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Adrenal Metastectomy is Safe in Selected Patients
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Abstract

Background The benefit of adrenalectomy (ADX) for
adrenal metastasis is not established. We evaluated out-
comes after ADX for patients with adrenal metastasis.
Methods We retrospectively analyzed the records of 90
patients who underwent ADX for metastatic disease. Overall
survival (OS) after ADX was calculated using the Kaplan—
Meier method. Clinical factors were evaluated for associa-
tions with OS using a Cox regression model, and with oper-
ative factors using the Wilcoxon two-sample or Fisher’s exact
test.

Results  The most common primary tumor types were mel-
anoma (35, 39 %) and lung cancer (32, 35 %). A total of 49
(54 %) patients had isolated adrenal metastasis; 55 (61 %)
underwent laparoscopic resection (LADX). Median OS was
2.46 years (range < 1 month—15 years), and 5-year survival
rate was 38 % (6 % standard error). Most patients experi-
enced disease progression (56, 62 %) despite achieving dis-
ease-free status following ADX (78, 86 %). When compared

M. A. Romero Arenas (<) - E. G. Grubbs -

J. E. Lee - N. D. Perrier

Department of Surgical Oncology, The University of Texas
M.D. Anderson Cancer Center, 1400 Pressler Dr., Unit 1484,
Houston, TX 77030, USA

e-mail: MARomero@mdanderson.org

N. D. Perrier
e-mail: NPerrier@mdanderson.org

M. A. Romero Arenas
Department of Surgery, Sinai Hospital of Baltimore, 2401 W.
Belvedere Ave., Baltimore, MD 21215, USA

D. Sui

Department of Biostatistics, The University of Texas M.D.
Anderson Cancer Center, 1400 Pressler Dr., Unit 1411, Houston,
TX 77030, USA

@ Springer

with the open approach, LADX was associated with smaller
tumor size, as well as reduced blood loss, operative time, and
length of stay (all p < 0.0001), and no difference in OS
(p = 0.4122) or complications (p = 1). Isolated adrenal bed
recurrence was similar in LADX (N = 3, 5 %) and open
ADX (N = 2,6 %) (p = 1), and did not affect OS (p = 0.2).
Larger tumors were associated with shorter median OS
(p = 0.0014).

Conclusions ADX for metastasis can be safely performed
in selected patients. Some patients with adrenal metastasis
achieve prolonged survival following ADX. Compared
with an open approach, LADX has no measurable onco-
logic disadvantage, minimizes morbidity, and should be
considered when tumor characteristics permit.

Introduction

Metastases to the adrenal glands are reported at autopsy in
27-38 % of patients with a known extra-adrenal cancer [1-3].
Clinically, adrenal metastases are being identified more fre-
quently owing to the increased use of cross-sectional imaging.
While surveillance protocols in patients with a history of
malignancy have increased the identification of incidental
adrenal lesions, and approximately half of these are metastases,
up to 50 % are benign lesions warranting standard biochemical
evaluation [4-6]. New lesions, those with suspicious imaging
characteristics, and those identified in relevant cancers (non-
small-cell lung cancer [NSCLC], renal cell carcinoma, and
melanoma) are more likely to represent metastasis [6]. The
presence of distant metastases, including those to the adrenal
gland frequently indicates advanced-stage disease, at which
time surgical intervention is not commonly recommended.
However, recently published guidelines from the
American Association of Endocrine Surgeons (AAES)/
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American Association of Clinical Endocrinologists
(AACE) indicate that although adrenal metastasectomy is
rarely indicated, it may be considered in those patients with
an isolated adrenal metastasis [7]. Although the benefits of
performing adrenalectomy (ADX) for metastatic disease
are still debated, several retrospective series have identified
select groups of patients whose survival appears to have
been prolonged with surgical intervention [8—11]. These
include highly selected patients whose metastatic disease is
metachronous, from NSCLC, renal cell carcinoma, mela-
noma, and lesions <5 cm [8-11]. We evaluated our own
experience with patients who underwent ADX for adrenal
metastasis.

