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Background: To evaluate the value of random urinary vanillylmandelic acid (VMA) as
a surrogate marker for monitoring tumor response and predicting outcome in patients
with neuroblastoma (NB).
Methods: Medical records of 91 patients newly diagnosed with NB at the Samsung
Medical Center between June 2014 and August 2017 were reviewed. Clinical associations
and other prognostic factors, including age at diagnosis, stage, pathologic subtype,
MYCN amplification, and other cytogenetic aberrations, were analyzed. Furthermore, the
significance of random urinary VMA level in predicting outcome and tumor response
was also evaluated.
Results: The median random urinary VMA level at diagnosis was 27.9 (range: 1.7-600)
mg/g creatinine. Abdominal primary site, male sex, advanced stage, less differentiated
pathology (poorly differentiated, undifferentiated), 11q deletion, and high-risk tumor
were associated with a higher VMA level at diagnosis. The VMA level decreased during
chemotherapy (28.4%, 16.9%, and 9.6% of the VMA level at diagnosis after 3, 6, and
9 cycles of chemotherapy, respectively). A higher VMA level at diagnosis tends to be
associated with a better overall survival in high-risk patients with borderline significance
(58.3±18.6% vs. 76.5±13.4%, P=0.050). However, in the multivariate analysis, the VMA
level was not a significant predictor of survival. A slower reduction in VMA level during
chemotherapy was not associated with a worse overall survival. However, event free
survival was significantly better in the rapid responder group.
Conclusion: A higher VMA level was associated with high-risk features at diagnosis of
NB. Random urinary VMA is a valuable marker for monitoring NB response during
chemotherapy.
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blastoma Staging System [8]. During the study period, stage
4 tumors in patients aged ＞1 year and MYCN-amplified tu-

Introduction

mors regardless of the stage were both categorized as
Neuroblastoma (NB) is an embryonal tumor of the sym-

high-risk tumors. Patients with high-risk tumors received 9

pathetic nervous system. It is the most common solid ex-

cycles of induction chemotherapy followed by tandem

tracranial malignancy in childhood and the most common

high-dose chemotherapy and autologous stem cell trans-

malignant tumor in infants [1]. Currently, NB is diagnosed

plantation [9,10].

by analyzing urinary catecholamine metabolites, histopathology, and imaging techniques [2].

2) Laboratory analysis

Urinary vanillylmandelic acid (VMA) is catecholamine

Random urine samples were used to determine the VMA

metabolite that has been used since the 1970s as a bio-

level. Urinary VMA level was measured by high-perform-

marker to assist in the diagnosis and follow-up of patients

ance liquid chromatography. VMA level was expressed as

with NB [2,3]. Several studies have reported the correlation

the ratio to creatinine (Cr) concentration (mg/g Cr).

between urine catecholamines and clinical features [4,5].
However, most of these studies analyzed 24-hr urine VMA

3) Statistical analysis

levels. Collecting 24-hr urine samples is difficult for pedia-

The clinical associations between random urinary VMA

tric patients and is often incomplete [3]. There was no sig-

level at diagnosis and other prognostic factors were ana-

nificant difference between urinary VMA levels in 24-hr

lyzed by Mann-Whitney test, Kruskal-Wallis test, and post

urine samples and random urine samples [6]. Thus, spot

hoc Tukey honestly significant difference test. Other prog-

urine samples are routinely used instead of 24-hr urine

nostic factors were age at diagnosis, stage, pathologic sub-

samples [6,7].

type, MYCN amplification, and other cytogenetic aberrations.

The aim of this study was to evaluate the value of ran-

According to the median VMA level, patients were divided

dom urinary VMA level as a surrogate marker for monitor-

into high and low VMA groups. Comparison of diagnostic

ing tumor response and predicting outcome in patients with

and prognostic factors by VMA groups were performed by

NB.

chi-square test, Fisher’s exact test and logistic regression.
Event-free survival (EFS) was calculated from the date of
diagnosis until the date of relapse, progression, secondary

