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Simple Summary: Adrenal glands are common dissemination sites for metastases of various solid
tumors. The rapid development of new treatment strategies, such as targeted therapy and im-
munotherapy for different cancer types, has led to increased metastatic adrenalectomies. Therefore,
clear communication between oncologists and adrenal gland specialists has become increasingly
important to outweigh surgical risks versus oncological advantages of adrenalectomies in these
patients. This study assesses trends in diagnosis, type of surgery, and short-term and long-term
surgical outcomes of patients who underwent metastatic adrenalectomy. We included a total of 95
patients with an adrenal metastasis of non-adrenal primary tumors, most often colorectal or lung
cancer, who underwent (minimal invasive) adrenalectomy. 37.9% of the patients experienced one
or more complications after adrenalectomy. Within our patient cohort, an increased demand for
metastatic adrenalectomy was observed over the past years, which might be associated with the rise
of targeted- and immunotherapy. Our data aims to assist multidisciplinary teams with weighing the
pros and cons of resection of the metastasized adrenal gland of cancer patients.

Abstract: The adrenal glands are common dissemination sites for metastasis of various solid tumors.
Surgical treatment is often recommended because targeted therapies and immunotherapy are fre-
quently ineffective for adrenal metastasis. We report the experience with short-term and long-term
surgical outcomes of patients undergoing surgery for adrenal metastasis in two hospitals. A retro-
spective, multicenter study was performed to analyze patient characteristics, tumor-related data,
perioperative outcomes, and oncological outcomes. Postoperative complications that occurred within
30 days were scored according to the Clavien Dindo classification. Metastatic adrenalectomy was per-
formed in 95 patients. We observed an increase from an average of 3 metastatic adrenalectomies per
year between 2001–2005 to 10 between 2015–2019. The most frequent underlying malignancies were
colorectal and lung cancer. In 55.8%, minimal invasive adrenalectomy was performed, including six
conversions to open surgery. A total of 37.9% of patients had postoperative complications, of which
ileus or gastroparesis, wound problems, pneumonia, and heart arrhythmias were the most occurring
complications. Improved cancer care has led to an increased demand for metastatic adrenalectomy
over the past years. Complication rates of 37.9% are significant and cannot be neglected. There-
fore, multidisciplinary teams should weigh the decision to perform metastatic adrenalectomy for
each patient individually, taking into account the drawbacks of the described morbidity versus the
potential benefits.
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1. Introduction

Due to a rich blood supply [1], the adrenal glands are common dissemination sites
for cancer metastases of various solid tumors of different tumor entities [2]. Large autopsy
studies revealed the presence of adrenal metastases in 14% of the patients with colorectal
cancer [3]. For other cancer types, the percentage of patients with adrenal metastases
is even higher [4], with 42% for lung cancer and 58% for breast cancer [5]. Most of the
detected adrenal metastases are one of the multiple sites of the metastasized disease.
Adrenal metastases are increasingly detected due to better-quality imaging techniques,
standardized routine imaging follow-up [6], and improved cancer care over the years,
including better treatment strategies with prolonged overall survival.

Unfortunately, upcoming treatment strategies such as immunotherapy, targeted thera-
pies, and chemotherapy have shown to frequently be ineffective for treating adrenal metas-
tases [7–9]. Although the reason for this treatment immunity remains unknown, it high-
lights the importance of a safe and well weighed surgical treatment strategy. Several studies
suggested a survival benefit from adrenalectomy for (oligo)metastatic disease [10–15]. Next
to this, surgical techniques have improved in the last decades by introducing minimally
invasive techniques such as lateral transperitoneal adrenalectomy (LTA) and retroperito-
neoscopic posterior adrenalectomy (RPA). These approaches have proven feasible and safe
and are associated with less morbidity than open adrenalectomy [2,15–20] while preserving
equal oncological outcomes [18,20].

For this reason, current guidelines published by the American Association of Clinical
Endocrinologists (AACE) and American Association of Endocrine Surgeons (AAES) recom-
mend adrenalectomy for adrenal metastasis [21], and even minimally invasive adrenalec-
tomy is no longer controversial [22]. Despite the guideline’s recommendation, it is often
hard for disease-specific multidisciplinary tumor boards to decide which patient could
withstand surgery and benefit from adrenalectomy for metastatic disease. Hence, it is of
paramount importance to assess surgical complications of metastatic adrenalectomy and
aid in selecting proper patients for surgery.

Therefore, our objective was to assess trends in metastatic adrenal surgery and show
surgical complication rates and short-term and long-term outcomes.

2. Materials and Methods
2.1. Study Design

We retrospectively reviewed the medical records of patients undergoing metastatic
adrenalectomy in two academic centers in the Netherlands (University Medical Center
Groningen (UMCG) and Erasmus Medical Center Rotterdam (EMC)) between September
2001 and September 2020. The Institutional Review Boards of both participating centers
have approved this study.

