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Abstract

Introduction—Small renal masses (SRMs) with evidence of clear cell renal cell carcinoma 

(ccRCC) are understudied. Current algorithms for the management of SRMs include surgical 

resection, ablation and active surveillance. We sought to identify genomic biomarkers that could 

potentially refine the management of ccRCC in SRMs, especially in patients being evaluated for 

AS.

Methods—We identified patients who had SRM’s (4 cm or less) at time of surgery, had 

sequencing performed on their primary tumor and had a diagnosis ccRCC. Patients were selected 

from three publicly available cohorts, The Cancer Genome Atlas (n = 110), University of Tokyo (n 
= 37), The International Cancer Genome Consortium (n = 31) and from our own institutional 

prospective database (n = 25). Among this cohort we analyzed mutations with at least 5% of 

tumors, assessing for the enrichment of mutations and progression-free survival using the 
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composite endpoint of recurrence or death of disease. Analysis was adjusted for multiple testing. 

A Cox regression model was used to asses clinical variables with significant mutations.

Results—203 patients were available for analysis. Median follow-up was 43.1 months among 

survivors. Mutations in VHL, PBRM1, SETD2, BAP1, KDM5C, and MTOR were present in more 

than 5% of tumors. Twenty-three patients (11.3%) had recurrence or died of their disease. 

Mutations in KDM5C were associated with inferior survival from either recurrence or death from 

disease, adjusted P-value 0.033.

Conclusions—We identified mutations in SRMs in ccRCC that are associated with recurrence 

and lethality. The strongest association was seen in those with KDM5C mutations. Use of these 

genomic biomarkers may improve stratification of patients with SRMs and for those who may be 

appropriate for AS. Prospective evaluation of these markers is needed.
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1. Introduction

The detection and diagnosis of kidney cancer has steadily risen over the last few decades in 

the US [1] and worldwide [2]. The rise in these rates has largely been attributed to the use of 

more cross-sectional imaging and the identification of incidental renal masses that are 

concerning for malignancy. The majority of these masses are ≤ 4 cm in diameter and are 

commonly classified as small renal masses (SRMs). SRMs have proven to be a 

heterogeneous group with regard to histology [3]. The most common histology encountered 

in these cases, however, is clear cell renal cell carcinoma (ccRCC), followed by a significant 

percentage of tumors having non-clear cell histology and benign disease [4]. Once SRMs are 

identified, both patients and clinicians are faced with a variety of treatment decisions.

Several physician organizations have published clinical guidelines on the management of 

renal masses including SRMs. The American Urological Association, European Association 

of Urology, and National Comprehensive Cancer Network have all published guidelines to 

assist physicians with clinical decision-making [5,6]. The algorithm for the clinical 

management of localized SRMs includes surgical resection, ablation, and active surveillance 

(AS). The majority of patients who elect treatment, either surgery or ablation, have favorable 

long-term outcomes indicated by recurrence and cancer-specific survival [7]. Nonetheless, 

some of these patients will develop recurrence and even metastatic disease and eventually 

die from their disease [8].

The tumor biology of patients with SRMs destined for poor clinical outcomes at the time of 

diagnosis is poorly understood. Many factors believed to be associated with inferior 

outcomes used in clinical nomograms rely on time-dependent factors such as tumor growth 

and changes in radiographic appearance [9]. Changes in these factors are often difficult to 

predict and require long term follow up and frequent imaging. The use of preoperative 

biopsy can provide important information for clinical decision making but still fails to 
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stratify long-term risk among patients within the most commonly diagnosed histology, 

ccRCC [10].

The use of biomarkers to assist in the management and treatment of patients with ccRCC is 

currently being explored by many groups. However, the evaluation of these markers in 

patients with SRMs has been underreported to date in the current literature. Our study aimed 

to better characterize and analyze the use of somatic mutations commonly encountered in 

ccRCC in SRMs to identify possible biomarkers in this specific cohort of patients. These 

biomarkers could serve to give focus to future prospective studies and to augment the 

management of patients with SRMs, especially those being considered for AS.

2. Methods

Our cohort consisted of patients with available genomic sequencing data from their primary 

tumors who had ≤ 4 cm masses and had elected to undergo surgical resection with a 

diagnosis of ccRCC. Patients who met these criteria were identified from the prospective 

database at our institution (Memorial Sloan Kettering Cancer Center, MSKCC; n = 25) and 

from three publicly available cohorts: The Cancer Genome Atlas (n = 110) [11], University 

of Tokyo (n = 37) [12], and The International Cancer Genome Consortium (n = 31) [13]. 

