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Objective: To investigate the clinicopathological characteristics and long-term
survival outcomes of pediatric adrenal malignancies.

Method: This study retrospectively analyzed children with pathologically
confirmed pediatric adrenal malignancies from Surveillance, Epidemiology,
and End Results Database from 2000 to 2019. Kaplan-Meier curve was used
to assess the overall survival (OS) and cancer-special survival (CSS), and the
Log-Rank method was used to calculate statistical differences. Cox
proportional hazards model and Fine-and-Grey model were used to
calculate the hazard ratio (HR) of all-cause mortality risk and the sub-
distribution HR (sHR) of disease-specific mortality risk, respectively, and their
corresponding 95% confidence intervals (Cl).

Results: 1601 children were included in the study in which 1335 (83.4%)
neuroblastoma, 151 (9.4%) ganglioneuroblastoma, 89 (5.6%) adrenocortical
carcinoma, and 26 (1.6%) were diagnosed with other types malignancies.
Metastatic disease accounted for the largest proportion (69.3%), and the
proportion of metastases diagnosed by neuroblastoma was higher than that
of adrenocortical carcinoma and ganglioneuroblastoma (73.9% vs. 45.7% vs.
47.2%). The 5-year OS and CSS of all cohort were 69.5% and 70.5%,
respectively. Adrenal cortical carcinoma had the worst prognosis, with 5-year
OS and CSS of 52.5% and 53.1%, respectively. Patients in recent years had no
better OS and CSS than in previous years at diagnosis. The tumor stage
remained the main prognostic predictor. Compared to metastatic adrenal
tumors, the risk of all-cause mortality (adjusted HR: 0.12, 95% Cl: 0.06-0.25,
P < 0.001) and the risk of disease-specific mortality (adjusted sHR: 0.11, 95% ClI:
0.05-0.25, P<0.001) was significantly lower for patients with localized diseases.
Additionally, higher age, adrenal cortical carcinoma, and lack of complete
tumor resection are independent risk factors for poor prognosis. Furthermore,
it was found that the prognosis of patients who received chemotherapy was
worse than those who did not, mainly because the former mostly had
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metastasis at the presentation and complete resection of the tumor cannot be

achieved.

Conclusion: The clinicopathological characteristics of pediatric adrenal
malignancies have not changed significantly in the past two decades, while
the prognosis of patients has improved. Early diagnosis of disease and
complete resection of local tumors are the keys to improving prognosis.
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Introduction

Pediatric malignancies of adrenal glands are rare but have
become one of the leading causes of death in pediatrics (1, 2).
Their onset is usually stealthy, discovered incidentally, or identified
by recognizing symptoms associated with excess hormone secretion
(3, 4). Neuroblastoma, ganglioneuroblastoma, and adrenal cortical
cancer account for most pediatric adrenal malignancies. Adrenal
cortical cancer rarely occurs and has a poor prognosis (5-8).
Pediatric malignant patients have benefited from the rapid
progress in tumor treatment as the optimization of multimodality
therapy and early tumor screening has dramatically improved the
survival rate of pediatric malignant tumors (9-13). Given the low
incidence of pediatric adrenal tumors, the small sample size, and the
short follow-up time of prior studies on pediatric adrenal
malignancies, the clinicopathological characteristics, treatment
status, and prognosis are not well understood (2, 4, 11-15). Here,
we used the Surveillance, Epidemiology, and End Results (SEER)
database to study pediatric malignancies of adrenal glands to
explore the long-term follow-up survival outcomes and
prognostic risk analysis of pediatric adrenal malignancies.

Patients and methods
Data source

All data were obtained from the SEER database of 18
registries (https://seer.cancer.gov/). Since SEER databases were
anonymized and were not associated with human research,
therefore, the need for ethics approval was waived by the
Ethics Review Board of our institute. As a retrospective study,
the patients diagnosed with primary adrenal malignancy from
2000 to 2019 were identified. Patients <19 years and having
adrenal cortical carcinoma, adrenal ganglioneuroblastoma,
adrenal neuroblastoma, and other non-common tumors were
identified. All diagnoses were confirmed by histology and not by
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autopsy or death certification, and all patients had a detailed
cause of death and follow-up data. Cases with missing values
were excluded.

Study variables

The study mainly included the following variables for data
analysis: year of diagnosis (2000-2004, 2005-2009, 2010-2014,
and 2015-2019), age at diagnosis (0-4 years, 5-9 years, 10-14 year
and 15+ year), gender (male and female), race (white, black and
other), median household income ($0-$59999, $60000-$69999
and $70000+), residence locality (metropolitan and non-
metropolitan), tumor size, tumor stage (distant, localized and
regional), metastatic site (bone, brain, liver, lung), surgery and
approaches (none, local tumor destruction/excision, radical
surgery with or without other organs and simple/partial
surgical removal), metastatic surgery Treatment (yes or no),
chemoradiation (yes or no).

Statistical analysis

The continuous variables were described as mean + standard
deviation (SD) for data with a normal distribution and
compared with the student t-test. For non-normal distribution,
the Wilcoxon rank-sum test was used to compare the data, and
the data were described as median and interquartile range (IQR).
Classification variables were represented by frequency (%) and
compared by the chi-square test. OS and CSS were the primary
endpoints of interest for this study. Kaplan-Meier was used to
calculate OS and CSS. The hazard ratio (HR), the Sub-
distribution hazard ratio (sHR), and the corresponding 95%
confidence Interval (95% CI) of all-cause death and adrenal
tumor-specific death were calculated by Cox proportional
hazards model and Fine and Grey model, respectively. Logistic
regression analysis was done to calculate odds ratios (OR) and
their corresponding 95% CI for factors associated with treatment
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choice. All analyses were conducted using R (Version 42.0). P <
0.05 (two-sided) was considered statistically significant.