2.2. Inclusion and Exclusion Criteria

We included patients after adrenalectomy for histologically proven adrenal metastasis,
regardless of synchronous or metachronous presentation. Patients with extra-adrenal
metastatic disease concurrent with the adrenal metastasis were only included if treatment
consisted of a step-up strategy with a curative intention for all metastatic sites. Patients
were excluded if (1) no adrenalectomy was performed, (2) definitive pathological diagnosis
did not confirm metastasis within the adrenal gland.

2.3. Data Collection

Data were obtained by reviewing the medical records of the included patients in the
Electronic Patient File system. Data was collected from each hospital by a member of the
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local research team (M.J.H.M., C.L.V. and A.J.S.). Data were checked for accuracy by an
independent researcher. We collected demographic variables (patient age, gender, ASA
score), tumor-related data, and patient outcomes. Tumor-related data consisted of primary
tumor type, tumor size, and laterality. Tumor size was extracted from the preoperative
imaging, on which the maximum tumor diameter per adrenal metastasis was measured. In
addition, tumor size and surgical margins were extracted from pathology reports. A radical
surgical margin was defined as no residual tumor (R0 resection) and a non-radical resection
as residual tumor (R1 or R2 resection) described by a dedicated pathologist. Adrenal
metastasis was considered synchronous if the adrenal metastasis was detected within six
months after diagnosing the primary malignancy. If the adrenal metastasis was detected
after six months, the adrenal metastasis was considered metachronous. Perioperative
variables consisted of date and type of surgery, open or laparoscopic surgery, conversion,
surgical approach (LTA or RPA), surgical resection margins, duration of hospital stay,
and complications. Complications within 30 days postoperatively were scored using the
Clavien Dindo classification [16]. Patients were followed up until death or the date of
the last follow-up. In case a patient had died, the cause of death was registered. In case
patients were lost to follow-up, the reason for this was noted. Our primary outcome was
the occurrence of complications after adrenalectomy. Secondary outcomes included patient
time to death and completeness of metastasis resection.

2.4. Analysis

Categorical data are presented as frequency or percentage. Continuous data are
presented as median with interquartile range (IQR) and are evaluated using the Mann-
Whitney U test. Statistical analyses are done using GraphPad Prism (version 9.0, GraphPad
Software Inc., San Diego, CA, USA).

3. Results
3.1. Patient Characteristics

During the study period, we included a total of 95 patients who underwent metastatic
adrenalectomy, of which 20 patients with synchronous metastasis and 75 with metachronous
metastasis. The most frequent underlying malignancies were colorectal cancer (27%) and
lung cancer (27%), followed by melanoma (17%), renal cell cancer (7%), and breast cancer
(4%) (Table 1). The cohort was predominantly male (64%) and the median age at surgery
was 62 years (IQR 13 years). The left side was the most common side for unilateral adrenal
involvement (n = 55 patients) compared to the right side (n = 33). Bilateral metastases were
found in 7 patients (Figure 1). Data regarding tumor location, e.g., right arm or left lung,
was available in 45 patients with different tumor types, except colorectal cancer. We found
no association between the side of the primary tumor and the side of the adrenal metastasis.
In 11 patients with different tumor types, the side of adrenal metastases was similar to
the side of the primary tumor. Concomitant metastases in other organs were present in
15 patients, of which 8 patients were primarily diagnosed with the synchronous metasta-
sized disease. The most common other locations of metastasized disease included liver and
lung, for which surgery was performed. The median diameter of the adrenal metastases
was 33 mm on preoperative imaging and 35 mm on pathological reports. Metastasis size
did not differ across the different tumor types (Table 2). We refer to Table S1 for additional
patient characteristics and Figure S1 for the tumor type per year distribution.

Ten patients underwent a more extensive resection/surgery besides an adrenalectomy
alone. These procedures varied from excision of cutaneous melanoma to hepatic and colonic
resections. In two patients, extended surgery was performed due to tumor invasion in
surrounding organs. The patient characteristics are more extensively described in Table S2.
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Table 1. Tumor type distribution. Type of surgery, the onset of adrenal metastasis, and resection margin per tumor type (number of patients and percentages).

Primary Tumor Patients n (%)

Type of Surgery
Open versus Minimally

Invasive
n (%) versus n (%)

Onset of Adrenal Metastasis
Synchronous versus

Metachronous
n (%) versus n (%)

Concomitant Metastases
n (n Synchronous versus n

Metachronous Disease)

Resection Margin
Radical versus Non-Radical

n (%) versus n (%)

All adrenal metastasis 95 (100) 42 (44.2) versus 53 (55.8) 20 (21.1) versus 75 (78.9) 15 (8 versus 7) 51 (70.8) versus 21 (29.2) 1

Colorectal cancer 25 (27) 14 (56.0) versus 11 (44.0) 2 (8.0) versus 23 (92) 3 (0 versus 3) 12 (63.2) versus 7 (36.8)
Lung cancer 25 (27) 6 (24.0) versus 19 (76.0) 11 (44.0) versus 14 (56.0) 4 (4 versus 0) 15 (65.2) versus 8 (34.8)
Melanoma 16 (17) 8 (50.0) versus 8 (50.0) 2 (12.5) versus 14 (87.5) 4 (1 versus 3) 9 (75.0) versus 3 (25.0)

Renal cell cancer 7 (7) 4 (57.1) versus 3 (42.9) 0 (0) versus 8 (100) N/A 6 (100.0) versus 0 (0.0)
Breast cancer 4 (4) 0 (0.0) versus 4 (100.0) 1 (25.0) versus 3 (75.0) 1 (1 versus 0) 2 (100.0) versus 0 (0.0)

Other cancer types 18 (19) 10 (55.5) versus 8 (44.5) 5 (27.8) versus 13 (72.2) 3 (2 versus 0) 6 (75.0) versus 2 (25.0)

Abbreviations: N/A = not applicable; 1 Information about resection margin available in 72 patients.

