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Structured Abstract

OBJECTIVE—To demonstrate that expectant observation of young infants with small adrenal 

masses would result in excellent event-free and overall survival (EFS and OS).

SUMMARY BACKGROUND DATA—Neuroblastoma is the most common malignant tumor in 

infants, and in young infants, 90% are located in the adrenal gland. Although surgical resection is 

standard therapy, multiple observations suggest that expectant observation could be a safe 

alternative for infants <6 months old who have small adrenal masses.

METHODS—A prospective study of infants less than six months of age with small adrenal 

masses and no evidence of spread beyond the primary tumor was performed at participating 

Children’s Oncology Group institutions. Parents could choose observation or immediate surgical 

resection. Serial abdominal sonograms and urinary VMA and HVA measurements were performed 

over a ninety-week interval. Infants experiencing a 50% increase in the volume of the mass or 
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urine catecholamine values, or an increase in the HVA/VMA ratio >2 were referred for surgical 

resection.

RESULTS—87 eligible patients were enrolled, 83 elected observation and 4 chose immediate 

surgery. 16 observation patients ultimately had surgery; 8 had INSS stage 1 neuroblastoma, 2 had 

higher stage neuroblastoma (2B and 4S), 2 had low grade adrenocortical neoplasm, 2 had adrenal 

hemorrhage and 2 had extralobar pulmonary sequestration. The two patients with adrenocortical 

tumors were resected because of a >50% increase in tumor volume. The 3-year EFS for a 

neuroblastoma event was 97.7±2.2% within the entire cohort of patients (n=87). The 3-year overall 

survival was 100% with median follow-up of 3.2 years. 81% of patients on the observation arm 

were spared resection.

CONCLUSIONS—Expectant observation of infants <6 months old with small adrenal masses led 

to excellent EFS and OS while avoiding surgical intervention in a large majority of the patients.

INTRODUCTION

Neuroblastoma is the most common malignant tumor in infants. The majority of these are 

small, localized adrenal tumors at the time of diagnosis 1. Surgical resection is the standard 

treatment, with excellent overall results 2–8. Two lines of evidence suggest that expectant 

observation may decrease the need for resection. First, a high rate of spontaneous regression 

is observed in infants with neuroblastoma and several investigators have reported regression 

of localized prenatally diagnosed adrenal masses 9–11 and there is considerable evidence for 

spontaneous regression of tumors detected through population screening programs for 

neuroblastoma 12–16. Furthermore, several groups have reported spontaneous regression of 

larger tumors which were observed after diagnostic biopsy or partial resection 17,18.

In addition to these data supporting spontaneous regression, there is evidence that the 

morbidity and mortality associated with surgery may be greater than the risk of the tumor in 

an infant. Although no study has specifically investigated the risks of adrenal surgery in 

young infants, the available literature suggests that there are significant risks associated with 

resection of adrenal and non- adrenal abdominal neuroblastoma tumors in children under a 

year of age, with a trend toward higher risk in younger infants 5,19,20. Infants are also at a 

higher risk of anesthetic complications than are older children 21,22. The overall mortality 

for young infants undergoing adrenal surgery for tumor resection appears to be greater than 

or equal to 2% 5,23.

Previous observation trials suggest that tumor size and characteristics, as well as certain 

patterns of urine catecholamine metabolite (vanillylmandelic acid (VMA) and homovanillic 

acid (HVA)) secretion, are associated with a benign pattern of behavior and increased 

probability of spontaneous regression 13,15,16,24–26. We conducted a prospective trial of 

expectant observation of infants with small adrenal tumors identified either prenatally or 

within the first six months of life. The key feature of this protocol was close sonographic 

monitoring of tumor volume and catecholamine secretion with increased frequency of 

surveillance in those infants whose tumors enlarged in volume, had increased levels of urine 

VMA or HVA, or had an HVA:VMA ratio > 227. If these signs of tumor growth or de-

differentiation persisted, the patient was referred for surgical resection.
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METHODS

Study Enrollment and Eligibility Criteria

Patients could be enrolled on this protocol by any Children’s Oncology Group (COG) 

member institution (ClinicalTrials.org Identifier: NCT00445718) who obtained Institutional 

Review Board (local or centralized) and opened the study. The study was opened to 

enrollment on July 9, 2001, and reached accrual and was closed on January 8, 2010. 