Results
Baseline characteristics

Our study included 1601 patients with adrenal-derived
malignant tumors. The primary histological type was
neuroblastoma (1335 cases, 83.4%). Ganglioneuroblastoma and
adrenal cortical carcinoma were the other two main pathological
types, accounting for 9.4% and 5.6%, respectively, whereas other
rare cancers accounted for only 1.6% (Table 1 and Figure 1A).
The incidence of neuroblastoma did not change much from 2000
to 2019 (Figure 1B). Most cases had an onset in the age group of
0-4 years, accounting for 79.9% of the cases. Neuroblastoma
accounted for the largest proportion (86.4%) in 0-4 years old.
However, ganglioneuroblastoma and adrenal cortical carcinoma
accounted for 55.6% and 41.5%, respectively; furthermore, the
proportion of other rare cases was 19.2% in the older age
groups (Table 1).

The median tumor size (102mm) of adrenal cortical carcinoma
was larger than other tumor types (neuroblastoma- 75mm,
ganglioneuroblastoma- 61mm and others- 70mm). Most of the
children had metastatic diseases at the time of diagnosis
(Figure 1C). This condition has not changed much in these two
decades (Figure 1D). Patients with neuroblastoma present diststant
metastasis accounted for 73.9%, while Ganglioneuroblastoma and
adrenal cortical carcinoma accounted for 45.7% and 47.2%,
respectively. Bone was the most common metastasis site (about
80.0% of all metastasis cases, data did not present here). Figure 2A
shows that about 70% of children under 9 years old had disease
metastasis at the time of treatment (0 - 4 years old: 70.1%, 5 - 9
years old: 71.1%); although the proportion of children over 10 years
old with metastasis decreased, it still more than the general children
with disease metastasis (10-14 years old: 60.3%; 15-19 years old:
55.9%). However, we found that with the increase in age, the
proportion of adrenal cortical carcinoma patients with metastasis
increased (Figure 2B). The proportion of metastasis from adrenal
neuroblastoma is higher in all age stages. In contrast, the proportion
of metastatic lesions in Ganglioneuroblastoma is lower
(Figures 2C, D).

Most children received surgical treatment (8.68% local tumor
destruction/excision, 55.0% radical surgery with or without other
organs, and 18.1% simple/partial surgical removal), and a few did
not (18.2%). At the same time, 77.6% and 31.0% of patients
received chemotherapy and radiotherapy, respectively.
Additionally, 13.0% of patients also received surgical treatment
for distant lymph node or organ metastasis, and most (76.3%)
patients underwent either surgery or radiotherapy and
chemotherapy within 1 month after diagnosis (Table 1).
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Survival outcomes

Our results showed that OS and CSS didn’t change over the
years (200-2019) (Figures 3A, B). The OS and CSS of
neuroblastoma and ganglioneuroblastoma was better than
adrenal cortical carcinoma (Figures 3C, D). The 5-year OS of
the total population was 69.5% (95% CI: 67.1% - 72.0%,
Table 2). The 5-year OS of metastatic patients was 59.3%,
while that of local tumor patients was 89.3%. (Table 2).
Table 3 summarizes the risk factors of disease-specific death in
5-year CSS of different subgroups. Our results show that the
overall 5-year CSS was 70.5% (95% CI: 68.1% -73.0%). The
multivariate COX model showed that the age, histological type,
tumor size, tumor stage, and treatment were independent risk
factors for both, all-cause mortality and disease-specific death.
Although in the recent year of the diagnosis had a lower risk of
mortality compared to the prior years, the year of diagnosis was
neither a significant risk predictor of all-cause mortality
(Figure 4A) nor disease-cause mortality (Figure 4B).

It’s puzzling that the survival analysis showed that
chemotherapy did not benefit patients but increased the risk of
death. However, it should be noted that chemotherapy was
significantly correlated with the recent year of diagnosis,
younger age of patients at diagnosis, metropolitan patient’s,
larger tumor size, tumor with distant disease, nonsurgical
treatment performed (Supplementary Table 1).

Considering the differences in treatment and prognosis
between adrenocortical carcinoma and adrenal neuroblastoma/
ganglioneuroblastoma, we will perform survival analysis for the
two subgroups separately. We found that OS in the adrenal
neuroblastoma/ganglioneuroblastoma subgroups correlated
with patient age (the older the age, the worse the OS), race
(worse in blacks than whites), and tumor stage (worse in
metastatic cases than in patients without metastases)
(Supplementary Table 2). However, only tumor stage and
complete tumor resection were independent prognostic factors
for adrenocortical carcinoma (Supplementary Table 3).

Discussion

Neuroblastoma is the most common pathological type of
adrenal malignancy in children (7, 16), and approximately 46%
of neuroblastomas arise from the adrenal gland (17). The
primary site of the adrenal neuroblastoma is often concealed
and extensive, but its biological behavior shows high malignancy
and rapid growth and is prone to multiple early metases (18).
Our study found that ganglioneuroblastoma and neuroblastoma
accounted for more than 80% of metastatic lesions. Since the
clinical symptoms and signs of pediatric neuroblastoma are not
specific, they are hard to diagnose. Hence, diagnosis is often
missed, delaying treatment and losing the best time for the
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TABLE 1 Baseline characteristics of the study cohort.