Materials and Methods

malignancy, or death, whichever occurred first. Overall sur-

1) Patients

vival (OS) was calculated from the date of diagnosis until

The medical records of patients newly diagnosed with

death from any cause. Survival rates and standard errors

NB at the Samsung Medical Center between June 2014 and

were estimated using the Kaplan-Meier method. Differences

August 2017 were retrospectively reviewed. Patients whose

in survival rates between the groups were compared using

random urinary VMA data at diagnosis were not available

log-rank tests. The Cox proportional hazard model was

were excluded from the analysis. The study was approved

used to identify factors associated with survival. A P-value

by the Institutional Review Board at Samsung Medical

of ＜0.05 was considered significant. Statistical analyses

Center, Seoul, Korea (IRB No. 2018-05-054-002).

were conducted using IBM SPSS Statistics for Windows, ver-

The tumor extent was evaluated by computed tomog-

sion 24.0 (IBM Corp., Armonk, N.Y., USA).

99

raphy (CT) and/or magnetic resonance imaging (MRI), Tc
bone scan, bilateral bone marrow examination, and
123

I-metaiodobenzylguanidine scan and/or

18

F-fluorodeoxy-

D-glucose positron emission tomography/CT. Tumor staging was determined according to the International Neuro-
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VMA level at diagnosis (Table 2).
The median random urinary VMA level at diagnosis was

Results
1) Patient characteristics at diagnosis according to VMA
levels

27.9 (range: 1.7-600) mg/g Cr. There was no standardized
cut-off value for defining “high VMA tumor”, and VMA levels were not normally distributed in our patient data. So

Of the 91 patients diagnosed with NB during the study

we used median VMA level as a cut-off value defining the

period, 86 met the inclusion criteria. The clinical character-

high VMA group for further analysis. According to urinary

istics of patients are shown in Table 1. Primary abdominal
tumors (P=0.026), male sex (P=0.015), advanced stage (P＜
0.001), less differentiated pathology (poorly differentiated,
undifferentiated) (P=0.009), 11q deletion (P=0.001), and

Table 2. Comparison of random urinary VMA levels by
diagnostic and prognostic factors
Median VMA
(range)

high-risk tumor (P=0.004) were associated with a higher

Table 1. Characteristics of patients
N (%)
Sex
Male
Female
Age at diagnosis
＜1.5 years
≥1.5 years
Primary site
Abdomen
Extra-abdomen
Differentiation
Ganglioneuroblastoma
Differentiating
Poorly differentiated/undifferentiated
Unknown
Stage
1
2
3
4 & 4S
Risk group
High
Low/intermediate
MYCN amplification (76 tested)
Amplified
Non-amplified
1p deletion (69 tested)
(＋)
(−)
11q deletion (69 tested)
(＋)
(−)
17q gain (68 tested)
(＋)
(−)

144

44 (51.2)
42 (48.8)
30 (33.7)
56 (66.3)
66 (76.7)
20 (23.3)
28
11
37
10

(32.6)
(12.8)
(43.0)
(11.6)

13
19
7
47

(15.1)
(22.1)
(8.1)
(54.7)

37 (43.0)
49 (57.0)
8 (10.5)
68 (89.5)
59 (85.5)
10 (14.5)
23 (33.3)
46 (66.7)
13 (19.1)
55 (80.9)

P-value

Sex
0.015
Male
65.9 (1.7-600.0)
Female
13.7 (2.0-600.0)
Age at diagnosis
0.441
＜1.5 years
26.0 (2.0-600.0)
≥1.5 years
27.9 (1.7-425.9)
Primary site
0.026
Abdomen
59.6 (9.5-600.0)
Extra-abdomen
12.4 (3.4-300.0)
Differentiation
0.009a)
Ganglioneuroblastoma
11.0 (2.0-234.0)
Differentiating
28.8 (7.4-425.9)
Poorly differentiated/
71.3 (1.7-600.0)
undifferentiated
Unknown
13.9 (5.8-307.5)
b)
Stage
<0.001
1
8.6 (2.0-28.8)
2
10.0 (3.4-90.8)
3
27.0 (6.0-232.7)
4 & 4S
109.3 (1.7-600.0)
Risk group
0.004
High
99.4 (1.7-425.9)
Low/intermediate
15.4 (2.0-600.0)
MYCN amplification (76 tested)
0.094
Amplified
14.7 (1.7-407.3)
Non-amplified
44.1 (2.0-600.0)
1p deletion (69 tested)
0.993
(＋)
24.3 (1.7-350.6)
(−)
27.0 (2.0-600.0)
11q deletion (69 tested)
0.001
(＋)
99.4 (1.7-600.0)
(−)
17.0 (2.0-600.0)
17q gain (68 tested)
0.685
(＋)
23.0 (1.7-600.0)
(−)
28.8 (3.5-350.6)
a)

Ganglioneuroblastoma versus Poorly differentiated/Undifferentiated (P=0.006).
b)
Stage 1 versus Stage 4 & 4S (P<0.001), Stage 2 versus Stage
4 & 4S (P＜0.001).

