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Abstract

surgical removal of suspicious lesions.

due to suspicious imaging in follow-up.

Introduction: Synchronous adrenalectomy has become dispensable since retrospective studies have demonstrated
no survival benefit when preoperative imaging was normal. The aim of this large bi-institutional study was to
determine the appearance of synchronous and metachronous metastases to the adrenal gland as detected by
computed tomography and positron emission tomography or magnetic resonance imaging with consecutive

Materials and methods: We retrospectively reviewed the clinico-pathological records of 2720 patients from two
urological centers who underwent radical or partial nephrectomy due to kidney cancer disease. Synchronous
adrenalectomy was carried out in 548 of all cases (20.2%). Metachronous adrenalectomy was performed in 24 cases

Results: Metastatic spread in patients with synchronous adrenalectomy was found in 29/548 cases (5.3%), as
suspected. In metachronous procedures positive pathological results were found in 24 of 24 cases. Among them
54% of all tumor recurrences were detected in the contralateral adrenal gland.

Conclusions: In case of preoperative suspicious imaging an intraoperative frozen section should be performed.
Radiological investigations are of high diagnostic value for detecting metachronous tumor growth into the adrenal
gland. Surgery in this scenario should be recommended due to the high malignancy rate reported here.
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Introduction

Since the introduction of the radical nephrectomy approach
for malignant kidney disease by Robson including
removal of the adrenal gland more than half a century
ago, this approach has been adopted towards organ- and
nephron-sparing procedures (O'Malley et al. 2009).

The incidence of synchronous metastasis into the
ipsilateral adrenal gland has been reported to be 2-10%
(Robey and Schellhammer 1986; Winter et al. 1990).
Although in advanced local disease a relevant number of
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patients diagnosed with renal cell cancer (RCC) are
metastasized at the time of diagnosis (Hock et al. 2002),
metachronous adrenal metastasis is a rare event. However,
in general, metastasis to the adrenal gland is the second
most common tumorous lesion in the adrenal glands after
benign adrenocortical adenomas. In the case of metastatic
RCC (mRCC) the incidence is from 7% to 23% in autopsy
series (Wunderlich et al. 1999).

In a recent study Weight et al. demonstrated that patients
do not have a benefit either in improved cancer-specific
survival or in risk reduction of metachronous adrenal
metastasis by performing simultaneous adrenalectomy.
The authors reported synchronous ipsilateral tumor
involvement of 2.2% (n=88) and a metachronous metastasis
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Figure 1 CT (A) and PET-CT (B) scan of patients with ipsilateral metachronous metastasis after radical nephrectomy on the right (A) and
left (B) side. Arrows (white and black) mark the corresponding suspicious lesion.

to the adrenal gland in 3.7% (n=147) after initial surgery
(Weight et al. 2011). The latter finding was confirmed
by other investigators, who concluded that in case of
unsuspicious imaging, low tumor stage, and normal
palpation during surgery the adrenal gland can be left
in situ (Kobayashi et al. 2003; Kuczyk et al. 2002;
Kuczyk et al. 2005). Since radiographic investigations
have improved during the last decades, accounting for
an increase of small adrenal lesions, it might be debatable

that in case of positive radiological findings additional
surgery seems to be necessary. We therefore analyzed
retrospectively in a bi-center study model the number of
positive pathological results (i.e. metastasis) in the
adrenal gland after a tumor nephrectomy in a large
cohort of patients with simultaneous adrenalectomy
and with metachronous adrenalectomy due to a suspicious
radiological finding in computer tomography (CT) and
positron emission tomography (PET-CT) or magnetic
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Figure 2 Distribution and numbers of synchronous and metachronous metastases to adrenal gland in RCC patients during 1996-2010/2011.
Patients’ data were retrospectively analyzed regarding clinical and histopathological parameters. Blue bars indicate the synchronous and red bars
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resonance imaging (MRI). The main aim of this study is to
discuss the aspects of simultaneous biopsy during radical
nephrectomy surgery in case of RCC and the need of
resection of a suspicious lesion in the adrenal gland in
follow-up CT scans of patients with RCC history.

Material and methods

Study design

A retrospective bi-center study was performed. Institutional
Ethical Review Boards approved the study protocol. Clinical
and pathological results in the Urological Departments of
the Hospital of Plzen with 1680 patients (pts.) who
underwent nephrectomy in the period 1996-2011 and

1040 pts. from Hannover Medical School (MHH) in
the period 1996-2010 were included in the analysis.
All patients were initially diagnosed histologically with
an RCC. Laparoscopic and open radical or partial
nephrectomies were performed as surgical approaches.
Simultaneous adrenalectomy was performed in 232
(13.8%) patients of the Plzen and in 316 (30.4%) patients
of the MHH cohort. Along with the retrospective design
of the study the lack of controlled follow-up after initial
nephrectomy or partial nephrectomy of the patients was a
major limitation of the study. Patients were resubmitted
to surgical departments because of suspicious lesions in
the adrenal glands in non-standardized routine follow-up
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Figure 3 Distribution of positive and negative pathologic results in the synchronous and metachronous adrenalectomy cohort. Blue
bars demonstrate the numbers of patients where the histopathological result was negative whereas red bars show the frequency of positive
metastasis results in synchronous compared to metachronous events (p < 0.001, chi-square test). Green bars indicate tissues in which infiltration
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imaging after tumor therapy and not routinely due to a
randomized controlled trial.

