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Abstract

The adrenal glands are a common site of metastases in many advanced stages of cancers
such as lung cancer and breast cancer. Given the frequent asymptomatic nature of these
adrenal metastatic tumors, patients seldom get screened for adrenal metastases unless
otherwise medically indicated for. Therefore, it is essential that screening methods should be
as accurate and precise as possible. In this review, we summarize the pivotal role of modern
screening in the early detection of adrenal metastatic lesions and detail the advancements
that have contributed to improved detection. Through our review, we reaffirm that there has
yet to be a “gold standard” in the screening process for adrenal metastases. Such a study can
help medical professionals more comprehensively understand the contemporary screening
methods, promoting early detection and better prognosis of adrenal metastases.
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Introduction

The adrenal glands are endocrine organs responsible for the
production of steroid hormones. These hormones are vital
in the body’s fight-or-flight response and the production of
catecholamines that mediate various central nervous system
processes such as motor and cognition. Masses in adrenal glands
can disrupt the regular secretions of these steroid hormones
and can be classified as either functional or non-functional
depending on whether the secretions of the mass are excessive
and cause clinical symptoms. Both functional and non-functional
masses can further be classified as either benign or malignant.
Malignant tumors are featured by invasion of surrounding tissues
and metastasize to locations away from the original location.
Malignant adrenal tumors are significant in that the adrenal gland
is the 4th most common site of metastasis in cancers [1]. In fact,
adrenal metastases are the 2nd most common type of tumor found
in the adrenal gland after benign adenomas [1]. This is significant
given the relatively small size of the adrenals; the right and left
adrenal glands have an average maximum width of 0.61 cm and
0.79 cm, respectively [2]. Additionally, adrenal metastases have
the most common recurrence of all adrenal gland malignancies
[1]. Clinically, these malignant growths are almost always linked
to an initial cancer diagnosis but are typically underdiagnosed
because most patients with adrenal metastases are asymptomatic.
Among patients who do show symptoms, clinical presentations
include localized back and/or abdominal pain and seldom seen
adrenal insufficiency. As a result of the lack of symptoms, adrenal
metastases lack screening and tend to only be discovered after
death with autopsy or incidentally with routine screenings [1, 2].
This issue of underdiagnosis is further compounded by the fact
that radiographic scans have historically yielded low accuracy
[1]. However, recent advances in screening technology such as
radiological scans, biopsy, and biochemical evaluation (Figure 1)
have led to higher accuracy in the identification of adrenal lesions.

Diagnosis of Adrenal Metastasis

Adrenal glands are a common site of metastases for many primary
cancers. In fact, there are very few instances where adrenal
metastases appear without the discovery of a detectable primary
tumor [3-4]. For instance, 39% of adrenal metastases occur from
a primary cancer in the lungs, and 53% of patients with primary
lung cancer develop adrenal metastases [5]. Other common
cancers that often metastasize to the adrenal glands are breast
cancer, pancreatic cancer, renal cancer, esophageal cancer, liver
cancer, melanoma and gastrointestinal tract cancers [4, 6-10].
During autopsies of patients with a medical history of renal cell
carcinoma, the most common type of renal cancer, the percentage
of adrenal metastases discovery was between 6% to 29%. Overall,
27% of malignant tumors were found to have caused adrenal
metastasis in autopsy studies [11]. Adrenal metastases take an
average of 2.5 years to identify after the diagnosis of a primary
cancer. It is recommended for patients diagnosed with cancers that
often metastasize to the adrenal glands to get abdominal imaging
to screen for presence of adrenal lesions. With the increased role
of imaging, this identification period for adrenal metastasis may
be shrinking [12]. It is not surprising that it may be difficult to
identify a patient with adrenal metastases because lesions are
typically asymptomatic. In instances where patients do present
with symptoms, generic symptoms may include back and
abdominal pain as a result of the large mass growth. This difficulty
to diagnose based on symptoms is reflected in a retrospective
cohort study of 579 patients with adrenal metastases where only
5% of patients were diagnosed with adrenal metastases based on
symptoms. The majority were discovered during cancer staging
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(58.5%) or discovered incidentally (36.3%) [13]. Therefore, precise
identification of adrenal abnormalities holds significant importance,
particularly among cancer patients, as the detection of adrenal
metastases significantly impacts both prognosis and the choice
of treatment [12]. For patients with cancers that less commonly
metastasize to the adrenal glands—such as uterine cancer, thyroid
cancer, and bladder cancer--it may be less necessary to undergo
a preventative screening if no symptoms have surfaced [14-16].
Identification of adrenal metastasis in patients who have not been
diagnosed with cancer prompts physicians to search for a very
likely underlying cancer [15].

