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Abstract
The adrenal glands are frequently the site of metastasis from several different 
types of cancers, including lung, breast, melanoma, renal cell, and colon. 
Traditionally, the finding of adrenal metastasis was believed to portend end-stage 
disease and consequently surgery was rarely performed. Since the introduction 
of laparoscopic adrenalectomy in 1992, resection for isolated adrenal metastases 
is being reported with increasing frequency, and several authors have even 
reported improved outcomes and survival in selected patients. Presently the evi-
dence for this recommendation is based solely on published anecdotal reports 
and retrospective series. Hence prospective studies are desperately needed so 
that formal guidelines can be established in the decision-making process for 
patients with adrenal metastases.

Keywords
Adrenal metastases · Oligometastases · Stereotactic ablative body radiotherapy · 
Adrenalectomy · Laparoscopic adrenalectomy · Radiofrequency ablation

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-319-92860-9_32&domain=pdf
https://doi.org/10.1007/978-3-319-92860-9_32
mailto:elliot.mitmaker@mcgill.ca


396

�Introduction

In the past, most if not all of the evidence reporting metastasis to the adrenal glands 
have come from autopsy series. A review of the literature in the first half of the 
twentieth century has documented the presence of metastatic lesions to the adrenal 
glands from almost all malignant epithelial tumors. All of these studies showed the 
metastatic potential of these invasive cancers and how they were able to establish a 
tumor “niche” in this small retroperitoneal endocrine gland [1, 2].

However, all of this did not provide any pathophysiologic dynamic that would 
help relate this phenomenon to the natural history of metastases to the adrenal 
glands [3]. The incidence of metastases to the adrenal gland is only second to the 
presence of non-functioning adrenal adenomas found at autopsy. Unraveling this 
problem had to await the imaging revolution in the last quarter of the twentieth 
century. The key was to be found in modern technology—the CT scan, the MRI and 
the PET scan [4].

With the recent emphasis on cancer surveillance, modern imaging methods have 
revealed the surprising fact that there is an increasing incidence of both synchro-
nous and metachronous lesions in the adrenal gland of cancer patients. Modern 
radiological modalities (CT, MRI, PET scans) allow for early detection of isolated 
metastatic lesions to the adrenal glands. In view of the above, the surgeon is now 
confronted with a new clinical conundrum, what to do with the incidental adrenal 
nodule in a patient with a history of prior malignancy [4]?

The decision to operate on patients with disseminated metastatic disease is not 
an easy one. If one limits the discussion to adrenal metastasis only, whether the 
incidental nodule be a synchronous or metachronous lesion, it is becoming appar-
ent that certain options are available for these patients. For patients with dissemi-
nated metastatic disease, surgery is generally not a viable option. In a subset of 
patients that have only a single metastatic lesion to the adrenal gland, then surgery 
is a viable option. Modern imaging has identified a new entity, whereby the pri-
mary cancer is in a state between locoregional extension and disseminated dis-
ease. This phase of the cancer is referred to as the stage of oligometastasis, 
corresponding to 1–5 macroscopic lesions. The surgical oncology literature has 
reported long disease-free survival following resection of isolated metastatic 
lesions to the adrenals [5]. Although there is no evidence that resection of isolated 
metastatic lesions offers any survival benefit compared to observation alone, the 
National Comprehensive Cancer Network (NCCN) already recommends resec-
tion of oligometastases. What data support these recommendations [6]? 
(Table 32.1).

Table 32.1  PICO table Population Patients with metastasis to the adrenal gland
Intervention Surgical resection
Comparator Ablative techniques and medical 

management
Outcomes Survival
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�Methods

�Search Strategy

A systematic literature search was performed for all articles published relating to 
the management of adrenal gland metastases. We searched bibliographic databases 
(MEDLINE, EMBASE, Cochrane Collaboration, PubMed) as well as conference 
proceedings, using electronic search terms and keywords: adrenal gland metastases, 
adrenal neoplasms, catheter ablation, laparoscopy, adrenalectomy (resection, sur-
gery, surgical). Total retrieval within each database was 78 articles in MEDLINE, 
112 articles in EMBASE and 1 in the Cochrane Library. The search was limited to 
papers published in English, involving adult subjects (18+ years of age) and relevant 
articles from a 10-year period up to and including January 2015. Studies were ini-
tially screened for relevance based on title and abstract. All studies deemed relevant 
that met the study inclusion criteria were retained, totaling 53 articles.