Materials and methods

Institutional databases were queried to identify patients
who underwent ADX for adrenal metastasis from a non-
adrenal primary tumor from 1990 to 2012. In all cases,
metastatic diagnosis was confirmed by pathologic evalua-
tion after ADX. Patients with a primary adrenal malig-
nancy or whose normal adrenal gland was resected as part
of an en bloc resection were excluded from the analysis.
There were no exclusion criteria for age, gender, or
ethnicity.

Clinical data abstracted from medical records included
patient demographics, type of primary cancer, interval
from diagnosis of the primary tumor to identification of
adrenal metastasis, extent of metastatic disease, operative
approach (open ADX or laparoscopic ADX [LADX]),
perioperative factors (adrenal procedures, additional pro-
cedures performed at ADX, intraoperative and postopera-
tive complications, tumor laterality, tumor area [size],
tumor weight, total and ADX operative time, blood loss,
length of stay [LOS], and disease status after ADX),
recurrence, progression of disease, and date of last follow-
up or death. Subgroups of LADX included traditional
anterior/anterolateral and posterior retroperitoneoscopic
approaches (PRA). Timing of metastasis was measured
from the diagnosis of the primary malignancy; metastasis
was considered synchronous if it occurred within 6 months
of the primary tumor diagnosis and metachronous if diag-
nosed beyond 6 months. The extent of disease at diagnosis
of adrenal metastasis was determined to be isolated
(adrenal only) or non-isolated (other metastatic sites in
addition to adrenal) based on imaging studies and clinical
opinion of the multidisciplinary team treating the patient.

We calculated descriptive statistics for the entire group
and key subgroups, such as operative approach and primary
tumor type. Differences in clinical and operative factors
were assessed using the Wilcoxon two-sample test or
Fisher’s exact test, as appropriate. Overall survival (OS)

was measured from the date of ADX to the date of death
from any cause or last follow-up, and calculated using the
Kaplan-Meier method. The progression of disease was
defined as the time from ADX to the date of primary tumor
detection at any site, and included only the patients who
were considered disease-free after ADX. Clinical factors
were evaluated for potential associations with OS and
disease progression using a Cox regression model. Con-
tinuous factors were selected for log transformation to fit
the proportional hazard assumption. Multivariate OS ana-
lysis was conducted using backward elimination based on
the likelihood ratio test and included all the factors with
p < 0.20 in the univariate analysis. A p value of 0.05 or
less was regarded as statistically significant. All analyses
were carried out using SAS software version 9.3 (SAS
Institute, Carey, NC, USA). This retrospective study was
approved by the Institutional Review Board at The Uni-
versity of Texas MD Anderson Cancer Center.

Results

A total of 90 patients underwent ADX for adrenal metas-
tasis from 1990 to 2012. Their median age was 59 (range
4-84) years. Table 1 summarizes the characteristics of the
patients and their adrenal metastatic disease. The most
common primary tumor types were melanoma (N = 35,
39 %) and lung cancer (32, 36 %). More than half of the
patients (49, 54 %) had isolated adrenal metastasis, and the
majority of metastases were metachronous (74, 84 %).
Most patients achieved disease-free status after ADX (78,
87 %). The median time from primary malignancy diag-
nosis to development of adrenal metastasis was 1.84 (range
0-24.5) years. The median time to ADX after diagnosis of
metastasis was 0.26 (range 0-2.5) years. The median fol-
low-up after ADX was 1.21 years (range 0-15.3) years.
Multiple treatments were used for the various primary
tumor types, including chemotherapy and/or targeted
therapy, radiation, or surgery; no attempt was made to
evaluate the contributions of these therapies to individual
patient outcomes.

