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Abstract

Purpose In non-metastatic neuroblastoma (NB), the

identification of the cases that require more intensive

treatment is still difficult. Minimal disease (MD) and

minimal residual disease (MRD) detection in outcome

prediction seems to be important in advanced neuroblas-

toma, but there are not many studies focused on patients

with non-metastatic disease. The aim of this study was to

determine whether the presence of MD detected at diag-

nosis could be associated with bad prognosis.

Procedures Quantitative reverse transcriptase–polymer-

ase chain reaction QRT–PCR was performed on peripheral

blood (PB) and bone marrow (BM) samples from patients

with non-metastatic NB at diagnosis for tyrosine hydrox-

ylase (TH) and doublecortin (DCX) mRNAs detection.

Results The frequencies of detecting MD in our series of

102 patients with non-metastatic NB were as follows: 6.2%

(5/81) PB samples and 10.6% (10/94) BM samples. Overall

survival was similar for patients who expressed or not the

MD biomarkers at diagnosis. However, patients with MD

detected in PB showed lower EFS than patients with neg-

ative PB (P = 0.038).

Conclusions Minimal disease detection in PB seems to be

useful for predicting relapse probabilities in patients with

non-metastatic NB. The stages 1 and 2 patients with neu-

roblastoma showed high survival rates, and MD was

detected in a small number of patients probably being non-

contributory for predicting patient outcome. For stage 3

patients with NB, MD detection by QRT–PCR in PB at

diagnosis could be useful for predicting outcome and for

early and sensitive detection of relapsing disease.

Keywords Neuroblastoma � Minimal residual disease �
Quantitative reverse transcriptase–polymerase chain

reaction (QRT–PCR) � MYCN � 1p deletion

Introduction

One of the most frequent solid tumours in early childhood is

neuroblastoma (NB). NB is remarkable for its clinical and

genetic heterogeneity. Prognosis fundamentally depends on

age at diagnosis (Brodeur and Maris 2002; London et al.

2005), histology (Shimada et al. 1999), tumour stage

(Brodeur et al. 1988) and MYCN oncogene amplification

status (Brodeur et al. 1984; Seeger et al. 1985). Other

molecular parameters such as tumour cell DNA content

(Look et al. 1991), gain of chromosome arm 17q (Caron

1995), deletion of chromosome arm 1p (Christiansen and

Lampert 1998) and recently 11q (Cohn et al. 2009; Spitz et al.

2006) have shown to be predictive of patient outcome.

Localized NB patients with MYCN amplification (MY-

CNA) (stages 2 and 3) are included in high-risk protocol

and receive an intensive treatment schedule, including

induction chemotherapy, surgery, myeloablative
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Unidad de Genética y Diagnóstico Prenatal, Hospital
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chemotherapy followed by autologous stem cell reinfusion,

radiotherapy and biological-based therapy with 13-cis-ret-

inoic acid. Nevertheless, high-risk patients have frequently

fatal outcome.

On the other hand, patients with localized disease and

without MYCNA are generally treated only with surgery

(stages 1–2) or with standard–dose chemotherapy followed

by surgery (stage 3) showing a good outcome. High 5-year

overall survival (OS) and event-free survival (EFS) have

been observed in these patients (99 ± 1% and 90 ± 3%,

respectively) (Cotterill et al. 2000). Separating patients by

stage, OS and EFS are around 95% for stage 1, 86% for

stage 2 and 65% for stage 3 patients (Rubie et al. 2011).

Despite the good prognosis, some of these patients present

metastatic relapses and consequently die.

Solid tumours continuously shed cells into the circulation,

and in NB, this minimal disease (MD) can be detected in

peripheral blood (PB) and bone marrow (BM) (Moss and

Sanders 1990; Swartz et al. 1999). Molecular detection of MD

has been considered an important prognostic factor in meta-

static NB. Quantitative reverse transcriptase–polymerase chain

reaction (QRT–PCR) technique for detecting tumour cells in

PB and BM is an extremely sensitive method that makes pos-

sible the detection of one tumoral cell in 106 haematopoietic

cells (Cheung and Cheung 2001; Lambooy et al. 2003).

