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Abstract
Objective: To describe the presentation and outcomes of patients with adrenal ganglioneuromas
(AGN).
Design: Single-center retrospective cohort study (January 15, 1995 to December 315, 2019) and
systematic review of literature (January 15t, 1980 to November 191, 2019).

Patients: Diagnosed with histologically confirmed AGN.

Measurements: Baseline clinical, imaging, and biochemical characteristics, recurrence rates,
and mortality. Sub-group analysis was performed on tumors with histologic elements of
ganglioneuroma and pheochromocytoma (i.e. composite tumors).

Results: The cohort study included 45 patients with AGN, 20 (44%) of which had composite
tumors. Compared to pure AGN, patients with composite tumor were older (median age, 62.5 vs.
35 years, £<0.001), had smaller tumors (median size, 3.9 vs 5.7 cm, £=0.016), and were
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discovered incidentally less frequently (65% vs 84%, 2= 0.009). No recurrences or
ganglioneuroma-specific mortality occurred during follow-up (range, 0-266 months). The
systematic review included 14 additional studies and 421 patients. The mean age of diagnosis was
39 years and 47% were women. AGNSs were discovered incidentally in 72% of patients, were
predominantly unilateral (99%), had a mean diameter of 5.8 cm, and an unenhanced CT
attenuation of —118-49 Hounsfield units (HU). On imaging, 69% of AGNs were homogenous,
41% demonstrated calcifications, and 40% were lobulated.

Conclusions: AGNs are rare benign tumors that present with variable imaging features
including large size, unenhanced CT attenuation >20 HU, calcifications, and lobulated shape.
Imaging characteristics can assist in establishing a diagnosis and avoiding an unnecessary
adrenalectomy. The association of pheochromocytomas with AGNSs is frequent. Diagnosis should
include biochemical testing.

Keywords
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Introduction

Adrenal tumors occur in approximately 5% of adults, however adrenal ganglioneuromas
(AGN) are rare, representing 0.2-0.4% of all adrenal tumors!-3. Ganglioneuromas are benign
neoplasms derived from neural crest cells and composed of a stroma consisting of mature
Schwann cells, ganglion cells, and nerve fibers.* The most frequently involved site for
ganglioneuromas is the adrenal glands, representing approximately 30% of cases, followed
by the mediastinum, retroperitoneum, and neck.® Typically these tumors are found
incidentally on imaging, but also have been reported in association with genetic disorders
such as multiple endocrine neoplasia type 2 and neurofibromatosis type 1.6

Limited literature on AGNSs suggests a slight female predominance and diagnosed more
frequently in the fourth and fifth decades, however findings vary among studies.#8-11 These
tumors have a predilection for the right side, are usually asymptomatic and hormonally
silent, and have an excellent prognosis.*%12-15 Mixed adrenal tumors composed of cells
displaying more than one line of differentiation are commonly referred to as composite
tumors, and such tumors with histologic elements of both ganglioneuroma and
pheochromocytoma, myelolipoma, neuroblastoma, and/or nerve sheath tumor have also been
reported.10.15.16

Pre-surgical diagnosis of AGN is challenging due to the variable clinical presentation and
lack of pathognomonic imaging findings.>:8-15 Without surgical pathology, it is difficult to
differentiate AGNs from other solid adrenal masses such as pheochromocytomas, adenomas,
and neuroblastomas.411

We performed a single center retrospective cohort study and conducted a systematic review
of the literature with the following objectives: 1) to describe and quantify baseline clinical
characteristics of patients with AGN; 2) to investigate potential associations between the
diagnosis of AGN and genetic syndromes; 3) to describe the imaging characteristics of
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AGN; 4) to determine the differences in presentation of patients with composite AGNSs; and
5) to determine the rate of recurrence and mortality of patients with AGNSs.

