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Background: It is not clear which known adverse prognostic factors of neuroblastoma are
closely associated with tumor recurrence after complete response. We analyzed the factors
for post-remission recurrence in children with neuroblastoma through a retrospective study.
Methods: A total of 179 children with neuroblastoma who achieved initial complete response
were included in this study. Kaplan-Meier method and multivariate Cox regression model were
used to assess the factors that may have impact on tumor recurrence after complete response.
Results: The 5-year overall survival rates of the entire cohort (n = 179), recurrence group (n
= 86) and non-recurrence group (n = 93) were 81.9%, 66.2%, and 98.7%, respectively. The
S-year recurrence-free survival (RFS) rates of the entire cohort and the high-risk cohort were
47.3% and 31.2%, respectively. RFSs were significantly reduced in children with age >18
months, INSS stage 4, unfavorable histology, bone marrow metastasis, osseous metastasis,
serum NSE level >100 ng/mL, and serum LDH level >1400 U/L (P < 0.05). The independent
risk factors for post-remission recurrence in the entire cohort were age >18 months, unfavor-
able histology, and serum LDH level >1400 U/L (P < 0.05). In the high-risk cohort, the
independent risk factor for recurrence was serum LDH >1400 U/L (P < 0.05). Based on
a new recurrence risk stratification, the 5-year RFSs of the children were 93.5%, 66.4%, and
22.5% in the low-risk, intermediate-risk, and high-risk groups, respectively. The area under
the ROC curve of the new stratification was 0.773 (95% CI: 0.704—0.842).

Conclusion: Age >18 months, unfavorable histology, and serum LDH level >1400 U/L are
independent risk factors for post-remission recurrence in children with neuroblastoma.
A newly established recurrence risk stratification has diagnostic advantages in predicting
risk of recurrence, which is especially suitable for low- and middle-income countries or
regions.

Keywords: age, MYCN amplification, histology, recurrence-free survival, serum lactate
dehydrogenase, serum neuron-specific enolase

Introduction

Neuroblastoma is one of the most common primary malignant tumors in children,
accounting for 8% to 10% of all childhood cancers and for approximately 15% of
cancer deaths in children. A previous study reported that the disease-specific
survival at 1, 2, 5, and 20 years for the entire cohort was 81%, 70%, 61%, and
59%, respectively.? Despite the fact that the cure rate of neuroblastoma has sig-
nificantly increased with the combination of surgery, chemoradiotherapy and stem

cell transplantation, 50% to 60% of patients with high-risk neuroblastoma have
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recurrence, and no curative salvage treatment regimens
exist.” Numerous studies have shown that children with
recurrent neuroblastoma have a poor prognosis.*”’ Tumor
recurrence is often accompanied by distant metastasis or
the development of new lesions such as central nervous
system,® resulting in increased mortality. The mechanism
of recurrence after complete response in patients with
neuroblastoma remains unclear, and further research on
the evidence of factors affecting recurrence has become
a prerequisite for preventing post-remission relapse in
patients with neuroblastoma.

Although event-free survival (EFS) has been recog-
nized as a very important prognostic indicator for evaluat-
ing tumor outcomes, it still has some limitations. The
concept of a clinical event is relatively vague, which
includes not only the recurrence and progression of
a disease but also death from the disease, toxicity, and
accidents. In addition, the mechanisms that lead to tumor
progression, recurrence, and death may be different, some
known prognostic factors including age, INSS stage,
metastasis, MYCN status, histological grading, and serum
lactate dehydrogenase (LDH) level may not be used to
accurately predict post-remission recurrence in patients
with neuroblastoma.

In contrast to traditional studies on prognostic factors
for childhood neuroblastoma, we independently analyzed
the prognostic factors based on recurrence-free survival
(RFS) through a retrospective study. The in-depth under-
standing of the factors of recurrence in this setting may
promote the prevention of tumor recurrence as a new
therapeutic approach. Moreover, with adjustments to the
initial treatment for patients at high risk of recurrence, the
rate of post-remission recurrence may significantly reduce,
which provide a new approach to improve the long-term
outcomes for children with neuroblastoma.

Materials and Methods

Clinical Materials

This study was carried out in accordance with the
Declaration of Helsinki, and was approved by the Ethics
Committee of the Beijing Tongren Hospital, Capital
Medical University, Beijing, China (No. 2020—08-SFZX-
HDS). Written informed consent to participate in the study
was obtained from all children’s guardians. A retrospective
analysis was performed on 376 children with neuroblas-
toma who were admitted to the Pediatrics Department of
the Beijing Tongren Hospital from 2005 to 2020 and who

had postoperative pathological confirmation of the diag-
nosis. From this cohort, 179 children who achieved initial
complete response after comprehensive treatment were
included in this study. All pathological types were con-
firmed by initial surgical excision of the primary lesion.

Data for all variables were obtained from electronic
medical records. The variables included in the study con-
sisted of demographic variables (age and gender), clinical
variables [International Neuroblastoma Staging System
(INSS)’ stage, International Neuroblastoma Pathology
Classification (INPC)' pathological type, primary site, and
metastatic sites], and laboratory variables [serum neuron-
specific enolase (NSE) and LDH level assessed before initial
treatment]. Due to the fact that DNA ploidy, 11q aberration,
vanillylmandelic acid (VMA), and homovanillic acid (HVA)
information were not available in most cases, these indica-
tors were not included in the statistical analyses.

