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Abstract

Aim: Management of clinically localized renal masses <7 cm (cT1RM) is typically guided by imaging rather than
renal mass biopsy (RMB), unlike most other malignancies, where tissue diagnosis precedes treatment decisions.
Despite advancements, fewer than 25% of cTIRM patients undergo RMB before surgery or active surveillance
(AS). While imaging modalities such as CT, magnetic resonance imaging (MRI), and ultrasound can often identify
benign lesions (e.g., Bosniak I-1IF cysts, angiomyolipoma), decisions regarding solid, enhancing masses and Bosniak
[11-1V cysts frequently proceed without histological confirmation of renal cell carcinoma. This practice may lead to
potentially unnecessary or “needless” interventions. AS has emerged as a viable alternative to surgery for renal
masses < 3-4 cm, showing low metastatic progression rates comparable to those seen with intervention.

Methods: We systematically reviewed observational studies (retrospective and prospective) due to the absence of
randomized controlled trials on RMB for cTIRM.

Results: Reported sensitivity, specificity, positive predictive value, and negative predictive value of RMB range from
93%-99%, 71%-100%, 97%-100%, and 38%-63%, respectively. Safety data affirm RMB as a low-risk procedure,
with minor complications (e.g., bleeding, hematoma) occurring in < 5% of cases and hospital
admissions/readmissions in < 3%.
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Conclusion: While RMB is accurate, its role in treatment planning remains underexplored. Emerging evidence
suggests increased adoption of non-interventional approaches (e.g., AS), with RMB influencing treatment decisions
(e.g., avoidance of nephrectomy) in 10%-30% of cases. Future studies should investigate when RMB is warranted,
its influence on treatment selection, and its effects on patient-centered outcomes such as decisional conflict and
regret.

Keywords: Active surveillance, kidney cancer, renal cell carcinoma, renal mass biopsy, renal tumor biopsy

INTRODUCTION

Renal cell carcinoma (RCC) is the third most common malignancy affecting the urinary system and
represents a heterogeneous collection of malignancies that accounts for approximately 90% of adult kidney
cancers worldwide". Over the past few decades, the detection of small renal masses (SRMs) - defined as
tumors measuring < 4 cm (cT1aRM) - has steadily increased, primarily due to the widespread use of cross-
sectional computed tomography (CT) and magnetic resonance imaging (MRI). A significant proportion of
these SRMs are localized and have low metastatic potential; they are frequently cured with kidney-sparing
interventions (KSIs)"”. Increasing evidence supports the role of non-interventional management, such as
active surveillance (AS), for cT1aRM with similarly low rates of progression to metastasis or cancer-related
death in patients selected for these approaches**. Immediate intervention is generally selected for renal
masses (RMs) > 7 cm because of the increased likelihood that such RMs harbor potentially aggressive
malignancies”. For clinically localized RMs measuring > 4 and < 7 cm in size (cT1bRM), there are several
treatment options, ranging from radical nephrectomy (RN) to AS. Variability in the selection of treatment
has been observed, with partial nephrectomy (PN) offered at rates between 0% and 90% for cT1bRM (data
not shown)®". There is increasing evidence that select patients with cT1bRM can be managed safely with
non-interventional approaches, such as AS for RCC and expectant management"” (or less AS), or
reassurance if benign features are identified on imaging and/or pathology. Thus, the optimal management
of T1 renal masses (CT1RM) remains an area of active debate'”. In past decades, RN was considered the
standard of care for localized renal lesions. However, advances in nephron-sparing surgery, minimally
invasive surgery, ablative techniques (such as cryoablation, radiofrequency, and microwave ablation),
radiation therapy [stereotactic body radiation therapy (SBRT)], and AS protocols have expanded the
available therapeutic options.

The 2016 World Health Organization (WHO) classification of RCC is based on features such as cytoplasmic
(clear cell RCC and chromophobe RCC), architectural (papillary RCC), and anatomic location (collecting
duct and renal medullary carcinomas)"?. The most common subtypes are clear cell RCC, which accounts
for 70%-75% of all RCCs, followed by papillary RCC (10%-21%) and chromophobe RCC (~5%)"*\. The 2022
WHO Classification of Tumors Part A provided several updates, including oncocytic and chromophobe
renal tumors as a part of the four major categories: clear cell renal tumors, papillary renal cell tumors,

oncocytic and chromophobe renal tumors, and collecting duct tumors".

Despite growing interest in nephron-sparing treatments because of its renal functional advantages, there is a
lack of consensus regarding (1) when to opt for surgery; (2) if surgery is indicated, whether to perform
robotic partial nephrectomy (RPN), open PN (OPN), or minimally-invasive RN (MIRN); (3) if surgery
poses increased risk and the patient should undergo treatment, whether to elect SBRT or an ablative
technique, and which ablative modality is most appropriate; (4) and how to identify patients who might
benefit most from AS. Decision making is further complicated by factors such as comorbidities, patient
preferences, and tumor characteristics (e.g., size, complexity, features suggesting higher-risk cancer and/or
local invasiveness, and growth rate during AS). In response, various organizations have developed clinical
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practice guidelines. Nevertheless, the care patients receive often differs substantially depending on the
treating provider, institutional practices, and regional healthcare systems'”.

History and timeline of renal mass biopsy

In the first half of the 20th century, RMs were typically identified only after the onset of symptoms. RCC,
known as the “internist’s tumor”, classically presented with the triad of a palpable abdominal mass, flank
pain, and hematuria. However, with the increasing use of CT, most RMs began to be detected incidentally -
transforming RCC into the “radiologist’s tumor”. These cT1RMs were most often small and
asymptomatic"®. The resolution and precision of CT, ultrasound, and MRI have improved markedly over
time"”. Advanced radiographic techniques, either performed during scanning or through post-scan
processing, can help distinguish certain RCC subtypes from others™*. Nonetheless, imaging alone
continues to face limitations in distinguishing between RCC subtypes. Approximately 25% of RMs
measuring < 4 cm are ultimately benign. As of 2025, no imaging technique is sufficiently reliable to define
the histologic subtype of RCC. By contrast, renal mass biopsy (RMB) achieves > 90% accuracy in

[22]

determining the histological type of renal cancer**.

In the late 20th century, RMB was not routinely performed for several reasons. First, the diagnostic
performance of available percutaneous techniques was considered inadequate. Fine-needle aspiration
(FNA) and core biopsy without coaxial equipment often failed to yield reliable samples. Even more
concerning was the potential risk of tumor seeding associated with non-coaxial approaches. A study by Ali
et al. reported that only 8% of urologists performed RMB in 20% of their SRM patients, while nearly 73%
had never performed RMB in this population”®’. By the turn of the century, however, some urologists began
to reconsider the dismissal of RMB®. Although concerns such as low negative predictive value (NPV),
sampling error, tumor heterogeneity, and difficulty in differentiating tumor types persisted, the overall
utility of RMB, particularly when it provided a definitive diagnosis of benign neoplasms, was increasingly
recognized”’. Since 2000, numerous studies on RMB have been published, most focusing on technical
aspects and pathologic outcomes in patients undergoing RMB?.,

Practical considerations: how is RMB performed?

