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Abstract

Background: Neuroblastoma is the most common childhood cancer worldwide. While recent advances in diagnosis and treatment have resulted in dramatic
improvements in patient survival, neuroblastoma recurrence and mortality rates in Vietnam are unknown. This study evaluated the survival rates of Vietnamese
patients with NB and investigated the impact of clinical factors and MYCN status on prognosis.

Methods: This study analysed survival rates, clinical factors and MYCN status of NB patients across three hospitals in Ho Chi Minh City. Kaplan-Meier and
multivariable Cox proportional hazards models were used to describe Survival rates and determine hazard ratios. Patient samples were analysed retrospectively for
MYCN amplification by fluorescence in-sizu hybridization (FISH) and quantitative polymerase chain reaction (qPCR).

Results: 5-year overall survival (OS) was 39.78% + 4.31% and event-free survival (EFS) was 56.63% + 5.47% in our cohort, and significantly lower than OS and EFS
rates in Europe, USA, Japan, China and Thailand. MYCN-amplified or Stage III and IV NB patients showed significantly decreased survival time in comparison to
those without MYCN amplification (log rank P=0.000) or diagnosed at stage I, I and IV (log rank P=0.000). Furthermore, patients older than 18 months or at stage
IIT and IV had a significantly higher probability of recurrence (P=0.038 and P=0.000, respectively).

Conclusions: This study demonstrates poor outcome for NB patients in Vietnam. Furthermore, prognosis is significantly worsened by their MYCN status; NB stage

and age at diagnosis.

Introduction

Neuroblastoma (NB) is the most common cause of solid cancer-
related death in children, with 10.2 cases per million under the age of
15 [1]. In the USA and Europe, NB is responsible for 8-10% of all child
cancers [2-5]. Sadly the survival rate of NB patients differs based on
the country’s income level with risk of death far higher in low-middle
income countries (LMIC) than in high-income countries (HIC) [6].
The reasons underlying such disparity are complex but include late
diagnosis, inaccurate staging, poor risk stratification, suboptimal
therapy, and lack of education in LMIC’s [6]. Vietnam, an LMIC
country, experiences many of these issues however, due to insufficient
access to patient clinical records there are no reports outlining NB
survival rates or prognostic factors.

The MYCN gene, encodes an oncogenic transcription factor and
is widely reported to play an important role in NB differentiation
[7,8]. MYCN expression decreases during the NB differentiation
process and high levels of MYCN are associated with decreased
cancer differentiation and a neoplastic phenotype [7]. MYCN gene
amplification is perhaps the best characterised molecular biomarker
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of risk in NB and it has been reported that approximately 20% of NB
cases demonstrate MYCN amplification [8,9]. Therefore, it is necessary
to estimate the NB survival rate overall as well as stratifying patients
based on MYCN-amplification status.

The objective of this study was to investigate NB survival rates
and outcomes in Vietnam and evaluate how these related to clinical
characteristics and MYCN amplification in order to determine optimal
prognostic indicators.
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Materials and methods
Study design and patients

Patients at the Hematology Oncology Department of Children’s
Hospital I, IT and Oncology Hospital in Ho Chi Minh from January
2010 to December 2012 who were diagnosed with NB were chosen
for this study. The primary inclusion criteria for the study was the
presence of clinical records showing follow up of at least five years and
including all information on clinical presentations related to gender,
age, International Neuroblastoma Staging System (INSS) scoring,
tumour origin, relapse or progression after first-line of treatment, first-
time of relapse, MYCN status and outcome. MYCN status was classified
as non-amplification or amplification (> 10 copies) following standard
guidelines as determined by fluorescence in-situ hybridization (FISH)
and quantitative polymerase chain reaction (qQPCR) [10-12].

