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Disclaimer 
 
This DCOG protocol is for treatment purposes only, and should not be copied, redistributed or used for 
any other purpose. The procedures in this DCOG protocol are intended only for use by pediatric 
oncologists in carefully structured settings where appropriate standards of care can be met. The 
pediatric oncologist responsible as mentioned in the Protocol should be consulted first before using or 
attempting any procedure as described in this DCOG protocol unless this procedure is already part of 
the standard treatment. 
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1 General Overview 
 

OBSERVATION GROUP (OG)  

stage 1, 0-21 years, no MYCN-amplification 

stage 2, 0-21 years, no 1p aberration, no MYCN-amplification  

stage 3, 0-2 years, no 1p aberration, no MYCN-amplification  

stage 4S, 0-1 year, no MYCN-amplification  
 

 

 
 

 

MEDIUM RISK GROUP (MRG)  

stage 3, ≥2 years; no MYCN-amplification  

stage 3, 0-21 years, 1p aberration, no MYCN-amplification  

stage 2, 0-21 years, 1p aberration, no MYCN-amplification  

stage 4, <1 year, no MYCN-amplification  

 

 
 
 
 
HIGH RISK GROUP (HRG) 

stage 4, > 1-21 years 

any stage, age 0-21 years, presence of MYCN- amplification  

 
Figure 1: Overview of GPOH NB2004 treatment (S=surgery, N4/5/6/7/8=chemotherapy cycles, MIBG=MIBG 
treatment, EBRT=external beam radiation therapy, 13-cis-RA=13-cis-retinoic acid  

S
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2 Risk Group Definition 
(in collaboration with GPOH NBL group) 
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3 Important Adresses 
 
 
DCOG    Trial Office  Leyweg 299,  2545 CJ Den Haag 
       Tel: + 31 (0)70-3674545 
       Fax: +31 (0)70-3670868 
       E-mail: trialbureau@skion.nl 
 
        
Chairman   Prof.dr.H.N.Caron dept. Pediatric Oncology 

EKZ AMC 
Meibergdreef 9,  
1105 AZ  Amsterdam 

       Tel: +31-205665656 
       Email: h.n.caron@amc.nl 
 
 
Nuclear Medicine   Prof.dr.B.L.F.van Eck dept. Nuclear Medicine,  

AMC 
Meibergdreef 9,  
1105 AZ  Amsterdam 

       Tel: +31-205663572 
       Email: b.l.vaneck-smit@amc.uva.nl 
 
 
Pediatric Surgery  Drs. C.P. van de Ven  dept. Pediatric Surgery,  

Erasmus MC 
Molenwaterplein 60 
3015 GJ Rotterdam 
Tel.: +31107036240 
Email: c.vandeven@erasmusmc.nl 

   
Dr. M.H.W.A. Wijnen dept. Pediatric Surgery,  

AMC 
Meibergdreef 9,  
1105 AZ  Amsterdam 

       Tel: +31-205665693 
       Email: m.h.wijnen@amc.uva.nl 
 
    Prof.dr.D.C.Aronson dept. Pediatric Surgery,  

UKZ St.  Radboud 
Postbus 9101 
6500 HB NIJMEGEN 

       Tel: +31-24-3619761 
       Email: d.aronson@chir.umcn.nl 
 
 
Radiation therapy  Dr F.Oldenburger,       dept. Radiotherapy,  

AMC 
Meibergdreef 9,  
1105 AZ Amsterdam 
Tel: +31-205663441 

       Email: f.oldenburger@amc.uva.nl 
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NBL Reference Lab  Dr.J.J.Molenaar  lab. Antropogenetica,  
AMC 

       Meibergdreef 15,  
1105 AZ Amsterdam 

       Tel: +31-205665173 or +31-205665224 
       Email: j.j.molenaar@amc.nl 
 
 
Sanquin BM lab   Prof.dr. C.E.vd.Schoot Dept of Immunocytology 

Sanquin CLB    
 Plesmanlaan 125,  

1066CX Amsterdam   
 Tel: +31-20- 512 3390 or + 31-20- 512 3347. 

       Email: e.vanderschoot@sanquin.nl 
 
 
Reference pathologist  Dr. J.Bras  Dept of Pathology,  

AMC 
Meibergdreef 9,  
1105 AZ Amsterdam 

            020-5663111 
       Email: j.bras@amc.uva.nl 
 
 
Reference radiologist  Drs. A.M.Smets  dept. Radiology,  

AMC 
Meibergdreef 9,  
1105 AZ Amsterdam 
Tel: +31-20 5662431 
Email: a.m.smets@amc.uva.nl 
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9 Rationale 
 
 
The DCOG Neuroblastoma Disease Committee has reviewed the current state-of-the-art of diagnosis, 
prognostic risk grouping and treatment of childhood neuroblastoma. 
 
International consensus exists concerning the initial diagnostic workup and the staging of the disease 
(INSS neuroblastoma staging).  Also international consensus exists on reporting of tumor response 
(INRG criteria). The most widely used pathology classification system is the INPC classification. 
 
Risk classification of neuroblastoma was not uniform in the different collaborative groups over the 
world. However, the differences are not large and apply to small groups of patients. All risk 
classification system use age, INSS stage, and MYCN copy number as risk factors. Histopathological 
grading are also used in different variants, in Europe all groups includes neuroblastoma and 
ganglioneuroblastoma in the treatment protocols for malignant neuroblastoma, ganglioneuroma are 
classified as a benign disease and not included.  
 
Worldwide there are 3 major collaborative groups for the treatment of childhood neuroblastoma; COG 
(Childhood Oncology Group) in the USA, SIOPE-N (SIOP Europe Neuroblastoma group) in Europe 
and the GPOH (German Pediatric Oncology Group) neuroblastoma group in Germany. All groups use 
comparable risk classification systems and comparable therapeutic strategies. All 3 groups have 
randomized trials ongoing for high-risk patients. Accrual rates for all 3 randomized trials are sufficient. 
 
The DCOG selected the GPOH treatment strategy, as it is the neuroblastoma treatment protocol with 
the least morbidity-inducing strategy for low-risk patients, effective treatment for medium risk patients 
and the most efficient induction chemotherapeutic approach for high risk patients. As current treatment 
strategies are still unsatisfactory for high-risk neuroblastoma patients, the DCOG NBL group choose to 
add MIBG radiopharmacon treatment upfront to the high risk treatment. MIBG upfront treatment has 
been shown to result in high response rates and can be combined with GPOH induction 
chemotherapy without unacceptable toxicity. The outcome data of the DCOG-NBL2009 high-risk 
treatment can be compared to the concurrently treated German patients of the GPOH NB2004 high-
risk standard arm. These GPOH patients are treated identically to the DCOG high-risk patients, except 
for the addition of MIBG treatment upfront.    
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10 Diagnosis and Follow-up  

10.1 Initial (= preoperative) staging and risk classification  
 
The term NBL implies neuroblastoma and/or ganglioneuroblastoma (GNB). All GNB are eligible for 
DCOG-NB-2009 protocol and will be treated equally as neuroblastoma tumors.  
 
Background: ganglioneuroblastoma (GNB) are divided in GNB intermixed (the majority) and GNB 
nodular. GNB intermixed are generally localized tumors with an equal or better prognosis as 
neuroblastomas. GNB intermixed contain neuroblastoma foci  and are aggressive tumors, comparable 
to neuroblastomas.  
 
NB: Ganglioneuroma are completely differentiated and benign tumors. Patients with a ganglioneuroma 
are not eligible for this protocol. 
 
Initial assessment of all patients must establish the diagnosis of neuroblastoma, must reveal the 
extent of the disease, and determine tumor characteristics necessary for risk classification. Tissue 
sampling for add-on studies is NOT described in this section and can be found in appendix 22.14.  
The complete staging and tumor characterisation should be performed prior to any chemotherapy or 
surgery. It has to include each of the following procedures:  

10.1.1 Basic assessment  
• History  
• Clinical status  
• Full blood count (Hb, Ht, L., diff., Thr., reti) 
• Electrolytes, liver function tests (GOT, GPT, GGT, bilirubin, coagulation: 

 prothrombine time, activated partial thomboplastin time, fibrinogen), kidney function 
(creatinine, urea), uric acid  

• blood type  
• viral serology (i.e., hepatitis, B, CMV, german measles, VZV, adeno) 
• consider karyogram if unexplained morphologic or developmental abnormalities of the patient are 

found.  
 

10.1.2 Tumor marker  
• Lactate dehydrogenase (LDH). The results depend on patient‘s age.  

According to the GPOH NB90 trial, the following enzyme activities are defined as abnormal:  
patients age <1 year: >400 U/l 
patients age 1-17 years: >300 U/l 
patients age >17 years: >200 U/l  

 
• Ferritine. The result depends on patient‘s age and on the test used. Therefore, categorization 
—“normal” or —“elevated“ according to the reference values of the local laboratory has to be 
documented in the case report forms.  
 
• Catecholamine metabolites vanillymandelic acid (VMA) and homovanillic  
acid (HVA) in urine. Twenty-four hour urine collection is not necessary, when the results of a single 
portion of urine are normalized by urine creatinine concentration. Categorization —“normal“ or —
“elevated“ according to the age-dependent reference values of the laboratory has to be documented in 
the case report forms, in addition to the actual test results.  
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10.1.3 Imaging required at initial diagnosis  

10.1.3.1  Ultrasound  

Ultrasound assessment of the involved region is mandatory unless the anatomical location does not 
make investigation with ultrasound possible (e.g., thoracic neuroblastoma). Also, the size of clinically 
documented skin or soft tissue metastasis should be documented by ultrasound. All tumoral lesions 
must be documented and all measurable lesions must be measured in 3 dimensions.   
Routine ultrasound assessment is required as a baseline investigation in all children. It must include 
examination of the whole abdomen and the retroperitoneum with a 5.0 and/or 7.5 MHz transducer; 
small liver metastasis or heterogeneity of the liver parenchyma must be looked for with a high 
frequency transducer of at least 13,5 MHz.If transfontanellar ultrasound is still possible, the brain 
should be examined with a 7.5 MHz transducer.  

10.1.3.2  X-ray  

Chest x-ray (AP or PA and lateral view) but no other routine X-ray films are required during initial 
staging.   
In some cases, thoracic neuroblastoma will be detected on a chest x-ray ordered for pulmonary 
symptoms. Since ultrasound assessment of chest tumors is limited, follow-up of thoracic 
neuroblastoma includes routine chest x-ray instead of ultrasound.  
 
Bone lesions due to metastases can be seen on x-ray but MIBG and bone scintigraphy allow for 
examination of the whole skeleton. Therefore, plain films are only recommended for documentation 
and follow-up of selected lesions, which are at risk for instability. 
 

10.1.3.3  MRI of the involved regions  

MRI assessment of the primary tumor sites is required at initial diagnosis. All tumoral lesions must 
be documented and all measurable lesions must be measured in 3 dimensions.   
If neuroblastoma is detected in the paravertebral region, the spine should be examined in the same 
session, to document or to rule out intraforaminal or intraspinal involvement even in patients without 
neurological signs. Computed tomography is not appropriate since small intraspinal tumor masses can 
be missed. Contrast enhanced T1-W fat saturated sequences are recommended if the tumor is 
not well delineated on the non-enhanced sequences.  
 
Minimum of MRI sequences required:  
Cranium:  
• Axial T1-weighted (T1-W) sequence  
• Coronal T1-W sequence  
• Sagittal T1-W sequence,  
•  Axial FLAIR sequence  
 Optional: contrast enhanced T1-W sequences  
Neck: From skull base to superior mediastinum 
 Sagittal T1-W sequence 
 Axial T1-W SE and T2-W FSE fat saturated sequences 
 Coronal T1-W sequence in the plane of the cervical spine 
 Optional: Contrast enhanced T1-W sequences 
Chest:  
• Sagittal T1-W sequence  
• Coronal FSE T2-W sequence: all foraminal extensions should be in the same image  
•  Optional T1-W SE contrast enhanced fat saturated sequences  
Abdomen:  
• Axial, coronal and sagittal T1-W SE sequences  

Coronal T2-W FSE sequence 
• Axial T2-W fat suppression sequence  
• optional: T1-W contrast enhanced fat suppression sequence(s) 

In case of tumor extension in the pelvis, coronal planes should follow the plane of the sacrum. 
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MRI is superior to computed tomography and should not be substituted by CT for the following 
reasons: detailed resolution, better soft tissue contrast, better detection of intraspinal or intraforaminal 
tumor tissue, and no exposure to radiation. In children under the age of about 6 years, general 
anaesthesia should be considered for MRI assessment.   
Central review of MRI films at diagnosis is not mandatory but in case of equivocal MRI results, the 
Trial Office will arrange central review. For assessments during treatment central review may be 
necessary: all available MRI films including the reports are mandatory for central reviewing.   
 
 
10.1.3.4  123I-MIBG diagnostic imaging 
 
1. Patient preparation 
In consultation with the referring pediatrician, thyroid block and replacement therapy should be started, 
and potassium iodine solution has to be prescribed (see chapter 16.2.1).  
 
2. Radiopharmaceutical 
 
2.1 Radionuclide  :   123I-MIBG 
 Radiopharmaceutical :   123I-MIBG 
 
2.2 Dosage of 123I-MIBG   
Following the EANM (European Association of Nuclear Medicine) guidelines the administered dose is 
based on radiopharmaceutical classification and body weight. (Appendix 22.17 EANM Dosage card 
version 1.5 2008).  
The formula to calculate the recommended activity to be administered is: 
 A(MBq)administered = Baseline Activity x Multiplier. 
Baseline activity for 123I-MIBG is 28 MBq. The multiplier is identified in the dosagecard according to 
weight and radiopharmaceutical class, which is class B for 123I-MIBG.  
Minimum recommended activity for 123I-MIBG is 80 MB.  
 
2.3 MIBG supplier 
All registered and commercially available radiopharmaceuticals are allowed. 
 
2.4 Administration 
Intravenous administration of 123I-MIBG by slow injection in a peripheral vein or via central venous 
catheters, followed by flushing with saline.  
 
3. Image acquisition  
 
3.1 123I-MIBG scintigraphy will be performed at 24 ± 4 hour after injection. Delayed scintigraphy 
may be performed up to 48 hour, if indicated.  
 
3.2 Gamma camera and computer acquisition set-up 
Energy window  : 15-20% window centered at 159 keV 
Collimator  : MEAP 
Whole body : Scan speed 5 cm/min ( Matrix 512 x 256 ). In case valided halftime imaging 

procedure is available, 10 cm/min is allowed. 
Standard activity  : 2-3 MBq 123I-MIBG 
SPECT   : 60 views of 40 sec/view ( Matrix 128 x 128 ) 
Spot views : 10 min/view or 250.000 counts for the skull and the trunk and 100.000 counts 

for the limbs.  
 
3.3 Views 
Preferably, anterior and posterior whole body imaging followed by SPECT should be performed. If 
available SPECT combined with CT is recommended. A standard will be scanned along with the 
patient. 
However spot views instead of whole body imaging are allowed. 
Note:  the head should be imaged in straight anterior/posterior and lateral direction. 
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3.4 Image acquisition after 131I-MIBG therapy. 
 
As diagnostic 123I-MIBG imgaging may be severly hamperd by residual 131I-MIBG, imaging should be 
postponed as much as possible. Moreover correction of 123I-MIBG images for 131I-MIBG scatter 
photons is advised by dual isotope subtraction imaging 
 
 
4. Evaluation of MIBG imaging 
Semi-Quantitative Scoring System: Segmental evaluation: 
For high-risk patients the 123I-MIBG imaging at diagnosis will be centrally-reviewed directly after 
acquisition of the images. Images should be digitally stored and send to the Review committee (see 
chapter 22.1). The direct central review will ensure that sufficient MIBG uptake is present in the 
primary tumor to allow inclusion in the DCOG NBL2009 HR treatment protocol, according to the 
eligibility criteria. 
All other MIBG imaging of OG, MR group and HR group patients, during and after therapy will also be 
centrally reviewed. Images should be digitally stored and send to the Review committee (see chapter 
22.1). The central review will be performed at least twice per year. 
 
For high-risk patients the 

123
I-MIBG imaging at diagnosis will be centrally-reviewed directly after 

acquisition of the images. Images should be digitally stored and send to the Review committee (see 
chapter 22.1). The direct central review will ensure that sufficient MIBG uptake in the primary tumor is 
present to allow inclusion in the DCOG NBL2009 HR treatment protocol, according to the eligibility 
criteria.  
All other MIBG imaging of OG, MR group and HR group patients, during and after therapy will also be 
centrally reviewed. Images should be digitally stored and send to the Review committee (see chapter 
22.1). The central review will be performed 1-2 times per year.  
 

In order to assess the INRC-response of neuroblastoma patients, we score the metastases on 
123

I-
MIBG scans at diagnosis and fixed time points during follow-up (see paragraph 10.3.2).  
 
For systematic scoring of metastases, we use a combination of segmental distribution (4.1) and 
extension scores (4.2) of two commonly used semi-quantitative scoring systems.  
 
4.1  Segmental distribution according to the SIOPEN method (1)  
 
For systematic scoring, the body has been divided in 12 skeletal segments and 1 soft tissue region.  
 

1. Head and face; 
2. Thoracic cage; 
3. Proximal right upper limb; 
4. Proximal left upper limb;  
5. Distal left upper limb; 
6. Distal right upper limb; 
7. Spine; 
8. Pelvis; 
9. Proximal right lower limb; 
10. Proximal left lower limb; 
11. Distal right lower limb; 
12. Distal left lower limb; 
13. Soft tissue. 

 
 
4.2  Extension score per segment according to the Curie-method (1,2)  
 
Lesions in each anatomic segment will be scored for extension. Whole body imaging and SPECT 
reconstruction will be evaluated separately. The extension score is graded as: 
 

0. no uptake 
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1. 1 lesion 
2. > 1 lesion (<50%) 
3. > 1 lesion, diffuse (>50%).  

 
The absolute total score will be obtained by summing the score corresponding to each anatomic 
segment area for whole body imaging and SPECT reconstruction and is 39. Representative examples 
of extension are shown in paragraph 4.3.  
In order to assess for metastatic site response the absolute post-therapy MIBG score is devided by 
the absolute pre-therapy MIBG score and multiplied by 100%.  
 
 
4.4  Primary tumor 
 
Although not required for the response evaluation of neuroblastoma patients and not part of a semi-
quantitative MIBG scoring system, the primary tumor will be scored for extension, intensity and 
distribution.  
 
Extension:  
(interpretation of MIBG images only, not CT) 

0. no mass visible 
1. MIBG avid mass in abdomen or thorax <50 
2. MIBG avid mass in abdomen or thorax >50 
3. MIBG avid masses in abdomen and thorax 

 
Intensity:  

0. no uptake; 
1. dubious uptake; 
2. obvious uptake (≤ physiologic liver uptake); 
3. strong uptake (> physiologic liver uptake). 

 
Distribution:  

0. no uptake; 
1. homogenous uptake; 
2. heterogeneous uptake. 

 
 



   

DCOG NBL 2009  Final Version Amendment 1  12-09-2012 

23

4.3 Scoring system 
 
 

 
 

Segment: Extension: Remarks: 
1   
2   
3   
4   
5   
6   
7   
8   
9   
10   
11   
12   

Soft tissue   
Absolute score   

 
 
 
Primary tumor: Extension: Intensity: Distribution: 
    

Segment 13: Soft Tissue 

 Extension score per segment: 
 
  0 = no uptake 
  1 = 1 lesion 
  2 = > 1 lesion (<50%) 
  3 = > 1 lesion, diffuse ( > 50%) 
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Examples 
 
Example 1: 
 

 
 
 

 
 

Segment Extension: Remarks: 
1 2  
2 3  
3 3  
4 2  
5 0  
6 0  
7 3  
8 3  
9 2  
10 2  
11 0  
12 0  

Soft tissue 0  

Absolute score: 20  

 
 
Primary tumor: Extension: Intensity: Distribution: 

 1 3 1 
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Example 2: 
 

 
 
 

Segment Extension: Remarks: 
1 2  
2 0  
3 1  
4 1  
5 0  
6 0  
7 3  
8 3  
9 3  
10 3  
11 0  
12 0  

Soft tissue 0  

Absolute score: 16  

 
 
Primary tumor: Extension: Intensity: Distribution: 

Not visible    
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Example 3: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
     

 

 

 

A:  anterior and posterior whole body imaging of 123I-MIBG scan.    

B:  One slice of coronal imaging of SPECT reconstruction.  

 
 

Segment Extension: Remarks: 
1 0  
2 0  
3 0  
4 2  
5 0  
6 0  
7 0  
8 0  
9 2  
10 1  
11 1  
12 1  

Soft tissue 0  

Absolute score: 7  

 
Primary tumor: Extension: Intensity: Distribution: 
 2 3 2 
 
Referenties: 
 
1. Matthay KK, Shulkin B, Ladenstein R, et al.: Criteria for evaluation of disease extent by (123)I-
metaiodobenzylguanidine scans in neuroblastoma: a report for the International Neuroblastoma Risk 
Group (INRG) Task Force. Br J Cancer 102:1319-1326, 2010 
2. Ady N, Zucker JM, Asselain B, et al.: A new 123I-MIBG whole body scan scoring method--
application to the prediction of the response of metastases to induction chemotherapy in stage IV 
neuroblastoma. Eur J Cancer 31A:256-261, 1995 

A B 
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10.1.3.5  18F-FDG PET-CT 
18F-FDG PET-CT reflects the elevation of glucose metabolism of cancercells. Therefore 18F-FDG PET-
CT can identify any metabolically active tumor site. 
In each patient without uptake of 123I-MIBG in the primary tumor, 18F-FDG PET-CT scan is used at 
initial diagnosis for staging purposes. Sensitivity and specificity is comparable to 123I-MIBG, but as 
uptake mechanisms differ, 123I-MIBG-negative sites may be positive on 18F-FDG PET and vice versa. 
 
1. Patient preparation 
The patient should fast for 4 h before the study. Drinking of water is stimulated to maintain good 
hydration. No glucose containing infusion should be used for at least 4 h before administration of the 
radiopharmaceutical. 
To avoid physiological uptake of 18F –FDG in muscles and brown adipose tissue the child should be 
kept calm and warm. A warm and comfortable environment is advisable. 
 
2. Radiopharmaceutical 
2.1 Radionuclide  :   18F 
 Radiopharmaceutical :   18F –fluorodeoxyglucose (FDG) 
 
2.2 Dosage of 18F -FDG  
Following the EANM (European Association of Nuclear Medicine) guidelines the administered dose is 
based on radiopharmaceutical classification (class B) and body weight (Appendix 22.17 EANM 
Dosage card version 1.5 2008). 
The formula to calculate the recommended activity to be administered is: 
A(MBq)administered = Baseline Activity x Multiplier. 
Baseline activity for 18F-FDG is 14 MBq. The multiplier is identified in the dosagecard according to 
weight and radiopharmaceutical class, which is class B for 18F-FDG 
Minimum recommended activity for 99mTc-HDP is 30 MBq 
 
2.3 Radiopharmaceutical: 
All registered and commercially available radiopharmaceuticals are allowed. 
 
2.4 Administration 
Intravenous administration of 18F-FDG by injection in a peripheral vein or via central venous catheters, 
followed by flushing with saline.  
 
3. Image acquisition  
3.1 Scanning will be performed at 1 hour after injection.  
 
3.2 PET-CT scanning protocol 
CT  : low dose CT for attenuation correction and anatomical mapping 
PET-canning : according to the NEDPAS guidelines 
 
3.3 Scan region 
Total body 
 
 
4. Evaluation of 18F –FDG PET-CT scan 
Images should be analyzed visually. The report should contain information on: 
Presence and location of any abnormality. 
Description of changes in comparison to previous scans: number, intensity(SUVmax), aspect of 
abnormalities. 
Interpretation of changes: regression, progression, mixed response or unchanged. 
All images will be centrally reviewed. Consensus reading of the images by a group of experts will be 
organized twice a year. Images should be digitally stored. For data exchange instructions see chapter 
22.1. 
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10.1.3.6  111In-octreotide scintigraphy 

 
As most neuroendocrine tumours express somatostatin receptors 111In-Octreotide is an optional ligand 
for the detection neuroblastoma metastases. However, sensitivity of 111In-Octreotide scintigraphy is 
lower than 123I-MIBG scintigraphy or 18F-FDG PET. 
In each patient suspected for metastatic brain lesions without uptake of 123I-MIBG, 111In-Octreotide 
scintigraphy is advised for staging or restaging purposes. In general, sensitivity and specificity is lower 
than 18F-FDG, however sensitivity of 18F-FDG for the evaluation of brain lesions is low because of high 
physiologic uptake by the brain. 
 
1. Patient preparation 
Except for adequate hydration there is no special preparation required. 
 
2. Radiopharmaceutical 
2.1    Radionuclide             :   111In 
         Radiopharmaceutical      :   111In -pentreotide or octreotide 
 
2.3     Dosage of 111In-pentreotide 
Fraction of the adult dose of 200 MBq based on weight, as prescribed by the NVNG "Aanbevelingen 
Nucleaire geneeskunde". 
Minimum recommended activity for 111In-pentreotide is 30 MBq. 
 
2.3     Radiopharmaceutical: 
OctreoScan® : Registered and commercially available. 
 
2.4     Administration 
Intravenous administration of 111In-octreoscan by injection in a peripheral vein or via central venous 
catheters, followed by flushing with saline. 
 
3. Image acquisition 
 
3.1     111In-pentreotide scintigraphy will be performed at 24 ± 4 hour after injection. Delayed 
scintigraphy may be performed up to 48 hour, if indicated. 
 
3.2     Gamma camera and computer acquisition set-up 
Energy window   : 15-20% window centered at 172 and 245 keV 
Collimator           : MEAP 
SPECT               : 60 views of 40 sec/view ( Matrix 128 x 128 ) 
Whole body        : Scan speed 5 cm/min ( Matrix 512 x 256 ). In case validated halftime imaging  

    procedure is available, 10 cm/min is allowed. 
 
 
4. Evaluation of 111In -pentreotide scan 
Images should be analyzed visually. The report should contain information on: 
Presence and location of any abnormality and compared with previous imaging such as MRI, CT and 
123I-MIBG. 
Description of changes in comparison to previous scans: number, intensity (SUVmax) and aspect of 
the abnormal findings. Consensus reading of the images by a group of experts will be organized twice 
a year. 
 

10.1.4  Bone marrow assessment  
Bone marrow involvement is focal in neuroblastoma. Therefore, a single bone marrow puncture is not 
appropriate. Bone marrow aspirates from at least 4 different puncture sites (2 left and 2 right) are 
mandatory. If the aspirates appear not representative, two aspirates and two trephine biopsies or 4 
bone marrow biopsies may be used instead.  
Bone marrow involvement has to be assessed locally by conventional cytology and centrally by 
immunocytology with anti-GD2 antibody staining. 
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Sanquin bone marrow lab hotline 
 

+ 31 20- 512 3390 or +31 20- 512 3347 
 

Bone marrow of all DCOG NBL2009 patients will be assessed centrally by conventional microscopy 
and anti-GD2-immunocytology.  
From each puncture site the following materials must be collected and sent to Sanquin Amsterdam: 

1. ≥ 5 unstained smears  
2. 2-3 ml heparinized bone marrow  

Samples will be collected at the Sanquin lab in Amsterdam and further expedited in batches to the 
Cologne lab for immune cytology 
Do not freeze the samples. If the samples are expected to arrive Saturday, please inform the 
laboratory in advance.  
In case of any questions, do not hesitate to contact the laboratory:  
 

 
 
 
 
 
 

10.1.5  Pathology (see also 22.4 and 22.5) 
Tumor histology and molecular genetics are crucial for stratification of localized disease, stage 4S 
disease, and stage 4 disease in infants. Therefore, tumor biopsy is always required in localized 
disease and in infants.  
In stage 4 patients, the status of MYCN and chromosome 1p can be assessed in bone marrow if it 
contains ≥60% tumor cells. The assessment of other parameters is not possible using bone marrow 
samples. Therefore, open biopsy tissue sampling is strongly recommended even in stage 4 disease.  
The pediatric oncologist should take care for collecting the tumor material. Close collaboration 
between pediatric oncologist and pathologist is a prerequisite for sufficient tissue sampling and 
shipping. The tumor handling and sectioning should be performed by the local pathologist. The tumor 
material has to be transferred sterile from the operation theatre to the pathology department 
immediately and should be processed within 30 minutes to avoid RNA degradation. The local 
pathologist has to decide which part of the tumor tissue can be frozen without impairing the diagnosis. 
If possible, he should collect samples from at least two macroscopically different areas (if present).   
In addition, peripheral blood for molecular analysis of genetic markers has to be collected.  
The remaining tissue after freezing samples is fixed in (buffered) 4% formalin for diagnostic 
histology. Multiple blocks from all macroscopically different areas should be collected (see appendix 
22.5, particularly tumor nodules. Necroses and regressive tumor tissue should be collected according 
to their relative amount of the whole tumor to allow a correct estimation of the regression grade.  
The local pathologist should classify the neuroblastic tumor according to the INPC (International 
Neuroblastoma Pathology Committee) classification in appendix 22.5.1. The MKI will be determined 
during central review.  
After chemotherapy the tumor should be classified according to the classification scheme mentioned 
above with a statement in the report whether or not a preoperative therapy has been applied.  
The histological report of removed lymph nodes should include the number of positive lymph nodes 
and the categorization of the infiltration according to the classification schemes mentioned above.  
Reference histology is required for all patients at initial diagnosis and relapse. For reference 
histology, please send the pathology form (website DCOG), and either all available paraffin blocks or 
representative H&E slides from all available paraffin blocks plus at least one representative block to 
the coordinating pathologist:  
Details will be available on DCOG website, logistics of review will be determined. 

10.1.6  Genetic markers: MYCN- and 1p-Status  
In general, risk patients are identified by the presence of either MYCN amplification, 1p deletion, 1p 
imbalance, or 1p LOH. Lack of MYCN amplification, lack of 1p deletion or imbalance, 1p 
heterozygous, and MYCN gain indicate normal risk.  
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For therapy stratification, the status of the MYCN oncogene and the status of distal chromosome 1p 
(1p36) will be investigated using two different molecular techniques in the DCOG reference lab for 
NBL Biology (Dept.Human Genetics, AMC, Amsterdam). 
The test results for each parameter will be given according to the criteria of the European 

Neuroblastoma Pathology, Biology, and Bone Marrow Group.
1 

The results of the investigation will be 
available within max. 4 weeks and are mailed directly to the clinic and to the DCOG NBL2009 protocol 
committee.  
 

10.1.7  Tumor tissue dispatch organization  
Detailed guidelines for collection of tumor and other samples are found in chapter 22.4. The samples 
are sent to the NBL Biology Lab in the AMC as quickly as possible by courier service (not on the 
weekend). Please notify the NBL lab by phone of shipment of tumor sample(s). The Biology Lab will 
assess the tumor cell content in an area close the one chosen for molecular analysis. This is 
necessary for a reliable result of the molecular markers.  
Frozen tissue samples not actually needed for analyses of MYCN and 1p36 status will be stored in the 
NBL Biology Lab. Tissue samples will be used for additional research studies only for projects 
following the rules and decisions of the DCOG.  
 

 
NBL Reference LAB 

tel:  020-5665173 / 020-5665224 
address: 

Lab.Antropogenetica bouwdeel M1 
attn. J.J.Molenaar 
Meibergdreef 15 

1105 AZ Amsterdam 
 

 
 

10.1.8  Diagnosis in infants <3 months in good clinical condition  
Newborns or young infants have an excellent prognosis even without treatment. A suprarenal mass 
seen in routine ultrasound in a clinically well child may be a neuroblastoma as well as a suprarenal 
hemorrhage. In these clinically well infants, the initial staging may be divided into two steps:  

10.1.8.1  Assessment immediately required in all infants <3 months  

The assessment to be done immediately in all infants includes:  
• Clinical status particularly of the entire integument,  
• Full blood count, electrolytes, liver function tests (GOT, GPT, GGT), kidney function 

(creatinine, uric acid), and coagulation,  
• Tumor markers: lactate dehydrogenase (LDH), ferritine, urinary (and blood) catecholamines 

(vanillymandelic acid and homovanillic acid),  
• Ultrasound assessment of neck, abdomen (particularly liver), pelvis, and brain.  

10.1.8.2  Assessment required for persisting tumor >3 months of age   

Other investigations may be delayed in young infants with good clinical condition but must be done 
after the child is 3 months old and prior to any anti-tumor treatment:  
• MRI of the involved region,  

• 
123

I
 

-MIBG scintigraphy including SPECT reconstruction,  
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• Bone scan, if 
123

I-MIBG negative but tumor markers or radiology suggest neuroblastoma,  
• Bone marrow aspirates from at least 4 different punctures (2 left and 2 right side), or 2 

aspirates and 2 trephines (see chapter 10.1.4 for details and logistics) 
• Tumor biopsy for histology (investigated locally and centrally) and for molecular genetics.  
 

 

10.2 Postoperative assessment of observation patients  
 
Three months after operation, each observation patient regardless of residual tumor must undergo 
complete staging to have a base line for further follow up. If relapse or progression is suspected during 
further follow-up, results can be compared with the postoperative status. The postoperative staging 
must include:  

 clinical examination  
 tumor markers, (urine VMA and HVA levels, ferritin, LDH) 
 MRI and ultrasound 

 
123

I-MIBG-scintigraphy (if positive preoperatively) including SPECT (CT) 
 
Observation patients have no chemotherapy and, therefore, enter follow-up after postoperative 
assessment (for details see chapter 11). If N4 chemotherapy is required to control symptoms, clinical 
examination, tumor markers, ultrasound, and ECG/echocardiography are required prior to each N4 
cycle. MRI and MIBG must be repeated after the last N4 cycle or earlier, if necessary (for details see 
chapter 11.6) 
 
 

10.3 Assessment during chemotherapy  
 
During chemotherapy, response and toxicity must be assessed at regular intervals.  
Each relapse, progression, or death requires an event report (see chapter 19.4). The case report 
form must be completely filled in and then sent to the DCOG Trial Office immediately after the patient 
has experienced the event and staging has been completed.  
Any suspected unexpected severe adverse event according to the definitions in chapter 19 requires 
an SAE-report by fax within 24 hrs after the investigator becomes aware of it.  
 
The assessment during treatment must include:  
• clinical assessment prior to each treatment element, i.e., each chemotherapy cycle, ASCT, 

and 14 days retinoic acid cycle. 
 
• tumor markers: VMA and HVA in urine prior to every second chemotherapy cycle, prior to 

autologous stem cell transplantation (ASCT), prior to every second maintenance cycle, and 
every 3 months during retinoic acid consolidation. 

 
• MRI of the primary tumor is mandatory  

o After MIBG therapy, prior to 1
st 

cycle (HRG),   

o prior to 3
rd 

cycle (MRG),   
o prior to ASCT (HRG) or maintenance treatment (MRG),   
o after the 1st cycle of RA if no CR at MRI before maintenance treatment (MRG) 
o at the end of treatment (HRG and MRG)  
o It may be required for planning surgery at shorter intervals 

 • Ultrasound of the involved region must be done after MIBG therapy and prior to every second 
chemotherapy cycle and prior to ASCT, and at the end of retinoic acid consolidation, unless MRI is 
scheduled instead. For thoracic primary tumors, ultrasound must be substituted by chest X-ray at least 
prior to every second chemotherapy cycle.  
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• MIBG scintigraphy must be performed for all 
123

I-MIBG positive neuroblastoma until no 
abnormal uptake is found. Thereafter, MIBG scintigraphy should be done if relapse or progression is 
suspected:  

o After MIBG therapy, prior to 1
st 

cycle of chemotherapy (HRG), preferably not within 4 weeks 
after 131I-MIBG therapy. As diagnostic 123I-MIBG imaging will be severely hampered by 
residual 131I-MIBG, imaging should be postponed as much as possible. Moreover correction of 
123I-MIBG images for 131I-MIBG scatter photons is advised (see 10.1.3.4).  

o prior to 3
rd 

cycle (MRG),   
o prior to ASCT (HRG) or maintenance treatment (MRG),  
o at the end of treatment (HRG and MRG)  
o It may be required for planning surgery at shorter intervals 

 
•  bone marrow follow-up assessment is required for stage 4 and 4S: (see chapter 10.1.4 for 

details and logistics)  
o prior to 1st cycle of chemotherapy after MIBG therapy (HRG Group). 
o Prior to 3rd and 5th cycle of chemotherapy, if previous BM sample was abnormal (HRG group) 

in order to determine timing of ASC harvest 
o obligatory prior to ASCT  
o obligatory prior to maintenance treatment 
o obligatory at the end of treatment 
Further bone marrow examinations may be necessary if the bone marrow is not free of tumor cells 
thereafter.  
Peripheral blood stem cell preparations should be analysed at the time of harvest.   

 
o prior to the 3rd chemotherapy cycle (MRG group)  
o prior to the 5th chemotherapy cycle (MRG)  

 
 
• side effect monitoring: echocardiography, electrocardiography, audiometry, kidney function 
and other as outlined separately for each treatment element in the flow sheets.  
Figures 3 (medium risk group) and 4 (high risk group) show the timing of examinations during 
treatment. All investigations must be repeated any if time non-response, progression, relapse, or 
treatment side effects are suspected.  
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10.3.1 Diagnostics during MRG treatment  
            MRG group: Tumor evaluation, toxicity monitoring and criteria for start chemotherapy cycles 
 

  Pre-op       
 BM*    BM *     BM *    BM *        BM* 
 US or MRI   US or MRI   MRI    US    US or MRI     US    US    US       US and MRI 
 MIBG    MIBG     MIBG    (MIBG)        MIBG 
     VMA/HVA     VMA/HVA         VMA/HVA 

 
 
 
 
 
 
 
 
 
 
Toxicity 
monitoring 
 

 
WBC, CRP 
Electrolytes 
Liverenzymes 
PT/APTT 
Creatinin 
LDH/Ferr** 

 
Echocardiogram 
 
 
 
 
Audiometrie 
 
 
Criteria to start chemotherapy: 
- Leukocytes > 2000 µ/l; neutrophyles > 500 µ/l; platelets >50.000 µ                                                    * For stage IV infants if previous BM not free of tumorcells 
- No signs of infection                                                                                                                              ** +/- at 6 weeks interval. 
 

 
 
Tumor 
Evaluation 



   

DCOG NBL 2009  Final Version Amendment 1  12-09-2012 

34

10.3.2 Diagnostics during HRG treatment  
                         

 BM*  BM*   BM *   BM    BM BM **         
 US      MRI          
 MRI   US or MRI  US or MRI    US   US or MRI   US    US    US and MRI 
 MIBG     MIBG   MIBG    (MIBG)        MIBG 
 VMA/HVA VMA/HVA   VMA/HVA VMA/HVA   VMA/HVA        VMA/HVA 

 
 
 
 
 
 
 
 
 
 

Toxicity 
Monitoring 

 
WBC, CRP 
Electrolytes 
Liverenzymes 
PT/APTT 
Creatinin 
LDH/Ferr** 

Echocardiogram 
 
Audiometrie  
 
 
 
Criteria to start chemotherapy : 
- Leukocytes > 2000 µ/l; neutrophyles > 500 µ/l; platelets >50.000 µ                       VMA/HVA: catecholamine metabolites in urine  
- No signs of infection                                                                                                  S: Surgery                       
           N5/N6: chemotherapy cycles 
BM: Bone marrow (chapter 10.1.4 for details and logistics)    13-cis-RA: 13-cis-retinoic acid consolidation therapy 
US: ultrasound of primary tumor       BM *: if BM not free of tumorcells (antiGD2 imunocytol). 
MRI: MRI mandatory, only of previous MRI showed residual tumor   BM ** :if no CR before ASCT, then perform BM/MRI/US after 3 months 
MIBG: 123I-MIBG imaging, only if previous 123I-MIBG was abnormal    

Tumor 
Evaluation 
(10.3 p45) 
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10.4 Follow-up assessment after treatment 
 
10.4.1  Observation group  
The follow-up assessment of the observation group begins right after the postoperative assessment 
(chapter 10.2). It includes clinical assessment, tumor markers and imaging (table 1 and 2). Tumor 
markers alone are able to detect only about 25-50% of relapses or progressions, more events are 
diagnosed by clinical examination and imaging. 
In general, the recommended assessment intervals are shorter in the first five years after treatment, 
and longer thereafter since life table analysis shows a lower event rate 5 years or more after 
diagnosis. Of course, in case of any unclear symptom or abnormal test result, follow-up assessments 
are to be repeated at shorter intervals or must include a complete staging (MRI, scintigraphy, or bone 
marrow assessment) to rule out or to identify disease recurrence or treatment induced late effect.  
 

10.4.1.1  Observation patients without residual tumor  
 
Table 1: Recommended follow-up assessment of observation patients without postoperative 
residual after the postoperative staging has been done  
  

1st year 
 
2nd year 

 
3-5 yrs 

 
After 5th year 
see LATER clinic 

Clinical assessment 
Urine catecholamines 
Ultrasound/chest-X-ray* 

Once after 6 
weeks, 
thereafter every 
3 months 

Every 3 months Every 6 months Θ  

LDH and ferretin With every venous blood sample required for MRI or scintigraphy 

MRI** 
3 months after surgery, thereafter only if ultrasound or X-ray gives 
equivocal results 

123I-MIBG scintigraphy Only if ultrasound or X-ray gives equivocal results 

 

 *) For thoracic tumors ultrasound is not the appropriate technique and is substituted by chest X- ray 

**) A higher MRI frequency might be appropriate if intraspinal/intraforaminal residual tumor is present  
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10.4.1.2 Observation patients with residual tumor  
 
Table 2: Recommended follow-up assessment of observation patients with postoperative 
residual after the postoperative staging has been done 

 
 

 
1st year 
 

 
2nd year 
 

 
3-5 yrs 
 

 
After 5th year 
see LATER 
clinic 

Clinical assessment 
Urine catecholamines 
Ultrasound/chest-X-ray* 

Every 6 weeks,  Every 3 months Every 6 months Θ 

LDH and ferretin With every venous blood sample required for MRI or scintigraphy 

MRI** 
3 months after surgery, thereafter only if ultrasound or X-ray gives 
equivocal results 

123I-MIBG scintigraphy Every 6 months until normalization, thereafter not routinely 

  

 *)  For thoracic tumors ultrasound is not the appropriate technique and is substituted by chest X ray. 

**)  A higher MRI frequency might be appropriate if intraspinal/intraforaminal residual tumor is present  

 

10.4.2  Medium and high risk group 

10.4.2.1  End of treatment assessment  

The follow-up assessment begins after the end of the treatment plan with a staging in order to define 
the extent of residual disease. This staging must include  
• Clinical status  
• Full blood count  
• Electrolytes, liver function tests (GOT, GPT, GGT), kidney function (Creatinine, Urea) 
• Tumor markers: Lactate dehydrogenase (LDH), Ferritine, urinary catecholamines 

(Vanillylmandelic acid and homovanillic acid)  
• MRI of the involved region,  
• 123I-MIBG scintigraphy including SPECT reconstruction (or 111In-Octreotide in MIGB-negative, 

111In-Octreotide-positive neuroblastoma),  
• bone marrow assessment from 4 puncture sites if the last assessment gave an abnormal 

result or if relapse is suspected (see chapter 10.1.4 for details and logistics).  
 

10.4.2.2  Assessment during follow up 

Follow-up assessment includes clinical assessment, tumor markers and imaging as outlined below. 
Tumor markers alone are able to detect only about 25-50% of relapses or progressions, more events 
are diagnosed by clinical examination and imaging.  
In general, the recommended assessment intervals are shorter in the first five years after treatment, 
and longer thereafter since life table analysis shows a lower event rate 5 years or more after 
diagnosis. Of course, in case of any unclear symptom or abnormal test result, follow-up assessments 
are to be repeated in shorter intervals. In case of (suspected) relapse or progression of disease a 
complete staging (MRI, scintigraphy, bone marrow assessment x4, and biopsy for pathology and 
genetics) are recommended.  
After the 5th year, follow-up of the chemotherapy patients is important for late effects surveillance. 
These late effects may involve the auditory system, the kidneys, secondary malignant disease, or 
other. It is strongly recommended to follow the patients in a paediatric oncology clinic. If the long term 
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follow-up is transferred to the local paediatrician, please get patients’ consent to allow the DCOG Trial 
Office to contact that physician for further follow-up.  
 

Table 3: Recommended follow-up assessment of medium-risk and high-risk patients 

 
 

1st year 2nd – 5th year  6th – 8th year 

Clinical assessment Every 6 weeks Every 3 months Every 6 months 

Urine catecholamines Every 3 months Every 3 months Every 6 months 

Ultrasound/chest-X-ray*  3 months 6 months Every 6 months 

LDH and ferretin 
With every venous blood sample required for 
MRI or scintigraphy 

Θ 

MRI** 
Every 6 months if previous assessment gave 
abnormal results, indicating active tumor not 
evaluable with ultrasound/X-ray 

Θ 

123I-MIBG scintigraphy  
Every 6 months until normalization, 
thereafter not routinely 

Θ 

Bone marrow 4 sites 
(Ch.10.1.4 for details and logistics) 

Every 6 months until normalization, 
thereafter not routinely 

Θ 

ECG/Echocardiography At end of treatment DCOG -LATER 

Audiometry At end of treatment DCOG -LATER 

Kidney function test Every 3 months Every 6 months DCOG -LATER 

TSH, T3, fT4   Every 6 months Every 6 months DCOG -LATER 

Growth chart Every 6 months Every 6 months DCOG -LATER 

Puberty assessment Every 6 months Every 6 months DCOG -LATER 

*)   For thoracic tumors ultrasound is not the appropriate technique and is substituted by chest  X-ray.  
**)  A higher MRI frequency might be appropriate if intraspinal/intraforaminal residual tumor is present  
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11 Observation Patients  
 

11.1 Observation patients protocol outline (from GPOH NB2004) 
 
 
Indication   Low risk neuroblastoma stages 1, 2, 3, and 4S  
 
Design  Prospective multicenter nonrandomized observation protocol in collaboration 

with GPOH-NBL2004 
 
Primary objectives  Event free survival of a newly defined observation group  
 
Secondary objectives  Time from diagnosis to an event, time to a locoregional event, time from the 
begin of regression to an event, time to transition to stage 4, overall survival, time to begin of primary 
tumor regression, time to the normalization of tumor markers, time to no evidence of disease (stage 
4S), status of the primary at 12 months, best status of the primary tumor within 12 months, molecular 
marker (chromosome 1p, chromosome 11q, neuroblastoma gene chip), surgery (initial surgery, best 
surgery, complications), chemotherapy (need for and intensity required)  
 
Treatment medication  None, if no threatening symptoms or tumor progression occurred, N4 cycles 
for patients with threatening symptoms/progression.  
 
