUL JO 98 AJUO JBY) OS ISOP A} AONPAI 0 PIPUAWIOIAI ST IT ‘| SuNIag 104 “3y (0> Siuejul 10J 3y/3uwr 0) paysnipe are saso(, *sa[24d Jurureyuod sprureydsoydo[oLs 1ayye uoneIpAy jo 1y  pue
S9[04A5 unerdoqres 191je uoneIpAY Iy ¢ yiim Adersyjowayd 1ayje v/ W/[W GT [ VB SUI[ES [BULIOU & G(J IM uonerpAy 3sod ‘oprureydsoydo[oAo Sunuess o3 Joud )10 1> A3aeI3 oyroadg auLI) 9AIYOR
pue sa[2£0 aprureydsoydo[o£o 03 roud 1y g X T/, W/[W GZ T & SUI[ES [RULIOU & G(T (IIM 91eIpAYId 01 pOpUauIiioddy, *(Ueds auoq 10) HEIUI {1 ‘(Sunjes uo peseq) SUISLWT ‘URISOIPIEOOYID ‘UINI[Iq
LTV ‘euruneann QgD Aderay Jo puy ‘SISA[eULIN ‘UIQNII[IQ ‘[ TV ‘SIA[OIIO9[Q ‘QUIUTBaId ‘DD ‘O[040 yora o3 Jo11g ‘1M/000°001 < s1iunod japarerd pue [M/0001 < S1IUnod [Iydonnau 9)njosqe Iajje JIe)s
PUE S[RAIUI oM ¢ JO WNIUTUTW JB PAIA)STUITUPE dIB SI[OKD),, ‘UONRUSISOP SUI)as 9ANdadsar uo paseq Suisop payipoul ‘[96¢y Jod AdeIay) YSLI 9JRIPIUWLIDUI JO SI[OAD § 03 dn aq [[1m 7] "UonLUSISIP
Sumyes 9A1102dsa1 UO paseq SUISOpP payIpou ‘[96¢Y Iod AdeIay) YSII 9JeIPaWIAIUL JO SA[IAD 4 JO WNWIUTW 9 [[T4 Y] :SAION [EUOHIPPY “YSLI AJRIPIULINUI “Y] ‘SNOUIABIIUL ‘A ‘UI[ES [BULION ‘SN

punosen[n ‘VAH/VINA ‘SIsA[eunn ‘wexd [eorsAyd yam g X A[eak uayy ‘4 x syjuow 9 b 4 x sypuowr ¢ b dn moqjoq
juowean jo puy A1031ng