Given the rarity of AGN, we anticipated a small number of published cases and incomplete
reporting of clinical and radiographic characteristics in the literature. Therefore, we
supplemented the systematic review with a review of AGN cases evaluated at our large
tertiary academic center. We followed the framework recommended by Lin et al.1’

Single Center Retrospective Cohort Study

The study protocol was approved by the Mayo Clinic Institutional Review Board. We
identified all patients with pathology confirmed AGN who were evaluated at Mayo Clinic in
Rochester, Minnesota, between 1995 and 2019. Each patient’s medical record was reviewed
for clinical information, biochemical and histopathologic data, imaging characteristics, and
therapy. We excluded patients who did not have a histopathologic diagnosis of AGN. We
defined composite tumors as tumors with intermixed elements displaying more than one cell
type or line of differentiation. Specifically, tumors were reported as “composite” if
histologic elements of both ganglioneuroma and pheochromocytoma were intermixed within
a single mass on histopathology.

Systematic Review of Literature

The systematic review was performed based on a pre-determined protocol and reported
according to standards set in the Preferred Reporting Items for Systematic Reviews and
Meta-analysis (PRISMA) statement.18 A comprehensive search of several databases from
January 15t, 1980 to November 19, 2019, in any language, was conducted. The databases
included Ovid MEDLINE(R) and Epub Ahead of Print, In-Process & Other Non-Indexed
Citations, and Daily, Ovid EMBASE, Ovid Cochrane Central Register of Controlled Trials,
and Scopus. The search strategy was designed and conducted by a medical reference
librarian (L.P.) with input from study investigators with experience in conducting systematic
reviews (1.B., M.H.M.). Controlled vocabulary supplemented with keywords was used to
search for studies of AGNs. The detailed strategy listing all search terms used and how they
are combined is available in the Supplemental Table 1.

Selection of Studies

We excluded non-original studies, case reports, and studies reporting less than 10 patients.
No language restrictions were used. When two studies included an overlapping patient
cohort, the study with the larger number of patients or longer time interval was included.

Titles and abstracts of the identified studies were screened for eligibility by two reviewers
(K.D., J.K.) working independently and in duplicate. At this phase of study selection most of
the identified studies from our search were excluded. If reviewers disagreed on a study, the
study progressed to the next phase. The two reviewers then screened full-text articles
independently and in duplicate for eligibility for inclusion, Figure 1. Disagreements at this
phase were resolved by consensus or a third reviewer (1.B.).
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Data Extraction and Management

Data extraction was performed independently and in duplicate by two reviewers to collect
information from each eligible study. For each eligible study, the following data were
extracted: first author, year of publication, study design, location, time interval of patient
enrollment, patient age and gender, number of AGNSs, tumor size and laterality, mode of
discovery, composite tumors, imaging characteristics, intervention, duration of follow-up,
recurrence, and mortality. The data extraction forms were then combined and disagreements
between the two reviewers were resolved by referral to the full text of the study and
consensus.

Methodological Quality

Two reviewers working independently and in duplicate assessed the methodological quality
of the studies using a tool designed to appraise non-comparative case series, Figure 2.19 We
evaluated the following domains, Supplemental Table 2: (i) whether the study sample
represented the population of interest, (ii) whether histopathology obtained via
adrenalectomy or biopsy was reported clearly, (iii) how the outcomes were assessed, and (iv)
whether there was a sufficient follow-up period for the outcomes to occur (at least 5 years).

Statistical Analysis

Results

For the single center study, a descriptive analysis was performed. Categorical data were
summarized as counts and percentages and continuous data were summarized as median and
ranges. A predefined subgroup analysis on composite tumors was also performed.
Associations between variables were assessed using the Fisher exact test for categorical
variables and the Wilcoxon/Kruskal-Wallis test for continuous variables. Statistical
significance was defined as P-value less than 0.05. We performed statistical analysis using
JMP software version 15.

For the systematic review of literature, descriptive statistics were extracted for each included
study. Data were insufficient for meta-analysis. Data were summarized as total n (%) for
categorical variables and range for continuous variables where available.

Cohort Study

In our retrospective study of 45 patients, the median age at AGN diagnosis was 44 years
(range, 6-87), and 25 (56%) were women, Table 1. The mode of AGN diagnosis was
incidental in 34 (76%) patients, due to symptoms of mass effect in 5 (11%), due to
symptoms of hormone excess in 5 (11%), and during the evaluation of a genetic syndrome in
1 (2%). AGNs had a median tumor size of 48 mm (range, 10-125) and were located in the
right adrenal gland in 25 (56%) cases, on the left in 19 (42%), and bilateral in 1 (2%)
patient.