�Characterization of Adrenal Gland Metastasis

�Incidence

The incidence of adrenal metastases is difficult to determine because most adrenal 
metastases are discovered at autopsy. In a retrospective series that followed patients 
for 30  years, 94% of adrenal metastases were discovered at autopsy (435/464), 
while only 4.3% (20/464) were symptomatic from their disease. Amongst those 
patients presenting with metastatic disease to the adrenal gland, 49% had bilateral 
metastases. In addition, approximately two-thirds of patients presented with syn-
chronous disease, while one-third presented as metachronous disease, with a median 
time to presentation of 7 months [7].

�Prevalence

The prevalence of adrenal gland metastases is quite variable. The largest study to 
date is from 1950, deriving data from 1000 autopsies performed on patients diag-
nosed with an epithelial carcinoma. The likelihood of finding adrenal metastases 
was 27% in that study. However, the prevalence of adrenal metastases is difficult to 
define as it depends on the population of patients that are studied [1].

�Etiology

Historically, autopsy series found that adrenal metastases arise most commonly from 
the lung, breast, kidney, gastro-intestinal tract and skin (melanoma), with lung cancer 
representing up to 39% of cases and breast cancer up to 35% of cases [1, 2, 7]. One 
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thousand autopsies were performed on patients who died from a variety of epithelial 
malignancies. In those 1000 patients, 270 presented with metastases to the adrenal 
gland (27%), while other autopsy series report lower rates of adrenal gland metasta-
ses (8.6%) [2]. Out of the 270 patients, 90 were from breast cancer, 57 were from 
lung cancer, 25 from gastric cancer and 17 from colon cancer. It is of interest to note 
that adrenal metastases occurred in 57% (90/167) of breast cancer patients, 33% of 
lung cancer patients (57/160), 21% of gastric cancer patients (25/119) and 15% of 
colon cancer patients (17/117) in this autopsy series from the 1950s. The etiology of 
adrenal gland metastases is reflective of the era of cancer therapeutics as the rate of 
adrenal gland metastases from breast cancer is now rare (<3%) [8]. Potential bias 
may exist in studies like these, as autopsies were performed on the first consecutive 
1000 patients from a cancer center, suggesting that the sample may not be represen-
tative from a general population diagnosed with cancer. Given that all of these 
patients died from diffuse metastatic disease, one can ask if these metastatic findings 
are clinically relevant. In addition, the pathological techniques for detecting metasta-
ses (like immunohistochemistry) were not as developed in the 1950s. Finally mela-
noma, known to be a common primary that metastasizes to the adrenal gland, was not 
included in this study [1]. Furthermore, a review of 2833 autopsies reported by 
Bullock et al., showed different results in which the overall rate of adrenal metastases 
was 8.6% (244/2833) compared to 27% in the Abrams study. The most noticeable 
differences in prevalence of metastases were related to breast and gastric cancers. 
Abrams reported 53% and 21%, whereas Bullock showed a prevalence of 12.8% and 
4.7%, respectively. Bullock was the first to report on metastatic adrenal lesions in 
melanoma in 10 of 32 cases. The results of these two historical studies are quite dif-
ferent therefore making it difficult to establish a precise prevalence of adrenal metas-
tases. Still, these reports set the general rule for the average probability of metastases 
to the adrenal glands [2]. Finally, the anatomic site of the primary cancer that leads 
to adrenal metastases differs depending on geographic location. In comparison to the 
above-mentioned North American series, a study from Hong Kong revealed that the 
majority of adrenal metastasis came from the lung (149/421, 35%), followed by the 
stomach (60/421, 14.3%), oesophagus (51/421 12.1%), liver/bile duct cancer 
(45/421, 10.7%) pancreas, colon, kidney and breast. Hence, the pattern of adrenal 
metastatic disease seems to be influenced by geographic location [7].