Table 2. Tumor size per tumor type.

Radiological Histological

Primary Tumor Adrenal Metastasis (n) Maximum Tumor Diameter (mm)
Median (IQR) Adrenal Metastasis (n) Maximum Histological Tumor Diameter (mm)

Median (IQR)

All adrenal metastasis 77 33 (21) 83 35 (36)
Colorectal cancer 21 32 (17) 25 39 (38)

Lung cancer 18 40 (18.25) 19 40 (37)
Melanoma 13 36 (27) 12 38.5 (41)

Renal cell cancer 8 34 (14.75) 7 28 (15)
Breast cancer 3 28 (34) 3 28 (28)

Other cancer types 14 22 (8.25) 17 35 (36)

Abbreviations: IQR = Interquartile range.
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Figure 1. Location of adrenal metastasis.
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Figure 1. Location of adrenal metastasis.

3.2. Surgical Procedures

We observed an increase from an average of 3 metastatic adrenalectomies per year
between 2001–2005 to 10 between 2015–2019, as is presented in Figure 2. The use of
minimally invasive surgical techniques predominantly increased over the last years. In
total, minimal invasive adrenalectomy was performed in 55.8% of the patients (39 lateral
transperitoneal adrenalectomies and 14 retroperitoneoscopic posterior adrenalectomies),
including six conversions to open surgery (Table 1). One reason for conversion was
tumor size, respectively 70 mm on preoperative imaging. The other patients undergoing
minimally invasive surgery had a maximum tumor size of 54 mm. The median size of
adrenal metastasis (28 mm, IQR 20) removed by minimally invasive surgical techniques
was significantly (p = 0.010) smaller compared to median tumor size in patients undergoing
open adrenalectomy (40 mm, IQR 73).

In all 95 patients, the adrenal specimen was subjected to pathological examination.
The resection margin status, radical versus non-radical resection margin, was available in
72 patients (75.8%). Radical resection was performed in 70.8% of the patients, as stated in
Table 1. The percentage of radical resections was slightly higher for open adrenalectomy
but did not differ significantly across the different surgical techniques (78% for open
adrenalectomy, 65% for minimally invasive surgery). Radical resection was achieved in
100% of the patients with metastasis from breast cancer or renal cancer. However, radical
metastasectomy was less likely to be achieved in colorectal metastasis (63.2%) and lung
metastasis (65.2%).
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Figure 2. The number of adrenalectomies for adrenal metastasis performed per year per type of surgery.

3.3. Short-Term and Long-Term Outcomes

The median hospital stay was 6.8 days. There were no intraoperative deaths, and two
patients died within 30-days postoperatively. One patient with metastasized colorectal
cancer underwent a combined adrenalectomy with liver segmental resection because of
liver metastasis. Postoperatively, this patient developed biliary peritonitis with refractory
septic shock, due to which the patient died 5 days postoperatively (Table S2). The other
patient suffered from concomitant lung and liver metastasized gastric cancer. Preopera-
tively, the patient was diagnosed with pulmonary aspergillus, which caused respiratory
insufficiency postoperatively, with limited treatment options due to liver failure secondary
to liver metastases. Out of the 95 patients, 36 patients (37.9%) experienced one or more
complications (Table 3). Two or more complications were observed in 9 patients (9.5%)
of which two patients underwent adrenalectomy in combination with another surgery.
A total of 54 postoperative complications occurred, of which the majority consisted of
Clavien Dindo grade 2 complications (n = 32). The most frequent complications were
either ileus or gastroparesis (n = 7), wound problems including infection or hematoma
(n = 6), pneumonia (n = 5), and heart arrhythmias (n = 5). An overview of all documented
complications in our patient series is shown in Table 4. Most complications were observed
in patients undergoing adrenalectomy for metastasis of colorectal cancer (Table 3). There
was a difference in complication rate between open adrenalectomy (47.6%) and minimal
invasive adrenalectomy (30.2%). We did not find a difference between the number of
complications in patients with a radical resection (n = 15) and patients with a non-radical
resection (n = 12).

A total of 53 patients (55.8%) were deceased during follow-up. The majority, 67.9%, of
the deceased patients underwent adrenalectomy for metachronous adrenal metastasis. In
contrast, 55.5% of the patients with lung cancer underwent adrenalectomy for synchronous
metastasis. The median time to death was calculated using data of 52 patients due to
the absence of a deceased date of one patient. The median time to death after adrenalec-
tomy for all deceased patients was 20.2 months. Median time to death varied widely
across different primary tumor types, ranging from 29.97 months (n = 17) for colorectal
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cancer to 8.49 months and 7.96 months for lung cancer (n = 17) and melanoma (n = 3)
respectively (Table 5).

