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Abstract

Objective—To evaluate the recurrence and functional outcomes in a primarily hereditary cohort
of patients undergoing partial adrenalectomy for pheochromocytoma.

Methods—A retrospective review from a prospectively managed database of patients undergoing
partial adrenalectomy from 1995-2018 at the National Cancer Institute was performed. Local
recurrence was defined as imaging evidence of a recurrent or de novo lesion on the operative side.
Steroid dependency was defined as requiring daily steroid replacement at time of last follow-up.

Results—124 partial adrenalectomies, removing 162 tumors, were performed in 107 patients.
Most patients had a known hereditary predisposition to develop bilateral, multifocal and recurrent
pheochromocytoma. Median tumor size was 2cm (IQR 1.5-2.8). Median follow-up was 60 months
(IQR 13-131). Local recurrence occurred in 17 patients (15.8%) and were managed with active
surveillance or surgery. A single patient (1/106, 0.9%) developed metastatic spread of
pheochromocytoma approximately 14 years after his first of two partial adrenalectomies and
remains alive under active surveillance. Median time to recurrence was 71 months (IQR 26-127)
with 10 patients (9.3%) requiring daily steroid replacement at time of last follow-up.

Conclusions—~Partial adrenalectomy offers excellent oncologic and functional outcomes,
sparing most patients from lifelong steroid replacement therapy. Recurrences can be easily
managed with repeat surgery or active surveillance via functional work-up and imaging. Partial
adrenalectomy remains the recommended surgical management for patients pre-disposed to
development of bilateral, multifocal and recurrent pheochromocytoma.
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Introduction

Pheochromocytoma is a rare, neuroendocrine tumor of the adrenal medulla with an annual
incidence of approximately 2—-8 per million While early studies suggested that 10% of these
tumors were hereditary and 10% were bilateral, more recent studies have called the “rule of
10s” into question. Germline alterations in at least 15 genes are implicated in
pheochromocytoma and are found in upwards of 40% of cases?. Even among patients
without clinical evidence of a hereditable pheochromocytoma syndrome, 25% are found to
be positive for an associated germline mutation.3

In patients with a hereditary predisposition for developing pheochromocytoma, the risk for
development of bilateral or multifocal tumors is high.# In one early series of patients with
von Hippel-Lindau (VHL), 47% were ultimately found to have bilateral pheochromocytoma,
with many cases presenting in a metachronous fashion.® Historically, total adrenalectomy is
the treatment of choice for pheochromocytoma. In patients at risk for bilateral tumors,
bilateral total adrenalectomy necessitates the need for life-long steroid dependence, along
with its many associated complications. 8 To help minimize risk of steroid dependence,
partial adrenalectomy(PA) has been employed to spare normal cortical tissue.”~2 At our
institution, we started performing PA in 1995, motivated by a large population of patients at
increased lifetime risk of development of adrenal pheochromocytoma. Our default surgical
approach is partial adrenalectomy for suspected pheochromocytoma, unless there is
anatomic or intraoperative technical issue that prevents our ability to spare normal adrenal
tissue. While previous studies have demonstrated the safety and feasibility of this technique,
longer term outcomes have been lacking. A meta-analysis based mostly on small
retrospective series published in 2015 by Nagaraja et al noted that recurrence (overall 8%)
and steroid dependent rates (12—-39%) are relatively low in patients undergoing partial
adrenalectomy for numerous different types of adrenal lesions.10 We sought to update
functional and oncologic outcomes in our primarily hereditary cohort of patients undergoing
PA for pheochromocytoma.11

Subjects/patients and Methods

A prospectively managed database of patients treated at the Urologic Oncology Branch of
the National Cancer Institute on an IRB-approved protocol was queried for all consecutive
patients undergoing PA for pathologically confirmed pheochromocytoma between 1995—
2018. Patient demographics, hereditary syndrome, surgical indication, perioperative
characteristics, recurrence and steroid replacement data were collected. Local recurrence
was defined as a radiographic evidence of a recurrent or de novo lesion on the operative side.
Steroid dependence was defined as requiring daily steroid replacement at the time of last
follow-up. Univariate logistic regression was used to determine predictors steroid
dependency as this is an important clinical endpoint. Statistical analysis was performed
using STATA, Version 14 (StataCORP, Tx, USA)