According to the risk of poor prognosis, the age group
was divided into groups under the age of 18 months and at
or over the age of 18 months.'"'> The amplification status
of MYCN oncogene in tumor tissues was detected by
fluorescence in situ hybridization, and amplification was
defined when the copy number >10. In terms of the serum
NSE, the cohort was divided into groups with a level >100
ng/mL and <100 ng/mL."*'* Serum LDH level was
dichotomized by 1400 U/L with reference to a recent
prognosis study by the International Neuroblastoma Risk
Group (INRG)."® In some cases, because of the inability to
accurately distinguish between retroperitoneal and adrenal
space occupation by abdominal ultrasound or CT, they
were combined into one category in primary sites.
Because there were few cases in INSS stages 2 and 4S,
stages 2, 3, and 4S were combined according to the
prognosis,'” to enable comparison with stage 4.

In accordance with the International Neuroblastoma
and evaluation

Response  Classification

9,18

previous
criteria, ' ° complete response was defined as the complete
disappearance of all primary and metastatic diseases for at
least 4 weeks with a normal serum NSE and LDH level, and
recurrence was defined as a new site of disease following an
initial complete response. RFS was calculated from the time

of initial treatment to the date of recurrence or last contact.'®

Treatment Strategy

With reference to the principles of the Children’s
Oncology Group (COG), we formulated the treatment
plan for neuroblastoma.
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For the low- and intermediate-risk patients, surgical
resection combined with chemotherapy was the main treat-
ment. One-stage complete resection was performed for
single localized tumor. For patients unable to undergo
upfront surgical resection, preoperative chemotherapy of
2-4 cycles were used to reduce volume before surgical
resection. Postoperative chemotherapy lasted 2—4 cycles in
the low-risk group and 4-6 cycles in the intermediate-risk
group. Chemotherapy regimens for the low- and inter-
mediate-risk patients included CBP+VP16 (carboplatin:
560mg/m> on day 1; etoposide: 120mg/m® on day 1
to day 3) and CTX+DOX+VCR (cyclophosphamide:
1.5g/m* on day 1; doxorubicin: 25mg/m’> on day 1
to day 2; vincristine: 1.5 mg/m* on day 1), which were
carried out alternately.

For patients in the high-risk group, the treatment was
surgery combined with chemotherapy, and myeloablative
chemotherapy with autologous peripheral blood stem cell
transplantation (APBSCT) was performed for the eligible
patients. Preoperative chemotherapy was delivered 3—4
cycles, and postoperative chemotherapy was delivered 4—
6 cycles. Chemotherapy regimens for the high-risk patients
included TC (topotecan: 1.2mg/m* on day 1 to day 5;
cyclophosphamide: 250mg/m” on day 1 to day 5), CDV
(cyclophosphamide: 2.1g/m* on day 1 to day 2, intrave-
nous infusion for 48 hours; doxorubicin: 25mg/m* on day
1 to day 3, intravenous infusion for 72 hours; vincristine:
0.67mg/m* on day 1 to day 3, intravenous infusion for 72
hours), and CiE (cisplatin: 50mg/m? on day 1 to day 4;
etoposide: 200mg/m> on day 1 to day 3). Chemotherapy
started with 2 cycles of TC regimen, followed by alternat-
ing CDV and CiE. For children under one year of age in
the high-risk group, PECA regimen (cisplatin: 90mg/m>
on day 1; etoposide: 100mg/m* on day 3; doxorubicin:
30mg/m? on day 14; cyclophosphamide: 150mg/m* on day
7 to day 13) was used. Radical or partial resection was
performed if the tumor was considered resectable after
preoperative chemotherapy. Patients older than 2 years
were considered to receive radiotherapy at the site of the
primary lesion and metastatic diseases after intensive post-
operative chemotherapy. If the tumor did not achieve
complete response after postoperative treatment,
a continued chemotherapy of 4-6 cycles or a second sur-
gical resection was performed. Four cycles of consolida-
tion chemotherapy or APBSCT was performed once
a patient achieved initial complete response. Melphalan,
carboplatin, and etoposide were used for pre-treatment of
APBSCT (melphalan: 70 mg/m? on day 1 to day 3;

carboplatin: 425 mg/m* on day 1 to day 4; etoposide:
338 mg/m? on day 1 to day 4). Stem cells were mobilized
using recombinant human granulocyte colony-stimulating
factor (5-10 pg/kg until the neutrophil value was greater
than 1.5 x 10°/L).

In patients with intermediate- and high-risk neuroblas-
toma, oral 13-cis-retinoic acid consolidation treatment
began 60 days after postoperative chemotherapy or
APBSCT (160 mg/m?, once every 2 days, 14 days
a course of treatment, 6 continuous courses). The treat-
ment protocol is shown in Figure 1.

Evaluation of Treatment Response and
Tumor Monitoring After Complete

Response

Serum NSE and LDH were reviewed in each chemother-
apy cycle. Imaging examinations at the site of tumor
invasion, including MRI, CT, and ultrasound, were
reviewed every two chemotherapy cycles. Bone marrow
examination and minimal residual disease (MRD) were
reviewed every two chemotherapy cycles in patients with
bone marrow involvement. In patients with bone metas-
tases, whole-body bone scans were reviewed every 4 che-
motherapy cycles. All children underwent '** I-MIBG
scan or PET/CT before stopping chemotherapy.