Inclusion criteria   
STAGE 1:    age 0-21 years, no MYCN-amplification  
STAGE 2:    age 0-21 years, no MYCN-ampl., no 1p aberration 
STAGE 3:    age 0-2 years, no MYCN-ampl., no 1p aberration 
STAGE 4S:  age 0-1 year, no MYCN-amplification  
 
Exclusion criteria  Concomitant non-protocol anti-tumor therapy   
 
Treatment schedule  Complete resection is indicated initially only when the risk of operation related 
complication appears low. Otherwise, incomplete resection or biopsy is appropriate. After initial 
surgery, the patients will undergo follow-up. In case of threatening tumor associated symptoms, 
progression, or relapse, patients will receive a maximum of 4 N4 chemotherapy cycles until stop of 
progression and symptom relief. If this fails, the patients continue with medium risk treatment.  
 
Collaboration The DCOG observation group patients will be treated according to GPOH-

NB2004 guidelines and analysed together with GPOH patients.  
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11.2 Observation group introduction  

11.2.1  General results of low risk neuroblastoma  
In general, prognosis of stage 1-3/4S neuroblastoma is excellent (figure 5). In infants, spontaneous 
regression is possible in localized and in stage 4S disease. In the NB95-S trials, among 55 infants with 
residual tumor after surgery, we have observed spontaneous regression without chemotherapy in 30 

patients. Regression of localized tumor has been observed beyond the 1
st

 year of life as well. 
Particularly stage 2 patients had a good outcome after surgery alone regardless of age. Over-
diagnosis of localized neuroblastoma found by screening programs indicates a substantial number of 

spontaneous regressions during and after the 1
st 

year of life, too.
 

 
Due to these encouraging data, the NB2004 trial will extend the observation group by including all 
stage 2 patients regardless of the size of residual, and stage 3 neuroblastoma up to 2 years of age 
who do not have molecular risk markers (i.e. MYCN-amplification and aberrations in chromosome 1p).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5: Stage 1-3/4S patients without chemotherapy of the trials GPOH NB90-95. LEFT EFS plot: GPOH 
NB90 n=157, 5-y-EFS 88±3%, NB95 n=50, 5-y-EFS 86±5%, and GPOH NB97 n=364, 5-y-EFS 86±2%, logrank 
p=.742; OS (plot not shown: GPOH NB90 5-y-OS 97±1%, NB95 98±2%, GPOH NB97 97±1%; RIGHT: age 
distribution of these patients. 
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11.2.2  Rationale for the extended age definition of the observation group  
In general, age is an important risk factor in neuroblastoma. Figure 6 shows the event free and overall 
survival of stage 1-3/4S, MYCN not amplified patients by age regardless of treatment. Age is less 
important in stage 1-2 neuroblastoma. But in stage 3, patients ≥2 years have a worse prognosis than 
younger stage 3 patients (figure 7). Therefore, Stage 3 patients are included in the observation group 
if they are <2 years old. All stage 1-2 patients regardless of residual tumor size and age will enter the 
observation group. 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

11.2.3  Rationale for the molecular markers in low risk neuroblastoma  

11.2.3.1  Univariate analysis  

Amplification of MYCN (NMA) is a well known indicator of poor prognosis in localized and metastatic 
neuroblastoma. Despite intensive treatment of localized NMA tumors, the prognosis of these patients 
is still unsatisfactory. In the German NB trials, the 3-year-EFS of 89 stage 1-3/4S neuroblastoma 
patients with NMA was only 43 ± 6% compared to 86 ± 1% in 910 patients without NMA (p<0.001). 
The OS of NMA patients was 61 ± 6% compared to 96 ± 1% in patients without NMA (p<0.001). 
Therefore, all NMA patients will be included into the high risk group of NB2004.  
Aberrations of chromosome 1 often coincide with NMA but there is a group of patients with normal 
MYCN and abnormal 1p. Caron et al. found a poor prognosis of stage 1, 2, and 4S neuroblastoma 
with 1p-deletions by univariate analysis (3-y-EFS 35 ± 15% for del 1p regardless of MYCN-status 
compared to 100% in normal 1p, p<0.001) and multivariate analysis (hazard ratio 6.7, p<0.001). Maris 
et al. reported a 3-y-EFS of 48.4% for patients with 1p deletion regardless of MYCN status compared 
to 77.3% in normal 1p (p<0.001) and found 1p-status prognostic in multivariate analysis (hazard ratio 
1.9, p=0.005).

 

 
1p status assessment may by performed by PCR or FISH technology. PCR is unable to detect 1p-
deletions in homozygous individuals. It may give false normal results if the tumor cell content is low in 
the tissue specimen. FISH analysis allows to distinguish tumor cells and normal cells, is independent 
of heterozygous status and able to detect the new feature of 1p-imbalance (i.e. at least 2 intact 
chromosomes 1p and an additional variable number of deleted copies of chromosome 1p). In a series 
of unselected neuroblastoma patients of all stages assessed by FISH technique, patients with 1p-
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imbalance (3-year-EFS 41 ± 15%) had a similarly poor outcome as patients with 1p-deletion (3-year-
EFS 33 ± 15%) compared to patients with normal 1p (3-year-EFS 70 ± 5%).

 

 
Analysis of 233 stage 1-3/4S patients without MYCN amplification analyzed by FISH technique for 1p 
status demonstrated a better EFS (logrank p<0.001) and OS (logrank p=0.027) for patients with 
normal 1p (n=215) compared to patients with deletion or imbalance of 1p (n=18, GPOH NB90-97, 
unpublished results).  
Aberrations of chromosome 11q indicate poor prognosis in neuroblastoma.  
Spitz et al. showed a trend towards a better EFS for patients with normal 11q (n=102, 3-year-EFS 63 ± 
7%) compared to patients with 11q-deletion (n=30, 3-year-EFS 42 ± 13%) and 11q-imbalance (n=12, 
3-year-EFS 38 ± 12%, p=0.086). In stage 1-3/4S non-NMA neuroblastoma, the difference between 
normal 11q (3-year-EFS 84 ± 6%) and abnormal 11q (3-year-EFS 43 ± 18%) was significant 

(p<0.001).
2 

 Analysis of 230 stage 1-3/4S, non-NMA patients for 11q status showed a better EFS 
(logrank p<0.001) and OS (logrank p=0.011) for patients with normal 11q (n=207) compared to 
patients with deletion or imbalance of 11q (n=23, GPOH NB90-97, unpublished results).  
Aberrations of 3p were reported to have a prognostic impact in neuroblastoma.

 

Among 157 stage 1-
3/4S, non-NMA patients, a better EFS (logrank p<.001) but not OS (logrank p=0.268) for patients with 
normal 3p (n=149) was found compared to patients with deletion or imbalance of 3p (n=8). We could 
demonstrate a high event rate in patients with abnormal 3p but the majority of serious events 
(metastatic relapse or death of disease) were observed in the group of normal 3p (GPOH NB90-97, 
unpublished results).  
Expression of TrkA has been reported to correlate with a good prognosis in neuroblastoma.  
Analysis of our stage 1-3/4S non-NMA patients revealed a poor outcome of patients without TrkA 
expression (n=39, 3-year-EFS 54 ± 9%) compared to patients with TrkA expression (n=221, 3-year-
EFS 88 ± 2%, p<0.001, GPOH NB90-97, unpublished results). Since TrkA assessment is not 
standardized so far and for economical reasons, the GPOH NB2004 trial does not use TrkA as an 
stratifying parameter.  
Lack of CD44-Expression correlates with a poor prognosis but CD44 is expressed by >90% of 
localized neuroblastoma. Among the patients of trials GPOH NB90-97, we found a low EFS for stage 
1-3/4S non-NMA patients (n=11, 3-year-EFS 36 ± 14%) compared to patients with CD44 expression 
(n=251, 3-year-EFS 85 ± 2%, p<.001). But most of the serious events and most of the disease related 
deaths were observed in patients with normal CD44. Since CD44 assessment is not standardized, the 
GPOH NB2004 trial will not use CD44 as an stratifying marker.  
Telomerase has been identified as a prognostic marker by some authors. In a recent report, full 
length hTERT transcripts were of prognostic value but not the presence of spliced length transcripts In 
contrast, analysis of stage 1-3/4S non-NMA neuroblastoma patients by telomerase quantitative PCR 
showed no disadvantage for high hTERT expressing patients (n=5, 3-year-EFS 80 ± 18% vs. n=73, 3-
year-EFS 87 ± 4% in normal hTERT). These data do not justify the exclusion of high telomerase 
expressing tumors from observation group.  
 

11.2.3.2  Multivariate analysis of relevant molecular factors  

Due to univariate results, stage 1 and 2 patients (all ages), stage 3 (<2 years), and stage 4S were 
regarded as a potential new observation group. Stage 3 patients ≥2 years were excluded since these 
patients showed a poor prognosis in univariate analysis and could not be described reliably on the 
basis of MYCN and 1p status only. 
Multivariate analysis was performed to identify the most relevant molecular risk markers among these 
patients including all markers available for the large number of trial patients: age, lactate 
dehydrogenase (LDH), and status of chromosome 1p, 11q, and 3p. Assessment of the three 
molecular markers will be available in the trial reference laboratories on a high quality level. Other 
known prognostic markers (e.g., TrkA, CD44, telomerase) were excluded since assessment is 
available only in research laboratories with limited resources or assessment is not standardized yet. 
Chemotherapy intensity (no chemotherapy vs. 1-5 cycles vs. more than 5 cycles) was included in the 
multivariate analysis in order to reflect the different treatment intensity given to the patients according 
to the treatment protocols. 
For EFS, 1p status (p=0.009, hazard ratio=4.0) and 11q status (p=0.028, hazard ratio=3.1) proved to 
be prognostic. For OS, only 1p status (p=0.022, hazard ratio=3.6) showed prognostic impact.  
Since the frequency of patients with 11q aberration was low among stage 1 and 4S patients, the 
subgroup of 346 patients stage 2 (all ages) and stage 3 (<2 years) was analyzed separately. In this 
group, 1p status only had an impact on the prognosis (p=0.002, hazard ratio=6.6). Multivariate 
analysis of OS in stage 2 and stage 3 (<2 years) was impossible due to the low death rate among 
these patients. Therefore, 1p will be used as stratifying marker in stage 2 (all ages) and stage 3 (<2 
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years). Stage 1 patients are resected completely and stage 4S have a very good prognosis. 
Aberrations of chromosome 1p will not be used as stratifying maker in stage 1 and 4S.  
We suggest a definition of low risk neuroblastoma by the following criteria:  

 stage 1 (all ages, no MYCN-amplification),  
 stage 2 (all ages, no MYCN-amplification, no 1p aberrations),  
 stage 3 (<2 years, no MYCN-amplification, no 1p aberration),  

 stage 4S (<1 year by definition 
3

, no MYCN-amplification).  
 
By retrospectively classifying the patients of GPOH NB90 and GPOH NB97 according to this 
definition, the 710 patients classified as observation patients had a 3-y-EFS of 87 ± 1% and a 3-y-OS 
of 96 ± 1%. The 72 patients excluded from the new observation group (i.e., stage 2 & 3 with 
aberrations of 1p and all stage 3 ≥2 years) had a 3-y-EFS of 52 ± 6% (logrank p<0.001) and an 3-y-
OS of 83 ± 5% (logrank p<0.001). Detailed results for stage 2-3 and stage 1&4S are found in figure 8a 
and 8b:  
 

 
 

 
Figure 8a: Outcome of 214 stage 2-3 patients of the trials GPOH NB90 and GPOH NB97 retrospectively 
classified according to the new observation group definition (3-y-EFS 84±3%, 3-y-OS 98±1%)  
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11.3 Differences between GPOH NB97 and GPOH NB2004  
 
 
Table 4: Differences of the GPOH NB2004 observation group vs. GPOH NB97 (NMA=MYCN amplification)  
 

definition according to GPOH NB97 

  

 

definition according to GPOH NB2004  

stage 1, no NMA stage 1, no NMA 

stage 2a/b with residual <10% or 5ml, no NMA stage 2a/b, any residual, no NMA, no 1p aberration 

stage 3 <1 year, no NMA stage 3 <2 years, no NMA, no 1p aberration 

stage 4S, no NMA stage 4S, no NMA 

 

 

11.4 Treatment objectives of the observation group  
 
The focus of the GPOH NB2004 observation group is to extend the number of neuroblastoma patients 
not receiving any postoperative chemotherapy by application of an extended observation group 
definition excluding patients defined by presence of MYCN-amplification, 1p aberration (imbalance or 
deletion), and age (in stage 3), to manage tumor associated symptoms or progression of residual 
tumor by mild chemotherapy.  
 
Statistics are outlined in chapter 20.1. Event, regression and detailed protocol objectives are defined 
as follows:  
 

11.4.1  Definition of event  
Since transient progression before definite regression is a known phenomenon, not every tumor size 
increase can be regarded as event. Therefore, an event is defined as  

 Stage 1-3: occurrence of any distant metastasis  
 Stage 4S: progression of bone marrow involvement exceeding 10% or occurrence of 

metastasis other than skin or liver, i.e. transition into stage 4 disease.  
 Any local growth of the primary (stages 1-3) or organomegaly (stage 4S) which leads to 

threatening clinical symptoms as estimated by the local oncologist:  
o severe deterioration of the general condition,  
o serious feeding difficulties leading to weight loss,  
o respiratory failure defined by oxygen requirement or carbon dioxide retention 

exceeding 60 mmHg,  
o circulatory failure defined by hypotension or hypertension according to the age related 

blood pressure reference values,  
o hepatic failure defined by grade 3 toxicity of bilirubin, fibrinogen, or thrombin time 

according to the NCI-CTC toxicity criteria,  
o renal failure defined by impaired blood urea or creatinine, new development of 

hydroureter/hydronephrosis or deteriorating pre-existent hydronephrosis,  
o new development of intraspinal involvement documented by MRI regardless of 

symptoms,  
o failure of other organ systems,  

 Death of any reason,  
 Any secondary malignant disease.  
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11.4.2  Definition of regression  
Regression is defined and categorized as follows:  

I. progression according to the criteria for event outlined in chapter 11.4.1.   
II. no change: not meeting the definition of progression but regression <10% in all dimensions,  
III. minimal regression: regression of the primary ≥10% and <25% in one or more diameters 

and <10% in all other diameters seen by ultrasound, MRI, or computed tomography (provided 
the next investigation is able to confirm that regression),  

IV. unequivocal regression: regression ≥25% in one or more diameters and 
<25% in all other diameters seen by ultrasound, MRI, or computed tomography,  

 V.    complete regression: no sign of residual primary by imaging (=complete response according   
INSS criteria in appendix 22.2).  

 

11.4.3  Treatment objectives  
The treatment objectives for the observation group (OG) are:   

 EFSD: Event free survival measured from the time of diagnosis up to an event or last 
follow-up for patients without event. Definition of event is given in chapter 11.4.1.   

 EFSL: locoregional EFS measured from the time of diagnosis up to an locoregional event or 
last follow-up for patients without locoregional event. A locoregional event is defined as (i) 
death related to locoregional disease, (ii) local progression of residual primary tumor, (iii) 
locoregional relapse following previous complete remission of the primary tumor.  

 EFSR for patients with regression: event free survival measured from the begin of 
regression up to an event or last follow-up for patients without event. The begin of the 
regression is defined as the time, at which regression of the primary tumor >10% in at least 
one diameter and no growth in any diameter is documented by ultrasound, MRI or 
computed tomography for the first time (provided that the following investigation is able to 
confirm that regression). The definition of event is given in chapter 11.4.1.  

 EFSstage4: time from diagnosis to transition to stage 4, to death of disease, or to last 
follow-up if no transition to stage 4 is observed and the patient is surviving.  

 OS: Overall survival measured from the time of diagnosis up to death of any reason or last 
follow-up for surviving patients.  

 TTPR: Time to begin of primary tumor regression measured from the time of diagnosis to 
begin of tumor regression or last follow-up if no regression occurs. The begin of regression 
is defined as outlined in the definition of EFSR.  

 TTNT: Time to the normalization of tumor markers HVA and VMA in urine measured from 
time of diagnosis to the time of the first investigation with normal VMA and HVA results. 
VMA and HVA results must be categorized according to age specific reference values given 
by the investigating laboratory.  

 For stage 4S patients: TTND: Time to no evidence of disease measured from the time of 
diagnosis to the time of complete regression or to last follow-up if the patient has no 
complete regression. Complete regression is defined as no evidence of primary tumor plus 
normalization of tumor markers plus no sign of liver metastases (confirmed by normal 
ultrasound of the liver) plus no skin metastases.  

 Status of the primary tumor 12 months after diagnosis. The status of the primary tumor is 
defined as outlined in section 11.4.2.  

 Best status of the primary tumor within the first 12 months after diagnosis defined according 
to section 11.4.2.  

 Molecular marker: status of chromosome 1p (open) and status of chromosome 11q 
categorized according to criteria published by Ambros Tumor material is collected and 
stored in the tumor bank for future evaluation of other molecular markers which will be 
considered having prognostic impact during the ongoing trial (in collaboration with GPOH 
NB 2004).  

 Prospective molecular analysis of defined molecular markers by the neuroblastoma gene 
chip.  
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 Surgery:  
o Extent of initial surgery categorized in: biopsy vs. incomplete resection vs. 

macroscopic complete resection. Initial surgery is the first tumor operation done in a 
patient.   

o Extent of best surgery up to time t performed during the protocol treatment 
categorized in: biopsy vs. incomplete resection vs. macroscopic complete resection. 
Best surgery is the operation performed up to time t during treatment which achieves 
the most extensive tumor resection.  

o Complications related to surgery considered separately for: nephrectomy, bleeding, 
infection, intestinal obstruction, or other.   

  
 Chemotherapy:  

o Need for chemotherapy to control progression,  
o Chemotherapy intensity required categorized as (i) progression and symptoms 

controlled after 1 x N4 cycle, (ii) progression and symptoms controlled after 2 x N4, 
(iii) progression and symptoms controlled after 3 x N4, (iv) progression and symptoms 
controlled after 4x N4, (v) progression and symptoms not controlled after 4 x N4, no 
transition to stage 4, treatment continued with MRG, (vi) transition to stage 4 at any 
time, treatment continued with HRG (children ≥1 year at diagnosis) or MRG (infants 
<1 years at diagnosis).  

 
 

11.5 Selection of subjects  

11.5.1  Inclusion criteria  
For admission into the observation group of GPOH NB2004, each patient must meet all of the 
following criteria:  

 Neuroblastoma newly diagnosed according to the accepted criteria: histological diagnosis 
from tumor tissue (INSS stages 1-3 and 4S, for stages see appendix 22.2) or presence of 
distinct neuroblastoma cells in the bone marrow and elevated catecholamine metabolites 

(HVA, VMA) in urine (only in stage 4S).
3 

 
 Age: 0-21 years (INSS stages 1 and 2), <2 years (INSS stage 3), and <1 year (INSS stage 

4S).  
 Molecular markers:  

o MYCN not amplified (all OG patients),   
o no deletion or imbalance of chromosome 1p (only stage 2 and 3).  

 Guardians‘ informed consent and patient‘s informed consent if appropriate according to age 
and status of psycho-intellectual development.  

 No pregnancy and sufficient contraception during chemotherapy in all female adolescents 
who might become pregnant.  

 
 

11.5.2  Exclusion criteria  
Any concomitant non-protocol anticancer therapy.   
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11.6 Treatment in the observation group 

  
11.6.1  Overview  
 
OBSERVATION GROUP (OG)  
stage 1, 0-21 years, no MYCN-amplification 
stage 2, 0-21 years, no 1p aberration, no MYCN-amplification  
stage 3, 0-2 years, no 1p aberration, no MYCN-amplification  
stage 4S, 0-1 year, no MYCN-amplification  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 9: Overview over the GPOH NB2004 observation group (S=surgery, N4=chemotherapy cycles)  

 
 

11.6.2  Stage 1-3 neuroblastoma without threatening initial symptoms  
Stage 1-2 patients and stage 3 patients < 2 years will not have any postoperative chemotherapy 
regardless of the extent of surgery and size of residual tumor.  
They will undergo surgery only. The extent of the tumor resection is decided by the surgeon. Complete 
resection is indicated only when the risk of any complication appears low. Tumor nephrectomy (a 
priori) or other mutilating operations are not acceptable. If the risk of complication appears high, partial 
resection or even biopsy might be appropriate. During any operation, tumor tissue must be collected 
for histological and molecular investigations. For details of tumor tissue collection see chapter 22.4 
 
 
11.6.2.1  Stage 1 and 2 without macroscopic residual  
Follow up according to chapter 10.4.1 is appropriate.  

11.6.2.2  Stage 2 and 3 with macroscopic residual 

Observation of the residual tumor requires reassessment of tumor size and tumor markers every 6 
weeks. MRI must be repeated at least after 12 months of observation. For documentation, use the 
form found on DCOG website. 

Regular observation is finished at the end of the 2
nd

 year of life (age at diagnosis <1 year) or 12 
months after first operation (age at diagnosis ≥1 year).  
If the residual tumor underwent complete regression, follow-up according to chapter 10.4.1 is 
appropriate.  
If the residual tumor has not vanished completely, secondary surgery should be discussed with the 
DCOG NBL protocol committee. MRI films are required for discussion. Please send all MRI films to the 
trial office. The complete set will be returned to you as soon as a decision has been made. Ultrasound 
films are not standardized and, therefore, not appropriate for reference radiology.  
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11.6.3  Management of relapse or progression during observation 
If a relapse or progression is diagnosed during follow-up, a complete staging (tumor markers, MRI, 
MIBG-scintigraphy, bone marrow assessment) is required. Each relapse, progression, or death 
requires an event report. It must be completely filled in and sent to the trial office immediately after 
the patient has experienced the event.  
Please contact the DCOG NBL protocol committee to discuss further options. In general, the following 
situations are possible:  

11.6.3.1  Local relapse after stage 1 neuroblastoma:  

Secondary surgery and chemotherapy should be discussed with the DCOG NBL protocol committee. 
MRI films are required for discussion. Please send all MRI films available to the DCOG NBL protocol 
committee. The complete set will be returned to you as soon as a decision has been made. 
Ultrasound films are not standardized and, therefore, not appropriate for reference radiology.  

11.6.3.2  Local progression of residual stage 2 or 3  

Local progression must be confirmed by central review. Please send MRI, MIBG scanning and clinical 
history to DCOG-NB2009 chair. The complete set will be returned to you as soon as a decision has 
been made.  
If the progression has been confirmed by reference radiology or threatening tumor associated 
symptoms develop, the patients will receive N4 cycles for regression induction (for details of N4 
cycles see chapter 14.1). As soon as tumor growth is stopped and the symptoms are relieved, no 
further chemotherapy cycles will be given. The patients will be followed-up closely. 

Regular observation is finished at the end of the 2
nd

 year of life (age at diagnosis <1 year) or 12 
months after first operation (age at diagnosis ≥1 year). If the residual tumor has not vanished 
completely after 12 months, surgery should be discussed with the DCOG NBL protocol committee. 
MRI films are required for discussion. Please send all MRI films available to the DCOG Trial office 
using the shipping form on DCOG website. The complete set will be returned to you as soon as a 
decision has been made.   
If progression or symptoms are not controlled after 4 N4 cycles, the patient will enter the medium 
risk group. Please contact the DCOG NBL protocol committee to discuss details. Prior to medium risk 
group chemotherapy, a new biopsy or resection followed by complete histology and molecular 
assessment is recommended. Histology and molecular analysis results are necessary to distinguish 
non-responding tumors from differentiating or regressing tumors. Further treatment can only be 
decided based on these results.  
The toxicity of each chemotherapy cycle must be documented in the case report forms. If toxicity other 
than listed in the CRF occurs, please use the CTCAE-toxicity grading system issued 12 December 
2003 by NCI. It can be downloaded from http://ctep.cancer.gov/forms/CTCAEv3.pdf. If toxicity appears 
unexpected or severe, contact the DCOG Trial office and consider SAE report (see chapter 19.4).  

11.6.3.3  Relapse or progression to stage 4  

A metastatic relapse or progression to stage 4 requires intense treatment. Children ≥1 year will be 
treated according to the high risk group (chapter 13.5). Infants <1 year who develop metastasis not 
compatible with stage 4S definition (i.e., progression of bone marrow involvement exceeding 10% or 
occurrence of metastasis other than skin or liver) will be treated according to the MRG (chapter 12.6).  
 

11.6.4  Stage 1-3 neuroblastoma with threatening initial symptoms  
These patients will undergo surgery first. The extent of the tumor resection is decided by the surgeon. 
Complete resection is indicated only when the risk of any complication appears low. Tumor 
nephrectomy (a priori) or other mutilating operations are not acceptable. If the risk of complication 
appears high, partial resection or even biopsy might be appropriate. During any operation, tumor 
tissue must be collected for histological and molecular investigations. For details of tumor tissue 
collection see appendix 22.4.  
Threatening symptoms are tumor associated symptoms which persist after tumor resection (i.e., 
are not solved by tumor resection) and lead to:  

 deterioration of the general condition,  
 feeding difficulties leading to weight loss,  
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 respiratory failure defined by oxygen requirement or carbon dioxide retention exceeding 60 
mmHg,  

 circulatory failure defined by hypotension or hypertension according to the age specific 
blood pressure reference values,  

 hepatic failure defined by grade 3 toxicity of bilirubin, fibrinogen, or thrombin time according 
to the NCI-CTC toxicity criteria,  

 renal failure defined by impaired blood urea or creatinine, new development of 
hydroureter/hydronephrosis or deteriorating pre-existent hydronephrosis,  

 symptomatic intraspinal involvement documented by MRI,  
 failure of other organ systems.  

 
Only the local physician can definitely estimate the severity of symptoms. Therefore, the list can only 
be a guide. Please, do not hesitate to contact the DCOG NBL protocol committee to discuss cases 
which appear equivocal.  
The patients will receive a postoperative chemotherapy of N4 cycles (for details of N4 cycles see 
chapter 14.1) for induction of regression. As soon as tumor growth and symptoms are under control 
(i.e. stable disease or induction of regression), no further chemotherapy cycles will be given. The 
patients will be followed closely.  
If progression or symptoms are not controlled after 4 N4 cycles, the patient will enter the medium 
risk group. Please contact the DCOG NBL protocol committee to discuss details. Prior to medium risk 
group chemotherapy, a new biopsy or resection followed by complete histology and molecular 
assessment is recommended. Histology and molecular analysis results are necessary to distinguish 
non-responding tumors from differentiating or regressing tumors. Further treatment can only be 
decided based on these results.  
The toxicity of each chemotherapy cycle must be documented on the case report forms which are 
available at the DCOG Trial Office. If toxicity other than listed in the CRF occurs, please use the 
CTCAE-toxicity grading system issued 12 December 2003 by NCI. It can be downloaded from 
http://ctep.cancer.gov/forms/CTCAEv3.pdf. If toxicity appears unexpected or severe, contact the 
DCOG Trial Office and consider SAE report (for details see chapter 19).  
Asymptomatic patients with intraspinal involvement. See chapter 17.2 for treatment guidelines. 
 
 

11.6.5  Stage 4S  
In stage 4S, progression is not uncommon. Therefore, growth of primary tumor, of liver involvement, or 
skin metastasis without clinical deterioration will not necessarily require surgery or chemotherapy. But 
any relevant clinical deterioration may require mild chemotherapy with N4 cycles to induce regression. 
Only the local physician can definitely estimate any symptom as threatening. The following list of 
clinical signs can be guiding in assessment of the clinical condition:  

 deterioration of the general condition,  
 feeding difficulties leading to weight loss,  
 respiratory failure defined by oxygen requirement or carbon dioxide retention exceeding 60 

mmHg (4.2 kPa),  
 circulatory failure defined by hypotension or hypertension according to the age specific 

blood pressure reference values,  
 hepatic failure defined by grade 3 toxicity of bilirubin, fibrinogen, or thrombin time according 

to the NCI-CTC toxicity criteria,  
 renal failure defined by impaired blood urea or creatinine, new development of 

hydronephrosis or deteriorating pre-existent hydronephrosis,  
 symptomatic or asymptomatic intraspinal involvement documented by MRI  
 failure of other organ systems.  
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Indications for anti-tumor treatment should be based on the Philadelphia score 4 
 
 

GI-tract 
 Emesis of > 10% of intake    Mild  1 
 Repeated emesis requiring IV fluids   Severe  2 
 
Respiratory compromise 
 Tachypnoe over 60/min and O2 supplementation Mild  1 
 Need for CPAP or mechanical ventilation  Severe  2 
 
Venous return 
 Leg oedema      Mild  1 
 Leg oedema with scrotal a/o sacral oedema  Severe  2 
 
Renal 
 Oliguria with output < 2 ml/kg/hr    Mild  1 
 Oliguria with signs of renal failure, rising ur/kreat Severe  2 
 
Hepatic 
 Thrombocytopenia/DIC/Platelet count < 50x109/l Severe  2 
        Total score 
 
 
 

A total score of 2 or more indicates the need for therapy. Patients meeting these criteria will be 

treated with N4 chemotherapy cycles starting every 21
st

 day after day 1 of the preceding cycle until 
progression is stopped. Therefore, once stable disease is achieved, no further chemotherapy is 
required. It is not necessary to induce a partial or complete response to this mild chemotherapy. 
Further wait-&-see is sufficient after stopping the progression by N4 chemotherapy. The details of the 
N4 cycle are outlined in chapter 14.1. All patients treated with N4 cycles will still be followed according 
to the observation group of this protocol.  
If progression or symptoms are not controlled after 4 N4 cycles, do not continue N4 chemotherapy 
and contact the DCOG NBL protocol committee to discuss the options.  
In some patients, progression may be very fast. Hepatomegaly may lead to respiratory failure due to 
high intraabdominal pressure. Laparatomy and transient insertion of a silastic patch into the abdominal 
wall can reduce the intra-abdominal pressure. The abdominal wall can be closed later after liver 
enlargement has regressed.

 

 
Any case of pre-existing or developing distant lymph node metastasis, bone lesion, orbital involvement 
or bone marrow involvement exceeding 10% in an infant is not compatible with the diagnosis of stage 
4S. These patients are treated according to the medium risk group of GPOH NB2004 (section 12.2.3) 
as long as they are <1 year of age ad MYCN is not amplified.  

Regular observation is finished at the end of the 2
nd

 year of life. If the residual primary tumor has 
not vanished completely, surgery should be discussed with the DCOG NBL protocol committee. MRI 
films are required for discussion. Please send all MRI films available to the DCOG Trial office using 
the shipping form. The complete set can be returned to you as soon as a decision has been made.  
 
 

11.7  Patient drop-out  
 
The patient‘s guardians and the patient (if appropriate to her/his psycho-intellectual development) can 
refuse further observation by individual decision at any time without giving any reasons and without 
any negative consequences for the further treatment.   
Observation can be stopped by decision of the local pediatric oncologist in case of any medical 
reason.  
All patients not under observation anymore and receiving any treatment will still be followed until 
death, lost to follow-up, or until they withdraw their consent for data collection. 
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11.8 Premature termination of trial for the observation group  
 

The trial can be closed prematurely by the GPOH principal investigator when the event rate is 
unacceptably high. As this is an observational trial, the cut off event rate is defined for stage 1/4S and 
stage 2/3 OG patients separately by the sequential probability ratio test by Wald.  
Additionally, a stopping rule for the status of chromosome 11q has been defined. 
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12 Medium Risk Patients 
 

12.1 Medium risk patients protocol outline  (from GPOH NB2004) 
 
 
Indication   Medium risk neuroblastoma stages 2, 3, and stage 4 infants  
 
Design  Prospective multicenter nonrandomized historical controlled trial in 

collaboration with GPOH-NBL2004 
 
Primary objectives  Event free survival rate of the newly defined and more intensive treated 

medium risk group compared to a historical control group  
 
Secondary objectives  Time from diagnosis to an locoregional event, time to transition to stage 4, 
overall survival, molecular marker (chromosome 1p, 11q, neuroblastoma gene chip N-Myc), external 
beam radiation therapy (acute side effects, late effects), surgery (initial and best surgery, frequency of 
complications)  
 
Trial medication  3 x N5 cycle (cisplatinum, etoposide, and vindesine) 3 x N6 cycle (vincristine, 
dacarbacin, ifosfamide, and doxorubicine), 4 x N7 cycle (low dose cyclophosphamide orally) 9 x 
Retinoic acid 14-day cycles supportive care (PCP/fungal prophylaxis, transfusions, G-CSF)  
 
Inclusion criteria 
STAGE 2/3  age 0-21 years,   

del1p or imb1p in tumor tissue, no MYCN-amplification  
STAGE 3:  age ≥2-21 years, no MYCN-amplification  
STAGE 4:  age <1 year, no MYCN-amplification  
 
Exclusion criteria  Concomitant non-protocol anticancer therapy  
 
Treatment schedule  Initial tumor biopsy or resection, 6 cycles of alternating N5 and N6 starting 
every 21 days, second look tumor resection when appropriate for tumor size, surgical risk, and 
presumed resectability, external beam radiation therapy for active residual tumor tissue, oral 
maintenance therapy with 4 x N7, consolidation therapy with retinoic acid for 12 months (6 months, 3 
months break, 3 months)  
 
Collaboration The DCOG medium risk patients will be treated according to GPOH-NBL2004 

protocol and analysed together. 
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12.2 Background for the MRG definition 
 

12.2.1  Rationale for participation in the MRG of the GPOH NB 2004 Trial 
Within the group of Neuroblastoma patients the MRG is a very small group. The annual number of 
patients in the Netherlands will be from 1-3 patients a year. Although the treatment results in one 
centre in the Netherlands with MIBG upfront was promising it was decided to include these few Dutch 
patients in the larger cohort of patients from the GPOH to contribute to the progress in understanding 
and treatment results of this group of patients. Furthermore the treatment of HR patients is already 
based on the GPOH-2004 study so affiliating with this group was a logical step. The data of the DCOG 
MRG patients will be analyzed together with the GPOH patients.  
 
 
12.2.2  Results of localized neuroblastoma in previous trials  
In GPOH NB90, the standard risk group included, regardless of MYCN, all stage 2 patients and stage 
3 low risk patients (i.e., if the patient met none or only one of these risk factors: elevated LDH, initial 
biopsy only, age>9 months). If response to chemotherapy was not satisfactory, low risk stage 3 
patients were allowed to shift to the high risk group during treatment.  
 
In GPOH GPOH NB97, only unresectable stage 2 >1 year of age with residual tumor more than 10% 
of initial volume and stage 3 neuroblastoma >1 year received standard risk therapy. Patients with 
MYCN amplification (NMA) were excluded. Here, we have analyzed patients classified as standard 
risk patient of trials GPOH NB90 and GPOH NB97 stratified by stage and age:  
 
In stage 2 ≥1 year without NMA, no difference between GPOH NB90 (n=44, 3-y-EFS 88.5 ± 4.8%, 3-
y-OS 97.7 ± 2.3%) and GPOH NB97 (n=64, 3-y-EFS 86.8±4.8%, logrank p=0.7635 and 3-y-OS 
98.0±1.9%, logrank p=0.9094) was detected. A total of 46 stage 2 patients ≥1 year did not receive 
chemotherapy. Two of these patients died of disease and 3 are alive after treatment for progression.  
 
In stage 3 <1 year without NMA, there was no difference between GPOH NB90 (n=31, 3-y-EFS 83.9 
± 6.6%, 3-y-OS 87.1 ± 6.0%) and GPOH NB97 (n=47, 3-y-EFS 75.9 ± 6.3%, logrank p=0.3022; 3-y-
OS 93.3 ± 3.7%, logrank p=0.4602).   
 
In stage 3 ≥1 year without NMA, a trend toward better EFS in GPOH NB90 (n=62, 3-y-EFS 81.9 ± 
4.9%) was found compared to GPOH NB97 (n=72, 66.5 ± 6.6%, logrank p=0.0853). But the survival 
was identical between both trials (GPOH NB90 3-y-OS 91.8 ± 3.5% vs. GPOH NB97 3-y-OS 92.0 ± 
3.5%, logrank p=0.8120). This clearly demonstrates, that reduction in chemotherapy resulted in more 
events but did not influence the survival rate of these patients so far.  
 
 

12.2.3  Rationale for the treatment intensification of the MRG  
Many patients of the GPOH NB97 standard risk group are classified as observation patients in GPOH 
NB2004. The new defined medium risk group contains the remaining patients with a higher risk profile: 
The patients of GPOH NB90-GPOH NB97 classified retrospectively as medium risk patients (i.e., 
stage 2 and 3 with 1p alterations and stage 3 ≥2 years) had a 3-y-EFS of 52 ± 6% (logrank p<0.001) 
and an 3-y-OS of 83 ± 5% (logrank p<0.001, figure 10). The median time to relapse/progression was 
1.54 years (range 0.15-4.87 years) 
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.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 10: Outcome of stage 1-3/4S patients of the trials GPOH NB90 and GPOH NB97 classified 
according to the new risk definition retrospectively (observation group n=710, new medium risk group 
n=72).  
 
The event and death rate is considerably high in the new medium risk group. Therefore, treatment 
intensification is required. Chemotherapy intensification seems to have limited value: In GPOH NB90, 
stage 2 and stage 3 A/B were scheduled for 4 chemotherapy cycles and were allowed to shift into high 
risk group if response was not complete after 4 cycles. By separate retrospective analysis of 38 
patients ≥2 years or with 1p-aberration initially classified as stage 3 C/D in the trials GPOH NB90 and 
GPOH NB97, the number of intensive chemotherapy cycles was not prognostic (1-5 cycles n=15, >5 
cycles n=15, EFS logrank p=0.544, OS logrank p=0.843).  
 
 
The extent of surgical resection (figure 11) and radiation therapy (figure 12) had no influence on the 
outcome, either.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 11: EFS and OS of 72 patients (stage 2 and 3 with 1p alteration and stage 3 ≥2 years of trials GPOH 
NB90 and GPOH NB97) by extent of best resection (biopsy only n=5, incomplete resection n=26, complete 
resection n=41, EFS logrank p=0.1393, OS logrank p=0.8152).  
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Figure 12: EFS and OS of 68 patients (stage 2 and 3 with 1p alteration and stage 3 >2 years of trials GPOH 
NB90 and GPOH NB97) by radiation therapy. No radiotherapy includes all patients who completed initial 
treatment until radiotherapy was possible: n=52, 3-y-EFS 52.5±7.7%, 3-y-OS 85.3±5.6%; radiotherapy 
given n=16, 3-y-EFS 58.5±13.1%, 3-y-OS 86.1±9.1%, EFS logrank p=0.813, OS logrank p=0.359).  

 
 
Up to now, there are no data which justify highly aggressive chemotherapy with ASCT, aggressive 
radiation therapy or aggressive surgery for medium risk patients. Since relapses have been observed 
as long as 4.87 years after first diagnosis (figure 10), a treatment prolongation seems the appropriate 
way to improve outcome with expected low additional toxicity.  
 
Therefore, medium risk patients (i.e., stage 2 and 3 with 1p aberrations and stage 3 patients ≥2 years) 
will receive 6 chemotherapy cycles (N5 and N6 alternating), followed by four N7 maintenance cycles 
and a 6+3 months retinoic acid consolidation treatment (figure 13):  
 
 
 
 
 
 
 
 
 
Fig.13: Overview of the medium risk group treatment (S=surgery, N5/6/7=chemotherapy cycles, 
EBRT=external beam radiation therapy, 13-cis-RA=13-cis-retinoic acid)  
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12.2.4  Treatment of stage 4 infants in the medium risk group  
In GPOH NB97, infants <1 year with stage 4 disease, MYCN not amplified, were treated in the high 
risk arm but had N7 maintenance instead of ASCT. The outcome results are satisfying (figure 14). 
Therefore, treatment intensification with increased toxicity is not required. Since the GPOH NB97 high 
risk maintenance arm is identical to the GPOH NB2004 medium risk group, these infants will be 
treated according to the GPOH NB2004 medium risk group.  
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 14: EFS and OS of 218 stage 4 patients, MYCN not amplified of trial GPOH NB97. Infants (n=26) had 
a better EFS (79±8%) and OS (92±5%) compared to older children (n=192, EFS 40±4%, logrank p=0.004; 
OS 69±4%, logrank p=.012)  
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12.3 Differences between GPOH NB97 and GPOH NB2004 
 
The medium risk group in the DCOG NBL2009 protocol is treated identical to the GPOH NB2004 
medium risk group. 

 
 
 
 
 
 
 
 
 
 
 
 

12.4 Treatement objectives of the medium risk group  
 

12.4.1  Primary objectives  
The medium risk group includes all localized patients with considerable risk of relapse/progression or 
death. The GPOH NB2004 treatment has been intensified compared to the preceding trial GPOH 
NB97. 
The primary objective is the event free survival. It is expected to be superior to the results of the 
historic control group outlined on in fig 10. An event is defined as death of any reason, occurrence of 
any distant disease, reappearance of primary after complete response, or growth of residual 
exceeding 25% after partial response according to the criteria of the INSS.

 

 
 

12.4.2  Secondary objectives  
• EFSL: locoregional EFS measured from the time of diagnosis up to an locoregional event or 
last follow-up for patients without locoregional event. A locoregional event is defined as (i) death 
(related to locoregional disease), (ii) local progression of residual primary tumor, (iii) locoregional 
relapse following previous complete remission of the primary tumor.  
 
• EFSstage4: time from diagnosis to transition to stage 4, to death of disease, or to last follow-up 
if no transition to stage 4 is observed and the patient is surviving.  
 
• OS: Overall survival measured from the time of diagnosis up to death of any reason or last 
follow-up for surviving patients.  
 
• Molecular markers: Tumor material is collected for determing MYCN and status of 
chromosome 1p. Material is stored in the DCOG NBL reference lab for future evaluation of other 
molecular markers which will be considered having prognostic impact during the ongoing trial.  
 
• Prospective molecular analysis of defined molecular markers by the neuroblastoma gene chip.  
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• External beam radiation therapy:  
o Acute side effects of EBRT considered separately according to the radiation therapy case 

report form. 
o Late effects of EBRT considered separately according to the long term follow-up forms. 

 
• Surgery:  

o Extent of the initial surgery categorized in: biopsy vs. incomplete resection vs. macroscopic 
complete resection. Initial surgery is the first tumor operation done in a patient.  

o Impact or the best surgery up to time t categorized in: biopsy vs. incomplete resection vs. 
macroscopic complete resection. Best surgery is the operation performed from diagnosis up to 
time t which achieves the most extensive tumor resection.  

o Frequency of complications related to surgery considered separately for the items: 
nephrectomy, bleeding, intestinal obstruction, and other.  

 
 

12.4.3  Study design  
This is a multi-center, single-arm, non-randomized, un-blinded trial. The event rate is monitored 
continuously. The final analysis to answer the primary and secondary trial objective will be done 3 
years after entry of the last trial patient (for details see section STATISTICS – Medium risk group) 
 
 

12.5 Selection of subjects  
 

12.5.1  Inclusion criteria  
• Neuroblastoma diagnosed histologically from tumor tissue.

 

 
• Molecular markers MYCN and 1p status available from tumor tissue,  
• Complete initial staging by MRI, MIBG-scintigraphy, bone marrow assessment, and tumor 

markers.  
o STAGE 2:  age 0-21 years, no MYCN-amplification, presence of chromosome 1p deletion  

or imbalance  
o STAGE 3:  age <2 years, no MYCN-amplification, presence of chromosome 1p deletion  

or imbalance  
o STAGE 3:  age ≥2-21 years, no MYCN amplification, regardless of 1p status  
o STAGE 4:  age <1 year, no MYCN amplification  

• Guardians‘ informed consent and patient‘s informed consent (if appropriate according to 
his/her age and status of psycho-intellectual development).  

• No pregnancy and sufficient prevention of pregnancy in fertile female adolescents.  
 

12.5.2  Exclusion criteria  
• Any concomitant or prior non-protocol anticancer therapy  
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12.6 Medium risk group treatment  
 

12.6.1  Overview  

 
MEDIUM RISK GROUP (MRG)  
stage 3, ≥2 years; no MYCN-amplification  
stage 3, 0-21 years, 1p aberration, no MYCN-amplification  
stage 2, 0-21 years, 1p aberration, no MYCN-amplification  
stage 4, <1 year, no MYCN-amplification  
 

 
 

 
 
Figure:  Overview of the medium risk group treatment (S=surgery, N5/6/7=chemotherapy cycles, 
EBRT=external beam radiation therapy, 13-cis-RA=13-cis-retinoic acid)  

 
 

12.6.2  Intensive chemotherapy in the MRG  
Patients younger than 6 months at diagnosis start with N4 cycles instead of N5/N6. For details see 
chapter 14, Treatment elements. As soon as the infant is 6 months old, the remaining cycles are given 
as N5 and N6 for a total of 6 chemotherapy cycles followed by the N7 maintenance therapy and 
consolidation with retinoic acid.  
All patients ≥6 months at diagnosis receive alternating N5 and N6 cycles for a total of six 
chemotherapy cycles. Details of the chemotherapy cycles are found in chapter 14, Treatment 
Elements. A 21-day-interval between the first days of two consecutive cycles is attempted. Shorter 
intervals are allowed. Longer intervals are sometimes necessary to overcome bone marrow 
depression.  
In general, prior to each cycle the following criteria must be fulfilled:  
•    leukocytes >2000/µl, lymphocytes >1000/µl,  
•    platelets >50,000/µl,  
•    no sign of infection  
If these criteria are not met, the start of a cycle must be delayed. If the delay exceeds 7 days or 
infection grade ≥3 occurred, the doses of the next cycle should be modified. Dose reduction rules are 
outlined for each cycle on in chapter 14, Treatment elements.  
The toxicity of each chemotherapy cycle must be documented on the case report forms which are 
available at the DCOG Trial Office. If toxicity other than listed in the CRF occurs, please use the 
CTCAE-toxicity grading system issued 12 December 2003 by NCI. It can be downloaded from 
http://ctep.cancer.gov/forms/CTCAEv3.pdf. If toxicity appears unexpected or severe, contact the 
DCOG Trial Office and consider SAE report (for details see chapter 19).  
 
