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Purpose: Treatment of progression in high-risk neuroblastoma remains challenging despite improved survival.
We retrospectively evaluated outcomes in children with a first progression that included soft-tissue masses.
Methods:We reviewed records of 903 consecutive childrenwith high-risk neuroblastoma diagnosed between 2004
and 2014, and identified 42 whose first progression included soft-tissue masses. Data on demographics, disease
characteristics, treatment, and survival were collected. Primary outcome was 5-year overall survival (OS) from
time of first progression. Secondary outcomes were local disease-free progression (LDFR) and progression-free
survival (PFS) postprogression. We evaluated the prognostic significance of concomitant bone/bone marrow
involvement,MYCN status, and multifocality of soft tissue relapse.
Results: Median age at diagnosis was 3.0 (range: 1–10.7) years. Median time to first relapse or progression was 1.2
(range: 0.1–4.5) years after complete remission orminimal stable residual disease. Twelve (29%) patients had concom-
itant bone or marrow involvement at progression/relapse. There were 11 (26%) patients with International
Neuroblastoma Staging System stage 3 disease (all withMYCN amplification), and 31 (74%) with stage 4 disease (12
with MYCN amplification). Nine (21%) patients had multifocal soft tissue progression. R1 resection was achieved in
41 children (95%), 38 (95%) of whom also received salvage radiation therapy. Five-year OS postprogression was 35%
(95% CI: 19–51%), 5-year LDFS was 52% (95% CI: 32–72%), and 5-year PFS postprogression was 20% (95% CI: 6–34%).
Conclusion: Among children with high-risk neuroblastoma who underwent aggressive treatment of a first soft-tissue
recurrence, 5-year postprogression overall survival was 34%. Multifocality and MYCN amplification were the
predominant prognostic correlates for worse survival.

© 2016 Elsevier Inc. All rights reserved.

Neuroblastoma is the most prevalent non-CNS solid tumor in the
pediatric population, and 30-50% of patients with neuroblastoma
present with high-risk disease [1]. Despite aggressive multimodality
treatment, overall mortality remains approximately 50% [1,2]. Although
survival in high-risk neuroblastoma has improved, survival after pro-
gression remains poor. London et al. found that in a subset of patients
with low or intermediate risk neuroblastoma (stage 1, 2, 3, or 4S with
no MYCN amplification [MYCN-NA]), cure was possible postrecurrence
[3]. Patients with stage 4 disease or MYCN amplification (MYCN-A),
however, had poor overall survival following relapse. The poor progno-
sis of patients with relapsed high-risk neuroblastoma can complicate
decision making with respect to the use of aggressive multimodality
treatment. In an effort to maximize quality of life, clinicians may
opt to forego aggressive therapies in some patients. To identify those
patients who might benefit from salvage therapy, we performed a
retrospective analysis of data from patients with high-risk relapsed

neuroblastoma with a soft tissue component to determine which clini-
cal and biologic factors are associated with prolonged overall survival.

1. Patients and methods

1.1. Patient selection

With institutional review board approval, we reviewed the electronic
medical records of 903 consecutive patients who were diagnosed with
neuroblastoma between 2004 and 2014. Patients were included in our
analysis if they met the following criteria: (1) high-risk disease by both
International Neuroblastoma Risk Group (INRG) and International
Neuroblastoma Staging System (INSS) criteria (i.e., stage 4 disease and
age ≥18 months at diagnosis, stage 4 disease and age b18 months at
diagnosis with MYCN-A, or stage 3 disease with MYCN-A); (2) surgical
treatment at our institution at any point during treatment; (3) soft tissue
disease component during first relapse or progression; (4) disease-free
or stable minimal residual disease period prior to progression/relapse;
(5) age younger than 12 years at the time of diagnosis. Soft tissue disease
was defined as connective tissue, muscle, or lymph node involvement.
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1.2. Demographic and initial treatment

Characteristics of initial disease course were analyzed, including
age at diagnosis, INSS stage, International Neuroblastoma Pathology
Classification (INPC; unfavorable vs. favorable histology), DNA ploidy,
andMYCN amplification status. Initial treatment datawere also obtained,
including whether patients underwent stem cell transplantation, che-
motherapy, radiation therapy (external beam or intraoperative radiation
therapy), immunotherapy, and extent of resection. Gross total resection
was defined as removal of all visible and palpable tumor, as documented
in operative reports.

1.3. Relapse/progression

Relapse was defined as the presence of new tumor in a patient with
previously documented complete remission. Progressionwas defined as
an increase of N20% in tumor size, thepresence of a new focus of disease,
or newmetaiodobenzylguanidine (MIBG)-active focus in a patient with
documented minimal stable residual disease. Relapse/progression was
defined as locoregional if confined to the primary tumor bed, and
systemic ifmetastatic diseasewas present. Systemic diseasewas further
characterized as skeletal bone, bone marrow, or distant soft tissue
disease. Soft tissue disease was divided into focal andmultifocal catego-
ries. Treatment datawere collected includingwhether patients received
chemotherapy, radiation therapy (RT), immunotherapy, and/or stem
cell transplant. Type of operation and extent of resection were
also noted.