Many studies have been performed to identify suitable

targets for MD and minimal residual disease (MRD)

detection in NB. A recent European study concluded that

tyrosine hydroxylase (TH), doublecortin (DCX) and

PHOX2B genes are the best candidates for circulating NB

cell detection (Viprey et al. 2008). In our group, we rou-

tinely perform the MRD analysis in high-risk patients with

NB using TH and DCX biomarkers because of their com-

plementarities in tumoral cell detection (Oltra et al. 2005).

The TH gene codes for the first enzyme in the cate-

cholamine synthesis pathway, which is produced by NB

cells (Burchill et al. 2001). The DCX gene codes for a

microtubule-associated protein that interacts with and

regulates the microtubule cytoskeleton. It is expressed

specifically in migrating neurons from the central and

peripheral nervous system (Gleeson et al. 1999).

The aim of the present study was to analyse the TH and

DCX expression at diagnosis in PB and BM from patients

with non-metastatic NB to associate the MD presence with

outcome.

Materials and methods

Patients and samples

The present study consists of 102 patients with NB from

34 cooperative Spanish hospitals. NB staging was

established according to International Neuroblastoma

Staging System (INSS) criteria. Samples of fresh or

frozen tumour were referred to the Spanish reference

centre for pathology and molecular biology NB studies.

Samples were centrally reviewed and classified according

to the International Neuroblastoma Pathology Committee

(INPC) system (Shimada et al. 1999; Burgues et al.

2006). Biological studies included status of MYCN and

1p, both studied by FISH according to ENQUA guide-

lines (Noguera et al. 2003; Ambros et al. 2003). Patients

were included in different National and European studies

(LNESG-I and II, INES, EUNS, HR-NBL1 and others).

Two BM aspirations and 2 biopsies were performed on

routine at diagnosis in all NB cases. All BM were pre-

viously analysed by cytological and histological screen-

ing and were negative at diagnosis. The MD studies

were centrally performed at the Spanish NB MRD ref-

erence laboratory, and for these purpose, 2 ml of PB and

0.5 ml of BM were collected in EDTA Vacutainer tubes

(BD, UK). All patients had at least one sample, and most

of them had both PB and BM. Patients’ samples were

considered positive when both markers were detected.

Informed consent for samples and data management was

obtained in all cases from patients’ parents.

Total RNA extraction

Ficoll gradient centrifugation was used to isolate mono-

nuclear cells from BM and PB specimens, as recommended

by the manufacturer (Lymphoprep AXIS-SHIELD PoC

AS).

Once purified, mononuclear cells were lysed in RLT

(RNasy kit; Qiagen) and immediately stored at -80�C.

Total RNA was isolated with a RNasy kit (Qiagen),

following the manufacturer’s recommendations.

Retro-transcription (RT)

Total RNA was reverse transcribed in a final volume of

40 lL, following the manufacturer’s guidelines (Gene-

ampGold RNA PCR Core Kit, Applied Biosystems). The

reaction mixture was incubated at 25�C for 15 min and at

42�C for 30 min.

Real-time quantitative PCR

Real-time quantitative PCR of DCX, TH and GAPD mRNA

was achieved by means of the ABI Prism 7,000 Sequence

Detection System (Applied Biosystems). TaqMan MGB

probes and primers were used to quantify the DCX, TH and

GAPDH expression. All expression assays have FAM

reporter dye at the 5’ end and a non-fluorescent quencher at
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the 30 end of the probe. GAPDH gene was used as an

endogenous reference to control the difference in RNA

extraction and cDNA synthesis.