 

12.6.3  Maintenance chemotherapy in the MRG   
After intensive chemotherapy, all patients will receive four N7 cycles of oral cyclophosphamide.  
Details of this chemotherapy are found in chapter 14.4, Treatment elements, N7 cycle.  
The toxicity of each N7 cycle must be documented on the case report forms which are available at the 
DCOG Trial Office. If toxicity other than listed in the CRF occurs, please use the CTCAE-toxicity 
grading system issued 12 December 2003 by NCI.  
It can be downloaded from http://ctep.cancer.gov/forms/CTCAEv3.pdf.  
If toxicity appears unexpected or severe, contact the DCOG Trial Office and consider a SAE report. 
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12.6.4  Retinoic acid consolidation treatment in the MRG  
13-cis-retinoic acid (RA) treatment begins 21 days after the last N7 maintenance cycle. Retinoic acid 
is available as Roaccutane® capsules. The capsules contain oil. For younger children, the capsules 
can be opened or punctured and the oil can be taken in milk or ice cream. 13-cis-retinoic acid is given 
in a dose of 160 mg/m×xd in 2-(3) divided doses for subsequent 14 days followed by 14 day rest. 
Then the next cycle is started. After 6 cycles, the patient has a 3 months rest without any treatment. 
Then, 13-cis-retinoic acid is restarted for additional 3 cycles (chapter 14.6).   
Since increased light sensitivity has been reported, avoid sunlight exposure during 13-cis-retinoic 
acid treatment.  
Given during pregnancy, 13-cis-retinoic acid can cause severe birth malformations (hydrocephalus, 
microcephalus, ear abnormalities, cardiovascular abnormalities, facial dysmorphia, endocrine 
abnormalities, cerebellar malformations, and other). Therefore, contraception starting 1 month prior to 
13-cis-retinoic acid treatment is mandatory in all female adolescents who might become pregnant.  
For further toxicity and drug information see chapter 15.2.1 Drug Information (other important drugs). 
The toxicity of each RA cycle must be documented in the case report form. If toxicity other than listed 
in the CRF occurs, please use the CTCAE-toxicity grading system issued 12 December 2003 by NCI. 
It can be downloaded from http://ctep.cancer.gov/forms/CTCAEv3.pdf .  
If toxicity appears unexpected or severe, contact the DCOG Trial Office and consider a SAE report.  
 

12.6.5  Radiation therapy in the MRG 

 

 
 
Figure: Timing of external beam radiation therapy in the medium risk group (S=surgery, 
N5/6/7=chemotherapy cycles, EBRT=external beam radiation therapy, 13-cis-RA=13-cis-retinoic acid)  
 
 
Radiation therapy is reserved for patients with active residual tumor after 6 cycles of induction 
chemotherapy, i.e. during to maintenance chemotherapy. Active residual tumor tissue is defined as:  
• residual MIBG-uptake (tumors initially MIBG positive),  
• residual Octreotide-uptake (tumors initially MIBG negative but Octreotide  
            positive),  
• or clear MRI-contrast enhancement (only tumors which have been completely 
           negative in initial scintigraphy).  
Residual non-progressing non-active mass seen only in MRI, CT, or ultrasound does not require 
radiation therapy.  
Radiation therapy should be done during the maintenance chemotherapy. It must be finished at least 
1, better 4 weeks prior to retinoic acid consolidation therapy to avoid possible negative interactions 
between radiation and retinoic acid.  
Radiation therapy in the medium risk group is external beam radiation therapy (EBRT). MIBG therapy 
is not scheduled for the medium risk group because of potential bone marrow toxicity.  
 
For details of the EBRT see section: chapter 14.8, External beam radiotherapy.  
Each EBRT must be documented at the radiation therapy case report form.  
Toxicity must be reported according to the CTCAE-toxicity grading system issued 12 December 2003 
by NCI. It can be downloaded from the internet from http://ctep.cancer.gov/forms/CTCAEv3.pdf .  
 

12.6.6  Surgery in the MRG  
During any operation, tumor tissue must be collected for histological and molecular investigations. For 
details of tumor tissue collection see appendix 22.4.  
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12.6.6.1  Initial surgery  

Initially, a tumor biopsy for histology and molecular analysis is required. Complete resection of the 
primary tumor is not necessary. It might be performed as initial surgery in selected patients where the 
risk of surgical complications appears very low (small localized tumors). Extended operations in order 
to remove the primary tumor should not be attempted. Nephrectomy, injury of large vessels, or other 
complications should be avoided during initial surgery unless threatening symptoms due to 
compression of airways, nerves, or large vessels may require immediate tumor resection in selected 
cases. For details see chapter 14.7. 
For symptomatic intraspinal involvement, immediate start of chemotherapy is preferred since 
chemotherapy has less late effects than surgery in these patients (chapter 17.2). If the child is 
paraplegic, radiotherapy has to be considered: 3 x 1,5 Gy may be sufficient. 

12.6.6.2  Secondary surgery  

After chemotherapy, resection can be done with a lower risk of tumor rupture. Therefore, resection of 

the primary should be attempted after the 4
th

 or 6
th

 chemotherapy cycle. The risk of operation has to 
be balanced against the benefits of radical resection. Radical microscopic complete resection is not 
required. Microscopic or even macroscopic residual tumor tissue is accepted despite the fact, that 
macroscopic complete resection was associated with a better outcome in localized neuroblastoma 
patients older than 1 year. After radiotherapy, resection can be more difficult due to radiation induced 
fibrosis in the tumor area. Therefore, resection should be attempted prior to radiation therapy. Incision 
of the tumor is permissible in order to facilitate resection during secondary surgery. Secondary and 
further surgery must be reported to the DCOG Trial Office using the case report forms. (see DCOG 
website.)   
 

 

 

Figure 17: Surgery in the MRG. Initial surgery aims to obtain a sufficient biopsy for histological and 
molecular diagnosis. Tumor resection is scheduled after 4 or 6 chemotherapy cycles. Incomplete 
resection is accepted (S=surgery, N5/6/7=chemotherapy, 13-cis-RE=retinoic acid, EBRT=external 
radiation therapy)  

 

12.7 Patient drop-out  
 
The patient‘s guardians and the patient (if appropriate to her/his psycho-intellectual development) can 
refuse further treatment by individual decision at any time without giving any reasons and without any 
negative consequences for the further treatment.   
Investigational treatment can be stopped by decision of the local pediatric oncologist in case of any 
individual medical reason.  
All patients not under trial treatment anymore and receiving any other treatment will still be followed 
until death, lost to follow-up, or until they withdraw their consent for data collection.  
 

12.8 Premature termination of trial  
 
The trial can be closed prematurely by the GPOH principal investigator when the event rate is 
unacceptably high. Stopping rules follow the criteria outlined in statistical section. If the MRG is closed 
due to an unacceptably high event rate, the medium risk group patients will be treated according to the 
high risk group. 
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13 High Risk patients  
 

13.1 High risk patients protocol outline     

 
Indication  Neuroblastoma stage 4 (≥1 year) OR MYCN amplified (any 

stage/age) 
 
Design Prospective, multicenter, single-arm, national Dutch, controlled cohort 

study. (control group is standard arm from GPOH NB2004 HR trial). 
After 1 year a formal evaluation of the feasibility is undertaken to 
decide on the continuation of the study. 

 
Primary objectives Logistic feasibility, toxicity and response to 131I-MIBG + chemotherapy 

induction treatment and event free survival. 
 
Secondary objectives     Extent of surgery in relationship to surgical risk factors. 
 
Inclusion criteria    Neuroblastoma (or ganglioneuroblastoma) diagnosed according to  

the accepted criteria: histological diagnosis from tumor tissue or 
presence of distinct neuroblastoma cells in the bone marrow and 

elevated catecholamine metabolites (HVA, VMA) in  urine,
3 

 
o Initial staging by MRI, MIBG-scintigraphy, bone marrow 

assessment, and tumor markers (VMA and HVA in urine),  
o Stage 4: ≥1-21 years regardless of the MYCN-status (stage 4 

infants without MYCN-amplification are treated according to the 
DCOG NBL2009 MRG)  

     OR 
o Stage 1-3/4S with MYCN-amplification: 0-21 years,  
o Informed consent of guardians and the patient (if appropriate 

according to age and status of psycho-intellectual development),  
o No pregnancy and sufficient prevention of pregnancy in fertile 

female adolescents.  
 
Exclusion criteria  Any prior chemotherapy 

Any other prior anti-tumor treatment 
 
Stratum 1                                  All patients receiving upfront 131I-MIBG therapy according to NBL2009  

  protocol. 
Stratum 2                                  All patients intended to be treated according to NBL2009 protocol but  

not eligible for upfront 131I-MIBG therapy because one of the below 
mentioned stratification criteria. 

 
Stratification criteria  - Logistic failure to receive upfront 131I-MIBG therapy: 

- Time from initial diagnosis to inclusion in HR NBL2009 study   2 
weeks.  
- Other reasons not able to receive upfront 131I-MIBG therapy: 
o Insufficient MIBG uptake in the primary tumor and/or metastasis. 
o Contra indications for isolation on the nuclear medicine ward for  
 administration of 131I-MIBG therapy. 
o The clinical condition of the patient is too weak to undergo 131I- 
 MIBG therapy: respiratory, cardiovascular, neurological, liver-/  
 kidney disturbances requiring intensive supportive treatment. 
o Hypertension: defined as a systolic and/or a diastolic blood  
 pressure measurement consistently higher than an accepted  
 normal value (P95), adjusted for age. 
o Trombocytopenia. 
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Treatment advice for stratum 2: GPOH HR standard arm. Data will be collected for comparative 
reasons. 
 
Treatment schedule                 Diagnostic work-up (including tumor biopsy/resection), central review 
stratum 1 of 123I-MIBGscan and dose determination 131I-MIBG, 2x 131I-MIBG 

radio-pharmacon treatment (dose chapter 14.9), 3 cycles N5 
chemotherapy (cisplatinum, etoposide, vindesine), 3 cycles N6 
chemotherapy (vincristine, dacabarcin, ifosfamide, doxorubicin), 
second look surgery (timing depending on response), MAT+ASC-
support (melphalan, carboplatin, etoposide), external beam 
radiotherapy for active abdominal residual neuroblastoma, 9 cycles 
retinoic acid (oral, 160mg/msq/day, 14 days), follow-up of all patients. 

       
Treatment stratum 2 GPOH HR standard arm. Data will be collected for comparative 

reasons. 
 
Collaborating hospitals DCOG Pediatric Oncology Centers in the Netherlands, data-analyses 

in collaboration with GPOH-NB2004. 

 

 

13.1.2  DCOG NBL2009-HRG overview 

 

 

 

 

 

 

 

 

13.2 Background of the HRG treatment  
 
High risk neuroblastoma definition may vary between different international trials. This group contains 
all stage 4 patients over 1 year and patients with MYCN-amplification. Some protocols include high 
risk stage 3 or patients defined by other risk markers like ferritine and unfavourable Shimada 
histology. In general, treatment includes induction chemotherapy, maintenance or high dose 
chemotherapy, and consolidation treatment. For induction treatment, several protocols have been 
employed but the event free and overall survival are still unsatisfactory. For the design of the DCOG 
high-risk neuroblastoma treatment we choose for upfront 131I-MIBG radiopharmaceutical treatment, as 
this has been shown to be feasible with a high objective response rate combined with a modern high-
intensity chemotherapeutic induction regimen (ie. GPOH-NB2004 standard arm), followed by 
megatherapy and ASCT and end with retinoic acid consolidation. 
The rationale, (inter)national treatment results and 131I-MIBG pharmacokinetics and dose regimens are 
detailed below. In summary, 131I-MIBG therapy has a very high response rate at induction of high-risk 
neuroblastoma patients and can be combined with induction chemotherapy followed by megatherapy 
and ASCT. Given the still unsatisfactory results of high-intensity chemotherapy treatment of high-risk 
neuroblastoma the DCOG-NBL2009 treatment protocol combines upfront 131I-MIBG with induction 
chemotherapy followed by megatherapy and ASCT. To reduce bone marrow toxicity the dose regimen 
is aimed at a whole body exposure of 4 Gy for the combined 2 cycles of 131I-MIBG. To optimize 
radiation dose to the neuroblastoma sites, the second dose is adjusted based on the whole body dose 
of the first cycle. 

S 
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13.2.1  Rationale of 131I-MIBG therapy at induction  
In general, the radiopharmacon 131I-MIBG has shown in different studies around the world to have a 
siginificant antitumor efficacy against neuroblastoma. More than 95% of neuroblastoma tumors have 
an active uptake of 131I-MIBG. Given the unsatisfactory results of high-intensity induction 
chemotherapy it is rational to add 131I-MIBG, as ‘targetted radiotherapy’ to the treatment of high risk 
neuroblastoma. Extensive experience exists with 131I-MIBG treatment of children with neuroblastoma. 
The Dutch and other experience is reviewed below. 
 

13.2.1.1  Treatment results in the Netherlands 

Before the Dutch Childhood Oncology Group was founded most Dutch centers included there patients 
in European or North American studies. In 1985 Voûte et al 5 reported the value of 131I-Meta-
iodobenzylguanidine (MIBG) in the detection of neuroblastoma. In the next years it became clear that 
there was also a role for therapeutic use of MIBG. The observed response to 131I-MIBG, and the non-
invasiveness of the procedure gave reason to the Amsterdam group to treat patients with progressive, 
or chemo-resistant disease to achieve palliation 6, 7. After some time, a second group of patients was 
included, namely those with residual disease after chemotherapy and surgery. From these studies it 
became clear that the most prominent response was obtained in patients with a large tumor burden at 
the time of treatment. This finding has served as the basis for a study performed in Amsterdam, with 
the objectives to document response in untreated children with stage IV or non-operable stage III 
disease, and to further characterize the side-effects of MIBG treatment. The treatment plan consisted 
of surgery after MIBG or MIBG and chemotherapy, followed by Myelo Ablative Therapy and stemcel 
reinfusion. Maintenance therapy with retinoic acid was also given. In 1995 the first results of this study 
were published 8. 
The study was closed in 1999. Forty four children with neuroblastoma (Nbl) stage IV over one year of 
age were included and 41 were evaluable after 2 courses of MIBG.The objective response rate at this 
point was 66% In 24 patients surgery was feasible after MIBG alone. In 17 patients additional 
chemotherapy was given to obtain operability. Overall response rates after preoperative therapy and 
surgery was 73%. It was concluded that MIBG was a valuable tool in the treatment of high-risk 
neuroblastoma patients 9. 
 
 
From March 2000 – January 2003 a dual-center trial (Amsterdam-EKZ/AMC and Rotterdam-
ErasmusMC/Sophia) was performed for high-risk neuroblastoma patients, which addressed the 
question if the addition of a so-called radioenhancer drug (topotecan) could increase the effectiveness 
of upfront treatment with 2 courses of 131I-MIBG (manuscript in preparation). In a cohort of 19 eligible 
patients, 13 evaluable patients received two courses of 131I-MIBG, followed by topotecan 0.7 mg/m2 
for 5 days after each course. Response of primary tumor: 1 VGPR (> 90% tumor reduction), 10 PR (> 
50%), 1 MR, 1 PD. The metastasis response: 2 CR, 4 VGPR, 4PR, 3 SD. Overall response after 2 131I-
MIBG + topotecan: 12 PR, 1 PD. Although the response rate of 131I-MIBG combined with topotecan 
seems better than 131I-MIBG single agent treatment, the toxicity, particularly of the bone marrow was 
enhanced and neutropenia was common, especially after the second course. However, harvesting of 
peripheral stem cells was successful in 12/13 patients. 
 

13.2.1.2  Treatment results internationally 

Outside the Netherlands, 131I-MIBG treatment has not been used upfront in the treatment of 
neuroblastomas, but rather later during treatment. Most institutes did not find it feasible to deliver 131I-
MIBG upfront for practical and logistic reasons. Other differences in scheduling 131I-MIBG treatment 
focus around the fact that several investigators favor 131I-MIBG as a salvage treatment for 
refractory/recurrent disease or after an incomplete response after induction chemotherapy. Most 
importantly, Matthay and others have used 131I-MIBG in combination with myeloablative chemotherapy 
and autologous stem-cell support. In a phase I dose escalation study (131I-MIBG ranging from 12-18 
mCi/kg) in 22 refractory NBL patients, they observed 1 CR and 5 PR (total responses 6/22; 27%). The 
median overall survival interval was 48.1 months (95% CI; range 18,7-49,5 months). The estimated 
probability to remain alive and event free at 3 yrs was 0.31 + 0.10 10. In 5 relapsed patients using the 
same myeloablative chemotherapy and a fixed dose of 12 mCi/kg 131I-MIBG 3 patients achieved CR 
and 2 PR at day 100 after transplantation. The median times to neutrophil (> 0.5 x 103/μl) and platelet 
(> 20 x 103/μl) engraftment were 10 and 28 days respectively 11.  
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In a palliative setting and in the absence of harvested stem cells, Howard et al treated patients with 
recurrent neuroblastoma with multiple 131I-MIBG infusions in a lower dose (3-9 mCi/kg). They 
administered 62 infusions in 28 heavily pretreated patients (16 after prior high dose chemotherapy 
with autologous stem cell rescue). Objective responses were seen in 11/28 patients (39%). The 
toxicity was mainly myelosuppression. After the first and second infusion 78% and 82% required 
platelet transfusion, respectively. Transient grade 4 neutropenia was observed in 50%. Ten patients 
were alive 5-51 months from therapy, including 1 CR, 1 VGPR, 6 SD and 2 progressive disease.  
Median time from treatment to last follow-up was 11,3 months (range 3,4-136,6 months). The 
estimated probability to overall survival at 50 months was 0.2 12.  
Expected toxicity related to 131I-MIBG treatment includes myelosuppression and thyroid dysfunction. 
Myelosuppression mostly affects platelets, and neutrophils/granolocytes to a much lesser extent. The 
thyroid dysfunction is related to uptake of  123I-MIBG (diagnostic scans)  and 131I-MIBG in the thyroid, 
which can lead to hypo-, hyperfunction of the thyroid and/or thyroid malignancies. Preventive 
measures to block uptake of radioactive iodine in the thyroid, in combination with blocking the thyroid 
metabolism have proven to be effective.  
In addition, 6 patients have been described with secondary MDS and/or secondary leukemia after 
treatment with 131I-MIBG 13, 14, 15.   
 

13.2.1.3  Pharmacokinetics and dose regimens of 131I-MIBG 

The therapeutic effect of 
131

I-MIBG depends on the radiation dose delivered to the tumor tissue. 

Neuroblastoma was shown to take up about 0.026% of injected 
123

I-MIBG dose per gram tissue. In 

another study, 
131

I-MIBG uptake of neuroblastoma ranged between 0.04 and 10.0% of the injected 

dose leading to a calculated tumor dose between 4.4 and 45.4 Gy
16

. Dose escalation in order to 
deliver a higher dose to the tumor tissue is limited by the toxicity to other tissues (whole body 
exposure, organ dose).  

Unfortunately, there is only a weak correlation between the 
131

I-MIBG activity [MBq] administered and 
the resulting whole body or organ exposure [Gy] (Spearman rank correlation rS=0.59, p<0.0001).  
Bolster et al reported whole body exposures of 0.25 ± 0.09 mGy/MBq, liver dose of 0.58 ± 0.29 
mGy/MBq,  lung dose of 0.35 ± 0.12 mGy/MBq, bladder wall dose of 0.76 ± 0.32 mGy/MBq (influenced 
by voiding times, frequent voiding reduced the contact time to the bladder wall) 16.   
 
 
Existing 131I-MIBG-regimens: 
Protocols vary considerably between centers. In general, the maximum tolerable whole body dose is 
2.0 Gy without stem-cell rescue and 4.0 Gy with stem-cell rescue. These doses showed no other 
short-term organ toxicity. Garaventa et al. administered 2.5 to 3.7 GBq for patients under 15 kg, 3.7 to 
4.7 GBq for patients between 15 and 20 kg and 5.5 GBq for patients over 20 kg. 
Mastrangelo et al. suggested a fixed activity of 7.4 GBq [200 mCi]. Doses of 12 mCi/kg were tolerable 
without stem cell rescue 17. Doses of 18 mCi/kg resulted in myelosuppression, particularly prolonged 
thrombocytopenia requiring long term transfusion or stem cell rescue.

  

The aim of 131I-MIBG therapy is to deliver the highest possible therapeutic dose to the tumor sites 
combined with the lowest possible radiation exposure to normal tissue. As has been pointed out in the 
previous paragraph dose regimens of 131I-MIBG have been based on a fixed dose per kilogram body 
weight 10,18, fixed whole body exposure 19, 20, 21, or fixed dose 8, 17, 22. 
Therapeutic response has been reported in 30-40% of patients with refractory stage IV 
neuroblastoma. All of these patients were heavily pre-treated with chemotherapy. Response after 
multiple courses of 131I-MIBG seems favourable compared with single infusion 23.  However, in all of 
these studies the amount of radiation delivered to the tumor is highly variable, and unpredictable 19. In 
patients, treated without previous chemotherapy, response rate may be as high as 70% 22. Only mild 
hematologic toxicity is observed in these patients. 
 
 
Rationale of  131I-MIBG-regimen for DCOG NBL2009: 
Hematologic toxicity, especially thrombocytopenia, is the main limiting factor for the administration of 
131I-MIBG. It has been reported that this toxicity is most prominent in patients pre-treated with 
chemotherapy and in patients with bone and bone marrow involvement. Ideally the administered 
dose/kg body weight correlates with whole body dose. However a considerable inter-patient variability 
has been reported probably attributed to different rates of renal excretion 24, different amounts of body 
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tumor burden and tumor retention 25. Calculating whole body dose from pre-treatment 123I-MIBG 
diagnostic scans has been described by Flower et al. These dose estimates are subject to large errors 
due to methodological errors and the limited similarity between 131I-MIBG and 123I-MIBG. The most 
promising approach in dosing therapeutic amounts of MIBG has recently been reported by Gaze et all 
and by Buckley et all 19,21.  In this dosage regimen the aim is to limit whole body dose to 4 Gy for the 
combined series of two consecutive 131I-MIBG administrations. The first administration is based on a 
fixed dose/kg (444 MBq/kg). The second dose is based on the total body radiation dose calculated 
from the first therapeutic administration.  
 
In this way performed the highest possible dose is delivered to the tumor combined with an acceptable 
toxicity for other organs, especially bone marrow. Moreover, in this scheme one can compensate for 
inter-patient variation of biodistribution of MIBG. 
 
In summary, 131I-MIBG therapy has a very high response rate at induction of high-risk neuroblastoma 
patients and can be combined with induction chemotherapy followed by megatherapy and ASCT. 
Given the still unsatisfactory results of high-intensity chemotherapy treatment of high-risk 
neuroblastoma the DCOG NBL2009 treatment protocol combines upfront 131I-MIBG with induction 
chemotherapy followed by megatherapy and ASCT. To reduce bone marrow toxicity the dose regimen 
is aimed at a whole body exposure of 4 Gy for the combined 2 cycles of 131I-MIBG. To optimize 
radiation dose to the neuroblastoma sites, the second dose is adjusted based on the whole body dose 
of the first cycle. 
 

13.2.2  Rationale of the induction chemotherapy  
For the treatment of high-risk neuroblastoma patients in the DCOG NBL2009 protocol the GPOH 
NB97 induction chemotherapy from the GPOH Neuroblastoma studies was selected, consisting of 6 
alternating cycles of N5 and N6 chemotherapy. As presented in the following sections, the GPOH 
NB97 induction chemotherapy (N5/N6 cycles) has one of the highest response rates at induction in 
high-risk neuroblastoma patients with an acceptable toxicity.  

13.2.2.1  Induction treatment regimens used internationally  

The number of drugs available and effective in neuroblastoma is limited. Induction therapy of the most 
international protocols contains combinations of cisplatinum, carboplatin, cyclophosphamide, 
ifosfamide, doxorubicine, etoposide, teniposide, vincristine, and/or vinblastine 
Table 6 gives an overview over the drugs and the cumulative doses of selected induction protocols. 
The EFS rates must be interpreted with great caution since the treatment following induction 
chemotherapy differs substantially between all these protocols, and selection of patients does play a 
role not only in small pilot protocols.  
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13.2.2.2  Toxicity of NB97GPOH NB97 (N5/N6) induction chemotherapy  

Chemotherapy has been detoxified from NB90 to NB97GPOH NB97 by reduction of the total number 
of cycles from 8 to 6, by reduction of the etoposide dose from 125 mg/m×xd to 100 mg/m×xd, by 
reduction of doxorubicine infusion time from 48 hours continuous infusion to 4 hours infusion at 2 
consecutive days, and by application of G-CSF to all high risk patients.  
The toxicities registered after N5/N6 cycles are outlined in table 7. The rate of myelosuppression 
grade ≥3 was considerably high. Fever and infection grade 1-2 were frequent but fever or infection 
grade ≥3 were rare (4.1% and 7.3% for fever and infection, respectively). Moderate mucositis was 
observed in 25.2% but severe grade ≥3 mucositis was only seen in 3.9%. No severe unexpected 
toxicity occurred.   
The median interval between the chemotherapy cycles was 32 days (range 9 to 46 days) in GPOH 
NB90, and 27 days (range 17 to 64) in GPOH NB97 (Mann-Whitney-U-test p<0.001). This treatment 
intensification may be one reason for better outcome of GPOH NB97 high risk patients compared to 
the previous trials.  
In GPOH NB90, 21 deaths (5.4%) were clearly treatment related and 8 deaths (2.1%) were possibly 
related to the treatment. Thirteen deaths occurred during induction chemotherapy. In GPOH NB97, 10 
deaths (2.7%) were clearly related to and 2 deaths (0.5%) were possibly related to treatment (table 8). 
Only 2 deaths occurred during induction chemotherapy.  
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Table 8: Causes of death among 759 stage 4 patients of the trials GPOH NB90 and GPOH NB97  

                                                                  GPOH NB90  GPOH NB97  

 n  %      n  %  

tumor  211  54.2  123  33.2  

initial treatment  21  5.4  10  2.7  

ASCT  4  1.0  6  1.6  

 chemotherapy  13  3.3  4  1.1  

maintenance therapy  2  0.5  0  0.0  

surgery  2  0.5  0  0.0  

relapse treatment  5  1.3  2  0.5  

tumor & treatment  8  2.1  2  0.5  

secondary malignant disease  11  2.8  1  0.3  

not known/not to decide  5  1.3  4  1.1  

total patients  389  370   

 

13.2.2.3  Response to GPOH NB97 induction chemotherapy  

In GPOH NB90, 230 high risk patients were strictly treated according to the protocol and evaluable for 
response analysis. After 4 chemotherapy cycles, 31% were in CR and 44% PR. Prior to 
ASCT/Maintenance therapy (i.e. after 8 chemotherapy cycles) 58% were in CR and 11% PR. 
In GPOH NB97, 204 high risk patients were evaluable for analysis. After 4 chemotherapy cycles 26% 
were in CR and 62% in PR. ASCT/maintenance therapy was started after 6 chemotherapy cycles. 
Therefore, assessment prior to ASCT/maintenance therapy was done about 6 weeks earlier in GPOH 
NB97. 63% CR and 24% PR were observed.  
There was a better response rate (CR+PR) in GPOH NB97 of 87% compared to 69% in GPOH NB90 
despite the fact, that GPOH NB97 assessment was done earlier missing further CR/PR achievements 
for about 6 weeks. Of course, some relapses might be missed as well.  
In conclusion, the GPOH NB97 induction chemotherapy is has the highest response rates in high-risk 
neuroblastoma patients with an acceptable toxicity. Therefore, the N5/N6 chemotherapy was selected 
as induction chemotherapy for the DCOG NBL2009 protocol. 
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13.2.3  Rationale for megatherapy (ASCT)  
 
It has been shown in retrospective analyses and prospective trials, that autologous stem cell 
transplantation (ASCT) is superior in the treatment of advanced neuroblastoma. The GPOH NB97 trial 
demonstrated an advantage for ASCT compared to a three months mild maintenance chemotherapy. 
Intent-to-treat analysis demonstrated a better EFS (45 ± 5% vs. 29 ± 4%, logrank p=0.016) for patients 
who underwent ASCT (figure 19). As-treated and treated-as-randomized analysis confirmed these 
results for EFS and for OS. Subgroup analysis showed superiority of ASCT for patients defined either 
by elevated LDH, by MYCN-amplification, by normal MYCN, or who reached CR/VGPR prior to ASCT.

 

 
Therefore, all GPOH NB2004 stage 4 patients >1 year at diagnosis and all MYCN amplified 
neuroblastoma patients regardless of age will undergo ASCT.  
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Figure 19: Intent-to-treat analysis of 295 high risk neuroblastoma patients of GPOH NB97 randomly 

assigned to ASCT or maintenance treatment: ASCT patients n=149, 3-y-EFS 45±5%, 3-y-OS 63±5%; 

maintenance treatment patients n=146, 3-y-EFS 29±4% (logrank p=0.016), 3-y-OS 54±5% (logrank p=0.180)  

 

There are reports of etoposide + melphalan, carboplatin + etoposide + melphalan 
 

, carboplatin + 
etoposide + melphalan + TBI, busulfan + melphalan, busulfan + melphalan + cyclophosphamide 
based conditioning regimens in the ACST of high risk neuroblastoma. In a retrospective analysis, 
busulfan containing regimens were regarded more effective than other regimens but the carboplatin + 
etoposide + melphalan regimen was not included in this analysis. Other reports on busulfan containing 
regimens demonstrated a considerable number of treatment related deaths (8% - 9.5%) and venous 
occlusive disease (VOD, up to 75% in infants). 
Of note, the ongoing European HR-NBL-1 randomized trial compares busulfan + melphalan with 
carboplatin + etoposide + melphalan.  
In 164 ASCT performed in the GPOH NB97 trial, we observed 6 deaths related to the ASCT (3.7%, 
the 95%-confidence-interval [CI] 1.4œ7.5%). VOD was observed in 8 patients (4.8%, the 95%-CI 2.1-
9.0%), 3/8 VOD-patients had received carboplatin + etoposide + melphalan and 5/8 have had busulfan 
+ melphalan as conditioning regimen confirming the higher potential for VOD induction by the 
busulfan/melphalan combination. One of these 8 patients died 80 days after transplantation due to 
toxicity and disease progression, the other VOD´s resolved without residual.   
Due to the encouraging survival data and the acceptable toxicity, carboplatin + etoposide + melphalan 
conditioning regimen will be used in GPOH NB2004 for all patients undergoing ASCT.  
External beam irradiation boost for a residual active primary is scheduled in MIBG up taking residuals 
in order to improve efficiency of the ASCT without significant additional toxicity (for details see section 
13.2.4).
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13.2.4  Rationale for radiotherapy  

13.2.4.1  External beam radiation therapy (EBRT)  

Neuroblastoma is considered a radiosensitive tumor since patients respond to palliative radiotherapy. 
Therefore, several high risk treatment protocols include external beam radiation. Stage 4 
neuroblastoma is not a localized disease and requires systemic treatment. The value of radiotherapy 
in modern high dose chemotherapy protocols has not been proven yet. The potential benefits from 
radiation therapy must be balanced against late effects (e.g., growth delay, scoliosis, and secondary 
malignant diseases).

 

A recent report of the CCG-3891 trial could only confirm the superiority of ASCT 
compared to continuation chemotherapy but found similar local relapse rates among the ASCT 
patients (local relapse rate 22 ± 12% with 10-20 Gy local radiation plus 10 Gy TBI for ASCT vs. 35 ± 
10% without external radiation, p=0.36) and among the continuation therapy patients (52 ± 8% with 
10-20 Gy local radiation vs. 50 ± 7%, p=0.55). Analysis of the German neuroblastoma trial GPOH 
NB90 failed to show a benefit from external radiation (unpublished results). Therefore, in GPOH NB97 
radiation therapy was reserved only for residual tumor tissue with MIBG uptake or clear MRI contrast 
enhancement. Due to the good results of the GPOH NB97 trial, EBRT will be reserved for active 
residual primary tumors in GPOH NB2004 as in GPOH NB97.  
There are reports about intra-operative radiation therapy (IORT). The technique seems feasible and 
tolerable. But its value in the treatment concept of high risk neuroblastoma has not been proven since 
only small numbers of neuroblastoma patients have been treated. Of note, one renal artery stenosis 
and one mesentery artery occlusion were observed after IORT.  

 

13.2.5  Rationale for the consolidation treatment  
In general, different consolidation regimens for potential minimal residual neuroblastoma exist. In the 
GPOH NB97 trial, monoclonal chimeric anti-GD2-antibody ch14.18 has been given to all high risk 
patients. In a first analysis comparing ch14.18 treated patients of GPOH NB90-97 with patients who 
had no further treatment and patients who underwent GPOH NB90 maintenance therapy, the survival 
analysis showed no difference in EFS between the groups but the group treated with ch14.18 had a 
better OS. Since better OS might be influenced by many factors, EFS was not better after ch14.18, 
and antibody ch14.18 is not available commercially, the GPOH NB2004 high risk patients will not 
receive antibody treatment.  
13-cis-Retinoic acid (Isotretionin, Roaccutan®) is effective in neuroblastoma in vitro and in vivo. In 
vitro, prolonged arrest of cell proliferation was seen after 10 days exposure to 10 µM 13-cis-retinoic 
acid. The maximum tolerated RA dose in children after ASCT was 160 mg/m×xd which resulted in 
peak drug levels of 7 µM and trough levels of 4 µM. Accordingly, the clinical effect seems to be dose 
dependent, since 13-cis-retinoic acid treatment with 100 mg/m×xd in refractory patients or 0.75 
mg/kgxd as maintenance therapy in a randomized trial failed to be effective. High dose treatment with 
160 mg/m×xd was effective in the randomized CCG-3891 trial. Therefore, the GPOH NB2004 high risk 
patients will receive 13-cis-retinoic acid cycles in a dose of 160 mg/m×xd for days 1-14 followed by a 
rest days 15-28. According to the CCG3891 trial, a first course of 6 months is given. After a 3 months 
break, a second 3-months-course is scheduled since the CCG group observed relapses after stopping 
13-cis-retinoic acid (P. Reynolds, personal communication). The second 3-months-course should help 
to control the growth of residual minimal disease after the end of the first retinoic acid course.  
For toxicity of retinoic acid see appendix 15.2.1.   
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13.3  Treatment objectives of the high risk group  
 
The goal of this treatment protocol for high risk neuroblastoma patients by the Dutch Childhood 
Oncology Group (DCOG) is to evaluate the efficacy of adding radio-pharmacological treatment with 
131I-MIBG to the best available induction-chemotherapy, as used by the GPOH neuroblastoma group. 
 

13.3.1  Primary objectives   
The primary objectives are to determine the feasibility, the efficacy and the toxicity of the addition of 
131I-MIBG treatment to the chemotherapy induction regimen of the GPOH neuroblastoma group for 
high risk neuroblastoma patients. 

13.3.1.1  Logistic feasibility of multicenter upfront 131I-MIBG treatment 

The number of high risk neuroblastoma patients with 123I-MIBG uptake meeting the entry criteria, in 
whom 131I-MIBG treatment was not performed will be recorded. The treating physician will be 
contacted to establish the reason(s) not to deliver 131I-MIBG treatment. Data will be collected for 
comparative reasons. 

13.3.1.2  Toxicity of the 131I-MIBG and chemotherapy combination induction regimen 

Toxicity will be graded according to the criteria specified on the case report forms. For other toxicities 
and adverse events NCI-CTCAE grading will be used http://ctep.cancer.gov/forms/CTCAEv3.pdf).   

 131I-MIBG toxicity: 
o grade of hematological and thyroid dysfunction after course 1 
o grade of hematological and thyroid dysfunction after course 2, before the start of 

chemotherapy 
 Chemotherapy toxicity:  

o ≥grade 3 toxicity during the 6 cycles of induction chemotherapy 
 Dose intensity after 131I-MIBG treatment: the actual delivered dosages and time span of 

delivering chemotherapy induction treatment after 2 courses of upfront 131I-MIBG will be 
determined and compared to the standard induction arm of the GPOH NB2004 high risk 
neuroblastoma treatment arm.  

 Stem cell collection: the yield of collected autologous hematopoietic stem cells and the 
percentage of patients in which bone marrow harvest is applied will be measured and 
compared to the results of the GPOH NB2004 high risk neuroblastoma treatment arm.  

 Stem cell engraftment: the time to hematopoietic recovery after MAT+ASCT will be 
measured for each of the hematopoietic cell lineages. 

13.3.1.3  Response to induction treatment 

 131I-MIBG response measured after 2 courses of 131I-MIBG as upfront induction treatment or 
60 days after starting induction treatment, if the second 131I-MIBG has not yet been given. 
Response will be classified according to INRC criteria (appendix 22.3): CR, VGPR, PR, SD, 
PD, relapse and will be compared to the corresponding time point of the parallel GPOH 
NB2004 high risk neuroblastoma study.  

 Early chemotherapy response measured after 2 chemotherapy cycles (i.e. N5+N6) following 
131I-MIBG treatment or 150 days after starting induction treatment, if the second cycle is not 
yet finished. Response will be classified according to INRC criteria (appendix 22.2): CR, 
VGPR, PR, SD, PD, relapse and will be compared to the corresponding time point of the 
parallel GPOH NB2004 high risk neuroblastoma study. 

 Response during chemotherapy measured after 4 cycles of chemotherapy (i.e. 
N5+N6+N5+N6) or  240 days after starting induction treatment, if the 4 cycles of 
chemotherapy are not yet finished. Response will be classified according to INRC criteria 
(appendix 22.3): CR, VGPR, PR, SD, PD, relapse and will be compared to the 
corresponding time point of the parallel GPOH NB2004 high risk neuroblastoma study. 

 Response to induction treatment measured at the end of induction treatment before 
MAT+ASCT or 360 days after starting induction treatment if induction is not yet finished. 
Response will be classified according to INRC criteria (appendix 22.3): CR, VGPR, PR, SD, 
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PD, relapse and will be compared to the corresponding time point of the parallel GPOH 
NB2004 high risk neuroblastoma study. 

13.3.1.4  Survival after DCOG NBL2009 HR MIBG treatment 

To evaluate the influence of adding 131I-MIBG to induction chemotherapy we will measure Event-free 
and Overall survival  

 Event-free survival events: 
o relapse of disease after complete remission has been obtained 
o progression of disease after incomplete response 

 death by any cause 
o Overall survival events: 
o death by any cause 

 
 

13.3.2  Secondary objectives  

13.3.2.1  Evaluation of surgery  

Surgical resection in the presence of surgical risk factors has been associated with a lower complete 
excision rate and greater risk of surgery-related complications.  
We will therefore relate the presence of surgical risk factors with excision rate and surgery-related 
complications. The extent of resection will be described by the surgeon, (2) the operative field after the 
resection must be documented by photographs, (3) residual disease will be evaluated by 
postoperative imaging. 
 
 
Surgical risk factors related to localisation: 
Neck 
1. Tumor encasing vertebral and/or carotid artery and/or internal jugular vein 
2. Tumor encasing brachial plexus roots 
3. Tumor crossing the midline 
4. Tumor extending to base of skull 
 
Cervico-thoracic junction 
5. Tumor arising from/around the stellate ganglion 
 
Thorax  
6. Tumor encasing the trachea or principal bronchus 
7. Tumor encasing the origin and branches of the subclavian vessels 
8. Lower left mediastinal tumor, infiltrating the costo-vertebral junction between T9 - T12  
 
Thoraco-abdominal 
9. Fusiform tumor along the aorta and/or vena cava 
 
Abdomen 
10. Adrenal tumor infiltrating the porta hepatis 
11. Suprarenal tumor infiltrating the branches of the superior mesenteric artery at  
      the mesenteric root 
12. Suprarenal tumor surrounding the origin of the coeliac axis, and of the superior  
      mesenteric artery 
13. Tumor invading one or both renal pedicles 
14. Tumor surrounding the aorta and/or vena cava 
15. Tumor encasing the iliac vessels 
16. Pelvic tumor crossing the sciatic notch  
 
Dumbbell tumors 
17. Dumbbell tumors whatever the location if symptoms of spinal cord compression 
 
Involvement/infiltration of adjacent organs/structures   
18. Pericard, diaphragm, kidney, liver, duodeno-pancreatic block, mesentery and others 
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The extent of tumor excision should be estimated by the surgeon performing the resection, directly 
after the surgery, using the definitions below. Also the resection should be documented by light-
photographs taken at the OR, directly after surgery and if appropriate also during surgery. 
 
Definitions of the extent of resection: 
Complete excision: the removal of all visible tumor, including the removal of abnormal lymph nodes 
and the sampling of normal lymph nodes.  
 
Macroscopic residual disease: visible tumor remaining after the operation, <5ml volume or <5% of 
original tumor, photographed in the OR after the resection, and evaluated by post-operative imaging. 
 
Incomplete excision: >5ml or 5% of tumor remaining after attempted resection 
 
Biopsy: 50% or more of the tumor remaining after attempted resection 
 

13.3.2.2  Prognostic impact of clinical and molecular markers on outcome and response 

For the following markers we will perform prognostic analyses on outcome (EFS and OS), response 
and toxicity to determine their prognostic influence: 

 Age 
 stage 
 Metastatic pattern 
 Extent of surgical resection of the primary tumor 
 Serum LDH 
 Serum ferritin 
 MYCN copy number 
 Chromosome 1p status 

13.3.2.3  Add-on studies ( for details see appendix 22.14 and the DCOG website) 

 Biological and epigenetic profiling of the Dutch neuroblastoma spectrum: DNA 
abnormalities, gene expression profiles, protein expression and investigation of 
cellular and molecular effects of epigenetic drugs 

 Feasibility of immunotherapy in children with high-risk neuroblastoma 
 Minimal residual disease (MRD) monitoring in neuroblastoma to improve MRD based 

risk stratification and treatment 
 Plasma en urine vrije metanefrines als marker voor diagnostiek en follow-up van 

neuroblastoom 
 

13.3.3  Protocol design  
This is a prospective, multicenter, single-arm, national Dutch, controlled cohort study. As a control 
group the patients treated contemporarily in the standard arm of the GPOH NB2004 HR trial will be 
used. After 1 year a formal evaluation of the feasibility is undertaken to decide on the continuation of 
the protocol. The event rate is monitored continuously.  
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13.4  Selection of subjects for 131I-MIBG therapy  

13.4.1  Inclusion criteria  
Each patient must meet the following criteria:  

 Neuroblastoma (or ganglioneuroblastoma) diagnosed according to the accepted criteria: 
histological diagnosis from tumor tissue or presence of distinct neuroblastoma cells in the 

bone marrow and elevated catecholamine metabolites (HVA, VMA) in  urine,
3 

 
 Initial staging by MRI, MIBG-scintigraphy, bone marrow assessment, and tumor markers 

(VMA and HVA in urine),  
 Stage 4: ≥1-21 years regardless of the MYCN-status (stage 4 infants without MYCN-

amplification are treated according to the DCOG NBL2009 MRG)  
 OR 
 Stage 1-3/4S with MYCN-amplification: 0-21 years,  
 Informed consent of guardians and the patient (if appropriate according to age and status of 

psycho-intellectual development),  
 No pregnancy and sufficient prevention of pregnancy in fertile female adolescents.  

 

13.4.2  Exclusion criteria  
 Any prior or concomitant non-protocol anticancer treatment.  
 Any prior chemotherapy or radiation therapy from DCOG NBL2009 OR and MRG treatment 

protocols in stage 1-3/4S with MYCN-amplification.  
 

13.5 High Risk Treatment  
 

HIGH RISK GROUP (HRG) 

stage 4, > 1-21 years 

any stage, age 0-21 years, presence of MYCN amplification 

 

 

 

 

 

13.5.1  131I-MIBG therapy 
Eligibility for 131I-MIBG therapy consists of:  
1. MIBG uptake of primary tumor should be more than physiological liver activity and there should be 

MIBG uptake in known metastases.   
2. 131I-MIBG therapy should be feasible within 2 weeks from diagnosis.  
3. Sufficient MIBG uptake in the primary tumor and/or metastasis. 
4. No contra indications for  isolation on the nuclear medicine ward for administration of 131I-MIBG 

therapy. 
5. No uncontrollable hypertension: defined as a systolic and/or a diastolic blood pressure 

measurement consistently higher than an accepted normal value (P95), adjusted for age. 
 

Two courses of 131I-MIBG treatment will be used at the start of induction therapy. For details on 
dosage and technical aspects of the administration of 131I-MIBG see chapter 14.9.1. An interval of 4 
weeks is planned between the 2 courses of 131I-MIBG, if platelet counts allow a 3 week interval can be 
used. If platelet counts are <50x109/L before the start of the second course, therapy should be 
postponed; if platelet counts are 50 - 100 x109/L, dose reduction should be applied (see chapter 
14.9.3). 

S
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A swift diagnosis and fast start of treatment is essential in case of a high-risk neuroblastoma. Planning 
of upfront treatment with 131I-MIBG has to start immediately at the time a diagnosis of high-risk 
neuroblastoma is possible without waiting for definitive confirmation of the diagnosis and risk 
classification. The logistic planning of MIBG therapy is detailed in the diagram below.  
Of note: It is essential that treatment starts as soon as possible, since treatment delay of ≥ 2 weeks is 
an exclusion criterion.  
High risk patients who are not eligible for the DCOG NBL2009 protocol will be treated according to the 
standard arm of the GPOH NB2004 HR trial. 
 
 

 
 

Before/during review of 123I-MIBG diagnostic scan: 
 

 Referring Oncologist:  
o Reports to Pediatric oncologist of treatment protocol: Details of possible new high 

risk neuroblastoma patient.  
o Reports to Pediatric oncologist of treatment protocol: Place for possible MIBG 

treatment (own centre or other centre).  
o Arrange 123I-MIBG diagnostic scan (via own nuclear physician)  
o Sends 123I-MIBG diagnostic scan ≤ 24 hrs to central reviewer (see below) 

 
 Pediatric oncologist of treatment protocol: 

o Is being notified by Referring Oncologist: possible new high risk patient. 
o Checks possibility of treatment in very near future with protocol nuclear physician.  
o If there are no possibilities in preferred centre: contacts closest other centre, and 

reserves possible therapeutic place. 
o Joins review of 123I-MIBG diagnostic scan 
o Reports to DCOG new patient. 

 
 The reviewing nuclear physician: 

o Is being notified by Pediatric oncologist of treatment protocol: possible new high 
risk patient. 

o Is being notified by Pediatric oncologist of treatment protocol: preferred location of 
treatment.  

