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Abstract

Renal medullary carcinoma (RMC) is one of the most aggressive renal cell carcinomas. It 

predominantly afflicts young adults and adolescents with sickle cell trait and other sickle 

hemoglobinopathies, and is refractory to targeted and anti-angiogenic therapies used in patients 

with clear-cell renal cell carcinoma. Platinum-based cytotoxic chemotherapy is the mainstay for 

RMC treatment. Based on recent advances in the diagnosis, management, and clinical trial 

development for RMC, a panel of experts met in October 2017 and developed updated consensus 

recommendations to inform clinicians, researchers, and patients. Because RMC often aggressively 

recurs while patients are still recovering from nephrectomy, upfront chemotherapy should be 

considered for the majority of patients, including those with localized disease. After safety and 

dosing information have been established in adults, phase II and III trials enrolling patients with 

RMC should allow patients aged 12 years and older to be accrued. Patients with the very rare 

unclassified renal cell carcinoma with medullary phenotype variant should be included in RMC 

trials. Medical providers should be aware that RMC can afflict subjects of all races, and not only 

those of the African descent, and that the presence of sickle cell trait, or of other sickle 

hemoglobinopathies, can impact drug responses and toxicity.
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Introduction

Originally described in 1995,1 renal medullary carcinoma (RMC) is a rare malignancy that 

comprises <0.5% of all renal cell carcinomas (RCCs).2 It is almost exclusively found in 
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young adults and adolescents with sickle cell trait and other sickle hemoglobinopathies, and 

carries a dismal prognosis with < 5% of patients surviving longer than 36 months.2, 3 RMC 

is resistant to targeted and anti-angiogenic therapies used in patients with clear-cell RCC,3, 4 

whereas cytotoxic chemotherapy regimens produced a 29% objective response rate in a 

multicenter retrospective study.3 In April 2016, a panel of international clinicians and 

researchers reached an expert consensus on the diagnosis and management of RMC.2 In 

October 2017, all authors of the present manuscript held a follow-up meeting in Washington, 

DC to exchange ideas, forge collaborations, and accelerate scientific discoveries for this 

deadly disease. Based on the feedback received on the original recommendations, the panel 

of attending experts developed updated proposals on the diagnosis, management, and 

clinical trial eligibility criteria of patients with RMC. These recommendations were drafted 

and circulated electronically to all participants who provided further comments and revisions 

until the following consensus statements were obtained. The major updates since the last 

meeting are: i) we propose that the term renal cell carcinoma, unclassified, with medullary 

phenotype (RCCU-MP) should be used for SMARCB1-negative high-grade 

adenocarcinomas that are histopathologically similar to RMC but occur in individuals 

without sickle hemoglobinopathies; iii) we recommend that upfront systemic therapy should 

be considered for most patients with RMC, including those with localized disease; iii) we 

now provide guidance on developing clinical trials for RMC. We recommend that clinical 

trials for patients with RMC also include RCCU-MP, particularly if these trials target 

pathways affected by SMARCB1 loss. Other RCC variants occurring in patients with sickle 

hemoglobinopathies should be managed as different entities from RMC. Phase II or III trials 

for patients with RMC / RCCU-MP should routinely allow patients aged 12 years and older 

to be enrolled. Clinicians and researchers should be particularly aware of the potential 

interactions that investigational regimens can have with sickle hemoglobinopathies, 

including sickle cell trait.

Definition of RMC and its distinguishing features compared with other rare 

forms of RCC

RMC is a high-grade adenocarcinoma with a predilection for the renal medullary anatomical 

region and putatively arising from a cell within the distal nephron structures, including 

potentially the loop of Henle, distal convoluted tubules, connecting tubules or the collecting 

duct system.5, 6 The most recent 2012 International Society of Urological Pathology 

Vancouver classification of RCC recognized RMC as a distinct histologic classification but 

did not explicitly address whether the presence of a sickle hemoglobinopathy should be an 

obligate diagnostic criterion.7 We propose that RMC is defined by two features. First, is the 

loss of protein expression of the tumor suppressor gene SMARCB1, also known as INI1, 

hSNF5, or BAF47.8, 9 Second, is the presence of a sickle hemoglobinopathy, such as sickle 

cell trait, sickle cell disease, sickle cell beta thalassemia, or hemoglobin SC disease.3, 10 The 

most common mechanisms of SMARCB1 inactivation in RMC are deletions and 

inactivating translocations.11, 12 A recently proposed model of RMC pathogenesis postulates 

that these SMARCB1 deletions and translocations can occur via the deregulation of low 

fidelity DNA repair pathways due to regional ischemia induced by red blood cell sickling in 

the renal inner medulla, most commonly in the right kidney.13
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We propose that the provisional term RCCU-MP can be used to describe the very rare cases 

of SMARCB1-negative high-grade adenocarcinomas arising from the distal nephron in 

patients without sickle cell trait or other sickle hemoglobinopathies.14 SMARCB1 loss by 

immunohistochemistry is essential to establish the diagnosis of RMC or RCCU-MP. 