After achievement of initial complete response, the
serum NSE and LDH were reviewed monthly in the
first year, every 2 months in the 2nd to 3rd years, and
every 3 months after the 3rd year. Imaging examinations
of primary tumor and metastatic diseases were reviewed
every 3 months in the first year, every 4 months in the 2nd
to 3rd years, and every 6 months after the 3rd year. In
patients with bone marrow metastases, bone marrow
examination and MRD were reviewed every 3 months
for the first three years, and every 4-6 months after the
3rd year. Once the patient has bone pain, headache or
tumor compression symptoms, the serum NSE, serum
LDH, imaging examination, and bone marrow examina-
tion should be reviewed immediately to determine whether
the tumor had recurred.

Statistical Analysis

The data were analyzed statistically using the SPSS 22.0
software. Continuous variables are described by mean or
median, and categorical variables are expressed by fre-
quency and percentage. The Kaplan—Meier method was
used for univariate analysis, and the Log rank test was
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Figure | Treatment protocol.

used to evaluate the difference among univariate factors.
A multivariate Cox regression model was used to assess
the relationship between risk factors and tumor recurrence.
P < 0.05 indicated that the difference was statistically
significant.

Results

General Data

Of the 179 children with neuroblastoma in initial complete
response, 94 were males and 85 were females. The mean
age was 3.47 £ 2.66 years, with the minimum and max-
imum ages being 0 and 14.25 years, respectively. The
mean duration of the follow-up was 59.45 + 2.08 months,
with a median follow-up of 55.00 £ 2.49 months. The

demographic and clinical features, including age, gender,

\
13-cis-retinoic acid
(6 courses)

INSS stage, pathological type, primary site, distant metas-
tasis site, MYCN status, serum NSE level, and serum LDH
level, of the entire cohort are summarized in Table 1.

Of the 179 children with initial complete response, 86
(48.0%) relapsed during follow-up period. Among them,
single focal in situ recurrence was detected in 8/86 (9.3%)
cases, single focal distant recurrence was detected in 14/86
(16.3%) cases, and multifocal recurrence was detected in
64/86 (74.4%) cases. 31/86 (36.0%) cases had adrenal
gland recurrence, 19/86 (22.1%) cases had mediastinum
recurrence, 47/86 (54.7%) cases had bone marrow recur-
rence, 45/86 (52.3%) cases had bone recurrence, 13/86
(15.1%) cases had intracranial or meningeal recurrence,
5/86 (5.8%) cases had lung or pleural recurrence, 6/86
(7.0%) cases had liver recurrence, and 16/86 (18.6%)
cases had distant lymph node recurrence. The mean time
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Table | Clinical Features of the Entire Cohort

Total (n=179)

Age (months) [n (%)]

218 135 (75.4)

<18 44 (24.6)
Gender [n (%)]

Male 94 (52.5)

Female 85 (47.5)
INSS stage [n (%)]

2 10 (5.6)

3 65 (36.3)

4 98 (54.7)

EN 6 (3.4)
Pathological type [n (%)]

Neuroblastoma 104 (58.1)

Ganglioneuroblastoma (nodular) 47 (26.3)

Ganglioneuroblastoma (intermixed) 26 (14.5)

Ganglioneuroma 2 (1.1)
Primary site [n (%)]

Adrenal glands/Retroperitoneum 139 (77.7)

Mediastinum 34 (19.0)

Pelvis 4 (2.2)

Cervical soft tissue 1 (0.6)

Spinal canal 1 (0.6)
Distant metastasis site [n (%)]

Bone marrow 70 (39.1)

Bone 69 (38.5)

Distant lymph node 39 (21.8)

Liver 14 (7.8)

Lung 4 (2.2)

Central nervous system 3(1.7)

Other sites (skin, scrotum and ascites) 3(1.7)
MYCN status [n (%)]

Amplified 33 (184)

Not amplified 58 (32.4)

Unknown 88 (49.2)
Serum NSE level (ng/mL) [n (%)]

=100 89 (49.7)

<100 90 (50.3)

Serum LDH level (U/L) [n (%)]

21400 I (6.1)

<1400 168 (93.9)

Abbreviations: INSS, International Neuroblastoma Staging System; NSE, serum
neuron-specific enolase; LDH, serum lactate dehydrogenase.

to recurrence was 26.02 = 1.79 months, with a median
time to recurrence of 22.00 months.

Overall Survival of Each Group
The 5-year overall survival (OS) rate of 179 children with
initial complete response was 81.9%. The OS rates of

recurrent and non-recurrent children were 66.2% and

98.7%, respectively. The 5-year OS rates of the COG
high-, intermediate- and low-risk groups were 75.7%,
95.9%, and 100.0%, respectively. The OS rates in the non-
recurrence group and the intermediate-/low-risk group
were significantly higher than those in the recurrence
group and the high-risk group, respectively. (P < 0.05)
(Table 2 and Figure 2).

Analysis of Recurrence Factors in 179
Children with Post-Remission

Neuroblastoma

Comparison of RFSs in Each Group and Univariate
Analysis of the Risk Factors for Post-Remission
Recurrence

The 5-year recurrence-free survival (RFS) rates of the entire
cohort, high-risk group, intermediate-risk group, and low-
risk group were 47.3%, 31.2%, 85.1%, and 88.9%, respec-
tively. The age, gender, INSS stage, histological type, pri-
mary site, bone marrow metastasis, osseous metastasis,
hepatic metastasis, distant lymph node metastasis, MYCN
status, serum NSE level, and serum LDH level of all patients
were statistically analyzed. The 1-year, 3-year, and 5-year
RFSs of each group were listed (Table 3) and RFS curves
were drawn (Figures 3—Figure 5). The results showed that the
RFSs of the group with age >18 months, INSS stage 4,
unfavorable histology, bone marrow metastasis, osseous
metastasis, serum NSE level >100 ng/mL, and serum LDH
level >1400 U/L were significantly lower than those of the
group with age <18 months, INSS stages 2/3/4S, favorable
histology, non-bone marrow metastasis, non-osseous metas-
tasis, serum NSE level <100 ng/mL, and serum LDH level
<1400 U/L, respectively (P < 0.05). There were no statistical
differences in RFSs among gender, primary site, hepatic
metastasis, and distant lymph node metastasis (P > 0.1).
MYCN amplification may be associated with reduced RFSs
(0.05<P<0.1).