In each 25 lL 96-Well Optical Reaction Plate, 1.5 lL of

cDNA template was added to a PCR reaction mix (Applied

Biosystems) containing 5 mmol/L MgCl2; 200 mmol/L of

each of dATP, dCTP, dGTP and dUTP; 0.05 U/mL

AmpliTaq Gold DNA polymerase; and 0.01 U/mL Am-

pErase UNG to prevent the PCR product from carrying

over, as well as a passive reference dye, ROX. This ref-

erence dye provides an internal reference to which the

reporter dye signal can be normalized, compensating for

differences between wells and experiments caused by

pipetting errors or by instrument variability; 1.25 lL of

DCX, TH or GAPD Assays-on-Demand mixture was also

included in the mixture (The TaqMan MGB probes and

primers have a concentration of 18 nM for each primer and

5 nM for the probe). The assay references were as follows:

Hs00167057_m1, Hs00165941_m1 and Hs99999905_m1,

respectively. Each plate was covered with an Optical

Adhesive Cover (Applied Biosystems). Samples were

always run in duplicate PCR experiments. The initial PCR

started using the ABI Prism 7,000 Sequence Detector with

a 50�C, 2-minute step to optimize UNG activity, followed

by a 95�C, 10-minute step to activate AmpliTaq Gold DNA

polymerase and UNG deactivation. Then, 50 2-step cycles

were performed, one at 95�C for 15 s and one at 60�C for

1 min. The entire PCR took 2 h and 11 min to complete,

with no post-PCR handling. The amount of both DCX and

TH was measured in reference to the housekeeping GAP-

DH gene, also studied in duplicate by obtaining the DCT

values in the following way: The mean CT for the marker

gene was subtracted by the mean CT of GAPDH

(DCT = CT [Marker]-CT [GAPDH]).

Statistical analyses

Mean values comparison was performed by the Student’s

t test. For EFS analysis, time to event was defined as the

time from diagnosis until the time of first occurrence of

relapse, progression or death. For OS, time to event was

defined as time until death or until last contact if the patient

was alive. Survival analysis was performed to compare OS

and EFS between groups using the Kaplan–Meier method,

and differences between groups were tested using log-rank

tests. These statistical analyses were run using SPSS,

version 12.0.

Results

Samples from 102 NB patients with non-metastatic disease

at diagnosis were classified as follows: 38 stage 1, 11 stage

2 and 53 stage 3. Stages 1–2 patients were treated only with

surgery followed by a complete re-evaluation according to

the LNESG-I or II protocol. Stage 3 patients also received

chemotherapy according to the INES or EUNS study.

Stages 2 and 3 patients with MYCNA received high-dose

chemotherapy, myeloablative therapy with haematopoietic

stem cell rescue, local radiotherapy and 13-cis retinoic

therapy in conformity with the HR-NBL1 study. Clinical,

biological and follow-up data are summarized in Table 1.

Favourable histology was found in 54 patients (twenty-six

stage 1, four stage 2 and twenty-four stage 3). Twenty-

eight patients presented unfavourable histology (two stage

1, three stage 2 and twenty-three stage 3). INPC classifi-

cation was not informed in 20 cases. MYCN amplification

was detected in 16 patients (two stage 2 and fourteen stage

3). Deleted 1p chromosome was observed in 17 patients

(two stage 1, one stage 2 and fourteen stage 3), while

imbalanced 1p chromosome was found in 6 patients (three

stage 1, one stage 2 and two stage 3). Relapses were

observed in one stage 1 and three stage 2 (one local and

two local and metastatic). However, all of them are cur-

rently alive. With respect to the stage 3 patients with NB,

four patients presented disease progression and seven

relapsed (three presented metastatic relapses, one presented

local relapse and one presented local and metastatic

relapse; relapse location was not informed in two patients).

Thirteen stage 3 patients died, eleven of them due to dis-

ease progression, one due to surgical complications and

one died 21 days after diagnosis because the patient’s

parents refused any treatment (Table 1).