Patient characteristics and surgery

In total 2720 patients underwent tumor surgery because of
RCC. In 548 cases an adrenalectomy was simultaneously
performed. The main reason for radical surgery with
simultaneous adrenalectomy was a locally advanced tumor
disease (T3/T4 stage) with uncertain preoperative imaging
findings where differentiation of tumor involvement in
contrast to periadrenal inflammation, tumor extension, or
adhesion was difficult. Remaining nephrectomies were
performed as adrenal-sparing surgery. Totally, in 348 men
and 200 female patients the adrenal gland was resected
during the procedure of nephrectomy. A metachronous
adrenalectomy was performed in 24 cases, including 16
male and 8 female patients due to a suspicious finding in
follow-up CT or PET-CT scan (see Figures 1 and 2). The
main surgical approach for contralateral metachronous
adrenalectomy was laparoscopic surgery (13/24 cases; 54%).
In 2 (8.4%) cases the ipsilateral side after previous radical
nephrectomy was affected and laparoscopic adrenalectomy
was performed. In 13 cases the contralateral side of the
primary tumor location was affected and in two cases
bilateral metachronous metastatic spread was detected
without any other distant metastasis. Tumors were staged
according to the TNM system (Elmore et al. 2003).
All resected adrenal glands were examined with
regard to cancer involvement or solitary metastasis. Table 1
presents the detailed clinicopathological parameters and
characteristics patients with synchronous or metachronous
metastatic disease.

Statistical analysis

For group comparison the chi-square test and Fisher’s
exact test were used. All statistical analyses were
performed using the statistical software R version 2.10.0
(Hothorn 2003). A value of p < 0.05 was considered to
be statistically significant.

Results

A significant statistical difference according to clinico-
pathological parameters of both groups (synchronous and
metachronous) was not found (p values not shown.) Both
groups were homogeneous in regard of sex, tumor status,
nodal involvement or distant metastasis as well as
tumor grade. However, a significant difference was
found between the pathological results of resected adrenal
glands. In contrast to the synchronous group, 29 out of 548
cases (5.3%) were metastasis positive, and a 100%
histological positivity for clear cell renal carcinoma (ccRCC)
in the metachronous group (24/24; 100%; p < 0.001,
Figure 3) was detected. The mean time to the development
of a synchronous metastasis was 52.3 months. Time to
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Table 1 Clinicopathological parameters and patients’
characteristics of synchronous and metachronous
adrenalectomy group (TNM 7th revision)

Parameter Adrenalectomy
Synchronous (%) Metachronous (%)
Total (n) 548 24
Gender (n)
female 200 8
male 348 16
TNM (n, %)
Ti
A 131 (23.9) 2(83)
88 (16.1) 7(29.2)
TI1-12 3(0.5) 3(12.5)
2
A 47 (8.6) 142
5(09) 0
73
A 135 (24.6) 5(20.8)
111 (20.3) 3(12.5)
C 6 (1.1) 0
T4 12 (2.2) 1(4.2)
not known 10 (1.8) 2(83)
NO 502 (91.6) 22 (91.7)
N1 18 (3.3) 0
N2 22 (4) 0
not known 6 (1.1) 2(83)
MO 459 (83.8) 17 (70.8)
M1 82 (15) 5(20.8)
not known 7(13) 2 (8.3)
Fuhrman grade
(n, %)
1 122 (22.3) 4(17.7)
2 301 (54.9) 15 (62.5)
3 97 (17.7) 4(16.7)
4 10 (1.8) 0
not known 18 (3.3) 14.2)
Side (n, %)
Left 274 (50) 9 (37.5)
Right 273 (49.8) 13 (54.2)
Both 1(0.2) 2(83)

metastasis varies from a minimum of 3 months to a
maximum of 157 months after initial radical surgery.
A simultaneous tumor infiltration/involvement of the
adrenal gland was found in 16 cases (3%) of all
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synchronous adrenalectomy. In 503 cases the pathological
examination revealed a benign hyperplasia or cortical
adenoma (Figure 3).

