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Abstract
Background Because of the small numbers of cases in single centers, the indications for and survival benefits of adrenal-
ectomy for adrenal metastasis remain unclear. We evaluated the outcomes of laparoscopic adrenalectomy for patients with 
adrenal metastasis.
Methods We retrospectively analyzed the records of 67 patients who underwent laparoscopic adrenalectomy for metastatic 
disease from 2003 to 2017 at 11 hospitals. Associations of clinical, surgical, and pathologic features with overall survival 
(OS) and positive surgical margins were evaluated using univariate and multivariate Cox regression analyses and univariate 
logistic regression analysis.
Results Lung cancer (30%) and renal cell carcinoma (30%) were the most common primary tumor types. Intraoperative 
complications were observed in seven patients (10%) and postoperative complications in seven (10%). The surgical margin 
was positive in 10 patients (15%). The median OS was 3.8 years. Univariate analysis showed that the tumor size, episodes of 
extra-adrenal metastasis before adrenalectomy, extra-adrenal metastasis at the time of adrenalectomy, and positive surgical 
margins were significantly associated with shorter OS (p = 0.022, p = 0.005, p < 0.001, and p = 0.022, respectively). Multi-
variate analysis showed that extra-adrenal metastasis at the time of adrenalectomy and positive surgical margins remained 
statistically significant (p = 0.022 and p = 0.049, respectively). In the univariate analysis, the tumor size was significantly 
associated with positive surgical margins (p = 0.039).
Conclusions Laparoscopic adrenalectomy for adrenal metastasis can be safely performed in selected patients, and patients 
with isolated adrenal metastasis and negative surgical margins seem to have more favorable outcomes.
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Abbreviations
AACE  American Association of Clinical 

Endocrinologists
AAES  American Association of Endocrine Surgeons
ADX  Adrenalectomy
OS  Overall survival
IQR  Interquartile range
CI  Confidence interval
HR  Hazard ratio

Introduction

Because of its rich, sinusoidal blood supply, the adrenal 
gland is a common site for metastasis of malignancies. In 
patients with a history of malignancy, metastases to the 
adrenal gland are reportedly the second most common type 
of adrenal masses after benign adenomas [1].

The guidelines published by the American Associa-
tion of Clinical Endocrinologists (AACE) and American 
Association of Endocrine Surgeons (AAES) indicate that 
surgical resection may improve disease-free survival in 
selected patients with good control of their extra-adrenal 
disease and good performance status [2]. While the effect 
of adrenalectomy (ADX) on survival differs depending on 
the cancer site of origin, patients with a solitary adrenal 
metastasis, smaller tumor size, and longer disease-free 
interval from the primary tumor diagnosis tend to have 
more favorable outcomes [1, 3-6]. However, all previous 
reports of ADX for adrenal metastasis were retrospective 
series, and only five reports with relatively small numbers 
of patients performed multivariate analyses to evaluate 
the associations of clinical features with overall survival 
(OS) after ADX [6-10]. Therefore, no clinical criteria with 
which to preoperatively define which patients will benefit 
from ADX in terms of cure or increased survival have yet 
been established.

Laparoscopic ADX is a standard procedure for benign 
adrenal disease. Even for metastatic adrenal disease, sev-
eral recent studies have demonstrated the safety and simi-
lar oncologic outcomes for laparoscopic ADX compared 
with open ADX in selected patients [3, 6, 7, 9-13]. How-
ever, among the studies that involved laparoscopic surgery 
and more than 50 patients, only one assessed both periop-
erative complications and surgical margins in patients who 
underwent laparoscopic ADX for adrenal metastasis [8].

The present study was performed to assess the surgical 
and oncologic outcomes of laparoscopic ADX for adrenal 
metastasis and to identify patients who are most likely to 
have prolonged survival after resection of adrenal metas-
tasis based on multicenter survey in Japan.