Multivariate Analysis of Risk Factors for
Post-Remission Recurrence

Factors with P < 0.1 in univariate analysis, including age,
INSS stage, histological type, bone marrow metastasis,
osseous metastasis, MYCN status, serum NSE level, and
serum LDH level were assessed using a multivariate Cox
regression model. After variable adjustment, the indepen-
dent risk factors for post-remission recurrence in patients
with neuroblastoma were age >18 months, unfavorable
histology, and serum LDH level >1400 U/L (P < 0.05).
The hazard ratios of age >18 months, unfavorable
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Table 2 Overall Survival of Each Group in Children with Neuroblastoma After Initial Complete Response
n (%) I-Year OS (%) 3-Year OS (%) 5-Year OS (%) P value
Total 179 (100.0) 98.9 88.9 81.9
Recurrence group 86 (48.0) 97.7 86.0 66.2 <0.001
Non-recurrence group 93 (52.0) 100.0 98.7 98.7
High-risk group 120 (67.0) 99.2 85.3 757 0.01
Intermediate-risk group 49 (27.4) 98.0 95.9 95.9
Low-risk group 10 (5.6) 100.0 100.0 100.0

Abbreviation: OS, overall survival.

histology, and serum LDH level >1400 U/L were 3.017,
2.813 and 3.644, respectively. INSS stage, bone marrow
metastasis, osseous metastasis, MYCN status, and serum
NSE level had no significant effect on post-remission
recurrence in patients with neuroblastoma (P > 0.05)
(Table 4).

Analysis of Post-Remission Recurrence
Factors in 120 Children with High-Risk

Neuroblastoma

Comparison of RFSs in Each Group and Univariate
Analysis of the Risk Factors for Post-Remission
Recurrence

As shown in Table 3, the recurrence rate of the high-
risk group was much higher than that of the low- and
intermediate-risk group; in addition, the treatment regi-
men for high-risk children is different from that for
intermediate- and low-risk children, so children in
high-risk group were analyzed separately. The 1-year,
3-year, and 5-year RFSs in each group of high-risk
children were shown in Table 5 and Figure 6. The
results showed that the RFSs of the group with unfa-
vorable histology and serum LDH level >1400 U/L

were significantly lower than those of the group with
favorable histology and serum LDH level <1400 U/L,
respectively (P < 0.05). There were no statistical dif-
ferences in RFSs among gender, INSS stage, primary
site, bone marrow metastasis, osseous metastasis, dis-
tant lymph node metastasis, MYCN status, serum NSE
level, radiotherapy, and APBSCT (P > 0.1). Children
older than 18 months or without hepatic metastasis
may result in reduced RFSs (0.05 < P < 0.1).

Multivariate Analysis of Risk Factors for
Post-Remission Recurrence

Factors with P < 0.1 in univariate analysis, including
age, histological type, hepatic metastasis, and serum
LDH level were assessed using the multivariate Cox
regression model. After variable adjustment, the inde-
pendent risk factors for post-remission recurrence in
high-risk children with neuroblastoma were serum
LDH level 21400 U/L (P < 0.05), with a hazard ratio
of 2.803. Age, histological type, and hepatic metastasis
had no significant effect on post-remission recurrence
in high-risk children with neuroblastoma (P > 0.05)
(Table 6).
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Figure 2 (A) Overall survival (OS) of 179 children with complete response; (B) Comparison of OS between recurrence group and non-recurrence group; (C) Comparison
of OS in different COG risk groups. (Kaplan—Meier method, P value shown for Log rank test among variables).
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Table 3 Comparison of RFSs in 179 Children with Neuroblastoma After Initial Complete Response
n (%) I-Year RFS (%) 3-Year RFS (%) 5-Year RFS (%) P value

Total 179 (100.0) 94.4 60.1 473

COG risk group
High risk 120 (67.0) 90.8 47.9 31.2 <0.001
Intermediate risk 49 (27.4) 93.9 85.1 85.1
Low risk 10 (5.6) 100.0 88.9 88.9

Age (months)
218 135 (75.4) 91.9 534 36.4 <0.001
<18 44 (24.6) 93.2 8l1.4 8l.4

Gender
Male 94 (52.5) 88.3 59.3 43.7 0.380
Female 85 (47.5) 96.5 61.2 52.7

INSS stage
2,3,4S 8l (45.3) 87.7 70.7 60.3 0.005
4 98 (54.7) 95.9 51.6 37.0

Histological type
Unfavorable histology 100 (55.9) 90.0 46.8 27.0 <0.001
Favorable histology 79 (44.1) 94.9 774 774

Primary site
Adrenal glands/Retroperitoneum 139 (77.7) 91.4 583 45.7 0.467
Others 40 (22.3) 95.0 66.7 53.2