aprweydsoydojok) 1eye | Aep saanurw ()9-G[ 1040 AT SN % SA W/ Tw GgT ut (3y/Suwr [) w/Sw og (1Q) urqnioxo(
1 Aep moy [ 10A0 AT SN % §Q W/ Tw GgT ur (3y/3w ¢¢) w/Sw 00‘ (1@) eprureydsoydofok) 8
unerdoqre) 1oy ¢z sAep A[rep smoy g 1040 SN % §Q W/ Tw Q0g ut (3y/5uwr ) w/Sur 07| (¢-1@) oprsodorg
[ Kep oy [ 1940 AT SN % S W/ Tw GgT ut (/3w 81) ,wy/Sur 09¢ (1@ unedoqre) L
asprureydsoydopoA) 1ojge | Aep sonunr ()9-GT 1940 AT SN % S W/ Tw Gz urt (3y/Sw 1) w/Sur Og (1@ umrqnioxoq
unerdoqe) teye [ Aep moy [ 10A0 AT SN % §A W/ Tw GgT ut (Sy/3uwr ¢¢) w/Suwr 000 (1@) eprureydsoydofo)
[ Aep oy [ 19A0 AT SN % S W/ Tw 6T ut (3y/3uw g1) ,w/3w (9¢ (1@) unedoqre) 9
unerdoqre) 1oy ¢z sAep A[rep smoy g 1040 SN % S W/ Tw O0g ut (3y/5w ) w/Sur 07| (¢-1@) oprsodorg
[ Aep oy [ 10A0 AT SN % S W/ TWr 67T ur (3y/8w 81) [ wy3ur (9¢ (1@ unedoqre) S Tl
9[qIsed) JI
ubowpsm
opisodoig Joye | Aep sanuiwt 09-G1 10A0 AT SN % S W/t ¢z ur (/8w 1) wy/3w og (1@) urorgnioxo(
unejdoqre) 1ok ¢°7°[ sAep A[1ep smoy g 10A0 SN & ¢ W/t 00¢ ul (/5w ) Jwy/3w Oz (¢-1@) opisodorg
[ Aep oy [ 1940 AT SN % SA W/ Tw Gg1 ut (/3w 81) ,uy/Sur 09¢ (1@ unedoqre) 14
oprureydsoydopoAo royge ¢°z°1 sAep A[rep smoy g 1040 SN % § W/ TW Q0g Ut (8y/3w ) wy/Swr og| (¢-1Q) spisodoyg
I Aep oy [ 10A0 AT SN % S  wy/Tw ¢g1 ut (8/8w ¢¢) w/Suwr 00Q‘1 (1@) sprureydsoydojoh) €
aprureydsoydorokd 1oy [ Aep seanurur 09-GT 10a0 AT SN % S Wy T §ZT ur (8y/5wr 1) wy/3ur og (1@) uroiqnioxo(
unerdoqe) 1oy [ Kep moy [ 10A0 AT SN % §A W/ Tw GgT ut (Sy/3uwr ¢¢) w/Swr 00 (1@) eprureydsoydofok)
[ Aep oy [ 19A0 AT SN % S W/ Tw 6T ut (3y/3uw §1) ,w/3w (96 (1@) unerdoqre) z
po3odwod st uorsnjul unerdoqre)) 1o)ye A[jeIpawwl ¢ ‘g ‘1 seq
(Twy/Swf"() UOIBIIUAOUOD WNWIXBW) SINOY 7 J9A0 AT SN % SA LW/ gog ut (3y/8w ) NE\mE 0zl (¢-1Q) op1sodoig
[ Kep 1oy [ 1940 AT SN % S  w/Tw 6T ur (/3w g1) ,uy/Sur 09¢ (1@ unedoqre) I ¥l
uoneNSIUIWPY pue 3o JAdereyioway) OPAD dnoin sty

T Sumag sy YSIH J0j pue ‘g ‘I Sunjag J10j UIUISIY YSIY AeIpauLINUL I ATIVL

Pediatr Blood Cancer DOI 10.1002/pbc



Parikh et al.

1312

"€6L-L1L(9)16:800T I9oue) poolg nerpdd ‘dnoin ASo[oouQ s, uaIp[ry) a3 woly 1odar y ewolse[qoInau YSU-ySIy yim UdIp[iyd oy S[el 76
JTHE6/07E6 DO 2U3 JO SawoInQ T8 19 Y AelnA ‘A [92191Y “Ad 938Z, "00S‘T< DNV JIpeu-1sod [nun panunuod pue Adersyiowayd Jo uona[dwod I193je Iy g PaIapIsuod aq p[noys I0joey Junemuns
Kuo0]09 1400 [nueIn) “oprwejsoji 10 aprweydsoydo[oAd unrels 01 zoud )1 1> A1aei3 oy1oadS QUL QAJYOY q "8 O[> Siuejul 10J 3Y/3w 0) parsnipe aIv $3SO(],, "SNOUIARIIUL ‘A ‘QUI[RS [BULION ‘SN