Discussion
A routine ipsilateral adrenalectomy is not recommended
in radical nephrectomy (Levy et al. 1998; Kuczyk,
Munch et al. 2002) when no suspicious result is detected
in imaging modalities or intraoperative findings are
suspicious for tumor spread. In an earlier study we
found that only a minority of RCC patients (1%) present
with a solitary adrenal metastasis without other metastatic
sites at the time of diagnosis (Kuczyk, Wegener et al. 2005).
In cases where adrenal metastases originating from RCC
were found, an advanced and disseminating disease could
be found in approx. 96% (Wunderlich, Schlichter et al.
1999; Winter, Miersch et al. 1990). Kobayashi et al. demon-
strated in a retrospective study that there is no statistically
significant difference in disease-specific survival in patients
undergoing ipsilateral simultaneous adrenalectomy and
patients with adrenal-sparing radical nephrectomy because
of RCC (Kobayashi, Nakamura et al. 2003). We also noted
a low incidence (5.3%) of synchronous adrenal metastasis.
Interestingly we observed that, to our knowledge for
the first time, regarding a suspicious lesion in the adrenal
gland in follow-up CT scans a histological positivity
(i.e. metastasis) of 100% could be found. The mean
time to the development of a metachronous metastasis
was 52.3 months. Both PET-CT coupled with CT or MRI
are the diagnostics of choice in case of suspected adrenal
lesions and in case of suspicious findings a preoperative
hormonal evaluation is recommended (Sancho et al. 2012).
In experienced hands a minimal invasive approach
especially to patients with contralateral metachronous
metastasis after previous radical nephrectomy is a
feasible option (Rane et al. 2011; Abel et al. 2011).
This study supports the known results that synchronous
metastasis is a rare event in RCC patients. Hence in case of
suspicious lesions in follow-up imaging after adrenal-
sparing radical nephrectomy a metastasis is very likely and
a surgical resection should be performed. In case of
advanced tumor disease at the time of diagnosis it should
be discussed if in case of uncertain imaging prior to surgery
(Tsui et al. 2000), an intra-operative biopsy could be helpful
in deciding whether a simultaneous adrenalectomy
should be performed. Otherwise postoperative hormonal
dysfunction and necessity of hormonal replacement can
be the result, particularly with regard to the risk of
metachronous metastasis. Regarding long-term intervals
to metastasis, frequent patient follow-up should be
recommended. Our study suffers from bias in patient
selection and retrospective data collection, which
constitute study limitations. However, the presented data
suggest the need of a routine and time-controlled follow-up
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of the patient and in case of a suspicious lesions in either
CT- or MRI scan, the necessity of a surgical resection
should be discussed. A prospective study with a long-term
follow-up is needed to further elucidate this aspect.

Conclusion
Synchronous adrenalectomy is not routinely recommended
with nephrectomy. In case of pre-operative suspicious
imaging an intraoperative frozen section and investiga-
tions by the surgeon should be performed. In case of
metachronous tumor growth within the adrenal gland,
PET-CT/CT or MRI should be performed. In radiological
positive cases, a surgical resection of this lesion due to its
high probability of malignancy should be discussed.
Furthermore, frequent follow-ups of RCC patients
should be recommended due to the long mean time of
the development of a metachronous metastasis of
approximately 52 months.

Competing interests
The authors declare that they have no conflict of interests and no financial
disclosures.

Authors’ contributions

IP-and ASM wrote the manuscript, prepared the figures and participated in
the study design. MH, PS and OH assembled histopathological and
clinicopathological data from the entire patient cohort in Plzen. GW
collected patients’ cancer data for the cohort in Hanover. ASM, TRH, CvK and
MAK assisted with general scientific discussion. MH and ASM partially
developed the study design and analytical assays and participated in
manuscript preparation. All authors read and approved the final manuscript.

Acknowledgments

The work was supported by the Czech government research project MSM
0021620819 and grant IGA NT 12010-5/2011. Prof Richard Ashcroft did
certificated proofreading of the final version of the manuscript.

Author details

"Hannover Medical School, Dept. of Urology and Urologic Oncology,
Carl-Neuberg-Str. 1, 30625, Hannover, Germany. “Dept. of Urology, University
Hospital Plzen, Plzen, Czech Republic. *Hannover Medical School, Tumor
Center, Hannover, Germany. “Dept. of Pathology, University Hospital Plzer,
Plzen, Czech Republic.