On imaging, the cohort of AGNs appeared mostly non-cystic (96%) and over two-thirds
were multilobulated. Calcifications were present in 33% of tumors, Figure 3A, 3B.
Unenhanced computed tomography (CT) images were available for 21 AGNSs and of these,
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18 (86%) were homogeneous in appearance and 3 (14%) were heterogeneous. Of the AGNs
with a homogeneous appearance on unenhanced CT, the median unenhanced CT attenuation
was 30.3 Hounsfield units (HU) (range, 19-37.7). Enhanced CT images were available for
20 AGNs and of these, 9 (45%) were homogeneous in appearance and 11 (55%) were
heterogeneous. Of the AGNs with a homogeneous appearance on enhanced CT, the median
enhanced CT attenuation of 40.7 HU (range, 19-110.3). Most patients underwent
adrenalectomy (58% laparoscopic vs. 36% open adrenalectomy) due to indeterminate
imaging and had no tumor recurrence or AGN-related mortality during a median follow-up
time of 5.5 months (range, 0-266).

Twenty patients (44%) had a composite tumor of AGN and pheochromocytoma (AGN-
PHEO) (Table 1, Figure 3C-H). Patients diagnosed with a composite tumor were older
(median age, 62.5 vs 35 years, £<0.001), had smaller tumors (median size, 39 vs 57 mm, P
= 0.016), and were less likely to be discovered incidentally (65% vs 84%, £=0.009) than
patients with only AGN.

On imaging, composite tumors appeared non-cystic (100%) and mostly round (60%),
compared to a non-cystic and round appearance in 93% and 14% of pure AGNs,
respectively. Calcifications were present in 10% of composite tumors, whereas 50% of pure
AGNSs had calcifications. Of the composite tumors with a homogeneous appearance on CT,
the median unenhanced CT HU were 26.3 (range, 19-32) compared to 25.6 HU (range,
19-33.7) on enhanced CT. Pure AGNs with a homogeneous appearance on CT had median
unenhanced CT HU of 31 (range, 23-37.7) compared to 45.3 HU (range, 35-110.3) on
enhanced CT, Table 1.

The limited number of magnetic resonance imaging (MRI) studies in our cohort prevented a
direct statistical comparison of MRI characteristics between subjects with composite tumors
and those with pure AGNs. However, in our cohort, MRI features common to both
composite tumors and pure AGNs included hypointensity on T1-weighted images,
hyperintensity on T2-weighted images, contrast enhancement, and lack of signal dropout on
out of phase imaging. In contrast, septations were only seen in subjects with pure AGNSs.
One subject with a pure AGN had stellate, radially oriented septations and another had
multiple enhancing septations. In the composite AGN-PHEO group, six patients had
Metaiodobenzylguanidine (MIBG) scintigraphy (moderate to intense uptake in 5 patients,
and no uptake in 1 patient) and two patients had Fluorodeoxyglucose-paositron emission
tomography (mild uptake with SUV max of 2-3.3).

The biochemical phenotype in the patients with composite tumors was adrenergic (n=15,
75%), noradrenergic (n=3, 15%), and nonfunctioning (n=1, 5%), Table 1.

Patients were treated with either laparoscopic (n=26) or open adrenalectomy (n=16).
Reasons for open surgery included additional surgical indication (n=6, 38%), large size of
tumor (n=2, 13%), concern for malignancy (n=1, 6%), additional surgical risk (n=2, 13 %),
unknown (n=5, 31%). All patients with composite tumors were suspected to have
pheochromocytoma prior to adrenalectomy, and therefore were treated with alpha-adrenergic
blockade therapy prior to adrenalectomy. No perioperative complications were observed.
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The peri-operative outcome was uncomplicated in 18 patients in the composite group. One
patient developed adrenal insufficiency after bilateral adrenalectomy, and peri-operative
outcome was unknown in one patient. All patients underwent a clinical evaluation for
personal or family history of genetic syndromes. However, only 3 patients with composite
AGN underwent genetic testing, which was negative in 2 patients, and multiple endocrine
neoplasia type 2B was detected in 1 patient. Overall, 21 patients were followed for at least
one year at our institution, with the rest pursuing local follow up. Normalization of
catecholamine excess was confirmed in 16 (80%) patients with composite tumors. There
were no differences between sex, race, tumor laterality, tumor calcifications, homogeneity,
shape, or appearance of AGNs compared to composite AGNS.