Statistical analysis

SPSS software was used for data analysis. Associations between
clinical factors, MYCN status and outcome were estimated using the
two-tailed y2-test or Fisher’s exact test. Event-free survival (EFS) time
was calculated as the time from diagnosis to first evidence of an event
which included relapse, progression and death by any cause. Overall
survival (OS) time was calculated as the time from diagnosis to death,
or until last diagnosis. OS and EFS was analysed by Kaplan-Meier and
log-rank test. Multivariable Cox regression was used to estimate the
prognostic value of gender, age, INSS and MYCN status with respect
to survival time after recurrence. Each factor was divided into groups
for analysis: “gender” consisted of: (1) female (2) male; “age”™ (1) <
18 months (2) > 18 months; “INSS” stage: (1) stage I, II and IVs and
(2) stage IIT and IV; “tumour origin”™: (1) adrenal (2) abdominal (3)
thoracic; “MYCN status™ (1) MYCN non-amplification (2) MYCN
amplification. Predictive positive and negative values (PPV and
NPV) of MYCN status in respect to outcome were also calculated. All
P-values were calculated by two-sided testing and values below 0.05
were considered statistically significant.

Results

A total of 130 samples satisfied all criteria for analysis. The median
time of observation was 26 months (ranging 3 to 90 months). OS rate
was 39.78% + 4.31% while EFS rate was 56.63% + 5.47%. 48 patients
(36.92%) were found to be recurrent, 32 patients showed metastases
(24.62%) and 89 NB-related deaths were recorded (68.46%) (Table
1). The time from diagnosis to first relapse was in the range of 2-20
months and the median time of this range was 13 months. 76 (58.46%)
of patients were male and 54 (41.54%) female. 96 (73.85%) of patients
were over 18 months old and 33 (25.38%) were 18 months old or under
(Table 1). 96 patients were at NB stage III and IV (73.85%) versus
34 patients at stage I, II and IVs (25.38%) (Table 1). The majority of
patients had tumours of adrenal origin (106 patients, 81.54%) while
17 patients (13.08%) had tumours of abdominal origin and 4 patients
(3.08%) were of thoracic origin (Table 1). 33 patients showed a first time
to relapse greater than or equal to 12 months (25.38%) that was around
twice that of patients with a first time to relapse less than 12 months
(15 patients, 11.54%). There was a statistically significant association
between recurrence and NB disease at INSS stage IIT and IV (P=0.000)
(Table 1). An age of greater than 18 months was also associated with
disease recurrence (P=0.038) (Table 1).

There were 89 NB-associated deaths in OS analysis and 43 events
recorded in EFS analysis (Figure 1). The survival rate of children with
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NB declined to around 39.78% * 4.31% for OS and EFS declined to
56.63% * 5.47% after 40 months. After 40 months both OS and EFS
further decreases by a narrow margin following which there is a plateau
until the end point of the study at five years follow up (Figure 1).

Patients with stage III and IV NB show significantly decreased OS
(P=0.00) and EFS (P=0.00) (Figure 2). After 5-years follow-up, patients
with stage IIT and IV NB had OS rate of 13.54% + 3.56% while patients
with stage I, IT and IVs NB had OS rate as high as 79.41% + 6.93%.
Similarly, patients with stage III and IV NB had EFS rates of 31.21% +
7.03% and patients with stage I, IT and IVs NB had EFS rates of 80.99%
+6.99% (Figure 2). After 5 years observation, patients with stage Il and
IV NB had a median OS time of 24.00 (95%CI 20.53-27.47) months and
an EFS time of 27.00 (95%CI 24.41-29.59) months while patients with
stage I, IT and IVs NB showed significantly greater survival times with
a median OS (>45 months) and an EFS (>45 months). (Supplementary
Table S1; P=0.000).

Although patients older than 18 months showed rates of relapse
significantly higher than those aged 18 months or less, age had no
statistically significant impact on the overall outcome of NB (OS:
log rank P=0.054; EFS: log rank P=0.98) (Supplementary Figure S2).
Notably, although OS rate and EFS rate was lower in male versus
female NB patients, this only reached statistical significance for EFS
where the median was 29.00 (95%CI 21.98-36.02) months for males
and >45 months for females (P=0.045) (Supplementary Figure S1,
Supplementary Table S1).