The expression of TH and DCX was analysed in 81 PB

and 94 BM samples collected at diagnosis from the 102

patients included in the study. We detected positive PB

samples in 5 patients (one stage 1 (3%), none stage 2 (0%)

and four stage 3 (9%)). In addition, 10 patients presented

positive BM samples (two stage 1 (6%), none stage 2 (0%)

and eight stage 3 patients (16%)). The number and per-

centages of positive PB and BM samples depending on the

TH and DCX expression and separating patients according

to the stage are detailed in Table 2.

OS and EFS were similar for patients expressing or not

the MD markers in BM. This analysis was also done

excluding the patient who died due to surgical complica-

tions and the untreated case, and the same results were

obtained. When we separated patients by stage, there were

no differences in OS or in EFS for stages 1–2 and stage 3

patients according to the detection of MD in BM or not

(Fig 1).

Significant results were found in survival analysis when

we studied MD detection in PB. The analysis shows that

non-metastatic NB patients with MD detected in PB pre-

sented lower EFS than patients with negative PB

(P = 0.038). OS was similar for patients expressing, or
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Table 1 Overview of the 102 patients with non-metastatic neuroblastoma included at diagnosis in the analysis

Characteristic INSS stage

1 2 3 Total

Number of patients 38 11 53 102

Age at diagnostic in months

Median 25 17 24 23

Range 0.4–138 0.9–62 0.2–126 0.2–138

Patients over 18 months at diagnostic 16 3 25 44

Sex

Female 22 7 21 50

Male 16 4 32 52

Primary site

Adrenal 16 5 13 34

Abdominal 11 2 27 40

Cervical 0 0 1 1

Thorax 10 1 7 18

Cervical–thorax 0 0 2 2

Thorax–abdominal 0 0 1 1

Pelvic 0 1 1 2

Other sites 1 2 1 4

Protocol of treatment

LNESGI 2 0 0 2

LNESGII 21 5 0 26

EUNS 0 0 19 19

INES 7 3 13 23

HR-NBL-1 0 2 14 16

Other 9 0 7 16

Histology

Favourable histology (%) 26 (68%) 4 (36%) 24 (45%) 54 (53%)

Unfavourable histology (%) 2 (5%) 3 (27%) 23 (43%) 28 (27%)

Not informed (%) 10 (26%) 4 (36%) 6 (11%) 20 (30%)

MYCN status

Amplified (%) 0 (0%) 2 (18%) 14 (26%) 16 (16%)

Not amplified (%) 34 (89%) 9 (82%) 37 (70%) 80 (78%)

Not determined (%) 4 (10%) 0 (0%) 2 (4%) 6 (6%)

1p status

Normal (%) 25 (66%) 6 (54%) 25 (47%) 56 (55%)

Deleted (%) 2 (5%) 1 (9%) 14 (26%) 17 (17%)

Imbalance (%) 3 (8%) 1 (9%) 2 (4%) 6 (6%)

Not determined (%) 8 (21%) 3 (27%) 12 (23%) 23 (22%)

Relapse (months)

Median 5.2 6.9 13.9 11.2

Range 5.2–5.2 5.3–7.1 1.5–22 1.5–22

Type of relapse

Local 0 1 3 4

Metastatic 1 0 1 2

Local ? metastatic 0 2 1 3

Not informed 0 0 2 2

Exitus (months)

Median 11 11
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not, the MD markers in PB. We did the analysis also

separating patients by stage. Neither did we find significant

differences in OS or in EFS in stages 1–2 depending on

MD detection or not. In stage 3 patients, however, we

found that cases with MD detected in PB showed lower

EFS than patients without MD in PB (Fig. 2). These results

were very close to be significant (P = 0.057).

We studied the prognostic impact of unfavourable his-

tology, age at diagnosis, MYCNA and 1p deletion in our

series. Except for age at diagnosis, survival analyses

revealed that patients with those risk factors showed sig-

nificant lower OS and EFS than patients with favourable

histology, no MYCNA and undeleted 1p chromosome, as

expected (Fig 3). Patients older than 18 months showed a

tendency of bad outcome in EFS but the differences were

not statistically significant (P = 0.08).