Our operative technique has been previously described.12 Briefly, all patients had pre-
operative blockade with phenoxybenzamine and metyrosine.13 A variety of approaches were
used at the discretion of the primary surgeon, with changing practice patterns over the study
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period. For open approaches, both transperitoneal approaches via midline and subcostal
incisions were performed, as well as retroperitoneal approaches via a flank incision per
surgeon preference. In both laparoscopic and robotic cases, partial adrenalectomy was
performed via a transperitoneal approach. In all cases, dissection of the adrenal gland was
minimized to maintain collateral blood flow. Intraoperative ultrasound was used when
available to help identify the tumor. A plane is then developed between the pseudocapsule of
the tumor and normal adrenal and the lesion is removed, occasionally with a small rim of
normal cortex. While adrenal vein sparing was performed when feasible, in this cohort, the
majority were divided. Patients were followed with cross-sectional at 3 months post
operatively and every 1 — 3 years thereafter with concomitant annual serum catecholamine
and subjective symptom screening. Representative pre-operative imaging and intra-operative
imaging included in Figure 2.

We identified 124 partial adrenalectomies performed in 107 patients between 1995 and
2018, with a total of 162 tumors removed. Most partial adrenalectomies (95-76.6%) were
performed minimally invasively with 47 (37.9%) pure laparoscopic cases and 48(38.7%)
robotic cases; with 29 procedures completed via an open approach. Thirty-three partial
adrenalectomies were performed in combination with an additional surgical procedure, with
the majority (22, 67%%) undergoing concurrent ipsilateral partial nephrectomy. Four
patients (12%) underwent concurrent pancreatic resection, 3 patients (9%) underwent
concurrent retroperitoneal lymph node dissection, 2 (6%) underwent concurrent contralateral
total adrenalectomy, 1 (3%) underwent concurrent laparoscopic radiofrequency ablation of a
renal mass, and 1 (3%) underwent concurrent pelvic mass excision. Temporal trends in
procedure type at our institution are highlighted in Figure 1. The robotic approach increased
over the study period along with the utilization of adrenal vein preservation. Median patient
age at time of surgery was 31 (IQR 21-42). Median follow-up from time of surgery was 60
months (IQR 13-131). Most patients (99, 92.5%) had a germline alteration, with VHL being
the most common (83, 77.5%). The demographics of the study cohort are detailed in Table
1.

Seventeen patients (16%) developed a recurrent lesion at a median time of 71 months (IQR
26-171) after partial adrenalectomy. Recurrences were managed with active surveillance if
asymptomatic or surgical resection if patients had significantly elevated catecholamines (2x
the upper limit of normal) or were symptomatic suggestive of a catecholamine producing
tumor. In this series, five went on to have repeat surgery at a median time of 9 months (IQR
5-40) and twelve patients are still on active surveillance at last follow up (median total
follow-up 46 months (IQR 18-91)). The majority of patients (3/5) whom had surgery for
recurrence underwent repeat minimally invasive resection, while the remaining 2 underwent
repeat open exploratory laparotomy. Of note, these repeat procedures were performed via the
same approach of the original partial adrenalectomy. There were no positive margins seen on
final pathologic analysis in this series.

Long term steroid replacement was required in 10(9.3%) patients. While the median age of
these patients were higher (38.5 vs 30 years), it did not reach our defined level of statistical
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significance(p=0.07). Most patients (7, 70%) requiring steroid replacement at last follow-up
had either a history of or underwent concurrent contralateral total adrenalectomy at the time
of partial adrenalectomy. An additional patient had a completion ipsilateral total
adrenalectomy for recurrence approximately 7 years after the initial partial adrenalectomy.
Eight of these patients are still alive at time of last follow-up. One patient died after
suffering a cardiac arrest while admitted for inpatient treatment of pneumonia and the other
died of metastatic renal cell carcinoma. Additional details on patients requiring steroid
replacement are included in Supplementary Table 1. Results of a univariate logistic
regression analysis are included in Table 2. Variables analyzed included gender, tumor size,
total number of tumors removed, laterality, simultaneous bilateral partial adrenalectomy and
solitary adrenal gland. The only significant predictor found was the presence of a solitary
adrenal gland (OR 13.7, p<0.001).

A single patient in this cohort developed metastatic pheochromocytoma. He underwent his
first partial adrenalectomy at age 14, followed by a bilateral partial adrenalectomy four years
later. Fourteen years after his first partial adrenalectomy, he developed a lingual lobe lesion
and underwent a wedge resection that was shown to be consistent with pheochromocytoma.
Six years following his wedge resection, a new thoracic spine bone lesion was seen and was
shown to be an additional metastatic pheochromocytoma site. Despite this new lesion, he
remains asymptomatic without elevated catecholamines and systemic therapy has not been
initiated at this time, now 22 years after his initial adrenal surgery. He is followed closely
with every 6-month cross sectional imaging and catecholamine testing.

