L))

Check for
updat

Contemporary management of renal angiomyolipomas
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Abstract: Active treatment of renal angiomyolipomas was historically recommended when tumors

measured greater than 4 cm or grew rapidly because of the risk of hemorrhage. However, contemporary data

suggests that some larger renal angiomyolipomas can also be managed safely with active surveillance.
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Renal angiomyolipomas (AMLs) are benign neoplasms
composed of adipose tissue, smooth muscle and blood vessels
classified under neoplasms of the perivascular epithelioid
cells (PEComas) (1). AMLs can typically be diagnosed
by imaging alone due to its characteristic attenuation of
tumor containing fat on Computer Tomography scan (CT).
AMLs are either sporadic or associated with tuberous
sclerosis complex (T'SC) or lymphangioleiomyomatosis
(LAM). TSC is a multisystem autosomal dominant
disorder classically described as the triad of epilepsy, mental
retardation and adenoma sebaceum (2,3). It is transmitted
as an autosomal dominant trait in 20% to 30% of patients
with the remaining patients developing this complex as a
sporadic mutation (4,5). Mutations in the tumor suppressor
genes TSC1 (9q34), which encodes for the protein hartin
or TSC2 (16p13), which encodes for the protein tuberin
result in TSC (6-8). These genes function as a complex
to inhibit the mechanistic target of rapamycin (mTOR)
pathway, which is important in the regulation of cell
growth, migration, and proliferation. In patients with
TSC, renal manifestations include AML (40% to 80%),
renal cysts (20%) and Renal Cell Carcinoma (RCC) 2%).
AMLs in TSC are often multiple, bilateral and are faster
growing compared to sporadic cases (9-12). LAM is a rare,
progressive, multisystem disorder primarily resulting in
cystic lung disease and has a predilection for women (13-16).
It is associated with T'SC about 30% of the time, known
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as TSC-LAM. The remaining cases are known as sporadic
LAM (S-LAM) (17-19). Sporadic cases of AML account
for about 80% of cases with a prevalence of 0.01% to 0.3%
(20-22) and typically occur in middle-aged women (12).
One hypothesis that potentially explains the predisposition
of sporadic AMLs in females, AML growth in patients
on hormonal therapy (23) and during pregnancy (24,25)
is the ubiquitous expression of estrogen receptor beta,
progesterone receptor and androgen receptor (26-28).
AMLs are the most common renal tumor associated with
spontaneous hemorrhage in young patients with up to 20%
of patients presenting with shock (29). AMLs can also cause
a wide spectrum of symptoms including hematuria, pain or
impairment of renal function. Treatment of AMLs includes
surgery (nephrectomy or partial nephrectomy), selective
angioembolization, thermal ablation, or systemic therapy
with mTOR (mammalian target of rapamycin) inhibitors
(11,30-40). The principal rationale for treatment of
asymptomatic AML is to prevent life threatening bleeding
or malignant transformation, both of which are rare events.
Clinicians must carefully balance the risks of treatment
versus observation for individual patients. For young
patients with large tumors or for patients who cannot be
followed, surgery remains an excellent option, especially
when a minimally invasive approach can be used. The
principal benefit of surgery compared to other modalities
is removal of all AML tissue, lowering the risk of future
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hemorrhage. However, surgery has an associated 0.3% to
1.7% risk of major complication (33,41) and patients may
have longer recovery compared to other treatments.

Selective angioembolization is a minimally invasive option
for AML treatment, which preserves renal function (42)
and has low rates of procedural complications. However,
AMLs may not shrink significantly after angioembolization,
and it’s unclear if the risk of hemorrhage remains for
tumors that remain >4 cm and therefore retreatment is
not uncommon. Kothary et 4l., reported a 32% recurrence
rate in AML lesions >4 c¢m, only recurring in patients with
TSC (no patients with sporadic AML) with a median follow
up of 51 months (36). Similarly, Bishay et 4/., performed
angioembolization on AMLs >10 cm with 38% requiring
multiple sessions with a follow up of 29 months (43).