Imaging

The management of the primary malignancy is influenced by the
presence of metastases. Although most adrenal tumors belong to
the category of benign, many of these tumors are indeterminate
on imaging with current technology. Computed tomography (CT),
ultrasound scan (US), and the combination of CT and US are the
most commonly used types of scans used for adrenal biopsies
[18]. Based on current studies, there is not a single scan with
100% dependability that can comprehensively evaluate adrenal
incidentalomas or a scan with close to 100% dependability for
distinguishing malignant from benign adrenal masses. In addition,
many of these scans have limitations. For example, ultrasounds
can be limited in larger patients [18]. CT and magnetic resonance
imaging (MRI) scans are often used to identify benign lesions
and are not used for adrenal malignancy. These scans depict lipid
content, which shows whether an adrenal mass is benign (high
lipid content) or potentially malignant (low lipid content). However,
with CT, 30% of adrenal lesions have been incorrectly classified
[19]. Fluorodeoxyglucose- positron emission tomography, or FDG-
PET, and CT scans are mainly only used to detect the presence of
malignant diseases. Previous imaging can be used for comparison,
which can help determine the timeline of the metastasis and change
over time. Further evaluation is recommended for patients with
cancer that appears to have metastasized to only the adrenal glands
and no other sites in the body. The choice of screening modality
depends on many factors, including metastasis progression,
prognosis, resources available and physician preference.

(1) CT: The adrenal mass CT protocol includes a pre-contrast
scan, a portal venous phase scan, and a delay scan [20]. On
CT, adrenal metastases are typically heterogeneous and have
an unenhanced density greater than 10 HU. Only assessing
precontrast density by itself is not specific enough because one-
third of benign adrenal masses have an HU greater than 10 and
have low lipid content, which are the main indicators of potentially
malignant masses. In these cases, a CT scan with contrast
enhancement for washout characteristics is necessary. An adrenal
lesion with a precontrast HU of less than 10 is unlikely to be
malignant, but in patients with extra-adrenal malignancy, there is
a pooled false negative rate of 7%. In these cases, special attention
should be paid to adrenal masses with even precontrast HUs of
less than 10. In order to achieve better accuracy, the measurement
of HU should be standardized. In measurement, two-thirds of the
largest axial diameter of the region of interest should be included.
Boundaries should be avoided whenever possible. If areas of
necrosis are present, the measurement is inaccurate. Because large
adrenal masses often include areas of necrosis, calcification, and
hemorrhage, neither CT scans or MRIs are able to define their
nature [19]. Adrenal masses that are greater than four centimeters
are more likely to be malignant. Rapidly growing adrenal lesions,
local invasion, irregular borders, and central necrosis are all good
indicators of the presence of primary adrenal malignancy and
adrenal metastasis. Although often found in large adrenal masses,
calcification is seldom seen in metastases of the adrenal glands.
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Figure 1. Methods for Evaluation of Adrenal Metastasis. Imaging techniques (left), biopsy (middle) and biochemical evaluation (right) are

important methods used for detection of adrenal metastasis.

(2) MRI: MRI plays a very small role in characterizing lipid-
poor masses. It plays an even smaller role in identifying adrenal
masses based on pre-contrast HU values, especially values greater
than 20-30 HU, which is very evident in adrenal metastases.
The specific MRI that is used regularly is the chemical shift
imaging technique [21]. This phenomenon conveys the differential
precession frequencies of protons in lipids in water using the same
imaging voxel. Many of the adrenal gland carcinomas are visual
with high signal intensity on in-phase imaging and low signal
intensity on out-of-phase imaging, allowing a simple visual test to
be completed by the chemical shift technique. The most efficient
and effective way to analyze a lesion in the adrenal gland is using
the splenic intensity offered from the CSI technique [22]. However,
MRI requires a lot of equipment and needles that are MRI
compatible, which are typically costly [18].

(3) PET: An 18F-fluorodeoxyglucose PET (18F-FDG PET)
cannot precisely mark cancer cells. However, PET is very useful
when determining whether an adrenal mass is benign or malignant
and the primary cancer is known because PET has high sensitivity
(74-100%) and high specificity (66-100%). PET-CT cannot
adequately distinguish adrenal metastases from adrenocortical
carcinoma and is subject to both false-positive and false-negative
results. PET-MRI offers a higher accuracy compared to PET-CT in
diagnoses of other metastases, including liver metastases [23].

