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Introduction

The human immune system is a network of complex 
s i g n a l i n g  a n d  d y n a m i c  f e e d b a c k  m e c h a n i s m s . 
Pharmacologic manipulation of this process is critical 
not only in the management of transplantation and 
autoimmune diseases but in the context of malignancies and 
inflammatory diseases as well. Immunomodulatory agents 
are no stranger to urology, with bacillus Calmette-Guérin 
(BCG) therapy being the earliest success in immunotherapy 
in the treatment of bladder cancer (1). Additionally, the 
recent rapid growth of immunotherapy “check point” 
inhibitors for the treatment of advanced kidney and 
bladder cancer has required involved urologic oncologists 
to become familiar with new immune altering agents and 

their unfamiliar toxicity profiles (2). However, with perhaps 
the exception of corticosteroids, most urologists have 
trepidation about utilizing the available immunosuppressive 
agents used in solid organ transplantation for both benign 
and malignant urologic conditions. These agents, which 
include cyclosporine (CyA), mammalian target of rapamycin 
inhibitors (mTOR inhibitors), and the anti-proliferative 
mycophenolate mofetil (MMF) are generally second or 
later line therapies for a variety of urologic conditions. 
These agents can be particularly effective for patients who 
have failed multiple lines of treatment. Unfortunately, the 
declining experience of most urologists with the care of 
renal transplant patients has further distanced urologic 
surgeons from a comfortable competency with these agents. 

CyA is a calcineurin inhibitor that blocks T Cell 
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production of activating cytokines and is used in refractory 
interstitial cystitis/bladder pain patients (IC/BPS). It is also 
used for second line adjunctive therapy with steroids for 
the rare condition, eosinophilic cystitis (EC). MMF is an 
antiproliferative agent that may be used in retroperitoneal 
fibrosis (RF) in conjunction with steroids. Finally, the 
mTOR inhibitors temsirolimus, sirolimus, and everolimus 
play a role in both benign and malignant kidney disease. 
Everolimus may be used in patients with tuberous sclerosis 
complex (TSC) associated with angiomyolipoma (AML). 
In advanced renal cell carcinoma (RCC), temsirolimus is 
an option for poor-risk patients and everolimus has a role 
in subsequent line treatment in all advanced RCC patients 
either as monotherapy or in combination with other agents, 
dependent on specific histology. The mTOR inhibitors 
sirolimus, and to a lesser extent, everolimus, have also 
been investigated in clinical trials for autosomal dominant 
polycystic kidney disease (ADPKD), though evidence is 
conflicting and it is not an accepted standard of care. Table 1 
delineates the urologic indications for each agent along with 
society guidelines, if applicable.

Familiarity with the indications, side effects and 
monitoring of patients taking these medications is 
important to the practicing urologist who will no doubt 
encounter several of the disease entities discussed above. 

We aim to provide a review of the role of these three 
immunosuppressive agents in contemporary urology. 

Immunosuppressive agents in benign urology

CyA in the treatment of IC/BPS

CyA is a calcineurin inhibitor and also inhibits cytochrome 
p450 3A4 (CYP3A4) and p-glycoprotein. Calcineurin 
inhibitors block downstream signaling initiated by the T 
cell receptor (TCR) upon antigen recognition. This results 
in suppression of the production of cytokines, particularly 
IL-2, and a dampening of the immune response. CyA is an 
immunosuppressive agent utilized in solid organ transplant and 
familiar to urologists as the backbone of the standard of care 
regimen in kidney transplant prior to the modern calcineurin 
inhibitor era with tacrolimus. It is also currently used as a first 
or second line therapy for a variety of autoimmune diseases 
including rheumatoid arthritis and psoriasis.

CyA is best known outside of transplant in urology 
as a 5th line treatment in the AUA guidelines for  
IC/BPS (3,4). IC/BPS is a syndrome with pain and urinary 
frequency. Most frequently, IC/BPS patients experience 
pain upon bladder filling, but levator spasm, perineal pain 
and extra-genitourinary pain are not uncommon. Bladder 
and pelvic pain are often accompanied by irritative voiding 

Table 1 Indications for transplant immunosuppressive drugs in urology

Drug Applications in urology Society recommendations

Cyclosporine IC/BPS AUA 5th line treatment for IC/PBS; level of evidence Grade C (3,4)