  

Referring 
 center 

Facilitating 
center 

DCOG:Registration 
  

Pediatric oncologist                      Nuclear phycisian 

Protocol cie. Pediatric            Protocol cie.            
Oncologist                                        Nuclear phycisian     
Discusses short-term treatment  
options and treatment location.      
                                                

Central review of 
diagnostic MIBG scans 
and assessing treatment 
options based on tumor 
uptake. 

Logistics for suspicion high-risk Neuroblastoma 

Final 
treatment 
plan 

Nuclear 
facility 
needed? 
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o Reviews the 123I-MIBG scan ≤ 24 hrs: candidate for MIBG treatment? 
o Reports finding of review to DCOG trial committee. 
o Reports finding of review to Pediatric oncologist of treatment protocol. 
o Checks, if necessary, together with Pediatric oncologist of treatment protocol, 

availability of preferred treatment location.  
o If necessary, contacts referring nuclear physician for treatment planning.  

 
After review of 123I-MIBG diagnostic scan:  
 

 DCOG Trial Office:  
o Registers the patient. 

 
 Pediatric oncologist of treatment protocol: 

o Notifies the referring oncologist. 
o Makes treatment reservation permanent, together with referring oncologist or with the 

reviewing nuclear physican. 
 
 
Imaging data exchange between participating centers 
 
Introduction: In the SKION protocol “Risk adapted treatment of children with neuroblastoma” nuclear 
imaging is an important aspect in decision making and follow-up. For high-risk patients there is a 
restricted time-window for the decision of 131-MIBG treatment. For all patients the protocol describes 
consensus evaluation of nuclear images for the assessment of response. Consensus reading of the 
images by a group of experts will be organized at least twice a year.  In 22.1 appendix the exchange 
of imaging data between participating centers is described.  
 

 All participating centers will be invited to the expert reading sessions. 
 For safe exchange of data to and from the AMC, the program called ”file sender” is used. 

Only by e-mail invited persons can deliver and obtain patient data. As the program only 
permits sending and receiving one file at the time, studies containing multiple files have to be 
clusterd into a ZIP-folder  

 There is no need to anonymize patient data. 
 Dicom is the preferred format for delivering data. If not feasible, please contact 

t.c.dewit@amc.uva.nl (clinical physicist). 
 Planar images, transverse (transaxial) slices of SPECT images, projection data sets and (if 

applicable) CT datasets should be included. 
 
 

13.5.2  Induction chemotherapy  
Infants <6 months with MYCN-amplification are treated according to the high risk chemotherapy 
induction, they will receive N4 cycles instead of N5/N6. For details see section 14.1. As soon as they 
are 6 months old, the remaining cycles are given as N5 and N6 for a total of 6 chemotherapy cycles 
followed by ASCT and retinoic acid consolidation.  
All patients ≥6 months at diagnosis receive 6 chemotherapy cycles (alternating N5 and N6). Details 
to the chemotherapy cycles are found in sections 14.2 and 14.3. This induction chemotherapy will be 
followed by ASCT and retinoic acid consolidation.  
A 21 day interval between the first day of two consecutive cycles is planned. For optimal therapeutic 
effect, it is essential to avoid (if possible) treatment delay. Shorter intervals are therefore allowed.  
 
Longer intervals are sometimes necessary to overcome bone marrow depression. Prior to each cycle 
the following criteria must be fulfilled:  

 leukocytes >2000/µl, neutro >500/µl 
 platelets >50,000/µl,  
 no sign of infection  

If these criteria are not met, the start of a cycle must be delayed. If the delay exceeds 7 days or 
infection grade ≥3 occurred, the doses of the next cycle should be modified. Dose reduction rules are 
outlined for each cycle at chapter 14.2 for N5 and chapter 14.3 for N6.    
The toxicity of each chemotherapy cycle must be documented on the case report forms. If toxicity 
other than listed in the CRF occurs, please use the CTCAE-toxicity grading system issued 12 
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December 2003 by NCI. It can be downloaded from http://ctep.cancer.gov/forms/CTCAEv3.pdf. If 
toxicity appears unexpected or severe, contact the DCOG Trial office and consider SAE report (for 
details see chapter 19.4).  
 

13.5.3  Myeloablative high-dose-chemotherapy (ASCT)    
 
Only patients in CR or VGPR after induction chemotherapy can proceed to ASCT. For the other 
patients, salvage therapy must be considered. Please consult the Protocol Committee.   

13.5.3.1  Stem cell mobilization, harvesting, and CD34-selection   

Stage 4 neuroblastoma does involve bone marrow in 87% and bone in 66% of patients. Stem cell 
mobilization is only possible after response of initial bone marrow involvement has been 

demonstrated. Therefore, bone marrow assessment must be repeated at least prior to the 1st, 3
rd

 and 

5
th 

chemotherapy cycle as outlined in chapter 10.3.2. As soon as the bone marrow is free of 
neuroblastoma cells (i.e. less than 0.1% neuroblastoma cells by immunocytology), stem cell apheresis 
should be scheduled after the next chemotherapy cycle.  
For stem cell mobilization, G-CSF is started 2 days after the end of the preceding chemotherapy 
cycle. It is given in a dose of 10 µg/kgxd divided in two daily doses. Subcutaneous injection is strongly 
recommended. Intravenous infusion over 4 hrs is acceptable but might be less effective.  
For stem cell harvesting, peripheral apheresis by a continuous flow separator according to the policy 
of the local pediatric oncology center should be followed. A yield of at least 2 x 106/kg body weight CD 
34 positive cells is advised. A vial of the apheresis product should be sent unfrozen to the bone 
marrow lab (Sanquin Amsterdam) for immunocytology within 24 hours. Please use the bone marrow 
shipping form. (DCOG website)  
Processing of the apheresis product is necessary since minimal bone marrow involvement is not 
excluded by normal bone marrow cytology and immunocytology. Data on residual minimal tumor cell 
contamination are conflicting which is mainly due to great differences in the sensitivity of methods 
used for investigation of the apheresis product including overestimation due to well known unspecific 
bindings of secondary antibodies and over-amplification of PCR products. In general, CD34-selection 
can sufficiently reduce the tumor cell content.

 

For all high risk patients, a CD34-positive selection of 
the apheresis product by magnetic-activated cell sorting (MACS) is advised, if the amount of 
harvested cells is sufficient. Immunocytology of the CD34-positive fraction after MACS is not 
recommended since the presence of antibodies used during the selection process interferes with 
immunocytology. 
 

13.5.3.2  Conditioning chemotherapy regimen   

After complete staging (i.e., clinical status, tumor marker, MRI, MIBG-scintigraphy, and bone marrow 
from 4 sites), ASCT is scheduled for all high risk patients.  
The conditioning regimen is the melphalan, etoposide (Etopophos®), and carboplatin regimen 
identical to GPOH NB2004. An outline of the chemotherapy is found on page 135. Prior to ASCT, 
audiometry, ECG, echocardiography, and kidney function assessment are required. In case of 
grade ≥3 toxicity, alternative condition regimen or maintenance treatment instead of ASCT must be 
considered. Please, contact the Trial office to discuss the options.   
Special facilities for patient isolation and experiences in autologous or allogenous bone marrow 
transplant are a prerequisite for every hospital performing ASCT. It is strongly recommended to 
transplant the patients in centers specialized in ASCT (in future those centers with a JACIE 
accreditation).   
The toxicity of ASCT must be documented on the case report forms. If toxicity other than listed in the 
CRFoccurs, please use the CTCAE-toxicity grading system issued 12 December 2003 by NCI.  
It can be downloaded from http://ctep.cancer.gov/forms/CTCAEv3.pdf. If toxicity appears unexpected 
or severe, contact the DCOG Trial office and consider SAE report (for details see chapter 19).  
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13.5.3.3  Stem cell re-infusion  

In general, all protocols and policies of the local transplantation unit must be followed. Stem cells are 
thawed immediately prior to re-infusion. Pre-medication of the patient must be performed according to 
center rules. 
After stem cell reinfusion, about 10 œ 14 days of severe myelosuppression are expected. Transfusion 
of irradiated blood products, parenteral nutrition, PCP prophylaxis, CMV prophylaxis, Herpes 
prophylaxis, mucositis management, and infection management are to be done according to the local 
transplantation protocols.  
 

13.5.4  Radiotherapy 

 

 

 

 

Figure: Timing of radiation therapy (S=surgery, N5/6/8=chemotherapy cycles, MIBG=MIBG treatment, 

EBRT=external beam radiation therapy, 13-cis-RA=13-cis-retinoic acid)  

 
Radiation therapy is reserved for patients with active residual primary tumor after 6 cycles of induction 
chemotherapy, i.e., prior to ASCT. Active residual tumor tissue is defined as  
• residual MIBG-uptake (tumors initially MIBG positive),  
• or residual Octreotide-uptake (tumors initially MIBG negative but Octreotide positive),  
• or unequivocal MRI-contrast enhancement (only tumors which have been completely negative 

in initial scintigraphy).  
Residual non-progressing non-active mass seen only in MRI, CT, or ultrasound does not require 
radiation therapy.  
EBRT should be done as soon as the patient has stabilized after ASCT after discussion in 
multidisciplinary team. A combination with retinoic acid is not recommended in order to avoid possible 
negative interactions between radiation and retinoic acid. Since retinoic acid treatment should start 30 
days after ASCT, retinoic acid must be interrupted during radiation therapy.  
 
 

13.5.5 Consolidation treatment with retinoic acid  
13-cis-retinoic acid (isotretionine) treatment begins day 30 post ASCT according to the criteria in 
chapter 14.6.1.  
In order to avoid possible negative interactions, the patients should not receive retinoic acid during 
EBRT. Since EBRT is unlikely to start within 30 days after ASCT, give the first 14-days-RA cycle(s), 
discontinue RA treatment during EBRT and restart it about 1 week after EBRT end.  
13-cis-retinoic acid is available as Isotretinoine, Roaccutane® capsules. The capsules contain oil. 
For younger children, the capsules can be opened or punctured and the oil can be taken in milk or ice 
cream. 13-cis-retinoic acid is given in a dose of 160 mg/m2xd in 2-(3) divided doses for subsequent 14 
days followed by 14 day rest. Then the next cycle is started. After 6 cycles, the patient has a 3 months 
rest without any treatment. Then, 13-cis-retinoic acid is restarted for additional 3 cycles (figure 22).  
 
 

 
              

 

Figure 22: Time course of RA treatment  
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Since increased light sensitivity has been reported, avoid sunlight exposure during 13-cis-retinoic acid 
treatment.  
During pregnancy, 13-cis-retinoic acid can cause severe birth malformations (hydrocephalus, 
microcephalus, ear abnormalities, cardiovascular abnormalities, facial dysmorphia, endocrine 
abnormalities, cerebellar malformations, and other). Therefore, contraception starting 1 month prior to 
13-cis-retinoic acid treatment is mandatory in all female adolescents who might become pregnant.  
For toxicity details and drug information see chapter 14.6 and chapter 15.2.1.  
The toxicity of each RA cycle must be documented in the CRF. If toxicity other than listed in the CRF 
occurs, please use the CTCAE-toxicity grading system issued 12 December 2003 by NCI. It can be 
downloaded from http://ctep.cancer.gov/forms/CTCAEv3.pdf. If toxicity appears unexpected or severe, 
contact the DCOG Trial Office and consider SAE report (for details see chapter 19). 
  

13.5.6  Surgery in the HRG  
 

HIGH RISK GROUP (HRG) 

stage 4, > 1 - 21 years 

any stage, age 0 - 21 years, presence of MYCN amplification 

 

 

 

 

 

13.5.6.1  Initial surgery  

Initial surgery aims to collect tumor tissue for histological and molecular assessment. Incomplete 
resection or biopsy of the primary or a metastatic lesion are appropriate. Complete resection of the 
primary tumor is not necessary. It might be done in selected patients where the risk of surgical 
complications appears very low. Extended operations in order to remove the primary tumor should be 
avoided. Nephrectomy, injury of large vessels, or other complications of initial surgery are 
unacceptable.  
For tissue collection and shipping guidelines see appendix 22.4 and appendix 22.4.2. 
In very few cases, threatening symptoms due to compression of airways, nerves, or large vessels may 
require immediate tumor resection.  
In symptomatic intraspinal involvement, immediate start of chemotherapy is preferred since 
chemotherapy has less late effects than surgery in these patients.  

13.5.6.2  Secondary surgery  

If the staging during induction chemotherapy reveals a complete or very good partial response of the 
primary and locoregional lymph nodes, no further tumor resection is required, but biopsies may usually 
be required to document tumor response. 
In the treatment of high-risk neuroblastoma it is essential to prevent large treatment delays. Therefore, 
when possible risky surgery with lengthy and prolonged recovery should be avoided and surgery might 
be postponed till after two more blocks of chemotherapy.  
After chemotherapy, resection can be done with a lower risk of tumor rupture. Therefore, resection of 

the primary should be attempted after the 4
th

 or 6
th

 chemotherapy cycle.  
 
After radiotherapy, resection can be more difficult due to radiation induced fibrosis in the area of the 
tumor. Therefore, resection should be attempted prior to radiation therapy. In addition, the surgically 
achieved reduction of tumor volume may result in a smaller radiation field or completely avoid 
irradiation.  
In localized tumors with MYCN-amplification, there was a tendency towards better event free survival 
after complete resection (5-y-EFS 46 ± 9% after complete resection vs. 20 ± 18% after incomplete 
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resection and 5-y-EFS 13 ± 12% after biopsy, logrank p=0.08). 
 

Since the difference is small, the risk 
of complete resection must be balanced against the possible small benefit.   
In intensively treated stage 4 disease, no benefit of complete resection compared to incomplete tumor 
removal was demonstrated (5-y-EFS 32 ± 4%, 28 ± 7%, and 37 ± 11% for complete resection, 
incomplete resection, and biopsy only, respectively). Therefore, complete resection should only be 
performed, when no other organs are injured. Tumor nephrectomy or mutilation of other organs should 
only be avoided.   
Even in stage 4 disease with MYCN-amplification, prognosis was equal after complete resection (5-y-
EFS 20 ± 6%) and incomplete resection (5-y-EFS 18 ± 8%). Patients with biopsy only had a worse 
prognosis (5-y-EFS 10 ± 9%).

  

 

13.6 Patient drop out 
 
The patient‘s guardians and the patient (if appropriate to her/his psycho-intellectual development) can 
refuse further treatment by individual decision at any time without giving any reasons and without any 
negative consequences for the further treatment.   
Investigational treatment can be stopped by decision of the local pediatric oncologist in case of any 
individual medical reason.  
All these patients (no longer under protocol, receiving any other treatment) will still be followed until 
death, lost to follow-up, or until they withdraw their consent for data collection. 
  
 

13.7 Premature termination of treatment protocol 
 
The treatment protocol can be closed prematurely by the DCOG principal investigator when the 
toxicity or the event rate is unacceptably high.  
Stopping rules follow the criteria outlined in appendix 20.3.5. 
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14 Treatment Elements  
 
 

14.1 N4 cycle  
 

14.1.1 Criteria for the start of N4  
• Progression of observation patients during follow up or presence of threatening symptoms in  

observation patients at initial diagnosis  
• Infants <6 months classified as medium or high risk patient  
• Blood count: WBC >2,000/µl, granulocytes > 500/µl, platelets >50,000/µl  
 

       

       Doxorubicine 15 mg/m²xd d 1, 3, and 5 in 30 min  

 
Vincristine 0.75 mg/m²xd d 1, 3, and 5 push  

 

Cyclophosphamide 300 mg/m²xd d 1 to 7 in 30 

min  

 
MESNA 3 x 100 mg/m²xd d 1 to 7 push  
0, 4, and 8 hrs after cyclophosphamide  

 

doses for children ≥1 year, for infants see table 
14.1.2  

 

 

14.1.2  Doses in infants and children  
 

 
infants ≤1 year and 
children <10 kg  

children >1 year  

doxorubicine 0.5 mg/kgxd 15 mg/m²xd   day 1, 3 and 5 infusion 30 min 

vincristine    0.025 mg/kgxd 
0.75 g/m²xd 
maximum 2 mg        

day 1, 3, and 5 iv. push 

cyclophosphamide  10 mg/kgxd 300 mg/m²xd day 1-7 infusion 30 min 

MESNA 3x3 mg/kg 3x100 mg/m²  day 1-7 iv. push 0, 4, 8 hrs after CYC 

hydration 
50 ml/kgxd plus 
orally ad lib. 

2000 ml/m²xd  day 1-7 
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14.2 N5 cycle   

14.2.1 Criteria for the start of N5  
• WBC >2,000/µl, lymphocytes >1,000/µl, platelets >50,000/µl (except patients 
  with extensive bone marrow involvement)  
• Ototoxicity grade ≤2 (i.e., loss of ≤30 dB at 2 kHz, audiometry required)  
• Creatinine ≤150% of upper limit of normal; Creatinine clearance  
   ≥70ml/min x 1.73m2  
• no sign of infection  
• age >6 months  
 

      Cisplatin 40 mg/m²xd d 1 to 4 continuous 

infusion 

Etoposide 100 mg/m²xd d 1 to 4 continuous 

infusion  

 

Vindesine 3 mg/m²xd d 1 in 1 hr (maximum 6 mg)  

 

G-CSF  5 µg/kgxd s.c. ≥d 9 until WBC >10/nl  

10 µg/kgxd for stem cell mobilization  

 

Hydration 3000 ml/m²xd day 1 to 6 days  

               doses for children ≥1 year, for infants see  

  text  

Mannitol 20% 5 ml/kg in 30 min iv before start cisplatin 

d1  

14.2.2 Doses in infants and children (for details see infusion)  
 

 
infants ≤1 year and 
children <10 kg     

children >1 year  

Cisplatinum  1.3 mg/kgxd 40 mg/m²xd 
day 1-4 continuous infusion 
96 hrs  

Etoposide  4.2 mg/kgxd 100 mg/m²xd 
day 1-4 continuous infusion 
96 hrs  

Vindesine  0.1 mg/kgxd 
3 mg/m²xd maximum 6 
mg 

day 1 infusion 1 hr  

Hydration containing  
Mg, Ca, and K  

3000 ml/m²xd 3000 ml/m²xd day 1-6  

Mannitol 5 ml/kg 5 ml/kg 
D1 in 30 min iv before 
cisplatin 

In case of weight gain  
> 10% mannitol 

5 ml/kg 5 ml/kg In 30 min extra 

14.2.3  Dose reduction  

 If delayed bone marrow restitution leads to an interval of ≥28 days to the 1
st

 day of 
subsequent cycle OR infection grade 4 a reduction of etoposide to 3.2 mg/kgxd in infants 
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and 80 mg/m2xd in children >1 year in the next N5 cycle is recommended.  
Please note, that infant etoposide doses are derived from plasma level and are higher than 
in children ≥1year.  

 If Ototoxicity >grade 2 Substitution of cisplatinum by carboplatin 100 mg/m2xd 96 hrs 
continuous infusion is recommended.  

 
 

14.3   N6 cycle  

14.3.1  Criteria for the start of N6  

• WBC > 2,000/µl, lymphocytes >1,000/µl, platelets >50,000/µl (except patients 
with extensive bone marrow involvement)  

• Creatinine ≤150% of upper limit of normal, Creatinine clearance ≥70ml/minx1.73m2  

• No sign of infection  
• No evidence of cardiomyopathy (ECG and echocardiography required)      
                                                                           
                                                        

Vincristine 1.5 mg/m²xd d 1 and 8 1 hr 
(maximum 2mg)  

Dacarbacine 200 mg/m²xd d 1 to 5 1 hr  

Ifosfamide 1500 mg/m²xd d 1 to 5 120 hrs  
discontinue during dacarbacine infusion  

Doxorubicine 30 mg/m²xd d 6 and 7 4 hrs  

 

G-CSF 5 µg/kgxd s.c. ≥d 10 until WBC >10/nl 
10 µg/kgxd for stem cell mobilization  

 
Hydration  3000 ml/m²xd day 1 to 7  

with MESNA 900 mg/m×xd  

doses for children ≥1 year, for infants see text 

                                                                                days 

 

14.3.2 Doses in infants and children  (for details see infusion plans)  
 

 
infants ≤1 year and 
children <10 kg  

children >1 year  

Vincristine  0.05 mg/kgxd 
1.5 mg/m²xd  
maximum 2 mg 

day 1 and 8 infusion 1 hr  

Dacarbacin  6.7 mg/kgxd 200 mg/m²xd days 1-5 infusion 1 hr  

Ifosfamide  50 mg/kgxd 1500 mg/m²xd days 1-5 continuous infusion 120 hrs  

Doxorubicine  1 mg/kgxd 30 mg/m²xd day 6 and 7 infusion 4 hrs  

MESNA  30 mg/kgxd 900 mg/m²xd days 1-7 continuous infusion 120 hrs  
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14.3.3  Dose reduction 

If delayed bone marrow restitution leads to an interval of ≥28 days to the 1
st

 day of subsequent cycle 
OR infection grade 4 occurred  

 the 1
st

 step: is a reduction of ifosfamide to 1000 mg/m×xd infusion;  

 the 2
nd

 step is to omit DTIC in the next N6 cycle and contact the DCOG Trial Office   
 
 
 
 

14.4  N7 Cycle  

14.4.1 Criteria for the start of N7  

• WBC > 2,000/µl, lymphocytes >1,000/µl, platelets >50,000/µl  
• No serious infection  
 
 

  Cyclophosphamide 150 mg/m²xd d 1 to 8  

MESNA 3 x 30 mg/m²xd d 1 to 8 
                                                                                                                0, 4, and 8 hrs after cyclophosphamide 

     

 

 

 

14.4.2 Doses in infants and children 
  

 
infants ≤1 year and 
children <10 kg  

children >1 year  

Cyclophosphamide  5 mg/kgxd  150 mg/m²xd  days 1-8 orally (or 1hr infusion)  

MESNA 3 x1.5 mg/kgxd  3 x 30 mg/m²  
days 1-8 orally 0, 4, 8 hours after 
CYC  

 

14.4.3  Dose reduction 
Not applicable 
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14.5  N8 Cycle  

14.5.1 Criteria for the start of N8  
• WBC >2,000/µl, lymphocytes >1,000/µl, platelets >50,000/µl (except patients 
  with extensive bone marrow involvement)  
• Creatinine clearance ≥70ml/min x 1.73m2 
• Hepatic toxicity grade ≤ 2  
• no sign of infection 
 
 
 
                 Topotecan   1.0 mg/m²xd d 1-7 168 hrs  

 starts 6hrs after CYC day 1  
 

       Cyclophosphamide  100 mg/m²xd d 1-7 1 hr  
 starts 6hrs prior to Topotecan day 1 
 

        MESNA   3 x 20 mg/m² d 1-7 push 
 0, 4 and 8hrs after cyclophosphamide 
 

         Etoposide    100 mg/m²xd,  d 8-10 1hr  

 
        G-CSF   5µg/kgxd s.c. ≥d 12 untilWBC >10/nl 

                     
        Hydration   2000 ml/m²xd d 1-7 

 

 

 

14.5.2 Doses in infants and children 

 
infants ≤1 year Children >1 year 

For children <10 kg use dose per kg body weight (1m2~30kg) 

Topotecan Not applicable 1.0 mg/m²xd 
Days 1-7 continuous infusion 168hrs  
starts 6hrs after cyclophosphamide 

Cyclophosphamide Not applicable 100 mg/m²xd 
days 1-7 infusion 1hr, starts 6hrs prior to 
topotecan 

Etoposide Not applicable 100 mg/m²xd Infusion 1hr 

MESNA Not applicable 3 x 20 mg/m² days 1-7 iv. –push at 0, 4 and 8hrs after CYC 

  
 

14.5.3  Dose reduction 
If delayed bone marrow restitution leads to an interval of ≥ 28 days to the 1st day of the subsequent 
cycle OR infection grade 4 occurred. 
► Reduction of topotecan to 0.7 mg/m2xd in the second cycle. 
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14.6 ASCT = Megatherapy   
 
14.6.1 Criteria for start of megatherapy (ASCT)  
• WBC >2,000/µl, lymphocytes >1,000/µl, platelets >50,000/µl  
• Creatinine ≤150% of upper limit of normal, Creatinine clearance ≥70ml/minx1.73m×  
• Ototoxicity grade ≤2 (i.e., loss of ≤30 dB at 2 kHz, audiometry required), if grade ≥3 

ototoxicity is present, contact the DCOG Trial office.  
• Hepatic toxicity grade ≤2  
•  Cardiomyopathy grade ≤1 (ECG and echocardiography required)  
• No sign of infection  
 

                                                                

 

      Melphalan   45 mg/m²xd  d -8 to –5  in 30 

min  

Etoposide *  40 mg/kgxd  d –4 in 4 hrs  

 

Carboplatin   500 mg/m²xd  d -4 to –2 in 1 hr  

 

CD34+ stem cells   ≥2 x 10
6
/kg  d 0  

 

G-CSF    10 µg/kgxd s.c.  ≥d 2 until >10/nl WBC  

 

 

Hydration   3000 ml/m²xd  day -8 to -1  

doses for children ≥1 year, for infants see 

text  

 
For any residual MIBG uptake: contact the DCOG Trial office 

For residual MIBG uptake by primary: additional external radiation 36-40 Gy after megatherapy 

14.6.2 Doses in infants and children  
 

 
   * For concentration reasons this needs to be Etopophos® 

* 
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14.7 Retinoic acid  

14.7.1  Criteria for start of retinoic acid  
• Retinoic acid (RA) starts 30 days after ASCT day 0.  
• To avoid possible negative interactions, RA should not be given during EBRT.  

Since EBRT  is unlikely to start within 30 days after ASCT in patients undergoing EBRT, give 
the first 14-days-RA cycle(s), discontinue RA treatment during EBRT and restart it about 1 
week after EBRT end.  

• WBC >1.000/µl; Hepatic toxicity grade ≤2; normal serum calcium.  
• No serious infection, no residual mucositis or dermatitis after ASCT.  
 

14.7.2  Monitoring during retinoic acid  
Blood count, electrolytes (particularly calcium), creatinine, liver function tests, and triglycerides at day 
1, 8, and 15 of each cycle.  
 

14.7.3  Dose  
160 mg/m2xd in 2-(3) divided doses for subsequent 14 days followed by 14 day rest for a total of 6 
cycles, then 3 months rest followed by 3 additional cycles:  
 

 

 

               
 
13-cis-retinoic acid is available as Roaccutane® capsules. The capsule contains oil. It can be 
opened or punctured and the oil can be taken in milk or ice cream.  
 
Dose modification  
If skin toxicity is not tolerable one should trie local treatment with vitamin E crème. If this fails one 
should consider local corticoid containing crèmes or oral vitamin E (not recommended due to possible 
interaction with RA antitumor effect). If the side effects of RA are not tolerable stop the cycle earlier 
than day 14 (reduction of daily dose is not recommended).

 

 
Hypercalcemia (>3.0 mmol/l) stop the ongoing cycle. The next RA cycle can be started according to 
the schedule if the serum calcium is back to normal. If hypercalcemia develops again, stop the cycle 
and contact the DCOG Trial office.  
 

14.7.4  Warnings 
Since increased light sensitivity has been reported, avoid sunlight exposure during RA treatment. 
Given during pregnancy, RA can cause severe birth malformations.  
Therefore, contraception starting 1 month prior to RA treatment is mandatory in all female adolescents 
who might become pregnant.  
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14.8 Surgery  
 
Surgery should be performed by pediatric surgeons experienced in neuroblastoma. Therefore, for 
surgical procedures patients should be transferred to one of the Dutch Pediatric Oncology centers with 
expertise in solid tumor surgery (i.e. EUR, EKZ-AMC/VUmc, UMCG, UMCN).  
Prior to any operation, resectability of the tumor must be estimated by ultrasound, CT, or MRI. All 
initial imaging and the follow up assessment must be available to the surgeon. A decision about time 
and risk of tumor resection should be based on localization of the primary tumor, its relation to 
surrounding organs, midline crossing, and potentially involved lymph nodes.  
 

14.8.1  Initial surgery  
Initially, only a tumor biopsy for histology and molecular analysis is required. For details of tissue 
collection and shipping, see appendix 22.4. Complete resection of the primary tumor may be 
attempted in selected patients where the risk of surgical complications appears very low (= exisional 
biopsy). This applies in particular to patients with localized disease where complete resection of the 
primary may result in stage 1.  
In localized tumors and in patients with stage 4, any extended operation in order to remove the 
primary tumor should be avoided. Nephrectomy, injury of large vessels, or other complications of initial 
surgery are unacceptable since most of the localized tumors have a good prognosis even if residual 
tumor is present. Since metastatic disease (stage 4 and 4S) is not cured by radical surgery, operation 
appears to have a limited role.

 

 
In very few cases, threatening symptoms due to compression of airways, nerves, large vessels, or 
transverse myelopathy may require immediate tumor resection.  
In asymptomatic intraspinal involvement, resection of the intraspinal tumor tissue is not recommended 
if the patient is classified as observation patient (see chapter 17.2). In symptomatic intraspinal 
involvement and in all medium/high risk patients, immediate start of chemotherapy is preferred since 
chemotherapy has less late effects than surgery in these patients.  
 

14.8.2  Secondary surgery  

14.8.2.1  Second look surgery in observation patients  

In observation patients with non-progressing residual tumors, routine resection is not recommended 

but might be done if the tumor tissue is not regressing any further at the end of the 2
nd

 year of live 
(patients <1 years at diagnosis) or after 1 year of observation (patients ≥1 year at diagnosis) if the risk 
of surgery appears low. If a considerable risk is expected, further observation is strongly 
recommended.   
Secondary surgery should be discussed with the trial office. MRI films are required for discussion. 
Please send all MRI films to the DCOG trial office using the shipping form (DCOG website). The 
complete set will be returned to you as soon as a decision has been made. Ultrasound films are not 
standardized and, therefore, not appropriate for reference radiology.  

14.8.2.2  Second look surgery in MIBG/chemotherapy patients  

After MIBG/chemotherapy, resection can be done with a lower risk of tumor rupture. Therefore, 
resection of the primary should be attempted after the first MIBG/chemotherapy cycles, but only if 
metastatic CR/VGPR has been reached. The risk of operation must be balanced against the benefits 
of radical resection. Radical microscopic complete resection is not required in any patient. Microscopic 
or even macroscopic residual tumor tissue is accepted. Macroscopic complete resection was 
correlated with a better outcome only in localized neuroblastoma ≥1 year, but not in localized 
neuroblastoma of infants <1 year or in stage 4 disease.

 

 
Since tumor spillage is unlikely after chemotherapy, incision of the tumor is permissible in order to 
reduce the risk during resection.   
If the staging during induction chemotherapy reveals a complete or very good partial 
response of the primary tumor and the locoregional lymph nodes, biopsies may be taken in order to 
document the tumor status.  
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After radiotherapy, resection can be more difficult due to radiation induced fibrosis in the area of the 
tumor. Therefore, resection should be attempted prior to radiation therapy.  
 

14.8.3  Technique  

14.8.3.1  Access for tumor resection  

• Retroperitoneal neuroblastoma: transverse laparotomy,  
• Pelvic neuroblastoma: median lower abdominal cut or transverse suprasymphysic access,  
• Pelvic retrorectal neuroblastoma: perineal sagittal access,  
• Neuroblastoma in the low mediastinum and the retroperitoneum: thoracoabdominal access,  
• Thoracic neuroblastoma: lateral thoracotomy, or bilateral thoracotomy for large tumors,  
• Cervical neuroblastoma: transversal lateral access,  
• Large neuroblastoma in the upper chest: thoraco-cervical access,  
• Intraspinal neuroblastoma: dorsal laminotomy or laminectomy, 
• Minimal access surgery (thoracoscopy, laparoscopy) may be considered when the residual 

tumor is localised, not involving major vessels or fixed to a vital tructure/organ (spleen, kidney, 
aorta) and the surgeon is an experienced endoscopic surgery. 

14.8.3.2  Lymph node evaluation and collection  

It is important to examine the regional lymph nodes of the following regions. If a node appears 
abnormal, is should be removed for histology.   
• Cervical primary: jugular chain and supraclavicular area  
• Thoracic primary: mediastinal lymph nodes above and below the tumor  
• Abdominal primary: lymph nodes located medially, superior, and inferior to the tumor. 

Additionally, lymph nodes from the contralateral side must be examined/collected. Note that 
the aorta forms the borderline between the right and the left part of the abdomen. 

14.8.3.3  Digital photographs  

To improve postoperative evaluation of the surgical procedure we recommend that digital pictures are 
taken at the end of resection, visualising all relevant structures, e.g. vessels and solid organs. 

14.8.3.4  Special considerations  

 

14.8.3.4.1   Thoracic neuroblastoma  
Thoracic neuroblastoma usually is located paravertebrally. Often, it is large and can involve subclavian 
vessels, the thoracic duct, the aorta, the vena cava, the right atrium, trachea, bronchi, the esophagus, 
recurrent laryngeal nerve, phrenic nerve.  
 
It is particularly important to restrict ligation of intervertebral arteries to a maximum of two arteries 
since discontinuation of more intervertebral arteries can lead to transversal myelopathy. Complete 
resection of tumor tissue in the intervertebral foramina is not necessary. In order to avoid injury of 
spinal nerves, tumor tissue present in the intervertebral foramina should be left.   
Thoraco-abdominal neuroblastoma can be resected after incision of the diaphragm via abdominal 
access or via additional thoracic access.  
 
If the tumor is readily accessible percutaneously without the risk of injuring organs or vital structures a 
needle core biopsy can be considered. A 14 G Tru cut biopsy needle is advocated to ensure a 
sufficient amount of tissue. 5 Whole needle core biopsies of 1.5 to 2 cm long are needed to be able to 
determine all biological markers.  
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14.8.3.4.2   Retroperitoneal/abdominal neuroblastoma  
In the upper retroperitoneal space, neuroblastoma can encase or infiltrate important structures as: 
vena cava, celiac trunk, hepatoduodenal ligament, omental sac, gastrocolic ligament, upper 
mesenterial artery and vein, the lower mesenterial artery, the pancreas, the lower surface of the liver, 
the renal vessels. During preparation, compression or discontinuation of the renal vessels should be 
avoided. Spasms of the renal arteries during surgery can be avoided by flushing the situs with 
vasodilating compounds (e.g., lidocain or papaverine). Extensive preparation of the mesenteric root or 
the truncus coeliacus can lead to protracted postoperative diarrhea. Discontinuation of ≥2 
intervertebral arteries or veins can cause transversal myelopathy.   
For large or centrally located retroperitoneal neuroblastoma, bilateral retroperitoneal access from the 
left and the right side should be considered. An additional third access via bursa omentalis or via 
ligamentum gastrocolicum is possible. Caudal access to the upper retroperitoneum can be achieved 
by lifting the gastrocolic ligament, right colon and the mesenterium. The most upper part of the 
retroperitoneum and diaphragm are reached after complete mobilization of the liver.   
Extensive resection of a retroperitoneal neuroblastoma can lead to lymphatic leakage. Lymph node 
collection is easier done starting from the most inferior nodes and moving upward.  
Occasionally, neuroblastoma involves the outer layer of vessels. Resection of these infiltrated layers 
should be avoided since perforation of the vessel and persisting disturbance of perfusion are potential 
hazards.   
 
14.8.3.3.3   Presacral neuroblastoma  
Presacral neuroblastoma often involves the sacral plexus. During surgery, the risk of bladder or bowl 
paralysis, or injury of large vessel or nerves is considerably high. Therefore, complete resection 
should not be attempted. An additional perineal access might help to remove the most inferior tumor 
tissue.  
 

14.8.4  Complications  
Table 8 shows the frequency of complications observed during 1193 operations done in first line 
treatment in the GPOH GPOH NB97 trial. The most important were: bleeding (4.9%), postoperative 
fever (3.3%), pulmonary complications (3.3%), Horner‘s syndrome (2.5%), intestinal obstruction/ileus 
(1.6%), renal deterioration (1.6%), and tumor rupture (1.4%). Nephrectomy was done in 4.1% of all 
operations in order to achieve a complete tumor resection. A secondary operation for the management 
of surgical complications was necessary in 4% of patients. A total of 4 patients died due to surgical 
complications (3 stage 3 and 1 stage 4S).  
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Table 8:  Frequency of surgery related complications during first line treatment of neuroblastoma in the 
GPOH NB97 trial (diagnosis prior to 01.07.2003)  

 all stages  stages 1-3  stage 4  

 n  %  n  %  n  %  

bleeding  59  4.95  25  3.57  30  6.93  

nephrectomy  49  4.11  31  4.42  17  3.93  

fever  40  3.35  22  3.14  16  3.70  

pulmonary complications  39  3.27  22  3.14  16  3.70  

Horner  30  2.51  21  3.00  6  1.39  

intestinal obstruction  19  1.59  9  1.28  10  2.31  

renal problems  19  1.59  8  1.14  11  2.54  

perforation of tumor  17  1.42  11  1.57  4  0.92  

perfusion disturbance  14  1.17  8  1.14  6  1.39  

hypertension  10  0.84  2  0.29  8  1.85  

ascites  9  0.75  4  0.57  5  1.15  

injury of peripheral nerves  8  0.67  3  0.43  4  0.92  

Wound healing problems  7  0.59  2  0.29  4  0.92  

Wound infection  7  0.59  6  0.86  1  0.23  

septicemia  6  0.50  3  0.43  3  0.69  

fits  2  0.17  2  0.29   0.00  

pneumonia  2  0.17  1  0.14  1  0.23  

transverse myelopathy  2  0.17  1  0.14  1  0.23  

peritonitis  1  0.08  1  0.14   0.00  

total number of operations  1193  100.00  701  100.00  433  100.00  

 
 

14.9 External beam radiotherapy (EBRT)  

14.9.1  Indication  
External beam radiotherapy of the primary tumor site is reserved for patients of MRG and HRG with 
active residual primary tumor present after induction chemotherapy and surgery. The decision about 
radiation therapy is based on the patient‘s status prior to maintenance treatment (MRG) or ASCT 
(HRG).  
The activity of residual tumor tissue is defined as:  
• MIBG uptake (in tumors initially MIBG positive),  

• Octreotide uptake (in tumors initially MIBG negative but 
111

In-Octreotide positive),  
• or unequivocal MRI contrast enhancement (if the tumor was initially completely negative in 

scintigraphy).  
The systematic irradiation of metastases in not intended in the protocol. If less than three metastatic 
localizations are still active, please contact the study-coordinator.  If more localizations are active the 
treatment is palliative and radiotherapy is reserved for individual palliative treatment.  
 

14.9.2  Timing of external beam radiotherapy  

14.9.2.1  Medium risk group  

For medium risk patients with residual active primary, radiotherapy should be done during the N7 
maintenance cycles (figure 24). It must be finished prior to the start of 13-cic-retinoic acid to avoid 
possible negative interactions between retinoic acid and external beam radiation therapy.  
MRG patients will not receive MIBG therapy.  
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Figure 24: Radiotherapy in the medium risk group (S=surgery, N5/6/7=chemotherapy cycles, 
EBRT=external beam radiation therapy, 13-cis-RA=13-cis-retinoic acid)  
 
 

14.9.2.2  High risk group 

Radiotherapy in the high risk group includes EBRT given after ASCT as soon as the patient has 
stabilized. In order to avoid possible negative interactions, the patients should not receive retinoic acid 
during EBRT. Since EBRT will not be finished 30 days after ASCT, give the first 14-days-retinoic acid 
cycle(s), discontinue retinoic acid treatment during EBRT and restart retinoic acid about 1 week after 
EBRT end.  
 

 

 

 

 

 

Figure 25:   EBRT in the high risk group (S=surgery, MIBG=MIBG treatment, N5/6=chemotherapy cycles, 
EBRT=external beam radiation therapy, 13-cis-RA=13-cis-retinoic acid)  

 

14.9.3  Technical requirements  
The treatment should be given with photons with a nominal energy of 4 or more MV. The treatment 
planning should be given conformal 3D, or IMRT (Intensity Modulated Radiotherapy). If protons are 
available, this should be considered. A comparison should than be done between an IMRT (with 
photons) plan and an IMPT (with protons) plan, to get a maximal sparing of the normal tissue to 
minimize the late effects. Also brachytherapy (intra-operative radiation therapy according AMORE 
technique) is possible, if that gives a better normal tissue sparing.  
 

14.9.4 Target volume  
The Radiation dose (prescription methods and nomenclature) has to be specified according to the 
ICRU50/62 recommendations.  
 
As in trial GPOH NB97, the GTV (Gross Tumor Volume) includes the active residual tumor mentioned 
above and does not include the tumor extend on the diagnostic CT scan or MRI. 
 
The CTV (Clinical Tumor Volume) is defined as the volume of tissue containing subclinical 
microscopic disease and is the GTV + 10 mm. If the margins of the uptake is not sure or the there 
might be invasion or infiltration in organs the margin might be 20 mm.  
 
The PTV (Planning Tumor Volume) takes into account the daily set-up variation and the daily 
variations of the organs at risk. This margin is institutional investigated and should be between 3 and 5 
mm.  
 
In case of one or two metastatic site please contact the study-coordinator if radiotherapy is useful and 
should be considered  

S 
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14.9.5  Dose and fractionation  

A total dose of 36 Gy in 20 fractions should be prescribed and given to the PTV. The patient will be 
treated one fraction per day, all fields each day, giving 1.8 Gy per fraction to the prescription volume, 5 
times a week.   
 
Dose Uniformity: 
For volume-based treatment plans, the entire PTV should be encompassed within the 95% isodose 
surface and no more than 10% of the PTV should receive greater than 110%of the prescription dose 
as evaluated by DVH (Dose Volume Histogram) 
 
Interruptions: 
The treatment will not be interrupted except for any life threatening infection or severe hematologic 
toxicity. 
 

14.9.6  Planning and technique  
The radiation must be planned using the most recent CT and/or MRI scan.  If possible the radiation CT 
scan should be matched with the MIBG scan and/or Octreotide scan and/or MRI scan to define the 
exact extend of the active residual disease. Every attempt should be made to minimize dose to organs 
at risk without compromising coverage of the target volume. Reproducible setups are critical and the 
use of immobilization devices is strongly encouraged. Use of anesthesia is permitted if necessary for 
proper positioning.  
Details of the given radiotherapy should be reported in the case report forms available at the DCOG 
Trial Office.  
 
The following dose-limits are:  
• Kidney: doses to single kidney should not exceed 15 Gy; doses to parts of one of two kidneys 

should be kept below 20 Gy, although that may be impossible if active residual tumor has to 
be treated.  

• Liver: more than 50% of the liver should not receive more than 20 Gy.  
• Bone: vertebrae should be irradiated symmetrically to avoid scoliosis  
• Spinal cord: if possible the dose to the spinal cord should not exceed 30 Gy for a short part 

(i.e. 2-3 vertebrae) or 20 Gy for longer parts, particularly in younger children.  
• Other sites: problems with other critical organs will occur very rarely e.g. if there are larger 

residual masses in the mediastinum. These situations should be discussed individually with 
the DCOG radiotherapy discipline group.  

 

14.9.7 Organs at risk 
The tolerance doses of surrounding critical organs must be considered. The irradiated volume should 
be kept as small as possible. In most cases, two opposed fields may be appropriate. In special 
situations, a subtle 3-D-planning and conformal therapy may be necessary. Details of the given 
radiotherapy should be reported in the case report forms available at the DCOG Trial Office and 
DCOG website. DVH’s of organs at risk should be included.  
 
Kidney:  
The kidney doses should be minimized to reduce the risk of chronic renal failure.  
The dose to one kidney (100%) should never exceed the dose 15 Gy. 50% of this ipsilateral kidney 
may receive 20 Gy.  If one kidney receives a high dose, 50% of the  contralateral kidney should 
receive a dose less than 8 Gy, and no more than 20% should receive a cumulative dose greater than 
12 Gy.  
If the primary site does not laterality, both kidneys receive a mean dose of 15 Gy and no more than 50 
% of each kidney should receive 20 Gy. 
 
If the cumulative dose to the kidneys is high, it is recommended to be informed of the pre-radiotherapy 
function of both kidneys.  
 
Lungs: 
No more than one-third of the entire lung volume shall receive a cumulative dose greater than 15 Gy. 
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Liver: 
No more than 50% of the liver shall receive a cumulative dose greater than 9 Gy and no more than 
25% of the liver shall receive a dose greater than 18 Gy.  
 
Vertebrae: 
To avoid scoliosis the dose in the total vertebrae should be homogeneous. The number of vertebrae in 
the radiation field should be as less as possible, especially in younger children. The dose should not 
exceed the 30 Gy if more than 2 vertebrae are included in the PTV.  If the field includes more 
vertebrae, the dose should not exceed 20 Gy. 
 
Spinal cord: 
The dose has to be less than 40 Gy and that is no problem if the constraints will be restrictive for the 
vertebrae.  
 
Other sites: 
If other critical organs will be in the PTV, the dose acceptable to that organ will be discussed in the 
CCOG radiotherapy discipline group. 
 
Required DVH data  
GTV, CTV and PTV. 
 
And if in the irradiated area: 

Liver, Spleen 
Right Kidney, Left Kidney and Bladder  
Heart, Left Lung, Right Lung, Lungs together.  
Right Ovary, Left Ovary, Uterus,  
Right Testicle and Left Testicle.   
Vertebrae.  
Thyroid 

 

14.9.8  Side effects of external radiotherapy  
Acute side effects as vomiting, diarrhea or changes in blood count may occur depending on the 
irradiated volume, but mostly can be avoided by an appropriate supportive care. Late effects depend 
on the irradiated site, the total dose and the age of the child. Serious late effects should be rare 
because of small target volumes and modern individual planning. In some cases skeletal deformations 
could develop; serious spine deformations as scoliosis may be avoided in most of the cases by 
symmetric irradiation, although also atrophy of soft tissue may cause deformation.  Spinal cord injuries 
are not expected, the given dose is lower than the tolerance dose.  
Second malignancies are possible after high-dose-chemotherapy and radiotherapy.  
 

14.10  131I-MIBG therapy 

14.10.1 Indication 
131I-MIBG therapy is indicated in patients with high risk neuroblastoma and a higher MIBG uptake level 
in the primary tumor than the physiological liver activity combined with MIBG uptake in known 
metastases, confirmed by diagnostic 123I-MIBG imaging. 
 