The approach to RMB has evolved significantly since its transition from open surgical techniques to needle-
based methods in 1951%”. Tumor targeting and needle placement are typically guided by CT or ultrasound,
depending on patient and tumor characteristics””. FNA employs 21-gauge or smaller needles to collect
multiple samples for cytological analysis. In contrast, core biopsy utilizes larger 18-gauge needles that
retrieve intact tissue within the needle lumen, thereby, reducing the risk of contact between sampled tumor
tissue and surrounding tissues during needle extration. A minimum of two non-fragmented core samples
(from both central and peripheral tumor regions, each > 10 mm in length) should be sent for histological
examination”. Without a coaxial sheath, multiple passes are required to obtain multiple cores. A coaxial
sheath, however, enables multiple passes from within the same entry site while providing an additional
barrier between the body and potentially cancerous tissue, thereby, lowering the risk of tumor seeding**".

Although early reports of severe outcomes led to long-standing concerns - based on only a few cases
involving aggressive non-RCC malignancies and one case of papillary RCC"**¥ - the current incidence of
tumor seeding with contemporary techniques is approximately 1:10.000°°**.

In the United States, most RMB procedures are performed in hospitals by interventional radiologists,
typically with same-day discharge and optional overnight observation. Early reports demonstrated the
feasibility of outpatient, ultrasound-guided RMB performed by urologists in office settings, with low
complication rates”>**. Rasmussen et al. reported an overall complication rate of 3.8% for outpatient RMB,
with 1% classified as major and 2.8% as minor"”. More recent studies have confirmed the safety and efficacy
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of office-based RMB performed by urologists***. In contrast, a survey conducted by the American
Urological Association (AUA) found that urologists independently perform only about 2% of RMB
procedures, with most relying on interventional radiology support'*’. A recent cost analysis by Patel et al.
compared office-based vs. hospital-based RMB, finding the mean cost of an office-based percutaneous RMB
to be $2,129, compared to $4,598 in a hospital setting"™”.

Biopsy: why or why not?

There are limited data directly explaining why urologists refrain from using RMB to evaluate newly detected
SRMs. However, many consider RMB to have limited clinical significance in influencing treatment
decisions. In a survey by Khan et al. (2007), 43% (139 of 325) of urologists reported never using biopsy'**.
Among those, 87% cited concerns about false-negative results, and 58% did not believe biopsy findings
would alter patient management*. Less commonly cited reasons included the risk of tumor seeding,
biopsy-related complications, histopathological uncertainty, false-positive results, and lack of access to a
uro-radiologist'®”. Similarly, Lim et al. reported that some urologists avoided RMB when their institution
lacked interventional radiologists experienced in performing the procedure, citing concerns about false-

positive results®.

How successful is RMB as a technique?

When using core biopsy rather than FNA, RMB provides an informative result in 82-95% of cases!
Indeterminate (nondiagnostic) outcomes occur in 8%-14% of cases, usually due to inadequate sampling or
the collection of normal kidney tissue or tissue from a non-kidney source. A mismatch between imaging

25,26]

abnormalities and pathology results does not necessarily rule out cancer. Indeterminate results can be
managed with repeat RMB, alternate imaging, or clinical decision making under uncertainty. Repeat RMB
has been shown to reduce nondiagnostic outcomes and provide actionable histological findings in over 95%
of cases™. After RMB, four possible outcomes exist: (1) nondiagnostic; (2) confirmed accurate - validated
by subsequent surgery or repeat biopsy; (3) presumed accurate - without further pathology; or (4) proved
inaccurate - demonstrated by discordant surgical pathology results. Although this classification best reflects
RMB performance, most studies focus on operating characteristics, with relatively few reporting accuracy or
these outcome categories.

When adequate tissue is obtained, systematic reviews report sensitivity of 95.2%-99% and specificity of 60%-
100% for cancer diagnosis [Table 1]. The false-positive rate is estimated at 0%-5%, depending on pretest
probability””. The main limitation of RMB is its false-negative rate, which ranges from 0%-25% when
considered in isolation®. For example, a RMB suggesting a benign renal neoplasm such as an oncocytoma
may later be found at nephrectomy to represent chromophobe RCC or another oncocytic RCC - a false
negative. Conversely, an oncocytic neoplasm suspicious for RCC on biopsy may prove to be benign after
resection - a false positive. To address this, the 2022 WHO guidelines recommend the term “oncocytic renal
neoplasm, not further classified” rather than oncocytoma in RMB reporting, acknowledging limitations in
sampling and overlap with malignant tumors"’. Several experts have emphasized the importance of
interpreting “benign” RMB findings with caution, as they may still conceal malignancy**!. For such
patients, we recommend AS rather than simple reassurance, with imaging at 6 months and annually for 2-3
years, reserving repeat RMB or intervention for cases with accelerated growth.

The accuracy of RMB for histologic subtyping of renal tumors ranges from 74%-100% in published
reports”***.. Imaging alone is insufficient to classify renal tumor subtypes, highlighting the need for RMB
in further assessment. RMB also contributes to evaluating tumor aggressiveness, which is essential for
guiding treatment decisions. The Fuhrman nuclear grading system is strongly associated with oncologic
outcomes"*”: grade 1 tumors exhibit a 0% metastatic rate, whereas up to 50% of higher-grade RCCs
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Table 1. Diagnostic accuracy metrics from systematic reviews and retrospective studies on RMB

N Nondiagnostic rate Sensitivity Specificity PPV NPV
Systematic reviews
Patel et al.,, 2016 2,979  14.1% 97.5% 96.2% 99.8%  63.3%
Marconi et al., 2016%! 5228  0%-22.6% 99.1% 99.7% NR NR
Retrospective studies (2016-present)
Londofio et al., 2013 126 5% (7) 75.4% 100% 100%  11.7%
Bernhard et al.,, 2015 130 7.7% (10) NR NR NR NR
Garnon et al., 2015 26 0% (0) 95.4% 100% 100%  75%
Prince et al.,, 2015"" 565 14.7% (83) NR NR NR NR
Jeon et al., 20167 442 1.1% (49) NR NR NR NR
Richard et al., 2015'%" 509 10% (53) NR NR NR NR
Dave et al., 2017 108 13% (14) NR NR NR NR
Alle et al., 2018 184 11.4% (21) NR NR NR NR
Wells et al,, 20177 213 1.4% (3)° NR NR NR NR
Tsang Mui Chung et al., 2018™* 317 6% (19) NR NR NR NR
Posielski et al., 2019 965 15% (145) NR NR NR NR
Gillis et al,, 2020 423 16% (66) NR NR NR NR
Ma et al., 2020’ 174 9% (15) NR NR NR NR
Santy et al,, 2020""] 180 12.8% (23) NR NR NR NR
Shahait et al., 2020 175 9% (16) 89% 7% 97% 38%
Bada et al., 2021 94 6.4% (6) NR NR NR NR
Ferrari et al,, 2021"°% 78 20.5 (16) NR NR NR NR
Masic et al., 2021"°" 306 8.2% (25) 93% 93% 99% 52%
Takafuii et al,, 20217 234 9.4% (22) NR NR NR NR
Jiang et al., 20228%% 121 17% (33) NR NR NR NR
Jasinski et al,, 2022""%% 247 18.6% (46) NR NR NR NR
Kapur et al,, 2022 805 8.0% (70) NR NR NR NR
Nazzani et al., 20224 102 1% (3) NR NR NR NR
Valtersson et al., 2022 484 16% (78) NR NR NR NR
Chen et al.,, 2024"" 158 14.6% (23) NR NR NR NR
Serhal et al., 20241061 167 12% (20) NR NR NR NR
Median % (range) 10.6% (0%-20.5%)