10.3389/fendo.2022.977105

By histology
ALL Neuroblastoma Ganglioneuroblastoma  Adrenal cortical Other
N=1601 N=1335 (83.4%) N=I151 (9.4%) carcinoma N=89 5.6% N=26 (1.6%)
Year at diagnosis
2000-2004 374 315 (23.6%) 34 (22.5%) 21 (23.6%) 4 (15.4%)
(23.4%)
2005-2009 421 352 (26.4%) 42 (27.8%) 19 (21.3%) 8 (30.8%)
(26.3%)
2010-2014 411 339 (25.4%) 36 (23.8%) 29 (32.6%) 7 (26.9%)
(25.7%)
2015-2019 395 329 (24.6%) 39 (25.8%) 20 (22.5%) 7 (26.9%)
(24.7%)
Age at diagnosis. Median 2.00 1.00 [0.00;3.00] 4.00 [2.00;7.00] 9.00 [2.00;15.0] 15.0 [8.25;17.0]
(IQR) [0.00;4.00]
Age at diagnosis
0-4 year 1279 1153 (86.4%) 84 (55.6%) 37 (41.6%) 5 (19.2%)
(79.9%)
5-9 year 190 136 (10.2%) 41 (27.2%) 9 (10.1%) 4 (15.4%)
(11.9%)
10-14 year 73 (4.56%) 32 (2.40%) 18 (11.9%) 20 (22.5%) 3 (11.5%)
15+ year 59 (3.69%) 14 (1.05%) 8 (5.30%) 23 (25.8%) 14 (53.8%)
Sex
Female 722 580 (43.4%) 77 (51.0%) 53 (59.6%) 12 (46.2%)
(45.1%)
Male 879 755 (56.6%) 74 (49.0%) 36 (40.4%) 14 (53.8%)
(54.9%)
Race
White 1234 1026 (76.9%) 108 (71.5%) 78 (87.6%) 22 (84.6%)
(77.1%)
Black 214 179 (13.4%) 27 (17.9%) 6 (6.74%) 2 (7.69%)
(13.4%)
Other 153 130 (9.74%) 16 (10.6%) 5 (5.62%) 2 (7.69%)
(9.56%)
Median household income
$0-$59999 406 335 (25.1%) 44 (29.1%) 22 (24.7%) 5 (19.2%)
(25.4%)
$60000-$69999 498 412 (30.9%) 49 (32.5%) 28 (31.5%) 9 (34.6%)
(31.1%)
$70000+ 697 588 (44.0%) 58 (38.4%) 39 (43.8%) 12 (46.2%)
(43.5%)
Residence
Metropolitan 1448 1214 (90.9%) 131 (86.8%) 79 (88.8%) 24 (92.3%)
(90.4%)
Nonmetropolitan 153 121 (9.06%) 20 (13.2%) 10 (11.2%) 2 (7.69%)
(9.56%)
Size. Median (IQR) 73.0 75.0 [49.0; 105] 61.0 [43.5:84.5] 102 [70.8;134] 70.0 [50.5;102]
[50.0;105]
Stage
Distant 1109 986 (73.9%) 69 (45.7%) 42 (47.2%) 12 (46.2%)
(69.3%)
Localized 270 167 (12.5%) 58 (38.4%) 34 (38.2%) 11 (42.3%)
(16.9%)
Regional 222 182 (13.6%) 24 (15.9%) 13 (14.6%) 3 (11.5%)
(13.9%)
(Continued)
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TABLE 1 Continued

By histology
ALL Neuroblastoma Ganglioneuroblastoma  Adrenal cortical Other
N=1601 N=1335 (83.4%) N=I151 (9.4%) carcinoma N=89 5.6% N=26 (1.6%)
Bone metastasis *
Bone 375 342 (52.5%) 22 (29.3%) 6 (12.5%) 5 (35.7%)
(47.5%)
No 414 310 (47.5%) 53 (70.7%) 42 (87.5%) 9 (64.3%)
(52.5%)
Brain metastasis *
Brain 44 (5.6%) 42 (6.4%) 2 (2.7%) 0 (0%) 0 (0%)
No 745 610 (93.6%) 73 (97.3%) 48 (100%) 14 (100%)
(94.4%)
Liver metastasis *
Liver 169 148 (22.7%) 3 (4.0%) 16 (33.3%) 2 (14.3%)
(21.4%)
No 620 504 (77.3%) 72 (96.0%) 32 (66.7%) 12 (85.7%)
(78.6%)
Lung metastasis *
Lung 70 (8.9%) 48 (7.4%) 3 (4.0%) 13 (27.1%) 6 (42.9%)
No 719 604 (92.6%) 72 (96.0%) 35 (72.9%) 8 (57.1%)
(91.1%)
Metastasis site *
No 318 236 (36.2%) 51 (68.0%) 25 (52.1%) 6 (42.9%)
(40.3%)
2+ sites 153 133 (20.4%) 5 (6.7%) 11 (22.9%) 4 (28.6%)
(19.4%)
Bone 234 214 (32.8%) 17 (22.7%) 1(2.1%) 2 (14.3%)
(29.7%)
Liver 72(9.1%) 65 (10.0%) 1 (13%) 6 (12.5%) 0 (0%)
Lung 12 (15%) 4 (0.6%) 1 (13%) 5 (10.4%) 2 (14.3%)
Surgical treatment
No 292 266 (19.9%) 5(3.31%) 15 (16.9%) 6 (23.1%)
(18.2%)
Local tumor destruction/ 139 113 (8.46%) 16 (10.6%) 9 (10.1%) 1 (3.85%)
excision (8.68%)
Radical surgery with or 881 728 (54.5%) 96 (63.6%) 46 (517%) 11 (42.3%)
without other organs (55.0%)
Simple/partial surgical 289 228 (17.1%) 34 (22.5%) 19 (213%) 8 (30.8%)
removal (18.1%)
Surgery for non-primary other
distant sites
None 1393 1157 (86.7%) 135 (89.4%) 79 (88.8%) 22 (84.6%)
(87.0%)
Yes 208 178 (13.3%) 16 (10.6%) 10 (112%) 4 (15.4%)
(13.0%)
Radiotherapy
No 1104 885 (66.3%) 116 (76.8%) 81 (910%) 22 (84.6%)
(69.0%)
Yes 497 (310%) 450 (33.7%) 35 (23.2%) 8 (8.99%) 4 (15.4%)
Chemotherapy
No/Unknown 358 235 (17.6%) 70 (46.4%) 37 (416%) 16 (615%)
(22.4%)

