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Abstract
Background—Neuroblastoma is the most common extracranial pediatric solid cancer. Lung
metastasis is rarely detected in children with newly diagnosed neuroblastoma. We aimed to
describe the incidence, clinical characteristics, and outcome of patients with lung metastasis at
initial diagnosis using a large international database.

Procedure—The subset of patients from the International Neuroblastoma Risk Group database
with INSS stage 4 neuroblastoma and known data regarding lung metastasis at diagnosis was
selected for analysis. Clinical and biological characteristics were compared between patients with
and without lung metastasis. Survival for patients with and without lung metastasis was estimated
by Kaplan-Meier methods. Cox proportional hazards methods were used to determine the
independent prognostic value of lung metastasis at diagnosis.

Results—Of the 2,808 patients with INSS stage 4 neuroblastoma diagnosed between 1990 and
2002, 100 patients (3.6%) were reported to have lung metastasis at diagnosis. Lung metastasis was
more common among patients with MYCN amplified tumors, adrenal primary tumors, or elevated
lactate dehydrogenase (LDH) levels (p < 0.02 in each case). Five-year overall survival ± standard
error for patients with lung metastasis was 34.5% ± 6.8% compared to 44.7% ± 1.3% for patients
without lung metastasis (p=0.0002). However, in multivariable analysis, the presence of lung
metastasis was not independently predictive of outcome.

Conclusions—Lung metastasis at initial diagnosis of neuroblastoma is associated with MYCN
amplification and elevated LDH levels. Although lung metastasis at diagnosis was not
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independently predictive of outcome in this analysis, it remains a useful prognostic marker of
unfavorable outcome.
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Introduction
The most common sites of metastasis in neuroblastoma are the bone and bone marrow, with
involvement of these sites found in the majority of children with newly diagnosed metastatic
neuroblastoma [1]. In contrast, lung metastasis is a distinctly uncommon finding in children
presenting with metastatic neuroblastoma. One group reviewed their single institution
experience and found that 3 out of 104 patients with neuroblastoma of any stage had chest
radiograph findings consistent with lung metastases at initial diagnosis [2]. Of the 567
patients with stage 4 neuroblastoma treated on Children's Cancer Group protocols 3881 and
3891, 21 patients had lung metastases reported at initial diagnosis (incidence of 3.7%) [1,3].
This group was characterized by a high incidence of MYCN amplification and a poor
outcome. Data from the European Neuroblastoma Study Group included 5 patients with
radiographically identified lung metastases at presentation out of 746 patients with stage 4
disease (incidence of 0.7%) [4].

The International Neuroblastoma Risk Group (INRG) task force is a collaborative effort
between groups in Europe, North America, Australia, New Zealand, and Japan. The INRG
database currently includes data on over 8,000 patients enrolled on a neuroblastoma study
from January 1990 to December 2002. The large size and extended follow-up of this
contemporary dataset provide an opportunity to formally investigate unusual presentations
of neuroblastoma. Using this large database of patients, we aimed to further describe the
incidence, clinical characteristics, and outcome of neuroblastoma with lung metastasis at
initial diagnosis.

Methods
Patients

The INRG database includes patients ≤ 21 years of age with pathologically confirmed
neuroblastoma diagnosed between January 1, 1990 and December 31, 2002. All patients
were enrolled on a neuroblastoma study within the following INRG countries or cooperative
groups: France; Germany; Japan; Italy; Spain; United Kingdom; Children's Oncology
Group; and SIOP LNESG1 study. Members of the INRG are listed in the Appendix. Of the
8,800 unique patients included in the INRG database, the subset of patients with
international neuroblastoma staging system (INSS) stage 4 disease and known data
regarding lung metastasis was selected for this analysis [5]. The INRG database does not
include detailed data on the extent of chest imaging performed at initial diagnosis. Given the
international nature of the database, central radiographic review to confirm lung metastasis
was not possible.

Statistical Methods
Differences between patients with and without lung metastasis were evaluated using the
Fisher's exact test. Clinical variables of interest included age, site of primary tumor, and
involvement of other metastatic sites. Biological variables of interest included lactate
dehydrogenase level (LDH) at diagnosis, ferritin level at diagnosis, Shimada histology
classification, MYCN amplification, loss of heterozygosity at 1p, 11q aberration, and gain of
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17q [6-11]. For LDH and ferritin, the median values from the entire INRG cohort were 580
units/L and 96 ng/mL, respectively. These thresholds were used to dichotomize patients into
two categories: elevated (at or above the median) and not elevated (below the median).
Similarly, age was treated as a dichotomous variable (less than 18 months or greater than/
equal to 18 months at diagnosis) [12].