There are three distinct patient presentations. The first presentation is when 
patients with a prior history of cancer are discovered to have a metachronous lesion 
in the adrenal gland during the postoperative surveillance period. Lenert et al. stud-
ied this population and found that 42 of 81 patients (52%) presented with adrenal 
metastases related to their primary cancer [9]. The prevalence rate appears to be 
high, and the authors do suggest that this may represent an overestimate of the real 
prevalence of adrenal gland metastases due to the fact that they excluded those 
patients discovered to have benign lesions from the analysis. In addition, this study 
was conducted over a 30-year period dating back to the 1970s. This represents 
another confounding variable, as considerable improvements with radiological 
imaging have been able to distinguish a benign from a likely malignant adrenal 
mass. As such, benign lesions would be underrepresented, leading to an 
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overestimation of malignant lesions in this patient population. Therefore, the overall 
risk of an adrenal metastasis in a patient with a proven cancer is likely below 50%.

The second presentation is when the patient with a highly suspected cancer (or a 
proven cancer) is found with a synchronous adrenal lesion during cancer staging. 
The management of these patients will depend on the extent of the metastatic burden. 
Resection could be proposed if the adrenal gland is the only site of metastasis [10].

Finally the third presentation can be defined as a patient with an incidentally 
discovered adrenal lesion in the context of an unknown primary cancer. In this pop-
ulation, is it useful to perform a fine needle aspiration of the adrenal mass in order 
to diagnose the unknown primary malignancy? Lee et al. have studied this question 
by analyzing 1715 cases with unknown primary cancers and found only four patients 
(0.2%) whereby the adrenal incidentaloma uncovered the nature of the primary can-
cer. However, these four cases were clinically symptomatic due to the size of the 
adrenal lesion (>6 cm). This suggests that for asymptomatic incidentalomas, screen-
ing for an unknown primary extra-adrenal malignancy is not necessary [11].

�Defining the Extent of the Disease in the Context of Adrenal 
Metastasis

�Solitary Metastases

A solitary metastasis represents a rare occurrence of a single and isolated metastatic 
lesion to the adrenal gland from an occult or known primary malignancy.

�Oligometastases

Hellman and Weichselbaum defined the term oligometastases in reference to an 
intermediary state between locoregional and disseminated metastatic disease, 
defined as the existence of one to five isolated macroscopic metastases [12].

�Diffuse Metastatic Disease

This situation is most commonly seen when the patient presents with metastases in 
multiple organs, including the adrenal gland.

�Adrenal Metastases and the “Seed and Soil” Theory

Paget’s “seed and soil” hypothesis states that the interaction between the primary 
cancer (seed) and its organ microenvironment (soil) influences the pattern of metas-
tases. The microenvironment of the adrenal gland appears to have the necessary 
components to favor metastatic growth. The adrenal gland has an extensive blood 
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supply, exposing this endocrine organ to a significant tumor emboli transit. In addi-
tion, the adrenal gland has a vast lymphatic network throughout the cortex and 
medulla. Given these anatomical features, several studies have shown a predilection 
for metastatic deposits as they correlate with the number of capillary and lymphatic 
networks (3). Currently, there has been an investigation into the use of molecular 
markers to help predict the likelihood that a given cancer would metastasize to the 
adrenal gland [13].

�Radiological Imaging Characterization

�CT Scan
This imaging modality is most commonly used for the identification of adrenal 
masses. Specifically, adrenal metastases and primary adrenal cancer contain no 
fat as compared to benign adrenal lesions. Studies have identified cutoff values 
for density being 10 Hounsfield units (HU). A value below 10 HU allows for the 
diagnosis of an adrenal adenoma with 95% sensitivity and 80% specificity. 
Another useful imaging characteristic is the contrast washout behavior. 
Malignant lesions have an abnormal vasculature pattern, described by a high 
microvascular density and a high endothelial permeability resulting in slow 
blood flow with accumulation of contrast material within the lesion as compared 
to benign adrenal nodules [14]. A 50% washout value at 10 min has a sensitivity 
and specificity of 100% for differentiating between benign adenomas and malig-
nant lesions [15].