Bone marrow metastasis
Yes 70 (39.1) 95.7 50.4 36.1 0.009
No 109 (60.9) 89.9 66.7 54.6

Osseous metastasis
Yes 69 (38.5) 97.1 493 339 0.009
No 110 (61.5) 89.1 67.3 56.3

Hepatic metastasis
Yes 14 (7.8) 929 779 64.9 0.129
No 165 (92.2) 92.1 58.6 45.7

Distant lymph node metastasis
Yes 39 (21.8) 94.9 53.6 40.8 0.254
No 140 (78.2) 914 62.0 49.1

MYCN status
Amplified 33 (36.3) 90.9 60.6 49.9 0.090
Not amplified 58 (63.7) 98.3 75.5 66.9

Serum NSE level (ng/mL)
=100 89 (49.7) 91.0 458 323 <0.001
<100 90 (50.3) 933 748 64.4

Serum LDH level (U/L)
21400 I (6.1) 727 9.1 9.1 <0.001
<1400 168 (93.9) 93.5 63.6 49.8

Abbreviations: RFS, recurrence-free survival; INSS, International Neuroblastoma Staging System; NSE, serum neuron-specific enolase; LDH, serum lactate dehydrogenase.

Establishment of a New Recurrence Risk
Stratification and Comparison with Previous
Stratification Systems

Based on the independent recurrence risk factors of age >18
months, favorable histology, and serum LDH level >1400 U/
L, a new recurrence risk stratification system was estab-
lished, which divided the children into three categories:

low, intermediate, and high risk. Low risk was defined as
the absence of all three risk factors, intermediate risk was
defined as the presence of any one of the three risk factors,
and high risk was defined as the presence of two or more risk
factors. Under this stratification, there were 32/179 (17.9%)
in low-risk group, 55/179 (30.7%) in intermediate-risk
group, and 92/179 (51.4%) in high-risk group, respectively.
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Figure 3 (A) Recurrence-free survival (RFS) of 179 children with complete response; (B) Comparison of RFS in different COG risk groups. (Kaplan—Meier method, P value
shown for Log rank test among variables).
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Figure 4 Comparisons of recurrence-free survival by (A) age, (B) gender, (C) INSS stage, (D) histological type, (E) primary site, and (F) bone marrow metastasis in 179
children with neuroblastoma. (Kaplan—-Meier method, P value shown for Log rank test among variables).
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level, and (F) serum LDH level in 179 children with neuroblastoma. (Kaplan—Meier method, P value shown for Log rank test among variables).

The 5-year RFSs were 93.5%, 66.4%, and 22.5% in the low-
risk, intermediate-risk, and high-risk groups, respectively.
Comparison of the new recurrence risk stratification with
previous stratification systems, including COG risk stratifi-
cation and INRG classification system,' is shown in Table 7
and Figure 7. The areas under the ROC curve (AUC) of
COG risk stratification, INRG classification and the new
established recurrence risk stratification were 0.729 (95%
CI: 0.654—0.804), 0.700 (95% CI: 0.623—0.777), and 0.773
(95% CI: 0.704—0.842), respectively.

Discussion

At present, a consensus has been reached to predict clin-
ical prognosis by combining clinical and biological fac-
tors. The COG stratified patients into low-, intermediate-,
or high-risk categories based upon age, INSS stage, MYCN
status, DNA copy number (ploidy), and histological grad-
ing, with each group displaying a risk category that was
correlated with clinical events.”’ The recently proposed
INRG classification defined a similar approach with the

goal of pretreatment classification.'® It is important to
note, however, that clinical events in EFS researches
include not only disease recurrence but also disease pro-
gression, disease death, and accidental death. Therefore,
no matter which risk stratification method is used, the risk
of tumor recurrence in children with neuroblastoma may
not be accurately predicted. In addition, since the mechan-
ism of recurrence after complete response for neuroblas-
toma remains unclear, and the factors that lead to tumor
recurrence may be different from the known adverse prog-
nostic factors, we consider it necessary to investigate the
risk factors leading to recurrence independently.

Due to the limitations of the medical technology, there
is currently no method of detection of certain biomarkers,
such as MYCN amplification, DNA ploidy, or 11q aberra-
tion, in most areas of China, which led to the insufficient
feasibility of using COG or INRG stratification to predict
the outcomes. Therefore, we aimed to assess the risk of
post-remission recurrence by analyzing the features of
more readily available clinical data, including age, gender,
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Table 4 Cox Proportional Hazard Model for the Unadjusted and Adjusted Risk Factors of Post-Remission Recurrence in 179 Children

with Neuroblastoma

n Unadjusted Adjusted
HR 95% CI P value HR 95% CI P value
Age (months)
=18 135 4.094 1.969-8.511 <0.001 3.017 1.411-6.454 0.004°
<18 44 | |
INSS stage
2,3, 45 8l I 0.006 [ 0.593°
4 98 1.897 1.206—2.983 0.809 0.373-1.757
Histological type
Unfavorable histology 100 4.156 2.441-7.077 <0.001 2813 1.581-5.006 <0.001°¢
Favorable histology 79 | |
Bone marrow metastasis
Yes 70 1.736 1.135-2.653 0.011 1.025 0.566—1.858 0.935¢
No 109 | |
Osseous metastasis
Yes 69 1.749 1.142-2.679 0.010 1.086 0.598-1.972 0.788°
No 110 | |
MYCN status
Amplified 33 1.809 0.900-3.635 0.096 1.966 0.832-4.646 0.123
Not amplified 58 | |
Serum NSE level (ng/mL)
=100 89 2.468 1.564-3.896 <0.001 1.462 0.872—2.451 0.1498
<100 90 | |
Serum LDH level (U/L)
21400 I 4.740 2.420-9.284 <0.001 3.644 1.760-7.547 <0.001"
<1400 168 | |