Table 3. The complication rate after metastatic adrenalectomy per tumor type.

Primary Tumor Patients
n (%)

Complications
n (% per Tumor Type)

All adrenal metastasis 95 (100) 36 (100)
Colorectal cancer 25 (27) 10 (40)

Lung cancer 25 (27) 8 (32)
Melanoma 16 (17) 5 (31.25)

Renal cell cancer 7 (7) 4 (57.14)
Breast cancer 4 (4) 2 (50)

Other cancer types 18 (19) 7 (38.89)

Table 4. Description of complications observed in patients after metastatic adrenalectomy.

Complication Patients
n (%)

All complications 54 (100)
Ileus/gastroparesis 7 (13.0)
Wound problems 6 (11.1)

Pneumonia 5 (9.3)
Heart arrhythmias 5 (9.3)

Delirium 4 (7.4)
Fluid overload/edema 3 (5.6)
Electrolyte imbalance 3 (5.6)
Urinary tract infection 2 (3.7)

Bladder retention 2 (3.7)
Anemia 2 (3.7)
Bleeding 2 (3.7)

Postoperative pain 2 (3.7)
Septic shock 1 (1.8)

Bowel perforation 1 (1.8)
Bile leakage 1 (1.8)

Pneumatic embolism 1 (1.8)
Pneumothorax 1 (1.8)

Decubitus 1 (1.8)
Abscess 1 (1.8)

Hypertension 1 (1.8)
Diabetes de novo 1 (1.8)

Constipation 1 (1.8)
Fever 1 (1.8)

Table 5. Mortality rate and median time to death after metastatic adrenalectomy per tumor type.

Primary Tumor Patients
n (%)

Deceased Patients
n (%)

Onset of Adrenal Metastasis
Synchronous vs. Metachronous

n versus n

Median Time to Death
after MA

Months (IQR)

All adrenal
metastasis 95 (100) 53 (100) 16 versus 37 20.2 (24.9) 1

Colorectal cancer 25 (27) 17 (68) 2 versus 15 29.97 (25.17)
Lung cancer 25 (27) 18 (72) 10 versus 8 8.49 (15.88) 2

Melanoma 16 (17) 3 (18.75) 1 versus 2 7.96 (10.06)
Renal cell cancer 7 (7) 3 (42.86) 0 versus 3 40.37 (71.29)

Breast cancer 4 (4) 1 (25) 0 versus 1 46.82 (N/A)
Other cancer types 18 (19) 11 (57.89) 3 versus 8 22.08 (24.57)

Abbreviations: IQR = Interquartile range, MA = metastatic adrenalectomy; 1 Calculations based on 52 patients; 2

calculations based on 17 patients.
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4. Discussion

With the increased possibilities for both detection and treatment of metastatic disease,
surgical treatment for (oligo)metastatic disease in the adrenal gland has become more
accepted over the last years. We, therefore, evaluated clinical characteristics and surgical
outcomes of patients who underwent metastatic adrenalectomy in two academic centers in
the Netherlands. In these centers, we observed an increase in the frequency of adrenalec-
tomy for the metastatic disease over the years. Metastatic adrenalectomy was primarily
performed in colorectal cancer, lung cancer, and patients with melanoma. Despite the
emergence of minimally invasive techniques such as lateral transperitoneal adrenalectomy
and retroperitoneoscopic posterior adrenalectomy associated with less morbidity, compli-
cation rates cannot be neglected. At least one complication occurred in up to 37.9% of the
patients undergoing metastatic adrenalectomy. This complication rate underlines the need
to carefully outweigh the benefits against the risk of doing more damage to patients with
disseminated disease. The postoperative complication rate and description of common
complications can be used to inform the patient about surgical treatment.

In our study, the increase in metastatic adrenalectomy performed each year could be
explained by improved cancer care [6] but also by the improved surgical techniques with
advantages for patients such as shorter duration of hospital stay and lower complication
rates [16,17]. Lung cancer and colorectal cancer were the most frequent underlying ma-
lignancy of adrenal metastasis within our patient cohort. Lung cancer as the origin of the
metastasis seems to be concordant with the literature. However, colorectal cancer has not
previously been described as one of the most common origins [23–26]. A possible reason
for the found percentage of primary colorectal cancers could be explained by the fact that
the Netherlands has one of the highest incidences of colorectal cancer worldwide [27]. The
nationally organized screening program also has the highest participation rates leading
to more patients diagnosed with colorectal cancer. However, surveillance is more exten-
sive compared to other countries due to the higher incidence. Surveillance includes more
imaging follow-ups detecting possible metastasis [28].