�MRI
MRI imaging readily identifies the lipid rich adenoma in comparison to lipid poor 
lesions such as primary and metastatic adrenal lesions. MRI scans achieve 89% 
sensitivity and 100% specificity in differentiating between benign and malignant 
adrenal nodules [16].

�PET-CT Scan
This method is capable of detecting neoplastic lesions of the adrenal gland. When 
adding a low resolution CT scan with the PET scan, sensitivity and specificity are in 
the range of 95% [14]. This test is only useful in tumors that are FDG avid and is 
useful for patients with a history of prior malignancy [17].

�Biopsy of an Adrenal Mass
Biopsy of the adrenal gland is generally not recommended [11, 18]. However, those 
patients with indeterminate adrenal lesions on imaging that prove to be non-func-
tional, biopsy can be useful in the right setting. When an indeterminate adrenal 
lesion is discovered in the context of a known extra-adrenal malignancy, adrenal 
biopsy does have a high sensitivity and specificity (~90–95%) [4]. Therefore adre-
nal biopsy can be resorted to in specific clinical situations (i.e. needing a diagnosis 
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in the setting of diffuse metastases). However, given the current advances in adrenal 
imaging, biopsy is rarely indicated.

�Synchronous vs. Metachronous Metastases
Synchronous metastases are defined as lesions appearing within 6 months of diag-
nosis of the primary malignancy. Metachronous metastases are lesions appearing 
more than 6 months following the initial diagnosis of the malignancy. There are 
some reports indicating that the outcomes are significantly better for patients with 
non-small cell lung cancer who present with resectable metachronous metastases 
as compared to synchronous metastatic lesions within the first 3  years. 
Consequently, there is some clinical relevance in determining the status of the 
patient with adrenal metastasis as far as non-small cell lung cancer is concerned. 
This is in concordance with other types of tumors such as colorectal cancer with 
liver metastasis, renal cell cancer with brain metastasis or non-small cell lung 
cancer with brain metastases. Even though some reports suggest that survival fol-
lowing resection of metachronous lesions is better in the short term (up to 3 years 
from initial diagnosis), a systematic review revealed that long-term results were 
similar with a 25% survival rate at 5 years for both synchronous and metachro-
nous lesions [19, 20]. For patients presenting with bilateral adrenal metastases 
that undergo bilateral adrenalectomy, there is a survival benefit in a select group 
of patients [20]. Therefore, bilateral adrenal metastases are not an absolute con-
traindication to surgical resection.

�Surgical and Ablative Therapies in the Treatment of Adrenal 
Gland Metastases

�Surgical Resection

�Who Are the Candidates?
First and foremost, patients must be fit for surgery in order to undergo a major 
abdominal organ resection under general anesthesia. Contraindications to surgery 
include cardiac and pulmonary comorbidities, local invasion of other organs by the 
tumor and disseminated metastases. Optimal control of the primary malignancy is 
also a prerequisite for enrolling patients for an adrenal resection [4, 10].

�Solitary vs. Oligometastases vs. Diffuse Metastatic Disease
As defined earlier, a solitary adrenal metastasis corresponds to the adrenal gland 
being the only site of metastasis. Oligometastases is an intermediate state between 
loco-regional and disseminated metastatic disease, usually defined as the existence 
of 1–5 isolated macroscopic metastases. Diffuse metastases are when the adrenal 
gland is part of multiple metastatic sites. There is no report that differentiates 
between all these subgroups primarily because the diffuse state is always seen as a 
contraindication to surgery except for symptomatic palliation.
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The goal of surgery depends on the differences with respect to the biology of the 
primary lesions as discussed in the review by Sancho et al. An illustration of resecting 
oligometastases can be found in non-small cell lung cancer where there is anecdotal 
evidence of a short-term survival benefit from adrenalectomy following resection of 
brain metastases [21]. On the other hand, no benefit was seen for performing adrenalec-
tomy in the setting of metastatic melanoma if complete surgical control of the primary 
tumor was not possible [22]. Yet, others suggest that resection of oligometastases seem 
to benefit from adrenalectomy if all other metastatic sites are potentially resectable [23].