unedsi) Jo 9sop Yoed Iajje sInoy 9

Sururewar sa)Is oneiseIoW ¢ > JI A1931ng

pue Jotrd smoy g 1oy 1y wyTu 0O ¥e /5w (oG euodn[H B) + /8w 00S OSSN + T/bAW 0¢ [DM + SNT/T A qUONEIPAH
¢-1 Aep Iy 7 100 AT SN U/[W 0ST QI (33/5w ¢'¢) asop/,wy/Sw Q[ aprsodorg
G-1 Aep Iy [ 100 AT ‘[O¥UUERW ui/S ¢ SUMUEIUOd SN W/[W T Ul (33/3w ¢¢ ) asop/,w/3w ( unerdsi) G 9sIn0)
SINoy ¢ X I/ Wy GTT 18 SN ¢/ S Wim uoneIpAy 1sod qUONEIPAH
SN T/1 S ;W/[w 0O ut moy [/AT dId (335w ¢'7) jw/Sur ¢/ apisodoig
T'1 shep AT ,(8/8w £'91) Kep/ w /Sw (0G unejdogre) 7 98I00)
uonos9od Hsdd
"G-1 sAep uo (] ‘L ‘¢ IY Je UIW G| JOAO
VNSHIN pue Ju/ wy/jw O ¥e SN ¢/1 S :UOUBIPAY 1504 Pue sInoy g 1oy Iy/gwy/[w GT[ 18 AT SN % §q :uoneipAyaid qUOnEIpAH
-1 sAep SN /1 SA W/[wr 00T ur oy /AT ,(3¥/3w ¢g) w/Sw G/ aprsodoyg
"SN T/1 S Jwy[w 0oz ut (3y/3uw ¢'¢[) [ W/Sw 00F YNSHIN Wis G- ske oy | 1040 AT (3¥/3w 999) Aep/ w/sS g OPIWEJSOJ] € 98In0)
oprwreydsoydo[o£s Jo 9sop yoes I19)je sinoy 4 pue o3 Joud sInoy g IoJ Iy/gw/[w G738 AT SN % Sd @:ouﬁﬁxm
[ Kep urur G 100 AT (83/8wr ) asopy wy3wr (9 uroIqnIoXo(q
"T pue[ sAep moy | 19A0 AT SN % SA W/ TW GTT Ul AL (3%/3w ¢¢) asop/uys [, eprureydsoydojok)
GI ‘8 I skep ysnd AT ,(8/8w (") asop/ uy/Sw ¢'| QUISLIDUIA T 98In0)
unedsi) Jo 9sop Yoea Iajje sInoy 9
pue Jotd smoy g 1oy 1y wy T 0O Je /8w (oG deuodn[H ) + /8w 00S OSSN + T/bIW 0¢ 10X + SNT/T A uoneIpAy
¢€-1 ABp Iy T 19A0 AT SN W/[W 0GT A1 (3/3w ¢°¢) asop/ w/Sw 001 Gopsodorg
G-1 Aep Iy [ 100 AT ‘[OJUURW /S ¢ SUMUEIUOD SN W/[W T UL (33/3w ¢¢ ) asop/,wy/3w (r unerdsi) [ 9sIno)
uonNeNSIUIWPY puB IS0 Aderoypoway) PAYIPOIN- €6 DO uowIday

»€ BuIAg Ul ewo)Se[qO.NAN YSIY-YSIH 10§ Adesay ], uononpuy AT ATAVL

Pediatr Blood Cancer DOI 10.1002/pbc



SIOP-PODC Adapted Risk Stratification and Treatment 1313

© © Consolidation
85 £5
/M L; /M L; The recommended consolidation for curative intent is myeloa-
g €3 279 blative therapy with ASCT, based on three randomized
5 22 92 trials [39,75,76].
; § 3 § 3 Preliminary results from the European SIOP-EN HR NBL-1
51_.; e X e X randomized phase III trial comparing busulfan and melphalan (Bu/
= %‘3 {é %‘3 {é Mel) versus carboplatin, etoposide, and melphalan (CEM) as a
Z o o o o preparative regimen for autologous transplant, showed improved
I 02 B 02 B survival in patients treated on the Bu/Mel arm [77-79]. Due to its
= 'é % @ 'é % @ lesser toxicity and apparently better EFS, we recommend that
= L .= Q . . eqel. o .
° B : E B : E Setting 3 centers with transplant capabilities utilize either BuMel,
§ o~ 99— © (Supplemental Appendix II), or consider melphalan alone (180 mg/

m?), as this is the active agent that has been the backbone of almost
all neuroblastoma transplant regimens, and was successful in the
first randomized trial [76]. One caveat for those utilizing the Bu/Mel
regimen is the higher risk of sinusoidal obstructive syndrome
(SOS), which may be more severe in LMIC where options for
potential prophylaxis or treatment such as defibrotide are not