Received: 20 March 2013 Accepted: 26 June 2013
Published: 1 July 2013

References

Abel EJ, Karam JA, Carrasco A, Matin SF (2011) Laparoscopic adrenalectomy for
metachronous metastases after ipsilateral nephrectomy for renal-cell
carcinoma. J Endourol 25(8):1323-1327, doi:10.1089/end.2011.0066

Elmore JM, Kadesky KT, Koeneman KS, Sagalowsky Al (2003) Reassessment of the
1997 TNM classification system for renal cell carcinoma. Cancer
98(11):2329-2334, doi:10.1002/cncr.11806

Hock LM, Lynch J, Balaji KC (2002) Increasing incidence of all stages of kidney
cancer in the last 2 decades in the United States: an analysis of surveillance,
epidemiology and end results program data. J Urol 167(1):57-60

Hothorn T (2003) On the exact distribution of maximally selected rank statistics.
Computational Statistics & Data Analysis 43:121-137

Kobayashi T, Nakamura E, Yamamoto S, Kamoto T, Okuno H, Terai A et al (2003)
Low incidence of ipsilateral adrenal involvement and recurrences in patients
with renal cell carcinoma undergoing radical nephrectomy: a retrospective
analysis of 393 patients. Urology 62(1):40-45

Kuczyk M, Munch T, Machtens S, Bokemeyer C, Wefer A, Hartmann J et al (2002)
The need for routine adrenalectomy during surgical treatment for renal cell
cancer: the Hannover experience. BJU Int 89(6):517-522


http://dx.doi.org/10.1089/end.2011.0066
http://dx.doi.org/10.1002/cncr.11806

Peters et al. SpringerPlus 2013, 2:293
http://www.springerplus.com/content/2/1/293

Kuczyk M, Wegener G, Jonas U (2005) The therapeutic value of adrenalectomy in
case of solitary metastatic spread originating from primary renal cell cancer.
Eur Urol 48(2):252-257, doi:10.1016/j.eururo.2005.04.004

Levy DA, Slaton JW, Swanson DA, Dinney CP (1998) Stage specific guidelines for
surveillance after radical nephrectomy for local renal cell carcinoma. J Urol
159(4):1163-1167

O'Malley RL, Godoy G, Kanofsky JA, Taneja SS (2009) The necessity of
adrenalectomy at the time of radical nephrectomy: a systematic review.
J Urol 181(5):2009-2017, doi:10.1016/j.,juro.2009.01.018

Rane A, Cindolo L, Schips L, De Sio M, Autorino R (2011) Laparoendoscopic
single site (LESS) adrenalectomy: technique and outcomes. World J Urol
30(5):597-604, doi:10.1007/500345-011-0678-z

Robey EL, Schellhammer PF (1986) The adrenal gland and renal cell carcinoma: is
ipsilateral adrenalectomy a necessary component of radical nephrectomy?
J Urol 135(3):453-455

Sancho JJ, Triponez F, Montet X, Sitges-Serra A (2012) Surgical
management of adrenal metastases. Langenbecks Arch Surg
397(2):179-194, doi:10.1007/500423-011-0889-1

Tsui KH, Shvarts O, Smith RB, Figlin RA, deKernion JB, Belldegrun A (2000)
Prognostic indicators for renal cell carcinoma: a multivariate analysis of
643 patients using the revised 1997 TNM staging criteria. J Urol
163(4):1090-1095, quiz 1295

Weight CJ, Kim SP, Lohse CM, Cheville JC, Thompson RH, Boorjian SA et al (2011)
Routine adrenalectomy in patients with locally advanced renal cell cancer
does not offer oncologic benefit and places a significant portion of patients
at risk for an asynchronous metastasis in a solitary adrenal gland. Eur Urol
60(3):458-464, doi:10.1016/j.eururo.2011.04.022

Winter P, Miersch WD, Vogel J, Jaeger N (1990) On the necessity of adrenal
extirpation combined with radical nephrectomy. J Urol
144(4):842-843, discussion 844

Wunderlich H, Schlichter A, Reichelt O, Zermann DH, Janitzky V, Kosmehl H et al
(1999) Real indications for adrenalectomy in renal cell carcinoma. Eur Urol
35(4):272-276

doi:10.1186/2193-1801-2-293

Cite this article as: Peters et al.: Incidence of synchronous and
metachronous adrenal metastases following tumor nephrectomy in
renal cell cancer patients: a retrospective bi-center analysis. SpringerPlus
2013 2:293.

Page 6 of 6

Submit your manuscript to a SpringerOpen®
journal and benefit from:

» Convenient online submission

» Rigorous peer review

» Immediate publication on acceptance

» Open access: articles freely available online
» High visibility within the field

» Retaining the copyright to your article

Submit your next manuscript at » springeropen.com



http://dx.doi.org/10.1016/j.eururo.2005.04.004
http://dx.doi.org/10.1016/j.juro.2009.01.018
http://dx.doi.org/10.1007/s00345-011-0678-z
http://dx.doi.org/10.1007/s00423-011-0889-1
http://dx.doi.org/10.1016/j.eururo.2011.04.022

	Abstract
	Introduction
	Materials and methods
	Results
	Conclusions

	Introduction
	Material and methods
	Study design
	Patient characteristics and surgery
	Statistical analysis

	Results
	Discussion
	Conclusion
	Competing interests
	Authors’ contributions
	Acknowledgments
	Author details
	References