Comments

Pheochromocytoma is a disease in which a large proportion of patients have a germline
predisposition, meaning many more patients are at risk for the development of bilateral,
multifocal and/or recurrent pheochromocytoma than previously recognized. Because of our
institutional interest in hereditary cancer syndromes, our early adoption of partial
adrenalectomy has enabled us to obtain long-term outcomes of patients treated with this
procedure

Reported risk factors of pheochromocytoma recurrence have been reported and have
included age at diagnosis, laterality, and familial predisposition. In one of the largest
analyses of pheochromocytoma and paragangliomas, Amar and colleagues noted that right
sided tumors, younger age at initial diagnosis, familial predisposition and extra-adrenal
tumors were all associated with increased chance of tumor recurrence.14 Pamporaki et al
showed in their series comparing pediatric and adult pheochromocytoma and
paragangliomas that children had a 2.1x higher risk of a recurrent lesions. This may be
associated with a higher prevalence of hereditary syndromes seen in children presented with
pheochromocytoma and paraganglioma as compared to adults in the same study (80.4% of
children vs 52.6% of adults)1® Length of total follow-up in our series was shown to be much
longer in those patients who had a recurrence when compared to those who did not (51
months vs 144 months, p=0.0031), providing evidence that long term surveillance is
important in this group of patients.
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A single patient in this series developed metastatic pheochromocytoma, leading further
evidence to its rarity. Generally, metastatic pheochromocytoma has been associated with a
relatively good prognosis and survival. In one single center study, median age at diagnosis
was 39 with overall and disease specific survivals of 24.6 and 33.7 years.16 A recent meta-
analysis reported a similar conclusion with 5 and 10 year mortality rates of 37% and 29%,
respectively. 17 Our series provides additional evidence that the metastatic potential of
pheochromocytoma is low and can likely be managed with close imaging follow-up
surveillance. This is important information as treatment options for this rare malignancy are
limited and would be without curative intent, with various treatment associated toxicities
reported.1®

It is unclear what effect adrenal vein preservation has on the risk of development of steroid
dependence. While some suggest preserving the main renal vein is important,1° others
suggest division of the vein is safe as long as the remaining retroperitoneal vein plexus is left
undisturbed.20 Brauckhoff and colleagues noted that preservation of the vein is not essential,
while maintaining approximately 15%-30% of the gland volume can preserve adequate
function. 21 For our cohort, in those with available data on adrenal vein status, 62/101 veins
were ligated (61.4%) while the remainder (39/101; 38.6%) were preserved. As shown in
Figure 1, adrenal vein preservation increased over the study period. While this study was not
designed to determine the factors associated with changing surgical technique, we feel the
increased adrenal vein preservation is likely related to both the increased magnification
afforded by the minimally invasive/robotic approaches in addition to the increasing comfort
level with performing these procedures over time. There was no difference in steroid
dependence based on the operative management of the vein with ligation being performed in
4 (57.1%) of the patients who were steroid dependent vs 3(42.9%) who had the vein
preserved (p=1.00), but with low numbers it may be difficult to see a difference. On
univariate analysis, the only clinical parameter predictive of steroid dependence was the
presence of a solitary adrenal gland. The majority of patients on steroids had had previous
contralateral total adrenalectomy prior. If a partial adrenalectomy was feasible and
performed on the other side, it is likely that steroid replacement would have been avoided.
Given our increasing comfort level with robotic laparoscopic partial adrenalectomy, our goal
is vein preservation when feasible and to minimize excessive dissection of the remaining
normal gland to preserve as much of the normal venous plexus that is possible. Use of
adjuncts, such as indocyanine green, may be helpful to help identify the vasculature and
subjectively note the perfusion of the remnant adrenal gland following resection, however,
there is suggestion that pheochromocytomas may be isoflourescent to the remainder of the
adrenal gland limiting its utility to assist with identification and resection of these lesions. 22
Additionally, our preference for most adrenal lesions, if clinically appropriate, is to perform
adrenal sparing surgery.