*Nondiagnostic biopsy rate was 15.7% when performed simultaneously with TA, compared with 1.4% when performed in a separate session (P <
0.0001). RMB: Renal mass biopsy; PPV: positive predictive value; NPV: negative predictive value; NR: not recorded; TA: thermal ablation.

demonstrate metastatic potential*’. Nuclear grading is the least reliable aspect of RMB due to tumor
heterogeneity, with discordant grades between RMB and surgical specimens reported in up to 70% of
cases”*"l. However, accuracy improves when grade differences are within one tier of the final grade or when
categorizing tumors as low-grade (1-2) versus high-grade (3-4). In a retrospective study, RMB showed 75%
accuracy in determining RCC histologic subtype, rising to 93% when grouped into low- versus high-grade
categories'™. Similarly, Blumenfeld et al. reported accurate subtype identification in 71 of 81 cases (88%)"".

While RMB has demonstrated strong accuracy for classification and grading, further refinement of biopsy
techniques is needed to enhance diagnostic consistency.

Removal of benign tumors - potentially avoidable surgery

The surgical removal of benign renal masses has increased markedly in the 21st century. A systematic
review reported an 82% rise in procedures (from 3,098 to 5,624 cases) during 2000-2009, with 20% of
cT1aRM identified as benign during this period”". This represents approximately 6,000 patients undergoing
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potentially avoidable surgery, along with the associated financial burdens - an outcome that could likely
have been prevented through the judicious use of RMB®". Kim et al. further reported that the overall
prevalence of benign pathologic findings in PN exceeded 30% between 2007 and 2014, The rising
incidence of RCC has paralleled an increase in surgically treated RMs over time. Although surgery remains
the cornerstone of RCC management, the persistently stable kidney cancer mortality rates raise concerns
about potential overdiagnosis and overtreatment. RMB offers a critical alternative by enabling patients to
avoid unnecessary aggressive and invasive surgical interventions.

Considering the diverse treatment modalities available for cT1RM, varying guideline recommendations, and
the absence of definitive guidance on the appropriate use of RMB, a systematic review synthesizing the
current evidence is essential. This review aims to examine published guidelines, randomized controlled
trials, observational studies, and other high-quality evidence to establish best practices for RMB in the
management of cT1RM. Specifically, it will address RMB utilization rates before treatment selection, its
impact on treatment decision making, and both diagnostic and clinical outcomes. By consolidating the
available evidence, this review seeks to better support clinicians in making informed treatment decisions for
patients with ¢cT1RM.

Objectives

The primary objective of this study is to assess the current evidence on the utilization and clinical value of
RMB in patients with ¢cT1RM. Specifically, it aims to evaluate how RMB informs treatment decision
making, particularly with respect to selecting initial non-interventional strategies such as AS with the
possibility of delayed intervention, rather than immediate intervention.

METHODS

Literature review

We searched PubMed and Scopus for English-language articles published between January 1969 and
January 2025 using the terms: “renal mass biopsy” OR “renal tumor biopsy” OR “renal lesion biopsy” OR
“kidney mass biopsy” OR “kidney tumor biopsy” OR “kidney lesion biopsy”. The search yielded 927 records
(305 from PubMed and 622 from Scopus). After removing 264 duplicates, 663 articles were screened
independently by two reviewers (I.O. and B.R.L.). At title/abstract screening, studies that did not evaluate
renal masses, studies that enrolled patients with non-localized disease, and conference abstracts were
excluded (n = 460). Following full-text review, an additional 148 records were excluded because they were
case series with fewer than 10 patients; lacked original or sufficient data (editorials, letters, reviews); were
systematic reviews published before 2014; or reported biopsies not applicable to this analysis (ex vivo/bench
biopsies, non-renal tumor biopsies, or biopsies performed concomitantly with ablation). Fifty-five articles
remained and were independently assessed by three researchers (I.0., M.S., and B.R.L.) and included in the
systematic review [Figure 1]. Across the four manuscript tables, 86 studies are cited in total; 25 of these were
referenced more than once in sub-analyses.

Inclusion and exclusion criteria

Eligibility criteria were specified to identify studies that examined the impact of RMB on treatment selection
for masses suspicious for RCC. We included original studies focused on ¢T1RM and excluded studies of
locally advanced or metastatic disease. Studies of pediatric populations (< 18 years) were excluded. Original
articles reporting technical, post-procedural, and/or oncologic outcomes were eligible. We also included
studies discussing the operating characteristics of RMB, indications for RMB, and complications associated
with RMB. These criteria were intended to ensure that included studies provided robust, relevant data on
the effectiveness and outcomes of RMB for cT1RM.
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S
Studies included in the
systematic review (n=55)
b
°
=
2
- Table 1. Studies included in the analysis of accuracy of RMB (n = 28)
Table 2. Studies included in the analysis of outcomes of RMB (n = 21)
Tables 3 and 4. Studies included in the analysis of the impact of RMB on management(n = 37)
—

Figure 1. PRISMA flowchart of included studies. Of the 86 studies cited across the four tables, 25 were referenced more than once in our
sub-analysis. PRISMA: Preferred Reporting Items for Systematic Reviews and Meta-Analyses.

Study appraisal and synthesis

The review was conducted in accordance with the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines. Screening used a two-stage process: an initial title/abstract screen
against predetermined inclusion and exclusion criteria, followed by a detailed full-text review of potentially
eligible articles [Figure 1].

RESULTS

From 927 unique citations, we identified 55 studies related to RMB that met the inclusion criteria. Figure 1
shows the study selection process using the PRISMA flowchart. This systematic review addresses three main
questions: (1) the diagnostic accuracy of RMB; (2) the clinical outcomes of RMB; and (3) the impact of RMB
on initial treatment selection.