14.10.2  Timing of 131I-MIBG therapy 
Two courses of 131I-MIBG treatment will be scheduled before the start of induction chemotherapy. An 
interval of 4 weeks is planned between the 2 courses of 131I-MIBG, if platelet counts allow a 3 week 
interval can be used. If platelet counts are <50x109/L before the start of the second course, therapy 
should be postponed; if platelet counts are 50 - 100 x109/L, dose reduction should be applied (see 
chapter 14.9.3). 
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14.10.3 131I-MIBG dose 
Radionuclide:      131I 
Radiopharmaceutical:  131I-MIBG 
Dosage first cycle:  444 MBq/kg 131I-MIBG (maximum = 11000 MBq) 

Dosage second cycle: adjusted amount to aim at 4 Gy whole body dose (see appendix 22). 
If at 4 weeks after the first cycle platelet count is below 50 x 109/l, the second cycle has to be 
postponed (with a maximum of one week). 
 

14.10.4 Technical considerations 

14.10.4.1  Facility 

Patients will be treated following the rules and regulations concerning the use of radionuclides for 
medical purposes and within the permission of the hospital to do so. Admission to a special nuclear 
medicine ward will be necessary. If possible parents will be involved in nursing during the admission at 
the nuclear medicine ward.  

14.10.4.2  Procedure information  

Detailed information about the entire procedure has to be provided to the patient and parents. 

14.10.4.3  Patient preparation  

1. Thyroid blockade. See chapter 16: Supportive care (16.2.3). 
 
2. Drug interactions. Although prescription of interfering drugs is rare in pediatric patients, the use of 
these drugs has to be excluded before any MIBG administration. (see appendix 22.16) 
 
Checklist of the most common interfering drugs prescribed in pediatric patients (1): 

 Bronchodilators 
o Fenoterol (Bricanyl) 
o Salbutomol (Ventolin) 
o Terbutaline (Bricanyl) 

 Nasal drops and sprays 
o Xylometazoline (Otrivine drops) 

 Cardiac drugs 
o Calcium channel blockers: nifedipine (Adalat), nicardipine (Cardene), amlodipine 

(Norvasc) 
o Angiotensin-converting enzyme inhibitors: captopril (Capoten), enalapril (Vasotec) 
o Adrenergic receptor blockers: labetalol (Trandate), amiodarone (Cordarone) 
o Inhibitor of sodium pump: digoxin (Lanoxin) 

 
3. Laboratory evaluation 1 week prior to therapeutic MIBG (i.e. platelet count, Hb, WBC, creatinine) 
 

14.10.4.4  Administration of 131I-MIBG 

Preparation and administration of the radiopharmaceutical should be performed as prescribed by the 
manufacturer. To prevent hypertensive reaction on the infusion of MIBG (cold and hot) it is advised to 
infuse no more than 3700 MBq/h. 

14.10.4.5  Release from nuclear medicine ward 

Daily registration of whole body exposure rate is compulsatory by regulations. Daily registration is also 
advised to estimate retention of MIBG. These data will be correlated with the therapeutic effects.  
Patient may be released from the nuclear medicine ward if exposure rate < 20 μSv/h. If the patient is 
transferred to a pediatric ward, special nursing regimen has to be installed. 
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14.10.5 Whole body dosimetry  
To reduce bone marrow toxicity the dose regimen is aimed at a whole body exposure of 4 Gy for the 
combined 2 cycles of  131I-MIBG. To optimize radiation dose to the neuroblastoma sites, the second 
dose is adjusted based on the whole body dose of the first cycle. Moreover, whole body dosimetry is 
performed to determine the whole body radiation dose for the combined two cycles of 131I-MIBG. To 
estimate the radiation dose to the tumor results of SPECT scans after 2-3 days and 6-7 days will be 
used. 
 
Whole body dosimetry (see also chapter 22). 
For the assessment of the whole body dose the exact activity administered should be measured by 
taking into account the residue in the vials and tubes after the completion of infusion. 
 
Whole body radiation will be calculated from the time-activity curve obtained from frequent whole body 
retention measurements. For this purpose a fixed and reproducible geometry is chosen. For this 
purpose a Geiger counter is placed at the largest distance feasible. The distance from the bed to the 
Geiger counter should be the same for every measurement and should at least be 2 m. The first whole 
body retention measurement will be taken immediately after completion of the administration of 131I-
MIBG, before voiding of the bladder (100% measurement = administered amount of 131I-MIBG) . 
Thereafter, whole body measurements are frequently obtained for the rest of the isolation period (see 
appendix 22.15). During the night (23 h- 7 h) no measurements have to be performed. 
The whole body radiation dose is calculated using the Medical Internal Radiation Dose, for details see 
appendix 22.15. 
 

14.10.6   Imaging post 131I-MIBG 

14.10.6.1  Post therapeutic imaging 

Post therapeutic 131I-MIBG scan should be performed at least twice within the first week after therapy, 
preferably at day 2 or 3 and at day 6 or 7.  
 
Image acquisition 
Anterior and posterior whole body imaging. Additional SPECT only once, preferably at day 6 or 7. If 
available SPECT combined with CT is recommended. A standard will be scanned along with the 
patient. 
 
Note:  the head should be imaged in straight anterior/posterior direction. 

14.10.6.2  Technical aspects 

Gamma camera and computer acquisition set-up 
Energy window  : 15-20% window centered at 159 keV 
Collimator  : MEAP 
Whole body : Scan speed 5 cm/min ( Matrix 512 x 256 ). In case valided halftime imaging      

  procedure is available, 10 cm/min is allowed. 
Standard activity  : 2-3 MBq 123I-MIBG 
SPECT   : 60 views of 40 sec/view ( Matrix 128 x 128 ) 
Spot views : 10 min/view or 250.000 counts for the skull and the trunk and 100.000 counts  

  for the limbs.  
 

14.10.6.3  Image interpretation  

Both semi-quantitative image interpretation as tumor dosimetry will be performed on the scintigraphic 
imaging post 131I-MIBG treatment. 
 
Semi-quantitative Assessment of extent of all lesions: 
For systematic scoring, the same system will be used as described for diagnostic 123I-MIBG imaging 
(see chapter 10.1.3.4) 
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14.10.7 Possible side-effects of 131I-MIBG therapy 

14.10.7.1  First hours/days post-infusion 

Hypertension has been described during infusion of MIBG. This may be prevented by slow infusion of 
the radiopharmaceutical. 
Most prominent adverse events in the first couple of days post infusion are nausea, dehydration and 
pain. Prescription of anti-emetics and pain palliatives in consensus with pediatrician. Hydration 
regimen should be prescribed in advance.  See chapter 16: Supportive care. 

14.10.7.2  Weeks post infusion 

Myelosuppression: Especially in patients with massive bone marrow invasion myelosuppression can 
be severe. Usually the nadir for platelet count is more pronounced and earlier than the nadir for 
neutrophils. As the patients will not have received any myelotoxic pretreatment, it is not expected that 
these patients will need medical intervention. Myelosuppresion is almost always reversible but may be 
incomplete. Suppression may be more pronounced after the second treatment course in comparison 
to the first course. 
Dry mouth may occur as a result of radiation to the salivary glands. Radiation sialoadenitis is 
reversible. 

14.10.7.3  Late effects of 131I-MIBG therapy 

Hypothyroidism: Exposure of the thyroid to radiation can be prevented by adequate blocking when 
MIBG (131I and 123I) is used 26.  See also chapter 16, supportive care.  
 
Second malignancy: Exposure to radiation may cause malignancies. Leukemia has been described 
after MIBG treatment. As survival in this particular group of patients is still poor, little is known about 
the late effects of MIBG-treatment 13, 14, 15.  
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15 Drug Information  

 

15.1  Chemotherapeutic drugs  

15.1.1  Carboplatin (CARBO)  
Formulation: solution in dextrose 5%.  

Dose/Administration:   

Cycle  
infants ≤1 year and 
children <10 kg  

children ≥1 year   

ASCT  16.6 mg/kg  500 mg/m²xd  day –4 to –2 infusion 1 hr  

N5 as substitute 
for Cisplatin  

 100 mg/m²xd  day 1 to 4 continuous infusion 96 hr  

 

Stability/Storage: vials stable for 18 months; infusion preparation with dextrose 5% is stable 28 d if 
prepared under sterile conditions, otherwise only 8hrs at room temperature and 24 hrs refrigerated.  
 
Pharmacokinetics: intravenous infusion only, after short infusion t²α 90-100 min, t²β 6 hrs for bound 
platinum and 24-40-139 hrs for free platinum. Plasma binding >90%. Renal elimination by glomerular 
filtration dependent on the creatinine clearance.

 

 
 
Known important incompatibilities: aluminum, amphotericin B, NaHCO3.  
 
Main toxicity: transient myelosuppression, reversible hair loss, renal, hypomagnesaemia, other 
electrolyte disturbances, auditory, peripheral neuropathy, transient increase of liver function tests, 
nausea and vomiting, allergy (rare).  
 
 

15.1.2  Cisplatin (CDDP)  
Formulation: dry powder vials or ready-to-use solution, reconstitute with normal saline only. 
  
 
 
 
 
 
 
 
Stability/storage: unopened vials: protected from light at room temperature (+15 to +25°C). Injection 
preparation: store at room temperature, stabile for 28 days if prepared under aseptic conditions.

 

 
 
Pharmacokinetics: intravenous application only, 90% protein bound, elimination by tubular secretion 
and filtration (90%) and hepatic excretion (10%).

 

 
 
Known important incompatibilities: aluminum, amifostin, amphotericin B, MESNA, NaHCO3, 
metoclopramide, thiotepa.

 

 
 
Main toxicities: renal, hypomagnesaemia, hypocalcaemia, ototoxicity, peripheral neuropathy, 
transient myelosuppression, nausea and vomiting, diarrhea, abdominal pain, mucositis (rare), 
elevation of liver function tests, allergy (rare), arrhythmia, reversible hair loss.  
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Dialysis: about 8% are eliminated by immediate hemodialysis, late hemodialysis is less effective due 
to 90% protein binding.  
 
 

15.1.3  Cyclophosphamide (CPM)   
Formulation: dry powder vials plus saline solution vials  

 

 

 

 

 

 

 

 

Stability/Storage: vials: 5 years; prepared solution 4 d at room temperature and 28 d refrigerated if 
prepared under sterile conditions. Otherwise only 12 hrs at room temperature and 48 hrs at +5°C; 
Cyclophosphamide is compatible with the commercially available topotecan (Hycamtin®) solution.

 

 
Therefore, topotecan infusion can continue during cyclophosphamide infusion.  
 
Pharmacokinetics: oral bioavailability about 90%; Plasma half life 4 to 6.5 hrs; Hepatic elimination by 
cytochrome P 450 and by aldehyde oxidase.

 

 
 
Known important incompatibilities: amphotericin B, bencylalcohol  
 
Main toxicity: transient myelosuppression, reversible hair loss, nausea and  
vomiting, hemorrhagic cystitis due to accumulation of acrolein in the urine, water retention, cardio 
toxicity in high doses used with stem cell rescue.

 

 
 
Dialysis: possible (low protein binding).  
 
Precaution of Hemorrhagic Cystitis: hydration, concomitant application of sodium-2-
mercaptoethane (MESNA) at 60% of cyclophosphamide-dose.

 

 
 
 

15.1.4  Dacarbacin (DTIC)  
Formulation: dry powder vials to dissolve with sterile water  

 

 

 

 

 

Stability/storage: vials: protected from light, not over +25°C; Reconstituted solution is stable for 8 hrs 
at room temperature if protected from light.  
 
Pharmacokinetics: intravenous application only, protein binding 5%, terminal plasma half time 0.5-
3.5 hrs, hepatic elimination by hydroxylation/de-methylation and renal elimination about 20-50%.  
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Known important incompatibilities: heparin, hydrocortisone, L-cystein, NAHCO3, 
piperacillin/tazobactam.  
 
Main toxicity: transient myelosuppression, reversible hair loss, nausea and vomiting, transient 
elevated liver function tests (rare), veno-occlusive disease (rare), renal (rare), allergy (rare), seizures 
(rare).  
 
 

15.1.5  Doxorubicine (DOX, Adriblastin ®)  
Formulation: dry powder, and saline solution for dissolving  

 
Stability/storage: vial: 4 years; Reconstituted solution: protected from light 24 hrs at room 
temperature and 48 hrs at +4°C. 
 
Pharmacokinetics: intravenous application only, protein binding 75%, plasma half time biphasic with 
3 and 30-50 hrs, transformation to doxorubincinol and 7-deoxyglycon, conjugation with glucuronic 
acid, excretion via bile.

  

 

Known important incompatibilities: allopurinol, aluminum, cephalotin, dexamethasone, ganciclovir, 
diazepam, fluorouracil, furosemide, heparin, hydrocortisone, MTX, NaHCO3, piperacilline, 
theophylline, vincristine. 
 
Main toxicity: transient myelosuppression, reversible hair loss, cardiotoxicity (acute arrhythmias and 
late cardiomyopathy), nausea and vomiting, mucositis, transient increase of liver function tests, 
allergic reactions (rare).  
 
 

15.1.6  Etoposide-phosphate (VP16/Etopophos®)   
Formulation: dry powder vials to dissolve with either sterile water, 5% dextrose, or normal saline. 
 

 

 

 

 

 

 
 
 
Stability/storage: vials: 3 years refrigerated and protected from light; reconstituted solution stable for 
28 days at room temperature or refrigirated.
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Pharmacokinetics: oral bio-availability 29-100%, Plasma half life after intravenous injection 4.4-6.4 
hrs, poor penetration of the intact blood brain barrier, renal elimination by excretion of unchanged drug 
(30-40% of the dose given) and of the glucuronide (20%).

 

 
 
Known important incompatibilities: amphotericin B, cefepim, chlorpromazine, imipenem, 
methyprednisolone, mitomycin.

 

 
 
Main toxicity: myelosuppression, reversible hair loss, fever and hypotension, anaphylactic reactions, 
nausea and vomiting, diarrhea, mucositis, hepatocellular enzyme elevation, secondary malignant 

diseases
27, 28,29.   

 
Precaution: cardiovascular monitoring (ECG and blood pressure) during infusion for early detection of 
anaphylactic reactions.  
 
 

15.1.7  Ifosfamide (IFO, Holoxan®)  
Formulation: dry powder vials to dissolve with sterile water (Holoxan®), or vials with 4% ifosfamide 
solution.  
 

 

 

 

 

Stability/storage: dry powder vials 5 years; reconstituted solution: 24 hrs refrigerated (+2 to +8°C); 
Solution vials: 6 months. 
   
Pharmacokinetics: intravenous application only; plasma half life 4-7 (-15) hrs; renal excretion of 
ifosfamide and 4-hydroxy-metabolite.

 

 
 
Known important incompatibilities: none.  
 
Main toxicity: transient myelosuppression, reversible hair loss, nausea and vomiting, hemorrhagic 
cystitis, renal, encephalopathy (about 10-20% with agitation, nightmares, loss of consciousness, or 
seizures), transient increased liver function tests (rare).  
 
Precaution of hemorrhagic cystitis: hydration, concomitant application of sodium-2-mercaptoethane 
(MESNA) at 60% of ifosfamide-dose.

 

 
 
Management of encephalopathy: discontinuation of ifosfamide-infusion, methylene-blue injection 1-2 
mg/kgxd (max. 50 mg) dissolved in 5% dextrose over 30 min up to 6 times a day. Methylene blue is 
contraindicated in glucose-6-phosphate dehydrogenase deficiency, pregnancy/lactation, known 
sensitivity to the drug, and severe renal impairment.  
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15.1.8  Melphalan ( Alkeran®)  
Formulation: dry powder vials and a separate vial of special diluents (sodium citrate, propylene 
glycol, ethanol, and sterile water).  
 

 
Storage: protected from light, under +30°C but not refrigerated (precipitates when stored refrigerated), 
the reconstituted solution diluted with normal saline is stable for 3 hrs at room temperature and 24 hrs 
refrigerated.

 

 
 
Pharmacokinetics: low oral bio-availability (20-50%), terminal plasma half life 86.5 ± 48.8 min, 
elimination by spontaneous hydrolysis and renal excretion of intact drug (15%).

 

 
 
Known important incompatibilities: amphotericin B, dextrose.  
 
Main toxicity: transient myelosuppression, reversible hair loss (rare), nausea and vomiting, mucositis, 
diarrhea, allergy (rare), elevated liver function tests, venous occlusive disease (rare).   
 
 

15.1.9  Topotecan    
Formulation: dry powder vials 
   

 

Stability/storage: stable for 28 days at room temperature and at 2-8°C; storage: cool and dark; 
chemically compatible with cyclophosphamide.

 

 
Pharmacokinetics: oral bio-availability of about 30% with low individual variability,

 

plasma elimination 
half-life 2.2-3.18 hrs, good CSF penetration, rate dependent from the infusion time (0.25 ± 0.15 after 
30-min-infusion, 0.29 ± 0.02 after 4 h infusion, 0.29 after 24-h infusion, and 0.39 - 0.42 after 72h 
infusion), Elimination by conversion of the active lactone form to the inactive hydroxyl acid and by 
renal excretion dependent from creatinine clearance, clearable by hemodialysis.  
 
Known important incompatibilities: dexamethasone, fluorouracil, mitomycin, NaHCO3.

 

 
 
Main toxicity: transient myelosuppression, nausea and vomiting, mucositis. 
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15.1.10 Vincristine (VCR, Oncovin)  
Formulation: ready-to-use solution vials 
 

 
Stability/storage: stable for 2 years at +2 to +8°C protected from light, stable for 28 d at room 
temperature. 
 
Pharmacokinetics: intravenous application only, terminal plasma half life 85 hrs, 44% plasma protein 
binding, hepatic elimination via bile system (80%) and renal (20%).  
 
Known important incompatibilities: all solutions with pH other than 3.5 to 5.0  
 
Main toxicity: Only for intravenous injection!, peripheral neuropathy, central neurotoxicity (rare), 
constipation, venous occlusive disease (rare), polyuria, dysuria, inadequate ADH secretion, transient 
myelosuppression, reversible hair loss, necrosis after para-venous injection.  
 
 

15.1.11 Vindesine ( Eldisine®)  
Formulation: dry powder vials to dissolve with sterile water, 5% dextrose, or normal saline. 
   
 

 

 

 

 
Stability/storage: prepared solution stable for 28 d at room temperature and refrigirated.

 

 
 
Pharmacokinetics: intravenous application only, terminal plasma half life 24.2 hrs, hepatic elimination 
via bile system and renal (about 13%).  
 
Known important incompatibilities: all solutions with pH other than 3.5 to 5.0  
 
Main toxicity: transient myelosuppression, constipation, nausea and vomiting, peripheral neuropathy, 
polyuria, dysuria, inadequate ADH secretion, brochospasm (rare), reversible hair loss, necrosis after 
para-venous injection.  
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15.2  Other important drugs  

15.2.1 13-cis-Retinoic acid = Isotretionin (Roaccutan®)  
Formulation: soft capsules containing 10 mg or 20 mg 13-cis-retinoic acid  
 
Dose/Administration: 160 mg/m×xd in 2 (or 3) divided doses for 14 days followed by a 14 day rest.  
 
Stability/storage: 3 years stable, do not store >25°C  
 
Pharmacokinetics: 60% oral bioavailability, 99% albumin bound, terminal half life of intact 
isotretionine 19 hrs, excretion of intact isotretionine and metabolites in urine and stool, enterohepatic 
reabsorption circle  
 
Known important incompatibilities: none  
 
Main toxicity: frequent: cheilitis, mucocutane xerosis, conjunctivitis, itching, hair loss, 
hypertriglyceridaemia, transient increase of GOT and GPT, occasionally: hypercalcemia, bone pain, 
bone decalcification, bone marrow depression; rare: night blindness, headache, depression, 
abdominal pain, diarrhea, vertigo, tinnitus, bone marrow necrosis, pulmonary infiltration, vasculitis.   
 
Warnings: since increased light sensitivity has been reported, avoid sunlight exposure during 13-
cis-retinoic acid treatment.  
Given during pregnancy, 13-cis-retinoic acid can cause severe birth malformations (hydrocephalus, 
microcephalus, ear abnormalities, cardiovascular abnormalities, facial dysmorphia, endocrine 
abnormalities, and cerebellar malformations). Therefore, contraception starting 1 month prior to 13-cis-
retinoic acid treatment is mandatory in all female adolescents who might become pregnant.  
 
 

15.2.2 MESNA (Uromitexan®)  
Formulation: solution 100 mg/1.0 ml  
 
 
 

 

 

 

 

 

 

 

 

 

 
Stability/storage: vials 3 years at room temperature, open vials 8 days at 8°C.  
 
Pharmacokinetics: oral bioavailability 40-50%, transformation to MESNA-disulphide, half life about 1 
hr, peak urinary concentration following iv. and oral administration 1 hr and 3 hrs, respectively, nearly 
complete renal excretion within 8 hrs.
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Known important incompatibilities: in vitro not compatible with carboplatin, cisplatin, and nitrogen 
mustard.  
 
Main toxicity: no toxicities known.  
 
 
 

15.2.3 G-CSF (Neupogen®, Granocyte ®)   
Formulation:  
• Neupogen ® 30 (300 µg/1.0ml Filgrastim = 30 million units) solution  
• Neupogen ® 48 (480 µg/1.6 ml Filgrastim = 48 million units) solution   
• Granocyte ® 13 (105 µg/1.0ml Lenograstim = 13.4 million units) powder  
• Granocyte ® 34 (263 µg/1.0ml Lenograstim = 33.6 million units) powder  
 
Dose/Administration:  
• After each N5, N6, and N8 cycle: 5 µg/kgxd subcutaneously starting 2 days after 

chemotherapy until leucocytes >10.000/µl or granulocytes >5000/µl.   
• For autologous stem cell mobilization prior to stem cell apheresis: 10 µg/kgxd in 2 divided 

doses subcutaneously (or 4 hr infusion intravenously).  
• After ASCT 10 µg/kgxd subcutaneously (or 4 hr infusion intravenously).  
 
Stability/storage:  
• Neupogen: vial stable for 2 years at 2-8°C, diluted solution stable for 24 hrs  

at 2-8°C  
• Granocyte: vial stable at room temperature for 2 years, prepared solution stable for 24 hrs at 

5-25°C  
 
Pharmacokinetics: after subcutaneous or intravenous injection serum half life 3.0-3.5 hrs, after 
subcutaneous injection of Filgrastim effective serum concentration of ≥10 ng/ml for 8-16 hrs.  
 
Known important incompatibilities: filgrastim: normal saline  
 
Main toxicity: headache, backache, bone pain, abdominal pain, local reaction at the injection site, 
transient abnormal liver function tests; very rare: spleen rupture, pulmonary infiltration, respiratory 
failure, vasculitis, Lyell-syndrome.  
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16 Supportive Care 

16.1 General considerations 
 
In the Werkboek “Ondersteunende behandeling in de kinderoncology 30 ” are many aspects already 
described.  
 
During the first chemotherapeutic cycles, adequate hydration and monitoring of uric acid levels and 
kidney function are strongly recommended. Tumor lysis syndrom well known from lymphoma and 
leukemia has been observed occasionally in neuroblastoma.  
 
G-CSF (Neupogen ® or Granucyte ®) is mandatory after each block. The recommended dose is 5 
μg/kgxd. G-CSF should start 2 days after the last chemotherapeutic drug of each cycle has been 
given. G-CSF should be continued until the WBC are > 1 x 10 9/l and the granulocytes are > 0.5 x 10 
9/l. For mobilization for stem cell collection double dose is recommended.  
 
General considerations (in Dutch) for supportive care compiled by the DCOG Supportive Care group 
are given below: 
 
Inleiding 
De behandeling van maligniteiten vergt een aantal maatregelen in de ondersteunende behandeling. 
Deze worden ingegeven door de betreffende medicatie, de toedieningsweg, toedieningsperiode en de 
dosering. Bij radiotherapeutische behandeling zijn het bestralingveld, volume, de dosis en de 
fractionering bepalend voor de noodzakelijke ondersteunende therapie. De basale preventieve 
ondersteunende maatregelen treft u navolgend aan. 
 
Een deel van de maatregelen is niet gerelateerd aan een specifiek onderdeel van de behandeling 
maar geldt als ondersteunend in algemene zin. Deze zijn het laatste onderdeel van deze paragraaf. 

 
Uiteraard bestaat een breed spectrum aan bijwerkingen en complicaties van elk betreffend 
medicament. Deze zijn onder andere terug te vinden in het Farmacotherapeutisch Kompas, 
kinderoncologische handboeken en het werkboek “Ondersteunende behandeling in de 
kinderoncologie” 30. 
 
 



   

DCOG NBL 2009  Final Version Amendment 1  12-09-2012 

106

16.2 Cytostaticum / Potentiële bijwerking / Symptomen / Therapie 
Anthracyclines: Doxorubicine  
Cardiotoxiciteit  Echografie hartcontractiliteit voor aanvang anthracyclines 

echocardiografie volgens schema: 
 
Naam   Max. totaal  Dosis waarboven  

Cumulatieve dosis standaard echocardiografie 
Doxorubicine  450 mg/m2  240 mg/m2 
 
shortening fraction < 28% of > 10% reductie overweeg aanpassing / staken 
van anthracycline toediening  

 
Emesis   Anti-emeticum 5HT3-antagonist 
 
Extravasatie In verband met ernstige lokale necrose bij extravasatie wordt een centraal    

veneuze catheter aanbevolen. Koeling met ijskompressen, lokale applikatie 
van 99% DMSO, raadpleeg (plastisch) chirurg 

Carboplatin 
Renale toxiciteit Dosering aanpassen volgens GFR in Newell formule 
 
Thrombocytopenie  Kans op langdurige thrombopenie, waarvoor laboratoriumcontrole 
 
Allergie In geval van allergie: 
 - onderbreek infusie, hervat bij herstel evt. op lagere snelheid 
 - overweeg antihistaminicum, hydrocortison 

 bij lichte allergische reactie: profylactisch tavegil en hydrocortison 
voorafgaand aan volgende gift  

 
Ototoxiciteit Hoewel gehoorsvermindering na carboplatin weinig frequent is wordt 

reguliere controle van audiogram en oto-acoustische emissie aangeraden 
primair inzake gehoorsverlies in het hoog frequent tonenbereik, zodat 
chemotherapie eventueel kan worden aangepast. Bij bestaande / potentiële 
visusstoornissen is extra alertheid geboden  

 
Magnesium tekort Suppletie magnesium tijdens kuur, eventueel ook intervallen tussen kuren. 

Als orale suppletie wordt Magnesium gluconaat gebruikt. Magnesiumsulfaat 
of Magnesiumoxide zijn geen alternatief aangezien deze middelen teveel 
laxatieve werking hebben. Indien Magnesiumgluconaat niet gegeven kan 
worden, kan dit vervangen worden door Magnesium sulfaat i.v.(500 mg Mg-
gluconaat = 2.2 mmol, 150 mg Mg-sulfaat = 0.6 mmol) 

 
Alkylerend middel Cave fertiliteits problemen 
 
Extravasatie    Koeling met ijskompressen  
 
 
Cisplatin 
Ototoxiciteit Mn hoogfrequente tonen gehoorsverlies 
 Controle audiologie (tot 10.000) Hz voor elke kuur  

Kuur aanpassen ogv grenswaarden in protocol (obv Brock schema) 
 
Renale toxiciteit Voorzorgen: hyperhydratie en geforceerde diurese  (lasix, mannitol) 

Vermijd gelijktijdig geven van nefrotoxische antibiotica (bijv. Gentamycine) 
 



   

DCOG NBL 2009  Final Version Amendment 1  12-09-2012 

107

Tubulopathie  Suppletie Magnesiumgluconaat (3 gram/m2/dag, p.o.) starten tijdens 
de eerste kuur en vaak nog jaren doorgeven. Niet ophogen, behalve 
als Mg<0.5 mol/l. Magnesiumsulfaat of Magnesiumoxide zijn geen 
alternatief aangezien deze middelen teveel laxatieve werking hebben. 
Indien Magnesiumgluconaat niet gegeven kan worden, kan dit 
vervangen worden door Magnesium sulfaat i.v.(500 mg MgGluconaat 
= 2.2 mmol, 150 mg MgSulfaat = 0.6 mmol) 

   
GFR  Check en suppleer zo nodig ook natrium, kalium, calcium 
   Bepaling GFR volgens protocol, bij daling GFR < 50 ml/min/m2    

   Overweeg alternatief cytostaticum 
 
Emesis  Zeer hoog emetogeen: tot 72 uur na therapie anti-emetica. 

 Kans op delayed emesis 
 
Alkylerend middel  Cave fertiliteits problemen 
 
Extravasatie      Koeling met ijskompressen 
 
 
Cyclophosphamide  
Emesis    Anti-emeticum 5HT3-antagonist 
 
Nefrotoxiciteit Maatregelen vanaf 500 mg/m2/kuur 

1 - hyperhydratie 3 l / m2 vanaf 3 uur voor start 
2 - evt geforceerde diurese mbv furosemide bij mictie < 3 ml/kg/u 

 
Blaasmucosaschade Mesna 33% dosis vooraf; wederom 33% dosis na 4 en 

8 uur vanaf cyclophosphamide OF nadien onderhoudsinfuus 100% 
dosis tot 24 uur na laatste cyclophosphamide evt oraal mesna 

 
Extravasatie   Koeling met ijskompressen 
 
 
Dacarbazine (DTIC) 
Emesis    Anti-emeticum 5HT3-antagonist i.c.m. dexamethason 
 
Malaise Tijdens of enkele dagen na de infusie kan een griepachtig 

syndroom ontstaan. Z.n, paracetamol. 
 
Toediening De infusie heeft directe soms pijnlijke toxiciteit op de vaatwand, 

waardoor pijnlijke verkleurde vaten onstaan zodat toediening via een 
centrale lijn geadviseerd wordt (eventueel een vers infuus ruim 
flushen) 
Donker bewaren 

 
Etoposide 
Allergeen   Controle pols, bloeddruk voor en tijdens infusie 

cave hypotensie of allergische reactie 
igv allergische reactie  
–> onderbreek infusie 
–> hervat bij herstel op lagere snelheid 
–> evt vooraf antihistaminicum, hydrocortison 

Extravasatie   Geen specifieke maatregelen nodig 
 
 
G-CSF 
Botpijnen   Paracetamol 
 
Koorts    Cave maskeren temperatuursverhoging bij paracetamol 
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Ifosfamide 
Emesis    Anti-emeticum 5HT3-antagonist 
 
Nefrotoxiciteit 1 - hyperhydratie 3 l / m2 vanaf 3 uur voor start 

2 - evt geforceerde diurese mbv furosemide  
Bij mictie < 3 ml/kg/u 

 
Blaasmucosaschade Mesna 33% dosis vooraf; wederom 33% dosis na 4 en 8 uur vanaf 

ifosfamide OF nadien onderhoudsinfuus 100% dosis  tot 24 uur na 
laatste ifosfamide evt oraal mesna 

 
Extravasatie   Koeling met ijskompressen 
 
Melphalan 
Emesis  Anti-emeticum 5HT3-antagonist 
 
Mucositis   Therapie: ondersteunend, adequate pijnstilling 

Anafylactische reacties kunnen optreden te bestrijden met clemastine 
en eventueel hydrocortison 

 
 
123I-MIBG scan 
Schildklier Na een diagnostische 123I-MIBG scan is hypothyreoidie beschreven. 

Controleer schildklierfunctie en geef profylaxe (zie ook H.16.2)  
  
131I-MIBG therapie 
Schildklier   Cave hypothyreoidie: controleer schildklier functie en geef  
    profylaxe aan patient en de verzorgers (zie H.16.2)  
 
Stralingshygiene Tijdens en de eerste dagen na de 131I-MIBG dient goede 

stralingshygiene in acht gehouden te worden door zowel ouders als 
professionals. Zie hiervoor de locale regelgeving en elders in dit 
protocol. 

 
13-cis-Retinoic Acid 
Huidafwijkingen  Regelmatig cheilitis, huidafwijkingen en conjunctivitis. Evt locale 

behandeling met Vitamine E crème, of bij onvoldoende effect locaal 
corticosteroid crème 

 
Leverfunctie-  Controleer ASAT / ALAT en triglyceride spiegels 
stoornissen  
 
 
Radiotherapie 

Geen 13-cis-Retinoic Acid i.c.m. radiotherapie (zie betreffende   
onderdeel van het protocol) 

 
Zonlicht  Aangezien een ernstige zonlicht overgevoeligheid is beschreven, dient 

zon licht vermeden  te worden 
 
Vincristine / Vindesine 
Obstipatie   Defaecatie anamnese 

Profylactisch laxeren, tijd nemen voor stoelgang 
Tijdige oraal laxeren bij moeizame defaecatie  

 
Neuralgische (bot)pijn  1 - paracetamol 

2 - toevoegen tegretol of amitryptalline 
(soms kort na start forse pijn in de kaken) 

 
Perifere neuropathie Ptosis, verminderde voetheffers funktie - expectatief beleid evt 

fysiotherapie 
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SIADH Mn bij frequent vincristine cave SIADH, controle natrium en 
vochtbalans 

 
Contra-indicatie   Charcot Marie Tooth syndroom 
 
Interactie Het metabolisme van vincristine kan worden verstoord door diverse 

medicamenten onder ander -azolen, barbituraten   
 
Extravasatie Infuusnaaldje < 24 uur oud ivm lokaal toxisch effect op het bloedvat, 

injecteer gebied met hyaluronidase (1 ml = 150 IE), warme 
kompressen op extravasatieplaats, raadpleeg (plastisch) chirurg 

 
Algemene maatregelen 
Emesis Indien 5 HT3 antagonist ontoereikend is, overweeg dexamethason 10 

mg/m2 in 3 dd en toevoeging van lorazepam 
 
Pneumocysitis infektie Cotrimoxazol profylaxe 3 dagen/week, 3/15 mg/kg 1dd gift op 3 

aaneengesloten dagen 
 
Transfusies Bestraalde bloedtransfusieprodukten bij lymfopenie < 500.106/l, tot 6 

maanden na totaal lichaamsbestraling en na Fludarabine (zie ook 
H.16.4) 

 
Infertiliteit Overweeg fertiliteit sparende technieken als bijv. semenpreservatie 

i.v.m. het gebruik alkylerende middelen (cyclofosfamide, ifosfamide, 
melfalan)  

 
Teratogeniciteit De meeste chemotherapeutica zijn (potentieel) teratogeen. Bij oudere 

kinderen is het daarom soms zinvol hiervoor te waarschuwen en 
anticonceptive maatregelen te nemen 

 
Neutropenie en koorts Start breed spectrum antibiotica indien de temperatuur een aantal uur 

achtereen > 38,5 °C is (zie ook §16.3) 
  
 
 

 

16.3  Supportive care during 131I-MIBG treatment and 123I-MIBG 
imaging 

 

16.3.1 Background and rational 
To protect the thyroid against these adverse radiation effects, it is common practice to administer 
excessive amounts of potassium iodide during exposure to radioiodide 31.  
Using potassium iodide for radiation protection of the thyroid gland during 131I-MIBG treatment in 
children, however, turned out to be less effective than expected. 32, 33, 34, 35 
To prevent thyroid irradiation during 131I-MIBG treatment van Santen has introduced an extended way 
of thyroid protection, using not only potassiumiodide, but also methimazole and T4 (dilute, block and 
replace: DBR) 26 that led to better protection for the thyroid gland against radio iodide, at least when 
used during diagnosis and treatment with MIBG, compared with dilution alone. However, DBR 
protection still does not protect the thyroid in 100% of patients therefore follow-up of the function of the 
thyroid gland is included in the protocol.  
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16.3.2 Prophylaxis for 123I-MIBG (diagnostic scan) 
 
Medication 

 
Dose 

 
Start 

Thyrax 
(L-thyroxine) 

125 g/m2 ones a day 
during 3 days  

1 day before administration of  123I-MIBG 

Strumazol 
(thiamzol) 

0.5 mg/kg/day in 2 doses 
during 3 days 

1 day before administration of  123I-MIBG 

Kaliumjodide 
(potassiumIodide) 

times a day 0.75 ml 4%  
(3dd 30mg) during 2 days 

Start morning of 123I-MIBG 

 

16.3.3 Prophylaxis for 131I-MIBG (Therapeutic) 

Medication Dose Start  

Thyrax 
(L-thyroxine) 

125 g/m2 ones a day 
during 4 weeks 

1 day before administration 
of  123I-MIBG 

Continue If 2nd course of 131I-
MIBG will be given 

Strumazol 
(thiamzol) 

0.5 mg/kg/day in 2 
doses during 4 weeks 

1 day before administration 
of  123I-MIBG 

Continue If 2nd course of 131I-
MIBG will be given 

Kaliumjodide 
(potassiumIodide) 

3 times a day 0.75 ml 
4% (3dd 30mg) 
during 2 weeks 

Start morning of 
administration of  
131I-MIBG 

Stop after 2 weeks, if 2nd course 
of 131I-MIBG will be given, 
restart the morning of 131I-MIBG 

 

16.3.4 Prophylaxis for parents/ care takers (only for 131I-MIBG)  

Medication Dose Start 

Kaliumjodide  (potassiumIodide) 
200 mg (capsule)  
1 a day during 4 days 

Day before start of 131I-MIBG 

Do not give to Pregnant women!!!   

 

16.3.5 Sedation and pain medication  
Sedation: during isolation Chloralhydraat will be administered: 25 – 50 mg/kg (3 max 4 x day) rectally. 
Antiemetic drugs as Ondansetron 5 mg/m2/x 2dd for the first 2 days should be given.  
When a patient is in pain, paracetamol or extra pain medication will be administered acording to the 
protocol (or “werkboek” 30).  
 

16.3.6 Feeding and fluids  
The fluid intake should be according the normal intake for age and weight. For small children from day 
2 on feeding via a nasogastric tube can be given. The tube should be in place before the child will be 
in isolation.  
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16.3.7 Laboratory evaluation for thyroid function 
Before start prophylaxis:   FT4, TSH 
 
During prophylaxis 
 =  After 1 week and just before 2nd 131I-MIBG: FT4, TSH, Hb, Ht, Leuko’s+ diff, SGOT, SGPT 
 
After end of prophylaxis (thyrax treatment): FT4, TSH 
After one month;  
1st 2 year every three months 
Every 6 months 
 
Goal: TSH 0.2 – 1.0 mU/L, FT4 12 – 30 pmol/L. If necessary adjust dose of thyroxine (see flow chart) 
Strumazol and potassiumiodide doses remain unchanged. 
 

 

16.3.8 Radiation protection during radiopharmacon treatment 
The use of open radio-active sources, such as 123I- and 131I-MIBG for medical purposes is only 
permitted in specialized centers 36. In these centers a radiation officer is responsible for adequate 
instruction of caretakers and regulation performance. 
Instructions include the following items: 

 General radiation protection and risks of exposure 
 Activities related to caretaking and close contact to the child  
 Dress code  
 Handling waste  
 Operating instructions hand-feet monitor and dosicard 
 How to cope with minor accidents 
 Daily radiation exposure measurements 
 Medication 
 Regimen after dismissing from the ward. 

  

TSH;  FT4 

TSH < 1.1 mU/l 
FT4 > 30 pmol/l 

TSH < 1.1 mU/L 
FT4 12 – 30 pmol/l 

TSH 1.1 – 2.5 mU/L 
FT4 < 30 pmol/l 

(Chech dose / intake)  
Reduce day dose  

with 6.25 μg

Prophylaxis fine 
Continue dose 

TSH > 2 .5 mU/L 
FT4 < 25  

(check dose / intake)  
       Increase day dose 

with 6.25 μg

(check dose / intake)  
       Increase day dose 
        with 12 μg   

Check TSH and FT4 
 after 1 week 
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16.4 Prevention and treatment of infections 
 
During chemotherapy and ASCT, prophylaxis against fungal infections are strongly recommended 
(Nystatine, Amphotericin B or Fluconazol). Prophylaxis against aspergillus: Itraconazol 6 mg/kl/day 1x 
(suspension is better absorbed, check blood levels).  
During deep and prolonged neutropenic periods the werkboek” advises to prescribe “Selective Darm 
Decontaminatie” (SDD) to prevent infectious complications. The choice of antibiotics can be done 
according tot the individual policy of the hospital.  
Pneumocystic Carinii (PCP) prophylaxis is strongly advised (the “werkboek” 30).  
 
 

16.5 Consideration for blood transfusions 
 
Irradiated blood components should be used from 6 weeks before until 6 months after Megatherapy 
and ASCT, otherwise standard leukocyte depleted blood cell components should be used. 
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17 Special Situations 
 

17.1 Opsomyoclonus syndrome  
 
The opsomyoclonus-ataxia-syndrome (OMS, Kinsbourne syndrome) is characterized by rapid, 
irregular movements of the eyes (—dancing eyes“, may continue during sleep) and/ or by myoclonus 
and ataxia of the limbs (—dancing feet“), the trunk and the eyelids. OMS may occur with or without 
neuroblastoma. The pathogenesis is still unclear. Extensive lymphocyte infiltration of the tumor tissue 
(compared to neuroblastoma patients without OMS) and the presence of antineural antibodies suggest 
an immune-mediated mechanism. The pharmacological treatment of the neurological symptoms 
includes glucocorticoids (prednisone, dexamethasone, or ACTH), high dose immunoglobulins and 
cytostatic drugs. In short term, 60-80 % of the symptoms responded to the treatment with no 
detectable superiority of one approach, but long term neurodevelopmental results still appear to be 
poor. Many patients demonstrated developmental delays including cognitive  
and motor delays, language deficits and behavioral abnormalities. The survival chances of children 
with OMS are favorable because of their lower stages of the disease at presentation. Patients with 
OMS are treated according to the appropriate risk group as outlined in the DCOG NBL2009 protocol. 
As a high % of these patients have a localised tumor, resection is recommended in an early phase. If 
the neurological symptoms improve after surgery there is no need for specific immunosuppressive 
therapy. In case of persisting neurological symptoms immune-suppression is recommended for most 
of the patients. An international protocol for patients with OMS will be available soon. Please contact 
the DCOG protocol committee for details.  
 
 

17.2 Transverse myelopathy  
 
The transverse myelopathy results from growth of cervical, intrathoracic or intraabdominal 
neuroblastoma through neuroforamina into to the spinal canal. Only half of them show neurological 
symptoms but may develop myelopathy soon afterwards, e.g. during surgery. All children with tumors 
bordering the vertebrae should have MRI scanning, including the foraminae and spinal canal of the 
local vertebrae to asses the possibilities of intraspinal disease. The neurological abnormalities 
included motor deficit (> 95%), radicular or back pain (54%), sphincteric (34%) and sensory (12%) 
deficits. The frequency of complete neurological recovery was inversely correlated with the severity of 
the presenting neurological deficits. About 40-50% of the severely affected surviving children 
experienced long-term neurological  
sequeals. Longer duration of symptoms (>1 week) made permanent neurological dysfunction also 
more likely. Chemotherapy, radiotherapy and laminectomy proved to be similar effective for short-term 
relief, but chemotherapy appears to be associated with somewhat less long-term sequelae.  
 
In general, the following guidelines for treatment should be considered: 
Asymptomatic patients should be offered chemotherapy according to their appropriate staging 
treatment plan. 
Symptomatic patients may also respond to chemotherapy, but a group of selected patients may 
require immediate surgical resection. Surgery should be considered if the symptoms started or 
progressed in the previous 24-48 hours. For patients with long-standing symptoms, the neurological 
outcome is not different for the different treatments modalities (surgery vs. chemotherapy). 
Particularly laminectomy induces a high rate of spinal deformities (scoliosis) years after treatment, and 
these long-term effects should be considered in the treatment decision. Fewer orthopedic sequelae 
were observed in patients treated with chemotherapy alone. 
The role of radiotherapy is not clear. In general, neuroblastoma tumors are sensitive to radiation but 
the long-term sequellae are considerable for the spine and possibly involved organs (heart, lungs). 
High precision radiation treatment (stereotactic radiotherapy) should be considered as a localized 
radiation treatment with potentially less long-term adverse effects. However no results have been 
reported so far.  
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18 Considerations for Relapse Management  
 
In case of relapse, progression or death, immediate reporting of the event using the designated form is 
required. Do not hesitate to contact the chairman of the DCOG NBL disease committee for discussion 
of further treatment options. Complete documentation is a crucial prerequisite for discussion of relapse 
management. Make sure that all previous treatment is well documented.   
Relapse management can not be standardized by a single protocol. The DCOG NBL disease 
committee will give information about current phase I-II protocols which are open for neuroblastoma 
relapse patients. The DCOG NBL disease committee will consider the individual situation of a patient, 
his/her life expectancy, his/her previous treatment, drug intolerances or late effects of the previous 
treatment, the initial extend of the disease, and the relapse/progression pattern. 
 
In Low- or intermediate risk patients curative options can still be present for relapse or progressing 
patients. After a complete work-up the treatment plan has to be discussed with the DCOG NBL 
disease committee. The treatment plan will include an adapted version of the DCOG-NBL2009 high-
risk treatment strategy; more intensive chemotherapy than before, surgery, radiotherapy and MIBG if 
relevant. With the main objective of bringing the patient into a VGPR or CR. Also HD-chemotherapy 
supported by autologous stem cell reinfusion, if not received before, can be included in the treatment 
strategy. 
 
In high-risk patients a recurrence will leave virtually no space for curative therapy. However 
remissions of long duration are still possible. Please contact the neuroblastoma HR-protocol chairman 
before starting any treatment.   
Palliative options: 
MIBG has been studied in recurrent patients quite extensively. In these patients a single dose of 12 -
18 mCi/kg b.w. is feasible. Responses have been reported and the therapy is tolerated well. The 
overall clinical condition and the patient’s (parents) opinion will help to decide on repeating the 
procedure. In patients treated by MIBG in an earlier line of treatment and in patients post-MAT the risk 
of longlasting thrombocytopenia has to be balanced against the possible tumor response. 
  
Topotecan: Response rates of 30% in recurrent patients have been reported. 37 
 
Irrinotecan: Irinotecan in combination with Temozolomide has anti-neuroblastoma activity, spares 
vital organs, is feasible with poor bone marrow reserve causes limited immunosuppression, and allows 
good quality of life. 38  
 
Oral etoposide: given the absence of toxicity to major organs, the minimal myelosuppression or 
immunosuppression and the antineoplastic activity in patients with low tumor burden, this therapy 
could play a role in palliative settings. 39 
 
Carboplatin/etoposide: chemotherapy. 
 
Radiation therapy: for patients on disease sites which are painful. 
 
Novel phase I/II studies:  Contact DCOG NBL disease committee for active studies. 