In our patient cohort, the majority of patients underwent surgery for metachronous
adrenal metastasis. This finding contradicts the study of Lam et al., where 67% of the
patients were diagnosed with adrenal metastasis synchronously with the primary tumor.
That study described diagnosing metastatic adrenal disease upon histological examination,
including autopsy reports and biopsies. Only 21 patients underwent adrenalectomy [29].
In another large cohort of patients undergoing adrenalectomy for metastatic disease, 63%
of the patients were diagnosed with metachronous metastatic disease [26]. Studies showed
conflicting data regarding the laterality of adrenal metastasis. Most studies described
predominantly unilateral adrenal [13,26,30,31], although some studies reported compa-
rable uni- and bilateral involvement [32] and few studies even reported mostly bilateral
metastasis [33].

Our cohort’s complication rates after metastatic adrenalectomy are comparable to
different cohorts in the literature [10,23]. Literature shows a wide range of complication
rates from zero to 63% [18]. In this study, we found a higher complication rate after open
adrenalectomy. A possible explanation for this might be that patients’ characteristics of
the patients undergoing open adrenalectomy are less favorable, as patients might not
be suitable for minimally invasive techniques due to previous surgeries, size of adrenal
metastasis, or comorbidities. Furthermore, our study confirmed the safety of laparoscopic
techniques for metastatic adrenalectomy and demonstrated the increased performance of
minimally invasive techniques [34–36]. Previous research has demonstrated that minimally
invasive surgery can be safely performed for lesions even beyond a diameter of 60 mm.
Laparoscopy in larger tumors was, however, in these studies associated with a longer
operation time and a higher risk of conversion or intra-operative complications [36]. Based
on these data and our findings, we recommend (if technically possible) minimally invasive
surgery for (oligo)metastasis for all metastasis <60 mm. For larger tumors, it is important to
outweigh the surgical risks of an open procedure in patients with metastasized cancer with
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great variability in condition among patients against the intraoperative risks of laparoscopy
in these patients. Consistent with the literature, this research found that patients with renal
cell cancer have the longest median time to death after surgery, which was also described
by Ramsingh et al. [23].

The current study has several limitations. First, this retrospective study could be
subject to selection bias despite all attempts to obtain complete medical information. Due
to the retrospective nature of this study, not all obtained data from the Electronic Patient
File was noted in a systematic way leading to missing data and the inability to analyze all
data for all patients. Second, the relatively small sample size of patients per tumor type
hampers the interpretation of the data for each tumor type specifically as patient and tumor
characteristics vary widely. This study included all tumor types, therefore the separate
description of tumor characteristics and outcomes per tumor type should be interpreted
with caution, especially for those with a lower incidence.

Furthermore, as all patients in our cohort underwent metastatic adrenalectomy, we
cannot compare their outcomes to patients with adrenal metastases who did not have
surgery. However, it was not the aim of the study to review the clinical and tumor charac-
teristics of all patients with adrenal metastasis and draw a clear conclusion regarding the
oncological outcome. This study’s results mainly describe the current situation regarding
metastatic adrenalectomy and offer a perspective on the current clinical practice, rather
than providing guidelines for the surgical management of adrenal metastasis and advising
for or against surgical treatment. With our results, the multidisciplinary tumor boards have
a better perspective of short-term and long-term outcomes.

Additional research is necessary to provide a clear conclusion on which patients
benefit from surgery. This research should include all patients, resected or not, with adrenal
metastasis. To analyze for which tumor type metastatic adrenalectomy is beneficial, a
prospective multicenter study should ideally include the required number of patients with
adrenal metastasis originating from the different tumor types. However, due to the low
incidence of (oligo)metastatic disease in the adrenal gland, the required inclusion period
for such a study is expected to be quite long. Next to this, the study will be subject to
a risk of selection bias as the study will be associated with variability in the behavior
of the primary tumor. This overview of patient characteristics and outcomes of patients
undergoing metastatic adrenalectomy offers an insight into the current daily practice in
two academic hospitals in the Netherlands. It may aid multidisciplinary tumor boards
in the discussion for an individually tailored treatment strategy. This study shows the
importance of an individual approach for all patients with adrenal metastasis.

We reported the experience of two academic centers performing adrenalectomy for
adrenal metastases. The number of metastatic adrenalectomies increased over time and
metastatic adrenalectomy was mainly performed in patients with a primary colorectal or
lung cancer and melanoma. A significant complication rate should be considered when
deciding whether or not to perform surgery in patients with disseminated disease, often
during palliative care. A multidisciplinary tumor board should discuss an individually
tailored treatment strategy for each patient.

5. Conclusions

Improved cancer care has led to an increased demand for metastatic adrenalectomy
over the past years. Complication rates of 37.9% are significant and cannot be neglected.