Material and methods

This retrospective multicenter study was based on survey 
data provided by three academic university hospitals and 
eight teaching hospitals in Japan. After obtaining institu-
tional review board approval from each hospital, a retrospec-
tive chart review was conducted to identify patients who 
underwent laparoscopic ADX for metastasis from 2003 to 
2017. Patients who underwent ADX at the time of ipsilat-
eral nephrectomy for surgery for renal cell carcinoma were 
excluded. The patients’ medical records were reviewed for 
demographics, type of primary tumor, interval from diag-
nosis of the primary tumor to ADX, extent of metastatic 
disease before and at the time of ADX, operative approach 
[transperitoneal (anterior) or retroperitoneal (posterior) 
approach], perioperative factors (tumor laterality, tumor size, 
operative time, blood loss, open conversion, intraoperative 
and postoperative complications, and surgical margin), and 
date of last follow-up or death. Based on imaging studies, 
adrenal only group was defined as the patients with isolated 
adrenal metastasis, and extra-adrenal group was defined as 
the patients with other extra-adrenal metastatic site. The data 
were collected from each hospital using question sheets. The 
indication of transperitoneal or retroperitoneal laparoscopic 
approach was determined by each surgeon in each hospital. 
There was no definitive follow up protocol in terms of fur-
ther surveillance imaging, and patients were referred back to 
the team dealing with the primary tumor in many hospitals. 
Using the Clavien–Dindo classification v2.0 [14], adverse 
events were recorded when we observed adverse event grade 
2 or more. Major complications were defined as adverse 
events grade 3 or more.

Continuous variables were evaluated using Mann–Whit-
ney U tests, and categorical variables were analyzed using 
chi-square test to compare clinical and pathological factors 
between transperitoneal and retroperitoneal laparoscopic 
approach groups. OS was measured from the date of ADX 
to the date of death of any cause or last follow-up, calculated 
using the Kaplan–Meier method, and compared using log 
rank test. Clinical and pathological factors were evaluated 
for their potential association with OS using univariate and 
multivariate Cox regression analyses. Multivariate OS analy-
sis was conducted using stepwise Cox proportional hazards 
regression modeling and included all factors with a p value 
of < 0.05 in the univariate analysis. Preoperative factors were 
also evaluated for their association with positive surgical 
margins using univariate logistic regression analysis. Log 
transformation was used for analysis of continuous variables.

All statistical analyses were performed using JMP Pro 
version 13.0.0 software (SAS Institute Japan Inc., Tokyo, 
Japan), with p values of < 0.05 considered statistically 
significant.
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Results

Table 1 summarizes patient characteristics according to 
the surgical approach. A total of 67 patients underwent 
laparoscopic ADX for adrenal metastasis from 2003 to 
2017. Their median age was 68 years [interquartile range 
(IQR) 64–74], and 46 (69%) were men. The most com-
mon primary tumor types were lung cancer (n = 20, 30%) 
and renal cell carcinoma (n = 20, 30%), followed by liver 
cancer (n = 10, 15%) and colorectal cancer (n = 6, 9%). The 
median size of the adrenal metastasis was 2.8 cm (IQR 
2.0–4.0). In most patients, adrenal metastasis was diag-
nosed by computed tomography. Twenty-seven patients 
(40%) had episodes of extra-adrenal metastasis before 
ADX. Forty-eight patients (72%) had isolated adrenal 
metastasis and 19 (28%) had extra-adrenal metastasis at 
the time of ADX. Of 19 patients who had extra adrenal 
metastatic disease, the common primary tumor types 
were lung cancer (n = 5) and renal cell carcinoma (n = 6). 
Thirteen patients had the plans of additional metastasec-
tomy, radiotherapy or transcatheter arterial embolization 
for extra-adrenal metastatic disease after ADX. For two 
patients who had the episode of double cancer, ADX were 

performed to diagnose the primary site of metastatic dis-
ease. For one patient of malignant pheochromocytoma, 
ADX was performed to control the disease related symp-
toms. The median time from the primary tumor diagnosis 
to ADX was 2.4 years (IQR 1.1–4.9).