   

DCOG NBL 2009  Final Version Amendment 1  12-09-2012 

115

19  Patient Safety  

19.1 Adverse event monitoring  
 
Each subject must be carefully monitored for adverse events. This includes clinical and laboratory test 
variables. An assessment must be made of the seriousness, intensity and relationship to the 
administration of the medication.  
At each presentation in the in- or outpatient clinic, the patient and the guardians will be asked whether 
they experienced any adverse events during the time from one visit to the other (open questions). The 
results of the laboratory measurements will be checked for any abnormalities immediately after they 
have been received. The investigator will carefully assess whether any lab abnormalities have to be 
regarded as adverse events.  
  

19.2 Adverse event definitions  

 19.2.1 Adverse event (AE)  
An Adverse Event (AE) is any untoward medical occurrence in a patient or clinical trial subject 
administered a pharmaceutical or medical product and which does not necessarily have a causal 
relationship with this treatment. An AE can therefore be any unfavourable and unintended sign 
(including abnormal laboratory findings for example), symptom, or disease temporally associated with 
the use of a medicinal (investigational) or medical product, whether or not it is considered to be related 
to the medicinal (investigational) product. 
Adverse events encompass illness, signs of illness (including pathological laboratory findings) and 
symptoms that initiate during the trial or previous conditions that become worse. 
 

19.2.2 Serious adverse event (SAE)  
A Serious Adverse Event (SAE) is any untoward medical occurrence that at any dose:  
• results in death 
• is life-threatening  

NOTE: The term "life-threatening" in the definition of "serious" refers to an event in which the 
patient was at risk of death at the time of the event; it does not refer to an event which 
hypothetically might have caused death if it were more severe.  

• requires in-patient hospitalisation or prolongation of existing hospitalisation 
• results in persistent or significant disability/incapacity  
• is a congenital anomaly/birth defect or  
• other medical important condition (see below)  

NOTE: Medical and scientific judgement should be exercised in deciding whether expedited 
reporting is appropriate in other situations, such as important medical events that may not be 
immediately life-threatening or result in death or hospitalisation, but may jeopardise the patient 
or may require intervention to prevent one of the other outcomes listed in the definition above. 
These should also usually be considered serious.  

 
In case of further events stated as serious by the treating doctors the study chairpersons should be 
consulted.    
Events exclusively related to tumor progression are not stated as SAE. 
 

19.2.3 Expected adverse events  
In general, all known side effects of the applied drugs listed in the drug information of the 
manufacturer are by definition expected adverse events.    
During the infusion of chemotherapeutic drugs, emesis, vomiting, and allergic reaction may occur and, 
therefore, are considered as expected. Hematological toxicity grade 3-4 is expected. Leukopenia may 
lead to infectious complication in a certain number of cycles. Therefore, grade 4 infections are referred 
as expected adverse events, too. Thrombopenia may lead to bleeding; platelet transfusions will be 
given according to the policy of every participating hospital. Severe treatment induced anemia may 
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cause circulation problems; packed red cell transfusions will be given according to the policy of every 
participation hospital. Severe mucositis can be expected. It can lead to constipation, abdominal pain, 
and severe diarrhea.  
 

19.2.4 Unexpected adverse events  
Any adverse drug experience, the specificity or severity of which is not consistent with the current 
Investigators' Brochure (or Package Insert for marketed products).  
 

19.2.5 Relationship to investigational therapy  
The assessment of the relationship of a serious adverse event to the (administration of study drug?) 
(none, unlikely (remote), possible, probable, not assessable) is a clinical decision based on all 
available information at the time of the completion of the case report form.   
• None - includes: (1) the existence of a clear alternative explanation (e.g. mechanical bleeding 
at surgical site); or (2) non-plausibility (e.g., the patient is struck by an automobile at least where there 
is no indication that the drug caused disorientation that my have led to the event; cancer developing a 
few days after drug administration).  
• Unlikely (remote) - a clinical event, including lab abnormality, with an improbable time 
sequence to drug administration and in which other drugs, chemicals or underlying disease provide 
plausible explanation.  
• Possible - a clinical event, including lab abnormality, with a reasonable time sequence to 
administration of the drug, which could also be explained by concurrent disease or other drugs or 
chemicals. Information on drug withdrawal may be lacking or unclear.   
• Probable - a clinical event including lab abnormality, with a reasonable time sequence to 
administration of the drug, unlikely to be attributed to concurrent disease or other drugs or chemicals, 
and which follows a clinically reasonable response on withdrawal (dechallenge).  
• Not assessable - a report of an AE which cannot be judged because information is insufficient 
or contradictory, and which cannot be supplemented or verified.   
Concurrent disease includes concomitant, intercurrent and underlying disease/condition. Concomitant 
disease - any other illness the subject may have at the time of entering the clinical trial. Intercurrent 
disease - any other illness the subject may develop during the clinical trial. Underlying disease - the 
illness which is the indication for study drug therapy.  
Factors to be considered include:  

 The temporal sequence from drug administration (The event should occur after the drug is 
given. The length of time from drug exposure to event should be evaluated in the clinical 
context of the event.)  

 Recovery on discontinuation (dechallenge), recurrence on reintroduction (rechallenge) 
(Subject‘s response after drug discontinuation (dechallenge) or subjects response after drug 
re-introduction (rechallenge) should be considered in the view of the usual clinical course of 
the event in question).  

 Underlying, concomitant, intercurrent diseases (Each report should be evaluated in the 
context of the natural history and course of the disease being treated and any other disease 
the subject may have).  

 Concomitant medication or treatment (The other drugs the subject is taking or the treatment 
the subject receives should be examined to determine whether any of them may be 
recognized to cause the event in question).  

 Known response pattern for this class of drug (Clinical/preclinical).  
 Exposure to physical and/or mental stresses (The exposure to stress might induce adverse 

changes in the recipient and provide a logical and better explanation for the event).  
 The pharmacology and pharmacokinetics of the trial medication (The pharmacokinetic 

properties (absorption, distribution, metabolism and excretion) of the trial medication the 
subject is taking, coupled with the individual subject 's pharmacodynamics should be 
considered).  

 

19.2.6 Intensity (severity) of the event   
The severity of an event will be scored using the CTCAE-toxicity grading system issued 12 December 
2003 by NCI. It can be downloaded from: 
http://ctep.cancer.gov/protocolDevelopment/electronic_applications/docs/ctcaev3.pdf 
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The following classification should be used :  
 Mild - minor; no specific medical intervention;  
 Moderate - minimal intervention; local intervention; noninvasive intervention;  
 Severe - significant symptoms requiring hospitalization or invasive intervention; transfusion;  

elective interventional radiological procedure; therapeutic endoscopy or operation; 
 Life-threatening or disabling - complicated by acute, life-threatening metabolic or  

cardiovascular complications such as circulatory failure, 
hemorrhage, sepsis. Life-threatening physiologic consequences; 
need for intensive care or emergent invasive procedure; 
emergent interventional radiological procedure, therapeutic 
endoscopy or operation; 

 Death - death caused by the AE.  
 

19.3 Adverse event documentation  
 
All adverse events occurring during the trial and follow-up period must be recorded in the subject‘s 
case report form. 
All patients receiving the trial medication for any time should be followed-up for at least 30 days after 
(premature or regular) stop of study medication.  
Documentation must be supported by an entry in the subject‘s file.  
Laboratory test abnormalities considered to be clinically relevant, requiring treatment, causing 
apparent clinical manifestations, or if the investigator believes the event to be relevant, should be 
reported as an adverse event.  
 

19.4 Reporting of SAE’s/SUSAR’s  
 

All SAE’s and suspect unexpected and serious adverse reactions (SUSAR’s) must be reported to the 
DCOG Trial Office within 48 hours. An online reporting tool is available:  http://www.skion.nl/sae 
The telephone, fax number and e-mail address of the DCOG Trial Officeare found at the end of this 
section. The SAE will be forwarded within 24 hours to the DCOG NBL 2009 chairman. He decides (if 
time allows with consultation of the study committee) what action is necessary for the safety of the 
included patients. All participating centers are informed if relevant. 
 

  

  

  

 

 

DCOG Trial Office 
 

http://www.skion.nl/sae 
 

                            Tel: 070 - 367 45 45 
                            Fax: 070 - 367 08 68 
                            Email: trialbureau@skion.nl 
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20 Statistics 

20.1 Observation group  
 

The DCOG observational group patients will be treated according the GPOH-NB2004 guidelines and 
analysed together with the GPOH patients. The expected accrual of Dutch patients is 6 per year.  
No changes are made in the original section for statistics in the GPOH protocol.  
 

20.1.1 Design of the trial  
Spontaneous regression of neuroblastoma is well known in infants. The GPOH NB97 trial has 
indicated, that small residual tumor in stage 2 disease does not require postoperative chemotherapy. 
The aim of the NB2004-OG trial is the collection of data about the frequency, the time frame, and 
molecular basis of relapse free survival and regression in stage 1, stage 2 disease without 1p 
aberrations regardless of the extent of the residual tumor, in stage 3 disease without 1p aberrations in 
children <2 years, and in stage 4S disease (patient eligibility criteria see section 10.5).  
This observation trial is multicenter, non-blinded and prospective.  
In accordance with the therapy optimization trial of high risk neuroblastoma patients GPOH NB2004, 
the accrual period of the trial is 6 years followed by an observation period of 3 years. Based on the 
experience of the previous trials, an accrual of 64 patients per year is expected. Compared to the 
previous trial, the observation group definition has been changed by two different criteria which are (i) 
extension of age definition which is expected to increase the event risk and (ii) exclusion of status 1p 
alterations which is expected to decrease the event risk. Patient numbers are too small for 
confirmatory statistics. All statistics can only be descriptive. For stopping rules, two subgroups were 
considered separately (group 1: stage 1 all ages and 4S <1 year, 39 patients/year and group 2: stage 
2 all ages without 1p aberrations and 3 <2 years without 1p aberrations, 25 patients/year). 
Additionally, a stopping rule for chromosome 11q status was defined.  
As soon as the diagnosis of low risk neuroblastoma has been established according to inclusion and 
exclusion criteria (Chapter 11.1), the child will be included into the observation trial NB2004-OG.  
Within this trial, the principals of the ICH-guidelines of good clinical practice (GCP) 
(http://www.emea.eu.int/index/indexh1.htm) as well as the declaration of Helsinki 
(http://www.wma.net/e/ethicsunit/helsinki.htm) will be respected.   
 

20.1.2 End points and patients characteristics of the OG  
According to the different questions, the following end points are defined:  
• EFSD: Event free survival measured from the time of diagnosis up to an event or last follow-

up for patients without event. Definition of event is given in chapter 11.4.1. 
• EFSL: locoregional EFS measured from the time of diagnosis up to a locoregional event or  
             last follow-up for patients without locoregional event. A  locoregional event is defined as (i)  
             death (related to locoregional disease), (ii) local progression of residual primary tumor, (iii)   
             locoregional relapse following previous complete remission of the primary tumor as defined in     
             chapter 11.4.2. 
• EFSR for patients with regression: event free survival measured from the begin of 

regression up to an event or last follow-up for patients without event. The begin of the 
regression is defined as the time, at which regression of the primary tumor >10% in at least 
one diameter and no growth in any diameter is documented by ultrasound, MRI or CT for the 
first time (provided that the following investigation is able to confirm that regression). The 
definition of event is given in chapter 11.4.1. 

• EFSstage4: time from diagnosis to transition to stage 4, to death of disease, or to last follow-
up if no transition to stage 4 is observed and the patient is surviving.  

• OS: Overall survival measured from the time of diagnosis up to death of any reason or last  
             follow-up for surviving patients.  
• TTPR: Time to begin of primary tumor regression measured from the time of diagnosis to 

begin of tumor regression or last follow-up if no regression occurs. The begin of regression is 
defined as outlined in the definition of EFSR.  
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• TTNT: Time to the normalization of tumor markers HVA and VMA in urine measured from time 

of diagnosis to the time of the investigation with first normal VMA and HVA results. VMA and 
HVA results must be categorized according to age specific reference values given by the 
investigating laboratory.  

• For stage 4S patients: TTND: Time to no evidence of disease measured from the time of 
diagnosis to the time of complete regression or to last follow-up if the patients has no complete 
regression. Complete regression is defined as no evidence of primary tumor plus 
normalization of tumor markers plus no sign of  liver metastases (confirmed by normal 
ultrasound of the liver) plus no skin metastases.   

• Status of the primary tumor 12 months after diagnosis. The status of the primary tumor is 
defined as outlined in appendix 22.2 and 22.3.  

• Best status of the primary tumor according to the criteria defined in appendix 22.2 and 22.3 
within the first 12 months after diagnosis.  

• Molecular marker: status of chromosome 1p (unblinded) and status of chromosome 11q 

(blinded) categorized according to criteria published by  Ambros.
1

 Tumor material is collected 
and stored in the tumor bank for future evaluation of other molecular markers which will be 
considered having prognostic impact during the ongoing trial. A neuroblastoma gene chip will 
be developed and applied.  

 • Surgery:  
o Extent of initial surgery categorized in: biopsy vs. incomplete resection vs. 

macroscopic complete resection. Initial surgery is the first tumor operation done in a 
patient.   

o Extent of best surgery up to time t performed during the protocol treatment 
categorized in: biopsy vs. incomplete resection vs. macroscopic complete resection. 
Best surgery is the operation performed up to during treatment which achieves the 
most extensive tumor resection.  
Complications related to surgery considered separately for the items: nephrectomy,  
bleeding, infection, intestinal obstruction or other documented on the case report form. 

 • Chemotherapy:  
o Need for chemotherapy to control progression,  
o Chemotherapy intensity required categorized as (i) progression and symptoms 

controlled after 1 x N4 cycle, (ii) progression and symptoms controlled after 2 x N4, (iii) 
progression and symptoms controlled after 3 x N4, (iv) progression and symptoms 
controlled after 4x N4, (v) progression and symptoms not controlled after 4 x N4, no 
transition to stage 4, treatment continued with MRG, (vi) transition to stage 4 at any 
time, treatment continued with HRG (children ≥1 year at diagnosis) or MRG (infants <1 
years at diagnosis).  

 

20.1.3 Collectives of the OG  
Collective A: all patients of the NB2004-OG.  
Collective B: patients of the NB2004-OG with stage 2 (all ages) and stage 3 (<2 years).  
Collective C: patients of the NB 2004-OG with stage 1 (all ages) and stage 4S (<1 year)  
Collective R: patients with residual primary after initial surgery (residual primary is defined as a mass  

        seen in ultrasound, MRI or computed tomography)  
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20.1.4 Questions of the OG  
1  Do the following factors influence EFSD, EFSL, EFSR (only patients with regression), 

EFSstage4, OS, TTPR (only patients with regression), TTNT, TTND (only stage 4S) in 
collectives A, B, C, and R?:  
• age,  
• stage (INSS stage 1, 2, 3, or 4S; See chapter 22.2),  
•  LDH,  
• extent of initial surgery,  
• extent of best surgery,  
•  application of chemotherapy,  
• status of chromosome 1p,   
• status of chromosome 11q,  
• gene expression profile pattern (signature: yes vs. no).  

 
2  Which are the proportions of primary tumor status at 12 months in collectives B and R?  
3  Which are the proportions of best tumor status during the first 12 months in collectives B and 

R?  
4  Does the extent of initial surgery (biopsy vs. incomplete resection) influence the status of 

primary tumor at 12 months in collectives B and R?  
 5  What is the frequency of complications related to surgery?  
 6  What is the proportion of patients with the need for chemotherapy?  
 7  What chemotherapy intensity is required for control of progression and symptoms?  

 

20.1.5 Statistical analysis of the OG  
The analysis will be done according to the intention-to-treat principle, i.e., all patients included in the 
NB2004-OG will be analyzed. Additionally, a per-protocol analysis will be performed for explorative 
reasons.  
Per-protocol-patients are patients meeting the following criteria:  
• all patients eligible according to inclusion and exclusion criteria.  
• receiving no postoperative chemotherapy or chemotherapy according to the protocol (i.e., N4 

cycles for localized events and stage 4S patients or HRG treatment after transition to stage 4).  
 
Expecting low recruitment and event rates within the NB 2004-OG trial, all analyses are regarded as 
explorative and the p-values are stated descriptively. Consequently, no significance level is fixed.  
 
1  Cox regression models will be built for EFSD, EFSL, EFSR (only patients with regression), 

EFSstage4, OS, TTPR (only patients with regression), TTNT, TTND (only stage 4S) 
separately for the collectives A, B, C, and R including the following potential influential factors.  
• age (continuous),  
• stage (INSS stage 1, 2, 3, or 4S as defined in chapter 22.2),  
• LDH (elevated vs. normal according to local reference values),  
• extent of initial surgery (biopsy vs. incomplete vs. complete resection),  
• extent of best surgery (biopsy vs. incomplete vs. complete resection),  
• chemotherapy (yes vs. no),  
• status of chromosome 1p (deletion or imbalance vs. no aberration),  
• status of chromosome 11q (deletion or imbalance vs. no aberration),  
•  gene expression profile pattern (signature: yes vs. no).  

 
The item given in italics is regarded as the reference. For description of  categorical factors, Kaplan 
Meier curves, the quartiles of the survival times  with the 95 % CI and the different survival rates at 3 
and 5 years with the 95 % CI will be given.  
 
2  Absolute and relative frequencies of the primary tumor status at 12 months are given for the 

collectives A, B, C, and R of the NB2004-OG trial. For the relative frequencies 95% confidence 
intervals will be calculated.  

  
3  Absolute and relative frequencies of the best primary tumor status during the first 12 months 

are given for the collectives A, B, C, and R of the NB2004-OG trial. For the relative 
frequencies 95% confidence intervals will be calculated.  
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4  Cross tables with extend of surgery (biopsy vs. incomplete resection) as potential influence 

and primary status at 12 months or best primary status within the first 12 months as 

dependent variables will be given for collective B and R. χ
2

-tests will be performed.  
  
 5  Cross tables with extend of surgery (biopsy vs. incomplete vs. complete resection) as potential  

influence and occurrence of complication as dependent  variable will be given for each type of 

complication and for collective A-C separately. χ
2

-tests will be performed.  
  

6  Absolute and relative frequency of patients with the need for chemotherapy are given for the 
collectives A, B, C, and R of the NB2004-OG trial. For the relative frequencies 95% confidence 
intervals will be calculated.   

  
7  Absolute and relative frequency of chemotherapy intensity for patients who received 

chemotherapy. For the relative frequencies 95% confidence intervals will be calculated.  
 

20.1.6 Final analysis of the OG  
The final analysis will be performed after 9 years. After 3, 5 and 7 years interim analyses will be 
performed. Expecting only small numbers of patients, all analyses are regarded as explorative. The 
results of the analyses will be discussed with the data monitoring committee (DMC).  
 

20.1.7 Stopping for toxicity  
In general, the observation trial aims to avoid chemotherapy. Therefore, mere observation does not 
expose the patients to chemotherapy toxicity. If progression or relapse has been diagnosed according 
to the protocol criteria, mild N4 chemotherapy is scheduled. Experience of the previous trials 
demonstrated no threatening toxicity of these cycles. Therefore, toxicity stopping rules are not 
applicable for the OG.  

  

20.1.8 Stopping for events related to 11q aberrations  
Univariate analysis and clinical experience gave evidence for increased risk of event for patients with 
11q aberration. Retrospective multivariate analysis of patients of the trial GPOH NB90-97 meeting the 
NB2004 OG definition failed to confirm a prognostic impact of the status of 11q.  
Therefore, this factor will be registered blinded during the trial and analyzed in an interim analysis after 
2 and 4 years by logrank test. Expecting about 10% of patients having abnormal 11q (i.e., deletion or 
imbalance), one-sided question, α=0.025, an accrual of 64 patients per year, the probability to detect 
an influence of 11q status on event is 74% after 2 years and 94% after 4 years if the survival rate is 
90% for patients with normal 11q and 60% for patients with abnormal 11q after half a year and a 
relevant decrease of the survival rates occurred thereafter. The simulations were performed with 
nQuery 3.0.  
The result of the logrank test must be reviewed by the DMC. If logrank test shows inferiority for 
patients with 11q aberrations, these patients must be excluded from NB2004-OG from this time on.  

  

20.1.9 Stopping for events: stage 2 (all ages), stage 3 (<2 years), normal 1p   
On the basis of GPOH NB97 accrual rates, about 150 stage 2 (all ages) and stage 3 (≤2 years) 
without 1p aberration are expected during 6 years. In the trials GPOH NB90-97, the 3-year-EFS rate 
and 3-year-OS rate were 84±3% and 98±1%, respectively (n=214). Events occurred early after 
diagnosis.  
Therefore, an event probability of 15% is expected in this NB2004 subgroup (H0 p≤0.15). An event 
probability of 30% is considered to be unacceptably high. The criterion for stopping will be controlled 
by a sequential design according to Wald plotted in figure 27. It shows the maximum tolerable number 
of events in relation to the number of patients registered in this NB2004-OG subgroup. The trial must 
be stopped for stage 2 (all ages) and stage 3 (<2 years) with normal 1p status, if the number of 
patients with event exceeds 3.376 + 0.219 x (number of registered patients) of the subgroup. The 
probability of rejection is 3.8% for an event probability of 15%, 76.4% for an event probability of 25%, 
and 97.5% for an event probability of 30%.  
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Figure 27: Maximum tolerable event number by number of patients registered for stage 2 (all ages) and  
stage 3 (<2 years) calculated according to the sequential probability ratio test by Wald.  

 

20.1.10 Stopping for events: stage 1 (all ages) and stage 4S (<1 year)  
On the basis of GPOH NB97 accrual rates, about 234 patients are expected during 6 years. The 3-
year-EFS rate of this group was 88±1% in the GPOH NB90 and GPOH NB97 trials and the 3-year-OS 
rate 97±3%. Events occurred early after diagnosis.  
Therefore, an event probability of 10% is expected in this NB2004 subgroup (H0 p≤0.10). An event 
probability of 30% is considered to be unacceptably high. The criterion for stopping will be controlled 
by a sequential design according to Wald plotted in figure 28. It shows the maximum tolerable number 
of events in relation to the number of patients registered in this NB2004-OG subgroup. The trial must 
be stopped for this subgroup if the number of patients with event exceeds 2.219 + 0.186 x (number of 
registered patients). The probability of rejection is 3.4% for an event probability of 10%, 81.4% for an 
event probability of 20%, and 100% for an event probability of 30%.  
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Figure 38: Maximum tolerable event number by number of patients registered for stage 1 (all ages) and 
stage 4S (<1 year) calculated according to the sequential probability ratio test by Wald.  

 

20.1.11 Modifications of the OG protocol  
The design of this trial may be changed, if necessary, in case of new important discoveries. 
Modifications of the protocol will be made only in form of written amendments and with agreement of 
the trial committee. The respective ethic commissions have to be informed of the modifications. The 
patient information has to be changed according to the modifications of the protocol.  
 
 

20.2 Medium risk group  
 
The DCOG medium risk patients will be treated according to GPOH-NBL2004 protocol and analysed 
together with the GPOH patients. The expected accrual of Dutch patients is 2 per year.  
No changes are made in the original section for statistics in the GPOH protocol.  
 

20.2.1 Design of the trial  
The aim of the trial is to evaluate an intensified treatment for a new defined medium risk group defined 
by age, stage, and molecular markers. Retrospective analysis of patients of the trials GPOH NB90-97 
classified according to the new medium risk group definition showed an unsatisfactory event free and 
overall survival. In general, these patients had a less intensive treatment. Therefore, the treatment will 
be extended by two additional chemotherapy cycles, by four maintenance chemotherapy cycles, and 
by retinoic acid consolidation therapy over 1 year (6 months, 3 months break, 3 months).  
This observation trial is multicenter, non-blinded, non-randomized and historical controlled. The 
historical control group (HCG) contains patients of the trials GPOH NB90 and GPOH NB97 of stage 2 
and 3 with 1p aberration (all ages) and stage 3 regardless of the 1p status (≥2 years).  
In accordance with the therapy optimization trial of high risk neuroblastoma patients NB2004 the 
accrual period of the trial is 6 years followed by an observation period of 3 years. Based on the accrual 
rates of the previous trial, a total of 8 patients per year is expected.  
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As soon as the patient meets the inclusion criteria the child will be included into the NB2004-MRG 
trial. Within this trial, the principals of the ICH-guidelines of good clinical practice (GCP) 
(http://www.emea.eu.int/index/indexh1.htm) as well as the declaration of Helsinki 
(http://www.wma.net/e/ethicsunit/helsinki.htm) will be respected.   
 

20.2.2 End points of the MRG  
According to the different questions, the following end points are defined:  
• EFSD: Event free survival measured from the time of diagnosis up to an event or last follow-

up for patients without event. An event is defined as death (for all reasons), progression, 
relapse following previous remission (according to the INSS criteria in chapter 22.2).  

• EFSL: locoregional EFS measured from the time of diagnosis up to a locoregional event or 
last follow-up for patients without locoregional event. A  locoregional event is defined as (i) 
death (related to locoregional disease), (ii) local progression of residual primary tumor, (iii) 
locoregional relapse following previous complete remission of the primary tumor as defined in 
chapter 22.3.  

• EFSstage4: time from diagnosis to transition to stage 4, to death of disease, or to last follow-
up if no transition to stage 4 is observed and the patient is surviving.  

• OS: Overall survival measured from the time of diagnosis up to death of any reason or last 
follow-up for surviving patients.  

• Molecular markers: status of chromosome 1p and status of chromosome 11q categorized 

according to criteria published by Ambros
1

.  
• External beam radiation therapy:  

o Acute side effects of EBRT considered separately according to the radiation therapy  
case report form.  

 o Late effects of EBRT considered separately according to the long term   
  follow-up as specified by DCOG LATER.  
• Surgery:  

o Extent of the initial surgery categorized in: biopsy vs. incomplete resection vs.  
macroscopic complete resection. Initial surgery is the first tumor operation done in a 
patient.  

o Extent of the best surgery up to time t categorized in: biopsy vs.  
 incomplete resection vs. macroscopic complete resection. Best surgery  

is the operation performed from diagnosis up to time t which achieves the most 
extensive tumor resection.  

o Frequency of complications related to surgery considered separately for the items: 
nephrectomy, bleeding, infection, intestinal obstruction, other.  

 

20.2.3 Questions of the MRG  
By means of this trial the following questions shall be answered:  
Main question of the trial 
1  Does intensified treatment lead to a better event free survival EFSD compared 

to the historical control group (HCG)? The historical control group is defined as outlined in 
chapter 12.2. 

 
Secondary questions:  
2  Does intensified treatment lead to a better overall survival OS compared to the HCG?  
3  Do the following factors influence EFSD, EFSL, EFSstage4, and OS?:  
 • age,  
 • stage (INSS stage 2, 3, or 4; See chapter 22.2),  
 • LDH,  
 • extent of initial surgery,  
 • extent of best surgery,  
 • external beam radiation therapy,  
 • status of chromosome 1p,   
 • status of chromosome 11q,   

•  gene expression profile pattern.  
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4  External beam radiation therapy (EBRT):  
4.1  What is the frequency of acute side effects related to radiation therapy?  
4.2  What is the frequency of late effects related to radiation therapy?  
5  What is the frequency of complications related to surgery?  
 

20.2.4 Statistical analysis of the MRG  
The analysis will be done according to the intention-to-treat principle. Additionally, a per-protocol 
analysis will be performed for explorative reasons. Per-protocol-patients must meet all of the following 
criteria:  
 • eligibility according to inclusion and exclusion criteria (chapter 12.5),  
 • induction treatment: 6 ± 2 cycles N5/N6,  
 • maintenance treatment: 4 ± 2 cycles N7,  
 • retinoic acid: a total of 9 ± 3 months treatment,  
 • no ASCT,  
 • no other non protocol anti-tumor treatment.  
 
The main question will be analyzed within the intention-to-treat population on a significance level of 
α=0.05. The p-values corresponding to the secondary questions and per-protocol-analyses are 
regarded as explorative.  
According to the questions of the trial the following analyses are performed:  
 
Main question of the trial  
1  Null hypothesis: The EFSD of children with intensified treatment of the NB 2004-MRG trial is 

not better than the EFSD of children of the HCG. This hypothesis will be analyzed by a one 
sided log-rank test on difference. For descriptive reasons, the Kaplan Meier curves of the 
EFSD, the quartiles of the EFSD with the 95 % CI, the EFSD -rates at 3 and 5 years with the 
95 % CI will be illustrated. 

 
Secondary questions:  
2  Null hypothesis: The OS of children with intensified treatment of the NB 2004-MRG trial is not 

better than the OS of children of the HCG. This hypothesis will be analyzed by a one sided 
log-rank test on difference. For descriptive reasons the  Kaplan Meier curves of the OS, the 
quartiles of the OS with the 95 % CI, the OS rates at 3 and 5 years with the 95 % CI will be 
illustrated.  

 
3  Cox regression models will be built for EFSD, EFSL, EFSstage4, and OS including the 

following potential influential factors:  
 • age (continuous),  
 • stage (INSS stage 1, 2, or 3 as defined in appendix 22.2),  
 • LDH (elevated vs. normal categorized according to local reference values),  
 • extent of initial surgery (biopsy vs. incomplete vs. complete resection),  
 • extent of best surgery (biopsy vs. incomplete vs. complete resection),  
 • EBRT (yes vs. no),  
 • status of chromosome 1p (deletion or imbalance vs. no aberration),  
 • status of chromosome 11q (deletion or imbalance vs. no aberration),  
 • gene expression profile pattern (signature: yes vs. no).  
 

The item given in italics is regarded as the reference. For description of categorical factors, 
Kaplan Meier curves, the quartiles of the survival times with the 95 % CI and the rates of the 
different survival times at 3 and 5 years with the 95 % CI will be given.  

 
4  External beam radiation therapy (EBRT):  
4.1  Null hypotheses: EBRT has no influence on the occurrence of acute complications. Cross 

tables with EBRT (yes vs. no) as potential influence and dichotomized occurrence of acute 
complication as dependent variable will be given for each type of complication for the NB 
2004-trial. Fisher‘s exact test will be performed.  

4.2  Null hypotheses: EBRT has no influence on the occurrence of late effects. Cross tables with 
EBRT (yes vs. no) as potential influence and dichotomized occurrence of late effects as 
dependent variable will be given for each type of complication for the NB 2004-trial. Fisher‘s 
exact test will be performed.  
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5  Null hypotheses: The extent of surgery has no influence on the occurrence of acute 

complications. Cross tables with extend of surgery (biopsy vs. incomplete vs. complete 
resection) as potential influence and dichotomized occurrence of complication as dependent 
variable will be given separately for each type of complication. χ×-test will be performed. 

 
  

20.2.5 Interim analyses and final analysis of the MRG  
The final analysis will be performed after 9 years. After 3, 5 and 7 years interim analyses will be 
performed. All interim analyses are regarded as explorative. The results of the analyses will be 
discussed with the DMC.  

 

20.2.6 Stopping for events in the MRG   
A total of 8 MRG patients are expected per year. This number is to small too establish a stopping rule 
according to Emrich40 comparing the GPOH NB2004-MRG with the historical control group (HCG). 
Since time to relapse/progression is approximately exponentionally distributed in the HCG, a 
sequential quote test according to Wald is not appropriate.  
Retrospective analysis of GPOH NB90-97 patients classified as MRG patients according to the GPOH 
NB2004 criteria revealed a 3-year-EFS of 52 ± 6%. This is virtually as low as the expected 3-year-EFS 
for the GPOH NB2004-HRG standard arm (3-year-EFS 45%). The main difference between MRG and 
HRG is the use of ASCT in the HRG. But if the event rate of the MRG exceeds the event rate of the 
HRG standard arm, MRG treatment must be stopped immediately. Therefore, MRG and HRG 
standard arm will be compared for stopping criterion.  
This stopping criterion will be examined by logrank tests of the event free survival time (EFSD) 
between the MRG and the HRG standard arm. Events are progression, relapse or death of any 
reason. Definitions of progression and relapse are found in appendix 22.3.  
Two analyses with a one-sided logrank test will be performed after 3 and 5 years. The significance 
level for each of the analyses is given by 0.10. A correction for multiple testing is not initiated since the 
analyses focus on the detection of an inferiority of the median risk group therapy.  
The 3 year EFSD-rate for the high risk standard arm is supposed to be 45%. With a significance level 
of 10%, a one-sided question, the assumption of exponential distributed EFSD, a recruitment of 30 
patients per year in high risk standard arm and of 8 patients per year in the median risk group, a 
reduction of this EFSD-rate by 15% in the MRG can be detected with a power of 44% after 3 years 
and 65% after 5 years. A reduction of this EFSD-rate by 10% in the MRG can be detected with a 
power of 30% after 3 years and 42% after 5 years. The power was calculated with nQuery Advisor 3.0. 
When one of the logrank tests shows a significant inferiority of the median risk group the group results 
will be discussed with the DMC.  
 

20.2.7 Sample size calculation of the MRG  
This trial assesses an intensified treatment for patients with medium risk compared to the historical 
control group (HCG). The EFS of the GPOH NB2004-MRG and HCG are considered to be 
exponentially distributed. The hazard rate of the HCG is approximated by 0.1837. The hazard ratio of 
the HCG was estimated using the observed 3-year-EFS rate (52%) as well as the ratio of the 
observed events (n=37) and the sum of the observed times (248 years). Both estimates were 
averaged. This results in an averaged curve which acceptably fits the observed curve. It has a 3-year-
EFS rate of 58%.   
The 3-year-EFS rate is expected to be improved by 15% using the intensified MRG treatment. Hence, 
the 3-year-EFS rate of the GPOH NB2004-MRG is supposed to be 73% resulting in a hazard ratio of 
0.1049.  
With a significance level of 5 %, an accrual period of 6 years, a follow-up period of 3 years, no drop-
outs, and a recruitment rate of 8 patients per year a power of 71% is achieved for the one-sided log-
rank test on difference.   
The power was calculated for a historically controlled trial according to Emrich.40  
The stated recruitment rate corresponds with the experience of GPOH NB97 trial.  
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20.2.8 Modifications of the MRG protocol  
The design of this protocol may be changed, if necessary, in case of new important discoveries. 
Modifications of the protocol will be made only in form of written amendments and with agreement of 
the protocol committee. The respective ethic commissions have to be informed of the modifications. 
The patient information has to be changed according to the modifications of the protocol.  
 
 
 

20.3 High risk group statistics 
 
This is a prospective, multicenter, single-arm, national Dutch study. The results of this study will be 
compared to the results of the patients treated contemporarily in the standard arm of the GPOH 
NB2004 HR trial.  
 

20.3.1 Design of the treatment protocol   
The primary objectives are to determine the feasibility of the addition of 131I-MIBG treatment to the 
chemotherapy induction regimen of the GPOH neuroblastoma group for high risk neuroblastoma 
patients, and to compare the toxicity and response to 131I-MIBG treatment to the standard arm of the 
GPOH for high risk neuroblastoma patients. The accrual period is 3 year followed by an observation 
period of 3 years. All patients in the participating DCOG centres with stage 4 neuroblastoma, between 
1-19 years of age or MYCN amplified age 0-19, will be included in the protocol. Within this treatment 
protocol, the principals of the ICH-guidelines of good clinical practice (GCP) 
http://www.emea.eu.int/index/indexh1.htm) as well as the declaration of Helsinki 
(http://www.wma.net/e/ethicsunit/helsinki.htm) will be respected.   
 

20.3.2 Endpoints of the HRG   
1. Feasibility:  
After 1 year the proportion of high risk neuroblastoma patients meeting the entry criteria, in whom 131I-
MIBG treatment was performed will be calculated. If less then 75% of the eligible patients has 
received 131I-MIBG treatment the feasibility will be defined as low and continuation of the protocol will 
be discussed. Patients in the OG and MRG groups which are treated with HR chemotherapy induction 
after starting OG or MRG treatment based on MYCN results can not be treated with 131I-MIBG upfront 
and are therefore not eligible for the HRG protocol. 
 
2. Toxicity  
Toxicity will be compared to the results of the GPOH NB2004 high risk neuroblastoma standard arm. 
Toxicity will be graded according to the criteria specified in the case report forms.  
For other toxicities and adverse events NCI-CTCAE grading will be used 
http://ctep.cancer.gov/forms/CTCAEv3.pdf).   
 
 131I-MIBG toxicity: 

grade of hematological and thyroid dysfunction after course 1 
grade of hematological and thyroid dysfunction after course 2, before the start of 
chemotherapy 

 Chemotherapy toxicity:  
≥grade 3 toxicity during the 6 cycles of induction chemotherapy 

 Dose intensity after 131I-MIBG treatment: the actual delivered dosages and 
 timespan of delivering chemotherapy induction treatment after 2 courses of  
upfront 131I-MIBG will be determined and compared to the standard  
induction arm of the GPOH NB2004 high risk neuroblastoma treatment arm.  

 Stem cell collection: the yield of collected autologous hematopoietic stem cells and  
the percentage of patients in which bone marrow harvest is applied will be measured and 
compared to the results of the GPOH NB2004 high risk neuroblastoma treatment arm.  

 Stem cell engraftment: the time to hematopoietic recovery after MAT+ASCT will be  
    measured for each of the hematopoietic cell lineages 
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3. Efficacy  
The efficacy will be compared to the results of the GPOH NB2004 high risk neuroblastoma treatment 
arm. 
 131I-MIBG response measured after 2 courses of 131I-MIBG as upfront induction treatment or 60 

days after starting induction treatment, if the second 131I-MIBG has not yet been given. Response 
will be classified according to INSS criteria (appendix 22.2): CR, VGPR, PR, SD, PD, relapse and 
will be compared to the corresponding time point of the parallel GPOH NB2004 high risk 
neuroblastoma study.  

 Early chemotherapy response measured after 2 chemotherapy cycles (i.e. N5+N6) following 131I-
MIBG treatment or 150 days after starting induction treatment, if the second cycle is not yet 
finished. Response will be classified according to INSS criteria appendix 22.2): CR, VGPR, PR, 
SD, PD, relapse and will be compared to the corresponding time point of the parallel GPOH 
NB2004 high risk neuroblastoma study. 

 Response during chemotherapy measured after 4 cycles of chemotherapy (i.e. N5+N6+N5+N6) or 
240 days after starting induction treatment, if the 4 cycles of chemotherapy are not yet finished. 
Response will be classified according to INSS criteria (appendix 22.2): CR, VGPR, PR, SD, PD, 
relapse and will be compared to the corresponding time point of the parallel GPOH NB2004 high 
risk neuroblastoma study. 

 Response to induction treatment measured at the end of induction treatment before MAT+ASCT or 
360 days after starting induction treatment if induction is not yet finished. Response will be 
classified according to INSS criteria (appendix 22.2): CR, VGPR, PR, SD, PD, relapse and will be 
compared to the corresponding time point of the parallel GPOH NB2004 high risk neuroblastoma 
study. 

 Event-free and Overall survival  
 Event-free survival events: 

 relapse of disease after complete remission has been obtained 
 progression of disease after incomplete response 
 toxic death 

 Overall survival events  
Death by any cause  
 

20.3.3 Questions of the HRG 
By means of this protocol the following questions will be answered: 
1.  Will more than 75% of all eligible patients in the participating DCOG centres be included in 

DCOG NBL2009 HRG after 1 year of study accrual?  
2.  Does MIBG treatment compared to no MIBG treatment lead to a different grade of toxicity or to 

a different yield of collected autologues hematopoietic stem cells? 
3.  Does MIBG treatment compared to no MIBG treatment lead to a different response or EFS or 

OS?  
 

20.3.4 Statistical analysis of the HRG 
Analysis will start with a descriptive analysis of the full HRG cohort. The reasons and patient numbers 
for non-eligibility will be described. For non-eligible patients minimal data on treatment and outcome 
will be analysed. The further detailed analysis of eligible patients will be done according to the 
intention to treat principle. Additionally a per protocol analysis will be performed for explorative 
reasons. 
 
Toxicity 
 131I-MIBG toxicity 
The median grade of hematological and thyroid dysfunction after course 1 and after course 2, will be 
compared to the hematological and thyroid function before the start of chemotherapy. This will be 
analysed by a two-sided Mann-Whitney test. 
 
 Chemotherapy toxicity after 131I-MIBG treatment 
The median grade of toxicity of chemotherapy in cycle 1 or 2 will be determined and compared to the 
standard induction arm of the GPOH NB2004 high risk neuroblastoma treatment arm. This will be 
analysed by a two-sided Mann-Whitney test. 
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The frequency of chemotherapy cycles with toxicity grade ≥ 3 observed during last 6 chemotherapy 
cycles will be determined and compared to the standard induction arm of the GPOH NB2004 high risk 
neuroblastoma treatment arm. This will be analysed by a two-sided Mann-Whitney test. 
 
The frequency of chemotherapy cycles with toxicity grade ≥ 4 observed during last 6 chemotherapy 
cycles will be determined and compared to the standard induction arm of the GPOH NB2004 high risk 
neuroblastoma treatment arm. This will be analysed by a two-sided Mann-Whitney test. 
 
 Dose intensity after 131I-MIBG treatment  
The median delivered dosages and time span of delivering chemotherapy induction treatment after 2 
courses of upfront 131I-MIBG will be determined and compared to the standard induction arm of the 
GPOH NB2004 high risk neuroblastoma treatment arm. This will be analysed by a two-sided Mann-
Whitney test. 
 
 Stem cell collection:  
The number of collected autologous hematopoietic stem cells, number of necessary procedures and 
the percentage of patients in which bone marrow harvest is applied will be measured and compared to 
the results of the GPOH NB2004 high risk neuroblastoma treatment arm. This will be analysed by a 
two-sided Mann-Whitney test. 
 
 Stem cell engraftment:  
The time to hematopoietic recovery after MAT+ASCT will be measured for each of the hematopoietic 
cell lineages. This will be analysed by a two-sided Mann-Whitney test. 
 
Efficacy will be compared to the results of the GPOH NB2004 high risk neuroblastoma treatment arm. 
 131I-MIBG response measured after 2 courses of 131I-MIBG as upfront induction treatment or 60 

days after starting induction treatment, if the second 131I-MIBG has not yet been given. Response 
will be classified according to INSS criteria (appendix 22.2): CR, VGPR, PR, SD, PD and will be 
described.  

 Early chemotherapy response measured after 2 chemotherapy cycles (i.e. N5+N6) following 131I-
MIBG treatment or 150 days after starting induction treatment, if the second cycle is not yet 
finished. Response will be classified according to INSS criteria (appendix 22.2): CR, VGPR, PR, 
SD, PD, relapse and will be compared to the parallel GPOH NB2004 high risk neuroblastoma 
study. This will be analysed by a two-sided Mann-Whitney test. 

  Response during chemotherapy measured after 4 cycles of chemotherapy (i.e. N5+N6+N5+N6) or 
240 days after starting induction treatment, if the 4 cycles of chemotherapy are not yet finished. 
Response will be classified according to INSS criteria (appendix 22.2): CR, VGPR, PR, SD, PD, 
relapse and will be compared to the corresponding time point of the parallel GPOH NB2004 high 
risk neuroblastoma study. This will be analysed by a two-sided Mann-Whitney test. 

 Response to induction treatment measured at the end of induction treatment before MAT+ASCT or 
360 days after starting induction treatment if induction is not yet finished. Response will be 
classified according to INSS criteria (appendix 22.2): CR, VGPR, PR, SD, PD, relapse and will be 
compared to the corresponding time point of the parallel GPOH NB2004 high risk neuroblastoma 
study. This will be analysed by a two-sided Mann-Whitney test. 

 Event-free and Overall survival  
     Event-free survival and overall survival will be compared to the event free survival of  the standard 

arm of the parallel GPOH NB2004 high risk neuroblastoma study. This will be analysed by a log-
rank test. For descriptive reasons a Kaplan Meyer curve of the OS with 95% CI and the OS rate at 
3 and 5 years will be illustrated.  

 
Prognostic impact of clinical and molecular markers on outcome and response 
We will perform prognostic analyses by cox regression models on outcome (EFS and OS), response 
and toxicity to determine their prognostic influence of the earlier mentioned prognostic factors.   
 

 20.3.5 Stopping rules 
Toxic death 
A toxic death is defined as death related to chemotherapy or MIBG treatment.  
The standard treatment has a toxic death rate of about 1%. The treatment protocol should be stopped 
if there is evidence that the toxic death rate is above 5%. Possibility of stopping should be considered 
after each incidence of a toxic death and should be based on the total number of patients at that 
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moment that can be evaluated for toxic death. If that number is too low, the death rate is too high and 
the treatment protocol should be stopped. 
 
Stopping schedule: 

Number of 
toxic deaths 

Stop if the total number of patients 
is smaller than 

Toxic death rate 

1 do not stop  
2 7 29% 

3 16 19% 

4 28 14% 

5 40 13% 

6 53 11% 

7 60* 12% 

 
The schedule is based on a maximum of 60 patients. The numbers are chosen in such a way that the 
treatment protocol is stopped if the one-sided p-level for testing toxic death rate ≤ 5% is smaller that 
5%. That excludes stopping after the first toxic death.  
 
Since there is some multiple testing the actual error rate is slightly higher as shown in the table below: 
 

toxic death rate probability of early stopping 
average number of patients 

evaluated when protocol is stopped 

1% 0.3% 59.9 
2% 1.2% 59.4 

3% 3.4% 58.5 

4% 6.9% 57.1 

5% 12.3% 55.1 

6% 19.4% 52.6 

7% 28.0% 49.7 

8% 37.4% 46.4 

9% 47.3% 43.0 

10% 57.1% 39.3 

  
 
No or insufficient stem cell collection 
In general stem cell collection should be possible. Any case in which stem cell collection (PBC or bone 
marrow harvest ) is not possible or if insufficient stemm cells are harvested a detailed analysis is 
necessary to determine if this is a possible result of MIBG therapy. Any case due to MIBG therapy is 
unacceptable and will lead to termination of this part of the protocol.  
 
Failure to deliver all 6 cycles of chemotherapy 
The treatment protocol should be stopped if there is evidence that the rate of failure to deliver the 6 
cycles of chemotherapy, because of haematologicale toxicity related to MIBG, is above 5%.  Any case 
in which it is not possible to deliver all 6 cycles of chemotherapy detailed analysis is necessary to 
determine if this is a possible result of haematological toxicity of MIBG therapy. Possibility of stopping 
should be considered after each incidence of a failure to deliver the 6 cycles of chemotherapy due to 
MIBG treatment and should be based on the total number of patients at that moment that can be 
evaluated for failure to deliver the 6 cycles of chemotherapy. If that number is too low, the failure rate 
is too high, the treatment protocol should be closed. 
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Stopping schedule: 

Number of failure to deliver all cycles 
due to MIbG treatment 

Stop if the total number of 
patients is smaller than 

Failure rate 

1 do not stop  
2 7 29% 

3 16 19% 

4 28 14% 

5 40 13% 

6 53 11% 

7 60* 12% 

 
The schedule is based on a maximum of 60 patients. 
The numbers are chosen in such a way that the treatment protocol is stopped if the one-sided p-level 
for testing failure rate ≤ 5% is smaller that 5%. That excludes stopping after the first case with a failure 
to deliver 6 cycles of chemotherapy due haematological toxicity of MIBG treatment.   
 