. S8 5
: 5z E
<L |g8E
S > évs 2=
"E jan ZE =1
= - o O
s < =
<] 08
= PRt
o > L=
o S w3
P R B
< 5|85 0o
> 5|8 S0
5 | B8 %
T | ®ES
<5 |23
SY|1s25
>S5 |EE2
9 = 'g% =
=] <
=2 |mo
=
58 |° 28
AR
@ = O
28| &= 2
S > .20
S e |2
O B <«
2 5 (G
e L |dY o
= 5> =
< &£ Q@ - S
g g o 9L ’g
v 8 |=ETH
S E|ESS
o) =l
S o |88 =0 . .
\n n 2 -2 readily available [80].
= o
g 8 2 £ L L . .
o o o 5 2 E 8 We recommend that high-risk patients in Setting 1 continue on
_g _g g S < ‘g % their same palliative chemotherapy used in induction for a total of
w . .

- g - g - @"l § E 2 S 12 months. In Setting 2, a tolerable consolidation therapy would be
§ = -58 § 3 § % g :; 5 é § 4 cycles of modified POG 9341 regimen (Table IV), the French
2|8 & 5 8 g5 3 a 5 85 § CAdO/CE regimen for 2 cycles each [81] or cyclophosphamide/
S 3 3 2 .

s g 3 g % g % 8 - % g ° topotecan for 6 cycles at 3—4—week intervals (Supplemental

- o = = £ = . .. .
3|z g % g S5 EE|TE ;Dfé Appendix III) followed by radiation therapy to the primary tumor
§ g 2 g % g % 5 g E -% 'z bed and residual bone metastases [68]. For Setting 3, if resources

E g £ - g - S |2 —L‘i 2 are available for ASCT, then a peripheral blood stem cell (PBSC)

2 %_ Q g Q g ™ s gﬁ% harvest could be performed after 2-5 cycles of induction. An earlier

5‘ i 5\ 'z 5\ 'z g =t Sz timing of apheresis generally leads to improved feasibility in

= - = = = = b 5| < :% § obtaining sufficient PBSC numbers. If apheresis is not available,

= i E 8 7\ autologous bone marrow could be collected and stored providing
< =
2 = E’ EO that metastases have cleared. If resources to conduct ASCT are not
o) E = “g <ZE available, then a consolidation using outpatient-based cyclophos-
— — . .
g 2 = gﬁ-“i | phamide/topotecan for 6 cycles at 3—4 week intervals should be
S g 2 g o g considered (Supplemental Appendix III), as this combination was
g z % % E g successful in obtaining response in 30% of resistant or relapsed
g ®) ’5; é = ‘a s ,L:' patients [82]. An alternative therapy option would be to continue
2 Q; o = § =) E g %‘ g induction therapy (POG 9341) for another 4 cycles. It is reasonable
<z S . . .
A § & T_% o 2 5 o Jé‘ § to continue such chemotherapy with curative intent, as there were
& B 5‘ =) = = ﬁ 5 S5 still >20% EFS for patients treated with intensive consolidation
| E En SR fo. : ~ |5 o § chemotherapy on the randomized CCG protocol [39]. We
= | B - gﬂ § g 5 ®) r;) § £z recommend administration of 21.6 Gy radiation to the primary
- = - . . .
:§ 5 ‘;‘ g 5 E T‘@ S E |3 s s tumor bed and to residual bone metastases (fewer than six sites) at
2l 2| 2R = 3B38|5:2¢§ the end of consolidation phase of th [83,84]
g2l g|=zw Y = 2588 phase of therapy [83,84].
< < E o — 23 - RYER)
S QO S 3 @» =5 = a2 wvn © S
@ = = o = ] 5 . e . .
= ez § sg §2 > 2 Minimal Residual Disease Therapy

S & = < =2

£ o ©° i = £|83<S . .

a 8% 5 5 g v E = 22 Although myeloablative therapy has improved the outcome, up

= Bl 15)-2’; 2 =22 £ VI 2 to 40% of patients will relapse after this therapy. The CCG reported

> O . . . .