Biochemical Evaluation

Differentiating pheochromocytoma from metastases cannot
be confidently done with CT, MRI, or PET scans, so it is
crucial to rule out pheochromocytoma in patients with extra-
adrenal malignancy with an indeterminate mass. Plasma
fractionated metanephrines elevated over 4x the normal amount
or elevated 24-h urinary fractionated metanephrines are
important in diagnosing pheochromocytoma [24]. Patients with
Cushing syndrome and primary hyperaldosteronism-or other
hyperfunctioning-would benefit from additional individualized

hormone work up. Hormonal workup is unlikely to have much
benefit for patients with poor prognosis. It is recommended for all
patients with suspected adrenal metastases on both glands to be
clinically evaluated for adrenal insufficiency as, in some cases, it
has been linked to adrenal insufficiency. Adrenal insufficiency is
not typical when only one adrenal gland is affected, so evaluation
for insufficiency is usually not needed. There is a chance of
glucocorticoid-related adrenal suppression occurring in patients
who have a history of cancer and take glucocorticoids. Procedures
should be taken to prevent adrenal crisis.

Biopsy

Patients with a high likelihood of having a malignant mass are
often referred for biopsy when imaging techniques (CT, MRI,
PET) are insufficient in determining whether an adrenal mass is
benign or malignant [25]. It is important to note that needle biopsy
may not yield satisfactory results in every patient [26]. FNA, an
abbreviation for CT-guided fine-needle aspiration, is practical
when trying to confirm the presence of metastatic disease in
adrenal lesions as it has a positive predictive value of 100%. FNA
is especially useful if the management of the cancer patient would
be altered with information from histology. In images with masses
that have not been conclusively identified as benign and adrenal
masses that are hormonally inactive, FNA is a useful method for
determination. However, FNA can also yield non-diagnostic results
(0-28% of the time). Complications arise 2.5%-13% of the time and
can include adrenal hemorrhage, pain, pancreatitis, and hematuria.
Because of the possible risk of hypertensive crisis and other life-
threatening complications that could arise in the patient, it is
crucial that pheochromocytoma is not included in any biochemical
testing that is conducted before the biopsy. FNA should be ruled
out if the adrenal lesion is likely to be adrenocortical carcinoma
because of the high risk of dissemination which makes it RO
resection impractical. RO resection refers to a surgical procedure
aimed at achieving complete removal of the tumor along with clear
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margins.
Treatment

The first step in most effectively treating adrenal metastases is
to treat the primary cancer. Many treatment options for adrenal
tumors are, in the long-term, ineffective even if the adrenal
metastasis has been resected if the primary cancer has not or
could not be completely resected. Chemotherapy and/or radiation
therapy is often used to treat primary cancer. Surgical resection
of the primary cancer can be considered in patients with adrenal
metastases that have a high likelihood of being cured. Aside from
treating the primary cancer, adrenalectomy can be considered
if there is no local invasion and the cancer has not resurfaced
for at least six months after treatment. Results of adrenalectomy
will vary depending on the cancer site of origin, and there is no
evidence for results of adrenalectomy in patients with an unknown
primary cancer. Minimally invasive laparoscopic adrenalectomy
is as effective as open adrenalectomy for adrenal mastectomy
with proven reduction in postoperative pain, morbidity, and
length of stay. Adrenal masses less than 6 cm without local
invasion are amenable to laparoscopic adrenalectomy. However,
with adrenalectomy, there are risks of tumor breakup and
dissemination. Because of these risks, adrenalectomy is not
consistently used, and patient situations must be assessed [5].
Following ablation, an assessment to determine adrenal function
should be performed in order to ensure the safety of the patient.
Glucocorticoid replacement can be provided if the patient needs it.

In lung cancer patients with solitary adrenal masses, surgical
resection improves prognosis for the primary cancer. It is
recommended that the primary cancer be resected or able to
be cured by chemotherapy before further consideration of
laparoscopic adrenalectomy because of the likelihood of tumor
regrowth if the primary cancer is not resected [5]. Uniquely,
the standard approach in treating adrenal malignancies with
origins from renal cancers is selective inclusion of ipsilateral
adrenalectomy with radical nephrectomy rather than routine or
considered adrenalectomy [27]. However, adrenal malignancies
from renal cancers are often as a result of local invasion of renal
cancer cells to the ipsilateral adrenal gland rather than traditional
metastasis of the renal cancer [28].

Concluding Statements

In this study, we explored the technological advancements in
imaging, biopsy, and biochemical evaluation and their roles in
detecting adrenal metastasis. Although the detection of adrenal
metastasis remains infrequent without a primary cancer diagnosis
or autopsy, the development of screening technologies has
improved the accuracy in identifying these lesions. Therefore,
when screenings are conducted, adrenal metastases are more likely
to be properly diagnosed, which allows for a better prognosis as
early detection is key to treatment.
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