(Continued)
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TABLE 1 Continued

10.3389/fendo.2022.977105

By histology

ALL Neuroblastoma Ganglioneuroblastoma  Adrenal cortical Other
N=1601 N=I335 (83.4%) N=151 (9.4%) carcinoma N=89 5.6% N=26 (1.6%)

Yes 1243 1100 (82.4%) 81 (53.6%) 52 (58.4%) 10 (38.5%)
(77.6%)

Months to treatment

0 months 1222 1012 (75.8%) 115 (76.2%) 76 (85.4%) 19 (73.1%)
(76.3%)

1 months 331 281 (210%) 33 (219%) 12 (13.5%) 5 (19.2%)
(20.7%)

2+ months 48 (3.00%) 42 (3.15%) 3 (1.99%) 1 (1.12%) 2 (7.69%)

IQR, Interquartile range.
*Data with complete information of metastasis organ.

treatment. Therefore, delayed diagnosis is a major factor for the
poor prognosis of neuroblastoma. With the improvement of
multidisciplinary comprehensive treatment, the survival rate of
patients has improved to a certain extent. However, our findings
found that there was no statistically significant reduction in the
risk of death in patients diagnosed recently compared with
patients with pediatric adrenal malignancies diagnosed in
the past.

Neuroblastoma is an embryonal tumor originating from
primitive neural crest cells of the sympathetic nervous system. It
affects the normal development of the adrenal medulla and
paravertebral sympathetic ganglia, although its exact pathogenesis

is still unclear (19). MYCN amplification is associated with the
development of neuroblastoma. Numerous studies have shown that
MYCN amplification correlates with neuroblastoma progressing
rapidly, leading to a worse prognosis (20, 21). Therefore, drugs
inhibiting MYCN amplification, such as retinoic acid, are used for
maintenance therapy in high-risk children (22, 23).

Furthermore, the 1p, 11q loss, and 17q gain are also common
chromosomal abnormalities in neuroblastoma (24-26). 11q
aberration is reported in 20 to 45% of neuroblastoma, and 1p
and 11q loss can render neuroblastomas in an undifferentiated or
poorly differentiated state, increasing the risk of recurrence and
leading to a poor prognosis (21, 25, 27, 28). Most children with
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neuroblastoma develop a 17q gain (80.4%), which, together with
other unfavorable prognostic factors, contributes to the poor
prognosis of neuroblastoma (21, 24).

Neuroblastoma may show biochemical abnormalities in blood
and urine. Neuron-specific enolase (NSE) is an acid protease
unique to neurons and neuroendocrine cells and a specific marker
of neuroendocrine tumors (29, 30). NSE is expressed in neurons
and is highly sensitive and specific to neuroblastoma and
ganglioneuroblastoma. Its elevation often indicates advanced
disease progression and poor prognosis. Studies have shown
that NSE has a high positive expression rate in undifferentiated
neuroblastoma and has high sensitivity and accuracy in
monitoring tumor recurrence, especially in metastatic tumors.
Urinary vanillylmandelic acid (VMA) is also an important
indicator of early diagnosis of neuroblastoma (30, 31). A vast
majority of neuroblastomas can also be accompanied by abnormal
metabolism of catecholamines in the body. It can directly secrete
the precursor substances of VMA, increasing its concentration in
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the blood and the urine. Lactate dehydrogenase (LDH) is an
essential enzyme in the glycolytic pathway. The tumor tissue has
the characteristics of high metabolism, and the serum LDH level
can be used as an important indicator representing the tumor cell
burden in the whole body, which is of great significance for the
prognosis of neuroblastoma (29, 32, 33).

Surgically resecting the whole tumor tissue is the key to
treating pediatric adrenal tumors (17). Our study showed that
achieving complete tumor resection improves patient outcomes.
However, when complete tumor resection cannot be performed,
local surgery did not lead to better outcomes than patients
without surgery. Without adjuvant radiotherapy and
chemotherapy, children with localized diseases can achieve
long-term survival after complete tumor resection and no
surgical complications alone. However, in the diagnosis of
pediatric adrenal malignancies, the tumor is often large,
adheres tightly to the surrounding tissues, and even surrounds
important blood vessels such as the inferior vena cava, making it
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difficult to operate on the tumor and remove it altogether. Blind
pursuit of complete resection may also lead to more severe
complications and affect the patient’s survival.

Patients with intermediate-risk tumors may receive
chemotherapy to shrink the tumor before surgical removal
(17, 34). Preoperative chemotherapy can significantly shrink
the tumor, thicken the capsule, reduce the clinical stage of the
tumor, and inhibit distant metastasis. The treatment model of
neoadjuvant chemotherapy, surgical resection, adjuvant high-
dose chemotherapy with hematopoietic stem cell rescue, and
radiation therapy has become a classic mode of treatment for
high-risk neuroblastoma (17, 35, 36). Chemotherapy can easily
aggravate the degree of adhesion between the tumor and
surrounding tissues and increase the difficulty of surgical
resection. Moreover, chemotherapy can confuse or change the
pathological staging, and special attention should be paid to the
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timing of surgery and chemotherapy. Prior studies have also
found that surgical resection is vital in predicting outcomes for
high-risk neuroblastomas that do not show a clinical response to
induction treatment. However, gross total resection versus
subtotal resection did not affect these outcomes (37).
Neuroblastoma is more sensitive to chemotherapy, but at the
same time, it is necessary to pay attention to the toxic side effects
of chemotherapy on children. Although high-intensity
chemotherapy is used only for high-risk groups of
neuroblastomata, the toxic side effects on children are
significant and need vigilant analysis (38). An international,
randomized, multi-arm, open-label, phase 3 trial found that
Busulfan and melphalan improved event-free survival in
children with high-risk neuroblastoma with an adequate
response to induction treatment and caused fewer severe
adverse events than carboplatin, etoposide, and melphalan
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TABLE 2 Five-year overall survival and predictors of all-cause mortality.