Notes: “Adjusted for INSS stage, histological type, bone marrow metastasis status, osseous metastasis status, serum NSE level, and serum LDH level; bAdjusted for age,
histological type, bone marrow metastasis status, osseous metastasis status, serum NSE level, and serum LDH level; “Adjusted for age, INSS stage, bone marrow metastasis
status, osseous metastasis status, serum NSE level, and serum LDH level; dAd]usted for age, INSS stage, histological type, osseous metastasis status, serum NSE level, and
serum LDH level; °Adjusted for age, INSS stage, histological type, bone marrow metastasis status, serum NSE level, and serum LDH level; ¥ Adjusted for age, INSS stage,
histological type, bone marrow metastasis status, osseous metastasis status, serum NSE level, and serum LDH level; g Adjusted for age, INSS stage, histological type, bone
marrow metastasis status, osseous metastasis status, and serum LDH level; h Adjusted for age, INSS stage, histological type, bone marrow metastasis status, osseous
metastasis status, and serum NSE level;

Abbreviations: HR, hazard ratio; Cl, confidence interval; INSS, International Neuroblastoma Staging System; NSE, serum neuron-specific enolase; LDH, serum lactate

dehydrogenase.

INSS stage, histological type, primary site, metastasis site,
serum NSE level, and serum LDH level. Although some
patients lacked MYCN amplification results in this study,
we performed a statistical analysis of the available data.
We used tumor recurrence as an endpoint event in the
survival analysis, to search for risk factors of post-
remission recurrence in children with neuroblastoma
through a retrospective study.

This study found that children with age >18 months,
unfavorable histology, and serum LDH level >1400 U/L
had a significantly higher risk of recurrence than those
with age <18 months, favorable histology, and serum
LDH level <1400 U/L, respectively.

Although age is a continuous variable, a cutoff point of
12 or 18 months has been customarily used in survival
with
neuroblastoma.>' The traditionally accepted age cutoff of

analyses and clinical practice in patients
1 year was based on the observations performed by
Breslow in 1971, ie, that age >1 year was associated
with a worse outcome.”” Recent reviews suggest that age
of 18 months may be a more clinically relevant predictor
of outcome.'"'* Combining the results of recent studies
and in accordance with the COG and INRG risk stratifica-
tion, the age threshold in this study was set at 18 months.
In this study, children at or older than 18 months had

a significantly increased risk of post-remission recurrence.
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Table 5 Comparison of RFSs in 120 Children with High-Risk Neuroblastoma After Initial Complete Response
n (%) I-Year RFS (%) 3-Year RFS (%) 5-Year RFS (%) P value

Age (months)
218 107 (89.2) 90.7 46.1 27.3 0.095
<18 13 (10.8) 923 61.5 61.5

Gender
Male 68 (56.7) 88.2 533 332 0.519
Female 52 (43.3) 94.2 40.9 29.1

INSS stage
2,3,4S 29 (24.2) 724 44.6 226 0.188
4 91 (75.8) 96.7 48.9 33.6

Histological type
Unfavorable histology 94 (78.3) 89.4 45.5 24.0 0.016
Favorable histology 26 (21.7) 96.2 56.3 56.3

Primary site
Adrenal glands/Retroperitoneum 99 (82.5) 90.9 48.3 328 0.396
Others 21 (17.5) 90.5 45.9 229

Bone marrow metastasis
Yes 68 (56.7) 95.6 48.8 345 0.439
No 52 (43.3) 84.6 46.8 239

Osseous metastasis
Yes 66 (55.0) 98.5 48.5 334 0.442
No 54 (45.0) 81.5 474 279

Hepatic metastasis
Yes 9 (7.5) 100.0 778 583 0.053
No 111 (92.5) 90.1 454 289

Distant lymph node metastasis
Yes 37 (30.8) 94.6 511 375 0.608
No 83 (69.2) 89.2 46.5 284

MYCN status
Amplified 28 (52.8) 89.3 57.1 44.0 0.757
Not amplified 25 (47.2) 100.0 61.7 45.0

Serum NSE level (ng/mL)
=100 76 (63.3) 92.1 42.9 27.0 0.262
<100 44 (36.7) 88.6 56.4 384

Serum LDH level (U/L)
21400 9 (7.5) 88.9 .1 .1 0.006
<1400 111 (92.5) 91.0 51.0 329

Radiotherapy
Yes 35 (29.2) 91.4 37.1 25.0 0.246
No 85 (70.8) 90.6 52.6 33.9

APBSCT
Yes 26 (21.7) 88.5 385 19.2 0.176
No 94 (78.3) 91.5 50.8 357

Abbreviations: RFS, recurrence-free survival; INSS, International Neuroblastoma Staging System; NSE, serum neuron-specific enolase; LDH, serum lactate dehydrogenase;

APBSCT, autologous peripheral blood stem cell transplantation.

Previous studies have shown a poorer EFS in children
older than 18 months; however, by independent RFS ana-
lysis for age, we found that age is also one of the most
important indicators for evaluating risk of recurrence after
complete response. With the same INSS stage group,
histological type, bone marrow and osseous metastasis

status, serum NSE level, and serum LDH level, the risk
of post-remission recurrence was 3.017 times higher in
children with age >18 months than in those with age <18
months.