MYCN-amplification was detected in 23 samples, accounting for
17.69% of patients (Table 1). MYCN-amplified patients showed a
significantly lower OS rate of 13.04% * 7.02% and EFS rate of 28.12%
+ 13.21 in comparison with MYCN non-amplified patients (35.03%
+ 4.64% and 55.02% *+ 6.04%, respectively) after a 5-year follow-
up (Figure 2). The median OS and EFS of MYCN-amplified patients
was 18.00 (95%CI 15.65-20.35) months and 19.00 (95%CI 13.204-
24.80) months, respectively which was significantly lower than those
of MYCN non-amplified patients (P=0.000 for OS and P=0.006 for
EFS) (Supplementary Table S1). Furthermore, the NPV of MYCN-
amplification was high for OS (87.0%) but low for EFS (43.5%) (Table
2). MYCN-amplification showed high specificity and sensitivity rates
for the prediction of OS (92.7% and 85.1%, respectively) (Table 2).
The accuracy rate of the test is low at 44.6% for OS but higher for EFS
(64.6%) (Table 2).

MYCN status and INSS stage significantly associated with OS
and EFS in both univariate and multivariate analyses (Table 3).
Multivariate analysis illustrated that MYCN status predicted OS and
EFS independently of gender, age and INSS stage of patients (Table
3). Gender and age variables were not significantly associated with
outcome when tested individually, however, when combined with
MYCN-amplification variable, their interactions had a statistically
significant association with OS and EFS (OS P=0.026 and P=0.000; EFS
P=0.021 and P=0.007, respectively) (Table 3). Male patients or patients
older than 18 months with MYCN-amplification showed a significant
association with outcome of NB compared with male patients or
patients less than 18 months with MYCN non-amplified (OS P=0.022
and P=0.000; EFS P=0.071 and P=0.004, respectively) (Table 3)
(Supplementary Table S2).

Discussion

This study examined the outcome of NB in Ho Chi Minh
City, Vietnam and further assessed accompanying clinical/ MYCN
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Table 1. Prognostic significance of clinical factors and MYCN-status in recurrence of NB patients.