Systematic Review of Literature

From the initial search strategy, 485 records were identified for screening of titles and
abstracts, Figure 1. Of these, 85 were selected for detailed, full-text assessment. Following
full-text assessment of the 85 articles, 71 were excluded. The 14 studies included in the
systematic review were published between 2001 and 2019, Table 2.4:8-11.14.20-27 The
majority were retrospective cohort studies, with one being cross-sectional. Most were
conducted in China (n=7). Included studies were determined to have adequate
methodological quality, although 4 studies had limitations in the domains of
representativeness of the cohort, and all studies had insufficient or unclear duration of
follow-up, Figure 2. Demographics and mode of discovery were reported in 10 studies.
Tumor size and site were sufficiently reported in eight studies, and imaging characteristics
were reported in 10 studies.

Clinical and Radiographic Characteristics of Patients with Adrenal Ganglioneuroma

Overall, in the cohort study and systematic review, the mean age at diagnosis of AGN was
39 years, and 47% were women, Table 2. AGN were discovered incidentally in 72% of
patients, due to symptoms of mass effect in 20%, and due to other symptoms in 8%. Most
patients underwent adrenalectomy (58% laparoscopic, 41% open), and no recurrence or
AGN-specific mortality was reported during a range of median follow-up of 5.5-114 months.

On imaging, AGN were mainly unilateral (59% right, 40% left, 1% bilateral), presenting
with mean tumor size of 5.8 cm (range 1-20), Table 3. On unenhanced CT, CT attenuation
was usually >20 HU (range —118-49). On imaging, 69% of tumors were homogenous, 41%
presented with calcifications, 92% had well-defined margins. Composite ganglioneuromas
were reported in 23/251 (9%) patients, most in our single center retrospective study, Table 2.

Discussion

The literature on AGNs reports that the most commonly described characteristics include
well-demarcated borders, homogeneity, hypointensity on T1-weighted MRI and
hyperintensity on T2-weighted MRI, and enhancement on post-contrast computed
tomography (CT) imaging.*11:15.28.29 |n our single center retrospective cohort study of 45
patients and the systematic review of 14 studies, we characterized the clinical and imaging
presentations of AGN. Imaging findings in this study appear to be consistent with the
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literature. We have demonstrated a high prevalence of composite AGN-PHEQ tumors in the
single center study compared to the low rate of composite tumors in the published literature.

We demonstrated that AGNSs are rare benign tumors, often discovered incidentally. Overall,
AGNs present around the 5th decade of life and are rarely associated with genetic
syndromes. Imaging features of AGNs includes mostly unilateral with a very slight right-
sided predominance, initial presentation with a large size of approximately 5 cm, median
unenhanced CT attenuation around 30 HU, and typically enhance on CT contrast imaging.
Calcifications can be seen in 41% of AGNs, and the vast majority are homogeneous
appearing on unenhanced imaging. However, the ability to accurately diagnose AGNs on
imaging and therefore subsequently avoid an unnecessary procedure or surgery remains
challenging due to the variable imaging characteristics, inconsistencies in radiologist
interpretation and reporting, and lack of universal adrenal imaging protocols.

We found that in patients with a histologically proven AGN, composite AGN-PHEO were
frequent, occurring in nearly half of the patients in our single center cohort. In those patients
with adrenergic/noradrenergic tumor profiles, the working diagnoses prior to surgery
included pure pheochromocytoma or composite tumor with pheochromocytoma elements.
All tumors with either adrenergic or noradrenergic catecholamine profiles were found to be
composite AGN-PHEO. Interestingly, only one other study in our systematic review
reported 3 out of 27 patients with AGN having composite AGN-PHEO.19 A recent
systematic review of al/l-site ganglioneuromas that included both case series and case reports
described a total of 43 non-neuroblastic composite ganglioneuromas out of 364 patients.3°
This difference seen between the large number of composite tumors in our cohort compared
to those included in our systematic review, as well as the systematic review by Fliedner et al.
is noteworthy. Possible explanations for this difference include potential under-reporting,
exclusion of compaosite tumors from previous studies, under-recognition of this association,
or referral bias.