The presence of MD at diagnosis and the previously

mentioned risk factors were also analysed in our series. Out

of 5 patients with MD detected in PB, 3 did not have any of

the studied risk factors. Two cases showed deleted 1p

chromosome and MYCN amplification, and one of them,

older than 18 months, presented unfavourable histology.

Regarding the 10 patients with MD detected in BM, 8 were

younger than 18 months and presented normal MYCN

status. MYCNA was detected in 2 patients. Also, 2 showed

deleted 1p chromosome and imbalance 1p chromosome.

Furthermore, five patients had unfavourable histology, and

one patient presented the 4 studied risk factors. We could

not establish an association between MD detection and the

presence or not of the above-mentioned risk factors, due to

the small number of localized NB patients with MD at

diagnosis.

Discussion

Regarding localized NB, the identification of cases that

require special attention is still difficult. MYCN amplifi-

cation, deletion of chromosome arm 1p and recently 11q

are well documented as recognized biological risk factors,

but there are cases without such risk factors with a bad

outcome. MD and MRD detection in outcome prediction

seems to be important in advanced NB, but there are not

many studies focused on patients with non-metastatic

disease.

In the present study, we analysed the impact of the MD

detection in PB and BM from localized patients with NB at

diagnosis using QRT–PCR. All BM were previously

Table 2 Minimal disease detection in peripheral blood and bone marrow samples from the 102 patients with non-metastatic neuroblastoma

Peripheral blood Bone marrow

Stage 1 Stage 2 Stage 3 Stage 1 Stage 2 Stage 3

DCX? (%) 4 (13%) 0 (0%) 9 (21%) 5 (15%) 1 (9%) 14 (29%)

TH? (%) 5 (17%) 1 (12%) 5 (12%) 4 (12%) 1 (9%) 10 (20%)

DCX? TH? (%) 1 (3%) 0 (%) 4 (9%) 2 (6%) 0 (0%) 8 (16%)

Patients with positive samples 8 (27%) 1 (12%) 10 (23%) 6 (18%) 2 (18%) 6 (33%)

Total samples 30 8 43 34 11 49

Total patients 38 11 53 38 11 53

We obtain at least one sample per patient

Table 1 continued

Characteristic INSS stage

1 2 3 Total

Range 0.4–24 0.4–24

Exitus cause

Disease progression 0 0 11 11

Surgical complication 0 0 1 1

Other 0 0 1 1

Time of follow-up

Median 36 28 26 30

Range 0.7–84 5.8–70 0.4–89 0.7–89
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analysed by cytological screening and were negative at

diagnosis. However, this technique has limited sensitivity

and is unable to reliably detect MD (Cheung et al. 1997).

We detected MD in PB samples from 5 patients (one stage

1 (3%), none stage 2 (0%) and four stage 3 patients (9%)).

In addition, 10 patients presented positive BM samples

(two stage 1 (6%), none stage 2 (0%) and eight stage 3

patients (16%)) Positive samples were considered when

both MD markers were detected, taking into account that

TH may be also present in some T-lymphocytes (Cosentino

et al. 2007) and lead to false positivity.

The low relapse rates observed in our series fit well with

those expected in patients with localized disease (De Ber-

nardi et al. 2008). According to our results, TH and DCX

mRNA detection in PB of children with localized disease at

diagnosis predicts relapse probabilities, reflecting the

Fig. 1 Effects on survival of bone marrow status at diagnosis. Upper panels correspond to the analysis of the 102 patients with non-metastatic

neuroblastoma and lower ones separating patients by stages
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propensity of dissemination via bloodstream. When we

divided our series into stages 1–2 and stage 3 groups, there

was a tendency of bad outcome in stage 3 patients with the

MD biomarkers detected in PB. This situation is very close

to be statistically significant, so we considered that

increasing the number of analysed patients will clarify that

MD detection by QRT–PCR in PB from stage 3 patients is

helpful to predict patient outcome.