Previous outcomes of partial adrenalectomy have been published. In one of the largest series
reported, primarily composed of MEN2 patients, oncologic and steroid dependent outcomes
were reported for patients undergoing partial adrenalectomy.23 A total of 625 patients were
included with 324 (52%) patients undergoing an adrenal sparing approach. Overall,
recurrences were seen in 13% of patients undergoing adrenal sparing surgery at a median
time of 8 years (IQR 4-17). All patients with recurrence in this series underwent repeat
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surgery, with no comment whether patients were symptomatic. The rate of steroid
dependency in those with primary partial adrenalectomies was 23.5%. Rates from other
small published series for recurrence range from 3.4-12% and steroid dependent rates range
from 0-22%. 9:24-26 While the recurrence rate in our series is slightly higher, we took the
most conservative definition of local recurrence based on several factors. First, we based
recurrence on a composite of imaging findings, symptoms and/or catecholamine elevation.
Indeed, in our series, most recurrences were based on imaging alone (ie. asymptomatic),
likely representing early lesions and these patients are followed with active surveillance. If
the definition were narrowed to symptomatic recurrences only, as some series do, our
recurrence rate would be 4.6%. Additionally, there appear to be biological differences with
pheochromocytoma recurrences in patients with VHL compared to patients without VHL
which portend a higher overall recurrence rate. In the large series from Neumann et al,
ipsilateral recurrences occurred in a larger number of patients with identified VHL mutations
when compared to all patients undergoing cortical sparing surgery ( 16% vs 6%)23 Finally,
patients with hereditary predisposition to pheochromocytoma are at risk for de novo tumors
in the residual adrenal tissue. We made no distinction between de novo tumors and
recurrence from residual or missed tumors during resection. Given that the vast majority of
patients had no evidence of residual tumor(s) on first follow up imaging, many “recurrences”
are likely de novo.

With the increased utilization of laparoscopic surgery, minimally invasive adrenalectomy
became the gold standard after this technique was described in the 1990s. 27 As robotics
have become widely adopted in surgery, robotic approaches to adrenal masses have been
increasingly utilized.28:2% Perceived benefits to the use of a robotic approach when
compared to standard laparoscopy include increased magnification, stereoscopic vision and
greater range of motion via the endowrist.39 Robotic approaches have been associated with
decreased blood loss, shorter length of stay and fewer complications when compared to
standard laparoscopy, however no formal randomized controlled trials have been performed
for total or partial adrenalectomy. A robotic approach was used more frequently later in our
series as shown in Figure 1 given our increasing comfort with this technology.

Limitations of the analysis include those inherent to single-institution, retrospective reviews.
Additionally, while steroid dependent rates are low in our series, patients did not undergo a
standardized assessment of adrenal function (such as with a routine post-operative
adrenocorticotrophic hormone stim test) and steroid initiation was per the judgement of the
treating physician based on history and patient symptoms. Furthermore, because of the long-
nature of the study period, practice patterns evolved over time and were not standardized.
Strengths include the relatively large number of patients and procedures included, which to
our knowledge is one of the largest ever reported.

Conclusions

Partial adrenalectomy for pheochromocytoma is an oncologically sound treatment strategy
that spares most patients from requiring life-long steroid replacement. Given the late
recurrences seen (one patient had a recurrence over 14 years following his initial procedure),
long term surveillance should be performed in patients undergoing partial adrenalectomy for
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pheochromocytoma. While recurrences are seen, they are usually only detected by imaging
and can be managed, at least initially, with active surveillance. If repeat surgery is pursued,
an adrenal sparing approach, if feasible, should be performed.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Temporal trends demonstrating increased utilization of minimally-invasive approaches to

partial adrenalectomy over time.
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2.
T2-weighted MRI demonstrated 4 cm right pheochromocytoma (white arrow) and normal

adrenal limb (blue arrow). B) Intra-operative view of pheochromocytoma and normal
adrenal. C). Post-resection view of normal remnant adrenal gland.
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Demographic, Operative and Clinical Details

Table 1.

n (%)

Partial Adrenalectomies 24
Patients 107
Median Age 31(IQR 21-42)
Sex

Male 61 (57)

Female 46 (43)
Laterality

Right 60 (48.4)

Left 48 (38.7)

Bilateral 16 (12.9)
Operative Technique

Open 29(23.4)

Laparoscopic 47(37.9)

Robotic 48 (38.7)
Concurrent Surgery

Yes 34 (27.4)

No 90(72.6)
Genetic Basis

VHL 83(77.5)

MEN 2a 14 (13.1)

Sporadic 8(7.5)

TS/NF1 2(1.9)
Total Tumors Removed 162
Median Tumor Size (cm) 2 (IQR1.5-2.7)
\fein Preservation

Yes 39(38.6)

No 62 (61.4%)
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Table 2.

Logistic Regression Predictors of Steroid Dependence

Odds Ratio (95% CI) | P value
Male Gender 1.36 (0.3-5.74) 0.7
Tumor Size (cm) 1.20 (0.65-2.20) 0.6
Number Tumors removed 1.30 (.55-3.07) 0.5
Left side 1.33 (032-5.64) 0.7
Simultaneous Bilateral Partial Adrenalectomy | 1.75 (0.34-9.09 0.5
Solitary Adrenal 13.7 (3.36-56.4) <0.001
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