However, this immunostain is often not available in resource-limited settings or not ordered 

by the pathologist due to the rarity of this disease. Given the clinical importance of 

distinguishing RMC and RCCU-MP from other malignancies, it is the strong 

recommendation of this panel that pathologists and clinicians consider either the routine 

incorporation of SMARCB1 immunohistochemistry and/or secondary review of the 

pathology at specialized centers in all patients with a suspicion of RMC or RCCU-MP. The 

differential diagnosis of high-grade adenocarcinomas arising from the distal nephron is very 

narrow; a recent article by Ohe et al. provides an excellent overview of the 

clinicopathological features and morphological patterns that should raise the suspicion for 

RMC, particularly in patients with sickle cell trait or other sickle hemoglobinopathies.6 

More specifically, reticular/yolk sac tumor-like patterns are considerably more common in 

RMC (85% of cases) compared with collecting duct carcinoma (CDC; 8% of cases) or 

fumarate hydratase (FH)-deficient RCC (3% of cases).6 The tubulocystic patterns seen in 

66% of FH-deficient RCC cases are generally not found in RMC.6 Furthermore, sickled 

erythrocytes are noted within the tumor specimen and the adjacent kidney tissue in all RMC 

cases.1, 6

Because many individuals are unaware that they carry the sickle cell trait,15 hemoglobin 

electrophoresis should be ordered in all suspected RMC or RCCU-MP cases with unknown 

sickle cell status, regardless of race. However, not all high-grade adenocarcinomas that arise 

from the distal nephron of patients with sickle cell trait, or other sickle hemoglobinopathies, 

are RMC. We caution medical providers that this anchoring bias16 can lead to misdiagnosis. 

Individuals with sickle hemoglobinopathies are at the same risk as those without for 

developing RCC other than RMC. For example, young individuals with sickle cell trait can 

develop FH-deficient RCC or CDC with retained SMARCB1 (Tannir, Rao, and Msaouel, 

unpublished data). Given the major role that SMARCB1 loss plays in RMC biology,17 and 

in the absence of other biological evidence (e.g., the loss of other subunits of the BAF and 

PBAF complexes to which SMARCB1 belongs18), such RCC cases should be considered 

distinct from RMC.

A separate RCC variant arising from the renal medulla has been reported in 3 patients with 

sickle cell trait, and characteristically harbors a t(2;10)(p23;q22) fusion of anaplastic 
lymphoma kinase (ALK) with vinculin (VCL) while demonstrating intact SMARCB1 
expression.19–21 Although the very small number of cases reported thus far precludes 

definitive conclusions, VCL-ALK RCC appears to be relatively indolent (median ki-67 of 

5%), and to be associated with favorable prognosis.19–21 Given its distinct histopathology, 

clinical behavior, and molecular characteristics, VCL-ALK RCC should be managed as a 

different entity from RMC.
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Diagnosis and management recommendations

RMC most commonly presents as a unilateral, solid, hypoenhancing mass (mean maximum 

dimension of 6.6 cm) arising from the renal medulla and abutting the pelvicalyceal system.22 

It demonstrates a predilection for the right kidney in ~70% of cases.3, 23 Hematuria and 

flank pain are the most common presenting symptoms in 66% of cases, and 50% will have 

constitutional symptoms such as unintentional weight loss or, less commonly, night sweats.3 

Diagnosis should initially be established by biopsy of the primary tumor or the most 

accessible metastatic lesion. When possible, fresh frozen biopsy samples should be stored 

for research purposes (Figure 1).

Up to 94% of patients with RMC present with nodal and/or visceral metastases.3 With few 

exceptions, even patients presenting with localized disease will quickly develop distant 

metastases, often within weeks. It is common for patients to develop early recurrence while 

still recovering from nephrectomy resulting in rapid deterioration of performance status and 

compromising the ability to receive systemic therapy. We therefore recommend that upfront 

systemic therapy (platinum-based cytotoxic chemotherapy or clinical trial) should be 

considered for the majority of patients with newly diagnosed RMC, including those with 

localized disease at presentation (Figure 1). Upfront surgery can however be chosen for the 

very rare cases of isolated RMC tumors ≤4 cm in greatest dimension, limited to the kidney. 