In 1984, Shimada proposed a pathological classifica-
tion schema that linked the histopathological features of
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Figure 6 (A) Comparisons of recurrence-free survival by (A) age, (B) histological type, (C) hepatic metastasis, and (D) serum LDH level in 120 children with high-risk
neuroblastoma. (Kaplan—-Meier method, P value shown for Log rank test among variables).

tumors to clinical behavior, in which tumors are classified
based on the age-dependent Schwannian stromal develop-
ment, neuroblastic differentiation, and the mitosis—karyor-
rhexis index (MKI).? This classification system has been
widely used and has been introduced into the COG and
INRG classification systems. In this study, neuroblastoma
was divided into groups of favorable and unfavorable
histology. After multivariate Cox regression model analy-
sis, unfavorable histology was found to be an independent
risk factor for recurrence after complete response. With the
same age group, INSS stage group, bone marrow and
osseous metastasis status, serum NSE level, and serum
LDH level, the risk of recurrence was 2.813 times higher
in children with unfavorable histology than in those with
favorable histology.

MYC belongs to a family that includes MYCL and
MYCN.** MYC proteins are part of a network of interacting
transcription factors which regulate the expression of multi-
ple genes involved in cell-proliferation, growth, senescence,
metabolism, differentiation, and apoptosis.>> MYCN is often
overexpressed in tumors of nerve cell origin, including neu-
roblastoma, retinoblastoma, and medulloblastoma, etc. As
one of the earliest genetic markers identified in neuroblas-
toma, MYCN amplification is often associated with poor
prognosis.***® Our study showed that there was no signifi-
cant difference in RFSs between patients with and without
MYCN amplification, and MYCN amplification was not an
independent risk factor for post-remission recurrence in chil-
dren with neuroblastoma after multivariate analysis. We
found that MYCN amplification did not appear to be

Table 6 Cox Proportional Hazard Model for the Unadjusted and Adjusted Risk Factors of Post-Remission Recurrence in 120 Children

with High-Risk Neuroblastoma

n Unadjusted Adjusted
HR 95% ClI P value HR 95% CI P value
Age (months)
=18 2.115 0.853-5.243 0.106 1.887 0.714—4.988 0.200*
<18 | [
Histological type
Unfavorable histology 2.148 1.130-4.082 0.020 1.863 0.964-3.600 0.064°
Favorable histology | |
Hepatic metastasis
Yes | 0.068 [ 0.114¢
No 2.939 0.924-9.350 2.563 0.797-8.235
Serum LDH level (U/L)
21400 2.671 1.273-5.605 0.009 2.803 1.280—6.140 0.010¢
<1400 | [

Notes: *Adjusted for histological type, hepatic metastasis status, and serum LDH level; "Adjusted for age, hepatic metastasis status, and serum LDH level; *Adjusted for age,
histological type, and serum LDH level; “Adjusted for age, histological type, and hepatic metastasis status.
Abbreviations: HR, hazard ratio; Cl, confidence interval; LDH, serum lactate dehydrogenase.
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Table 7 The New Recurrence Risk Stratification System and Previous Risk Classification Systems in Predicting Post-Remission

Recurrence in Children with Neuroblastoma

n (%) 5-Year RFS (%) P value AUC (95% CI)
COG risk stratification
Low risk 10 (5.6) 88.9 0.705 (low vs intermediate) 0.729 (0.654
Intermediate risk 49 (27.4) 85.1 —0.804)
High risk 120 (67.0) 31.2 <0.05 (others)
INRG risk classification
Very low risk 31 (17.3) 86.2 0.571 (very low vs low) 0.700 (0.623
Low risk 13 (7.3) 83.9 0.056 (low vs intermediate) —0.777)
Intermediate risk 37 (20.7) 423 0.376 (intermediate vs high)
High risk 98 (54.7) 33.6 <0.01 (others)
New recurrence risk stratification
Low risk 32 (17.9) 93.5 <0.01 0.773 (0.704
Intermediate risk 55 (30.7) 66.4 —0.842)
High risk 92 (51.4) 225

Abbreviations: RFS, recurrence-free survival; AUC: area under the ROC curve; COG, Children’s Oncology Group; INRG, International Neuroblastoma Risk Group.

associated with post-remission recurrence in children with
neuroblastoma; however, further conclusions need to be
drawn from large, multicenter studies.

Specific laboratory biomarkers may also play an
important role in the study of survival prognosis. NSE,
VMA, and HVA are commonly used biomarkers for eval-
uating the prognosis of neuroblastoma, among which NSE
is the most studied biomarker. Previous studies suggested
that serum NSE levels >100 ng/mL were associated with
a poor outcome.'>'* Although a few recent studies have
explored the application of serum NSE level in predicting
the recurrence or progression of neuroblastoma,’’ the rela-
tionship between serum NSE level and recurrence remains
unclear. In our study, although children with serum NSE
level >100 ng/mL had significantly higher recurrence rates
than those with serum NSE level <100 ng/mL, serum NSE
level at initial diagnosis was not an independent risk factor
for post-remission recurrence in neuroblastoma. It is

known that the sensitivity and specificity of NSE in the
diagnosis of neuroblastoma are limited,'> and that the
monitoring of tumor biomarkers alone cannot reliably
predict survival outcomes, including recurrence; however,
this parameter could still be useful for the clinical predic-
tion of outcome in children with neuroblastoma if a true
relationship between serum NSE and recurrence is proven.

