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Adrenal tumours in patients with pathogenic ==
APC mutations: a retrospective study

Lyman Lin'", Victoria Beshay” and Finlay Macrae'?

Abstract

Background Adrenal tumours are associated with familial adenomatous polyposis (FAP). In the literature, most
studies use the clinical definition of FAP (more than 100 adenomatous polyps found in endoscopic studies). However,
not all patients that meet clinical criteria for FAP carry pathogenic mutations in the adenomatous polyposis coli (APC)
gene, as there is genetic heterogeneity responsible for FAP with the polyposis sometimes explained by genetic and
environmental factors other than pathogenic APC mutations. Reciprocally, not all the patients with pathogenic APC
variants will fulfil the classic criteria of FAP.

Objective This study aims to investigate the characteristics of adrenal tumours in patients with pathogenic or likely
pathogenic APC variants and explore the hormonal function of these patients.

Method This is a retrospective cohort study. Patients with pathogenic or likely pathogenic APC variants were
recruited and their radiological assessments were reviewed. Patient demographic data, APC variants, adrenal mass
characteristics and hormonal testing results were collected.

Result The prevalence of adrenal mass was 26.7% (24/90) among patients with pathogenic or likely pathogenic APC
variants. Using the classic definition, the prevalence was 32.4% (22/68). Four patients had adrenal hormone testing,
two of which had Conn’s syndrome and two had nonspecific subclinical results.

Conclusion In our cohort, the prevalence of adrenal tumours among patients with pathogenic and likely pathogenic
APC mutations is at least twice to three times higher than the general population prevalence reported from
international population-based studies. The hormonal functions of patients with pathogenic APC variants and adrenal
tumours can be investigated with routine testing in further research.
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Background

Familial adenomatous polyposis (FAP) is an autosomal
dominant genetic disorder that is caused by a germline
mutation in the adenomatous polyposis coli (APC) gene
[1, 2]. The classic clinical sign is the development of more
than 100 colorectal adenomas throughout the colon with
or without extraintestinal manifestations [2]. The inci-
dence of FAP at birth is 1 in 8,300, based on a genetic
study in the United Kingdom [3].

One of the recognised extraintestinal manifestations of
FAP is adrenal tumours. Here we use the term “tumour”
as a mass lesion identified on imaging or through surgical
pathology. Most are considered to be adenomas [4]. The
prevalence of adrenal tumours among FAP patients has
been estimated to be 16% from a Canadian study [4], in
comparison to a 7% prevalence among the public in Can-
ada [5]. This result is consistent with small case series in
the US, UK and Netherlands [6-8].

There are two main clinical concerns regarding adrenal
tumours: the malignancy potential, and hormonal func-
tion abnormalities. From the four largest retrospective
studies so far, the malignancy rate of adrenal tumours
found in FAP patients seems to be consistent with those
in the general population [4, 6—8]. Therefore, the authors
from the four registries suggest that no special consider-
ations are required for the surveillance and management
of adrenal tumours for FAP patients. Regarding the func-
tional status of these lesions, hyperfunction appears to
be uncommon, based on the small group of patients who
have undergone adrenal hormone testing [4, 8].

In the literature, most of the studies use the clinical def-
inition of FAP, where more than 100 colonic polyps were
found in endoscopic studies. However, not all patients
meeting clinical criteria for FAP carry pathogenic APC
mutations, as there is genetic heterogeneity responsible
for FAP with the polyposis explained by genetic and
environmental factors other than pathogenic APC muta-
tions. Reciprocally, not all the patients with pathogenic
APC variants will fulfil the classic criteria of FAP. FAP
is increasingly now a genotypically defined disorder, as
variability of the phenotype even in those with patho-
genic APC mutations is common.

This study aims to investigate the characteristics of
adrenal tumours in patients with pathogenic or likely
pathogenic APC variants and the degree of adrenal hor-
monal testing among these patients.

Method
Records of patients aged 18 to 90, who attended the
Parkville Familial Cancer Clinic and who carried a con-
stitutional pathogenic or likely pathogenic APC variant
were reviewed.