Variable All patients Recurrence Death Metastasis MYCN - amplified
No. (%) No. (%) P-value No. (%) No. (%) No. (%) P-value
All patients 130 48 (36.92) 89 (68.46) 32(24.62) 23 (17.69)
Gender
Male 76 (58.46) 26 (34.21) 55 (42.31) 20 (15.39) 14 (18.42)
0.466 1.000
Female 54 (41.54) 22 (40.74) 34 (26.15) 12 (9.23) 9 (16.67)
Age
<18months 33(25.38) 7(21.21) 16 (12.31) 2(1.54) 7(21.21)
>18months 96 (73.85) 40 (41.67) 0.038 72 (55.39) 30 (23.08) 16 (16.67) 0.601
ND 1(0.77) 1 0
INSS tumor stage - group
Stage 1, 2, 4s 34 (26.15) 2(5.88) 7(5.39) 3(2.31) 5(14.71) 0.794
Stage 3, 4 96 (73.85) 46 (47.92) 0.000 82 (63.08) 29 (22.31) 18 (18.75) ’
Sites of tumor
adrenal 106 (81.54) 42 (39.62) 76 (58.46) 27 (20.77) 18 (16.98)
abdominal 17 (13.08) 5(29.41) 8(6.154) 4(3.08) 5(29.41)
thoracic 4 (3.08) 1(25.00) 3231 1(0.77) 0
ND 3(231) 0 2(1.54) 0 0
Time to first relapse
<12 months 15 (11.54) 15 (100) 6 (40.00) 4(26.67)
>12 months 33 (25.38) 33 (100) 15 (45.5) 6(18.18)
MYCN — amplification
Yes 23 (17.69) 11 (8.46) 0.484 20 (15.39) 6(4.62)
No 107 (82.31) 37 (28.46) ’ 69 (53.08) 26.00 (20.00)
NB: Neuroblastoma; INSS: International Neuroblastoma Staging System; ND: Not determined; P-value less than 0.05 considered significant.
Table 2. Predictive value analysis for sensitivity, specificity and accuracy rate for MYCN amplification status.
Overall Survival Event-free survival
Alive Death PPV NPV No event Event PPV NPV
MYCN - 38 (92.7%) 69 (77.5%) 74 (85.1%) 33 (76.7%)
non-amplification 87.0% 35.5% 43.5% 69.2%
MYCN-amplification 3(7.3%) 20 (22.5%) 13 (14.9%) 10 (23.3%)
Sensitivity Specificity Accuracy Sensitivity Specificity Accuracy
MYCN-amplification 22.5% 92.7% 44.6% 23.3% 85.1% 64.6%
PPV: Positive predictive value; NPV: Negative predictive value.
Table 3. Cox regression analysis
Variables HR and 95%CI p-value Variables HR and 95%CI p-value In:f;icl:::n
Overall survival
Univariate Multivariate
MYCN-amplification 2.383 (1.433-3.962) 0.001
MYCN-amplification 2.367 (1.423-3.939) 0.001
Gender (male) 1.132(0.738-1.738) 0.569 Gender 1.109 (0.712-1.680) 0.026
(male) 0.683
MYCN 2.674 (1.587-4.508) 0.000
Age (>18) 1.680 (0.976-2.890) 0.061 Age (>18) 1920 (1.105-3.336) 0.021 0.000
MYCN 2.330(1.397-3.887) 0.001
Stage (stage-group (2)) 7.804 (3.579-17.015) 0.000 Stage (stage-group (2))  7.773 (3.561-16.968) 0.000 0.000
Event-free survival
Univariate Multivariate
MYCN-amplification 2.658 (1.288-5.487) 0.008
MYCN
1.943 (0.996-3.793) 2.520 (1.221-5.202) 0.012
Gender (male) 0.052 Gender 1859 (0.951-3.636) 0.070 0.021
(male)
MYCN 3.390 (1.549-7.418) 0.002
Age (>18) 1.609 (0.770-3.361) 0.206 Age (>18) 2,101 (0.963-4.584) 0062 0.007
MYCN 2.856 (1.369-5.960) 0.005
Stage (Stage-group (2)) 4.935(2.057-11.844) 0.000 Stage (stage-group (2))  5.108 (2.123-12.200) <0.001 0.009

INSS: International Neuroblastoma Staging System; HR: Hazard Ratio; CI = Confidence Interval. P-values are two-sided. P-value less than 0.05 considered significant. Interaction P-values
gained from Cox regression model:

Pediatr Dimensions, 2019

doi: 10.15761/PD.1000195

Volume 4: 3-6



Bui C (2019) Neuroblastoma in Vietnam: A retrospective analysis of MYCN status and clinical features to inform prognosis and improve outcome

A B
104 = 1 Survival Function 109 ! g”m”“LZ“””"
! +Censored M AL
Y
LY )
0.8 b1 0.8
L - b
o
s 1 =
2 1 [T n
= 06 b 5 08+ L
3 " @0 Ty
B 1 £
4= 0.4
; 0 Ty E
o e s ot m
0.2 0.24
0.0+ 0.0
T T T T T T T T T T T
0 20 40 &0 B0 100 ] 40 60 B 100
Follow up months Follow up months
n =130 ; Dead of disease = B9 n=130; Evenl =43
Figure 1. Survival of NB patients in 5-year observation. Kaplan-Meier curves of OS (A) and EFS (B) (n = 130).
MYCN-amplification + Co-factor + MYCN-amplification*Co-factor.
_ Stage groups | Stage groups
A e —L L Vs B o —L N, Vs
i, Y
—+—1, I, Ws-censored —+= 1, Il, Vs-censored
= 1il, IV-censored —+—1ll, M-censored
0.8 L 0.8 A
\ =
= ] = h
= = L
= 0.6 1 ‘5 0.6
S (7]
@ @
= h 2
S 0.4 Z 04 1
3 S |
o = At
0.2 E | 0.2
e
0.0 0.0+
T T T T T T T T T T T T
0 20 40 60 80 100 0 20 40 80 80 100
Follow up months Follow up months
Stage-group I/ 11/ 1Vs n= 34, deadofdisease=7 Stage-group |/11/1Vs n=34, Event=6
1/ v n = 96, dead of disease = 82 n/ n =96, Event= 37
P-value =0.000 P-value = 0.000
C 1.04] MYCN status D 1.04 MYCN_amplification
—I1No —1No
I1Yes Yes
—}— No-censorad —+—No-censored
—+— Yes-censored Yes-censored
0.8 0.8
©
= =
= . F .
E 06 5 0.6 1
2 L 3
B \ £
0.4 = ga
g 1 HL ~HHH § 1
1 w — +
0.2+ \ 0.2
[ — +
0.0 0.0
T T T T