As a marker of tissue injury and disease, serum LDH
has been considered to be closely related to the prognosis
of solid tumors in recent years.”*>° A recent study from
INRG have shown that serum LDH are strongly prognostic
in children with neuroblastoma.'® The determination of
serum LDH has the advantages of convenience, rapidness,
reliability and economy. Thus, in low- and middle-income
countries or regions where genetic and chromosomal tests
are not available, serum LDH may be an important bio-
marker for the preliminary assessment of prognosis in
children with neuroblastoma. Based on the analysis of
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Figure 7 Recurrence-free survival of 179 children with neuroblastoma based on (A) COG risk stratification, (B) INRG classification system, and (C) the new recurrence
risk stratification; (D) Comparison of ROC curves among the three stratification systems.
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serum LDH before treatment, this study found that the
incidence of post-remission recurrence was significantly
increased in children with serum LDH >1400 U/L; mean-
while, serum LDH is an independent risk factor for post-
remission recurrence in children with neuroblastoma. With
the same age group, INSS stage group, histological type,
bone marrow and osseous metastasis status, and serum
NSE level, the risk of recurrence was 3.644 times higher
in children with LDH >1400 U/L than in those with LDH
<1400 U/L. For the children with high-risk neuroblastoma,
serum LDH >1400 U/L was the only independent risk
factor for recurrence. With the same age group, histologi-
cal type, and hepatic metastasis status, the risk of recur-
rence was 2.803 times higher in children with LDH >1400
U/L than in those with LDH <1400 U/L.

Some of our expected independent risk factors for
recurrence, such as INSS stage, bone marrow metastasis,
osseous metastasis, hepatic metastasis, etc., did not
achieve the results we expected, ie, had no significant
effect on recurrence. In the assessment of risk factors,
we did not simply divide the tumor into groups with and
without metastatic disease, because we considered that
there was a special 4S or MS stage and that hepatic
metastasis might be a protective factor for recurrence;
however, regardless of the location of the metastatic
lesions, there was no significant effect on post-remission
recurrence. Although INSS stage and metastases were
3132 they had no
significant impact on tumor recurrence once a patient

known as important prognostic factors,

achieves complete response.

Different from the low- and intermediate-risk children,
children in the high-risk group received radiotherapy and
APBSCT as part of their treatment regimen; moreover, the
recurrence rate of the high-risk group was much higher
than that of the low- and intermediate-risk group, so we
analyzed them separately. In the high-risk group, serum
LDH >1400 U/L was the only independent risk factor for
recurrence. At the same time, it was found that APBSCT
and radiotherapy did not reduce the post-remission recur-
rence rate in high-risk children. Currently, the use of
myeloablative chemotherapy with stem-cell transplanta-
tion (SCT) for neuroblastoma has always been controver-
sial, which may improve the outcome while increasing the
risk of high-risk
neuroblastoma.®® Although several studies have shown

treatment-associated death for

an improved EFS using SCT, outcomes still remain
poor.**>7 In this study, APBSCT was performed in the
high-risk children after initial complete response, and the

recurrence rate was not significantly reduced compared
with that in the non-APBSCT high-risk children. Based
on the above results, we believe that if a definitive con-
clusion is drawn that, APBSCT cannot reduce the recur-
rence rate in high-risk children, it should be carefully
selected for the treatment of high-risk neuroblastoma
after initial complete response.

After analyzing the risk factors for recurrence, we
established a new post-remission recurrence risk stratifica-
tion system for children with neuroblastoma based on
three independent risk factors: age >18 months, unfavor-
able histology, and LDH >1400 U/L. As was shown in the
results, children in the low-risk and the intermediate-risk
group did not show a significant different RFS in the COG
risk stratification system. For INRG classification system,
there were no significant differences in RFS among all
adjacent risk groups. Children in the newly established
stratification system showed significant differences in
RFS among the low-, intermediate-, and high-risk groups.
By comparing the AUC of the three risk stratification
systems, the newly established recurrence risk stratifica-
tion system has diagnostic advantages in predicting post-
remission recurrence in children with neuroblastoma.
Meanwhile, due to the fact that it does not need to carry
out gene and chromosome testing, the new stratification
system has the advantages of economy, simplicity, rapid-
ness and efficiency, especially suitable for low- and mid-
dle-income countries or regions.

Children with neuroblastoma in complete response
have a significantly higher risk of recurrence than those
with other malignant solid tumors. Recurrence of the
tumor implies an increase in mortality and a huge waste
of clinical and financial resources. Post-remission recur-
rence of neuroblastoma not only represents a large finan-
cial burden to patients but also places a heavy
psychological pressure on clinicians. Once patients are at
high risk for recurrence, initial and post-remission treat-
ment strategies should be adjusted to prevent tumor recur-
rence. With this study, we aimed to draw attention to
independent researches on the risk of post-remission recur-
rence in children with neuroblastoma, rather than just
assess the factors that affect EFS or OS. Although age,
histological type, and serum LDH level played an impor-
tant role in the post-remission recurrence of neuroblastoma
in our study, additional research is needed to reach
a definitive conclusion, which may have a positive impact
on the long-term survival of children with neuroblastoma
after complete response.
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Conclusion
Age >18 months, unfavorable histology, and serum LDH

level >1400 U/L are independent risk factors for post-

remission recurrence

in children with neuroblastoma.

A newly established recurrence risk stratification has diag-

nostic advantages in predicting recurrence in children with

neuroblastoma after complete response, which is especially

suitable for low- and middle-income countries or regions.
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