�Synchronous vs. Metachronous Adrenal Metastases
The 6-month cut-off that distinguishes synchronous from metachronous metastatic 
lesions is important for establishing prognosis as some studies report the metachro-
nous group fares better when compared to the synchronous group. Earlier series 
from MSKCC found that a disease-free interval of greater than 6 months was a 
predictor for improved survival [24]. However, when the MSKCC group analyzed a 
larger cohort of patients with metastatic adrenal lesions, the disease-free interval 
was no longer considered a significant predictor of survival [25]. The authors 
explained this discrepancy due to a short follow-up period in their initial publica-
tion. Despite this finding, many other studies found a significant difference between 
the synchronous and metachronous groups [19, 26]. Although there is controversy 
surrounding the prognostic significance of the disease-free interval, subgroup anal-
ysis of the individual primary malignancies may reveal a more accurate prognosis 
when accounting for tumor biology [26]. Yet a greater disease-free interval may still 
be viewed as a surrogate marker for a primary tumor that is less aggressive [5].

�Outcomes: Morbidity of Surgery, Local Control, Overall Survival
Morbidity is inconsistently reported in the different surgical retrospective studies. 
An exhaustive meta-analysis reviewed 30 surgical cohorts of patients. Only 60% 
(18/30) reported complications in their series. From the 18 studies totaling 491 
patients, there were six reported deaths. The total reported complication rate was 
17% and the major complication rate was 7.5% [5].

To add to the difficulties in interpreting these studies, the local control rate was 
reported even less frequently. The local control rate ranged from 82.6% to 100% for 
a 2-year period, this being reported in only 11 studies out of the 30 cohorts included 
in the Gunjur meta-analysis [5].

Survival rates (overall survival) varied widely between studies and the one-year 
survival rate was reported to range from 55% to 100%. Not surprisingly, the one-year 
survival rate is the lowest for non-small cell lung cancer patients and highest in the 
renal cell cancer patients. The rate at 5 years had similar variability, ranging from 10 
to 45% [5]. Although some series report up to a 60% rate of survival at 5 years, these 
studies included patients who had different primary malignancies at variable stages 
of disease progression [10]. Therefore, it is difficult to obtain a realistic estimate of 
survival at 5 years. Still, it is important to note that there is the possibility of long-
term survivorship. The major issue lies in patient selection. (Table 32.2).
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Table 32.2  Summary data from surgical and ablative studies in the treatment of adrenal 
metastasis

Study Patients Methods Histology
Follow-up 
(months) OS

Branum et al. [29] 8 Surgery 
(OP)

Melanoma NR 50% crude 
median 
59 months

Lo et al. [30] 52 Surgery 
(OP)

RCC, NSCLC, 
CRC, melanoma

NR 73% 1 year
40% 2 years

Wade et al. [31] 47 Surgery 
(OP)

NSLC, RCC, 
melanoma, CRC, 
esophagus, liver

NR 10% 5 years

Haigh et al. [22] 27 Surgery 
(OP)

Melanoma NR 59% 1 year

Heniford et al. [32] 10 Surgery 
(LSC)

RCC, NSCLC, 
colon, melanoma

8.3 100% crude

Harrison et al. [33] 8 Surgery 
(OP)

NSCLC, RCC, 
CRC

Median 42 NR

Bretcha-Boix  
et al. [34]

5 Surgery 
(OP)

NSCLC NR (8–52) NR

Porte et al. [35] 43 Surgery 
(OP)

NSCLC 23.8 (2–94) 29% 2 years
11% 4 years

Momoi et al. [36] 13 Surgery 
(OP)

HCC NR 68% 1 year
34% 5 years

Pfannschmidt  
et al. [37]