Eosinophilic cystitis None

MMF* Retroperitoneal; fibrosis None

mTOR inhibitors AML None

ADPKD None—pre-clinical

Stage IV RCC NCCN temsirolimus clear cell: poor-risk (Category 1); other risk (Category 2B)

NCCN temsirolimus non-clear cell: poor-risk (Category 1); other risk (Category 2A)

NCCN everolimus clear cell: subsequent monotherapy; subsequent therapy + lenvatinib 
(Category 1)

NCCN everolimus non-clear cell: monotherapy; lenvatinib + everolimus; bevacizumab + 
everolimus (papillary RCC) (5)

*, MMF may be used in advanced cases of renal cell carcinoma as adjunct in bone marrow transplant for prevention of graft versus 
host disease as well as for the management of severe immunologic adverse events in patients on check point immunotherapy who are 
otherwise responding to treatment. In addition, MMF also has uses in some dermatologic diseases that may affect genitalia. These uses 
are beyond the scope of this review. MMF, mycophenolate mofetil; mTOR, mammalian target of rapamycin; IC/BPS, interstitial cystitis/
bladder pain syndrome; AUA, American Urological Association; AML, angiomyolipoma; ADPKD, autosomal dominant polycystic kidney 
disease; RCC, renal cell carcinoma.
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symptoms, particularly urinary frequency. There has been 
no single satisfactory therapeutic agent for all phenotypes 
and patients often require multimodal therapy to manage 
their symptoms. In addition, intravesical delivery is a key 
component to many treatments for IC/BPS although 
catheterization and instillation may be painful and/or 
ineffective for many of these patients. 

There is increasing evidence concerning the role of 
the immune system in this painful disorder (6,7). Pro-
inflammatory chemokines and cytokines are significantly 
increased in the urine and bladder tissue of patients with 
IC/BPS (8). Infiltration of the bladder wall with CD4+ 
helper T cells and other immune and inflammatory cell 
populations has also been demonstrated on histopathologic 
analysis (9). According to the American Urological 
Association (AUA) guidelines on IC, CyA is endorsed as 
a 5th line treatment (Grade C recommendation) (3,4). 
Despite the step-wise presentation of treatments for  
IC/PBS in the AUA guidelines, most patients need 
multimodal therapy and the ultimate choice of treatment 
for any given individual patient is left up to the discretion of 
the treating physician.  

There has been one prospective randomized trial 
investigating CyA which reported a 75% efficacy rate 
compared to 19% of patients receiving pentosan polysulfate 
sodium (PPS) (10). PPS is an accepted oral therapy meant to 
aid in the restoration of the bladder wall glycosaminoglycan 
(GAG) layer. A total of 64 patients were randomized to 
CyA (1.5 mg/kg twice per day) vs. PPS (100 mg 3 times 
daily). The primary endpoint was micturition frequency 
reduction by half, which was significantly decreased in the 
CyA group (34% vs. 0%). Secondary endpoints all favored 
the CyA group as well. Adverse event (AE) rates were 
higher in the CyA arm (94%) than in the PPS arm (56%) 
and there were 3 serious AEs in the CyA arm and 1 serious 
AE in the PPS arm. However, despite the increased rate of 
AEs, 29 patients in each group completed the full course 
of treatment. Importantly, a total of 35 patients included 
in this study had a history of at least three prior treatments 
for IC/BPS. In addition, five patients in the CyA arm who 
were on daily tramadol were able to discontinue their 
chronic pain medication. The number of responders in the 
CyA continued to experience efficacy over the 6-month 
study period and 19/29 of the original patients chose to 
continue with treatment (vs. only 4 patients in the PPS 
group), despite the AEs. There have also been multiple 
observational studies conducted. Two studies reported 
similar high rates of efficacy with CyA with 87% of patients 

pain-free (11,12). Furthermore, long-term efficacy has been 
shown with patient follow-up of more than 5 years. AEs 
were reported in 30–55% of these cohorts.