Diagnostic accuracy of RMB

Several operating characteristics of RMB have been examined in prior literature, including sensitivity,
specificity, false-positive rate, false-negative rate, positive predictive value (PPV), and NPV [Table 1]. An
important parameter is the nondiagnostic rate, which reflects whether adequate tissue has been collected for
the pathologist to determine the nature of the mass. Pathologists classify the tissue as consistent with renal
neoplasm, renal parenchyma, or non-renal tissue'”. When RMB yields a definitive pathological diagnosis -
whether malignant or benign - it can guide treatment decisions and potentially prevent unnecessary surgical
interventions. Table 1 summarizes prior literature, including two well-conducted systematic reviews
published in 20167, as well as articles published subsequently. Reported nondiagnostic rates for RMB
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range from 0% to 26%, reflecting variability across studies”. The two systematic reviews reported a median
diagnostic rate of 86% for RMB, with a nondiagnostic rate of 14%. In studies published after those reviews,
the median nondiagnostic rate was 10.6% (range: 0%-20.5%). One study reported a diagnostic rate of 86.9%
for core needle biopsies of SRMs, with benign neoplasms accounting for 14.3% of cases'™.

Across the systematic reviews, the operating characteristics of RMB were as follows: sensitivity 96.7%-99.7%,
specificity 94.4%-99%, PPV 96%-99.8%, and NPV 63%-86%. In 26 more recent publications, the reported
ranges were sensitivity 75.4%-95.4%, specificity 71%-100%, PPV 97%-100%, and NPV 11.7%-75%. These
results are broadly consistent with prior reviews, except for one study reporting a markedly lower NPV.
This issue is further discussed in the section “How successful is RMB as a technique?”. Overall, our findings
update and confirm the diagnostic performance of RMB reported in earlier systematic reviews.

Clinical outcomes of RMB

Although RMB is most commonly performed as an outpatient procedure, some patients experience adverse
events, including immediate complications that require prolonged observation or intervention, overnight
hospitalization, and/or return visits for emergency department (ED) evaluation or readmission. Of the 55
papers reviewed, 21 reported data on one or more of these clinical outcomes [Table 2]. Most studies graded
complications using the Clavien-Dindo scale but did not report other clinical outcomes consistently. The
most frequently observed complications following RMB are bleeding, hematoma, and infection. In
Marconi’s meta-analysis, the median overall complication rate was 8.1% (IQR: 2.7%-11.1%), with a rate of
4.3% for perirenal hematoma (IQR: 2.7%-7.8%) and 0.70% requiring transfusion. Reported complication
rates in more recent studies range from 0.5% to 13.5% (median: 4.5%)"". This variability highlights the need
for more standardized reporting of complication outcomes to better assess and manage the risks associated
with RMB.

With respect to bleeding management, when routine imaging is performed 30-120 min after RMB, minor
bleeding or developing hematomas are commonly detected and can usually be managed conservatively.
Bleeding complications reported in the literature include those requiring no change in management (grade
1), and those requiring intervention, such as blood transfusion (grade 2) or a procedural intervention (grade
3). The use of hemostatic agents delivered through the coaxial sheath appears to reduce the risk of ongoing
bleeding. Extended observation is warranted in cases of expanding hematoma, flank pain, or hemodynamic
instability.

In nearly all studies reporting this outcome, more than 97% of RMBs were completed as outpatient
procedures. Four studies reported rates of ED visits after RMB (median: 2.8%, range: 0.7%-16%), while seven
reported readmission rates (median: 1.7%, range: < 0.1%-19%). These outcomes should be routinely
reported in future investigations of RMB, particularly given the diverse settings in which the procedure is
now performed.

Impact of RMB on initial treatment selection

Of the 55 reviewed studies, 37 reported data on the initial treatment decisions of patients who underwent
RMB [Tables 3 and 4]. Thirteen of these also included treatment data for patients who did not undergo
RMB. There is heterogeneity in how patients were included and how treatment selection and type were
reported. Some studies described single-center experiences, while others analyzed large databases”**”. Most
of these approaches carry substantial risks of selection bias and confounding, which must be acknowledged
as they may significantly affect reported results"™..
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Table 2. Clinical outcomes and complications following RMB

Not outpatient Overall . VenoEls Clinically .
. ED I s e Perirenal bleeding . Gross Urinary .
N (observation/ . Readmissions complication significant . Pneumothorax h Infection Other
- visits o hematoma through g hematuria retention
admission) rate % . pain
coaxial sheet

Systematic reviews

Patel et al., 2,979 NR NR NR NR 4.9% 2.4% 1.2% 1.0% 0.6% NR NR NR

20167 0.4%°

Marconi 5,228 NR 0 0.02% (1) 8.1% (IQR: 2.7%- 4.3% (IQR: NR 3% 3.15% 0.04% (2) 0.02% (1)  0.02% (1) NR

etal, 2016 11.1%) 2.7%-7.8%) (IQR: 1.0%- (IQR: 1.1%-

07%° 4.8%)° 4.8%)

Retrospective studies conducted (2016-present)

Princeetal, 565 1.2% (7) NR NR NR 0.35% (2) NR NR NR NR NR NR 0.18% (1)d

2015 0.18% (1)°

Daveetal., 108 0 0 0 2.8% (3) 0.93% (1) NR NR 0.93% (1) NR NR NR 0.93% (1)f

20172

Alle et al., 184 1.1% (2) NR NR 7.6% (14) NR NR NR 0.5% (1) NR NR NR 0.5% (1)gh

2018"% 5.5% (10)
0.5% (1)’
0.5% (1Y

Rasmussen 287  11% (3) NR 2 3.8% (11) NR 0.35% (1) NR 2% (6) NR NR 0.7% (2) 0.4% (1)k

etal, 2018"" 0.4% (1)

Tolouee 240  48.3% (116) NR 0.4% (1) 2.1% (5) NR NR NR 0.4% (1) 0.4% (1) NR 1.25% (3)m NR

etal, 2018™%

Garbens 6,840 NR 16.0%  19.1% (1,306)  13.5% (924) NR NR NR NR NR NR NR 2.3%

etal, (1,095) (159)"

202-][106]

Lobo et dl., 55 1.8% (1) NR NR 1.8% (1) NR NR NR NR NR NR NR 1.8% (1)°

20205

Ozambela 115,511 NR NR NR NR 0.057% (66) 0.049% (57)° NR 5.18% 1.75% (2,021) NR NR 0.0034%

etal, (5,983) (GX

20207 0.044%
()l
0.038%
44y

Santy et al., 180 NR NR NR 2.2% (4) NR NR NR NR NR NR NR NR

502019

Ferrarietal, 84 NR NR NR 6% (5) 6% (5) NR 12% (D' NR NR NR 12% (" NR

2021

Patel et al., 282 NR 2.5% 1.8% (5) NR NR NR NR NR NR NR NR NR

2021[]08] (7)
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Pateletal, 72 O 0 0 0 0 0 0 0 0 NR NR NR
202-][39]