Informed consent was given by the parent or legal guardian. The eligibility criteria were 

designed to select a group of infants with small adrenal masses without evidence of local 

extension beyond the gland or distant metastases, that is, International Neuroblastoma 

Staging System (INSS) stage 1 tumors.

The specific eligibility criteria were: (1) age ≤6 months on the date the mass was first 

identified and the date of enrollment must be <120 days after the first imaging study 

identifying the mass, if identified postnatally, or the patient must be <120 days of age if the 

first imaging study identifying the mass was prenatal; (2) a sonographically-identified 

adrenal mass which is ≤16 ml in volume (assuming an ellipsoid with volume V = 

(4/3)π(X/2)(Y/2)(Z/2) where X = maximum longitudinal diameter, Y= maximum transverse 

diameter and Z = maximum anterior –posterior diameter), corresponding to a sphere with a 

diameter of 3.1 cm if solid or ≦65 ml (corresponding to a sphere with diameter 5.0 cm) if the 

mass was at least 25% cystic, and did not cross the midline; (3) disease limited to the adrenal 

gland as demonstrated by abdominal computed tomography (CT) or magnetic resonance 

(MR) scan and MIBG (I131-meta-iodobenzylguanidine) scintiscan; and (4) no prior 

abdominal surgery or chemotherapy. In addition, a bone marrow biopsy was encouraged but 

not required. If such a biopsy was obtained, it was required that it be negative for tumor 

cells.

Treatment Protocol

At the time of enrollment, the parents or legal guardian were offered two possible treatment 

plans: expectant observation or immediate surgical resection. For those patients on the 

expectant observation arm, abdominal sonograms were performed at prescribed intervals 

over the 90-week observation period of the study (Table 1). All ultrasound studies included 

imaging of the liver with a high frequency linear transducer to assure optimal detection of 

small parenchymal nodules. In addition, all patients underwent CT or MR imaging of the 

abdomen at 6 and 42 weeks to assure that there was no progression beyond the adrenal 

gland. With rare exceptions, imaging studies were reviewed centrally by the study 

radiologist (C.E.B). Urinary samples were obtained at presentation and at the time of each 

subsequent ultrasound study, and analyzed for VMA and HVA using gas chromatography/

mass spectroscopy (Table 1).

Expectant observation was terminated and the child was referred for surgical resection if the 

volume of the mass increased by 50% compared with the volume at the time of enrollment. 

If an increase in volume of the tumor was noted, but it was not of an adequate magnitude to 

mandate resection, then continued sonographic evaluation at three week intervals was 

performed until a stable volume was noted on two successive studies or the patient had 
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surgery. After the mass had stabilized in volume on two consecutive three week studies, the 

next sonogram/urine VMA/HVA was at a six week interval and the following studies at the 

regularly scheduled times based on the original entry date. Urinary catecholamine levels, 

VMA and HVA, were obtained at presentation and at the time of each subsequent ultrasound 

study. If these metabolites showed an increase in value of greater than 50% above the initial 

baseline value (and actual value was abnormal) or if the VMA/HVA ratio decreased below 

0.5 (and the actual HVA value was above normal), the time interval to the subsequent studies 

(sonograms and urine catecholamine sampling) was decreased to three weeks. Similar 

increased surveillance took place if the VMA or HVA level, having decreased to a new nadir 

level below the value at entry, subsequently increased 50% above the nadir, assuming that 

this value was above the upper limit of normal. If the elevated value did not return to the 

baseline/nadir value (or the upper limit of normal, whichever was greater) within twelve 

weeks or the VMA/HVA ratio did not rise above 0.5 within six weeks, the patient came off-

observation and surgery was recommended without regard to the tumor volume. If there was 

no evidence of an adrenal mass on imaging at this time, it was recommended that the patient 

undergo CT or MR imaging of the neck, chest and abdomen as well as bone marrow 

aspiration/biopsy and bone scan to rule out occult disseminated disease. On the other hand, 

if the catecholamine values returned to baseline, subsequent studies took place six weeks 

later and then at the regularly scheduled times. These off-observation criteria are listed in 

Table 2.

If there was a residual adrenal mass larger than two ml in volume (a 1.6 cm sphere) at the 

end of the observation period it was recommended that the mass be resected. If a patient 

completed the 90 week observation period without triggering resection due to an increase in 

tumor volume or catecholamine values, yet the VMA and/or HVA values remained elevated, 

any persistent adrenal mass was resected, regardless of volume. For patients whose parents 

opted for immediate surgery, data were collected regarding operative report, pathology 

report and initial diagnostic studies.