A subset of patients with IC/BPS are defined by the presence 
of Hunner’s lesions on cystoscopy, which are inflammatory and 
painful lesions of the bladder wall. Interestingly, a retrospective 
study which pooled 44 patients from three centers reported 
higher efficacy of CyA in patients with confirmed Hunner’s 
lesions (85% vs. 30%) (13). Additionally, the degree to which 
patients responded was more marked in patients with 
Hunner’s lesions than those without. However, the rate of 
AEs was high and after accounting for patient drop-out the 
final success rate was 68% in those with Hunner’s lesions. 
Reported AEs included increased serum creatinine (SCr), 
hyptertension (HTN), alopecia, cutaneous lymphoma, 
mouth ulcers, and acute gout. Another study including 10 
IC/BPS patients with Hunner’s lesions saw a decrease in 
Interstitial Cystitis Symptom Index (ICSI) and Interstitial 
Cystitis Problem Index (ICPI) scores (14). The baseline 
mean problem score was 14 and decreased to 6 during the 
final week of treatment. However, scores began to increase 
to a mean of 9, 2 weeks after the completion of therapy. 
This study also measured bladder nitric oxide (NO) as a 
putative marker for treatment effects. All patients enrolled 
had elevated NO at baseline which gradually decreased 
while on CyA. 

Particularly in patients with Hunner’s lesions and those 
failing multiple prior lines of therapy, the available data, 
albeit limited by small series, suggest efficacy with CyA. 
Urologists are often hesitant to employ CyA in IC/PBS 
patients due to unfamiliarity with potentially serious AEs 
and how to appropriately monitor drug levels. The AUA 
encourages urologists unfamiliar with CyA to consult a 
clinician expert in “CyA dosing and patient monitoring 
procedures.” In 2017, Crescenze et al. examined measuring 
CyA levels 2 hours after administration (C2 level) as a guide 
for dose reduction in patients experiencing AEs, which is the 
level used in monitoring CyA in organ transplantation (15).  
Measured C2 levels allowed for dose reduction in 11 of the 
26 patients. The dose of CyA used in IC/PBS is lower than 
that employed in solid organ transplant and thus toxicity is 
decreased as effects are correlated with dose and treatment 
duration. However, the side effects at this lower dose of 
CyA are still substantial and patients require thorough 
counseling before embarking on this treatment. Additionally, 
because of CyA’s inhibitory action on CYP3A4, care must 
be taken to review the patient’s medication list and note 
all potential drug interactions. CyA level monitoring can 
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also help in this regard. The adverse effects of CyA include 
HTN, nephrotoxicity, hyperglycemia, dyslipidemia, and 
neurotoxicity, as well as other general immunosuppression 
side effects such as increased infection risk. CyA is also 
contraindicated in the setting of certain other medications, 
including BCG. 

Patient monitoring should include serum creatinine and 
blood pressure. Nephrotoxicity and hypertension can both 
often be managed with dose reduction, with or without 
C2 guidance. Anti-hypertensives may also be employed 
to manage HTN if the patient is experiencing a good 
therapeutic response on CyA. It should be noted for cases of 
acute and/or severe toxicity that hemodialysis only eliminates 
1% of the dose and is not an appropriate therapy for acute 
management. Less severe side effects include hair growth, 
gingival pain and hyperplasia, paresthesias in extremities, 
abdominal pain, flushing, muscle pain and shaking.

CyA is a reasonable option for very carefully selected 
IC/BPS patients before proceeding on to cystectomy or 
chronic pain management. Cystoscopy should be performed 
on initiation to inform counseling as CyA is more effective 
in patients with demonstrable Hunner’s lesions. Longer-
term studies are needed to truly understand the long-lasting 
effects of this medication. 

CyA in the treatment of EC

A rare urologic condition for which CyA may be utilized 
is EC. EC is characterized by infiltration of eosinophils 
into the bladder wall, muscle necrosis, and fibrosis (16). 
It is often associated with a variety of other conditions 
including atopic diseases, immunodeficiency, and certain 
medications. In children, unless EC is associated with a 
systemic disorder, it often spontaneously resolves. However, 
when associated with systemic immunodeficiencies such as 
chronic granulomatous disease, EC may be more severe and 
persistent (17). There is limited data on this disease with the 
literature comprising case reports and small series. Patients 
typically present with urinary frequency, nocturia, dysuria, 
hematuria, suprapubic pain and urinary retention. EC 
may also present as a bladder mass. Urinalysis may exhibit 
microscopic hematuria and be otherwise unremarkable. 
Pat ients  do not  typical ly  exhibit  eosinophil ia  or 
eosinophiluria and a tissue biopsy is required for definitive 
diagnosis. Initial treatment of EC is with intravesical or 
oral corticosteroids with or without antihistamines (17). 
However, in some cases, EC may recur upon steroid 
tapering. Patients may also experience deleterious steroid 

side effects. In these instances, CyA may be used to wean 
the pediatric or adult patient off steroids (18,19). Although 
rare and often benign, fibrosis from EC can progress to an 
end-stage bladder if not managed appropriately. Due to 
the uncommon nature of the disease, no standard dosing 
or duration guidelines are available. Case reports utilized  
3–6 mg/kg/day in the pediatric population (18,20). 
Treatment until resolution of symptoms in absence of 
debilitating side effects is reasonable.