Srivastava 429 0O NR 0 0.5% (2) 0.5% (2) NR NR NR NR NR NR NR

et al.,, 2021°%

Nazzanietal, 102 NR NR NR 4.9% (5) NR NR NR NR NR NR NR NR
2022[103]

Valtersson 484  2.3% (11) NR 2.2% (11) 4.5% (22) NR NR NR NR NR NR NR NR
;%(12/'2'[1041

Staehler 106 NR NR NR 5.7% (6) NR NR NR NR NR NR NR 5.7% (6)"
etal,

2024[109]

Robertetal, 576  2.8% (16) 07%  1.7% (10)" 4.3% (25) 2% (12) 0.5% (3)° NR 0.3% (2) 0.5% (3) 03% (2  02%1) 03%(2)
2023 @" 0.2% (1)

Boynton 632 NR 31%  0.9% (7) NR NR NR NR NR NR NR NR NR

etal., 2025 (25)

Serhaletal, 167  NR NR NR 5.4% (9) 3% (6) NR 1% (1) NR NR NR 1% (™ 1% (1™
2024[105]

*Nondiagnostic biopsy rate was 15.7% when performed concurrently with TA (vs. 1.4% in separate sessions, P < 0.0001); bRequiring blood transfusion; “Lumbar pain; dDehydra’[ion; “Hypotension; Transient hypoxia;
RP hematoma requiring IR embolization; hPost-procedural hematomas; 'Vasovagal episode; 'Nausea; kSubcapsular hematoma; ‘Vasovagal episode; "Fever; "Mortality; *Subcapsular hematoma; PVascular injury;
aBowel injury; "Hepatic injury; *Splenic injury; tAnalgesia required; “Antibiotics required; "Including 4 RP hematoma and 2 subcapsular bleeding; "All four subacute complications occurred after discharge from initial
post-biopsy observation; “Inpatient hospitalization required; *Blood transfusion; “Pseudoauerysm or active bleeding; “"Suspected colon injury; “"Pyelonephritis; ematoma. : Renal mass biopsy; ED:

t-bi b tion; “Inpatient hospitalizati ired; “Blood transfusion; “Pseud tive bleeding; **S ted colon injury; *°Pyel hritis; “RP hemat RMB: Renal bi ED
emergency department; NR: not reported; IQR: interquartile range; TA: thermal ablation; RP: retroperitoneal; IR: interventional radiology.

The inclusion criteria for patients with and without RMB were heterogeneous. Two studies”** used the NCDB, a nationwide oncology outcomes database that
captures over 70% of new cancer diagnoses in the United States from more than 1,500 Commission on Cancer-accredited facilities””. Many studies included
patients older than 18 years with RCC, excluding those with clinically node-positive or metastatic disease”*****. Some had narrower criteria, such as renal
masses > 4 cm™, whereas others limited inclusion to single, clinically localized masses < 4 cm (cT1a) on axial imaging"®. Patel et al. (2021) uniquely studied 72
patients with a single tumor who underwent office-based, ultrasound-guided renal biopsy compared to 73 matched controls”. Another study examined the
impact of a mandate for RMB; for this review, we summed pre- and post-mandate values within each treatment type®’. One further study compared 920
patients who underwent RAPN for pT1 renal masses with 429 patients who underwent RMB for ¢T1 renal masses®.

Among patients who did not receive immediate intervention, terminology varied: some studies classified these patients as having “no treatment”, others used
“AS” for all, while some distinguished between AS and no treatment due to severe comorbidity or limited life expectancy™. For this analysis, we grouped
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Table 3. Impact of RMB on initial treatment selection (Listed are studies in which treatment for cTIRM is mentioned for patients who
underwent RMB and those who did not undergo RMB)

Difference in

Patients No KSI RN Patients No KSI RN no
N with intervention after after without intervention without without intervention
RMB afterRMB  RMB RMB RMB without RMB RMB RMB rate (RMB vs.
no RMB)
Beisland 3154  10.5% 243%(80)  50.9% 24.8%  89.5% 3.6% (103) 643%  321%  +47.3%
etal, (330) (168)  (82) (2,824) (1,815)  (906)
2018
Pateletal, 106,258 11.0% 36.8% NR NR 89.0% 11.4% (12,113)° NR NR +25.4%
2020°" (1,676)  (39,102)° (94,582)
Loboetal, 83 66.3%  35.8% (19) 60% 19% (1) 33.7% 70.4% (19) 285% 0 -34.6%
2020 (55) (33) (28) (28)
Michel 58,225 8.8% 221% (1133)  557%  221%  912% 7.2%(3,828)  61.2% 316%  +14.9%
etal, (5117) (2,851  (1133)  (53,108) (3251 (16,769)
2020
Shahait 1,597 11.0% 38.2% (67)  66.6% 333%  89.0% 3.6% (51) 64.3%  321%  +31.6%
etal, (175) (72) (36) (1,422) (914) (457)
2020
Tongetal, 169 49.1% 205% (17)°  4.8% (43 747%  50.9% 0 7.0% (6) 93% (80) +20.5%
2020°% (83) (62)°  (86)
Couture 3838 259%  19.9% (198)" 66.8% 133%  741% 24.5% (696)  62.1% 13.4%  -4.6%
etal, (993) 663" (132)  (2,845) 1,767 (382)™
2021
Patel etal, 338,252 11.9% 19.9% (8,008)" 47.8%  323%  88.1% 6.8% 36.0% 571%  +131%
2021° (40,276) (19,245)" (13,023) (297,976) (20,261)" (107,539) (170,176)
Okhunov 142 486%  362%(25)  56.5%  7.2%(5) 51.4% (73) 13.7% (10) 767%  9.6%(7) +22.5%
etal, (69)° (39)° (56)"
2021
Patel et al.,
2021[39]
Srivastava 1349  31.8% NR NR NR 68.2% NR 100% NR
etal, (429) (920) (920)°
2021
Pasquier 163 343% 0 100% O 65.6% 0 100% 0
etal, (56) (56) 107) 107)
2022
Sinksetal, 872"  12.4% 26.8% (29)'  611%  120%  87.6% 26.7% (204) 527%  205% = +0.1%
202357 (108)" 66" A3 (764 403)®  (57)*
Boynton 4,062  19.6% 40.0% (318)  452%  14.8%  80.4% 48.4% (1,582) 36.0%  160%  -8.4%
etal, (795) (359)* (M8 (3,267) 174y s~
2025
Median % 1,597  19.6% 26.8% (19.9%- 56.1%  221%  80.4% 12.6% (3.6%- 52.9%  31.6%  +14.9%
(range) (8.8%-  40%) (48%- (7.2%- (33.7%-  21.6%) (7%- (9.6%-  (-34.6%-
49.1%) 66.6%) 74.7%) 91.2%) 76.7%)  93%) +47.3%)