Concerning the stages 1–2 cases, we only studied the

relapse risk based on the MD detection. Some groups have

found in long-term follow-up of children with stages 1 and

2 NB high survival rates and a small proportion with local

recurrence (Perez et al. 2000; De Bernardi et al. 2008). We

reached the same conclusion, and even though some of

them have relapsed, all are currently alive. MD was

detected in a small percentage of our stages 1 and 2

Fig. 2 Effects on survival of peripheral blood status at diagnosis. Upper panels correspond to the analysis of the 102 patients with non-

metastatic neuroblastoma and lower ones separating patients by stages
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patients with NB, and no correlation between MD detection

and outcome was found, suggesting that for this group MD

studies are non-contributory for predicting patient outcome.

Positive results previously obtained by immunocyto-

chemistry (IC) in BM and PB samples at diagnosis from

stages 1, 2 and 3 patients correlated with unfavourable

outcome (Corrias et al. 2004; Corrias et al. 2008). With

respect to stage 4 patients, TH mRNA detected in PB at

diagnosis has been described as a poor prognostic indicator

(Gleeson et al. 1999; Reynolds 2004). In addition, high

transcript concentration of TH and other MRD markers in

PB and BM at diagnosis have been associated with poor

prognosis in patients with NB. In particular, TH in BM

above median indicated worse outcome for a homogenous

cohort with HR-NB (Träger et al. 2008).

It is worth mentioning the fact that only the MD detection

in PB and not in BM samples showed this putative influence

on survival. The use of PB and not BM samples for the study

is an additional advantage, considering that patient will not

be exposed to an invasive technique. Many evidences have

shown that the presence of circulating tumour cells in the PB

of patients with solid tumours correlates with clinical out-

come (Steen et al. 2008; Bozionellou et al. 2004). However,

some results are in conflict, and for this reason, the biological

significance of circulating tumour cells and the clinical rel-

evance of their detection are still unclear. These cells may

generate metastatic deposits, depending on the expression

of the appropriate molecules, or die by apoptotic mecha-

nisms. Tumours present genetically heterogeneous cell

subpopulations with different metastatic potential, so the

presence of these circulating tumour cells is necessary, but

not sufficient for the metastasis development (Mocellin et al.

2006).

On the other hand, we also confirm in our series that

localized NB patients with unfavourable histology, MY-

CNA or 1p deletion showed significant lower OS and EFS

than patients without those risk factors. Due to the heter-

ogeneity of this neuroblastic tumour, only the combination

of clinical and biological factors can explain the tumour

behaviour.

In conclusion, MD detection in PB at diagnosis seems to

be useful for predicting relapse probabilities in patients

with non-metastatic NB. Stages 1 and 2 patients with NB

showed high survival rates, and the MD markers were

detected in a small number of patients probably being non-

contributory for predicting patient outcome. For stage 3

patients with NB, MD detection by QRT–PCR in PB at

diagnosis could be useful for predicting outcome and for

early and sensitive detection of relapsing disease. QRT–

PCR is a sensitive, easy and not expensive method for the

detection of MD. However, in order to use a uniform

methodology for analysis and reporting, we recommend

performing the study of MD in PB from stage 3 patients

with NB at diagnosis in a reference laboratory and to

include this into an international study protocol. In this

group of patients, the study of MD in PB at different time

points of evolution/treatment could be another interesting

challenge.

Fig. 3 Effects on survival of age at diagnosis, histology, MYCN

amplification and 1p chromosome status of the 102 patients with

non-metastatic neuroblastoma. \18 months: patients younger

than 18 months, [18 months: patients older than 18 months, FH

favourable histology, UH unfavourable histology, MYCNA MYCN
amplification, MYCN not A MYCN not amplified, normal 1p: normal

1p chromosome, imbal. 1p: imbalanced 1p chromosome, del.1p:

deleted 1p chromosome
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