MMF in the treatment of RF

Mycophenolic acid (MPA), the active molecule of MMF, 
was originally discovered in 1893 but was not brought 
into clinical use until decades later (21). Its most common 
derivative MMF was not synthesized and approved for 
use until 1995 for kidney transplantation. MMF has 
replaced its predecessor azathioprine in the renal transplant 
population. Its mechanism of action is through inhibition 
of purine synthesis by reversible non-competitive inhibition 
of inosine-5'-monophosphate dehydrogenase (IMPDH) 
which is essential for the de novo synthesis of guanosine-5'-
monophosphate (GMP) from inosine-5'-monophosphate 
(IMP) (22,23). Lymphocytes rely almost exclusively on 
de novo purine synthesis, which is the rationale behind 
purine synthesis inhibition as a mechanism of immune 
suppression. Two derivatives of MPA are currently available: 
MMF (Cellcept) and mycophenolate sodium (MPS, 
Myfortic). MMF is discussed here as it is the more common 
formulation used. 

Idiopathic RF is a rare disorder with estimated incidence 
of 0.2–0.5/100,000 that manifests as a retroperitoneal mass 
encasing the aorta and usually involves one or both ureters. 
It is generally regarded as an immune-mediated disease 
with infiltration by B and T cells during the active phase 
and progression to fibrosis (24). Shortly after its approval 
for renal transplantation in 1995, a report of the successful 
combination of MMF with steroid therapy was published 
for a young man presenting with advanced RF (25). More 
recently, a 2008 report of 9 patients on combination 
corticosteroid and MMF therapy (1 g twice daily) described 
regression of disease defined by computed tomography (CT) 
or magnetic resonance imaging (MRI) (26). Furthermore, 
ureteral catheters were successfully removed in 5/7 
stented patients. Steroid treatment was discontinued after  
7 months and MMF after mean of 27 months. There was 
no recurrence after the cessation of therapy. Dose reduction 
to 500 mg twice daily was conducted for one patient with 
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gastrointestinal (GI) side effects with good result. All 
patients had positive C reactive protein (CRP) or erythrocyte 
sedimentation rate (ESR) as a marker of active inflammation. 
A similar study in 2011 with 28 patients saw similar efficacy 
with resolution of systemic symptoms in all patients 
on combination corticosteroid and MMF therapy (27).  
Disease recurrence was seen in 2/28 patients.

The most common side effects of MMF are GI related 
and include vomiting, abdominal pain, diarrhea and nausea. 
Other side effects include joint pain, leukopenia and 
anemia, hyperlipidemia and electrolyte disturbances. Newer 
analogues of MPA are currently under investigation and 
will hopefully ameliorate the GI distress that many patients 
experience (28). In the meantime, for patients on MMF, 
dose reduction to 750 mg twice a day or to 500 mg twice 
per day can relieve GI symptoms in some patients. It is also 
reasonable to try MPS in place of MMF, although evidence is 
limited as to the significant improvement of GI side effects.

Although prospective randomized trials are lacking 
in RF, combination therapy with MMF and steroids has 
shown efficacy with limited side effects in observational 
and retrospective studies. Furthermore, optimal medical 
management may prevent the necessity of surgery and 
relieve patients from lifelong stent dependence.

mTOR inhibitors in the treatment of TSC associated renal 
AML

AML are benign tumors comprised of blood vessels, 
smooth muscle, and adipose tissue which can occur 
sporadically (70–80% of AML) or as part of the TSC. TSC 
is a rare disorder characterized by growths of benign tissue 
(hamartomas) of which AML is the most common (29).  
Though benign, AML have the potential to develop 
aneurysms and subsequent hemorrhage, particularly when 
they reach over 4 cm (30). 