Thermal ablation, which includes radiofrequency
ablation (RFA), microwave ablation, and cryoablation
are minimally invasive modalities that can be used to
treat AMLs laparoscopically or percutaneously. Several
series have demonstrated that ablation is a safe option for
treatment of AMLs (32,44-46), however, there is a lack of
data demonstrating long-term treatment success with this
modality. Johnson et 4l., reported 3 patients with AMLs
in solitary kidneys who safely underwent CT guided
percutaneous cryoablation. The AMLs were 1.2-2.5 cm
with no procedural or postoperative complications with a
follow up of 5-36 months and no evidence of radiographic
recurrence in two of the patients, however, the third patient
did display persistent AML (47). In a study of AMLs treated
with RFA with a mean size of 9.5 cm (range, 9-19 cm),
Sooriakumaran ez al., reported retreatment of three of the
five AMLs. When compared to RFA, microwave ablation
has theoretical advantages of larger ablative zones from
a decreased heat sink effect and from synergy among
multiple probes (48,49). In a series by Cristescu ez 4l., seven
patients were treated with microwave ablation for 11 renal
AMLs with a mean size of 3.4 cm (range, 2.4-4.9 cm).
All the ablations were technically successful with no major
complications. There was a decrease in diameter and
volume of 29% and 47% respectively at a median follow up
of 23.1 months (50).

Systemic therapy using mTOR inhibitors is another
treatment used for AMLs in patients with TSC and/or
LAM (51). TSC results in mutations in the hamartin
(TSCI) and tuberin (TSC2) gene, which form a complex
that regulates the activity of MTORI. MTORI1 regulates
cell proliferation and growth and when this is no longer
regulated as observed in patients with mutations in TSC1
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or TSC2, this results in hamartomas in the brain, lung,
kidney skin and heart (52). MTOR inhibitors, such as
Sirolimus, work as an immunosuppressive agent, which
forms a complex with FK binding protein 12 inactivating
the target of MTORI and inhibiting downstream signaling
(39,40,53,54). A systematic review of four prospective
nonrandomized studies involving 94 patients demonstrated
an overall response rate to Sirolimus of 46.8% (44 of
94 patients) in the first year. In the second year for those
patients still being treated, the response rate was 43.5%
(20 of 46 patients). The most common side effects
were stomatitis, respiratory infection, skin lesions and
hyperlipidemia with rare serious adverse side effects. The
authors concluded that AMLs did shrink during Sirolimus
therapy and treatment was safe, however, they did tend to
regrow after therapy was stopped (51). A second systematic
review of randomized or quasi-randomized studies of
Sirolimus or Everolimus (FDA approved) involving 263
patients demonstrated that treatment resulted in a 50%
reduction in size of AMLs (55).

While asymptomatic AMLs smaller than 4 cm are
generally observed with serial imaging, active treatment
has generally been recommended for symptomatic AMLs
and AMLs greater than 4 cm in diameter when patients
have: (I) risk of hemorrhage (especially in pregnant women
or women of child-bearing age); (II) increased risk of
aneurysm formation; (III) poor access to follow up imaging
(56-58). These recommendations stem from several studies
reporting that AMLs larger than 4 cm are more likely to
be symptomatic compared to AMLs less than 4 cm (59-65).
Oesterling et al. performed a literature review incorporating
data from 1948 to 1985 reviewing 602 AMLs and
determined that of patients that had AMLs larger than 4 cm
in diameter, 86% were symptomatic with 9% of patients
presenting in hemorrhagic shock at time of presentation.
However, patients with tumors less than 4 c¢m in diameter
were only symptomatic 23% of the time (66). Additionally,
it was observed that AMLs less than 4 cm did not grow at
all or grew at a slower rate compared to AMLs that were
larger than 4 cm (63,66).

More recently, a large study has suggested that some
asymptomatic AMLs >4 cm do not need to be treated
and could be followed safely with surveillance. Bhatt ez a/.
retrospectively analyzed 582 AMLs in 447 patients with a
median follow up of 43 months and determined that 32%
of AMLs >4 c¢cm were symptomatic compared to 6.6%
of AMLs <4 cm. Notably, only 2 cases (0.4%) required
emergency intervention due to bleeding. In both of these
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cases, the patients were female with aneurysms >13 c¢cm
who were subsequently managed by arterial embolization.
Unlike prior studies, there was no difference in growth
rates for AMLs >4 cm in diameter when compared to
smaller AMLs. Most importantly, the vast majority (91%) of
AMLs had no growth or grew very slowly with an average
growth rate of 0.02 cm/year. In 25 AMLs that were actively
treated, patients were more likely to be young, and have
symptomatic tumors with an initial size of >4 cm. However,
most patients (70%) with AMLs >4 cm were asymptomatic
and 61.7% of AMLs >4 cm were managed conservatively
with serial imaging. Of the AMLs >4 cm that were
intervened upon, 50% were asymptomatic and 16 of the
18 cases were performed electively. The authors therefore
concluded that a strict 4 cm size cutoff should not be an
indication for active treatment.