10.3389/fendo.2022.977105

5-year overall survival Univariable# Multivariable#
rate (95%CI) HR (95%CI) P HR (95%CI) P

All cohort 69.5% [67.1%-72.0%]
Year at diagnosis

2000-2004 68.4% [63.8%-73.2%)] 1 reference 1 reference

2005-2009 68.8% [64.4%-73.4%] 1.02 [0.81-1.29] 0.856 110 [0.86-1.40] 04578

2010-2014 70.5% [66.1%-75.2%] 0.91 [0.71-1.16] 0.454 0.82 [0.63-106] 0.1317

2015-2019* 75 0% [69.2%-81.4%)] 0.86 [0.64-1.17) 0.35 0.79 [0.58-110] 0.1623
Age at diagnosis

0-4 year 72.8% [70.2%-75.4%)] 1 reference 1 reference

5-9 year 60.7% [53.4%-69.0%] 1.58 [1.22-2.03] <0.001 1.56 [1.20-2.03] 0.001

10-14 year 53 0% [41.7%-67.4%] 2.18 [1.53-3.10] <0.001 2.15 [146-3.17] <0.001

15+ year 42.9% [310%-59.4%] 2.87 [2.00-4.13] <0.001 2.54 [155-4.17] <0.001
Sex

Female 69.3% [65.7%-73.1%] 1 reference 1 reference

Male 69.6% [66.4%-73.0%) 1.03 [0.86-1.24] 0.751 1.02 [0.84-1.23] 0.8728
Race

White 71.7% [69.0%-74.4%) 1 reference 1 reference

Black 62.5% [55.9%-70.0%] 1.37 [107-1.75] 0.013 1.28 [0.99-166] 0.0631

Other 619% [54.1%-70.8%] 1.40 [1.05-1.88] 0.023 1.31 [0.96-1.79] 0.0872
Median household income

$0-$59999 64.8% [59.9%-70.0%)] 1 reference 1 reference

$60000-$69999 69.3% [65.1%-73.9%) 0.85 [0.68-108] 0.18 0.91 [0.70-1.19] 0.4937

$70000+ 72.5% [68.9%-76.2%] 0.77 [0.62-0.96] 0.021 0.80 [0.62-1.04] 0.0907
Residence

Metropolitan 70.4% [67.9%-73.0%)] 1 reference 1 reference

Nonmetropolitan 60.2% [52.2%-69.3%)] 1.39 [1.05-1.84] 0.019 1.26 [0.91-1.74] 0.1712
Histology

Adrenal cortical carcinoma 52.5% [42.6%-64.6%) 1 reference 1 reference

Ganglioneuroblastoma 76.8% [69.6%-84.8%] 0.43 [0.28-0.68) <0.001 0.38 [0.23-0.63] 0.0002

Neuroblastoma 69.9% [67.3%-72.7%] 0.51 [0.37-0.71] <0.001 0.32 [0.21-0.49] <0.001

Other 62.3% [45.4%-85.3%] 0.79 [0.39-157] 0.497 0.72 [0.33-1.59] 0.4207
Size. per cm 1.05 [1.03-1.07] <0.001 1.03 [1.02-1.05] <0.001
Stage

Distant 59.3% [56.2%-62.5%)] 1 reference 1 reference

Localized 96.1% [93.6%-98.6%) 0.09 [0.05-0.16] <0.001 0.12 [0.06-0.25] <0.001

Regional 89.3% [85.0%-93.9%] 0.23 [0.15-0.34] <0.001 0.29 [0.19-0.45] <0.001
Surgical treatment

No 60.9% [55.3%-67.2%] 1 reference 1 reference

Local tumor destruction/excision 77.6% [70.5%-85.5%)] 0.46 [0.31-0.69] <0.001 0.72 [0.46-1.11] 0.1388

Radical surgery with or not other organs 69.2% [66.0%-72.6%) 0.69 [0.55-0.87] <0.001 0.83 [0.64-1.07] 0.152

Simple/partial surgical removal 75.2% [69.9%-80.8%] 0.52 [0.38-0.70] <0.001 0.70 [0.50-0.98] 0.0385
Surgery for non-primary other distant sites

None 71.1% [68.5%-73.7%) 1 reference 1 reference

Yes 58.9% [52.1%-66.6%] 1.49 [1.17-1.89] <0.001 1.11 [0.86-1.43] 0.4085
Radiotherapy

No 73.8% [71.1%-76.7%) 1 reference 1 reference

Yes 59.8% [55.2%-64.7%] 1.47 [1.22-1.77] <0.001 1.05 [0.84-1.30] 0.6871
Chemotherapy

(Continued)
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TABLE 2 Continued