Therefore, multidisciplinary teams should weigh the decision to perform metastatic
adrenalectomy for each patient individually, taking into account the drawbacks of the
described morbidity versus the potential benefits.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/
10.3390/cancers14010156/s1, Figure S1: Distribution of tumor types per year, Table S1: Additional
patient characteristics per tumor type (number of patients and percentages), Table S2: Patient
characteristics of patient undergoing adrenalectomy combined with another procedure.

https://www.mdpi.com/article/10.3390/cancers14010156/s1
https://www.mdpi.com/article/10.3390/cancers14010156/s1


Cancers 2022, 14, 156 10 of 11

Author Contributions: M.J.H.M., C.L.V., T.M.v.G. and S.K. contributed to the conceptualization of
the study. Data curation was performed by M.J.H.M., C.L.V. and A.J.S.; M.J.H.M., C.L.V., T.M.v.G.
and S.K. contributed to the formal analysis. The project was supervised by T.M.v.G. and S.K. The
original draft was written by M.J.H.M. and C.L.V. and reviewed and edited by M.J.H.M., C.L.V., A.J.S.,
A.M.A.B., P.H.J.H., M.N.K., R.A.F., G.J.H.F., T.M.v.G. and S.K. All authors have read and agreed to the
published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki, and approved by the Institutional Review Board of the University Medical Center
Groningen and the Erasmus Medical Center Rotterdam (METC-201800174 and MEC-2020-0445).

Informed Consent Statement: Informed consent was not obtained due to the retrospective nature of
this project and is allowed if data is used anonymously. (‘Wet Medisch-wetenschappelijk Onderzoek
met mensen’ (WMO) and ‘Algemene Verordering Gegevensbescherming’ (AVG)).

Data Availability Statement: The data presented in this study are available on request from the
corresponding author.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Skandalakis, J.E.; Skandalakis, L.J.; Skandalakis, P.N.; Mirilas, P. The Embryologic and Anatomic Basis of Modern Surgery.

Surg. Anat. 2004, 2, 1153–1219.
2. Bradley, C.T.; Strong, V.E. Surgical management of adrenal metastases. J. Surg. Oncol. 2014, 109, 31–35. [CrossRef] [PubMed]
3. Cedermark, B.J.; Blumenson, L.E.; Pickren, J.W.; Holyoke, D.E.; Elias, E.G. The Significance of Metastases to the Adrenal Glands

in Adenocarcinoma of the Colon and Rectum. Surg. Gynecol. Obstet. 1977, 144, 537–546.
4. Cedermark, B.J.; Blumenson, L.E.; Pickren, J.W.; Elias, E.G. The Significance of Metastases to the Adrenal Gland from Carci-noma

of the Stomach and Esophagus. Surg. Gynecol. Obstet. 1977, 145, 41–48. [PubMed]
5. Seidenwurm, D.J.; Elmer, E.B.; Kaplan, L.M.; Williams, E.K.; Morris, D.G.; Hoffman, A.R. Metastases to the adrenal glands and

the development of Addison’s disease. Cancer 1984, 54, 552–557. [CrossRef]
6. Mitchell, I.C.; Nwariaku, F.E. Adrenal Masses in the Cancer Patient: Surveillance or Excision. Oncology 2007, 12, 168–174.

[CrossRef] [PubMed]
7. Nguyen, M.C.; Shah, M.H.; Liebner, D.A.; Backes, F.J.; Phay, J.; Shirley, L.A. The Adrenal Gland as a Sanctuary Site of Metastases

After Pembrolizumab Treatment: A Case Series. J. Natl. Compr. Cancer Netw. 2018, 16, 1279–1283. [CrossRef]
8. Mercier, O.; Fadel, E.; de Perrot, M.; Mussot, S.; Stella, F.; Chapelier, A.; Dartevelle, P. Surgical treatment of solitary adrenal

metastasis from non-small cell lung cancer. J. Thorac. Cardiovasc. Surg. 2005, 130, 136–140. [CrossRef]
9. Pfannschmidt, J.; Schlolaut, B.; Muley, T.; Hoffmann, H.; Dienemann, H. Adrenalectomy for solitary adrenal metastases from

non-small cell lung cancer. Lung Cancer 2005, 49, 203–207. [CrossRef]
10. Spartalis, E.; Drikos, I.; Ioannidis, A.; Chrysikos, D.; Athanasiadis, D.I.; Spartalis, M.; Avgerinos, D. Metastatic Carcinomas of the

Adrenal Glands: From Diagnosis to Treatment. Anticancer Res. 2019, 39, 2699–2710. [CrossRef]
11. Higashiyama, M.; Doi, O.; Kodama, K.; Yokouchi, H.; Imaoka, S.; Koyama, H. Surgical treatment of adrenal metastasis following

pulmonary resection for lung cancer: Comparison of adrenalectomy with palliative therapy. Int. Surg. 1994, 79, 124–129.
[PubMed]

12. Luketich, J.D.; Burt, M.E. Does Resection of Adrenal Metastases from Non-Small Cell Lung Cancer Improve Survival?
Ann. Thorac. Surg. 1996, 62, 1614–1616. [CrossRef]

13. Sarela, A.I.; Murphy, I.; Coit, D.G. Metastasis to the Adrenal Gland: The Emerging Role of Laparoscopic Surgery. Ann. Surg. Oncol.
2003, 10, 1191–1196. [CrossRef]

14. Staubitz, J.I.; Clerici, T.; Riss, P.; Watzka, F.; Bergenfelz, A.; Bareck, E.; Fendrich, V.; Goldmann, A.; Grafen, F.; Heintz, A.; et al.
EUROCRINE®: Nebennierenoperationen 2015 bis 2019—Überraschende erste Ergebnisse. Chirurg 2021, 92, 448–463. [CrossRef]

15. Strong, V.E.; D’Angelica, M.; Tang, L.; Prete, F.; Gönen, M.; Coit, D.; Touijer, K.A.; Fong, Y.; Brennan, M.F. Brennan Laparoscopic
Adrenalectomy for Isolated Adrenal Metastasis. Ann. Surg. Oncol. 2007, 14, 3392–3400. [CrossRef]

16. Vrielink, O.M.; Hemmer, P.H.; Kruijff, S. Considerations in Minimally Invasive Adrenal Surgery: The Front door or the Backdoor?
Minerva Chir. 2018, 73, 93–99.