Data presented as % (n). KSI: PN, OPN, NSS, MIPN, TA, SRBT; RN (Radical nephrectomy): ORN, LRN, MIRN; No intervention: (a) AS; (b) no
treatment. Patients were excluded from classification into these three groups when studies reported them as LFTU, lacking further follow-up, or
having received no oncologic treatment. °Likelihood of patients opting for nonsurgical management; ®Likelihood of patients without RMB; “Defined
as no surgery; dincluded 2 LPN and 2 OPN; “Included 60 LRN and 4 ORN; fincluded 2 LPN and 4 OPN; éIncluded 78 LRN and 2 ORN; "We imputed
these surgeries as 4 PN:1RN; ‘Total surgery n = 662; IIncluded 530 PN and 133 TA; “Included 1,529 PN and 238 TA: 'Total 1,911 surgeries; "Defined
as no treatment; "Included 11,292 T and 7,953 PN; °Included 94,977 PN and 12,562 TA; P72 patients with RMB, 3 categorized as “other” were
excluded; %Included PN 34 and 5 TA; "Included 24 PN and 32 TA; °PN; tReported proportions (233 AS, 128 TA, and 511 “surgery”) excluded 383
with “no further follow-up”; ~4% in both pre- and post-mandate groups received “multiple management programs”; “TA with biopsy (39), surgery
with biopsy (40), AS with biopsy (29); “Included 17 pre-mandate and 12 post-mandate; “Included 39 TA and 27 PN; *Reported as “surgery”,
imputed as 2 PN:1RN; ¥13 calculated RN; “Included 89 TA, 471 surgery, 204 AS: *Included 89 TA and 314 PN; *Calculated 157 RN: *Included 234
MIPN, 18 OPN, 90 TA, 17 SBRT; “Included 113 MIRN and 5 ORN; **Included 1,006 MIPN, 54 OPN, 89 TA, 25 SBRT: *Included 483 MIRN and 28
ORN. RMB: Renal mass biopsy; KSI: kidney-sparing intervention; RN: radical nephrectomy; NR: not reported; PN: partial nephrectomy; OPN: open
partial nephrectomy; NSS: nephron-sparing surgery; MIPN: minimally-invasive partial nephrectomy; TA: thermal ablation; SBRT: stereotactic body
radiotherapy; ORN: open radical nephrectomy; LRN: laparoscopic radical nephrectomy; MIRN: minimally-invasive radical nephrectomy; AS: active
surveillance; LFTU: lost to follow-up.
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Table 4. Treatments selected following RMB in series, including only cTIRM with RMB

Patients with Patients with available No intervention after

RMB treatment data RMB KSI after RMB RN after RMB
Neuzillet et al., 88 86° 27.9% (24) 32.6% (28)° 39.5% (34)
2004[114]
Londoio et al., 126 126 50.0% (63) 18.3% (23)° 31.7% (40)
2013[87]
Richard et al., 509 509 65.6% (334) 23.0% (117)° 11.4% (58)~“
2015[64]
Buijs et al.,, 2018™! 95 95 0% (0) 73.7% (70) 26.3% (25)
Tolouee et al., 224 175¢ 43.4% (76)' 36.6% (64)° 20.0% (35)
2018[68]
Dave et al, 2017°% 108 107" 26.2% (28) 48.6% (52) 25.2% (27)
Wang et al,, 2018"*" 106 106 59.4% (63) 27.4% (29)°' 13.2% (14)%
Ma etal, 20201 85 70 30% (21) 57.1% (40)°*! 12.9% (9)°*
Ozambela et al, 115,511 115,511 74.3% (85,848) 17.8% (20,503)"  7.9% (9,160)
2020
Santy etal., 2020’ 180 150" 25.3% (38) 57.3% (86) 17.3% (26)
Badaetal, 2021°% 94 92° 27.2% (25) 72.8% (67)° 0% (0)
Ferrariet al, 2021°7 84 61° 31.1% (19) 42.6% (26) 26.2% (16)
Masic et al., 20217 306 306 22.5% (69) 49.0% (150) 28.4% (87)
Jiang et al.,, 20228 192 179" 39.7% (71) 52.5% (94)° 7.82% (14)
Nazzani et . 106 96" 8.3% (8) 5.2% (5) 86.5% (83)
2022
Amaral et al., 182 146" 47.9% (70) 34.9% (51) 17.1% (25)
2021[116]
Chungetal,, 20237 17 17 52.9% (9) 35.3% (6)°" 11.8% (2)°
Branger et al., 19 119 55.6% (65) 41.9% (51) 2.6% (3)"
202:562]
Gaoetal,2023" 168 1547 32.5% (50) 53.9% (83) 13.6% (21)
Staehler et al., 106 72¢ 29.2% (21) 70.8% (51) 0% (0)
2024[109]
Chenetal, 20247 158 168 35.1% (59) 55.4% (93)°*®  9.5% (16)°
Kajita et al., 2024™"" 190 190 12.1% (23) 87.9% (167) 0% (0)
Serhal et al, 167 149% 36.9% (55) 483% (72) 14.8% (22)
2024
Median (range) 32.5% (0%-74.3%) 483% (52%-  13.6% (0%-

87.9%) 86.5%)

No intervention includes patients reported as receiving “AS" and/or “no treatment”. *Excluded 1 LTFU and 1 chemotherapy patient = 86; bPN;
cSurgeries imputed as 2 PN:1 RN; “Total of 175 patients underwent surgery; “Excluded 49 with oncological treatment = 175; f48 AS and 28 no
treatment; 260 PN, 4 TA; "Excluded 1 “pending”; 'Total 42 surgeries; IExcluded 6 with metastatic disease, 1death, and 8 LTFU; “Total 26 surgeries;
ICalculated as 17 PN, plus 23 TA and 2 embolization = 40; "Included 17,269 TA and 3,234 PN; "Excluded 17 with chemotherapy and 13 NA;
oExcluded 2 with no treatment information; *Included 19 PN, 43 simple enucleations, 5 RFA; *Excluded patients without RCC; "Excluded 12 treated
outside hospital, 1 chemotherapy; *Included 38 TA and 56 PN; 'Excluded 6 with nephroureterectomy; “Excluded 36 without treatment information;
Excluded 4 LTFU and 1 chemotherapy; “Included 1 TA and 5 PN; *Manuscript listed final treatment (including patients who started with AS) but
not initial treatment. Initial surgery was imputed as 18 PN:1 RN based on final proportions (75 total surgically treated, with 71 PN:4 RN); Y65 AS, 2
upfront focal treatments; “Excluded 12 LFTU and 2 chemotherapy; **Treatment counts exceeded N: ®Included 31 PN and 62 TA: “Excluded 17
LTFU and 1 chemotherapy. RMB: Renal mass biopsy; KSI: kidney-sparing intervention; RN: radical nephrectomy; AS: active surveillance; LTFU: lost
to follow-up; PN: partial nephrectomy; TA: thermal ablation; RFA: radiofrequency ablation; RCC: renal cell carcinoma.