Estimated event-free and overall survival were determined using Kaplan-Meier methods,
with time to event (relapse, progression, secondary malignancy, death) calculated from the
date of neuroblastoma diagnosis [13]. Survival estimates are presented for the 5-year
timepoint as the estimate ± standard error, with the standard errors calculated using the
methods of Peto [14]. Differences in survival between patients with and without lung
metastasis were evaluated using the log-rank test. A Cox proportional model was built to
determine the hazard ratio for event-free survival (EFS) for patients with lung metastasis
compared to patients without lung metastasis. In addition to the presence or absence of lung
metastases at initial diagnosis, covariates evaluated in this model included those clinical and
biological features that were prognostic of outcome in univariate analysis. For all analyses, a
p-value < 0.05 was considered statistically significant. All statistical analyses were
performed using SAS, version 9.

Results
The analytic cohort for this report included 2,808 unique patients from the INRG database
with INSS stage 4 neuroblastoma and with known data regarding lung metastasis. Of these,
100 patients were reported to have lung metastasis at initial diagnosis, giving an incidence of
3.6%. Since all children with neuroblastoma do not undergo routine chest imaging, the
incidence of lung metastasis at initial diagnosis was also determined within the group of
patients with thoracic primary tumors, as nearly all of these patients would be expected to
undergo chest imaging. Within the group of 274 patients who had thoracic primary tumors,
only 5 patients had lung metastases at diagnosis, yielding an incidence of 1.8%.

The characteristics of the 2,808 patients with stage 4 neuroblastoma, including 100 with
lung metastasis at initial diagnosis, are shown in Table I. Patients with lung metastasis
tended to be slightly younger than patients without lung metastasis, but this difference was
not statistically significant. Patients with lung metastasis were more likely to have adrenal
primary tumors than patients without lung metastasis (p = 0.017). Patients with lung
metastasis had a higher incidence of concomitant metastasis to the central nervous system
(CNS) or liver compared to patients without lung metastasis in whom these metastatic sites
were relatively uncommon (p < 0.01 for CNS or liver metastasis). More patients with lung
metastasis had elevated LDH levels compared to patients without lung metastasis (p =
0.011). Fifty-four percent of patients with lung metastasis had MYCN amplified tumors,
compared with only 29% of patients without lung metastasis (p < 0.001). Though the
number of patients with available data is small, the presence of an 11q aberration appeared
to be less frequent in patients with lung metastasis compared to patients without lung
metastasis (p = 0.086). Other clinical and biological features did not differ significantly
between patients with and without lung metastasis, including serum ferritin levels, presence
of skin metastasis, and gain of 17q (data not shown).

Patients with lung metastasis at initial diagnosis had an inferior outcome compared to
patients without lung metastasis and this difference is statistically significant for both event-
free (Figure 1) and overall survival (Figure 2) (p < 0.001 in each case). Patients with lung
metastasis appeared to be at increased risk for early events and early death compared to
patients without lung metastasis, with hazard ratios of 1.52 (95% confidence interval
1.19−1.93) and 1.62 (95% confidence interval 1.26−2.08) for event-free and overall
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survival, respectively. Estimated event-free survival five years from diagnosis for patients
with lung metastasis was 30.9% ± 7.1% compared to 37.2% ± 1.2% for patients without
lung metastasis. Five-year overall survival for patients with lung metastasis was 34.5% ±
6.8% compared to 44.7% ± 1.3% for patients without lung metastasis. No deaths occurred in
patients with lung metastasis beyond five years from initial diagnosis.

In order to determine the prognostic impact of lung metastasis independent of potential
confounders, a Cox proportional hazards model for event-free survival was constructed. The
model tested factors found prognostic of outcome in univariate analyses: adrenal primary
tumor site, elevated LDH level, MYCN amplification, and age ≥ 18 months. Presence of an
11q aberration was not tested in this model due to small patient numbers. After controlling
for statistically significant factors of MYCN amplification, age, and LDH level, the presence
of lung metastases was not found to be independently prognostic of worse EFS.

Discussion
This analysis provides an evaluation of lung metastasis at initial diagnosis in a large group
of patients with metastatic neuroblastoma. The results indicate that patients presenting with
lung metastasis have an aggressive phenotype that is characterized by MYCN amplified
tumors, LDH elevation, metastasis to the CNS, and a poor outcome. In addition, this
international collaborative effort provides a model with which to study rare events in
pediatric oncology.

These results confirm the previously reported low incidence of lung metastasis at initial
diagnosis in patients with stage 4 neuroblastoma [1,3,4]. This finding supports current
clinical practice, which does not include routine chest imaging for patients with non-thoracic
primary tumors. The incidence of 3.6% may be an underestimate since not all patients
underwent detailed chest imaging. The INRG database does not include data on imaging
studies performed at initial diagnosis. However, one may speculate that most of these
patients had a chest radiograph obtained to confirm central venous catheter position early in
the course of therapy. Of note, the incidence of lung metastasis in patients with thoracic
primary tumors was only 1.8%. Since most of these patients would be expected to receive
detailed chest imaging, this estimate is likely close to the true incidence of lung metastasis in
patients with thoracic neuroblastoma. This result suggests that the incidence of lung
metastasis may be lower in patients with thoracic neuroblastoma compared to the overall
incidence of 3.6%. Given that lung metastasis appears to be associated with unfavorable
biological features, this result is consistent with previous findings indicating that thoracic
tumors have more favorable biological features [15].