The median OS was 2.46 years (range < 1 month—
15.1 years), and the 5-year survival rate was 38 % (stan-
dard error [SE] 6 %). The 1-year survival following ADX
was 70 %, and 3- and 5-year survival estimates were 44,
and 38 %, respectively. Of the 61 patients followed-up for
at least 5 years, 16 remained alive 5 years following ADX;
29 patients were followed for <5 years. There was no
statistically significant difference in OS in patients who
underwent ADX for adrenal metastases from lung cancer
compared with those with melanoma or other tumor
metastases (1.59 vs. 2.03 vs. 3.99 years, respectively;
p = 0465, Fig. 1). On univariate analysis, failure to
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Table 1 Characteristics of patients undergoing adrenalectomy for
metastatic disease

Characteristic N (%)
Sex
Female 30 33
Male 60 67
Race/ethnicity
Caucasian 80 89
African—American 4 5
Other 6
Primary tumor
Melanoma 35 39
Lung 32 36
Other® 23 25
Extent of disease
Other metastatic sites 41 46
Isolated 49 54
Timing of metastasis®
Synchronous 14 16
Metachronous 74 82

Operative approach

Open 35 39

Laparoscopic 55 61
Laterality

Right 39 43

Left 46 51

Bilateral 5 6
Disease status after adrenalectomy

Progression 56 78

No evidence of disease 22 22

Persistent disease 12 13

# Other tumor types were gastrointestinal cancer (4), prostate cancer
(4), sarcoma (4), breast cancer (2), gynecologic cancers (2), renal cell
carcinoma (2), thyroid cancer (2), hepatocellular carcinoma (1),
lymphoma (1), and unclassified carcinoma (1)

® Timing relative to primary tumor diagnosis. Data were unavailable
for two patients

achieve disease-free status after ADX was associated with
shorter OS (0.52 vs. 2.74 years for disease-free patients;
hazard ratio [HR] 4.036, p = 0.0002; Fig. 2). Larger
tumors were associated with shorter OS (HR 1.011,
p = 0.0014). Log of operative time (HR 2.536,
p = 0.0414) and log of blood loss (HR 1.244, p = 0.0068)
were also significant on univariate analysis. However, in
the multivariate analysis (Table 2), operative time (HR 1.2,
p = 0.0329), older age at diagnosis (HR 1.03, p =
0.0341), and failure to achieve disease-free status after
ADX (HR 3.6, p = 0.0032) remained statistically signifi-
cant. All patients who were not disease-free after ADX
died within 2.77 years.
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Fig. 1 Kaplan—-Meier curve demonstrates no difference in overall
survival after adrenalectomy by primary tumor type. (lung: thick solid
line, melanoma: dashed line, others: thin solid line)
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Fig. 2 Kaplan—Meier curve for OS demonstrates improved OS for
patients who were rendereddisease-free after adrenalectomy (solid
line) compared to those who were not (dashed line)

Table 3 compares operative factors by ADX approach.
The majority of patients (55, 61 %) underwent LADX,
which was associated with smaller tumor size
(p < 0.0001), reduced blood-loss (p < 0.0001), shorter
operative time (p = 0.0325), and shorter LOS (p =
0.0007) when compared with open ADX. Most patients
with metastatic lung cancer and melanoma underwent
LADX instead of open ADX. A total of 36 (40 %) patients
underwent concurrent procedures in addition to ADX;
these patients were more likely to undergo open ADX
(p = 0.0001). LOS was positively associated with having a
concurrent procedure (median 6 days vs. 2 days,
p = 0.0002), longer operative time (p < 0.0001), and
blood loss (p < 0.0001). No difference in median OS was
observed between open and LADX (2.3 vs. 2.46 years,
p = 0.4122; Fig. 3).