Given the high risk of recurrence, these patients should be very closely monitored post-

operatively.

Cytoreductive nephrectomy was associated with improved overall survival compared with 

systemic therapy alone (16.4 versus 7.0 months) in a retrospective multicenter analysis,3 and 

should be considered based on response to upfront systemic therapy, performance status, and 

surgical evaluation. Because of the high risk for rapid recurrence, postoperative systemic 

therapy should be considered in all patients following definitive or cytoreductive 

nephrectomy. No clinical trials have demonstrated survival benefit from nephrectomy and 

adjuvant or neoadjuvant systemic therapy, but the application of chemotherapy and surgery 

in these settings is based on the combined experience of this expert panel. If nephrectomy is 

not feasible, embolization can effectively palliate symptomatic hematuria when necessary.

The most commonly used systemic therapies are platinum-based cytotoxic regimens.3, 24 No 

particular cytotoxic chemotherapy combination has shown superiority over others. However, 

even relatively low-intensity regimens can occasionally produce gratifying responses. 

Durable complete responses were noted in two out of 22 (9%) patients with metastatic RMC 

treated with carboplatin plus paclitaxel,3 with one patient currently disease-free six years 

and the other four years from initial diagnosis. Radical nephrectomy is preferred over partial 

nephrectomy due to the infiltrative nature and anatomical location of RMC.

Therapeutic Advances

Given the low cure rates with cytotoxic chemotherapy regimens,3 patients with RMC should 

be considered for clinical trials investigating novel treatment strategies, whenever possible.2 

Preclinical data showed that the loss of SMARCB1 promotes cancer cell growth via 
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deregulated chromatin remodeling mechanisms, including the aberrant activation of the 

histone methyltransferase EZH2, thus making this pathway an attractive therapeutic target 

for patients with RMC.25, 26 The first clinical trial (NCT02601950) testing the use of the 

EZH2 inhibitor tazemetostat in 14 patients with RMC and 1 patient with RCCU-MP was 

recently completed (Tannir et al. manuscript under preparation). In a first-in-human, 

multicenter, open-label, phase I trial in relapsed or refractory B-cell non-Hodgkin lymphoma 

and advanced solid tumors, tazemetostat was well-tolerated with the most common adverse 

events being asthenia (55% of cases), anemia (22%), anorexia (22%), muscle spasms (22%), 

nausea (20%), and vomiting (19%). Furthermore, a durable complete response was noted in 

1/7 (14.3%) patients with SMARCB1-negative malignant rhabdoid tumor, and a second 

patient (14.3%) had a partial response. In addition, prolonged stable disease was noted in 2/3 

(66%) patients with SMARCB1-negative epithelioid sarcoma.27 However, enrollment in 

tazemetostat clinical trials in the United States is currently on hold following a safety report 

of a pediatric patient with advanced poorly differentiated chordoma who developed 

secondary T-cell lymphoma. Studies in mice have indeed suggested that Ezh2 inactivation 

can lead to hematologic malignancies28, 29, and patients on EZH2 inhibitors should therefore 

be closely monitored for these complications.

SMARCB1 inactivation has also been shown to induce significant upregulation of protein 

anabolism which can render cells susceptible to disruption of their proteostatic machinery.30 

Accordingly, one case report noted a durable (>24 months) complete response to single-

agent bortezomib in a patient with RMC.31 However, this result was not replicated in other 

patients with RMC who received single-agent bortezomib following progression on 

cytotoxic chemotherapy.3, 32 Nevertheless, the combination of bortezomib with cytotoxic 

chemotherapy achieved durable responses in two pediatric patients with RMC,33 and 

therefore combining proteasome inhibition with other therapies should be further 

investigated. A phase II clinical trial (NCT03587662) evaluating the combination of the 

second-generation proteasome inhibitor ixazomib with the nucleoside analog gemcitabine 

and the topoisomerase II inhibitor doxorubicin in patients with RMC began accrual in 

August 2018 and includes patients ≥12 years old . The use of topoisomerase II inhibitors in 

patients with RMC is supported by whole-genome expression and immunohistochemistry 

analyses showing overexpression of topoisomerase II in these tumors.34, 35

There are currently three active clinical trials that specifically include patients with RMC 