The variant of APC was detected using the Colorec-
tal and Polyps assay by the Peter MacCallum Cancer
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Institute DNA diagnostic laboratory that targeted famil-
ial cancer-related genes including APC. Targeted gene
sequencing of coding regions and splice sites was
performed on DNA extracted from blood. Librar-
ies were prepared and enriched using SureSelect XT
target enrichment. Indexed libraries were pooled and
sequenced to a targeted coverage of 700 reads/base
(Hlumina Next Seq500, 2*75 bp). Sqlinerv0.5 was used
to generate aligned reads and call variants against the
hgl9 human reference genome. The sequence variants
were classified according to ClinVar or InSiGHT LOVD
database.

Patients with benign variants, likely benign vari-
ants, variants of unknown significance or where no APC
variants were identified were excluded. Patients without
available radiological reports in our database were also
excluded. Data were collected regarding patients’ demo-
graphics, age of diagnosis, APC genotypes, presence and
characteristics of adrenal tumours, CT or MRI findings
and findings from adrenal hormone testing. Patients with
adrenal tumours were defined as those who had radiolog-
ical evidence of an adrenal lesion equal to or larger than
1 ¢cm in maximal diameters. This is in concordance with
previous studies [5-9].

The endocrinological investigations of interest included
but were not limited to morning serum cortisol level,
24-hour urine cortisol level, dexamethasone suppres-
sion test, serum/urine metanephrine level, aldosterone to
renin ratio and gonadocorticoids level.

Descriptive statistics were computed for all variables
using medians and percentiles for continuous factors and
frequencies and percentages for categorical variables. A
Chi-sqaure test was performed to investigate whether
there was an association between genotype and pres-
ence of adrenal tumours. The analyses were performed by
using IBM SPSS software, version 25.

Result

172 patients had pathogenic or likely pathogenic APC
variants. 82 of the 172 patients were externally man-
aged and thus no radiology records are available in our
database. In total, 90 patients met the inclusion criteria
with pathogenic or likely pathogenic variants and avail-
able CT/MRI scans covering the adrenal glands’ regions
(see Fig. 1). The CT and MRI scans were conducted from
January 2009 to January 2023. The majority of CT or
MRI scans were conducted for colorectal cancer staging,
desmoids tumour screening or planning for colorectal
surgery.

66 out of 90 (73.3%) had normal adrenal glands and 24
(26.7%) had adrenal tumours. The demographic informa-
tion of these patients can be seen in Table 1. In total, 34
adrenal tumours were found in the 24 patients. The char-
acteristics of these tumours are summarised in Table 2.
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203 patientsidentified
with APC variants
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18 patients with VUS
9 patients with benign/likely

172 patients with
pathogenicor likely
pathogenic APC variants

benign variants
4 patients with no available
genetic data

_| 82 patients with no available

90 patientsincluded

Fig. 1 Flow chart of the patient selection process

No malignant features of adrenal glands were detected
among the cohort based on CT or MRI scans. No signifi-
cant correlation is found between genotype and the pres-
ence of adrenal tumours (p=0.552).

The classic definition of FAP was the development of
more than 100 colorectal adenomas throughout the colon
detected by endoscopic studies [2]. Notably, 4 patients in
our cohort that fulfil the clinical diagnosis of classic FAP
had non-pathogenic APC variants (one with likely benign
variants and three with VUS), and they were excluded as
per our criteria. None of them have radiological evidence
of adrenal masses on scans. In contrast, 24 patients with
pathogenic or likely pathogenic APC variants did not
strictly fulfil the classic definition of FAP but were con-
sidered in our study. 13 of them had available radiological
records and 2 out of 13 (15.4%) had evidence of adrenal
tumours. When the classic definition of FAP is used 22

radiology reports on record

out of 68 (32.4%) FAP patients had adrenal tumours and
46 (67.6%) had normal adrenal glands.

Routine hormonal screening was not conducted for
adrenal incidentaloma in our practice. There were only
four patients who had adrenal hormone testing for vari-
ous reasons (Table 3). Two patients were tested as part
of a secondary hypertension screen and both had Conn’s
Syndrome. The other two were tested because they pre-
sented with systemic symptoms of weight loss and fatigue
in the context of their adrenal tumours. They both had
mild abnormalities in hormone testing, not considered
responsible for their clinical presentation.