A retroperitoneal approach was selected in 18 patients 
(27%) and an intraperitoneal approach in 49 (73%) (Table 1). 
The median operative time was 175 min (IQR 141–253). 
Open conversion was performed in five patients (7%). The 
perioperative outcomes and surgical margin status are listed 
in Table 2. Intraoperative complications were observed in 
seven patients (10%). The intraoperative complications 
were pneumothorax (n = 3), inferior vena cava injury 
(n = 2), splenic artery injury (n = 1), and intestinal injury 
(n = 1). Eight postoperative complications were observed in 
seven patients (10%). The complications observed postop-
eratively were adrenal insufficiency (n = 2), bacterial peri-
tonitis (n = 1), bacterial pneumonia (n = 1), ileus (n = 1), 
malignant hypertension (n = 1), rupture of a superior mes-
enteric artery aneurysm (n = 1), and multiorgan failure 
(n = 1). Two patients who received ipsilateral ADX during 
radical nephrectomy for renal cell carcinoma followed by 
contralateral ADX due to adrenal metastasis had adrenal 
insufficiency. Perioperative steroid cover was performed at 

Table 1  Clinical characteristics of the patients who underwent laparoscopic ADX for metastatic disease according to the surgical approach

ADX, adrenalectomy
Data are presented as n (%) or median (interquartile range)

Total Transperitoneal Retroperitoneal p value

Number of patients 67 49 18
Sex  0.329
 Male 46 (69) 32 (65) 14 (78)
 Female 21 (31) 17 (35) 4 (22)

Age, years 68 (64–74) 68 (65–75) 67 (57–72)  0.120 
Type of primary tumor 0.106
 Lung cancer 20 (30) 17 (35) 3 (17)
 Renal cell carcinoma 20 (30) 16 (33) 4 (22)
 Liver cancer 10 (15) 4 (8) 6 (33)
 Colon cancer 6 (9) 4 (8) 2 (11)
 Others 11 (16) 8 (16) 3 (17)

Tumor size, cm 2.8 (2.0–4.0) 2.7 (2.0–4.0) 3.0 (2.0–4.3) 0.676
Tumor laterality 0.633
 Right 34 (51) 24 (49) 10 (56)
 Left 33 (49) 25 (51) 8 (44)

Episode of extra-adrenal metastasis before ADX 0.675
 Yes 27 (40) 19 (39) 8 (44)
 No 40 (60) 30 (61) 10 (56)

Extra-adrenal metastasis at the time of ADX 0.499
 Yes 19 (28) 15 (31) 4 (22)
 No 48 (72) 34 (69) 14 (78)

Interval from diagnosis of primary tumor to ADX 2.4 (1.1–4.9) 2.0 (0.7–5.8) 2.9 (1.5–3.3) 0.484
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the time of contralateral ADX. Major postoperative compli-
cations were observed in two patients (3%), including one 
who died of multiorgan failure 13 days following ADX for 
right adrenal metastasis of renal cell carcinoma.

There was no significant difference in clinical and patho-
logical factors between transperitoneal and retroperitoneal 
laparoscopic approach groups (Tables 1, 2). Retroperito-
neal approach was selected in 60% of liver cancer patients. 
Open conversion and postoperative complications were not 
observed in retroperitoneal approach group.

After a median follow-up of 1.5 years (IQR 0.7–2.7), 
30 patients (45%) were alive without evidence of disease, 
13 (19%) were alive with evidence of disease, and 24 
(36%) died of disease or other causes. The median OS was 
3.8 years [95% confidence interval (CI) 2.4–11.9]. The 1-, 
3-, and 5-year OS rate following ADX were 82%, 58%, and 
43%, respectively (Fig. 1).

Univariate analysis (Table 3) showed that the following 
factors were significantly associated with shorter OS: larger 
tumor size [hazard ratio (HR) 1.280; 95% CI 1.037–1.564; 
p = 0.022], episodes of extra-adrenal metastasis before 
ADX (HR 3.313; 95% CI 1.432–8.056; p = 0.005), extra-
adrenal metastasis at the time of ADX (HR 5.777; 95% CI 
2.372–14.236; p < 0.001), and positive surgical margins (HR 
3.190; 95% CI 1.199–7.753; p = 0.022). In the multivariate 
analysis, extra-adrenal metastasis at the time of ADX (HR 
4.127; 95% CI 1.227–13.783; p = 0.022) and positive sur-
gical margins (HR 2.950; 95% CI 1.003–8.169; p = 0.049) 
remained statistically significant.