There was also no significant difference in the rate of
adrenal bed recurrence (29 % for LADX vs. 11 % for open
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Table 2 Clinical and operative factors associated with overall survival following adrenalectomy for adrenal metastasis
Factors Univariate analysis Multivariate analysis
p value HR 95 % CI p value HR 95 % CI
Age at primary diagnosis 0.1820 1.015 0.99-1.04 0.0341 1.03 1.00-1.06
Interval from primary tumor diagnosis to adrenal metastasis 0.1716 0.954 0.89-1.02 NS
Tumor area” 0.0014 1.011 1.00-1.02 NS
Total operative time” 0.0414 2.536 1.04-6.20 0.0329 2.71 1.08-6.78
Operative blood loss” 0.0068 1.244 1.06-1.46 NS
LDH (preoperative) 0.1338 1.001 1.00-1.00 NS
Gender (male vs. female) 0.1639 1.583 0.83-3.02 NS
Disease-free after ADX (no vs. yes) 0.0002 4.036 1.96-8.31 0.0032 3.56 1.51-8.37
 For bilateral procedures, the larger lesion was counted for tumor area
® Log transformation was used for analysis
ADX adrenalectomy, CI confidence interval, HR hazard ratio, LDH lactate dehydrogenase, NS not significant
Table 3 Comparison of factors of adrenalectomy for metastatic 1.00 4
disease by operative approach ’ Open
————— Laparoscopic
Factor Open ADX* LADX®  p value
0.75
N 35 (39) 55(61)  NA %
Primary tumor type 0.0013 =
Lung 5(14) 27 (49) = 050
Melanoma 15 (46) 19 (35) g Ne35
Other 14 (40) 9 (16) [
o
Total operative time 262 min 211 min  0.0325 0.25 1
Operative blood loss 500 ml 50 ml <0.0001
Tumor area” 50 cm? 13 cm? <0.0001 0.00 Po.4122
Additional procedures 23 (65) 13 (24) 0.0001 ’ ‘2 "1 é é 1'0 1‘2
Tissue invasion 18 (53) 14 (29) 0.0385 Years since Surgery
Length of stay, days (range) 6 (3-32) 1 (045) <0.0001
Complications 7 (20) 10 (18) 1 Fig. 3 Kaplan—-Meier curve demonstrates no difference in OS
. between open (solid line) and laparoscopic adrenalectomy (dashed
Recurrence in adrenal bed 4 (11) 16 (29) 0.07 line)
Isolated adrenal recurrence 2 (6) 3(5) 1

? Data are median values or number of patients (%)

° For bilateral procedures, the larger lesion was counted for tumor
area

ADX adrenalectomy, LADX laparoscopic adrenalectomy, NA not
applicable

ADX, p = 0.07), or the rate of isolated recurrence in the
adrenal bed (5 % for LADX vs. 6 % for open ADX,
P = 1). Furthermore, adrenal bed recurrence did not affect
OS (p = 0.2). An analysis was also performed to determine
whether there were differences between LADX subgroups
(anterior LADX and PRA) and open ADX subgroups
(Table 4). Reduced operative time (p = 0.0084), blood
loss (p < 0.0001), tumor size (p < 0.0001), and LOS
(p = 0.0055) were observed in the PRA subgroup com-
pared with the others. There were 19 complications in 18
patients (21 %), including one death occurring 5 days

following an open bilateral ADX, likely from pulmonary
embolism. No difference was found in the rate of com-
plications between LADX (12, 20 %) and open ADX (7,
20 %; p = 1). The complications observed intraoperatively
were bleeding (four), pneumothorax (two), splenic tear
(one), superior vena cava syndrome (one), and hypotension
(one). Postoperative complications were intercostal nerve
injury, hematoma, hypotension, adrenal insufficiency,
pleural effusion, prolonged ileus, deep venous thrombosis,
urinary tract infection, and a drain infection (one patient
each). The occurrence of perioperative complications was
associated with longer LOS (median 6 vs. 2 days,
p = 0.0007); LOS was prolonged when postoperative
complications occurred (median 8 vs. 3 days, p = 0.005),
but not following an intra-operative complication (median
5 vs. 3 days, p = 0.186).
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Table 4 Comparison of open adrenalectomy to laparoscopic (by
posterior or anterior approach)