Statistical Considerations

There are an estimated 136 patients per year diagnosed with neuroblastoma prenatally or ≤6 

months of age at COG member institutions. Based on prior work 6,10, we estimated that 90% 

of the tumors were adrenal in location and 30% would be INSS stage 1. In addition, we 

estimated that approximately one third of families would consent to protocol therapy, for an 

annual accrual rate of 14 patients. The actual accrual rate was approximately 11 patients/

year during the interval of the study.

Event-free survival (EFS) and overall survival (OS) were estimated using the Kaplan-Meier 

method. For the purposes of this study, a “neuroblastoma event” (NE) was defined as 

progression or recurrence to an INSS stage ≥2 neuroblastoma after resection. For EFSNE, 

time to event was defined as the time from study enrollment until first occurrence of a NE, 

second malignancy, or death from any cause, or until the time of last contact if no event 

occurred. “Any malignancy event” (AME) was defined as the occurrence of NE or the 

finding of any non-neuroblastoma malignancy upon resection of the primary adrenal mass. 

For EFSAME, time to event was defined as the time from study enrollment until first 

Nuchtern et al. Page 4

Ann Surg. Author manuscript; available in PMC 2017 November 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



occurrence of NE, AME, second malignancy, or death from any cause, or until the time of 

last contact if no event occurred. For OS, death was the only event considered. In addition, 

the resection-free survival (RFS) was estimated for those patients on the expectant 

observation arm, where the occurrence of a resection was the only event considered. The 

study was not designed or powered for subgroup comparisons of survival curves; log-rank 

tests were not performed, but 3-year estimates ± standard error have been presented.

Because this was a reduction in therapy study, sequential monitoring was performed to 

provide early detection of a reduction in EFS compared with the excellent results of legacy 

studies in which surgical resection had been the primary therapy for INSS stage 1 patients. 

An early stopping rule was planned to halt the study if the two-year EFS fell below an 

acceptable value of 95%. Sequential monitoring of need for surgical resection was also 

performed, whereby the study would be stopped if the rate of resection exceeded 75%.

Tests for proportions were based on the binomial distribution. P-values less than 0.05 were 

considered statistically significant.

RESULTS

A total of 97 infants were enrolled in the study, and 10 of these were subsequently 

determined to be ineligible: enrolled after surgical resection (5); the time interval was too 

long between diagnosis and enrollment (3); and informed consent issues (2). The remaining 

87 eligible patients formed the analytic cohort for this report. Eighty three of these patients 

were enrolled on the observation arm of the study and 4 on the immediate surgery arm. For 

the observation arm, 56 patients completed observation and 27 discontinued observation (13 

of whom were lost to follow-up during the 90 week observation period) (Table 3). Twenty-

seven patients were diagnosed prenatally or on the first day of life; for patients diagnosed 

beyond this time, the median age at diagnosis was 14 days. The median age at enrollment 

was 42 days. The male: female ratio was 2.1. Twenty six percent of the patients had elevated 

urine catecholamine values at the time of enrollment, and 33% of the tumors were ≥25% 

cystic by volume. There was no significant correlation between the proportion of patients 

who completed the observation arm of the trial with: time of diagnosis (pre- or postnatal), 

gender, cystic or solid nature of the mass, or the urine catecholamine levels at the time of 

diagnosis (normal or elevated).

The vast majority of the patients who completed the observation arm had a decrease in the 

volume of the adrenal mass. Among these 56 patients, 27 (48%) had no residual mass, 13 

(23%) had a mass > 0 but ≤ 1 ml, eight (14%) had a mass > 1 but ≤ 2 ml, and eight (14%) 

had a mass > 2 ml. Thus, 71% had a residual mass ≤ 1 ml (including those with no 

discernible mass) and 86% had a residual mass ≤ 2 ml. Fifty four patients had VMA 

determinations at end observation, 50 (93%) of these had normal levels. Fifty six patients 

had HVA determinations at end observation, 53 (95%) of these had normal values.