11 Surgery 
(OP)

NSCLC 21 (2–72) 55% 1 year

Lucchi et al. [38] 11 Surgery 
(LSC)

NSCLC NR 55% 2 years

Mercier et al. [19] 23 Surgery 
(OP)

NSCLC 26 
(0.3–110)

37% 2 years
23% 5 years

Sebag et al. [39] 16 Surgery 
(LSC)

NSCLC, 
melanoma, RCC

21 (1–68) 33% 5 years

Kita et al. [40] 8 Surgery 
(OP)

Lung, RCC, 
melanoma

NR 33% 2 years

Mittendorf et al. [23] 22 Surgery 
(OP and 
LSC)

Melanoma 12.6 61% crude

Park et al. [41] 5 Surgery HCC NR Median 
21.4 months

Strong et al. [25] 92 Surgery 
(OP and 
LSC)

NSCLC, RCC, 
CRC, melanoma

51.3 80% 1 year

Adler et al. [42] 17 Surgery 
(OP and 
LSC)

RCC, NSCLC, 
melanoma, 
breast, CRC

12.5 47% 2 years

Collinson et al. [43] 23 Surgery 
(OP and 
LSC)

Melanoma NR 61% 1 year
39% 2 years

(continued)
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Table 32.2  (continued)

Study Patients Methods Histology
Follow-up 
(months) OS

Bonnet et al. [44] 11 Surgery 
(OP and 
LSC)

RCC 34 (15–60) 100% 1 year

Mourra et al. [45] 8 Surgery CRC NR NR
Marangos et al. [46] 31 Surgery 

(LSC)
CRC, RCC, lung, 
melanoma HCC

25 (3–70) 22% 3 years

De Haas et al. [47] 10 Surgery 
(OP and 
LSC)

CRC NR Median 
23 months

Muth et al. [48] 30 Surgery 
(OP and 
LSC)

RCC, melanoma, 
NSCLC, CRC

19.5 
(2–120)

23% 5 years

Pascual Piedrola 
et al. [49]

10 Surgery 
(LSC)

Lung, RCC, 
CRC

23 (2–38) NR

Wu et al. [50] 12 Surgery 
(LSC)

RCC, NSCLC, 
melanoma, CRC

17.2 (2–56) NR

Raz et al. [51] 20 Surgery 
(OP and 
LSC)

NSCLC NR 34% 5 years

Crenn et al. [52] 14 Surgery 
(LSC)

RCC, NSCLC, 
melanoma, 
breast, eye

NR Median 
14 months

Zerwek et al. [53] 65 Surgery 
(OP and 
LSC)

RCC, NSCLC, 
melanoma, 
sarcoma, CRC 
pancreas

NR 68% 1 year 
17% 5 years

Katoh et al. [54] 8 SABR NSCLC, SCLC, 
HCC, RCC

16 (3–21) 78% 1 year

Chawla et al. [55] 30 SABR Lung, HCC, 
breast, pancreas 
melanoma

9.8 
(0,8–35)

44% 1 year
25% 2 years

Torok et al. [56] 7 SABR NSCLC, SCLC, 
HCC

14 63% 1 year

Oshiro et al. [57] 11 SABR NSCLC, SCLC 10.1 
(0.7–87.8)

55% 1 year
33% 2 years
22% 5 years

Holy et al. [58] 18 SABR NCSLC 12 (–61) Median 
21 months

Casamassima  
et al. [59]

48 SABR Lung, CRC, 
melanoma, 
breast, kidney

16.2 (3–63) 40% 1 year
14% 2 years

Guiou et al. [60] 9 SABR NSCLC, SCLC 7.3 (0–26) 52% 1 year
13% 2 years

Ahmed et al. [61] 13 SABR NSCLC, SCLC, 
skin, RCC

12.3 
(3.1–18)

63% 1 year

Scorsetti et al. [62] 34 SABR NSCLC, SCLC, 
melanoma

41 (12–75) Median 
22.8 months

(continued)
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�Non Invasive Options: Curative vs Palliative

�Stereotactic Ablative Body Radiotherapy and Percutaneous Catheter 
Ablation
The non-surgical options for treating adrenal gland metastases include ablative 
techniques in the form of stereotactic ablative body radiotherapy and percutaneous 
catheter ablation. In general, ablative techniques in metastatic disease are feasible 
and can be offered to a carefully select group of patients, usually after consultation 
with a local interdisciplinary tumor board.