17. Vrielink, O.M.; Wevers, K.P.; Kist, J.W.; Rinkes, I.H.M.B.; Hemmer, P.H.J.; Vriens, M.R.; De Vries, J.; Kruijff, S. Laparoscopic
anterior versus endoscopic posterior approach for adrenalectomy: A shift to a new golden standard? Langenbeck’s Arch. Surg.
2017, 402, 767–773. [CrossRef]

18. Adler, J.T.; Mack, E.; Chen, H. Equal Oncologic Results for Laparoscopic and Open Resection of Adrenal Metastases. J. Surg. Res.
2007, 140, 159–164. [CrossRef] [PubMed]

http://doi.org/10.1002/jso.23461
http://www.ncbi.nlm.nih.gov/pubmed/24338382
http://www.ncbi.nlm.nih.gov/pubmed/877823
http://doi.org/10.1002/1097-0142(19840801)54:3&lt;552::AID-CNCR2820540328&gt;3.0.CO;2-R
http://doi.org/10.1634/theoncologist.12-2-168
http://www.ncbi.nlm.nih.gov/pubmed/17296812
http://doi.org/10.6004/jnccn.2018.7059
http://doi.org/10.1016/j.jtcvs.2004.09.020
http://doi.org/10.1016/j.lungcan.2005.02.012
http://doi.org/10.21873/anticanres.13395
http://www.ncbi.nlm.nih.gov/pubmed/7523325
http://doi.org/10.1016/S0003-4975(96)00611-X
http://doi.org/10.1245/ASO.2003.04.020
http://doi.org/10.1007/s00104-020-01277-6
http://doi.org/10.1245/s10434-007-9520-7
http://doi.org/10.1007/s00423-016-1533-x
http://doi.org/10.1016/j.jss.2006.08.035
http://www.ncbi.nlm.nih.gov/pubmed/17196989


Cancers 2022, 14, 156 11 of 11

19. Arenas, M.R.; Sui, D.; Grubbs, E.G.; Lee, J.E.; Perrier, N.D. Adrenal Metastectomy is Safe in Selected Patients. World J. Surg. 2014,
38, 1336–1342. [CrossRef]

20. Howell, G.M.; Carty, S.E.; Armstrong, M.J.; Stang, M.T.; McCoy, K.L.; Bartlett, D.L.; Yip, L. Outcome and Prognostic Factors After
Adrenalectomy for Patients with Distant Adrenal Metastasis. Ann. Surg. Oncol. 2013, 20, 3491–3496. [CrossRef]

21. Zeiger, M.A.; Thompson, G.B.; Duh, Q.-Y.; Hamrahian, A.H.; Angelos, P.; Elaraj, D.; Fishman, E.; Kharlip, J.; Garber, J.R.;
Mechanick, J.I.; et al. American Association of Clinical Endocrinologists and American Association Of Endocrine Surgeons
Medical Guidelines For The Management Of Adrenal Incidentalomas. Endocr. Pr. 2009, 15, 450–453. [CrossRef] [PubMed]

22. Puccini, M.; Panicucci, E.; Candalise, V.; Ceccarelli, C.; Neri, C.M.; Buccianti, P.; Miccoli, P. The role of laparoscopic resection of
metastases to adrenal glands. Gland. Surg. 2017, 6, 350–354. [CrossRef] [PubMed]

23. Ramsingh, J.; O’Dwyer, P.; Watson, C. Survival outcomes following adrenalectomy for isolated metastases to the adrenal gland.
Eur. J. Surg. Oncol. (EJSO) 2019, 45, 631–634. [CrossRef]

24. Gunjur, A.; Duong, C.; Ball, D.; Siva, S. Surgical and ablative therapies for the management of adrenal ‘oligometastases’—A
systematic review. Cancer Treat. Rev. 2014, 40, 838–846. [CrossRef]

25. Goto, T.; Inoue, T.; Kobayashi, T.; Yamasaki, T.; Ishitoya, S.; Segawa, T.; Ito, N.; Shichiri, Y.; Okumura, K.; Okuno, H.; et al.
Feasibility of laparoscopic adrenalectomy for metastatic adrenal tumors in selected patients: A retrospective multicenter study of
Japanese populations. Int. J. Clin. Oncol. 2019, 25, 126–134. [CrossRef] [PubMed]