Vol. 25, No. 2, October 2018

Random Urine VMA in Neuroblastoma

VMA levels, patients with VMA levels of ≥27.9 mg/g Cr
were included in the high VMA group, while those with

2) VMA levels during chemotherapy

levels of ＜27.9 mg/g Cr were included in the low VMA

Among 37 patients with high-risk tumors, random uri-

group. The 37 patients with high-risk tumors were catego-

nary VMA levels were obtained from 35, 32, and 23 patients

rized into the low VMA (N=11) and high VMA (N=26)

after 3, 6, and 9 cycles of chemotherapy, respectively.

groups. The results for comparison of diagnostic and prog-

Median VMA levels decreased during chemotherapy (28.4%,

nostic factors by VMA groups are shown in Table 3 and

16.9%, and 9.6% of VMA levels at diagnosis after 3, 6, and

Table 4. All variables significant in univariate analysis and

9 cycles of chemotherapy, respectively).

MYCN amplification (P=0.056) (Table 3) were included in
the multivariate analysis (Table 4).

Patients with a reduction of ＞50% in VMA levels after
3 cycles of chemotherapy were classified as rapid responders (N=24); the remaining were classified as slow responders (N=11).

Table 3. Univariate analysis for comparison of diagnostic and
prognostic factors by VMA groups
High
VMA
Sex
Male
Female
Age at diagnosis
＜1.5 years
≥1.5 years
Primary site
Abdomen
Extra-abdomen
Differentiation
Ganglioneuroblastoma
Differentiating
Poorly differentiated/
undifferentiated
Unknown
Stage
1
2
3
4 & 4S
Risk group
High
Low/intermediate
MYCN amplified (76 tested)
(＋)
(−)
1p deletion (69 tested)
(＋)
(−)
11q deletion (69 tested)
(＋)
(−)
17q gain (68 tested)
(＋)
(−)
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Low
VMA

P-value
0.010

28
15

16
27
15
28

39
4

27
16

OS and EFS were analyzed in the 37 patients in the
high-risk group. MYCN-amplified tumors were associated
with worse OS and EFS. A higher VMA level at diagnosis
tended to be associated with a better OS in high-risk pa-

1.000
15
28

3) Survival

tients with borderline significance (58.3±18.6% vs. 76.5±
13.4%, P=0.050) (Fig. 1A). Although the high VMA group

0.002

also showed a better EFS, the difference was not statistically
significant (41.6±17.6% vs. 68.9±11.1%, P=0.090) (Fig.

0.018

1B). However, in the multivariate analysis, neither MYCN

9
6

19
5

amplification nor VMA was a significant predictor of

25

12

A slower reduction in VMA level during chemotherapy

3

7

survival.

<0.001
1
4
3
35

12
15
4
12

26
17

11
32

1
37

7
31

was not associated with a worse OS (68.6±18.6% vs.
90.5±6.5%, P=0.273) (Fig. 2A). However, EFS was significantly better in the rapid responder group (31.8±18.2%
vs. 80.9±8.7%, P=0.024) (Fig. 2B).

0.001

Discussion
0.056

nervous system and produces VMA, a metabolite derived
1.000

5
29

5
30

18
16

5
30

follow-up of NB. However, 24-hr urine collection in young
children is difficult, inconvenient, expensive, and time-

0.670
6
29

from norepinephrine [2,11]. Together with homovanillic
acid, urinary VMA is commonly used for the diagnosis and

0.001

7
26

NB originates from neural crest cells of the sympathetic

consuming. Nevertheless, because the excretion of catecholamine metabolites was thought to have circadian cycle
variations, 24-hr collected urine samples were favored over
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Table 4. Multivariate analysis for comparison of diagnostic and prognostic factors by VMA groups
Odds ratio for high VMA