The principle of stereotactic ablative body radiotherapy (SABR) is to deliver a 
form of external beam radiotherapy with accuracy and precision using a high dose of 
radiation to a given target in one or few treatment fractions [27]. This technique uses 
a multiple number of beams that each deliver a small dose of irradiation, but when 
combined will result in a much larger dose at a given focal area of treatment [5].

The percutaneous ablation techniques include radiofrequency ablation (RFA) 
and microwave ablation (MWA). Through image guidance, these thermal ablative 
techniques to the adrenal gland, can deliver thermal energy of greater than 50 °C 
thereby exerting cytotoxic effects by denaturing intra- and extracellular proteins 
leading to cell dessication and coagulative necrosis.

Nine trials were evaluated in the Gunjur meta-analysis, which totaled 178 patients. 
The majority of patients had lung cancer primaries (68%) [5]. Fractioned doses of 
radiotherapy were quite different ranging from 10 to 60 Gy with body equivalent dos-
ing of 28 to 110 Gy. The local control rate ranged from 55% to 100% at 1 year. Overall 
survival was quite low, with a reported rate of 55% at 1 year to 14% at 2 years. In these 
studies no serious adverse events were reported. Only grade one and two toxicities 
were reported at a rate of 6%. It has been suggested that a total body equivalent dosage 
greater or equal to 100 Gy is necessary to get local control of non-small cell lung 

Table 32.2  (continued)

Study Patients Methods Histology
Follow-up 
(months) OS

Mayo-Smith et al. 
[63]

10 RFA NSCLC, RCC, 
melanoma

11.2 (1–46) Median 
8 months

Carafiello et al. [64] 6 RFA RCC, breast, 
ovarian, NSCLC

24 (6–36) NR

Wang et al. [65] 5 RFA HCC, RCC 19 (8–31) NR
Mouracade et al. [66] 5 RFA RCC NR NR
Yamakado et al. [67] 6 RFA HCC 37.7 

(4–70.9)
NR

Wolf et al. [68] 19 RFA RCC, lung, 
melanoma, HCC

NR NR

OS overall survival, SABR stereotactic ablative body radiotherapy, RFA radiofrequency ablation, 
OP open, LSC laparoscopic, RCC renal cell carcinoma, NSCLC Non small cell lung cancer, SCLC 
small cell lung cancer, CRC colorectal cancer, NR no results
Table adapted from Gunjur et al. [5]; with permission
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cancer [28]. Due to the lower dose of radiation used in these studies, this can explain 
the low complication rate as well as the low overall survival rate. The lower dose of 
radiation given in the majority of these studies reflects a palliative dose, thus provid-
ing an explanation for the poor local control and overall survival rates.

�Outcomes: Local Control Versus Overall Survival from Surgical 
and Ablative Treatments
There is a paucity of data concerning the newer ablative techniques regarding local 
control and overall survival. The majority of outcome data were derived from surgi-
cal series that examined disease control. In a recent review of 30 retrospective stud-
ies, a total of 818 patients were evaluated [5]. The three most common malignancies 
were lung (non-small cell), renal cell carcinoma and melanoma. 75% of these 
patients presented with isolated adrenal metastases. A third of the patients under-
went laparoscopic surgery despite the debate between open and minimally invasive 
techniques. Local control was rarely reported in these studies. The compilation of 
the local control data, representing a total of 93 patients (11% of the total patients), 
gave a local control rate of 84% at 2 years. The overall survival rate, which is the 
more frequently reported value, was 46% at 2 years. Of note, the follow up period 
for the majority of these studies was less than 2 years [5].