The low incidence of lung metastasis in neuroblastoma is somewhat unique, as the lung is
the most common site of metastasis in most other pediatric extra-cranial solid cancers.
Among patients presenting with initially metastatic disease, approximately 50% of patients
with Ewing sarcoma and 80% of patients with osteosarcoma or Wilms tumor have lung
metastases [16-18]. The etiology for this low incidence of lung metastasis in neuroblastoma
remains unclear, particularly since neuroblastoma exhibits hematogenous dissemination to
other sites. An early analysis of the metastatic pattern in neuroblastoma concluded that
neuroblastoma metastasis does not passively follow the pattern of blood flow [19]. Several
case reports describe patients with neuroblastoma invading the inferior vena cava at
diagnosis, only a subset of whom had detectable lung metastasis [20-22]. One may speculate
that specific features of the pulmonary microenvironment are hostile to neuroblastoma
growth.
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Patients with lung metastasis at initial diagnosis appear to have particularly aggressive
tumors that counteract the factors that typically impede the establishment of pulmonary
metastases in neuroblastoma. These patients have higher LDH levels than patients without
lung metastases. This finding may reflect greater tumor cell turnover in these patients or an
increase in LDH due to the presence of injured lung tissue. These patients also have tumors
which are more likely to be MYCN amplified compared to patients without lung metastasis.
Patients with lung metastasis at initial diagnosis also appear to have a higher incidence of
metastasis to the CNS, another unusual site of dissemination at initial presentation.[1] These
patients follow a more aggressive clinical course, with increased risk for early disease
progression and early death. However, the results of the Cox proportional hazards model
indicate that lung metastasis at initial diagnosis is not an independent predictor of
unfavorable outcome.

The size of the INRG database allowed for a more thorough evaluation of the clinical
characteristics and prognosis of patients with lung metastasis than previously possible. The
main limitation of this study was the inability to confirm reports of lung metastasis through
central radiology review. Some reports of lung metastasis may have represented pleural
involvement or direct extension from thoracic primary tumors. The INRG database does not
include details on whether reported lung metastases were pathologically proven. Despite
these concerns, the results appear consistent with previous reports in which central
radiographic review was performed.

In conclusion, patients with stage 4 neuroblastoma only rarely have detectable lung
metastasis at initial diagnosis. Lung metastasis at diagnosis is a marker of unfavorable
outcome. Future investigations should focus on the factors in the pulmonary
microenvironment that impede the development of metastasis in the lung. Such
investigations may provide further insight into the factors required for neuroblastoma
growth and thereby provide new targets for therapeutic intervention.
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Figure 1.
Kaplan-Meier estimated event-free survival for patients with and without lung metastasis at
initial diagnosis of INSS stage 4 neuroblastoma. The hazard ratio for increased risk of event
with lung metastasis is 1.52 (95%) confidence interval of 1.19−1.93).
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Figure 2.
Kaplan-Meier estimated overall survival for patients with and without lung metastasis at
initial diagnosis of INSS stage 4 neuroblastoma. The hazard ratio for increased risk of death
with lung metastasis is 1.62 (95% confidence interval of 1.26−2.08).
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Table I

Characteristics of patients with stage 4 neuroblastoma in the INRG database with and without lung metastasis
at initial diagnosis.

Lung Metastasis
n = 100

No Lung Metastasis
n = 2,708

Median Age at Diagnosis (days) 670 914

Age at Diagnosis ≥ 18 months 61 / 100 (61%) 1864 / 2708 (68.8%)

Adrenal Primary Site* 69 / 99 (69.7%) 1544 / 2691 (57.4%)

Thoracic Primary Site 5 / 99 (5.1%) 269 / 2693 (10.0%)

Bone Marrow Metastasis 59 / 100 (59%) 1692 / 2707 (62.5%)

Bone Metastasis 53 / 100 (53%) 1351 / 2705 (49.9%)

Liver Metastasis* 33 / 100 (33%) 388 / 2708 (14.3%)

Lymph Node Metastasis 21 / 100 (21%) 662 / 2698 (24.5%)

CNS Metastasis* 9 / 100 (9%) 72 / 2708 (2.7%)

Elevated LDH* 55 / 67 (82.1%) 1031 / 1538 (67.0%)

Unfavorable Shimada Histology 31 / 39 (79.5%) 853 / 1196 (71.3%)

MYCN Amplification* 42 / 78 (53.9%) 638 / 2192 (29.1%)

Loss of Heterozygosity at 1p 12 / 25 (48.0%) 214 / 593 (36.1%)

11q Aberration 2 / 13 (15.4%) 151 / 372 (40.6%)

*
p< 0.05 for the difference between patients with and without lung metastases.
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