Discussion

The inclusion criteria for patients in this study are based
on the pathogenicity of the APC variants they carry, in
contrast to other international studies where a clinical
definition of FAP was used (>100 adenomatous polyps
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Table 1 Characteristics of adrenal tumours among patients with
pathogenic or likely pathogenic mutations

PARAMETERS PATIENTS, n=90
No adrenal  Adrenal
tumours, tumours,
n=66 n=24
Sex
Male 36 (54.5%) 11 (45.8%)
Female 30 (45.5%) 13 (54.2%)
The median age of FAP diagnosis, years 22 (18-31) 29 (20-43)

(IQR)

The median age when the radiological 39 (29-50) 49

assessment was conducted, years (IQR) (35-61.75)
Modality
cT 49 (74.2%) 17 (70.8%)
MRI 17 (25.8%) 7 (29.2%)
Laterality
Left only 11 (45.8%)
Right only 3(12.5%)
Bilateral 9 (37.5%)
Unknown 1(4.2%)
Median maximal diameter, mm (IQR) 17 (12.5-23)
Type of adrenal tumours 34 tumours
in total
Adenoma 25 (73.5%)
Myelolipoma 3(8.8%)
Indeterminate 6 (17.6%)

in endoscopic studies). In our cohort, some patients pre-
sented with polyposis on colonoscopy but had VUS
or benign APC variants. These patients were excluded
from the study to limit the heterogeneity of the studied
population. Patients with pathogenic APC variants who
did not strictly fulfil the classic clinical criteria of FAP
in endoscopic studies were included as per our criteria.
Rather than regarding adrenal tumours as an extraintesti-
nal manifestation of FAP, we focus on whether the patho-
genicity of APC variants would affect the formation of
adrenal tumours.

There is no Australian data on the prevalence of adre-
nal tumours in FAP. From recent international stud-
ies, the prevalence of adrenal tumours is 3—-10% in the
general population [10-14] and 7.4-26% among FAP
patients defined phenotypically [4, 6—8]. The prevalence
of adrenal tumours among patients with pathogenic or
likely pathogenic APC mutations in this study (26.7%) is
so far the highest.

There was no significant correlation between genotype
and the presence of adrenal tumours among those with
pathogenic variants. This result is consistent with the
Canadian study [4]. Most of the variants in our patients
with adrenal tumours involve frameshift or premature
stop codons, typical of pathogenic variants described
in APC in the literature and on the LOVD and ClinVar
databases.
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No malignant features of adrenal glands were detected
among the cohort based on CT or MRI scans. This is con-
sistent with the four previous retrospective studies where
only two cases of malignancy were found among them,
and it was hypothesised that the prevalence of malignant
adrenal tumours among FAP is similar to that in the gen-
eral population [4, 6-8].

There are some limitations identified in this study. This
study is retrospective in nature and a control group was
not included. Also, the prevalence of adrenal tumours in
the general Australian population is unavailable. There-
fore, we were unable to directly compare the prevalence
of adrenal tumours in our cohort against the Australian
population.

The CT or MRI scans were conducted at no specific
patient age. Rather, they were done for various reasons,
including screening for desmoid tumours, staging for
malignancy, and investigating abdominal pain. The per-
centage of the patients who received the scans due to
presentation with gastrointestinal symptoms was simi-
lar between those with and without adrenal tumours
(41.7% vs. 43.9%) supporting the likelihood that the find-
ings from this study were representative of all patients
with FAP. No initial CT or MRI scans of the patients in
our cohort were conducted related to clinical suspicion
of adrenal tumours (like symptoms of hormonal distur-
bance). All adrenal lesions we found were considered to
be adrenal incidentalomas.

No routine adrenal hormonal testing was conducted
for adrenal incidentalomas. Only four patients in this
study had adrenal hormonal testing due to secondary
hypertension screening and constitutional symptoms
of weight loss and fatigue in the context of the adrenal
tumours. Thus, it is difficult to assess the pattern of hor-
monal function for patients with pathogenic APC vari-
ants and adrenal tumours. In the general population,
isolated or combined subclinical hormonal abnormali-
ties can occur in 37.4% of patients with adrenal tumours
[15]. However, no studies in the literature systematically
investigate hormonal abnormalities among FAP patients
with adrenal tumours. Given the increased prevalence
of adrenal tumours among those with pathogenic APC
variants, future research can investigate the functional
consequences of these adrenal tumours. This will provide
meaningful information on whether routine hormonal
testing on this cohort will be beneficial.