patients who elected no treatment and those who elected AS into a single “no intervention” category. We
then reported the proportions of patients in two additional cohorts: those who underwent KSI and those
who underwent RN, as RN carries a greater risk of renal function loss and more substantial clinical impact
compared with KSI. Reporting of intervention and nephrectomy type was inconsistent: six studies recorded
only “surgery” without specifying PN or RN"***"*"), while others provided detailed descriptions of treatment
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approach (percutaneous, laparoscopic, robotic, or open), nephrectomy type (PN or RN), nonsurgical
therapies (cryoablation, radiofrequency or microwave ablation, radiation therapy), or other oncologic
treatments"*>**%%),

In studies including patients both with and without RMB [Table 3], the median RMB rate was 19.6% (range:
8.8%-49.1%). The median proportion of patients with RMB whose initial treatment was no intervention was
26.8% (range: 19.9%-40%), compared with 12.6% (range: 3.6%-21.6%) for those without RMB. For patients
with RMB, the median KSI rate was 56.1% (range: 4.8%-66.6%) vs. 52.9% (range: 7%-76.7%) without RMB.
Median RN rates were 22.1% (range: 7.2%-74.7%) with RMB and 31.6% (9.6%-93%) without RMB. In studies
limited to RMB patients [Table 4], the median rates were 32.5% (range: 0%-74.3%) for no intervention,
48.3% (range: 5.2%-87.9%) for KSI, and 13.6% (range: 0%-86.5%) for RN. Among RMB patients, the most
common treatment was KSI in 22 reports (66.6%), followed by no intervention in 8 (24.2%) and RN in 3
(9.1%). Among non-RMB patients, KSI was most common (6 reports, 60%), followed by no intervention (2
reports, 20%) and RN (2 reports, 20%). Considerable variability was observed in the proportions of patients
receiving no intervention, with differences between RMB and non-RMB cohorts ranging from -34.6% to
+47.3%.

Of the 11 studies reporting no intervention rates with and without RMB, seven found higher rates with
RMB, while three found lower rates. For example, Patel et al. (2020) reported that RMB was strongly
associated with nonsurgical management in multivariable analysis (OR: 4.80, 95%CI: 4.58-5.02, P <
0.001)"*. Similarly, the UC Irvine group found AS rates were significantly higher in RMB patients (34.7% vs.
13.7%, P < 0.001)". Another NCDB analysis showed that RMB patients were more often managed with no
treatment (19.9% vs. 6.8%) and TA (28.0% vs. 4.2%) compared with those without RMB (P < 0.001)"*. Both
TA (OR: 10.92; P < 0.001) and no treatment (OR: 4.81; P <0.001) were significantly associated with RMB"".
Conversely, Boynton et al. (2024) reported lower AS rates after RMB in cT1aRM patients (42% vs. 56%),
while KSI (49% vs. 37%) and RN (9.1% vs. 6.5%) were more frequent in RMB patients (P = 0.0027)". Lobo
et al. (2020) also found RMB increased KSI by 31.5% and decreased no treatment by 34.6%*".

While many studies suggest RMB increases AS rates by identifying benign or indolent pathology and
thereby reducing unnecessary intervention [Table 3], three reported higher AS rates in non-RMB
cohorts®***, These discrepancies likely reflect differences in patient inclusion criteria. For example,
patients enter the NCDB after a cancer diagnosis, whereas MUSIC includes patients after the initial
evaluation for cT1RM, regardless of diagnosis. Given the high AS rates without upfront RMB in registries
such as MUSIC and DISSRM, it is plausible that RMB may not further increase AS rates in patients who
have already elected AS. This contrasts with Patel et al.’s finding that RMB was significantly associated with
nonsurgical management (OR: 4.80, 95%Cl: 4.58-5.02, P < 0.001)"". Thus, the clinical impact of RMB on
patients already choosing AS remains unclear.

A consistent finding across the literature is that RMB prior to surgery reduces the proportion of surgically
excised benign tumors. One study reported a decrease from 23% to 3% with routine use of office-based
percutaneous RMB™. Additionally, patients undergoing RMB were more than twice as likely to be
managed with AS compared to those without RMB (35% vs. 14%, P < 0.001)". Although guidelines
recommend RMB prior to TA, and this rationale alone could support RMB before renal surgery, this
remains a controversial issue among clinicians managing ¢T1RMs"*>**"/,
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DISCUSSION

Impact of prior RMB on the management of cT1RM

Does RMB influence patients’ choice of AS?

Shared decision making is essential in managing patients with cT1RM. However, few studies have explored
how RMB results influence decision making and patient satisfaction. In one prospective study, all patients
(100%) reported that they expected RMB results to guide their treatment decisions. Among these, 64%
stated they would not proceed with treatment without an RMB, while 36% were willing to do so without
it Post-RMB, 86% of patients indicated that the biopsy helped guide their decision, and 71% chose a
treatment based on the results®’. Another study evaluating a mandatory institutional RMB policy prior to
TA reported a marked increase in AS (from 15% to 43%) and a reduction in surgery (from 46% to 22%)
following implementation in 1,202 patients™. Among those with positive biopsy results, 83% underwent
surgery or ablation, while 17% remained on AS"’.

Study design, clinical pathways, and inclusion criteria are key to consider when interpreting these findings.
Not all patients presenting with cT1RM require RMB to guide management. For example, an elderly patient
with limited life expectancy may receive no intervention (which may or may not be classified as AS) for a
2 cm RM, while a healthy 45-year-old patient with gross hematuria and flank pain due to a 6.5 cm complex
mass would likely undergo nephrectomy regardless of histology. However, for patients falling between these
extremes, guidelines are less definitive, and practice patterns vary widely. Some centers are initiating AS for
all patients with cT1aRM"", while others offer RMB to all such patients”>”?. Many practitioners continue to
use RMB and AS selectively. Data from Michigan indicate that a large proportion of cT1RM cases are
managed without intervention; recent findings show that 52% of cT1aRM and 26% of cT1bRM are managed
conservatively””. Consistent with other expert opinions, the prevailing trend is to start AS without RMB.
RMB appears more beneficial for patients considering intervention - offering reassurance to remain on AS if
the mass proves benign or indolent, or helping select the most appropriate treatment if intermediate- or
high-risk cancer is diagnosed. Common indications for delayed intervention include tumor growth
exceeding 4 cm, rapid tumor growth (sustained > 3 mm/year), or patient preference"*. A randomized
clinical trial of RMB for patients with cT1aRM entering AS has been proposed but not yet conducted. The
senior author’s opinion is that such a trial would likely demonstrate increased intervention rates (contrary
to the desired effect) in patients already planning AS, and therefore supports initiating AS without RMB,
reserving RMB for consideration at the time of delayed intervention.