Corresponding clinical data was also required for inclusion in our study including recurrence 

and survival outcomes. We excluded patients with multiple kidney tumors (n = 1), a history 

of kidney cancer (n = 1), those with known syndromic kidney cancer diseases (i.e., Von-

Hippel Lindau; n = 2), those with suspected local recurrence (n = 2), or those who did not 

have sufficient clinical data (n = 6).

Sequencing of patients’ tumors was done using whole genome, whole exome, or targeted 

deep sequencing methods. A single tumor sample from each tumor, originating from the 

pathologic specimen at the time or surgical resection, was used for sequencing. The details 

of tumor sample processing and the sequencing pipeline employed from patients’ data 

gathered from the public databases may be found in their original publications. Details of the 

MSKCC genomic pipeline have also been previously published [14]. Tumor samples from 

patients from our institution were analyzed using MSK-IMPACT (Integrated Mutation 

Profiling of Actionable Cancer Targets), a hybridization-based exon-capture assay of select 

introns and commonly altered oncogenes and tumor suppressor genes. The panel of targeted 

genes for this assay is listed in the Supplemental Materials (Supplemental List 1).

A panel of 28 genes was chosen for initial analysis based on the clinical relevance of 

significantly mutated genes across all cohorts in ccRCC as identified in previous studies 

[12,13,15]. For adequate statistical power, we restricted our survival analysis to the subset of 

genes that were mutated in at least 5% of the entire cohort. We felt that a 5% mutation 

occurrence threshold in these SRMs would offer a reasonable and practical limit that could 

facilitate implementation of our results in potential a clinical study.

2.1 Statistical analysis

We first sought to determine differences in the frequency of mutations in patients 

experiencing recurrence or death from their disease compared to patients with no such 
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events. We constructed (for each gene) 2×2 contingency tables describing the number of 

patients with or without a non-silent mutation in the gene of interest across the two subsets 

of patients. The first subset of patients was those who either had recurrence of their disease 

during follow-up or who died as a result of their kidney cancer. The second subset was those 

patients who were alive and not found to have disease recurrence during follow-up. Fisher’s 

exact test was applied to these contingency tables, and the resulting P-values were adjusted 

for multiple hypotheses testing using the Benjamini-Hochberg procedure.

Next, we conducted survival analysis using recurrence of disease or death from kidney 

cancer as our primary endpoints. Follow-up time was calculated from date of surgical 

resection. Recurrence was determined according to previously published methods among the 

patients from the public cohort. Similar to those published methods, among MSKCC 

patients, date of recurrence was defined as date of pathologic confirmation of diagnosis—

i.e., biopsy. For patients with no pathology-confirmed recurrence, we used the date of the 

radiologic exam used to diagnose recurrence. Kaplan-Meier curves were generated using the 

R statistical package version 3.2.2 (The R Foundation for Statistical Computing, Vienna, 

Austria). Statistical significance of differences in survival time between mutated and non-

mutated (wild-type) tumors were assessed using the log-rank test.

3. Results

We had 203 patients included in our final cohort for analysis. The demographics and clinical 

characteristics for these patients can be found in Table 1. The frequency of mutations in all 

genes from our selected gene panel can be seen in Supplementary Table 1.

A total 23 patients (11.3%) had recurrence or died of their disease at the time of our 

analysis. Among the patients who presented with stage IV disease (13/203, 6.4 %), more 

than three-quarters (10/13, 76.9%) died of their disease during follow-up. The median 

follow-up for patients who were alive without recurrence was 43.1 months (IQR: 27.9–64.3 

months).

Mutations in the following genes were found to be present in at least 5% of patients in our 

cohort: VHL (127/203, 62.6%), PBRM1 (67/203, 33.0%), SETD2 (20/203, 9.9%), BAP1 
(15/203, 7.4%), MTOR (14/203, 6.9%), KDM5C (12/203, 5.9%). Fig. 1 provides a visual 

depiction of the frequency and co-occurrence of these mutations across the cohort.

We compared the frequency of the 6 mutations that occurred in at least 5% of the cohort in 

those patients who either had recurrence or death from their disease to those who were alive 

and free of recurrence (Table 2). On unadjusted analysis mutations in SETD2 (p = 0.014) 

and KDM5C (p = 0.033) were enriched in patients with recurrence or death of disease. On 

adjusted analysis these mutations are no longer found to remain significant; SETD2 adjusted 

P =0.087 and KDM5C adjusted P =0.101.