Conclusion

The prevalence of adrenal tumours among patients with
pathogenic and likely pathogenic APC mutations in our
cohort is likely to be twice to three times higher than the
general population prevalence reported from interna-
tional population-based studies. More data on adrenal
tumours in classic FAP patients with non-pathogenic
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Table 2 Clinical details of the cases

Sex Age  Variant Variant type Pathogenicity Adrenal mass type Maximal diam-
eter (mm)
Male 47 NM_000038.5:c.1958+1_1958+  Splice donor Likely Pathogenic  Adrenal adenoma 20
2dupGT variant
Male 34 NM_000038.5:c.531+1G>T Splice donor Pathogenic Bilateral adrenal adenomas L)17,R) 12
variant
Male 52 NM_000038.5:c.3924dup Frameshift Pathogenic Bilateral adrenal adenomas L) 26,R) 33
Male 29 NM_000038.5:c.5826_5829del Frameshift Pathogenic Bilateral adrenal adenomas R) 22, L) unknown
Female 36 NM_000038.5:c.3444_3447del Frameshift Pathogenic Bilateral adrenal adenomas L) 16,R) 32
Female 62 NM_000038.5:c.1885_1886insA Frameshift Pathogenic Bilateral adrenal adenomas (3 L) inferior 31, L)
in total) superior 12, R) 6
Male 24 NM_000038.5:c.2805 C> A Nonsense Pathogenic Left adrenal adenoma 20
Female 30 NM_000038.5:c.5952_5955del Frameshift Pathogenic Left adrenal adenoma 12
Female 14 NM_000038.5:c487 C>T Nonsense Pathogenic Bilateral indeterminate adrenal L) 15,R) 10
masses
Female 29 NM_000038.5:c.1259_1269del Frameshift Pathogenic Left adrenal adenoma 18
Male 20 NM_000038.5:c.904 C>T Nonsense Pathogenic Bilateral adrenal adenomas L)12,R) 12
Female 63 NM_000038.5:c.7016_7064del Frameshift Pathogenic Left adrenal adenoma 15
Female 19 NM_000038.5:c.2805 C>A Nonsense Pathogenic Left adrenal myelolipoma 17
Female 43 NM_000038.5:c.3183_3187del Frameshift Pathogenic Left adrenal myelolipoma and L) unknown, R) 15
right adrenal adenoma
Female 40 ** Pathogenic Left adrenal nodule
Female 26 NM_000038.5:c423-1G> A Splice donor Pathogenic Left adrenal myelolipoma 41
variant
Female 46 NM_000038.5:c.3183_3187del Frameshift Pathogenic Left adrenal nodule 13
Male 20 NM_000038.5:c.487 C>T Nonsense Pathogenic Left adrenal nodule 35
Female N/A NM_000038.5:c487 C>T Nonsense Pathogenic Right adrenal adenoma 21
Female 17 NM_000038.5:¢c.348_352del Frameshift Pathogenic Right adrenal adenoma 1
Male 43 NM_000038.5:¢c.348_352del Frameshift Pathogenic Right adrenal nodule 15
Male 18 Truncated protein from exon 15* Pathogenic Bilateral adrenal adenomas L) unknown, R) 18
Male 23 NM_000038.5:c.2805 C > A Nonsense Pathogenic Left adrenal adenoma 12
Male 18 NM_000038.5:c.2805 C> A Nonsense Pathogenic Left adrenal adenoma 29

*Patient had protein testing only when genetic sequencing was not widely available at the time in clinical practice

**Patients had the genetic testing externally. The exact variant was not available but was labelled as pathogenic on the record

APC variants is needed, like in those with MUTYH and
HTHLI variants. The hormonal functions of patients
with pathogenic APC variants and adrenal tumours
should be investigated in further research to better
understand whether there are any clinical endocrine
implications of the increased prevalence of adrenal
tumours in these patients.
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