Figure 2 shows the Kaplan–Meier curves of the influ-
ence of the extent of disease and surgical margin status on 

OS after ADX. Patients with isolated adrenal metastasis 
at the time of ADX had better OS than patients with other 
extra-adrenal metastasis at the time of ADX (p < 0.0001). 
Additionally, a negative surgical margin was a statistically 
significant parameter for favorable OS (p = 0.009).

Preoperative factors associated with positive surgical 
margins were also evaluated, and the univariate analysis 
(Table 4) showed that a larger tumor size was significantly 
associated with positive surgical margins (HR 1.446; 95% 
CI 1.019–2.086; p = 0.039).

Table 2  Perioperative and 
pathological outcomes 
according to the surgical 
approach

ADX, adrenalectomy
Data are presented as n (%) or median (interquartile range)

Total Transperitoneal Retroperitoneal p-value

Number of patients 67 49 18
Operative time, min 175 (141–253) 177 (140–242) 159 (141–283) 0.921
Blood loss, ml 50 (0–190) 50 (0–155) 40 (0–293) 0.821
Open conversion 0.159
 Yes 5 (7) 5 (10) 0 (0)
 No 62 (93) 44 (90) 18 (100)

Intraoperative complication 0.914
 Yes 7 (10) 5 (10) 2 (11)
 No 60 (90) 44 (90) 16 (89)

Postoperative complication 0.090
 Yes 7 (10) 7 (14) 0 (0)
 No 60 (90) 42 (86) 18 (100)

Surgical margin 0.197
 Positive 10 (15) 9 (18) 1 (6)
 Negative 54 (81) 38 (78) 16 (89)

Fig. 1  Kaplan–Meier curve of OS after ADX in the overall popula-
tion. OS, overall survival; ADX, adrenalectomy
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Discussion

Our study suggests that ADX for adrenal metastasis can 
be safely performed by laparoscopic surgery in carefully 
selected patients. While the median follow-up was relatively 
short, our median OS after ADX was 3.8 years and our 3- 
and 5-year OS estimates were 58% and 43%, respectively. 
These results are similar to those in other studies involv-
ing laparoscopic surgery that reported 5-year survival rates 
ranging from 31 to 45% after ADX for adrenal metastasis 
(Table 5) [3, 5, 6, 9-11]. This finding suggests that carefully 
selected patients may benefit from adrenal metastasectomy 
by laparoscopy.

Laparoscopic ADX is currently considered the standard 
procedure for benign adrenal tumors. Laparoscopic ADX for 
malignant tumors has been adopted more reluctantly because 
of concern for a high risk of incomplete resection and tumor 
dissemination. However, several recent reports have dem-
onstrated that laparoscopic ADX for adrenal metastasis is 
equivalent to open ADX in terms of safety, local recurrence, 
and OS [3, 6, 7, 9-13]. In the present study, intraoperative 
complications were observed in seven patients (10%) and 
postoperative complications were observed in seven patients 
(10%), including two with severe postoperative complica-
tions (3%). These results are similar to those in other studies 
of laparoscopic ADX for adrenal metastasis, in which the 

Table 3  Univariate and 
multivariate Cox regression 
analyses of clinical and 
pathological factors associated 
with overall survival after ADX 
for metastatic disease

ADX, adrenalectomy; HR, hazard ratio; CI, confidential interval
*Log transformation was used for analysis

Category Univariate Multivariate

HR (95% CI) p value HR (95% CI) p value

Sex
 Male 1.352 (0.560–3.763) 0.517
 Female

Age, years* 1.011 (0.964–1.064) 0.665
Type of primary tumor
 Lung cancer 1
 Renal cell carcinoma 1.53 (0.483–4.847) 0.466
 Liver cancer 2.965 (0.612–14.366) 0.143
 Colon cancer 1.085 (0.274–4.290) 0.907
 Others 0.558 (0.185–1.680) 0.306