Survival analysis from recurrence or death of disease was conducted for each of the 6 genes 

found to be frequently mutated in our cohort. In this analysis (Fig. 2), KDMC5 mutations 

were strongly associated with either recurrence or death of disease (p = 0.005; adjusted P = 

0.033). Patients with SETD2 (p = 0.023) and BAP1 (p = 0.050) mutations showed 
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significance in our unadjusted survival analysis but became insignificant after adjustment for 

multiple testing; SETD2 adjusted P =0.071 and BAP1 adjusted P = 0.100.

4. Discussion

Our study identified recurrently mutated genes in ccRCC that may be associated with 

clinically aggressive SRMs. The strongest relation (adjusted P = 0.033) was seen between 

KDM5C mutations and the risk of recurrence or death from disease. Mutations in other 

genes like SETD2 and BAP1 which have been associated with inferior clinical outcomes in 

other studies were not found to be statistically significant in our analysis after adjustment.

The gene KDM5C is located on the X-chromosome, therefore males only carry a single-

allele making them susceptible to complete loss of the gene. The protein product of KDM5C 
plays a role in histone modification, and has been associated with antagonization of hypoxia-

inducible factors central to the pathogenesis of ccRCC [16]. Despite having only 12 patients 

in our cohort with this mutation, it was persistently associated with an increased risk of 

recurrence or death from disease in our analysis [17,18].

While most patients who present with SRMs will have excellent clinical outcomes either 

with resection or possible active surveillance; there is a small but significant number or 

patients who with present with metastatic disease or will have disease recurrence and die 

from their kidney cancer [9,19]. Management decisions for most patients with SRMs are 

made based on estimations of malignant potential and heavily influenced by the treating 

surgeon’s discretion and patient preference. The clinical management of SRMs is a complex 

task, one that is often underestimated by both the clinician and the investigator.

Several proposed predictive nomograms for recurrence and cancer-specific survival have 

been published in the literature. Most of these nomograms rely solely on clinical parameters 

and originated to evaluate patients across the spectrum of tumor size and stage [20,21]. The 

quest to identify biomarkers in ccRCC has led to the evaluation of several known genomic 

aberrations present in this disease.

Several studies have tried to clarify the carcinogenic and clinical impacts of recurrent 

somatic mutations found in ccRCC [22,23]. A disproportionate number of these 

investigations have been tailored to those patients with more advanced or metastatic disease 

[23,24]. Mutations in BAP1, SETD2, and TP53 have been associated with inferior clinical 

results in those patients who undergo primary treatment with surgical resection [25]. In our 

study patients with BAP1 and SETD2 mutations appeared to have a trend for an increased 

risk of recurrence or death with survival analysis, however, this did not meet statistical 

significance (SETD2 p = 0.023, adjusted P =0.071; BAP1 p = 0.050, adjusted P = 0.100), 

possibly due to our small number of patients with this mutation (SETD2 = 20, 9.9%; BAP1 
= 15, 7.3%). Many of these studies included patients irrespective of the tumor’s size or 

clinical stage [22,25]. The number of patients with SRMs included in these studies is small 

and limits the extrapolation of these results to our clinically distinct cohort of patients.

Identification and development of a useful and practical biomarker in ccRCC face several 

challenges. One of the biggest hurdles is the well-known presence of intratumoral 
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heterogeneity (ITH) present in ccRCC tumors [26]. Our group has previously established 

that ITH is present even in relatively small localized tumors [27]. Even in the face of known 

ITH, tradeoffs between more detailed genomic data must be balanced with associated cost 

and feasibility if this technology is to be brought in to the clinical setting. The practicality of 

performing next-generation sequencing on multiple distinct tumor samples for each patient 

in the clinical setting is likely unrealistic, especially in SRMs. One potential solution is the 

use of immunohistochemistry in favor of targeted sequencing to identify these genomic 

alterations [23,28]. Another possible answer may be the incorporation of radiographic 

characteristics with genomic phenotypes found in the tumor, known as radiomics [29].

In addition to ITH, our study is also limited due to its retrospective nature, relatively small 

number of patients and events in our analysis and the use of multiple sequencing platforms.

We believe the recognition of KDM5C mutations and their association with inferior clinical 

outcomes in patients with ccRCC SRMs has the potential to impact possible future clinical 

studies of clinically aggressive SRMs. While relatively common among patients diagnosed 

with renal cancer, SRMs are understudied, with little research aimed at identifying the 

genomic drivers of pathogenesis for this unique cohort of patients. Our study provides a 

foundation for future studies among these patients, especially those with ccRCC. We hope 

that prospective evaluation of these and other genomic markers will improve the care and 

management of patients with SRMs.