TSC results from mutations in either TSC1 or TSC2 
(more commonly) genes which encode the proteins tuberin 
and hamartin, respectively (31). These proteins inhibit the 
mammalian target of rapamycin complex 1 (mTORC1), 
therefore mutations in tuberin and hamartin leads to the 
loss of inhibition of mTORC1. mTORC1 under normal 
circumstances is activated by growth factors, nutrient 
availability and stress and is a critical activator of protein 
synthesis, cell growth, proliferation, angiogenesis and cell 
metabolism. mTOR inhibitors directly counteract the 
perturbation caused by the mutations involved in the TSC. 
Everolimus is the only mTOR inhibitor with FDA approval 

for the treatment of adult patients with TSC-AML, 
though studies have also been conducted with sirolimus. 
Everolimus is also approved for TSC-subependymal giant 
cell astrocytoma in both adult and pediatric patients. In 
the EXIST-2 trial, 10 mg of oral everolimus resulted in 
significant reduction of all target AML of at least 50% 
over baseline, which was the primary endpoint of the 
study (32). Amenorrhea was experienced in 7/52 female 
patients in the EXIST-2 trial on everolimus. Other AEs 
include stomatitis/oral mucositis/ulcers, rash and cytopenia, 
hypercholesterolemia and hyperglycemia. AEs are generally 
mild to moderate and can often be managed with dose 
reduction or interruption. Alternate dosing strategies may 
be offered based on available evidence for those patients 
who cannot tolerate daily dosing. 

mTOR inhibitors in the treatment of ADPKD 

ADPKD accounts for 5–10% of end stage renal failure 
(ESRD) in the US. Until this year with the approval 
of tolvaptan, there has been no FDA approved medical 
therapy for ADPKD. The mTOR pathway has been 
shown to be central to the formation and growth of cysts 
in ADPKD. The mTOR inhibitor sirolimus has been the 
most investigated of its class though the results of clinical 
studies have so far been inconsistent (33-36). A metanalysis 
by Liu et al. of four RCTs found that sirolimus is safe and 
effective in reducing total kidney volume but did not have a 
statistically significant impact on glomerular fifiltration rate 
(GFR) (37). In addition, sirolimus seems to have a negative 
impact on proteinuria. These studies are limited by small 
enrollment size and inconsistent dosing and control groups. 

Animal studies are underway utilizing novel mTOR 
kinase inhibitors which inhibit both mTORC1 and 
mTORC2 by binding directly to mTOR kinase (38). 
Alternate strategies of combination therapy are also in the 
early stages of investigation (39). Clinicians should be aware 
of the potential role of mTOR inhibition in this common 
renal disease though there is no current approved role in 
standard management at this time. 

Immunosuppressive agents in urologic 
malignancy

mTOR inhibitors in the treatment of advanced RCC

mTOR inhibitors have also had a long-standing role in 
advanced RCC. The PI3K/AKT pathway to which mTOR 
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belongs is altered in more human cancers than any other 
known signaling pathway and RCC is no exception (40). 
RCC is divided into different histologic subtypes of which 
the most common is clear cell (ccRCC). While the von 
Hippel Lindau (VHL) gene is mutated in 80–90% of cases 
of ccRCC, it alone is not sufficient for ccRCC (41,42). 
mTOR gene mutations as well as others in the PI3K/AKT 
pathway are common contributors. Unsurprisingly, there 
is extensive cross talk between the VHL/HIF and PI3K/
AKT pathways. Furthermore, mutations in the PI3K/AKT 
pathway have been implicated in approximately one third 
of papillary and chromophobe RCC (40). It is no surprise, 
therefore, that the mTOR inhibitors everolimus and 
temsirolimus have had such a long history in RCC.