Factor Open®  Anterior" Posterior® p value
N 3539) 12(13) 43 48) NA
Operative time (min) 262 280 208 0.0084
Adrenalectomy 179 199 132 0.0037
operative time® (min)
Blood loss (ml) 500 200 25 <0.0001
Tumor area® (cm?) 50.2 10.3 14.4 <0.0001
Conversion to open NA 4 3 1
Additional procedures 23 (65) 5 (42) 8 (19) <0.0001
Adrenal bed recurrence 4 (11) 2 (17) 14 (33) 0.08
Length of stay in days 6 3(1-45) 1(0-16) <0.0055
(3-32)
Isolated adrenal bed 2 (6) 0 (0) 3(7) 1

recurrence

? Data are presented as median values or number of patients (%) or
(range) unless otherwise indicated

° Adrenalectomy operative time indicates the portion of operative
time recorded as beginning and end of adrenalectomy

¢ For bilateral procedures, the larger lesion was counted for tumor
area

NA not applicable

Eradication of the primary tumor could not be achieved
in 12 (13 %) patients. The intent of ADX in most of these
patients was palliative (8, 67 %). Palliative ADX was
performed to obtain tissue for experimental therapy (e.g.
tumor-infiltrating lymphocytes) and symptom relief (mass
effect for one patient; failure of medical therapy for ectopic
adrenocorticotrophic hormone syndrome for another
patient). The disease progression analysis included the 78
patients who achieved disease-free status following ADX.
The majority (56, 72 %) experienced disease progression.
The median time to progression was 0.87 years (95 %
confidence interval CI 0.67-1.12). The 5-year disease-free
status rate for this group was 19 % (SE 5 %). Larger tumor
size and increased operative blood loss were negatively

associated with disease progression and were significant in
the multivariate analysis (Table 5).

Discussion

Our series suggests adrenal metastectomy can be safely
performed in carefully selected patients. In addition, the
observation that one-fourth of patients who underwent
adrenal metastectomy were alive at 5 years following ADX
suggests that carefully selected patients can benefit from
the procedure. While median follow-up was relatively
short, our 3- and 5-year actuarial survival estimates of 43.7
and 38.05 %, respectively, are similar to those in other
studies that have reported 3-year survival rates ranging
from 38 to 45 % after ADX for adrenal metastasis [11, 12]
and 5-year survival of 35 % [10] and 31 % [9]. One-fourth
of the patients remain without evidence of disease fol-
lowing ADX, and a significant number of patients who
experienced disease progression survived 5 years follow-
ing ADX.

Current AAES/AACE guidelines for the management of
adrenal masses suggest that adrenal metastasectomy is
rarely indicated but should be considered for palliation and/
or in the case of an isolated adrenal metastatic lesion [7].
Our data would support these guidelines. In addition, we
would consider ADX in highly selected patients with
limited extra-adrenal disease, favorable tumor biology, and
an excellent performance status if all disease can be
potentially eliminated with resection and other therapies.

Selection criteria for ADX in patients with adrenal
metastases remain to be definitively established. We
acknowledge that evaluations of patients with adrenal
metastasis should always consider the natural history of the
specific tumor, the tumor biology, and availability of
alternative treatment options. Unlike earlier reports, our
series did not demonstrate statistically significant associa-
tions of OS with key clinical factors previously reported in
the literature. Isolated adrenal metastasis and a longer
interval between primary tumor treatment and development

Table 5 Clinical factors
associated with time to disease
progression

 For bilateral procedures, the
larger lesion was counted for
tumor area

® Log transformation was used
for analysis

Factors Univariate analysis Multivariate analysis
pvalue HR  95%CI pvalue HR 95 % CI