95% CI for odds ratio

P-value

1.466

0.288-7.455

0.645

0.093

0.011-0.780

0.029

Reference
2.597
2.037

0.274-24.652
0.280-14.789

0.406
0.482

Reference
1.313
0.957
2089223737.179

0.084-20.554
0.029-31.737
0.000-

0.846
0.980
0.999

0.000
0.015
17.193

0.0000.001-0.367
1.766-167.419

0.999
0.010
0.014

Sex
Male
Primary site
Extra-abdomen
Differentiation
Ganglioneuroblastoma
Differentiating
Poorly differentiated/undifferentiated
Stage
1
2
3
4 & 4S
Risk group
High
MYCN amplification (＋)
11q deletion (＋)

Fig. 1. Survival of high-risk patients according to urinary VMA levels at diagnosis. (A) Overall survival and (B) event-free survival.

random urine samples [11]. Recent reports demonstrated

Besides primary tumor sites, advanced stage disease (P＜

that 24-hr and random urine samples could be interchange-

0.001) and high-risk tumor (P=0.004) were associated with

ably used for the determination of VMA levels [6,7,11,12].

a higher VMA at diagnosis, similar to previous reports

In this study, we evaluated the value of random urinary

[4,15-17]. Some studies demonstrated that patients with

VMA as a surrogate marker for monitoring tumor response

MYCN-amplified tumors had lower levels of VMA [14,16,18].
In our retrospective cohort, 7 of 8 patients with MYCN-amplified tumors were classified in the low-VMA group, but
the difference was not statistically significant.
In survival analysis, a higher VMA level at diagnosis
seemed to be associated with a better survival in high-risk
patients. However, in multivariate analysis, VMA lost its
significance. As mentioned above, since most patients with

and predicting the outcome in patients with NB.
In the analysis of clinical features at diagnosis, the patients with higher random urinary VMA levels at diagnosis
more frequently showed a primary abdominal tumor
(P=0.026). This finding is consistent with the report by
Aydin et al. [4]; however, there was no relationship between VMA and primary tumor sites in other studies [13,14].
146
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Fig. 2. Survival of high-risk patients according to VMA reduction after 3 cycles of chemotherapy. (A) Overall survival and (B) event-free
survival.

MYCN-amplified tumors showed low VMA levels, we
checked survivals in 29 high-risk group patients without
MYCN amplification. Among them, only 4 patients had low
VMA levels, and all of these patients were alive and
event-free. There were some controversial results on the association between survival rates and VMA levels. Although
some previous reports showed that higher VMA levels were
related to longer survival in disseminated NB [4,18], these
reports did not exclude the effects of other confounders
such as MYCN amplification. In contrast, Cai et al. reported
that an elevated VMA level at diagnosis was associated with
a poor outcome in stage 4 NB [19].
In this study, serial follow-up of urinary VMA during chemotherapy in the high-risk group showed that the VMA levels decreased by 28.4%, 16.9%, and 9.6% after 3, 6, and
9 cycles of chemotherapy, respectively. This finding demonstrates that random urinary VMA levels can reflect tumor
response to chemotherapy. However, a slower reduction in
VMA levels during chemotherapy was not associated with
a worse OS. This result was consistent with that of a previous report, which showed that an initial rapid response
to induction chemotherapy did not necessarily predict a
better prognosis in stage 3-4 NB patients [20]. In contrast,
the rapid responder group in retrospective cohort showed
a better EFS. Thus, while we could not predict survival
from VMA response to chemotherapy, slow responders
could be associated with increased relapse. However, given
the short follow-up periods, this result should be viewed
Clin Pediatr Hematol Oncol

with caution. In the recently revised International Neuroblastoma Response Criteria, urine catecholamine levels are
not used to evaluate response because of a lack of standardization in specimen collection and analysis and the influence of diet on results [21].
Because VMA and Cr excretions increase with age,
age-related reference intervals are used at our center [22].
In this study, we classified the patients according to median
VMA levels without considering the patients’ age. In addition, the size of the retrospective cohort was small. These
might limit the value of our study.
In conclusion, a higher random urinary VMA level was
associated with high-risk features of NB at diagnosis.
Random urinary VMA is an easily obtained and useful
marker to monitor tumor response of NB during chemotherapy.
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