E O ~ < = = 8 the benefit of treating children after myeloablative therapy with a

g 8 gb E- differentiating agent, isotretinoin, with significant improvement in

s gé S EFS for all children post consolidation [58]. Isotretinoin for

= 2335 6 months is recommended in all settings as post-consolidation
@ S . . . .

§ A s therapy for patients who have achieved a complete remission

8 §° E o (Table V). It is not effective, and not recommended, for patients
Q = A . . . . .

= “ - = =) 2 with gross residual disease. We would urge particular caution before

E | = % & 2 : % _qg prescribing isotretinoin for women of child-bearing age to review

% g % % g :2 3 g Z ris]fs anq reinfo_rce pregnancy prevention measures, as there is a

=l alwn 1%} 1%} s <= 3 serious risk of birth defects in exposed pregnancies. Currently, the

Pediatr Blood Cancer DOI 10.1002/pbc



1314 Parikh et al.

anti-GD2 antibody Ch14.18 based trials, which has been shown to
further improve outcome, is not commercially available and
requires intensive supportive nursing care for administration, thus
limiting access in LMIC.

Recurrent/Progressive Disease and Alternative
Regimens

Despite intensive upfront multimodal therapy, over 50% of high-
risk neuroblastoma patients continue to relapse. After relapse these
patient have poor outcomes with 5-year OS < 10% [85]. Regimens
such as cyclophosphamide combined with topotecan or irinotecan
combined with temozolamide have demonstrated response rates for
refractory/relapse disease of 32% and 15%, respectively [82,86].
BILmIBG therapy is also effective in relapsed disease, with a
30% response rate, but is available in few LMIC [87]. External
beam radiation therapy will often effectively control symptomatic
sites of disease [88]. Oral metronomic therapies may be options
for palliation for settings without access to camptothecins or
temozolomide [66,89]. Localized recurrence, particularly in low
and intermediate risk disease, may be salvageable with additional
surgery, radiation, and chemotherapy [26,27,90]. The determina-
tion of therapy is guided by timing of recurrence, previous therapies
received, individual patient factors and preferences of the family
and providers, in addition to the resources available within those
centers.

SUPPORTIVE CARE

Ability to care for children with fever and neutropenia is critical
in terms of life threatening complications. Therefore aggressive
multi-agent therapy should only be given at center capable of
ensuring that patients have rapid access to medical care and broad
spectrum antibiotic therapy either by providing affordable housing
in close proximity to the medical center or at a facility close to
patients’ home. It is equally important to educate on fever
management with handouts provided to patients and families at
each visit [13]. For Setting 3, a central venous catheter should
deliver intensive therapy and blood products. It is also recom-
mended in Setting 3 that a pediatric intensive care unit is located
within the treating center. Ongoing education should be provided
for nursing and medical assistants regarding the care of a child with
cancer. Red blood cell products and antibiotics should also be
readily available in all settings.

ADVANCING TREATMENT INTENSITY

The optimal intensity of therapy at each institution should be
determined based on the center’s own toxicity data, including grade
3 or 4 infection, sepsis, renal impairment, and death. Review of
relapses may also guide the decision to adjust therapy, since
reduction of intensity may produce a modest decrease in toxic death
but a larger increase in relapse. HIC currently report toxic death
rates below 5% for both induction and consolidation therapies [91].
A toxic death rate >5% for induction or 10% for consolidation
should trigger careful assessment and use of lower treatment
intensity if supportive care cannot be improved. Reviewing
institutional data on abandonment rates may help guide practices
to promote patient adherence.

Pediatr Blood Cancer DOI 10.1002/pbc

CONCLUSION

Risk classification using an adapted approach that takes into
consideration limitations in diagnostic imaging and tumor biology
allows risk assignment for children with neuroblastoma, regardless
of their setting, and selection of feasible and appropriate treatment.
This approach does not preclude active efforts to implement the full
range of capabilities in every pediatric cancer unit, but can improve
outcomes for those patients who must be treated with the current
resources.
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