Twenty patients underwent resection: four went to the immediate surgery arm, and 16 

patients who were originally entered in the observation arm ultimately underwent a resection 

(Table 4). Fifteen patients in the latter group had resection during the 90 week observation 
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period and one patient had surgery after completing the observation protocol. One of the 15 

patients who had resection during observation was lost to follow up on the day of surgery-- 

the tumor histology was consistent with adrenal hemorrhage. Among the 16 observation arm 

patients who eventually had surgery, 10 patients had neuroblastoma, two patients had low-

grade adrenal cortical neoplasms, two had adrenal hemorrhage or hematoma, and two had 

extralobar pulmonary sequestration. Nine of the neuroblastoma patients had signs of tumor 

growth or progressive disease and one patient underwent resection at the request of his/her 

parents. Among the nine patients with tumor growth or progression: a) seven had INSS stage 

1 disease: six had surgery because of a greater than 50% increase in tumor volume and one 

because of a sustained increase in catecholamine secretion; and, b) two patients had 

progressive disease: one patient had liver involvement noted at the time of the first follow up 

ultrasound, this patient had stage 4S disease and was alive at 5.6 years follow up; the second 

patient went to surgery for a >50% increase in the volume of the mass and was found to have 

stage 2B disease (ipsilateral lymph node involvement), this patient was lost to follow up 

after 1.7 years without relapse or further progression. All of the nine neuroblastoma patients 

with tumor growth and/or progression had solid rather than cystic tumors.

Thirteen patients were lost to follow up during the 90 week observation period (Table 5). 

The mean observation period in this group was 342 days. Patient A had elective resection of 

the mass after 491 days of follow up and was found to have a resolving adrenal hemorrhage. 

The remaining patients were lost to follow up prior to any known tumor resection. In 12 of 

the 13 patients, the residual tumor volume was less than one ml at the time of the last 

submitted sonographic evaluation. In the 12 patients for whom data was available, 10 

patients had normal urine catecholamine metabolite values at last evaluation.

For the overall cohort (n=87), the 3-year EFSNE ± standard error was 97.7%±2.2%, the 3-

year EFSAME was 95.3% ± 3.1%, and the 3-year OS was 100% (Figure 1). Note that the two 

low-grade adrenal cortical neoplasms and the two neuroblastoma progressions were the four 

events that factored into the 3-year EFSAME rate, since the two adrenal hemorrhage/

hematomas and the two extralobar pulmonary sequestrations are benign and not considered 

malignancies. However, one patient with a solid tumor that completed the 90-week 

observation period without requiring resection died after 4 years due to end-stage renal 

disease due to a pre-existing Joubert syndrome with Dandy-Walker malformation. The 

patients without event had a median follow-up time of 3.2 years. Sixty-seven of the 83 

(81%) observation patients were spared resection. The 3-year RFS rate was 79.8% ± 6.0% 

(Figure 2).

Of the 83 patients in the observation arm: The 3-year EFSNE was 100% for patients with a 

cystic mass (n=27) and 96.4% ± 3.4% for patients with a solid mass (n=56). The 3-year RFS 

was 88.6% ± 8.6% for patients with a cystic mass (n=27) and 75.9% ± 7.6% for patients 

with a solid mass (n=56).

DISCUSSION

Neuroblastoma is a clinically heterogeneous disease. In infants, it often presents as a 

localized adrenal mass. While surgical resection is normally curative in these children, it can 
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be associated with a significant morbidity and mortality. It is known from several single-

institution studies that many of these tumors will regress spontaneously. Our hypothesis was 

that expectant observation, with resection limited to those tumors which exhibit persistent 

growth, would result in excellent survival while sparing the majority of infants from the need 

for surgical resection. The results of the study confirm this concept: the EFSNE, EFSAME, 

and OS were comparable to previous studies in which surgery, at times combined with 

chemotherapy, were used as the primary therapy for infants with stage 1 

neuroblastoma 2,3,6–8,10,11,28. In fact, the two patients who had progression beyond stage 1 

had low or intermediate risk disease and did not require further treatment.

Several studies have suggested that the burden of surgical treatment is greater than that of 

the disease in infants with localized neuroblastoma5,8,13,20,29. Given that four fifths of the 

patients in the present study were spared surgery, this approach represents a significant 

improvement in outcome for these children.