10.3389/fendo.2022.977105

5-year overall survival Univariable# Multivariable#
rate (95%CI) HR (95%CI) P HR (95%CI) P
No/Unknown 93.2% [90.4%-96.0%] 1 reference 1 reference
Yes 62.7% [59.9%-65.7%) 5.49 [3.75-8.05] <0.001 2.68 [1.62-4.46] <0.001
Months to treatment
0 months 70.5% [67.8%-73.3%)] 1 reference 1 reference
1 months 64.2% [58.8%-70.1%] 1.26 [1.01-1.56] 0.037 0.98 [0.78-1.22] 0.8273
2+ months 78.9% [67.4%-92.3%] 0.84 [0.47-1.50] 0.565 1.12 [0.61-2.06] 0.72
HR, hazard ratio; CI, confidence interval;
#Cox proportional risk regression model;
*59 months survival rate.
TABLE 3 Five-year cancer-sQecial survival and Qredictors of mortality by adrenal cancer.
Univariable# Multivariable#
rate (95%CI) sHR (95%CI) p sHR (95%CI) p
All cohort 70.5% [68.1%-73.0%]
Year at diagnosis
2000-2004 68.8% [64.2%-73.6%) 1 reference 1 reference
2005-2009 69.8% [65.5%-74.4%) 0.99 [0.78-1.25] 0.914 1.10 [0.82-1.46] 0.5229
2010-2014 71.8% [67.5%-76.5%] 0.88 [0.68-1.13] 032 0.92 [0.68-1.25] 0.5943
2015-2019* 76.0% [70.1%-82.3%] 0.82 [0.60-1.12] 0.215 0.83 [0.58-1.20] 0.3286
Age at diagnosis
0-4 year 73.8% [71.3%-76.5%) 1 reference 1 reference
5-9 year 61.6% [54.3%-70.0%] 1.59 [1.23-2.06] <0.001 1.55 [1.16-2.09] 0.0034
10-14 year 53.0% [41.7%-67.4%) 2.29 [1.61-3.27] <0.001 1.84 [0.24-2.39] 0.0025
15+ year 43.7% [31.6%-60.4%] 2.64 [1.79-3.89] <0.001 1.85 [1.05-3.28] 0.0339
Sex
Female 70.4% [66.9%-74.2%) 1 reference 1 reference
Male 70.5% [67.3%-73.8%] 1.03 [0.86-1.25] 0.722 0.96 [0.77-1.19] 0.7076
Race
White 72.3% [69.6%-75.0%) 1 reference 1 reference
Black 64.4% [57.8%-71.9%] 1.33 [1.03-1.72] 0.027 1.25 [0.93-1.68] 0.1452
Other 64.7% [56.9%-73.6%] 1.32 [0.97-1.79] 0.077 1.33 [0.97-1.81] 0.0756
Median household income
$0-$59999 66.3% [61.5%-71.5%] 1 reference 1 reference
$60000-$69999 70.2% [66.0%-74.8%] 0.87 [0.68-1.10] 0.247 1.10 [0.82-1.48] 0.5397
$70000+ 73.2% [69.7%-76.9%) 0.78 [0.62-0.98] 0.03 0.90 [0.67-1.22] 05113
Residence
Metropolitan 71.4% [68.9%-74.0%) 1 reference 0.024 1 reference 0.1407
Nonmetropolitan 61.2% [53.3%-70.4%] 1.39 [1.04-1.84] 1.28 [0.92-1.77]
Histology
Adrenal cortical carcinoma 53.1% [43.2%-65.3%) 1 reference 1 reference
Ganglioneuroblastoma 76.8% [69.6%-84.8%] 0.44 [0.28-0.70] <0.001 0.44 [0.26-0.73] 0.0014
Neuroblastoma 71.1% [68.5%-73.8%] 051 [0.37-0.72] <0.001 0.35 [0.23-0.53] <0.001
Other 62.3% [45.4%-85.3%] 0.75 [0.36-1.55] 0.432 0.75 [0.29-1.89] 0.5364
Size. per cm 1.05 [1.03-1.07] <0.001 1.04 [1.02-1.06] <0.001
(Continued)
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TABLE 3 Continued

rate (95%CI)

Stage
Distant 60.5% [57.5%-63.8%]
Localized 96.5% [94.2%-98.9%]
Regional 89.3% [85.0%-93.9%]

Surgical treatment
No 62.6% [57.0%-68.9%)
Local tumor destruction/excision 77.6% [70.5%-85.5%]
70.2% [67.0%-73.6%)

76.0% [70.7%-81.6%]

Radical surgery with or not other organs
Simple/partial surgical removal

Surgery for non-primary other distant sites

None 72.0% [69.5%-74.6%)

Yes 60.3% [53.4%-68.1%]
Radiotherapy

No 74.9% [72.2%-77.7%)

Yes 60.7% [56.1%-65.6%)
Chemotherapy

No/Unknown 94.0% [91.4%-96.7%)

Yes 63.8% [60.9%-66.8%]

Months to treatment

0 months 71.3% [68.6%-74.1%]
1 months 66.0% [60.6%-71.9%)
2+ months 78.9% [67.4%-92.3%]

sHR, Sub-distribution hazard ratio; CI, confidence interval;
#Fine and Grey regression model;
*59 months survival rate.

treatment (38). A reasonable grasp of the intensity of
chemotherapy is critical to avoid the effects of insufficient
intensity in high-risk children and excessive intensity in low-
risk children on prognosis.

In addition to surgical resection, radiotherapy can be a
crucial treatment for neuroblastoma tumors (34). Local
radiotherapy has an inhibitory effect on the recurrence of
neuroblastoma. For high-risk patients, radiotherapy for
primary and metastatic lesions can control the patient’s
condition. Also, Todine-131 metaiodobenzylguanidine (**'I-
MIBG) and radiolabeled DOTA-conjugated peptides have
been reported to be useful for neuroblastoma treatment (39,
40). Because neuroblastoma cells highly express ganglioglyceride
GD2 antibodies, they can be used as a better target for
immunotherapy. Immunotherapy with an anti-GD2 antibody
with GM-CSF, interleukin-2, and isotretinoin was associated
with a significantly improved outcome compared with standard
therapy in patients with high-risk neuroblastoma (41).