Tumor area® 0.0010 1.010 1.00-1.02 0.0011 1.01 1.00-1.01

Operative time® 0.1725 1.717 0.79-3.74 NS

Blood loss” 0.0680 1.133 0.99-1.30 0.0329 248 1.354.55

Interval from primary tumor diagnosis to 0.1367 0.957 0.90-1.01 NS

adrenal metastasis

Radiotherapy (yes vs. no) 0.0093 2.146 1.21-3.81 0.0027 2.28 1.33-3.9

Unknown primary (yes vs. no) 0.1932  1.578 0.79-3.14 NS

Adrenal bed recurrence (yes vs. no) 0.0128 2.105 1.17-3.78 NS

CI confidence interval, HR
hazard ratio, NS not significant
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of adrenal metastasis were previously reported to be
associated with longer survival after adrenal metastectomy
[8-10]. Our series included a large proportion of patients
with metachronous metastasis and isolated metastasis, thus,
it may be difficult to discern a difference in these factors
based on the homogeneity of the group. In addition, we did
not measure the effects of additional therapies that may
have contributed to survival and potentially confounded
these measures.

Specific malignancies have been reported to be associ-
ated with longer survival after adrenal metastectomy in
retrospective series [8, 9]. In fact, a large European retro-
spective series reported that patients with metastasis from
renal cell carcinoma had the longest OS after ADX
(median 84 months), while patients with metastasis from
other tumors such as colorectal cancer, NSCLC, and others
had a median OS of 24-29 months [10]. Our series failed
to demonstrate a significant difference in OS following
ADX by the type of primary tumor. Our data included only
a small number of renal cell cancer patients, which may
account for the lack of an association between tumor type
and OS. The strongest predictor of OS was disease status
following ADX, a finding consistent with guidelines and
other studies [8, 10].

We found that LADX minimized morbidity (reduced
operative time and blood loss) while maintaining a similar
OS and complication rate when compared with open ADX.
We did not observe a higher rate of isolated adrenal bed
recurrence after LADX than after open ADX; recurrence in
the adrenal bed was usually seen in association with sys-
temic progression. This suggests that tumor bed recurrence
following ADX was usually a function of tumor biology
rather than operative approach, and therefore LADX seems
to have no oncologic disadvantage when compared with
open ADX for patients with a small-to-medium-sized
adrenal metastasis. Our findings are consistent with prior
reports that LADX is equivalent to open ADX in terms of
local recurrence and OS [13].

The above are important considerations for referring
providers, especially when the patient’s prognosis is poor
based on the primary tumor type alone. For example, the
majority of lung cancer patients in our series underwent
LADX, and an increase in patient volume was seen with
the introduction of LADX. This may reflect an increased
willingness of the medical oncologist to consider a more
aggressive approach rendering the patient “no evidence of
disease.” Therefore, when permissible, the preferred
approach for ADX for metastasis is laparoscopic. The PRA
approach has the lowest morbidity as reported above by
measure of blood loss and operative time, and a signifi-
cantly shorter LOS; at our institution, the PRA has recently
become preferable to the traditional anterior or anterolat-
eral approaches [14].

One limitation of our study is its retrospective nature,
which can introduce selection and ascertainment bias.
However, a prospective randomized trial of this clinical
scenario would be difficult, and would require patient
accrual at multiple institutions given the rarity of diagnosis
of adrenal metastasis. Several factors are acknowledged as
sources of selection bias, including the lack of an evalua-
tion of patients who underwent ADX compared with a
similar group who did not. Referral bias is also evident, as
the volume of patients increased following introduction of
LADX. The favorable outcome observed in our patient
cohort could reflect the benefits of systemic therapies given
to most of these patients; owing to the variety of underlying
primary malignancies, the disease burden, and treatments
provided, we could not evaluate their individual effects.

In conclusion, ADX for metastasis can be safely per-
formed in carefully selected patients. Laparoscopic resec-
tion appears to have no measurable oncologic disadvantage
compared with an open approach, minimizes morbidity and
LOS, and should be considered when tumor characteristics
permit. Following ADX for adrenal metastases, a signifi-
cant number of patients may achieve prolonged survival.
Systemic disease progression is common, but isolated
adrenal bed recurrence is not. Control of the primary tumor
is the strongest predictor of survival following adrenal
metastectomy. Further evaluation is necessary to identify
selection criteria for ADX and to assess alternative mea-
sures of benefit following ADX for metastatic disease to
the adrenal gland.
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