The primary endpoint was overall survival following date of first
relapse (OS postprogression). OS postprogression was defined as the
interval between diagnosis of first progression/relapse and death or
date of last follow-up. Time to first relapse (TTFR) was calculated from
the first documented complete remission (CR), or when unavailable,
treatment end date in patients with no residual disease. In patients
who did not have a CR, TTFR was calculated from the date of minimal
stable residual disease. Patients were divided into three categories
based on TTFR: b6 months, 6–18 months, or N18 months after CR.
Secondary endpoints were local disease-free survival (LDFS) and
progression-free survival (PFS) postprogression. For LDFS, local disease
was defined as the site of initial tumor progression, and LDFSwas calcu-
lated as the interval between the operation for first progression and the
time of second progression/relapse at the new local disease site. PFS
postprogression was defined as the interval between diagnosis of first
progression/relapse and the date of second progression/relapse. If
patients did not relapse/progress (PFS postprogression, LDFS) or die
(OS postprogression), the date of last follow-up was used.

1.4. Statistical analyses

All statistical analyses were performed using R statistical software
(version 3.1.1; The R Foundation/R Project for Statistical Computing;
http://www.r-project.org/). Survival curves were generated using the
Kaplan–Meier method and differences were assessed with log-rank
tests, where appropriate. Data on endpoints and continuous variables
are given asmedian values (ranges), and p b 0.05was considered statis-
tically significant.

2. Results

2.1. Demographics, initial presentation, and treatment of initial disease

We identified 42 childrenwho developed a first relapse/progression
with a soft tissue component. There were 26 male (62%) and 16 (38%)
female. Themedian age at diagnosis was 3.0 (1–10.7) years andmedian
time to first relapse/progression was 1.2 (0.1–4.5) years after complete
remission or minimal stable residual disease. At diagnosis, 11 (26%)
patients had INSS stage 3 disease (all MYCN-amplified), and 31 (74%)

had stage 4 disease, with MYCN amplification in 12 (39%). A majority
had an adrenal primary tumor (n = 31, 74%). Ninety-seven percent of
children had unfavorable INPC histology at diagnosis (n = 33 of 34
with available data). Ploidy data were only available for 13 patients
(diploid: n = 7, 54%; hyperdiploid: n = 6, 46%).

During the initial disease course, all children underwent aggressive
multimodality treatment, including both neoadjuvant and adjuvant
chemotherapy (93%, n = 39), adjuvant radiation therapy (100%, n =
42), and stem cell transplant (77%, n = 27). All had resection of the
primary tumor. Of the 32 with known resection margins, 66% (n =
21) had a gross total resection and 34% (n = 11) had a subtotal resec-
tion. Following initial treatment, 62% of children (n = 26) received
immunotherapy, and 60% (n = 25) received cis-retinoic acid.

Seventy-four percent (n = 31) achieved a complete remission and
20% (n = 8) had stable minimal residual disease. In 3 (7%), children
complete remission could not be documented but theywere completely
off treatment at the time of relapse.

2.2. Characteristics of relapse/progression

The median TTFR (as calculated from the end of treatment or CR/
stable minimal residual disease) was 1.2 years (range 0.1–4.5 years),
with 8 (19%) relapsing in the first 6 months, 21 (50%) between 6 and
18 months, and 13 (31%) in N18 months. Locoregional relapse, with
disease confined to the primary tumor bed, occurred in 43% (n = 18) of
patients, and metastatic disease, including distant soft tissue, bone
marrow, or skeletal bone disease, developed in the remaining 57%
(n = 24). Concomitant skeletal bone and/or bone marrow involvement
at progression was evident in 12 (29%) patients. Nine (21%) patients
had multifocal soft tissue disease. Patients with soft tissue progression
had additional skeletal bone metastases in 26% (n = 11), bone marrow
involvement in 7% (n = 3), pulmonary metastases in 5% (n = 2), liver
metastases in 5% (n = 2), and central nervous system disease in
2% (n = 1).

2.3. Treatment of relapse/progression

All children underwent aggressive multimodality treatment for
disease progression/relapse, with 95% (n = 40) receiving salvage
chemotherapy and 95% (n = 38) receiving RT (external beam RT in
20 patients, and intraoperative RT in 18). All patients underwent surgi-
cal resection,with R1 resection achieved in 40 children (98%). Only 6.5%
(n = 2) of patients underwent stem cell transplantation for treatment
of their first relapse/progression. Seventy-seven percent of patients
(n = 30) received immunotherapy following first relapse/progression.

2.4. Predictors of prolonged overall survival postrelapse

The 5-year OS from time of diagnosis for the entire cohort was 49%
(95% confidence interval [CI]: 33–65%) and the 5-year OS postprogression
was 35% (95% CI: 19–51%; Fig. 1). There was no significant difference in
5-year OS postprogression in the TTFR b6 months, 6–18 months, and
≥18 months groups. The only disease characteristics associated with
worse 5-year OS postprogression were MYCN-A and multifocal soft
tissue disease. In the 57.5% of patients with MYCN-A, 5-year OS
postprogression was 18% (95% CI: 2–35%), compared to 46% (95% CI:
15–78%; p = 0.002) in the 42.5% of patients with MYCN-NA (p =
0.002, Fig. 2A). Of the 9 patients with multifocal soft tissue disease,
there were no survivors at 5 years as compared to a 44% (25–63%)
5-year OS postprogression in those with unifocal soft tissue disease
(p= 0.01, Fig. 2B). The presence of either bone or bonemarrow disease
at time of progression did not have an impact on 5-year OS
postprogression (44%, 95% CI: 13–76%) compared to patients without
bone or bone marrow disease (32%, 95% CI: 13–50%).
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