o

Follow up months
MYCN No n=107, dead of disease = 69
Yes n =23, dead of disease =20
P-value = 0.000

o

MYCN No

20 40 60 80 100
Follow up months

n=107, Event = 33

Yes n= 23 Event=10

P-value =0.006
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information for potential prognostic indicators in order to fill existing
knowledge gaps. In 2010-2012, there were 130 cases of NB in our cohort
with 5-year survival rates (39.78% + 4.31% for OS and 56.63% =* 5.47%
for EFS) significantly lower than those reported in a European study
(76.6% and 68.3%, respectively for OS and EFS) [13]. Furthermore,
a Children’s Oncology Group study in North America indicated that
there were no significant deviations in survival or in incidence of high
hazard ratios between Asian and Caucasian children with NB [14].
Although the sample size of Asian patients in this study was small it
suggests that the poorer outcomes from NB in Vietnam are unlikely
to be due to race differences. Other Southeast Asian countries have
published biological data and research describing NB cohorts [15,16].
A study in Malaysia spanning 15 years, reported disease-free survival
of 39% after a 2-year observation period [16]. In a Thailand cohort
an OS of 52% was reported after a 9-year follow up [15]. It may be
implied that the outcome of NB in Vietnam was less favourable than
Thailand but more favourable than Malaysia however, it is difficult to
compare these studies due to the difference in time of follow-up and
lack of updated information. In other Asian countries, for instance
China, research showed that the EFS rate was 61% [17] while in Japan,
only 0.7% patients died within five years (99% for OS) [18]. Therefore,
the survival rates of patients with NB in Vietnam were lower than
those in Asian HIC such as Japan and China. However, all countries
discussed in this study including Vietnam, report that survival rates
of NB patients fall dramatically from diagnosis until three years post-
diagnosis before demonstrating a plateau in survival rate [13-17].

In this cohort, most patients were diagnosed when they were older
than 18 months of age (73.85%) and at stage III and IV (73.85%). In
the aforementioned European study, between 1979-1989 most patients
at diagnosis were also older than 18 months (62%) and at stage III
and IV [13]. However, patients diagnosed between 1997-2002 showed
no significant differences in age groups or stage of NB [13]. It could
be proposed that due to the advances in medical care within HICs,
diagnosis has improved over time and NB can now be detected at
earlier age and stages. However, the survival rate of patients was still
impacted by the same variables, particularly that of NB stage which
plays a significant role in prognosis of disease. Indeed, risk of OS and
EFS of NB patients at stage III and IV (13.54% + 3.56% and 31.21% +
7.03%, respectively) was nearly 5.9 and 2.6 times higher significantly
than those at stage I, II and IVs after 5-year follow up (Figure 2).
Between 1997 - 2000 in the Europe cohort study, EFS of NB at stage
IIT was about 73% and stage IV was around 35% (13). Comparatively,
66% * 16% NB patients in Thailand were stage III while 31% + 12%
patients were stage IV after 5-year follow up [15]. Our reported OS and
EFS rates in Vietnam were lower than these studies. Although age at
diagnosis is a key factor that contributes to NB progression [13,19] our
study only reports a significant effect of age at diagnosis on prognosis
of NB relapse but not for prognosis of NB outcome (Tables 1 and 2).
Noticeably, increasing age is still a risk factor however it is dependent
on MYCN oncogene status which also impacts the risk associated with
stratification on other clinical features. The interaction between such
factors must be further addressed to inform and optimise current
guidelines on age stratification of NB cases in Vietnam.