It is important to note that sporadic AMLs and TSC
associated AMLs behave very differently and therefore
should be approached differently. AMLs associated
with TSC compared to sporadic cases tend to grow
at a faster rate (1.25 vs. 0.19 cm respectively) (12) and
have a higher risk of malignant transformation (67).
In the study by Bhatt er 4/, 2 of the 25 cases that were
intervened upon were for metastatic epithelioid AMLs.
These epithelioid variants also behave differently than
typical AMLs. These were treated with mammalian
target of rapamycin (MTOR inhibitors). The 2004
World Health Organization (WHO) Classification
characterizes epithelioid-AML by a proliferation
of predominantly epithelioid cells with malignant
potential (68). It is a rare subtype of AML, which is
exemplified by one series consisting of 437 AMLs with
only 4.6% classified as epithelioid-AML. In this same
series, which had a mean follow up of 82.5 months, only 1
patient (5%) developed distant metastases (69). A second
case series by Aydin ez al. reviewed 194 AMLs resected at
the Cleveland Clinic between 1981 and 2007 reported an
incidence of epithelioid-AML of 7.7%. With a mean follow
up of 5.1 years, no patients had evidence of metastatic
disease (67). In terms risk factors for local recurrence
or metastatic behavior, two case series consisting of
41 cases and 20 cases predicted size greater than 7.7 cm,
>20% epithelioid histology, enlarged vesicular nuclei with
prominent nucleoli, size of 19 cm, presence of TSC, tumor
necrosis, extrarenal extension or renal vein invasion and
carcinoma-like histology respectively as risk factors for local
recurrence or metastatic behavior (70,71).

Renal AMLs are rare tumors and there are no prospective
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randomized controlled trials available to evaluate active
treatment or surveillance. Ouzaid e 4/. showed that 13 of
38 patients failed active surveillance of AMLs with size
>4 cm and demonstrated that symptoms at presentation
was associated with failure of active surveillance during a
mean follow up of 40 months. However, if all the tumors
in the study were treated by size >4 cm criteria alone,
67% of the patients would have undergone “unnecessary”
treatment (72). In a pooled analysis reviewing 441 patients
from 58 studies and 3 institutions, the risk of bleeding
increased from 10% to 24% in tumors that were on average
4 and 6 cm respectively, suggesting that a 4 cm cutoff
may be too conservative. Therefore, active surveillance
of AMLs is an excellent option for patients with AML
<4 cm. Interestingly, the recent study by Bhatt ez a/. suggests
that this strategy could also be used for patients with larger
AMLs (10).

Clinicians who evaluate patients with AMLs are likely
familiar with active surveillance for patients with low
risk prostate cancer (73) or small RCCs (74) and can be
managed similarly to these other urologic conditions. In low
risk cancers, active surveillance has been used as a strategy
to limit overall morbidity by avoiding treatment for most
patients. Low risk prostate cancer and RCC are ideal for
surveillance strategies since these cancers primarily occur
in older patients who may have other competing causes of
mortality. In addition, most low risk tumors progress slowly
over time, which allows for delayed treatment in a subset of
patients who progress either by increase in tumor size (75)
or tumor markers (76). Interestingly, surveillance of larger
AMLs may also have unique challenges when compared to
low risk RCC or prostate cancer. For example, most AMLs
occur in younger women who have significant expectations
for longevity [the median age of diagnosis was 52 years old
for AML>4 cm in Bhatt ez a/. (10)]. In 2016, a 52-year-old
woman in the United States can expect to live an average
of 33.5 additional years (77). Extensive monitoring with
serial imaging is costly and exposes the patient to risks of
ionizing radiation from multiple CT scans (78). It is unclear
how the risk of bleeding from AML changes over time and
there are no reliable characteristics to predict increased risk
of hemorrhage during observation. Historically, studies of
AML have estimated bleeding risk from on single linear
measurements of asymmetric three-dimensional lesions
instead of tumor volume, vascularity or other objective
measurements. Bhatt er #/. demonstrated that AML
>4 cm grow at similar rates to smaller AML (10), further
suggesting that growth rate is a poor predictor of the risk of
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Figure 1 Decision algorithm for sporadic angiomyolipomas.

future hemorrhage.

With the available studies on the natural history of
AMLs, there are many uncertainties and it is not possible
to form strong evidence based treatment guidelines. Recent
data has suggested that it is not necessary to actively treat all
AMLs >4 cm. The overall risk of hemorrhage appears to be
low and most patients were managed safely with initial active
surveillance in a large retrospective study (10). However,
without reliable methods to predict risk, long-term
surveillance may be problematic in young patients who are
otherwise healthy. Active treatment of larger asymptomatic
AMLs should continue for women of childbearing age
or those patients without reliable access to medical care.
With these considerations, we have composed a general
guideline for treatment of AMLs shown in Figure 1.
Future prospective studies should evaluate protocols for
surveillance and determine the most efficient approach for
treatment of patients with AML >4 cm.
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