Since there is some multiple testing the actual error rate is slightly higher as shown in the table below: 
 

Failure rate Probability of early stopping 
Average number of patients 

evaluated when protocol is stopped 

1% 0.3% 59.9 
2% 1.2% 59.4 

3% 3.4% 58.5 

4% 6.9% 57.1 

5% 12.3% 55.1 

6% 19.4% 52.6 

7% 28.0% 49.7 

8% 37.4% 46.4 

9% 47.3% 43.0 

10% 57.1% 39.3 

 

20.3.6 Power 
In a previous trial, NB 97, 26% of the patients were in CR after 4 chemotherapy cycles. The 
percentage of patients in CR after 2 courses of MIBG and 4 chemotherapy cycles is assumed to be 
50%. With a significance level of 5%, no drop outs, an inclusion of 50 patients in the Dutch arm and 
180 patients in the GPOH standard arm we will reach a power of 90% to detect a difference of 25% in 
response rate after 4 cycles of chemotherapy.   
In the trial NB 97 ASCT/maintenance therapy was started after 6 chemotherapy cycles. Therefore, 
assessment prior to ASCT/maintenance therapy was done about 6 weeks earlier in GPOH NB97.  
63% of the patients were in CR. The CR in the MIBG treated arm is assumed to be 85%. With a 
significance level of 5%, no drop outs, an inclusion of 50 patients in the Dutch arm and 180 patients in 
the GPOH standard arm we will reach a power of 88% to detect this difference.  
According to the results of the previous trial the GPOH study expect a 3 year EFS rate for the 
standard induction HR arm of 45%. The 3 year EFS of the induction including 2 course of MIBG is 
assumed to be 55%. With a significance level of 5%, an accrual of 3 years, a follow-up period of 3 
years, no drop outs, an inclusion of 50 patients in the Dutch arm and 180 patients (after 6 years of 
inclusion in Germany) in the GPOH standard arm we will reach a power of 25%.  
The power was calculated with PASS.  
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22 Appendices 
 

22.1 Registration procedure new high risc patients 
 

 
Before/during review of 123I-MIBG diagnostic scan: 
 

 Referring Oncologist:  
o Reports to Pediatric oncologist of treatment protocol : Details of possible new high 

risk neuroblastoma patient 
o Reports to Pediatric oncologist of treatment protocol: Place for possible MIBG 

treatment (own centre or other centre) 
o Arrange 123I-MIBG diagnostic scan (via own nuclear physician)  
o Sends 123I-MIBG diagnostic scan ≤ 24 hrs to central reviewer (see below) 

 
 Pediatric oncologist of treatment protocol: 

o Is being notified by Referring Oncologist: possible new high risk patient 
o Checks possibility of treatment in very near future with protocol nuclear physician 
o If there are no possibilities in preferred centre: contacts closest other centre, and 

reserves possible therapeutic place 
o Joins review of 123I-MIBG diagnostic scan 
o Reports the new patient to the DCOG. 

 
 The reviewing nuclear physician: 

o Is being notified by Pediatric oncologist of treatment protocol: possible new high 
risk patient 

o Is being notified by Pediatric oncologist of treatment protocol: preferred location of 
treatment 

o Reviews the 123I-MIBG scan ≤ 24 hrs: candidate for MIBG treatment? 
o Reports finding of review to DCOG trial committee 

  

Referring 
 center 

Facilitating 
center 

DCOG: Registration 
(aanmelding@skion.nl) 

Pediatric oncologist                      Nuclear phycisian 

Protocol cie. Pediatric            Protocol cie.            
Oncologist                                        Nuclear phycisian     
Discusses short-term treatment  
options and treatment location.      
                                                

Central review of 
diagnostic MIBG scans 
and assessing treatment 
options based on tumor 
uptake. 

Logistics for suspicion high-risk Neuroblastoma 

Final 
treatment 
plan 

Nuclear 
facility 
needed? 
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o Reports finding of review to Pediatric oncologist of treatment protocol 
o Checks, if necessary, together with Pediatric oncologist of treatment protocol, 

availability of preferred treatment location 
o If necessary, contacts referring nuclear physician for treatment planning 

 
After review of 123I-MIBG diagnostic scan:  
 

 DCOG Trial Office:  
o Registers the patient. 

 
 Pediatric oncologist of treatment protocol: 

o Notifies the referring oncologist. 
Makes treatment reservation permanent, together with referring oncologist or with the reviewing 
nuclear physican 
 
 
Imaging data exchange between participating centers 
 
 
Introduction: In the SKION protocol “Risk adapted treatment of children with neuroblastoma” nuclear 
imaging is an important aspect in decision making and follow-up. For high-risk patients there is a 
restricted time-window for the decision of 131-MIBG treatment. For all patients the protocol describes 
consensus evaluation of nuclear images for the assessment of response. Consensus reading of the 
images by a group of experts will be organized at least twice a year. In this appendix the exchange of 
imaging data between participating centers is described.  
 

 All participating centers will be invited to the expert reading sessions. 
 For safe exchange of data to and from the AMC, the program called ”file sender” is used. 

Only by e-mail invited persons can deliver and obtain patient data. As the program only 
permits sending and receiving one file at the time, studies containing multiple files have to be 
clusterd into a ZIP-folder  

 There is no need to anonymize patient data. 
 Dicom is the preferred format for delivering data. If not feasible, please contact 

t.c.dewit@amc.uva.nl (clinical physicist). 
 Planar images, transverse slices of SPECT images, projection data sets and (if applicable) 

CT datasets should be included. 
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22.2 INSS neuroblastoma staging 41 
 
 

Stage  Definition  

Stage 1  Localized tumor with complete gross excision, with or without microscopic  
residual disease; representative ipsilateral lymph node negative for tumor  
microscopically (nodes attached to and removed with the primary tumor may  
be positive for the tumor).  

A grossly resected midline tumor without ipsilateral (with: → stage 2A) or contralateral 

(with: → stage 2B) lymph node involvement is considered stage 1.  

 

 

 

 

 
Stage 2A  Localized tumor with incomplete gross excision; representative ipsilateral  

nonadherent lymph nodes negative for tumor microscopically.  

 
Stage 2B  Localized tumor with or without complete gross excision, with ipsilateral  

nonadherent lymph node positive for tumor. Enlarged contralateral lymph  
nodes must be negative microscopically.  

 

 
Stage 3  Unresectable unilateral tumor infiltrating across the midline with or without  

regional lymph node involvement; or localized unilateral tumor with  
contralateral regional lymph node involvement; or midline tumor with bilateral  
extension by infiltration (unresectable) or by lymph node involvement.   
The midline is defined as the vertebral column. Tumors originating on one side and 
crossing the midline must infiltrate to or beyond the opposite side of the vertebral 
column. Lymphe nodes to the left side of the aorta are left sided nodes, and to the right 
side of the aorta are right sided nodes (that may however be located in between the IVC 
and the aorta, hence left to the IVC)   

 

 

 

 

 

 
Stage 4  

 
Any primary tumor with dissemination to distant lymph nodes, bone, bone marrow, liver, 
skin and/or or other organs except as defined for stage 4S. 

  
Stage 4S  Localized primary tumor (as defined for stage 1, 2A, or 2B) with dissemination  

limited to liver, skin and bone marrow (limited to infants <1 year of age).  
Marrow involvement in stage 4S should be minimal, i.e., <10% of total nucleated cells 
identified as malignant on bone marrow biopsy or on marrow aspirate. More extensive 
marrow involvement would be considered to be stage 4. The MIBG scan should be 
negative in the marrow.  

 

 

 

 
 
 
Multifocal primary tumors (e.g., bilateral adrenal primary tumors) should be staged according to the 
greatest extend of disease as defined and followed by a subscript letter M. (e.g., 3M)  
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22.3 Response criteria for neuroblastoma patients41 
 
 
 
Response 

 
Primary tumor  

 
Metastatic site 

 
CR 

 
No tumor 

 
No tumor; catecholamines normal 

 
VGPR  

 
Decreased by 90-99%  

 
No tumor; catecholamines normal; residual 123I-MIBG 
changes allowed  

 
PR 

Decreased by >50%  

 
All measurable sites decreased by >50%. Bones and 
bone-marrow: number of positive bone sites decreased 
by >50%; no more than 1 positive bone marrow site 
allowed (if this represents a decrease from the number 
of positive sites at diagnosis) 
 

MR 
 
No new lesions; >50% reduction of any measurable lesion (primary or metastasis) 
with <50% reduction in any other; <25% increase in any existing lesion 

NR 
 
No new lesions; <50% reduction but <25% increase in any existing lesion 

PD 
Any new lesion; increase of any measurable lesion by >25%; previous negative 
marrow positive for tumor  
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22.4 Preparation and shipping of tumor tissue during biopsy or 
resection  
 

22.4.1  Handling of tumor tissue  
All neuroblastoma samples will be sent to the DCOG NBL reference lab in Amsterdam in a Tumorbox. 
The DCOG NBL reference lab. will check the tumor cell content of the samples and perform the 
molecular analyses.  
Tumor tissue not actually needed for investigations will be stored at the DCOG NBL reference lab.  
The Tumorbox is provided by the DCOG to the collaborating Dutch pediatric oncology centers. If not 
available, please call the laboratory hotline for assistance. The box contains all slides and tubes 
required for shipping. The local hospital has to fill it with dry ice prior to shipping. The Tumorbox is 
designed to keep the contents frozen up to 3 days in the large chamber and additional material (e.g., 
tumor touch preparations, anticoagulated blood samples) unfrozen.  
 
 

 

tumor tissue lab hotline: 
DCOG NBL reference lab AMC 

+ 31 - 020 - 566 5173/5224 

 

22.4.1.1  Resectable tumor   

After gross tumor resection, tissue must be collected for routine diagnostic histology and for molecular 
analysis. The tumor should be processed by the local pathologist. Therefore, the tumor material must 
be transferred from the operation theatre under sterile conditions to the pathology department under 
sterile conditions immediately (i.e., within 30 minutes).  
A longer interval will lead to degradation of RNA and prevents many of the analyses.  
At least two or more samples (size 1x1x1cm) from morphologically different areas (if present) should 
be collected. If tumor nodules are seen by macroscopic examination, these nodules and the 
surrounding tissue should be collected. Mark the samples from different areas with capitals A, B, etc. 
In very large or heterogeneous tumors, collection of further samples C, D, etc. is recommended. Only 
the pathologist can decide whether collection of samples C, D, and more is required or possible. Do 
not sample necrotic areas or the capsule of the tumor. Since surgical margins must remain 
identifiable, do not take samples from tumor margin if ever possible. The tumor specimens (A, B…) 
should be divided in four equal parts. The parts should be marked as A1, A2, A3, and A4 as shown in 
figure 29.  
From A1 and B1, 10 touch preparations are made. Slides are provided in the Tumorbox. These slides 
must dry on air. After making the touch preps, the tumor samples A1, B1,… are put into tubes with 4% 
formalin for histology for the local pathologist. These tubes are not found in the Tumorbox.  
The samples A2, A3, A4 and B2, B3, B4 should be snap frozen in liquid nitrogen and then transferred 
into the separate tubes each. These tubes are provided in the Tumorbox as well. Please mark each 
tube according to the tumor sample (A2, A3, A4, B2 etc.). The complete set of frozen samples can be 
stored in liquid nitrogen or at -70 to -80°C until it is shipped to the neuroblastoma tumorbank of the 
DCOG NBL reference lab. If more tissue has been frozen (C, D,…) follow the guidelines above. It is 
strongly recommended to collect C, D, and more from large tumors for scientific purposes.  
The remaining tumor tissue is fixed in 4% buffered formalin for local routine histology. 
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Figure 29: 

 

 

 

     
      

                     

 

22.4.1.2  Open biopsy or incomplete resection  

The procedure strongly depends on the amount of tumor tissue. The tumor tissue should be 
processed by the local pathologist. Therefore, the tumor material must be transferred from the 
operation theatre to the pathology department under sterile conditions immediately (i.e., within 30 
minutes).  
In the case of open biopsy the surgeon should take biopsies from two different areas of the tumor (at 
least 1 cm¹ each), if possible. The biopsies should be marked with capitals (A, B).  
Depending on the size of the biopsy one sample should be used for touch preparations for FISH 
analysis and then put in 4% buffered formalin for diagnostic histology. The other samples should be 
snap frozen (for details see above). In the case of a very small biopsy the local pathologist has to 
decide whether a small part of the biopsy can be snap frozen for molecular analysis, which is strongly 
recommended and highly important for the treatment strategy decision.  

22.4.1.3  Tru cut biopsies (not recommended)  

Tru cut biopsies are not recommended because of the small amount gives no sufficient information on 
the macroscopic tumor structure which is important for the INPC classification (e.g., stroma-poor or 
stroma-rich, presence of nodules and necrosis, appendix 22.5.2) and may miss typical nodules in 
nodular ganglioneuroblastoma. Also for the analysis of biological risk factors needed for a reliable risk 
classification and treatment stratification true cut biopsies are less optimal. In the case of very sick 
patients, however, tru cut may be the least disturbing procedure.  
In general, six biopsies (at least two biopsies in case of very small lesions) of different areas of the 
tumor should be performed (at least 1 cm long and 0,1 cm thick). To avoid crush artifacts, do not 
scrape off the biopsy tissue from the needle. Put the needle into a tube with sterile RPMI 1640 or PBS 
and shake gently until the biopsy tissue is released into the solution. The local pathologist has to 
decide how much tissue is needed for diagnosis and if it is possible to and how much tissue can be 
snap frozen. Mark each biopsy with capitals (A, B, etc.). Put each biopsy in a petridish. If possible, 
each sample should be divided in two pieces. After removing the RPMI 1640 or PBS, one half is put in 
formalin and the other one is snap frozen. In case of 4-6 biopsies, 2 complete biopsy samples can be 
fixed in formalin for histological diagnosis and 2-4 biopsies can be snap frozen (without RPMI 1640 or 
PBS). In case of 2 biopsies, one biopsy can be fixed in formalin and the other one snap frozen. Touch 
imprints will be made from the Tumorbank laboratory from the frozen material.  
The samples for diagnostic histology are fixed in 4% (buffered) formalin and processed as described.  
 

A1, B1: First make 10 touch 
preparations on the slides 
provided, then put the samples 
into 4% formalin for histology   

A2-A4, B2-B4: Put the samples 
into the tubes provided 
separately and snap freeze the 
tubes in liquid nitrogen 
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22.4.1.4  Peripheral blood  

About 5-10 ml of EDTA blood should be collected from each patient as reference material for 
molecular investigations. The blood should be transported unfrozen. The tube is found in the 
Tumorbox set. Normal tissue not infiltrated by the tumor can be used as reference material as well. If 
normal tissue has to be removed for surgical reasons during surgery, this normal tissue should be 
collected according to the guidelines above. Extended resection only for collection of normal tissue is 
not accepted and must be avoided under all circumstances.  
 
 

22.4.2  Shipping of tumor samples  
After collection, the frozen material can be stored at -70 to -80 C for some days. Therefore, it is 
strongly recommended to avoid shipping over weekends.  
The snap frozen tumor probes, the citrate blood and normal tissue must be send on dry ice. The inner 
of the Tumorbox should be filled with dry ice completely. The tubes with the tumor samples must be 
placed directly in the chamber under the dry ice. Place the citrate blood tube in the dry ice as well.  
The touch preparations and the glass vacutainer with the blue/black plug are sent unfrozen and should 
be put in the lid of the Tumorbox.  
The Tumorbox will be send to the DCOG NBL reference lab in Amsterdam by express mail. Normal 
mail is not appropriate since sometimes it takes more than 3 days. Please include a shipping form with 
all data filled in.  
 

 

22.5  Histolopathology work-up   
 
After collecting tissue for molecular analysis, the local pathologist should collect multiple tissue blocks 
from the formalin fixed tumor tissue (minimum 1 block per centimeter of diameter of the tumor). All 
macroscopically different areas should be sampled (especially nodules). Necrosis and regressive 
tumor tissue should be sampled according to their relative amount of the whole tumor to allow a 
correct estimation of regression grade.  
The local pathologist should classify the neuroblastic tumor according to the INPC (International 
Neuroblastoma Pathology Committee) classification (chapter 22.5.1). The mitosis-karyorrhexis index 
(MKI) will be assessed during central review. The pathologist has to comment if the resection margins 
are infiltrated by tumor cells.  
After chemotherapy the tumor should be classified according to the above mentioned classification 
scheme. It has to be mentioned in the diagnosis if a preoperative therapy has been applied.  
The histological report of removed lymph nodes should include the number of positive lymph nodes 
and the categorization of the infiltrate according to the above mentioned classification scheme.  
After the local pathologist has established the diagnosis, reference histology is required for all patients 
who are diagnosed for the first time and for relapsed patients.  
Reference histology is not obligatory.  
For reference histology, please send the pathology form (DCOG website) and either all available 
paraffin blocks or representative H&E slides from all available paraffin blocks plus at least one 
representative block to the coordinating pathologist:  
 

 

dr. J.Bras, Dept of Pathology AMC 
Meibergdreef 9 

1105 AZ Amsterdam 
+31(0)20-5663111 

Email: j.bras@amc.uva.nl 
 

 
Reference histology can also be requested in a later stage if necessary for (interm) analysis.  
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22.5.1 INPC Classification 42 

 
Neuroblastoma (Schwannian stroma-poor)  

 
Neuroblastoma, undifferentiated   
Supplementary techniques (immuno-histochemistry, electron microscopy, and/or cytogenetics) 
usually required to establish diagnosis tumor cells are undifferentiated  
Neuroblastoma, poorly differentiated   
Most tumor cells are undifferentiated only ≤5% of tumor cell population has cytomorphologic 
features of differentiation toward ganglion cells  background neuropil present ≤50% 
Schwannian stroma  
Neuroblastoma, differentiating   
>5% of tumor cell population has cytomorphologic features of differentiation toward ganglion 
cells with synchronous differentiation of the nucleus (enlarged eccentric nucleus with vesicular 
chromatin pattern and usually a single prominent nucleolus) and the conspicuous, eosinophilic 
or amphophilic cytoplasm  
Ganglion cell differentiation may be present  
Background neuropil present  
≤50% Schwannian stroma 
 

Ganglioneuroblastoma, intermixed (Schwannian stroma-rich)  
 
Proportion of ganglioneuromatous component to neuroblastic foci >50%  
microscopic nests of neuroblastic cells are intermixed or randomly distributed in the 
ganglioneuromatous tissue.  
These nests are a mixture of neuroblastic cells in various stages of differentiation, usually 
dominated by differentiating neuroblasts and maturing ganglion cells  
abundant background neuropil‘. 
 

Ganglioneuroma (Schwannian stroma-dominant) Ganglioneuroma, maturing  
Predominantly ganglioneuromatous stroma minor component of scattered, evenly or unevenly 
distributed collections of differentiating neuroblasts or maturing ganglion cells, no nests  
Ganglioneuroma, mature  
mature Schwannian stroma and ganglion cells  
fascicular profile of neuritic processes, accompanied by Schwann cells and perineuritical cells 
 

Ganglioneuroblastoma, nodular (Composite Schwannian stroma-rich/stroma-
dominant and stroma-poor)  

Presence of macroscopic, usually hemorrhagic neuroblastic nodules (stroma-poor component) 
and coexisting ganglioneuroblastoma, intermixed (stroma-rich component) or ganglioneuroma 
(stroma-dominant component) abrupt demarcation between nodules and stroma-rich/dominant 
component proportion of stroma-rich/dominant to neuroblastic component not critical for 
diagnosis.  
Stroma-rich/dominant component often located at the periphery of the tumor, can appear as 
thin or broad septa if the tumor is ganglioneuroblastoma intermixed or ganglioneuroma and a 
lymph node metastasis is neuroblastoma, the case should be classified as 
ganglioneuroblastoma, nodular atypical.  

 
Neuroblastic tumor, unclassifiable  
 
Neuroblastoma, NOS (not otherwise specified)  
 
Ganglioneuroblastoma, NOS (not otherwise specified)  
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22.5.2  Mitosiskaryorrhexisindex (MKI) 42 
The MKI will be evaluated during central review in all subtypes of neuroblastoma and neuroblastic 
nodules of ganglioneuroblastoma nodular subtype including atypical nodular ganglioneuroblastoma.  
For evaluation in highly cellular tumors count 6-8 HPF (about 700-900 cells/HPF) or for low cellularity 
tumors with abundant neuropil 20 HPF (about 100-300 cells /HPF).  
Classification: low MKI <2% (<100/5000) cells in mitosis or karyorrhexis intermediate MKI 2-4% (100-
200/5000) cells in mitosis or karyorrhexis high MKI >4% (>200/5000) cells in mitosis or karyorrhexis.  
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22.6 Definition of molecular markers 
 
 
 

11q status DCOG NBL tumor lab: Research test: Blinded 
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22.7 Informatie voor ouders en patiënt (Informed consent) 
Informatie over de behandeling bij kinderen met een neuroblastoom  
 
Officiële titel: DCOG NBL 2009 Treatment Protocol for risk adapted treatment of children with 
neuroblastoma  
 

Informatieformulier voor ouders/voogd 
 
Geachte ouders – verzorgers,  
 
Inleiding 
Uw kind is bij de afdeling kinderoncologie onder behandeling in verband met een neuroblastoom 
(NBL). Een neuroblastoom is een tumor van de kinderleeftijd. Deze tumor bestaat uit een woekering 
van kwaadaardige voorlopercellen van het onbewuste zenuwstelsel. Een dergelijke tumor kan overal 
in het lichaam ontstaan, maar komt vaak voor in de buik. Over het algemeen wordt de diagnose 
gesteld aan de hand van röntgen (scan/echo en/of MRI) en weefsel onderzoek en onderzoek van 
bloed, beenmerg en urine. Onderzoek van weefsel gebeurt altijd tijdens een operatie (een bioptie).  
 
Neuroblastomen ontstaan waarschijnlijk als gevolg van een fout in de orgaanontwikkeling van embryo 
en pasgeborene en behoren daarom tot de zogenaamde embryonale tumoren. De behandelend arts 
van uw kind heeft u al geïnformeerd over de ziekte en de behandeling ervan. U kunt deze brief rustig 
(her)lezen en in eigen kring bespreken. Daarna kunt u altijd vragen stellen aan uw behandelend arts 
of aan de contactpersonen die aan het einde van deze informatie genoemd staan. Voor uitgebreide 
informatie over het neuroblastoom verwijzen we u naar de website www.skion.nl 
 
SKION 
De SKION (Stichting KinderOncologie Nederland) is een landelijk samenwerkingsverband van alle 
Nederlandse kinderartsen en andere hulpverleners, die gespecialiseerd zijn in onderzoek en 
behandeling van kinderen met kanker of aandoeningen die kunnen leiden tot een vorm van kanker. 
De activiteiten van de SKION betreffen kinderen en adolescenten in de leeftijd van 0 tot 18 jaar. De 
SKION is een door de zorgverzekeraars erkend instituut in de gezondheidszorg en stelt zich ten doel: 
 
 Optimale diagnostiek en behandeling van kinderen en adolescenten met kanker en voorstadia 

daarvan 
 Bevordering van het wetenschappelijk onderzoek naar kanker op de kinder- en adolescenten 

leeftijd 
 
De SKION heeft een centraal bureau waar gegevens over de ziekte en behandeling van deze groep 
kinderen en adolescenten worden geregistreerd om zo de kwaliteit van de behandeling te kunnen 
controleren. Dit wordt de Basisregistratie genoemd. Daarnaast verzamelt de SKION gegevens ten 
behoeve van wetenschappelijk onderzoek. 
DCOG (Dutch Children’s Oncology Group) is de internationale naam van SKION.  
 
Behandeling en risicofactoren 
Kinderen met een neuroblastoom worden behandeld volgens een SKION behandelprotocol.  
Het SKION behandelprotocol is een handboek voor de behandelend kinderoncoloog met richtlijnen 
voor behandeling en onderzoek. Deze behandeling is gebaseerd op de uitkomst van de resultaten van 
eerdere behandelprotocollen in Nederland en andere landen. Wetenschappelijk onderzoek heeft ons 
daarbij onder andere geleerd dat de resultaten van de behandeling van kinderen met een 
neuroblastoom afhankelijk zijn van bepaalde risicofactoren.  
 
Risicofactoren zijn factoren die invloed hebben op de uiteindelijke kans op genezing. Voor 
neuroblastoom zijn dit onder andere: de leeftijd op het moment van diagnose, de uitgebreidheid van 
de tumor (tumorstadium) en genetische afwijkingen (fouten) in de tumorcellen, ook wel MYCN gen en 
1p gen genoemd. Aan de hand van de risicofactoren is een indeling gemaakt in risicogroepen:  

 de standaard risico groep (SR)  
 de medium risico groep (MR)  
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 hoog risico groep (HR).  
De behandeling wordt op die manier zo goed mogelijk afgestemd op de voor uw kind specifieke 
situatie.  
 
 
Behandelschema SR groep 
De SR groep wordt ook wel de observatie groep genoemd. Hier bedoelen we mee dat we een periode 
geen behandeling geven maar uw kind regelmatig poliklinisch controleren. Dit is voor kinderen met 
tumoren die in het algemeen een gunstig beloop vertonen of zelfs spontaan kleiner worden. Dat is 
voornamelijk het geval bij kinderen onder de twee jaar. Er zal gedurende deze periode regelmatig 
röntgenonderzoek (scan/echo en/of MRI) en bloed en urine onderzoek plaatsvinden. Aan de hand van 
de uitslagen hiervan beoordeelt de behandelend arts of uw kind in de observatie groep kan blijven en 
uiteindelijk geen behandeling nodig heeft of dat uw kind toch een behandeling nodig blijkt te hebben.  
 
Als er toch een behandeling volgt dan begint deze behandeling met 1 kuur chemotherapie.  Deze kuur 
heet N4 en bestaat uit de medicijnen Doxorubicine, Vincristine en Cyclophosfamide. Deze kuur duurt 
één week, de behandelend arts zal dit aan de hand van een schema met u bespreken. Als uit 
röntgenonderzoek (scan/echo en/of MRI) en bloed en urine onderzoek blijkt dat er na deze kuur 
sprake is van een stabiele situatie dan blijft uw kind onder nauwgezette controle maar krijgt geen 
verdere chemotherapie. Als uit deze onderzoeken blijkt dat het neuroblastoom nog niet voldoende 
gereageerd heeft dan krijgt uw kind wel een vervolgbehandeling met nog tenminste 3 N4 kuren 
chemotherapie.  
 
 
Behandelschema MR groep  
Indien uw kind in de MR groep komt dan is een behandeling altijd noodzakelijk. Deze behandeling  
bestaat uit verschillende onderdelen:  

 Chemotherapie  
 Operatie 
 Bestraling 
 Vitamine A zuur therapie 

De chemotherapie kuren heten N5 en N6 en worden om en om gegeven. Kuur N5 duurt vijf dagen en 
bestaat uit de medicijnen Cisplatin, Etoposide, en Vindesine. Kuur N6 duurt een week en bestaat uit 
de medicijnen Vincristine, Dacarbacine, Ifosfamide, Doxorubicine. Tussen dag 1 van de N5 kuur en 
dag 1 van de N6 kuur zit minimaal 21 dagen. Dit is afhankelijk van het herstel van uw kind na de kuur 
en kan dus ook langer zijn. In principe is er na vier of zes kuren opnieuw een operatie. Na de operatie  
vervolgt de behandeling met kuren met Cyclofosfamide. Dit noemen we kuur N7 en is gecombineerd 
met bestraling. Daarna volgt een onderhoudsbehandeling thuis, gedurende 6 maanden met capsules 
Vit A zuur (zie bijlage I). De behandelend arts zal de behandeling aan de hand van een schema nader 
toelichten. 
 
 
Behandelschema HR groep 
Indien uw kind in de HR groep komt dan bestaat de behandeling uit: 

 MIBG therapie 
 Chemotherapie 
 Operatie 
 Bestraling 
 Hoge dosis chemotherapie en stamceltransplantatie  
 Vitamine A zuur therapie 

 
MIBG therapie is een speciale vorm van tumorspecifieke bestraling. Dit berust op het principe dat 
radioactief jodium (131I) wordt gekoppeld aan een zogeheten MIBG molecuul. Dit molecuul wordt 
specifiek opgenomen door de tumorcellen. Veel van deze stof met radioactieve jodium komt in de 
tumorcellen terecht en maar weinig in gezonde weefsels. Daardoor vindt een tumorspecifieke 
bestraling plaats die de gezonde weefsels nauwelijks aantast.  
 
Vóór de behandeling met chemotherapie krijgt uw kind twee keer deze MIBG therapie. Er zijn drie 
plaatsen in Nederland waar MIBG gegeven kan worden: Amsterdam, Rotterdam en Nijmegen. Een 
speciaal daarvoor getrainde verpleegkundige zal u en uw kind tijdens deze therapie begeleiden. U 
krijgt hier aparte informatie over.  
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Na de MIBG gaat uw kind door met chemotherapie kuren. De chemotherapie kuren heten N5 en N6 
en worden om en om gegeven. Kuur N5 duurt vijf dagen en bestaat uit de medicijnen Cisplatin, 
Etoposide, en Vindesine. Kuur N6 duurt een week en bestaat uit de medicijnen Vincristine, 
Dacarbacine, Ifosfamide, Doxorubicine. Tussen dag 1 van de N5 kuur en dag 1 van de N6 kuur zit 
minimaal 21 dagen. Dit is afhankelijk van het herstel van uw kind na de kuur en kan dus ook langer 
zijn. In principe is er na vier of zes kuren opnieuw een operatie. Na de operatie vervolgt de 
behandeling met hoge dosis chemotherapie en aansluitend stamceltransplantatie. Hierover ontvangt u 
aparte informatie. Na de stamceltransplantatie is nog een vervolgbehandeling mogelijk met 
radiotherapie.  
 
Daarna volgt een onderhoudsbehandeling thuis gedurende 9 maanden met capsules Vit A zuur (zie 
bijlage I). 
 
Ter controle van het effect van de behandeling gebeuren altijd diverse onderzoeken zoals een scan, 
een echo, beenmergpunctie en bloed- en urineonderzoek. De behandelend arts zal de hele 
behandeling met u bespreken en aan de hand van een schema nader toelichten. 
 
Zijn er bijwerkingen? 
De MIBG therapie is een behandeling met radioactief jodium. Dit wordt ook opgenomen door de 
schildklier. Daarom moet bij de MIBG behandeling de schildklier beschermd worden. Dit gebeurt met 
behulp van drie medicijnen.  

1. Kaliumjodide zorgt dat de schildklier verzadigd is met jodium, zodat die minder opneemt.  
2. Strumazol maakt de schildkliercellen minder actief.  
3. Als gevolg van de verminderde activiteit van de schildklier moet schildklierhormoon (tijdelijk) 

bijgegeven worden in de vorm van thyrax.  
Verder is van MIBG bekend dat het vooral door de tumor wordt opgenomen, maar weinig schade aan 
het omliggende weefsel veroorzaakt. 
 
Chemotherapie geeft op korte termijn meestal misselijkheid, braken en haaruitval. Tevens kan er een 
grote gevoeligheid voor infecties ontstaan als gevolg van de inwerking op het afweersysteem. Voor de 
bijwerkingen van de medicijnen die uw kind krijgt verwijzen we u naar de dagboekagenda die u aan 
het begin van de behandeling krijgt. Hierin zitten medicijnkaarten waarop werking en bijwerking van de 
medicijnen verder zijn uitgewerkt.  
 
De bijwerkingen van de bestraling kunnen optreden tijdens de bestraling of binnen een paar weken na 
afloop ervan. Deze gaan vaak na een paar weken weer voorbij. De meest voorkomende algemene 
bijwerkingen van bestraling zijn haaruitval en irritatie, roodheid of vervelling van de huid op de plaats 
van bestraling. Bij bestraling op de buik zien we ook misselijkheid en diarree als bijwerking. 
 
Vit A zuur heeft vooral huidbijwerkingen. Met name droogheid, roodheid, jeuk en kloofjes worden 
gezien. Voor gebruik van de capsules en de behandeling van eventuele huidproblemen verwijzen we 
u naar bijlage I. 
 
 
Evaluatie van de behandeling volgens het DCOG NBL 2009 Protocol 
Met betrekking tot de behandeling volgens dit protocol kijken we naar de volgende punten: 

 Alle gegevens over het verloop van de behandeling bij uw kind worden verzameld en 
gecodeerd opgeslagen in een database. Deze database bevat de gegevens van alle 
kinderoncologische- en beenmergtransplantatie centra in Nederland die meewerken aan dit 
behandelprotocol. De resultaten zullen uiteindelijk wetenschappelijk beoordeeld worden. Er 
wordt daarbij gekeken naar effectiviteit (werkzaamheid) en verdraagbaarheid (bijwerkingen) 
van de therapie. Vanaf het begin van de behandeling zal de effectiviteit van de behandeling 
gecontroleerd worden aan de hand van de uitslagen. De mogelijke bijwerkingen van de 
behandeling worden ook geregistreerd. De gegevens van uw kind zullen gecodeerd in een 
database opgeslagen worden. Alleen de onderzoekers kunnen via de codesleutel de identiteit 
van de patiënten achterhalen. 
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 Opslag van bloed, beenmerg en weefsel. Overgebleven bloed, beenmerg en weefsel dat 
tijdens de diagnose en behandeling is afgenomen willen we langdurig op het laboratorium 
bewaren. Misschien kan er in de toekomst aanvullend onderzoek mee gebeuren.   

 
 
Research projecten 
Bij het behandelprotocol DCOG NBL 2009 worden naast de behandeling ook enkele 
researchprojecten uitgevoerd. Dit wetenschappelijk onderzoek is bedoeld om de toekomstige 
behandeling van kinderen met een neuroblastoom verder te verbeteren. Voor deze projecten willen 
we op momenten dat er toch al als standaard procedure bloed, beenmerg of weefsel wordt 
afgenomen extra monsters afnemen. U krijgt hier apart informatie over.  
 
 
Vrijwillige deelname en toestemming 
Omdat onderzoek naar verbetering van de behandeling bij kinderen met neuroblastoom nodig is, 
vragen we toestemming voor  

 verzamelen van de gegevens over het verloop van de behandeling van uw kind  
 voor de langdurige opslag van bloed en weefsel  

Indien u hieraan wilt meewerken verzoeken wij u vriendelijk het toestemmingsformulier in te vullen en 
te ondertekenen waarin staat dat u weet wat dit inhoudt. Deelname hieraan is vrijwillig, eenmaal 
gegeven toestemming kan altijd ingetrokken worden. Als u besluit dat u geen toestemming wil geven 
dan heeft dit geen invloed op de zorg en aandacht die uw kind in het kader van zijn behandeling krijgt. 
Uw kind krijgt altijd de standaardbehandeling voor de risicogroep waarin uw kind is ingedeeld. U krijgt 
voldoende tijd hierover na te denken en kunt altijd extra informatie vragen of op eenmaal genomen 
beslissingen terugkomen 
 
 
Verantwoording en vertrouwelijkheid 
Tot uw kind herleidbare onderzoeksgegevens kunnen slechts met uw toestemming door daartoe 
bevoegde personen worden ingezien. Deze personen zijn medewerkers van het onderzoeksteam, 
medewerkers van de Inspectie voor de Gezondheidszorg of bevoegde inspecteurs van een 
buitenlandse overheid, en leden van de Medisch Ethische Toetsings Commissie (METC).  
 
Inzage kan nodig zijn om de betrouwbaarheid en kwaliteit van het onderzoek na te gaan. 
Onderzoeksgegevens zullen worden gehanteerd met inachtneming van de Wet Bescherming 
Persoonsgegevens en het privacyreglement van het AMC. 
 
Persoonsgegevens die indien u daar toestemming voor geeft tijdens deze studie worden verzameld, 
zullen worden vervangen door een code, bestaande uit een studienummer en de initialen van uw kind. 
De sleutel van deze code zal alleen toegankelijk zijn voor de onderzoeker, de behandelend arts of de 
datamanager. Alleen deze gecodeerde gegevens zullen gebruikt worden voor studiedocumentatie, in 
rapporten of publicaties over dit protocol. De vertrouwelijkheid van de gegevens blijft hierbij 
gewaarborgd. De gecodeerde gegevens worden opgeslagen in een computerbestand en verwerkt. 
Bloed en beenmerg dat in het kader van dit onderzoek is afgenomen wordt langdurig anoniem op het 
laboratorium bewaard.  
 
De resultaten van dit protocol worden gerapporteerd in medisch-wetenschappelijke literatuur en/of op 
medische congressen. 
 
Voor dit onderzoek is goedkeuring verkregen van de Raad van Bestuur na een positief oordeel van de 
Medisch Ethische Toetsings Commissie van het Academisch Ziekenhuis bij de Universiteit van 
Amsterdam, (AMC). De voor dit protocol geldende internationale richtlijnen zullen nauwkeurig in acht 
worden genomen. 
 
 
Contact personen (lokale gegevens invullen) 
Bij vragen of opmerkingen kunt u contact opnemen met Prof. dr. H.N Caron, kinderarts-oncoloog, tel. 
020 -5665656, of met het klinisch research team van de afdeling kinderoncologie, Marieke van den 
Brug, Jenny Smink en Ilse Stolte, tel. 020 -5665676. Als u twijfelt over deelname van uw kind aan 
deze studie dan kunt u een onafhankelijke arts raadplegen die zelf niet bij het onderzoek is betrokken 
maar wel deskundig is op dit gebied: dr. Westerman  tel nr: 020-5665955. 
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Ook indien u voor of tijdens het onderzoek vragen heeft die u liever niet aan de onderzoekers stelt dan 
kunt u contact opnemen met de onafhankelijke arts. 
 
Indien u niet tevreden bent over het onderzoek of de behandeling dan kunt u terecht bij de 
onafhankelijke klachtencommissie van het ziekenhuis. U kunt zich daartoe wenden tot: 
de secretaris van de klachtencommissie 
 
 
Neemt u de tijd om deze informatie door te lezen en aarzel niet de behandelend arts te raadplegen als 
u vragen heeft. Wanneer u besluit uw toestemming te verlenen dan ontvangt u een kopie van dit 
document, nadat u en de behandelend arts het beiden ondertekend hebben.  
 
Met vriendelijke groet,  
 
Prof. Dr.H.N.Caron, Kinderarts-oncoloog  
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Toestemmingsformulier voor ouders/voogd 
 
Officiële titel: DCOG NBL 2009 Treatment Protocol for risk adapted treatment of children with 
neuroblastoma  
 
Door dit toestemmingsformulier te tekenen verklaar ik het volgende: 
 

 Ik bevestig, dat ik het informatieformulier over de behandeling voor mijn kind heb gelezen. Ik 
begrijp de informatie. Ik heb de gelegenheid gehad om aanvullende vragen te stellen. Deze 
vragen zijn naar tevredenheid beantwoord.  

 Ik heb voldoende tijd gehad om over deelname van mijn kind na te denken. Ik weet dat deelname 
aan het wetenschappelijk onderzoek geheel vrijwillig is en dat ik mijn toestemming op ieder 
moment kan intrekken zonder dat ik daarvoor een reden hoef te geven. 

 Ik heb begrepen dat ik door de onderzoeker op tijd op de hoogte wordt gesteld als er nieuwe 
informatie beschikbaar komt die van belang is. 

 Ik begrijp dat bevoegde personen, tijdens of na de behandeling inzage kunnen hebben in het 
medische dossier van mijn kind. 

 Ik ben ervan op de hoogte dat mijn huisarts wordt geïnformeerd over de behandeling.  
 
 
Ik geef toestemming voor het gecodeerd verzamelen en verwerken van gegevens van mijn kind, zoals 
in deze informatiebrief beschreven is. De resultaten zullen voor wetenschappelijke doeleinden worden 
gebruikt waarbij de vertrouwelijkheid gewaarborgd wordt.       Ja     /    Nee* 
 
Ik geef toestemming voor langdurige opslag van bloed, beenmerg en weefsel ten behoeve van 
wetenschappelijk onderzoek.          Ja     /    Nee* 
 
Ik geef toestemming om ten behoeve van wetenschappelijk onderzoek de databestanden van SKION  
te combineren met gegevens die elders bekend zijn, bijvoorbeeld bij het Centraal Bureau voor de 
Statistiek, onder de voorwaarden zoals beschreven in de patiënteninformatiebrief.   Ja     /    Nee* 
 
 
Naam kind:  ________________________________  Geboortedatum:  __   / __   / ____ 
 
Naam ouder/voogd **  ______________________________    

 
Handtekening: ___________________________  Datum :  __   / __   / ____ 
 
Naam ouder/voogd **  ______________________________    

 
Handtekening: ___________________________  Datum :  __   / __   / ____ 
 
 
Naam onderzoeker/behandelend arts: ______________________________    

 
Handtekening: ___________________________  Datum :  __   / __   / ____ 
 
Eén exemplaar van het ondertekend toestemmingsformulier en de informatiebrief aan de ouders/voogd 
meegeven. 
*    S.v.p. omcirkelen wat van toepassing is. 
**  Dit formulier moet worden ondertekend door de ouders die het gezag uitoefenen of de voogd.
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Bijlage I 

 

Geachte ouders - verzorgers, 

 

U heeft voor uw kind een medicatie voorschrift gekregen voor Roaccutane capsules. Voor u met het 

gebruik van deze capsules begint dient u het volgende te weten. 

 

 Uw kind moet de capsules gedurende twee weken tweemaal daags gebruiken. 

 Hierna volgen twee weken rust. Deze vier weken vormen samen 1 kuur. 

 In totaal zijn er 9 kuren. 

 De capsules zijn hard van buiten en hebben een geleiachtige inhoud, waar het medicijn in zit. Veel 

kinderen hebben moeite met het innemen van deze capsules. Een andere mogelijkheid om de 

medicatie te geven is: open de capsule met een mes, zuig de inhoud van de capsule op in een 

injectiespuit met een beetje lauwwarm water en geef deze oplossing direct via het eten of via de 

sonde aan uw kind. In dit laatste geval dient u de sonde goed door te spoelen. 

 Roaccutane heeft veel huidbijwerkingen. Met name droogheid, roodheid, jeuk en kloofjes worden 

gezien. Er is een zalf die hier goed voor helpt. Deze zalf heet Bepanthen van de firma Roche en is 

via uw drogist te verkrijgen.  

Bij vragen of opmerkingen over de capsules en/of de zalf kunt u contact opnemen met de 

behandelend kinderarts-oncoloog van uw kind (020-5663050) of met de verpleegkundig consulent van 

de afdeling kinderoncologie  (verpleegkundig spreekuur: 020-5666389 tussen 15.00 en 16.00 uur).  

Met vriendelijke groet, 

 

 

Prof dr. H.N.Caron 

Kinderarts-oncoloog 
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Informatie over de behandeling bij kinderen met een neuroblastoom  
 
Officiële titel: DCOG NBL 2009 Treatment Protocol for risk adapted treatment of children with 
neuroblastoma  
 

Informatieformulier voor kinderen > 12 jaar 
 
Beste patiënt(e),  
 
Inleiding 
Sinds kort ben je bij de afdeling kinderoncologie onder behandeling in verband met een 
neuroblastoom. Een neuroblastoom is een tumor die vooral bij kinderen voorkomt en bestaat door 
ongeremde groei van kwaadaardige cellen van het onbewuste zenuwstelsel. Deze tumor kan overal in 
het lichaam ontstaan, maar meestal onstaat hij in de buik. 
 
Indeling in risico groepen 
De behandeling van kinderen met neuroblastoom volgens het Nederlandse protocol is gebaseerd op 
de resultaten van eerdere internationale behandelingsschema’s. Wetenschappelijk onderzoek heeft 
ons geleerd dat de resultaten van de behandeling van een neuroblastoom afhankelijk zijn van 
bepaalde risicofactoren. Risicofactoren zijn factoren die van invloed zijn op de uiteindelijke kans op 
genezing. Aan de hand van de risicofactoren is een indeling gemaakt in zogenaamde risicogroepen: 
de laag risico groep (LR), de standaard risico groep (SR) en de hoog risico groep (HR). De 
behandeling wordt op die manier zo goed mogelijk afgestemd op jouw situatie. 
 
Neuroblastomen ontstaan waarschijnlijk als gevolg van een fout in de orgaanontwikkeling van embryo 
en pasgeborene en behoren daarom tot de zogenaamde embryonale tumoren. Jouw dokter heeft al 
wat verteld  over de ziekte en de behandeling ervan. Je kunt deze brief rustig doorlezen en als je 
daarna nog vragen hebt, kun je ze altijd stellen aan jouw dokter (behandelend arts)  of aan de 
contactpersonen die aan het einde van deze informatie genoemd staan. Voor uitgebreide informatie 
over het neuroblastoom verwijzen we je naar de website www.skion.nl 
 
SKION 
De SKION (Stichting KinderOncologie Nederland) is een landelijk samenwerkingsverband van alle 
Nederlandse kinderartsen en andere hulpverleners, die gespecialiseerd zijn in onderzoek en 
behandeling van kinderen met kanker of aandoeningen die kunnen leiden tot een vorm van kanker. 
De activiteiten van de SKION betreffen kinderen en adolescenten in de leeftijd van 0 tot 18 jaar. De 
SKION is een door de zorgverzekeraars erkend instituut in de gezondheidszorg en stelt zich ten doel: 
 
 Optimale diagnostiek en behandeling van kinderen en adolescenten met kanker en voorstadia 

daarvan 
 Bevordering van het wetenschappelijk onderzoek naar kanker op de kinder- en adolescenten 

leeftijd 
 
De SKION heeft een centraal bureau waar gegevens over de ziekte en behandeling van deze groep 
kinderen en adolescenten worden geregistreerd om zo de kwaliteit van de behandeling te kunnen 
controleren. Dit wordt de Basisregistratie genoemd. Daarnaast verzamelt de SKION gegevens ten 
behoeve van wetenschappelijk onderzoek. 
DCOG (Dutch Children’s Oncology Group) is de internationale naam van SKION.  
 