According to the National Comprehensive Cancer 
Network (NCCN) guidelines, temsirolimus, an intravenous 
mTOR inhibitor, is currently a Category 1 option for 
advanced (stage IV) RCC with any histology in poor-risk 
patients (5,43). However, a recent update to the NCCN 
guidelines has put the combination immune check point 
inhibitor regimen of ipilimumab (CTLA4 inhibitor) and 
nivolumab (PD1 inhibitor) as the preferred Category 1 
treatment for both intermediate and poor risk ccRCC 
(5,44,45). Temsirolimus also carries a Category 2B 
recommendation for first-line treatment in favorable and 
intermediate risk patients with RCC and as subsequent 
line therapy. For non-clear cell RCC, temsirolimus 
is an accepted systemic therapy with a Category 1 
recommendation for poor-risk patients and Category 
2A for patients of other risk groups (5,42). The most 
common Grade 3 or 4 AEs in patients on temsirolimus 
include asthenia, anemia, and hyperglycemia. Anemia of 
any grade may occur in >40% of patients. Other common 
AEs that tend to be milder include rashes, GI symptoms 
hyperlipidemia, peripheral edema, hypercholesterolemia, 
stomatitis, increase in SCr and thrombocytopenia. Baseline 
and interval monitoring of a complete blood count, serum 
cholesterol and triglycerides and a complete metabolic panel 
for renal and hepatic function is prudent. Pre-medication 
with diphenhydramine to prevent allergic reactions prior to 
infusion is also appropriate.

Everolimus has been used as a second- or later-line 
therapy in ccRCC and is used as the standard comparator 
in the investigation of new agents for patients who progress 
on first-line therapy. The RECORD 1 trial established 
everolimus as second-line therapy in 2008. This phase III 
trial compared everolimus to placebo for the treatment of 
metastatic RCC in patients who progressed on the tyrosine 

kinase inhibitors (TKI) sunitinib or sorafenib (46). Follow-
up data published in 2010 reported a final progression 
free survival (PFS) of 4.9 months for everolimus vs.  
1.9 months for placebo (47). More recently, two newer 
agents have shown superiority in the subsequent line 
setting for advanced RCC over everolimus. The phase III 
METEOR trial showed superiority of the new multi-target 
TKI cabozantinib over everolimus in patients with failing 
first-line therapy with TKI (48). PFS was 7.4 months on 
cabozantinib vs. 3.8 months on everolimus and there was 
an increase in overall survival (OS) of 21.4 vs. 16.5 months 
in favor of cabozantinib. The most common side effects in 
patients on carbozantinib were hypertension, diarrhea and 
fatigue while for patients on everolimus they were anemia, 
fatigue, and hyperglycemia (48). The CheckMate 025 phase 
III trial demonstrated similar superiority of nivolumab 
over everolimus in patients failing first line therapy (49). 
OS in this study was 25 months for patients on nivolumab 
vs. 19.6 months for those on everolimus. Fatigue was the 
most common AE in the nivolumab group and anemia with 
everolimus (49).

Although everolimus is quickly being superseded by 
newer immunomodulating agents, as more treatment 
options become available, combination modalities are being 
increasingly investigated for patients with unresectable 
or metastatic disease. Everolimus carries a Category 
1 recommendation as combination therapy with the 
multi TKI inhibitor lenvatinib (5). The combination of 
everolimus and lenvatinib was superior to lenvatinib or 
everolimus alone in patients with advanced ccRCC. Median 
OS was 25.5 months for combination therapy, 18.4 months 
for lenvatinib alone, and 15.4 months for everolimus  
alone (50). 

For patients with non-clear cell histology, data 
is more scarce due to the rarity of each subtype and 
much is extrapolated from subgroup analyses of larger 
studies. Everolimus has shown benefit in those without 
clear cell histology and is recommended monotherapy 
treatment option for first line systemic therapy as well 
as in combination with lenvatinib (5,51,52). Everolimus 
is also recommended combination therapy in patients 
with advanced papillary RCC in combination with  
bevacizumab (53).

Familiarity with mTOR inhibitors and their side 
effects in the treatment of advanced RCC is imperative. 
With increasing numbers of new treatment modalities in 
advanced RCC, the correct sequencing of each therapy is 
unclear and will need to be tailored to the individual patient 
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based on disease characteristics and histology and patient 
tolerance of side effects.

Conclusions

Urologists are often uncomfortable with utilizing transplant 
immunosuppressive drugs in other urologic conditions. 
However, these agents have appropriate roles to play in 
carefully selected patient populations in IC, EC, TSC 
associated AML, RF and advanced RCC. Indications for 
use tend to be in either refractory patients with common 
diseases (IC/BPS and RCC) or in patients with rare diseases 
(EC, TSC-AML, and RF). These are all situations in 
which the presenting patient does not have many options 
for treatment. Therefore, the treating urologist should be 
comfortable with the indications and side effects of these 
immunosuppressive agents to inform patient counseling.  
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