The data for stereotactic ablative body radiotherapy (SABR) was not as robust 
when compared to surgery as a treatment for adrenal metastases. A total of 178 
patients from nine different studies were examined. The majority of adrenal metas-
tases treated by SABR were from a lung cancer primary (68%) while 4% were of 
renal origin. Local control was reported in eight out of nine studies, with a local 
control rate of 63% at 2 years. The overall survival at 2 years was 19%. Although 
the overall survival was much lower in the SABR series, the surgery treatment 
group could not really be compared to the SABR group, as the clinical characteris-
tics of these populations were not equivalent [5].

Percutaneous radiofrequency ablation or microwave ablation are other methods 
of local control. Only six studies with a total of 51 patients were identified. Adrenal 
metastasis from renal cell carcinoma was the most common primary malignancy 
treated (45%), while lung cancer was the second most common metastatic lesion 
treated (27%). Local control was only reported in one of six studies, examining only 
five patients. Of this small cohort, a local control rate of 80% was achieved. The 
overall survival rate was not reported in any of these studies [5].

Even if the populations are difficult to compare, the local control and overall 
survival rates seem to be highest in the surgical cohort which could be partially 
explained by the better overall health and performance of the surgically-treated 
patients (Table 32.2).

�Outcomes: Morbidity from Surgery Compared with SABR 
and Percutaneous Ablation
Complications from each of the different modalities are inconsistently reported in 
the literature. The systematic review by Gunjur et al. looked at a total of 30 studies 
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but the complications were not systematically reported. Of the studies reporting 
complications in the surgery cohort, a wide range of major and minor complications 
were recorded. Major complications included: 4 bowel perforations (0.84%) (1 gas-
tric, 1 duodenal and 2 small bowel), 1 vena cava laceration (0.2%), 1 bronchopleural 
fistula (0.2%), 1 evisceration (0.2%) and 1 diaphragmatic tear (0.2%). Minor com-
plications included 1 surgical site infection but the majority of the studies did not 
specify minor complications [5].

For the SABR group, complications were categorized as either acute or late 
toxicity. These complications were reported for all nine studies. Five studies 
reported no acute complications. Combining the remaining four studies, GI tox-
icity (grade 2) was reported in 4.5% of patients. For complications regarding 
late toxicity, there were 1.7% of patients with GI toxicity (grade 2), 0.5% 
reported fatigue (grade 2) and another 0.5% reported adrenal insufficiency 
(grade 2).

Overall complications were minimal when patients underwent percutaneous 
radiofrequency ablation. Amongst the reported complications, there were 8% hyper-
tensive crises, 8% back pain, 4% retroperitoneal hematomas, 2% abscesses, 2% 
pleural effusions and 2% myocardial infarctions.

As expected, the complication rate was higher in the surgery group. The only 
deaths reported were in the surgical cohort representing a 1.25% mortality rate. 
There were more major complications in the surgical group as compared to the 
SABR and percutaneous ablation groups. When comparing non-surgical local con-
trol techniques, the complication rate was higher in the percutaneous ablation group 
as compared to the SABR group [5] (Table 32.2).

�Summary Recommendations

The choice between an invasive or non-invasive approach in the treatment algorithm 
for adrenal gland metastases remains a challenge. This is due primarily to the lack 
of strong evidence in support of either surgical resection, focused ablative tech-
niques or systemic therapies. With the majority of evidence composed of retrospec-
tive reviews and meta-analyses, it appears that surgical resection offers the best 
chance of improved survival when compared to other therapeutic modalities. 
Selection criteria for any type of adrenal-directed therapy for metastasis must ensure 
that the patient is fit to undergo a particular treatment. The literature suggests that 
surgical resection should be considered when faced with the single metachronous 
lesion or isolated adrenal metastasis, and for patients with resectable oligometasta-
ses. If the metastases are synchronous, unresectable or diffuse, palliative treatments 
should be considered, including ablative or systemic therapies, based on the origin 
of the primary malignancy. The best therapeutic strategy for the treatment of adrenal 
gland metastases is yet to be determined. Hopefully this will be based on informa-
tion forthcoming from prospective trials thereby providing evidence-based guide-
lines for the treatment of this problem.
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