Adrenal cortical carcinoma in children is a rare adrenal
malignancy, and its incidence is lower than that of
neuroblastoma and ganglioneuroblastoma (10). In our study,
adrenal cortical carcinoma patients only accounted for 5.6% of
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Univariable# Multivariable#

sHR (95%CI) P sHR (95%CI) P

1 reference 1 reference

0.08 [0.04-0.15] <0.001 0.11 [0.05-0.25] <0.001
0.23 [0.15-0.35] <0.001 0.28 [0.18-0.45] <0.001
1 reference 1 reference

0.47 [0.31-0.71] <0.001 0.67 [0.41-1.10] 0.1144
0.69 [0.55-0.87] 0.002 0.80 [0.59-1.09] 0.1531
0.53 [0.39-0.72] <0.001 0.63 [0.42-0.94] 0.0253
1 reference 1 reference

1.49 [1.16-1.90] 0.002 1.13 [0.85-1.51] 0.3915
1 reference 1 reference

1.47 [1.21-1.77] <0.001 0.95 [0.75-1.22] 0.7048
1 reference 1 reference

6.69 [4.36-10.27] <0.001 2.61 [1.47-4.64] 0.001
1 reference 1 reference

1.22 [0.98-1.52] 0.081 0.92 [0.71-1.19] 0.5188
0.81 [0.44-1.48] 0.491 1.40 [0.68-2.87] 0.3594

total patients. However, the degree of malignancy was very high in
adrenal cortical carcinoma; the disease developed rapidly and had
an infiltrative growth. The diagnosis is that the tumor volume is
large and more likely to invade surrounding organs and tissues,
making them hard to operate on (42). However, our study found
that metastases in adrenocortical carcinoma are less common at
the time of diagnosis than in neuroblastoma. The pathogenesis is
unclear and can be associated with epigenetic alterations,
manifesting as germline TP53 mutations or chromosome 11p
abnormalities (8, 43). Compared to adult adrenal cortical
carcinoma, pediatric adrenal cortical carcinoma has distinct
features. It is closely associated with germline TP53 mutations,
which are present in 53% of cases but only in < 10% in adults’
adrenal cortical carcinoma (44). At the time of onset, there may be
indicators of excessive secretion of adrenal corticosteroids, such as
hypertension, precocious puberty in childhood (manifested as
male feminization, female virilization, penis enlargement, pubic
hair development, deepening of the voice, breast development,
etc.) and Cushing syndrome (manifested as a full moon face,
bloody appearance, central obesity, acne, purple striae,
hypertension, secondary diabetes, and osteoporosis, etc.). For
pediatric adrenocortical carcinoma, 90% of patients presented
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Multivariate hazard ratio (HR) analysis for all-cause mortality and diseases-cause mortality. (A) All-cause mortality. (B) Diseases-cause mortality.

The year 2000 at diagnosis was considered as a reference.

with evidence of hormonal hypersecretion, and there was an
association between the endocrine phenotype and stage (13).
The above symptoms may be considered as a warning sign of
adrenocortical carcinomas and can be further studied as
prognosis indicators.

Currently, the preferred criteria for the diagnosis of pediatric
adrenocortical carcinoma are those described by Wieneke et al
(45). It mainly includes the following 9 criteria: tumor weight >
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400 g; tumor diameter > 10.5 cm; Extension into the periadrenal
soft tissue or adjacent organs; invasion into vena cava; vascular
invasion; capsular invasion; the presence of tumor necrosis;
mitoses > 15 per 20 high-power fields (4 mm?2); and presence
of atypical mitosis. Adrenocortical carcinoma can be diagnosed
if 4 or more of the 9 items are satisfied. If less than or equal to 2
items, it is diagnosed as benign, and if any 3 items are satisfied, it
is diagnosed as uncertain malignant potential. In addition, Ki67
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has been proposed as an auxiliary biomarker to differentiate
childhood adrenal adenoma from adrenal carcinoma and to
predict tumor behavior. A Ki67 index of less than 10% is
associated with benign disease, and a marker index of greater
than 15% is associated with a higher risk of malignancy or
adverse outcomes. The p53 gene is an important tumor
suppressor gene in the human body. Its wild type makes
cancer cells apoptotic, thereby preventing canceration. It has
the function of helping cells to repair defects in genes (5, 46). The
mutant type of p53 will increase canceration. Multiple studies
have found that p53 is overexpressed in adrenocortical
carcinomas, whereas it is normal in adrenal adenomas.
Adrenocortical carcinomas are present in excess among
carriers of germline p53 mutations, and, p53-associated
Adrenocortical carcinomas occur predominantly in the
pediatric age group (47). Unfortunately, the specific diagnostic
criteria, Ki67 index, and p53 mutation of adrenocortical
carcinoma could not be provided in our study. This is a
limitation of this study that needs to be pointed out. However,
the pediatric adrenocortical carcinoma patients included in our
study were all pathologically diagnosed under rigorous scrutiny.

Like neuroblastoma, the treatment of adrenocortical carcinoma
is still a surgery-based comprehensive treatment. Complete tumor
resection to achieve negative margins is an important prognostic
factor (8). Stage I patients are curable with surgery alone (48).
Retroperitoneal lymph node dissection has failed to improve
outcomes in patients with larger tumors (stage II), and its role as
an independent treatment strategy is uncertain (13). Combination
of surgery and chemotherapy shows good outcomes in patients with
stage III adrenocortical carcinoma, but mitotane- and cisplatin-
based regimens lead to higher toxicity in patients with metastatic
disease, and efficacy in patients with metastatic disease was still poor
and should be revised to maximize risk-benefit (13).

Drug therapy is often required to control tumor growth and
excessive hormone secretion for patients who cannot achieve
complete tumor resection and for patients with recurrence.
Mitotane is currently the most effective drug to control adrenal
hormone secretion, and it is used alternately with steroid
hormones during use. It can be used as a single drug for
adjuvant therapy after complete resection of an early tumor, or
it can be used in combination with chemotherapy drugs for
advanced childhood adrenal cortical carcinoma (13). Mitotane
combined with chemotherapy improves the prognosis of patients
with advanced adrenocortical carcinoma. However, not all
patients can bear the drug’s side effects and can complete all the
courses of the treatment as prescribed due to its severe toxicity and
side effects (8, 13, 49). The common toxicities of mitotane are
nausea, vomiting, diarrhea, and abdominal pain. Drowsiness,
lethargy, ataxic gait, depression, and vertigo have also been
reported in a few cases. Common chemotherapeutic agents used
alone or in combination to treat adrenocortical carcinoma include
5-FU, etoposide, cisplatin, carboplatin, cyclophosphamide,
doxorubicin, and streptozotocin. Chemotherapy regimens used
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to treat childhood adrenocortical carcinoma consist primarily of
etoposide and cisplatin, with or without doxorubicin and
mitotane. Despite the diverse treatment modalities of
chemotherapy, the prognosis for advanced cases remains poor
(8). Unfortunately, new therapeutic strategies targeting tumor-
specific aberrant pathways have not been studied in pediatric
adrenocortical carcinoma. And Radiation therapy in pediatric
adrenocortical carcinoma needs further exploration (50).