Tumor size, cm* 1.28 (1.037–1.564) 0.022 1.19 (0.942–1.474) 0.143
Tumor laterality
 Right 1.515 (0.660–3.575) 0.326
 Left

Episode of extra-adrenal metastasis before ADX
 Yes 3.313 (1.432–8.056) 0.005 1.59 (0.503–4.914) 0.422
 No

Extra-adrenal metastasis at the time ofADX
 Yes 5.777 (2.372–14.236) < 0.001 4.13 (1.227–13.783) 0.022
 No

Interval from diagnosis of pri-
marytumor to ADX, years*

0.957 (0.811–1.088) 0.539

Operative approach
 Transperitoneal 2.011 (0.750–6.974) 0.176
 Retroperitoneal

Operative time, min* 1.002 (0.997–1.006) 0.474
Blood loss, ml* 1.001 (0.999–1.002) 0.092
Open conversion
 Yes 2.526 (0.725–6.852) 0.132
 No

Surgical margin
 Positive 3.19 (1.199–7.753) 0.022 2.95 (1.003–8.169) 0.049
 Negative
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intraoperative and postoperative complication rates ranged 
from 4 to 20% (Table 5) [3, 8, 9]. Notably, the capsule of 
adrenal malignant tumors is fragile [15], suggesting that 
laparoscopic ADX for metastasis should be performed by 
experienced surgeons.

Ma et al. reported favorable perioperative outcome of ret-
roperitoneal laparoscopic ADX for adrenal metastasis, with 
surgical margin rates of 7% and complication rates of 8% 
[8]. Arenas et al. and Glenn et al. reported outcomes of ADX 
for adrenal metastasis, including open, transperitoneal and 

Fig. 2  Kaplan–Meier curves of overall survival by a the extra-adrenal metastasis status at the time of ADX and b the surgical margin status. 
ADX, adrenalectomy

Table 4  Univariate logistic 
regression analysis of 
presurgical factors associated 
with positive surgical margins

ADX, adrenalectomy; HR, hazard ratio; CI, confidence interval
*Log transformation was used for analysis

Category Univariate

HR (95% CI) p value

Sex
 Male 1.072 (0.262–5.438) 0.926
 Female

Age, years* 0.978 (0.911–1.022) 0.535
Type of primary tumor
 Lung cancer 1
 Renal cell carcinoma 0.618 (0.106–3.255) 0.566
 Others 0.457 (0.080–2.361) 0.345

Tumor size, cm* 1.446 (1.019–2.086) 0.039
Tumor laterality
 Right 1 (0.251–3.980) 1.000
 Left

Episode of extra-adrenal metastasis before ADX
 Yes 3.000 (0.762–13.042) 0.116
 No

Extra-adrenal metastasis at the time of ADX
 Yes 1.224 (0.239–5.099) 0.791
 No

Interval from diagnosis of primary tumor to ADX,
Operative approach

1.114 (0.913–1.346) 0.259

 Transperitoneal 3.789 (0.632–72.799) 0.161
 Retroperitoneal
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retroperitoneal laparoscopic approach [9, 16]. They showed 
that transperitoneal and retroperitoneal laparoscopic ADX 
were safe and effective for selected patients; however, the 
reports which compared transperitoneal and retroperito-
neal laparoscopic approach were rare. In the present study, 
there were no significant difference in clinical and patho-
logical factors between transperitoneal and retroperitoneal 
laparoscopic approach groups. Retroperitoneal approach 
was selected in 60% of liver cancer patients, suggesting that 
retroperitoneal approach might have been preferred in the 
patients who have undergone open intraperitoneal surgery. 
Interestingly, open conversion and postoperative complica-
tions were not observed in retroperitoneal group. It might be 
reasonable to select retroperitoneal approach in the patients 
who have undergone open intraperitoneal surgery and have 
the risk of severe intraperitoneal adhesions.