(Table 1). All three trials are exploring the use of immune checkpoint inhibitors in patients 

with RMC, based on case reports demonstrating a complete response using the programmed 

death-1 (PD-1) inhibitor nivolumab in one out of three patients with RMC.36, 37 Emerging 

insights into the biology of RMC and of other malignancies driven by SMARCB1 loss30, 38 

will guide the development of targeted therapeutic strategies. RMC trials should 

systematically collect tissue samples suitable for biobanking and future research. In addition, 

we recommend that all RMC trials include patients with RCCU-MP given that these 

malignancies are histopathologically similar to RMC, demonstrate an analogously 

aggressive clinical behavior, and are molecularly defined by the loss of SMARCB1.14

RMC typically manifests in young adults and children as young as 9 years old.3 Phase I 

trials of pediatric patients typically find the maximum-tolerated doses (MTDs) and safety 
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profiles to be close to those found in trials of adult patients for the majority of new agents 

studied, prompting current pediatric phase I trials to limit the study number of dose levels 

and doses outside 80–160% of the adult MTD and/or recommended phase II dose.39 Due to 

the similarity in drug metabolism and excretion between adults and postpubertal 

adolescents, the American Society of Clinical Oncology-Friends of Cancer Research 

Minimum Age Working Group recently recommended that, once safety and dosing 

information is available for adults, phase II and III trials spanning pediatric and adult patient 

populations should routinely enroll patients aged 12 years and older.40 To facilitate the 

development of novel therapeutic strategies for pediatric patients with RMC, we accordingly 

recommend that adult clinical trials include pediatric oncology investigators and pediatric 

clinical trial networks, and allow phase II or III trials to simultaneously enroll adult and 

pediatric cohorts 12 years old or older.

RMC clinical trials can benefit from emerging insights into the pharmacogenomics and 

pharmacokinetic effects of race and ethnicity on drug responses or toxicity.41 Therefore, 

researchers should be aware of such variations. Furthermore, clinicians and researchers 

designing clinical trial protocols for RMC patients should take into account the presence of 

sickle cell trait or other sickle hemoglobinopathies in this population. For example, although 

they are generally tolerated in patients with sickle cell trait,42 granulocyte colony-

stimulating factors can cause severe adverse effects in patients with sickle cell disease or 

other sickle hemoglobinopathies of similar severity.43

Insights gained from the study of rare tumors can help us understand and treat the more 

common forms of cancer. We therefore encourage industry partners to design trials that 

either specifically target patients with RMC or ensure that these patients are included as a 

specific patient cohort, under the guidance of the considerations outlined above. In addition, 

the FDA Office of Orphan Products Development has developed a list of specific incentives 

for industry to develop products for rare diseases such as RMC.44

Increasing awareness and advocacy

Moving forward, there is a need to increase awareness of RMC, particularly in areas with 

high prevalence of sickle cell trait and/or other sickle hemoglobinopathies. Social media 

efforts such as RMC Support and the Chris “CJ” Johnson Foundation have been invaluable 

towards this goal. We are in the process of establishing an RMC Alliance (upcoming website 

at http://RMCAlliance.org), bringing together expert clinicians, researchers, and patient 

advocates, to better understand how and why RMC occurs, and to develop better strategies 

to screen for, diagnose, and treat this deadly disease. An important initial goal of this 

alliance is to establish a RMC registry to define the true incidence of this disease.
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Figure 1: 
Diagnosis and management recommendations for renal medullary carcinoma (RMC) and 

renal cell carcinoma, unclassified with medullary phenotype (RCCU-MP). FH-deficient 

RCC: fumarate hydratase-deficient renal cell carcinoma; RCC: renal cell carcinoma; 

RPLND: retroperitoneal lymph node dissection

*Whenever possible, fresh frozen tissue should be saved for research use.
#RMC tumor tissues always contain sickled erythrocytes, often demonstrate reticular/yolk 

sac tumor-like patterns, and lack the tubulocystic patterns seen in FH-deficient RCCs. 

Secondary review of the pathology at specialized centers is strongly encouraged.
§Upfront surgery can be considered for isolated tumors ≤4 cm in greatest dimension, 

confined to the kidney. These patients should be followed closely post-operatively with 

history, physical, and imaging.
¥Cytoreductive radical nephrectomy should be considered if feasible based on response to 

systemic therapy, performance status, and surgical evaluation.
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