The hallmark of MYCN amplification is well recognised as an
important prognostic factor [18]. This study found that MYCN
amplification accounted for 17.69% of the total cohort in Vietnam.
The result is relatively consistent with previous studies in Europe and
Thailand in that there was a strong association of MYCN amplification
with poorer survival rate in NB [13,15,20]. MYCN-amplification in NB
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associated with decreased OS and EFS rates to 13.04% * 7.02% and
28.12% + 13.21%, respectively after 5-year observation; while the study
in Europe found a higher percentage of survival rates (72% + 7% for OS
and 53% + 8% for EFS) [20]. In Thailand, children possessing MYCN-
amplification could not survive longer than 4 years of diagnosis with
OS of 16% + 14% [15] which were slightly higher than our Vietnam NB
cohort. In multivariate analysis, MYCN was independently associated
with a decrease in OS and EFS; compatible with the findings of studies
in Europe and Thailand [13,20]. Moreover, a poor outcome was
dependent on MYCN- amplification when combined with age (>18
months) or gender (male). Although survival time of male and female
patients significantly differed by EFS (P<0.05) (Supplementary Figure
S1), there was no evidence of an association between gender and the
hazard ratio of NB patients (Table 3). Predictive value analysis revealed
low sensitivity (23.3%) of MYCN-amplification status in predicting EFS
(23.3%) and high specificity of MYCN non-amplification in predicting
EFS (85.1%) (Table 2).

Treatment for high-risk, undifferentiated NB is a combination of
intensive therapies including surgery, chemotherapy, radiotherapy,
myeloablative therapy with autologous
immunotherapy with FDA-approved anti-GD2 (disialoganglioside
2) and differentiation therapy with 13-cis retinoic acid [1,21]. This
multimodal therapy is not currently available for high-risk NB patients
in Vietnam due to a lack of human resources, infrastructure and
standard operative procedures and only 15-35% of expected cases in
Vietnam could access a national pediatric-oncology programme) [22].
Aside from age, stage and MYCN status, NB risk groups can be further
determined by analysis of chromosome 1p, chromosome 11q and
chromosome 17q copy number via multiplex ligation-dependent probe
amplification (MLPA) [23] or comparative genomic hybridization
(CGH) [24]. Anaplastic lymphoma kinase (ALK) gene amplification
or mutation is also an optional test and, further, ALK inhibitors
are available as a salvage treatment for refractory NB or following
recurrence [25]. Recently, such tests have been used to guide therapy
decisions [26]. Ongoing trials are also evaluating the use of rational
combination of '*I-MIBG, urine homovanilic acid/vanillylmandelic
acid (HVA/VMA), MYCN, and DNA ploidy segmental chromosome
abnormalities status, in an effort to provide more effective treatment.
Unfortunately, such updated evidence-driven treatment in Vietnam
and other LMICs is limited. Recently, the SIOP-PODC reported and
adapted risk stratification and treatment guidelines considering the
limited resources of diagnosis and treatment in LMICs [27]. Adopting
such a strategy could be the key to preventing over-treatment while
improving survival rates.

stem cell rescue,

Overall, we provide the first report on clinicopathologic features of
NB in Vietnam and describe prognostic factors associated with poor
outcome. The results of this research could be applied to the quality
management of diagnosis, prognosis and treatment in Vietnam and
potentially other LMIC settings. Although there are some limitations
in the retrospective design of our data collection, we highlight a major
problem of decreased survival rates to NB in Vietnam. Additional
research is necessary to further analyse the prognostic features of NB in
Vietnam to inform optimal treatment strategies.
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