According to The Children’s Oncology Group ARAR0332
Protocol (13), which is a prospective single-arm risk-stratified
interventional study to describe the outcome of stage III or IV
pediatric adrenocortical carcinoma patients treated with mitotane
and chemotherapy. In the study, eight cycles of chemotherapy, and
mitotane for 8 months were used for stages III and IV treatment; at
the same time, according to clinical practice, surgical treatment of
primary tumors and metastases may be considered as appropriate.
The chemotherapy regimen was cisplatin 50 mg/m?/dose for 1-2
days, etoposide 100 mg/m*/dose for 1-3 days, and doxorubicin 25
mg/m?*/dose for 4-5 days per cycle. Filgrastim was administered
daily at 5 mcg/kg/dose starting on day 6 until neutrophil recovery.
Treatment with mitotane is administered daily to adjust the plasma
concentration of mitotane to 14-20 pg/mL. During the treatment,
nearly one-third of patients were unable to complete their scheduled
treatment. Finally, 38 patients have evaluated for toxicity or
feasibility analysis and found that 4 patients had mitotane
feasibility event (10.5%), and 12 patients had chemotherapy
feasibility event (31.6%). It can be seen that it is necessary to
modify the treatment plan to improve the tolerability of the
treatment. What’s more, combining surgery and chemotherapy
has a good prognosis in stage III patients and a poor prognosis in
stage IV patients; with a median follow-up for OS of 60 months, the
5-year OS estimates for stages III, and IV were 94.7%, and
15.6%, respectively.

Note that mitotane produces multiple severe side effects on
the metabolic and endocrine systems in the treatment of
adrenocortical carcinoma, although this effect appears to be
treatable and partially reversible. One study analyzed lipid
profiles, thyroid hormones, sex hormones, and adrenal
function in 50 patients from the first year of mitotane
treatment and after discontinuation (51). In their study, they
found levels of total cholesterol, LDL, HDL, and triglycerides
increased after 6 months of mitotane treatment, and total
cholesterol and LDL levels were reduced when statins were
given concomitantly, and mitotane was discontinued Lipid can
be further reduced; at the same time, it was also found that
plasma free thyroxine decreased in the mitotane treatment
group, but thyroid-stimulating hormone remained unchanged.
The total amount of T4 increased when mitotane was
discontinued. Mitotane increases plasma sex hormone-binding
globulin and luteinizing hormone and increases the level of
testosterone in male patients; in addition, the adrenal function
can be recovered after six months of discontinuation of
mitotane. Therefore, during the treatment of adrenocortical
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carcinoma with mitotane, in addition to causing adrenal
insufficiency, special attention should be paid to the
interference of mitotane on lipid metabolism and endocrine,
and it should be corrected to normal levels in time. Patients
taking mitotane may require high-dose hydrocortisone
replacement therapy, and reducing mitotane can interfere with
steroid metabolism (52).

Because of the heterogeneity and rarity of pediatric
adrenocortical carcinoma, the short follow-up time, and the
fact that most patients are diagnosed at an advanced stage of the
disease, it is often challenging to identify prognostic factors.
Multiple studies have found that age and tumor stage are two
independent predictors (4, 13, 53, 54). Other risk factors include
tumor size/tumor volume/weight, surgical treatment, presence
of virilization, Cushing syndrome, and hypertension. Germline
TP53 status and the presence of a somatic ATRX mutation were
also associated with the outcome (8, 13).

This study was retrospective and had a few limitations.
Firstly, the research data comes from the SEER database,
which has not recorded specific radiotherapy, chemotherapy,
or targeted treatment plans and lacks laboratory test results
(such as NSE, VMA, LDH, cortisol, etc.) and medical data
(mitotane dosage, side effects, need for substitutive treatment
with cortisone, fludrocortisone and/or levothyroxine).
Additionally, due to missing values, there may be some
selection bias in the process of screening cases in the study.

Conclusion

This study retrospectively performed a prognostic analysis of
pediatric adrenal malignancies using a large sample size.
Neuroblastoma, ganglioneuroblastoma, and adrenocortical carcinoma
were the three most common pediatric adrenal malignancies. Patients
with neuroblastoma and ganglioneuroblastoma often accompany
metastatic lesions at presentation, making treatment challenging.
Complete surgical resection of the tumor is the key to ensuring a
good prognosis. Radiation and chemotherapy should be given to
patients whose tumors cannot be entirely removed by surgery. The
prognosis of pediatric adrenal malignancies is related to the age of
the patient (older children have a poorer prognosis), type of the
pathology (cortical cancer has a poor prognosis), tumor size (the
larger the tumor, the worse the prognosis), and the tumor stage (the
higher the stage of the patient). Notably, our study demonstrated
that chemotherapy patients had a worse prognosis than those who
did not. This was mainly related to the fact that patients receiving
chemotherapy tend to reside in non-metropolitan regions, the
pathological type was neuroblastoma, the tumor diameter was
larger, the stage was higher, and the patients had not received
surgery. Although the field of oncology have progressed with
respect to treatment of pediatric adrenal malignancies, there still
no statistically significant reduction in the risk of all-cause mortality
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and tumor-specific mortality in patients with recently diagnosed
pediatric adrenal malignancies compared with patients in the past
diagnosis period. Therefore, more experimental studies are needed
in this regard urgently and efficiently to save lives
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