5. Conclusion

In our analysis, patients presenting with SRMs and mutations in KDM5C are associated 

with inferior recurrence free or cancer specific survival. While clinical outcomes for 

managing patients with SRM are typically excellent, identification of those SRM that 

portend an aggressive clinical course deserve further clinical and mechanistic studies.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights

• In small renal masses, KDM5C mutations were linked to poor outcomes.

• These results may be used to study management strategies of patients with 

small renal masses.

• Evaluation of genomic markers could improve management of small renal 

masses.
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Fig. 1. 
Depiction of the frequency and co-occurrence of mutations in a cohort of patients who had 

recurrence or died of their disease (A), and patients who were alive without recurrence (B)
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Fig. 2. 
Kaplan-Meier survival plot comparing risk of recurrence or death of disease between 

patients with wild type and KDM5C mutations in their primary tumor
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Table 1

Demographics and baseline clinical characteristics

Overall (n=203) No Recurrence (n=180) Recurrence (n=23) P-value

Median age at diagnosis (IQR) 60 (52–71) 60 (52–72) 59 (52.5–63.5) 0.42

No. gender (%)

 Male 132 (65) 115 (63.9) 17 (73.9) 0.49

 Female 71 (35) 65 (36.1) 6 (26.1)

No. race (%)

 White 160 (78.8) 143 (79.4) 17 (73.9) 0.67

 Black 3 (1.5) 3 (1.7) 0 (0)

 Asian 2 (1) 2 (1.1) 0 (0)

 Unavailable 38 (18.7) 32 (17.8) 6 (26.1)

No. primary tumor laterality (%)

 Right 111 (54.7) 100 (55.6) 11 (47.8) 0.13

 Left 83 (40.9) 74 (41.1) 9 (39.1)

 Unavailable 9 (4.4) 6 (3.3) 3 (13)

No. primary tumor grade (%)

 G1 12 (5.9) 12 (6.7) 0 (0) 0.02

 G2 131 (64.5) 121 (67.2) 10 (43.5)

 G3 55 (27.1) 43 (23.9) 12 (52.2)

 G4 5 (2.5) 4 (2.2) 1 (4.3)

No. T stage (%)

 T1 179 (88.2) 162 (90) 17 (73.9) 0.05

 T3a 10 (4.9) 8 (4.4) 2 (8.7)

 T3b 6 (3) 5 (2.8) 1 (4.3)

 Unavailable 8 (3.9) 5 (2.8) 3 (13)

No. N stage (%)

 N0 82 (40.4) 75 (41.7) 7 (30.4) 0.02

 N1 1 (0.5) 1 (0.6) 0 (0)

 N2 1 (0.5) 0 (0) 1 (4.3)

 NX 111 (54.7) 99 (55) 12 (52.2)

 Unavailable 8 (3.9) 5 (2.8) 3 (13)

No. M stage (%) 0.0005

 M0 150 (73.9) 142 (78.9) 8 (34.8)

 M1 11 (5.4) 3 (1.7) 8 (34.8)

 MX 34 (16.8) 30 (16.7) 4 (17.4)

 Unavailable 8 (3.9) 5 (2.8) 3 (13)

No. AJCC stage (%) 0.0005

 Stage I 177 (87.2) 164 (91.1) 13 (56.5)

 Stage III 13 (6.4) 13 (7.2) 0 (0)

 Stage IV 13 (6.4) 3 (1.7) 10 (43.5)

Urol Oncol. Author manuscript; available in PMC 2020 January 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Manley et al. Page 14

Table 2

Enrichment of common mutations (≥5% frequency among cohort) comparing patients with recurrence or death 

of disease to those who were alive and free of recurrence and survival analysis of patients with these 

mutations.

Enrichment of gene mutation in patients tumors with 
recurrence or death

Survival Analysis Comparing patients with the mutation 
to wild-type

Mutation Fischer Exact Unadjusted Adjusted P-value Log-Rank Unadjusted Adjusted P-Value

VHL 1 1 0.676 0.676

PBRM1 0.155 0.233 0.302 0.422

SETD2 0.014 0.087 0.023 0.071

BAP1 0.073 0.146 0.050 0.100

KDM5C 0.033 0.101 0.005 0.033

MTOR 0.200 0.241 0.351 0.422
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