Patients with nonsurgically treated adrenal metastasis 
have a poor prognosis [5]. The current guidelines published 
by AAES/AACE for the management of adrenal masses sug-
gest that ADX for adrenal metastasis is rarely indicated but 
may improve disease-free survival in a very select group 
of patients with good control of their extra-adrenal dis-
ease and good performance status [2]. While the effect of 
ADX on survival differs depending on the cancer site of 
origin, patients with a solitary adrenal metastasis, smaller 
tumor size, and longer disease-free interval from the time 
of the primary tumor diagnosis tend to have a more favora-
ble tumor biology and better outcomes after ADX [1, 3-6]. 
However, the indications for ADX for adrenal metastasis and 
the survival benefit have not been clearly defined because 
all previous reports were retrospective series involving rela-
tively small numbers of patients. Among the reports from 
non-western countries, this report include the second largest 
number of patients [8]. Although several retrospective series 
have identified selected groups of patients whose survival 
appears to have been prolonged with adrenal metastasec-
tomy, few multivariate regression analyses have been per-
formed to evaluate the associations of clinical and pathologi-
cal factors with OS after ADX [6-10].

Our univariate analysis showed that larger tumor size, 
episodes of extra-adrenal metastasis before ADX, extra-
adrenal metastasis at the time of ADX, and positive surgi-
cal margins were significantly associated with shorter OS 
after ADX. These clinical and surgical factors are com-
patible with those in previous reports [5, 6, 8, 17, 18]. 
Smaller tumor size and non-extra-adrenal metastasis might 
indicate a more favorable tumor biology. In our multivari-
ate analysis, extra-adrenal metastasis at the time of ADX 
and positive surgical margins were significantly associated 
with OS. This is the first report which shows that extra-
adrenal metastasis at the time of ADX were significantly 
associated with shorter OS using multivariate analyses. 
Because of the small number of the patients, multivariate Ta
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analyses to evaluate the association of clinical and patho-
logical features with OS after ADX have been performed 
by only five reports, and four of the reports included the 
patients with extra-adrenal metastasis at the time of ADX 
[6-10]. Some of them showed that positive surgical mar-
gins and fail of potential cure (positive surgical margins or 
residual metastasis) by ADX were associated with shorter 
OS; however, none of them have clearly showed that extra-
adrenal metastasis at the time of ADX were associated 
with shorter OS [6-8].

Although the results may vary depending on the thera-
pies performed before and after ADX, our data suggest 
that radiological and microscopical tumor free status with 
the result of ADX might bring favorable outcomes of these 
cohorts. Moreover, a larger tumor size was significantly 
associated with positive surgical margins in our study. Our 
data support the current AAES/AACE guidelines and indi-
cate that patients with a solitary adrenal metastasis that is 
neither huge nor suspected to involve local invasion into 
contiguous structures seem to be good candidates for lapa-
roscopic ADX.

The major limitation of our study is its retrospective 
nature, which may have introduced selection and ascer-
tainment bias. Additionally, the median follow-up was 
relatively short and the recurrence rate was not assessed 
in our study, because many patients were referred back to 
the team dealing with the primary tumor and we couldn’t 
get the enough data about recurrence after ADX in many 
cases. Our study was a multicenter, retrospective review 
of patients who underwent laparoscopic ADX for adre-
nal metastasis, and all included patients of various pri-
mary tumor types were highly selected with no compari-
son group. Therefore, the effectiveness of open ADX or 
alternative less invasive treatments (or non-local treat-
ments) is unknown. Favorable results of percutaneous 
radiofrequency ablation therapy for adrenal metastasis 
were recently reported [19-21]. To select the appropriate 
candidates who may gain a survival benefit of ADX for 
adrenal metastasis, a comprehensive, prospective rand-
omized study comparing ADX with percutaneous ablation 
and non-local treatment would be ideal. However, such a 
prospective randomized study would be difficult because 
of the small numbers of cases in single institutions and 
the variety of underlying primary malignancies, disease 
burdens, and treatments provided. Therefore, accumula-
tion of retrospective multicenter studies including patients 
who have undergone ADX, percutaneous ablation, and 
non-local treatment is important to perform a future meta-
analysis for selection of the most appropriate candidates 
for ADX.

In conclusion, laparoscopic ADX for adrenal metastasis 
can be safely performed in selected patients. Patients with 

isolated adrenal metastasis and negative surgical margins 
might have more favorable outcomes after ADX.
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