 
Behandeling en risicofactoren 
Kinderen met een neuroblastoom worden behandeld volgens een SKION behandelprotocol.  
Het SKION behandelprotocol is een handboek voor de behandelend kinderoncoloog met richtlijnen 
voor behandeling en onderzoek. Deze behandeling is gebaseerd op de uitkomst van de resultaten van 
eerdere behandelprotocollen in Nederland en andere landen. Wetenschappelijk onderzoek heeft ons 
daarbij onder andere geleerd dat de resultaten van de behandeling van kinderen met een 
neuroblastoom afhankelijk zijn van bepaalde risicofactoren.  
 
Risicofactoren zijn factoren die invloed hebben op de uiteindelijke kans op genezing. Voor 
neuroblastoom zijn dit onder andere: de leeftijd op het moment van diagnose, de uitgebreidheid van 
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de tumor (tumorstadium) en genetische afwijkingen (fouten) in de tumorcellen, ook wel MYCN gen en 
1p gen genoemd. Aan de hand van de risicofactoren is een indeling gemaakt in risicogroepen:  

 de standaard risico groep (SR)  
 de medium risico groep (MR)  
 hoog risico groep (HR).  

De behandeling wordt op die manier zo goed mogelijk afgestemd op jouw specifieke situatie.  
 
 
Behandelschema SR groep 
De SR groep wordt ook wel de observatie groep genoemd. Hier bedoelen we mee dat we een periode 
geen behandeling geven maar jou regelmatig poliklinisch controleren. Dit is voor kinderen met 
tumoren die in het algemeen een gunstig beloop vertonen of zelfs spontaan kleiner worden. Dat is 
voornamelijk het geval bij kinderen onder de twee jaar. Er zal gedurende deze periode regelmatig 
röntgenonderzoek (scan/echo en/of MRI) en bloed en urine onderzoek plaatsvinden. Aan de hand van 
de uitslagen hiervan beoordeelt de behandelend arts of jij in de observatie groep kan blijven en 
uiteindelijk geen behandeling nodig hebt of dat er toch een behandeling nodig is.  
 
Als er toch een behandeling volgt dan begint deze behandeling met 1 kuur chemotherapie. Deze kuur 
heet N4 en bestaat uit de medicijnen Doxorubicine, Vincristine en Cyclophosfamide. Deze kuur duurt 
één week, de behandelend arts zal dit aan de hand van een schema bespreken.  Als uit 
röntgenonderzoek (scan/echo en/of MRI) en bloed en urine onderzoek blijkt dat er na deze kuur 
sprake is van een stabiele situatie dan blijf je onder nauwgezette controle maar krijg je geen verdere 
chemotherapie. Als uit deze onderzoeken blijkt dat het neuroblastoom nog niet voldoende gereageerd 
heeft dan krijg je wel een vervolgbehandeling met nog tenminste 3 N4 kuren chemotherapie.  
 
 
Behandelschema MR groep  
Als je in de MR groep komt dan is een behandeling altijd nodig. Deze behandeling  bestaat uit 
verschillende onderdelen:  

 Chemotherapie  
 Operatie 
 Bestraling 
 Vitamine A zuur therapie 

De chemotherapie kuren heten N5 en N6 en worden om en om gegeven. Kuur N5 duurt vijf dagen en 
bestaat uit de medicijnen Cisplatin, Etoposide, en Vindesine. Kuur N6 duurt een week en bestaat uit 
de medicijnen Vincristine, Dacarbacine, Ifosfamide, Doxorubicine. Tussen dag 1 van de N5 kuur en 
dag 1 van de N6 kuur zit minimaal 21 dagen. Dit is afhankelijk van hoe snel je weer hersteld bent en 
kan dus ook langer zijn. In principe is er na vier of zes kuren opnieuw een operatie. Na de operatie 
vervolgt de behandeling met kuren met Cyclofosfamide. Dit noemen we kuur N7 en is soms 
gecombineerd met bestraling. Daarna volgt een onderhoudsbehandeling thuis, gedurende 6 maanden 
met capsules Vit A zuur (zie bijlage I). De behandelend arts zal de behandeling aan de hand van een 
schema nader toelichten. 
 
 
Behandelschema HR groep 
Als je in de HR groep komt dan bestaat de behandeling uit: 

 MIBG therapie 
 Chemotherapie 
 Operatie 
 Bestraling 
 Hoge dosis chemotherapie en stamceltransplantatie  
 Vitamine A zuur therapie 

 
MIBG therapie is een speciale vorm van tumorspecifieke bestraling. Radioactief jodium (131I) wordt 
gekoppeld aan een zogeheten MIBG molecuul en dit wordt specifiek opgenomen door de tumorcellen.  
Je krijgt eerst twee kuren met MIBG therapie en daarna chemotherapie. Er zijn drie plaatsen in 
Nederland waar MIBG gegeven kan worden: Amsterdam, Rotterdam en Nijmegen. Een speciaal 
daarvoor getrainde verpleegkundige zal jou en je ouders tijdens deze therapie begeleiden. Dit wordt 
allemaal nog uitgelegd.  
Na de MIBG volgen er chemotherapie kuren, die heten N5 en N6 en worden om en om gegeven. Kuur 
N5 duurt vijf dagen en bestaat uit de medicijnen Cisplatin, Etoposide, en Vindesine. Kuur N6 duurt een 
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week en bestaat uit de medicijnen Vincristine, Dacarbacine, Ifosfamide, Doxorubicine. Tussen dag 1 
van de N5 kuur en dag 1 van de N6 kuur zit minimaal 21 dagen. Dit is afhankelijk van hoe snel je weer 
beter bent na de kuur en kan dus ook langer zijn. In principe is er na vier of zes kuren opnieuw een 
operatie. Na de operatie vervolgt de behandeling met hoge dosis chemotherapie en aansluitend 
stamceltransplantatie. Dit wordt ooknog uitgelegd. Na de stamceltransplantatie is nog een 
vervolgbehandeling mogelijk met radiotherapie.  
 
Daarna volgt een onderhoudsbehandeling thuis gedurende 6 maanden met capsules Vit A zuur (zie 
bijlage I). 
 
Ter controle van het effect van de behandeling gebeuren altijd diverse onderzoeken zoals een scan, 
een echo, beenmergpunctie en bloed- en urineonderzoek. De dokter zal de hele behandeling met jou 
en je ouders bespreken en aan de hand van een schema nader toelichten. 
 
Zijn er bijwerkingen? 
De MIBG therapie is een behandeling met radioactief jodium. Dit wordt ook opgenomen door de 
schildklier. Daarom moet bij de MIBG behandeling de schildklier beschermd worden. Dit gebeurt met 
behulp van drie medicijnen.  

4. Kaliumjodide zorgt dat de schildklier verzadigd is met jodium, zodat die minder opneemt.  
5. Strumazol maakt de schildkliercellen minder actief.  
6. Als gevolg van de verminderde activiteit van de schildklier moet schildklierhormoon (tijdelijk) 

bijgegeven worden in de vorm van thyrax.  
Verder is van MIBG bekend dat het vooral door de tumor wordt opgenomen, maar weinig schade aan 
het omliggende weefsel veroorzaakt. 
 
Chemotherapie geeft op korte termijn meestal misselijkheid, braken en haaruitval en je kunt 
gevoeliger zijn voor infecties omdat je afweer tijdelijk lager wordt. Jij of papa en mama kunnen de 
werking en bijwerkingen van de medicijnen nakijken in de dagboekagenda, die je in het begin van de 
behandeling krijgt. Hierin zitten medicijnkaarten waarop werking en bijwerking van de medicijnen 
verder zijn uitgewerkt.  
 
De bijwerkingen van de bestraling kunnen optreden tijdens de bestraling of binnen een paar weken na 
afloop ervan. Deze gaan vaak na een paar weken weer voorbij. De meest voorkomende algemene 
bijwerkingen van bestraling zijn haaruitval en irritatie, roodheid of vervelling van de huid op de plaats 
van bestraling. Bij bestraling op de buik zien we ook misselijkheid en diarree als bijwerking. 
 
Vit A zuur heeft vooral huidbijwerkingen. Met name droogheid, roodheid, jeuk en kloofjes worden 
gezien.  
 
Evaluatie van de behandeling volgens het DCOG NBL 2009 Protocol 
Voor de behandeling van ieder kind kijken we naar de volgende punten: 

 Alle gegevens over hoe alles ging tijdens de behandeling worden verzameld en opgeslagen in 
een database, maar zo dat niemand kan zien om wie het gaat. Op die manier kunnen we 
kijken hoe het met alle kinderen gegaan is die met dit behandel protocol behandeld zijn. 
Daarbij wordt gekeken hoe ziek de kinderen van deze chemotherapie en operatie etc 
geworden zijn, en hoe goed de medicijnen werken. De gegevens van de kinderen zullen 
gecodeerd in een database opgeslagen worden. Alleen de onderzoekers kunnen via de 
codesleutel te weten komen wie wie is.  

 
 Opslag van bloed, beenmerg en weefsel. Overgebleven bloed, beenmerg en weefsel dat 

tijdens de diagnose en behandeling is afgenomen willen we langdurig op het laboratorium 
bewaren. Misschien kan er in de toekomst aanvullend onderzoek mee gebeuren.   

 
 
Research projecten 
Bij het behandelprotocol DCOG NBL 2009 worden naast de behandeling ook enkele 
researchprojecten uitgevoerd. Dit wetenschappelijk onderzoek is bedoeld om de toekomstige 
behandeling van kinderen met een neuroblastoom verder te verbeteren. Voor deze projecten willen 
we op momenten dat er toch al als standaard procedure bloed, beenmerg of weefsel wordt 
afgenomen extra monsters afnemen. Hierover zul je apart informatie krijgen.  
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Vrijwillige deelname en toestemming 
Omdat onderzoek naar verbetering van de behandeling bij kinderen met neuroblastoom nodig is, 
vragen we toestemming voor:  
 verzamelen van de gegevens over het verloop van je behandeling   
 voor de langdurige opslag van bloed en weefsel  
Als je ouder bent dan 12 jaar moeten jij en je ouders/voogd samen beslissen of je hiervoor 
toestemming geeft. Zowel jij als je ouders/voogd moeten een handtekening zetten onder het 
toestemmingsformulier. In dit formulier staat dat je weet wat het onderzoek inhoudt en wat de voor- en 
nadelen zijn. Wanneer je niet dezelfde mening hebt als je ouders/verzorgers kun je dit bespreken met 
de behandelend arts. Je kunt je toestemming altijd zonder opgave van redenen weer intrekken. Wel 
vragen we je de behandelend arts van je beslissing op de hoogte te brengen.   
Als jij of je ouders geen toestemming geven dan wordt je toch behandeld, dan wordt je wordt sowieso 
behandeld volgens de standaardbehandeling voor de risicogroep waarin je zit.  
 
Verantwoording en vertrouwelijkheid 
Jouw medische gegevens zullen als je daar toestemming voor geeft door de arts en de 
onderzoeksmedewerkers vertrouwelijk worden behandeld en niet openbaar worden gemaakt. De 
onderzoeksgegevens die we verzamelen kunnen alleen met jouw toestemming door bevoegde 
personen worden ingezien. Deze personen zijn medewerkers van het onderzoeksteam, medewerkers 
van de Inspectie voor de Gezondheidszorg of bevoegde inspecteurs van een buitenlandse overheid, 
en leden van de Medisch Etische Toetsings Commissie. Bloed en beenmerg dat in het kader van dit 
onderzoek is afgenomen wordt langdurig anoniem op het laboratorium bewaard. Inzage kan nodig zijn 
om de betrouwbaarheid en kwaliteit van het onderzoek na te gaan.  
 
 
De resultaten van dit protocol worden gerapporteerd in medisch-wetenschappelijke literatuur en/of op 
medische congressen. 
 
Voor dit onderzoek is goedkeuring verkregen van de Raad van Bestuur na een positief oordeel van de 
Medisch Ethische Toetsings Commissie van het Academisch Ziekenhuis bij de Universiteit van 
Amsterdam, (AMC). De voor dit protocol geldende internationale richtlijnen zullen nauwkeurig in acht 
worden genomen. 
 
Contact personen (lokale gegevens invullen) 
Bij vragen of opmerkingen kunt je contact opnemen met Prof. dr. H.N Caron, kinderarts-oncoloog, tel. 
020 -5665656, of met het klinisch research team van de afdeling kinderoncologie, Marieke van den 
Brug, Jenny Smink en Ilse Stolte, tel. 020 -5665676. Als jij of je ouders/voogd twijfelen over deelname 
aan deze studie dan kun je een onafhankelijke arts raadplegen die zelf niet bij het onderzoek is 
betrokken maar wel deskundig is op dit gebied: dr. Westerman  tel nr: 020-5665955. 
 
Ook als er vragen zijn die je liever niet aan de onderzoekers stelt dan kun je contact opnemen met de 
onafhankelijke arts. 
 
 
Neem de tijd om deze informatie door te lezen en aarzel niet de behandelend arts te raadplegen als je 
vragen hebt. Wanneer je besluit om toestemming te geven, krijg je een kopie hiervan, nadat jij, je 
ouders en de behandelend arts het formulier ondertekend hebben.  
 
 
Met vriendelijke groet,  
 
 
Prof. Dr.H.N.Caron, Kinderarts-oncoloog  
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Toestemmingsformulier voor patiënten met neuroblastoom 
Officiële titel: DCOG NBL 2009 Treatment Protocol for risk adapted treatment of children with 
neuroblastoma  
 
Door dit toestemmingsformulier te tekenen verklaar ik het volgende: 

 Ik bevestig, dat ik het informatieformulier voor patiënten gelezen heb. Ik begrijp de informatie. 
Ik heb de gelegenheid gehad om aanvullende vragen te stellen. Deze vragen zijn naar 
tevredenheid beantwoord. 

 Ik heb voldoende tijd gehad om over deelname na te denken. Ik weet dat deelname aan het 
wetenschappelijk onderzoek geheel vrijwillig is en dat ik mijn toestemming op ieder moment 
kan intrekken zonder dat ik daarvoor een reden hoef te geven. 

 Ik heb begrepen dat ik door de onderzoeker op tijd op de hoogte wordt gesteld als er nieuwe 
informatie beschikbaar komt die van belang is. 

 Ik begrijp dat bevoegde personen, tijdens of na de behandeling inzage kunnen hebben in mijn 
medische dossier. 

 Ik ben ervan op de hoogte dat mijn huisarts wordt geïnformeerd over de behandeling.  
 
 
Ik geef toestemming voor het gecodeerd verzamelen en verwerken van mijn gegevens, zoals in deze 
informatiebrief beschreven is. De resultaten zullen voor wetenschappelijke doeleinden worden 
gebruikt waarbij de vertrouwelijkheid gewaarborgd wordt.     Ja     /    Nee* 
 
Ik geef toestemming voor langdurige opslag van bloed, beenmerg en weefsel voor wetenschappelijk 
onderzoek.           Ja     /    Nee* 
 
Ik geef toestemming om ten behoeve van wetenschappelijk onderzoek de databestanden van SKION  
te combineren met gegevens die elders bekend zijn, bijvoorbeeld bij het Centraal Bureau voor de 
Statistiek, onder de voorwaarden zoals beschreven in de patiënteninformatiebrief.   Ja     /    Nee* 
 
 
Naam kind:  ________________________________ Geboortedatum:  __   / __   / ____ 
 
 
 
Handtekening: ___________________________ Datum :  __   / __   / ____ 
 
 
 
 
Naam behandelend arts: ______________________________    
 
 
Handtekening: ___________________________  Datum :  __   / __   / ____ 
 
 
 
Eén exemplaar van het ondertekend toestemmingsformulier en de informatiebrief aan de patient 
meegeven. 
*    S.v.p. omcirkelen wat van toepassing is. 
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22.8 Berekening Lichaamsoppervlak (VOLGENS GEHAN AND GEORGE) 
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22.9 Performance Status  

22.9.1 LANSKY Score – for children aged to 9 years 

Lansky Score Performance Status 

100 Fully active, normal 

90 Minor restrictions in physically strenous activity 

80 Active, but tires more quickly 

70 Both greater restriction of and less time spent in play activity  

60 
Up and around, but minimal active play; keeps busy with 
quieter activities 

50 
Gets dressed but lies around much of the day, no active play 
but able to participate in all quiet play and activities 

40 Mostly in bed; participates in quiet activities 

30 In bed; needs assistance even for quiet play 

20 Often sleeping; play entirely limited to very passsive activities 

10 No play; does not get out of bed 

0 Unresponsive 
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22.9.2 Karnofsky Score - for children aged 10 years and older 
 

Karnofsky Score General Category  Performance Status 

100  
 

Able to carry on normal activity, no special 
care needed 

Normal, no complaints, no 
evidence of disease 

90 
Able to carry on normal activity, no special 
care needed 

Able to carry on normal activity, 
minor signs or symptoms of 
disease 

80 
Able to carry on normal activity, no special 
care needed 

Normal activity with effort, some 
signs or symptoms of disease 

70 
Unable to work, able to live at home and 
care for most personal needs, varying 
amount of assistance needed 

 
Cares for self, unable to carry on 
normal activity or to do work 

60 
Unable to work, able to live at home and 
care for most personal needs, varying 
amount of assistance needed 

Requires occasional assitance 
from others but able to care for 
most needs 

50 
Unable to work, able to live at home and 
care for most personal needs, varying 
amount of assistance needed 

Requires considerable assistance 
from others; frequent medical care  

40 
Unable to care for self, requires 
institutional or hospital care or  equivalent, 
disease may be rapidly progressing 

Disabled, requires special care 
and assistance 

30 
Unable to care for self, requires 
institutional or hospital care or  equivalent, 
disease may be rapidly progressing 

Severely disabled, hospitalization 
indicated; death not imminent 

20 
Unable to care for self, requires 
institutional or hospital care or  equivalent, 
disease may be rapidly progressing 

Very sick, hospitalization necessary, 
active supportive 
treatment necessary  

10 
Unable to care for self, requires 
institutional or hospital care or equivalent, 
disease may be rapidly progressing  

Moribund 

0  Dead 

 



   

DCOG NBL 2009  Final Version Amendment 1  12-09-2012 

160

22.10  METC toestemming  
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22.11  Datamanagement 
 
Datamanagement for this protocol wil be performed by the DCOG Trial Office. 
All case report forms and shipping forms for sending materials and or tissues are available at the 
DCOG Trial Office. All CRFs and shipping forms were designed in close collaboration between the 
DCOG NBL protocol committee (H.N.Caron and G.A.M.Tytgat) and the DCOG Trial Office (J. 
Zijdenbos and M. van Mierlo). 
Each participating center in the Netherlands completes CRF’s and submits these to the DCOG Trial 
Office. At the DCOG Trial Office, this data will be kept in a secure database. 
For reporting of safety information please refer to chapter 19. 
The archiving of all study relevant documents at the local centers and at the DCOG Trial Office will be 
handled according to national law. Each patient receives an unique patient number (DCOG number). 
All study relevant data will be stored electronically and handled confidentially. 
 
 

 

DCOG Trial Office 
 

                            Tel: 070 - 367 45 45 
                            Fax: 070 - 367 08 68 
                            Email: trialbureau@skion.nl 
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22.12  Acute 131I-MIBG toxicity 
 
In 13.2 the rationale of the HRG treatment is described, including 13.2.1 Rationale of 131I-MIBG 
therapy at induction and 13.2.1.1Treatment results in the Netherlands. In these chapters the treatment 
results are shown. In this chapter we will focus on acute toxicity of 131I-MIBG upfront treatment in high 
risk patients. This is defined as toxicity during or in the next 4 weeks after the MIBG treatement.   
 
 
Retrospective analysis 
All patient charts and histories from all available high risk patients age 0 and 18 that were treated with 
131I-MIBG upfront from 1992 till April 2008 were reviewed. In total 64 patients were found, of which the 
characteristics are shown in table 1. 
 
Table 1: 
 Number: (n=70) 

Sex:  

male 34 

female 36 

Age at diagnosis (months):  

mean (range) 35 (1 – 163 months) 

<1 year 23 

Stage:  

I 0 

II 1 

III 2 

IV 65 

IVS 2 

Genetics:  

NMYC amplified 26 / 33 

1p deletion 25 / 42 

 
 
Treatment characteristics 
From this group 59 patients had a neuroblastoma stage 4 and were ill at time of presentation. In table 
2 treatment characteristics are given. In the current protocol the number of 131I-MIBG treatments is 
maximal 2, but in the earlier years if there was an ongoing response, more 131I-MIBG treatments were 
given with one patient having had 6 131I-MIBG treatment courses. Some patients needed some kind of 
extra treatment like vincristine before they went into nuclear isolation. Because the time span of this 
retrospective investigation is very large, the chemotherapy post 131I-MIBG therapy has changed. The 
131I-MIBG dose was fixed at 200 mCI for the first dose and 150 mCI the second dose, unless it was a 
very small child, or if there were other reasons to diminish the dose (thrombocytopenia). In table 2 the 
subsequent 131I-MIBG doses, and in table 3 the cumulative amount of 131I-MIBG is shown.  
 
 
Symptoms during infusion  
We sought for symptoms during the 131I-MIBG infusion and during the isolation, as these could be 
related to 131I-MIBG. 131I-MIBG infusion can give both hyper and hypotension (ref) and in our patients 
we had no clinical signs of either (table 4). During the 131I-MIBG infusions no problems were reported 
both by the Physicians and nurses. Only one patient was nauseous and vomited during the second 
131I-MIBG infusion.   
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Table 2: 
 Number:  
   MIBG-infusions:   

1 10  
2 33  
3 13  
4 10  
5 3  
6 1  

Pretreatment:   
chemotherapy 10  
corticosteroïds 5  
radiotherapy 0  

Therapygroup:   
MIBG+VECI 41  

MIBG+topotecan+VECI 6  
MIBG+RAPIDCOJEC 11  

MIBG+N5/N6 8  
MIBG 4  

   
First MIBG-activity in mCi Therapy I (65): Therapy II (55): 

<50 (<1850) 1 1 
50 (≈1850) 2 0 
75 (≈ 2775) 0 3 
100 (≈3700) 13 22 
150 (≈5550) 21 26 
200 (≈7400) 30 0 

missing 3 8 
   
Isolation (in days):   

Average (range) therapy I 4.7 (2-8)  
Average (range) therapy II 3.9 (2-7)  

 

Table 3:  
Cumulative activity 
(MBq): 

Number of  
patients 

<2.000 1 

2.000-4.000 0 

4.000-6.000 0 

6.000-8.000 8 

8.000-10.000 10 

10.000-12.000 15 

12.000-14.000 16 

>14.000 0 

Total: 50 
 

 

Symptoms during isolation 
The group of patients with a stage 4 or high risk neuroblastoma are mostly sick patients. It is therefore 
necessary to try to determine on forehand if the patients are able to stay in nuclear isolation during the 
period of about 4,7 days the first time and 3,9 days the second 131I-MIBG treatment (table 2). As can 
be seen in table 5 indeed some patients were ill. Two patients had a bacterial infection and one 
developed an infection with Varicella virus during isolation but all patients could remain in nuclear 
isolation. In this group only two patients were early released from nuclear isolation due to respiratory 
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and circulatory failure in one and a persistent convulsive state with secondary respiratory insufficiency 
due to anticonvulsive medication in a second patient (see also SAE).  
To protect the thyroid against 131I-MIBG uptake the patients are being treated with potassium Iodine 
(KI), strumazol and thyrax. It is known that many patients vomit when either KI or tube feeding can be 
given, 27% of the patients during the first and 17% during the second 131I-MIBG treatment session.  
We also noted the haematological toxicity, because on the one hand many of these patients have 
bone marrow invasion at diagnosis, requiring erythrocyte and platelet transfusions and on the other 
hand, 131I-MIBG therapy in patients with a recurrence of their neuroblastoma shows periods of long 
thrombocytopenia. As can be seen in table 5 20% of the patients have a haemoglobin toxicity grade III 
before 1st 131I-MIBG treatment and only 10% before the second treatment. There are not may patients 
with severe thrombocytopenia, 4% grade III before the first treatment an 3% grade III and 2% grade IV 
before the 2nd 131I-MIBG treatment. In this time period 13 patients have been treated with combined 
131I-MIBG and Topotecan. In this group this combination induced leukocytopenia in these patients, 
explaining the amount of patients (23% grade III and 5% grade IV) with a leukocytopenia after the 2nd 
course of 131I-MIBG treatment.  
 

Table 4: 
 Number of  patients: 

Symptoms during infusion: Therapy I (70): Therapy II (60): 

Vomiting 0 1  

Nausea 0 1  

Sweating 0 0 

Pallor 0 0 

Clammy 0 0 

Flushes 0 0 

Convulsion(s) 0 0 

Reduced consciousness 0 0 

 
Table 5: 

 Number : Percentage: 

 Therapy I (70): Therapy II (60): Therapy I: Therapy II: 

Vomiting 19 10 27 17 

Nausea 9 4 13 7 

Sweating 4  6  

Pallor 3  4  

Clammy 1  1  

Flushes     

Convulsion(s) 1  1  

Fever e.c.i. 7 2 10 3 

Infection 4 1 6 2 

Respiratory problems 5  7  

Circulatory problems 1  1  

Hypertension 1  1  

Hemoglobin:   

Grade III 14 6 20 10 

Grade IV 3 1 4 2 

Leukocytes:   

Grade III 3 14 4 23 

Grade IV  3  5 

Trombocytes:   

Grade III 3 2 4 3 

Grade IV  1  2 
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Serious Adverse Events 
One patient developed hypertension, and consequently convulsions. Due to anticonvulsive treatment 
she became respiratory insufficient and needed to be intubated. She was transferred to the Paediatric 
Intensive Care unit (PICU), where she stayed for some time. Finally after controlling the hypertension, 
all problems resolved. The second patient was an infant of 2 months old, that had an high risk 
neuroblastoma, with massive liver infiltration. She was treated because of imminent respiratory 
problems. During her stay in isolation she became respiratory and circulatory insufficient, was 
transferred to the PICU, but despite mechanical ventilation and cardio-stimulants she died. 
 
Conclusion 
Despite the very ill population that is being treated with 131I-MIBG upfront, we report 1.1% SAE. During 
induction therapy other groups report 5.4% NB 90, GPOH NB97 2.7% (table 6 and 7) and in our group 
MIBG followed by N5N6 is 0%. The most important toxicity is nausea and vomiting, likely to be 
correlated with the KI medication and the tube feeding that is being given. The haematological toxicity 
was also not very severe, most patients needed fewer transfusions after 131I-MIBG treatment, and 
severe thrombocytopenia was not seen. The two patients that had a SAE were not related with the 
131I-MIBG treatment, but to the disease itself (hypertension and mechanical obstruction by large liver). 
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Table 7:                                
 NB90 NB97  

                                                              n %      n  %  

tumor  211  54.2  123  33.2  

initial treatment  21  5.4  10  2.7  

ASCT  4  1.0  6  1.6  

chemotherapy  13  3.3  4  1.1  

maintenance therapy  2  0.5  0  0.0  

surgery  2  0.5  0  0.0  

relapse treatment  5  1.3  2  0.5  

tumor & treatment  8  2.1  2  0.5  

secondary malignant disease  11  2.8  1  0.3  

not known/not to decide  5  1.3  4  1.1  

total patients  389   370   
ref: 13.2.2.1 Toxicity of GPOH NB97 induction chemotherapy. 
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22.13  Pilot feasibility upfront 131I-MIBG followed by standard  
arm NB 2004 

 

Rationale 
To evaluate the possibility of treating high risk patients with a neuroblastoma with 131I-MIBG followed 
by the high risk treatment arm of the GPOH NB 2004, we performed a pilot study. In the AMC and 
EMC 14 patients with a high risk neuroblastoma were treated with two courses of 131I-MIBG followed 
by the high risk arm of GPOH NB 2004.  
Here we document the feasibility, toxicity and dose intensity of this treatment and we compare this to 
earlier data of the NB 97 study, in which the high risk arm (comprising N5 and N6 blocks of 
chemotherapy) was already being used.  
 
Patient characteristics 
In table 1 patient characteristic are being shown. All patients were high risk patients, based on stage 4 
or amplification of N-myc. 
 
Table 1: 
 Number : 

N 14 

Sex:  

male 9 

female 5 

Age at diagnosis (years):  

median (range) 2 (0.7-6.3) 

Localization:  

Abdominal 13 

Thoracic 1 

Bone marrow invasion:  

present 10 / 13 

Genetics:  

NMYC amplified 6 / 14 

1p deletion 4 / 10 

 
 
Treatment 
The intention was to treat all patients with two courses of 131I-MIBG before chemotherapy. Eleven 
patients were given a second 131I-MIBG treatment and only three patients were treated once with 131I-
MIBG. One patient had progressive disease with bone marrow invasion, due to clinical deterioration he 
was not a candidate for nuclear isolation. One patient had convulsions and severe hypertension, she 
needed intensive monitoring during the second treatment. The third patient had marginal uptake of 
131I-MIBG in the primary tumor, so she proceeded earlier to the chemotherapy.  
All patients have had the first, second and third N5 and the first and second N6. only 10 patients have 
had the third N6, one patient had a very good response and proceeded to high dose, one patient had 
progressive disease and died of disease, the third patient went on to surgery and the last patient is still 
under treatment and the third N6 is scheduled.  
Of the 14 patients from 13 stem cells have been harvested, or are in the process of harvesting. This is 
shown separately in table 4. One patient had progressive disease and no stem cell harvest has been, 
or will be performed.  
All but one patient have been successfully operated. Surgery in one patient is scheduled for the near 
future and one patient underwent surgery in 2 tempi.  
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Table 2: 

Therapy 
Number of patients: 
(total 14) 

MIBGI 14 

MIBGII 11 

N5I 14 

N6I 14 

N5II 14 

N6II 14 

N5III 14 

N6III 10 

Stem cell harvest 13 

HD/ASCT 10 

Surgery I 13 

Surgery II 1 
 
 
Therapy interval 
We investigated the interval between the different chemotherapy courses and compared these with 
the results of the German GPOH GPOH NB90 and NB 97 study.  
We show the interval between the different courses of chemotherapy. The median interval is shown for 
every interval between the different courses with the range. In the second line the interval per patient 
is shown.  
Not all patients have had a second course of MIBG, and these patients are shown in the right column, 
with the time between MIBG I and N5I.  
Surgery is performed between two courses of chemotherapy and because of this, it seems that the 
interval is prolonged, affecting the median. So, in bold the median interval is given without the patients 
that underwent surgery (next tot the total interval) and in the right column (bold) the actual delay per 
patient that underwent surgery is shown.  
The median of all N5/N6 cycles is 28 days, and when corrected for the surgery delays it is 27,5 days. 
In the NB 90 the median interval between the chemotherapy cycles was 32 days (range 9 to 46 days), 
and 27 days (range 17 to 64) in GPOH NB97.  This treatment intensification may be one reason for 
better outcome of GPOH NB97 high risk patients compared to the previous trials. (See also chapter 
13.2.2.2 Toxicity of GPOH NB97 (N5/N6) induction chemotherapy.) 
So the addition of 131I-MIBG upfront followed by NB 2004 chemotherapy (in which the standard arm is 
the same as studied in NB 90 and GPOH NB97) is feasible with the same dose intensity as was 
obtained in GPOH NB97.  
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Table 3: 

 Median (range) in days:  

MIBG I-II 
28 (21-43) 

21/27/27/28/28/28/28/32/42/42/43 
 

MIBG II -N5I 
28 (20-55) 

20/21/21/24/28/28/29/29/30/31/55 
3 patients MIBG I (no MIBG II) – 

N5I:28/37/99. 

N5I - N6I 
28 (21-34) 

21/21/21/22/23/26/28/28/28/28/29/29/31/34 
 

N6I - N5II 
24.5 (20-50), 24 (20-49)* 

20/21/21/21/21/21/24/25/25/28/28/30/49/50** 
**delay due to surgery (50) 

N5II - N6II 
24 (20-42) 

20/21/21/21/21/21/22/26/28/28/28/30/35/42 

 
 
 

N6II - N5III 
30 (21-55), 29 (21-40)* 

21/24/26/27/28/29/30/32/34/34/40/42/55** 
**delay due to surgery (42) 
delay due to surgery (55) 

N5III - N6III 
29 (21-58), 24.5 (21-41)* 

21/21/24/24/25/33/39/41/49/58** 

4 patients no N6III. 
**delay due to surgery (49) 
**delay due to surgery (58) 

*indicates the interval for patients that only had chemotherapy (days), excluding the time needed for 
the operation ** the delay between two courses due to surgery given per patient in days. 
 

Stem cell harvest and reinfusion 
Of the 14 eligible patients (table 4) one patient had progressive disease (patient 6) and died of disease 
before harvest was performed. Of the resulting 13 patients, eleven patients have been successfully 
harvested. Concerning the two resulting patient’s (patient 11 and 12), in one patient 12 the harvest 
was very recent and the yield is not yet known and in one patient 11 there are not yet enough CD34 
positive cells for an autologus transplantation.  
Of the 13 patients from which stem cells have been harvested, nine patients underwent autologus 
stem cell reinfusion. This was uneventful in 8 patients (p 1, 2, 3, 4, 5, 8, 9, 13) and the engraftment 
was successful. In one patient (patient 14) engraftment was unsuccessful. The patient stayed 
depended on transfusions of erythrocytes and platelets, so a second reinfusion of the stem cells was 
performed. This patient died of progressive disease with bone marrow involvement before the 
engraftment was complete. In two other patients (patient 7 and 10) no autologus reinfusion of CD 34 
positive cells was done because of progressive- or persistent disease.  
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Table 4: Harvest and reinfusion 
Patient MIBG Harvesting 

frequency 
Result (10x6/kg 
CD34) 

Origin Reinfusion 

1 2 1 1.9 SC Successful 
2 2 1 2.1 SC Successful 

3 2 1 4.4 SC Successful 

4 2 1 32.3 SC Successful 

5 2 1 11.8 SC Successful 

6  ND    

7 2 1 15 SC Not performed (PD) 

8 1 1 2.13 SC Successful 

9 2 1 2.7 SC Successful 

10 2 1 5.5 SC Not performed (PD) 

11 1 3 0.91 SC / BM Scheduled  

12 2 1 In process SC Scheduled  

13 1 1 8.4 SC Successful 

14 2 1 10.6 BM Unsuccessful 
SC = stem cells, BM = bone marrow, PD = progressive disease, ND = no harvest done due to 
progressive disease.  
 

Conclusion  
In this pilot we have treated 14 patients with upfront 131I-MIBG therapy followed by the standard arm of 
the high risk protocol of the GPOH NB 2004. This is the same regimen as was used in NB 97.   
We show that it is feasible to do so and that adding 131I-MIBG to this protocol does not give rise to 
delays between the subsequent courses of chemotherapy. It is further also possible to harvest stem 
cells of these patients and that engraftment is not compromised.  
In this small group of patients there were no toxic death and all patients that died, died of disease 
progression.   
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22.14  Overview add-on studies 
 

The add-on studies will be posted on the DCOG website, where they can be downloaded. 
(http://www.skion.nl/) 
The studies will be summarized here and when referred to the number given will be used. 

 
1. Biological and epigenetic profiling of the Dutch neuroblastoma spectrum: DNA abnormalities, 

gene expression profiles, protein expression and investigation of cellular and molecular effects 
of epigenetic drugs. 
Prof.  R. Versteeg and Prof. H.N. Caron Dept of human Genetics and Paediatric Oncology, 
AMC and Dr. M.M. van Noesel M.D.Ph.D. Dept of pediatric oncology/hematology Sophia 
Children’s Hospital 

2. Feasibility of immunotherapy in children with high-risk neuroblastoma. 
Drs. K.CJ.M.Kraal Dept pediatric Hematology and oncology LUMC 

3. Minimal residual disease (MRD) monitoring in neuroblastoma to improve MRD based risk 
stratification and treatment. 
Dr. G.A.M. Tytgat, Prof H.N.Caron, Prof E. van der Schoot, Dept of paediatric oncology, AMC 
and Dept Immunology Sanquin Amsterdam 

4. Plasma en urine vrije metanefrines als marker voor diagnostiek en follow-up van 
neuroblastoom. 
Dr. E.S.J.M. de Bont, drs. H.W.A. de Jong, dr. I.P. Kema, Dept pediatric hemato/oncology and 
dept laboratoriumgeneeskunde UMCG 
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22.14.1  General Overview  

 
Diagnosis: All stages: 
 
 Basic assessment (§10.1.1) 

 History and clinical status 

 Lab test: haematology, electrolytes, liver function, kidney function, coagulation, blood type, viral 

serology.+  5 – 10 ml EDTA blood to DCOG NBL reference lab 

10-20 ml EDTA peripheral blood to Kraal,  

5 ml EDTA blood to Sanquin  

0.5 ml EDTA blood  to E de Bont 

 Tumor markers: LDH and ferritin 

 Catecholamines in urine 

 Imaging at diagnosis (radiology and nucleair imaging) §10.1.3 and §10.1.3.4 

 Bonemarrow assessement §10.1.4 + 3- 5 ml EDTA BM to Kraal in labeled packages tumor box 

   3 -5 ml EDTA BM to Sanquin 

≥ 5 unstained smears 

2-3 ml heparinized bone marrow 

 Pathology: ship tumor sample to NBL reference lab,  see §10.1.5 

 Genetic markers (tumor tissue) §10.1.6 and 22.4 and 22.5 

 Sampling for add-on studies at diagnosis:  

 Tumor:  
Add-on study 1: R. Versteeg and M.M. van Noesel 
Tumor samples needed for pathology and Genetic markers together with  5 – 10 ml EDTA 
blood will be collected and send in the tumor box to the DCOG NBL reference lab, 
antropogentetica in the AMC. From this diagnostic material, “rest” material will be distributed 
for add-on studie 1. 
 

 BM and blood at diagnosis: 
Add-on study 2: K.C.J.M.Kraal  
BM at diagnosis: 3- 5 ml EDTA and Peripheral blood at diagnosis: 10-20 ml EDTA 
will be sent to KCJM Kraal in special labeled packages that can be found in the tumor box.  

 
Add-on study 3: G.A.M.Tytgat 
3 -5 ml EDTA BM and 5 ml EDTA blood will be sent to Sanquin by conventional courier 
together with  
 ≥5 unstained smears and 2-3 ml heparinized bone marrow, needed for determination of anti-
GD2-immunocytology (see also §10.1.4 Bone marrow assessment).   

 

 Urine and Blood samples:  
Add-on study 4: dr. E.de Bont   
5 ml Urine and  0.5 ml EDTA blood at diagnosis and during therapy: will be collected and sent 
to Dr. E. de Bont.  
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22.14.2   Logistics per therapy group after initial diagnosis:  

 
Observation group: 
 

 
 
 
 
Add-on:  
 
At diagnosis: see above 
 
At each time Point when catecholamines will be measured, Urine and EDTA blood will be collected 
and sent to Dr. E. de Bont, add-on study 4.  
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Medium risk group:  
See also 10.3.1 MRG group: Tumor evaluation, toxicity monitoring and criteria for start chemotherapy cycles 
 

  Pre-op       
 BM*    BM *    BM *    BM *        BM* 
 US or MRI   US or MRI   MRI    US   US or MRI     US    US    US    US and MRI 
 MIBG     MIBG     MIBG     (MIBG)        MIBG 
     VMA/HVA     VMA/HVA         VMA/HVA 

 
 
 
 
 
 
 

   
 
WBC, CRP 
Electrolytes 
Liverenzymes 
PT/APTT 
Creatinin 
LDH/Ferr** 

Echocardiogram 
 
 
Audiometrie 
BM ± For stage IV infants if previous BM not free of tumorcells 
 
At diagnosis: see above 
 
For add-on study 3 G.A.M.Tytgat: MRD study: 3 -5 ml EDTA BM and 5 ml EDTA blood will be sent to Sanquin by conventional courier together with ≥5 
unstained smears and 2-3 ml heparinized bone marrow, needed for determination of anti-GD2-immunocytology (see also §10.1.4 Bone marrow assessment).   

  

event Dx during therapy surgery FU: 6 mo 12 mo 24 mo
date

tumor T1
PB PB1 PB2 PB3 PB4 PB5 PB6
BM BM1* BM2* BM3* BM4* BM5* BM6*

* = with regular BM punction

Flowsheet MRD research intermediate risk patients

 
Add-on study 4: 5 ml Urine at each time point when catecholamines will be measured. 0.5 ml EDTA blood when blood is tested before the next chemotherapy 
course.  Urine and EDTA blood can be collected and sent to Dr. E. de Bont.  

 
 
Tumor 
Evaluation 

Toxicity 
monitoring 
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High risk group:  See also 10.3.2 Diagnostics during HR treatment  
                         

 BM*  BM*   BM *  BM     BM   BM **         
 US       MRI          
 MRI   US or MRI  US or MRI  US    US or MRI   US    US    US and MRI 
 MIBG      MIBG    MIBG   (MIBG)        MIBG 
 VMA/HVA VMA/HVA   VMA/HVA  VMA/HVA    VMA/HVA        VMA/HVA 

 
 
 
 
 
 
 
 
 

 
WBC, CRP 
Electrolytes 
Liverenzymes 
PT/APTT 
Creatinin 
LDH/Ferr** 

Echocardiogram 
Audiometrie  
 
VMA/HVA: catecholamine metabolites in urine     BM: Bone marrow (chapter 10.1.4 for details and logistics) 
S: Surgery                            BM *: if BM not free of tumorcells (antiGD2 imunocytol). 
N5/N6: chemotherapy cycles       BM ** :if no CR before ASCT, then perform BM/MRI/US after 3 months 
US: ultrasound of primary tumor     Add-on at diagnosis: see above 
MRI: MRI mandatory, only of previous MRI showed residual tumor For add-on study 3 GAM Tytgat: MRD study 
MIBG: 123I-MIBG imaging, only if previous 123I-MIBG was abnormal 3 -5 ml EDTA BM and 5 ml EDTA blood will be sent to Sanquin  
13-cis-RA: 13-cis-retinoic acid consolidation therapy   by conventional courier together with BM, BM * and BM **    

    

event: Dx post MIBG  1* N5/N6 2* N5/N6 surgery 3* N5/N6 ASC FU: 6 mo 12 mo 24 mo
date
tumour T1
PB PB1 PB2 PB3 PB4 PB5 PB6 LFM1 PB7 PB8 PB9
BM BM1* BM2* BM3* BM4* BM5* BM6* BMharvest1 BM7* BM8* BM9*

Flowsheet MRD research high-risk neuroblastoma

 
Add-on study 4: 5 ml Urine at each time point when catecholamines will be measured. 0.5 ml EDTA blood when blood is tested before the next chemotherapy 
course.  Urine and EDTA blood will be collected and sent to Dr. E. de Bont.  

Toxicity 
monitoring 

Tumor 
Evaluation 
(10.3) 
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22.15  131I-MIBG-regimen and whole body dosimetry 
 

 

131I-MIBG-regimen and whole body dosimetry  
The schedule for 131I-MIBG treatment is based on a total absorbed whole body dose of 4 Gy. The first dose 
is based on patient’s weight: 444 MBq/kg (12 mCi/kg), maximum 1100 MBq (300 mCi). The second dose will 
be based on the total absorbed whole body dose calculated from whole body retention measurements after 
administration of the first therapeutic dose. 
 
Whole body dosimetry.The activity administered is corrected for any residue in the vials or tubing system. 
This netto activity serves as the 100% whole body retention measurement performed immediately after the 
completion of infusion and before the first voiding of the bladder. 
 
Measuring configuration: 
Whole body measurements are performed by a fixed measuring configuration with a minimal distance 
between the measuring equipment and the child of at least 2 meters. It is advisable to use markers for the 
positioning of the bed (child) and measuring equipment. When measuring it is important that all redundant 
sources (radioactive diapers or waste) have been removed. 
Except for the measurement at T=0, the child should void the bladder or diapers should be changed before 
each measurement. 
 
Scheme of measurements: 
Day 1 T = 0h : At the end of infusion. Every 2 h until 22.00 h. 
Day 2 3 times per day, at least 6h between measurements. 
Day 3 In the morning and the end of the afternoon. 
Day4  In the morning and the end of the afternoon or at discharge 

 
 
Calculation: To calculate the whole body dose, a dedicated Exel based programme will be used with the 
protocol. This will be available on the DCOG website.  
In this programme, the exact administered dose, the distance between the child and the measurement 
equipment, the date/time of measurements and the results of exposure measurements have to be filled out.  
 
 
Dosimetry (background) 
The mean dose of a target organ is depended on the total administered dose and biodistribution.  
 
To simplify dosimetric calculations, organ parameter S is introduced. In Olinda S-values are tabulated for 
many nuclides in combination with many source and target organs. In this particular model, the total body or 
remainder body is the only source and target organ. Therefore, the whole body dose can be written as. 

wbwb S
A

D
 

0

        (1) 

With:  
 Swb: dose per unit cumulative activity in the source organ [Gy·MBq-1·h-1] 

 D :  mean absorbed dose [Gy] 
A0: administered activity [MBq] 
τ: residence time [h] 

 

The residence time is the ratio between the accumulated number of desintegrations, wbA
~

, and the 

administered activity, A0:    

0

~

A

Awb
wb          (2) 

 
The software package Olinda/EXM is used to calculate the WB-EDE from equation (1). 
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Calculations 
 
To determine the residence time τ, the integral Ãwb has to be calculated. Since Equation 4 is valid, Ãh can be 
calculated by taking the area under time activity curve (TAC).  
But since the patient will be measured until discharge, an assumption has to be made about the TAC after 
discharge (tdc).  

21

0

~
AUCAUCdtAAwb  



      (3) 

where 





dct

i

AAUC
1

1         (4) 

dctmeb
m

AUC 
1

2        (5) 

where m and b are parameters obtained fitting an exponential function trough the measured time points.  
 
Olinda/EXM has implemented several models for paediatric patients to determine Swb. These models vary 
between 0, 1, 5, 10 and 15 year old children. For adults, an age of 20 years is used. In our case 
intrapolation is required, since the typical patient age will be around 2.5 years. This results in the following 
interpolation. 

Age interpolation

y = 0,0158e-0,0868x

R2 = 0,9053
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Figure 1: Fit of the age depended S-rate factor for 131I by Olinda using a residence time of 1 
MBq*h/MBq.   
 
Using the correct age-dependent Swb-rate factor, Eq. 1 can be solved. This gives the effective dose 

equivalent in mSv/MBq. After multiplying with the administered activity, the effective dose D is calculated 
and expressed in Gy.  
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22.16  Drug interactions with MIBG 
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22.17  EANM Dosage Card 
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