Our results are consistent with previous reports documenting the safety and effectiveness of 

expectant observation for localized infant neuroblastoma. Holgersen 9 reported spontaneous 

regression of adrenal masses detected on prenatal sonograms within the first 4 postnatal 

months. Similar results were obtained in a retrospective analysis of suprarenal masses 

detected either prenatally or in the first 120 days of life 11. Japanese investigators have 

conducted several prospective trials of expectant observation of presumed neuroblastoma 

tumors detected through mass screening for elevated urine VMA or HVA at 6 months of 

age 12–16,30. These studies used relatively similar eligibility criteria including tumor 

diameter <5 cm, Evans stage I or II, resectable mass without invasion of the spinal canal or 

involvement of the great vessels and urine VMA and HVA <50 μg/ mg creatinine. The rate 

of complete spontaneous regression ranged from 59% to 70%, and there were no recurrences 

among the observed patients. These findings were further extended in a prospective 

cooperative trial by the German Society of Pediatric Oncology and Hematology in which 

infants less than one year of age, with biopsy-proven, MYCN non-amplified, stage 1, 2 or 3 

neuroblastoma underwent expectant observation unless tumor resection was judged to be 

low risk 18. Forty seven percent of these observed patients had some degree of regression, 

and in 17% it was complete, while 4% progressed to stage-4 disease.

In this study, we required a tumor diameter ≤3.1 cm for observation of solid masses and 5 

cm for masses with greater than 25% cystic character by volume. The larger size limit for 

the cystic masses was based on identification of cystic tumors as a particularly benign subset 

of infant neuroblastomas 26,31,32. The EFSNE and RFS between those patients with a cystic 

mass appear to be similar to that of patients with a solid mass, in spite of allowing a larger 

volume at diagnosis for the former group.

We report the first North American cooperative group trial of expectant observation of a 

solid tumor in infants. Although the rate at which patients were lost to follow up was high, 

we argue that it is unlikely that that inclusion of these patients in the analysis would change 

the fundamental conclusions of our study. More than 90% of the lost patients had tumor 

volumes less than one ml at the time of last follow up, implying that these patients’ tumors 

were unlikely to increase in size after being lost.
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This report supports the safety of expectant observation of small adrenal masses in young 

infants with stable or decreasing urine VMA and HVA. It is consistent with mounting 

evidence that size, stage, and catecholamine metabolite secretion pattern can be used to 

define a safe group for observation. Tumor diameter less than 5 cm and INSS stage 1 or 2 

have been demonstrated as safe criteria in multiple observation studies 12–16,30. An upper 

limit on catecholamine secretion has been used in many protocols although it is not clear 

whether this adds safety or if it is simply a convenient way to exclude those children with 

tumors that are likely to grow rapidly and trigger resection after a short period of 

observation 12–16,33. Although the bulk of the available data demonstrating spontaneous 

regression is from infants diagnosed during the first 6 months of life, there is sufficient 

evidence that observation could be safely extended to infants less than one year with a 

standardized monitoring protocol 17,18,34. Furthermore, although the majority of 

neuroblastoma tumors arise within the adrenal gland in infants, statistical modeling suggests 

that the extra-adrenal subset of tumors have a higher probability of regression 35.

Expectant observation can be considered standard therapy for infants that fulfill the 

eligibility requirements of this study: solid adrenal tumor less than 3.1 cm (or cystic less 

than 5 cm), INSS stage 1, and younger than six months of age. We recommend extending 

these criteria to include all localized, non-infiltrative neuroblastoma tumors (corresponding 

to International Neuroblastoma Risk Group Staging System (INRGSS) stage L136) in infants 

less than one year of age. This further reduction in standard therapy should be tested in a 

prospective clinical trial.
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Figure 1. 
Event-free survival for a “neuroblastoma event” (EFSNE), event-free survival for “any 

malignancy event” (EFSAME), and overall survival for 87 eligible patients. The number of 

patients at risk for event at the start of Years 3 and 6 appear along each curve. Note that the 

y-axis of the survival plots begins at 60%, not 0%.
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Figure 2. 
Resection-free survival (RFS) for 83 patients on the observation arm of the study. The 

number of patients at risk for event at the start of Years 3 and 6 appear along the curve. Note 

that the y-axis of the survival plots begins at 60%, not 0%.
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Table 2

Criteria for removal of a patient from the protocol-specified observation period

Criterion

Evidence of persistent tumor growth

A >50% increase in the volume of the mass, or

A >50% increase in either VMA or HVA, neither returns to baseline/nadir within 12 weeks, and the 
value is above the upper limit of normal for that metabolite, or

The VMA/HVA <0.5 (and HVA greater than upper limit of normal) and does not increase above 0.5 
within six weeks.

Completion of the 90 week observation period

Progression, secondary malignancy, or death
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