Patients in our single center and systematic review experienced no recurrence or AGN-
specific mortality. A recent systematic review of patients with ganglioneuromas at any site
also demonstrated that patients with these tumors have an excellent prognosis.3° This
suggests that patients with pathologically proven AGN do not need a long-term follow up.

The strengths of this study are its large sample size and inclusion of a systematic review of
the literature. The included single center study encompassed more than two decades of data
and it included a comprehensive review of clinical and imaging presentation of patients with
this rare adrenal mass. Moreover, our search strategy facilitated the inclusion of composite
tumors. The limitations of this study are the retrospective design with selection and detection
biases, incomplete patient data and follow up, and referral bias. Patients were evaluated with
variable imaging protocols, not allowing characterization of imaging characteristics other
than unenhanced CT. However, given the rarity of AGN, a retrospective design is often the
only feasible method to collect and document disease characteristics. The systematic review
was limited by high risk of bias in the representativeness of patients in a third of included
studies, and incomplete clinical data, imaging characteristics, and follow up in some studies,
Figure 2. The perioperative morbidity associated with unrecognized pheochromocytomas
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makes differentiating these tumors from AGN crucial prior to adrenalectomy. Since imaging
characteristics of AGN and composite AGN-PHEO overlap, evaluation for catecholamine
excess is essential in any indeterminate adrenal mass.

In conclusion, AGNs are rare, usually unilateral, large tumors, with variable imaging
characteristics. Composite pheochromocytomas and AGNSs are not uncommon and pre-
surgical diagnosis can be challenging and requires biochemical evaluation in addition to
imaging. Prognosis of patients with AGNs is excellent.
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Figure 1:

Literature search and selection of studies, PRISMA (Preferred Reporting Items for
Systematic reviews and Meta-Analyses) flow diagram outlining the process of study

selection.
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Figure 2:
Methodological quality assessment of the included studies.
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Figure 3:
Computed Tomography imaging of selected patients with ganglioneuroma.

3A. On axial CT to evaluate a dilated right ureter, a 33-year-old woman had an incidentally
discovered approximately 110 mm in maximal dimension, multi-lobulated, homogeneous
left upper quadrant mass with internal calcifications, with unenhanced CT attenuation of 32
HU, and heterogenous appearance on post-contrast with a CT attenuation of 46-77 HU (3B).
Following complete surgical resection of the left upper quadrant mass, pathology revealed a
136 x 96 x 81 mm left adrenal ganglioneuroma.

3C: In a 69-year-old man with an incidentally discovered right adrenal mass, axial CT
showed an approximately 15 mm in maximal dimension, multi-lobulated, heterogeneous
right adrenal mass without calcifications, with unenhanced CT attenuation of 25-44 HU, and
post-contrast CT attenuation (not depicted) of 65-100 HU. Right adrenalectomy revealed a
composite pheochromocytoma forming a 15 mm medullary tumor mass confined to the
adrenal gland with negative surgical margins.

3D. In an 82-year-old man with an incidentally discovered left adrenal mass, axial CT
showed an approximately 125 mm in maximal dimension, round, heterogeneous left adrenal
mass with small rim calcifications, with unenhanced CT attenuation of 17-49 HU, and no

Clin Endocrinol (Oxf). Author manuscript; available in PMC 2022 July 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Dages et al.

Page 13

post-contrast CT imaging was performed. Left adrenalectomy showed a composite tumor
consisting of a ganglioneuroma with a pheochromocytoma.

3E. Gross pathology image of a composite adrenal ganglioneuroma and pheochromocytoma
from a laparoscopic right adrenalectomy.

3F. Histopathology of a composite ganglioneuroma-pheochromocytoma showing the
pheochromocytoma component on the right-hand side of the image and the ganglioneuroma
component on the bottom-left of the image.

3G. High-power image of pheochromocytoma component showing the classic nested
(zellballen) architecture of pheochromocytoma.

3H. High-power image of ganglioneuroma component showing a combination of
Schwannian stroma and ganglion cells characteristic of ganglioneuroma.
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