26. Drake, F.T.; Beninato, T.; Xiong, M.X.; Shah, N.V.; Kluijfhout, W.P.; Feeney, T.; Suh, I.; Gosnell, J.E.; Shen, W.T.; Duh, Q.-Y.
Laparoscopic adrenalectomy for metastatic disease: Retrospective cohort with long-term, comprehensive follow-up. Surgery 2018,
165, 958–964. [CrossRef]

27. Schreuders, E.H.; Ruco, A.; Rabeneck, L.; Schoen, R.E.; Sung, J.J.Y.; Young, G.; Kuipers, E.J. Colorectal cancer screening: A global
overview of existing programmes. Gut 2015, 64, 1637–1649. [CrossRef]

28. Jeffery, M.; Hickey, B.E.; Hider, P.N.; See, A.M. Follow-up Strategies for Patients Treated for Non-Metastatic Colorectal Cancer.
Cochrane Database Syst. Rev. 2019, 9, CD002200. [CrossRef]

29. Lam, K.-Y.; Lo, C.-Y. Metastatic tumours of the adrenal glands: A 30-year experience in a teaching hospital. Clin. Endocrinol. 2002,
56, 95–101. [CrossRef] [PubMed]

30. Gerber, E.; Dinlenc, C.; Wagner, J.R. Laparoscopic Adrenalectomy for Isolated Adrenal Metastasis. JSLS J. Soc. Laparoendosc. Surg.
2004, 8, 314–319.

31. Staubitz, J.; Hoppe-Lotichius, M.; Baumgart, J.; Mittler, J.; Lang, H.; Musholt, T. Survival After Adrenalectomy for Metastatic
Hepatocellular Carcinoma: A 25-year Institutional Experience. World J. Surg. 2021, 45, 1118–1125. [CrossRef] [PubMed]

32. de Haas, R.J.; Martin, A.C.R.; A Wicherts, D.; Azoulay, D.; Castaing, D.; Adam, R. Long-term outcome in patients with adrenal
metastases following resection of colorectal liver metastases. BJS 2009, 96, 935–940. [CrossRef]

33. Kocijancic, I.; Vidmar, K.; Zwitter, M.; Snoj, M. The significance of adrenal metastases from lung carcinoma. Eur. J. Surg. Oncol. (EJSO)
2003, 29, 87–88. [CrossRef]

34. Balla, A.; Palmieri, L.; Meoli, F.; Corallino, D.; Ortenzi, M.; Ursi, P.; Guerrieri, M.; Quaresima, S.; Paganini, A.M. Are Adrenal
Lesions of 6 cm or More in Diameter a Contraindication to Laparoscopic Adrenalectomy? A Case–Control Study. World J. Surg.
2019, 44, 810–818. [CrossRef] [PubMed]

35. Cicek, M.C.; Gunseren, K.O.; Senol, K.; Vuruskan, H.; Yavascaoglu, I. Is 6 cm Diameter an Upper Limit for Adrenal Tumors to
Perform Laparoscopic Adrenalectomy? J. Laparoendosc. Adv. Surg. Tech. 2021, 31, 301–305. [CrossRef] [PubMed]

36. Di Buono, G.; Buscemi, S.; Monte, A.I.L.; Geraci, G.; Sorce, V.; Citarrella, R.; Gulotta, E.; Palumbo, V.D.; Fazzotta, S.; Gulotta,
L.; et al. Laparoscopic adrenalectomy: Preoperative data, surgical technique and clinical outcomes. BMC Surg. 2019, 18, 128.
[CrossRef]

http://doi.org/10.1007/s00268-014-2454-x
http://doi.org/10.1245/s10434-013-3050-2
http://doi.org/10.4158/EP.15.5.450
http://www.ncbi.nlm.nih.gov/pubmed/19632968
http://doi.org/10.21037/gs.2017.03.20
http://www.ncbi.nlm.nih.gov/pubmed/28861375
http://doi.org/10.1016/j.ejso.2019.01.006
http://doi.org/10.1016/j.ctrv.2014.04.001
http://doi.org/10.1007/s10147-019-01533-8
http://www.ncbi.nlm.nih.gov/pubmed/31471786
http://doi.org/10.1016/j.surg.2018.11.008
http://doi.org/10.1136/gutjnl-2014-309086
http://doi.org/10.1002/14651858.CD002200.pub4
http://doi.org/10.1046/j.0300-0664.2001.01435.x
http://www.ncbi.nlm.nih.gov/pubmed/11849252
http://doi.org/10.1007/s00268-020-05909-0
http://www.ncbi.nlm.nih.gov/pubmed/33354731
http://doi.org/10.1002/bjs.6646
http://doi.org/10.1053/ejso.2002.1372
http://doi.org/10.1007/s00268-019-05287-2
http://www.ncbi.nlm.nih.gov/pubmed/31728629
http://doi.org/10.1089/lap.2020.0505
http://www.ncbi.nlm.nih.gov/pubmed/32716248
http://doi.org/10.1186/s12893-018-0456-6

	Introduction 
	Materials and Methods 
	Study Design 
	Inclusion and Exclusion Criteria 
	Data Collection 
	Analysis 

	Results 
	Patient Characteristics 
	Surgical Procedures 
	Short-Term and Long-Term Outcomes 

	Discussion 
	Conclusions 
	References