Evidence regarding the effect of RMB on subsequent imaging interpretation in AS is limited. Jorgenson et
al. described imaging changes after ablation and SBRT but did not report examples in patients who
underwent RMB alone!™. Post-procedural hematomas, placement of hemostatic agents, and intratumoral
bleeding may complicate follow-up imaging, while biopsy of complex cystic lesions may significantly alter
their size and appearance.

Does RMB influence patients’ choice of thermal ablation?

All societal guidelines now recommend RMB prior to or at the time of TA". The advantages of
concomitant RMB/TA include the convenience of a single session, which may particularly benefit patients
on anticoagulation therapy, those with significant comorbidities, or those facing transportation challenges.
However, the disadvantages include the 20%-30% incidence of benign renal neoplasms in cT1aRM, where
intervention is generally unnecessary'™”. Wells ef al. reported that 20% of patients who underwent RMB and
TA in the same session had benign tumors ablated, compared to only 3% in those who underwent RMB in a
separate session”. Furthermore, evidence suggests that RMB performed solely for diagnostic purposes,
rather than immediately preceding a therapeutic procedure, leads to higher diagnostic yields. Wells et al.
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(2017) reported that 98.6% of RMBs were diagnostic when conducted two weeks before ablation, compared
with 84.3% when performed in the same session (P < 0.0001)"". Performing RMB in advance of ablation
also helps avoid unnecessary treatment of benign tumors. Similarly, Takafuji et al. found diagnostic yields
were highest when RMB was conducted before TA (91%), compared to concomitant radiofrequency (80%)
or cryoablation (63%)"”. Uhlig et al. (2021) observed that staged RMB is increasingly utilized and is
associated with lower odds of admission and readmission compared with concomitant RMB/TA". Finally,
if adverse pathology is detected on RMB before planned TA, management can be redirected toward PN or
RN.

Does RMB influence patients’ choice of surgery? Does RMB affect the difficulty of subsequent surgical
treatments?

In our view, the greatest value of RMB for ¢cT1RM lies in the potential to avoid unnecessary surgical
procedures. However, we believe current evidence is insufficient to definitively support this hypothesis,
given the limited quality and heterogeneity of available data [Table 3]. For example, Patel et al. analyzed
106,258 patients and found that those who underwent RMB were significantly more likely to receive
nonsurgical management (36.8% vs. 11.4% in those without biopsy; OR: 4.80, 95%CI: 4.58-5.02, P <
0.001)"". Patel et al. (2021) also reported that routine pre-surgical RMB at their institution reduced the rate
of benign neoplasms identified at PN from 22% to 3%"”. A randomized clinical trial examining RMB in
patients scheduled for surgery for cT1RM is urgently needed to address this question. Such a trial should
also examine patient-centered outcomes such as treatment uncertainty, anxiety, decisional regret, and
quality of life.

Some surgeons have anecdotally noted that PN after RMB may be more technically challenging due to
intracapsular and/or perinephric hematomas. Doganca and Obek (2019) reported perirenal hematomas in
one patient and retroperitoneal adhesions in 11 of 20 patients undergoing laparoscopic PN". Among the 11
cases with “moderate” to “severe” adhesions, clinical consequences included one conversion to open PN
and two cases of prolonged warm ischemia due to re-excision for initially positive margins. Pasquier et al.
(2022) retrospectively examined this question and found that RMB did not increase the risk of Clavien-
Dindo 2 2 complications, operative time, warm ischemia time, or blood loss in minimally invasive PN/,
For RN, prior RMB generally poses little issue. For PN, typical practice involves removing all overlying
perinephric fat with the tumor. Given reports of papillary RCC deposits in perinephric fat and along the
biopsy tract, in such histologies, it seems prudent to also resect tissue surrounding the needle tract.

Future directions

Newer radiographic modalities may reshape the management of cT1RM

Beyond standard US, CT, and MRI for diagnosing cT1RM, several emerging imaging modalities show
promise for influencing the diagnostic pathway. One such approach is multiparametric MRI (mpMRI),
sometimes described as a “virtual biopsy”, as it provides tissue characterization beyond what CT can offer
and without requiring a needle biopsy”. Algorithms using mpMRI have been developed to distinguish
benign from malignant tumors and to estimate the likelihood of specific histologic subtypes"®'. The clear cell
RCC likelihood score (ccLS), based on MRI-derived criteria, was developed to distinguish ccRCC from
other subtypes. It classifies lesions into low-risk for ccRCC (ccLS 1-2), indeterminate (ccLS 3), and high-risk
for ccRCC (ccLS 4-5). Johnson ef al. (2019) reported an overall accuracy of 84% for ccLS scores 4-5
(sensitivity 79%, specificity 86%, PPV 84%, and NPV 85%) and 86% for scores 1-2 (sensitivity 68%,
specificity 100%, PPV 100%, and NPV 80%)™. Another study demonstrated increasing PPV's with higher
ccLS scores: ccLS1 (5%), ccLS2 (6%), ccLS3 (35%), ccLS4 (78%), and ccLS5 (93%)™. Cost analyses suggest
that ccLS is more economical than RMB ($1,640 vs. $2,007 for MRI-based ccLS in patients eligible for AS,
assuming no additional interpretation/reporting costs). However, costs may vary by institution®". Although
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further validation is needed before widespread implementation, ccLS has the potential to obviate RMB in
some patients.

Technetium-99m sestamibi imaging may also help differentiate tumor types. Clear cell RCC and papillary
RCC typically show reduced uptake compared to normal renal parenchyma, whereas oncocytomas and
hybrid oncocytic-chromophobe tumors show increased uptake. An algorithm incorporating RMB, 99mTc-
sestarnibi SPECT/CT, and mpMRI has been proposed"”.

Another modality, girentuximab PET-CT, targets carbonic anhydrase 9, a tumor antigen highly expressed in
ccRCC™. In a phase 3 pre-nephrectomy trial, it achieved a sensitivity of 85.5% and a specificity of 87.0% for
ccRCC. However, in “cold” lesions (seen in 27% of 284 patients with RM < 3 c¢m), both benign and
malignant non-ccRCC tumors remain part of the differential diagnosis, leaving management decisions
unresolved.

Opverall, advanced imaging modalities represent non-invasive alternatives to RMB that may influence initial
cT1RM management. Their main limitations include cost, technological availability, need for expertise (e.g.,
subjective elements in ccLS scoring), and inability to reliably classify non-ccRCC subtypes (as with ccLS and
girentuximab PET-CT). Ultimately, while these modalities may serve as valuable first-line tools, RMB may
still be required before a definitive management decision is made.

Implications

A major concern in the treatment of cT1RM is the overtreatment of benign RM and indolent RCC. RMB is
a valuable tool for distinguishing benign from malignant tumors, enabling clinicians to avoid unnecessary
interventions (TA, SBRT, PN, or RN). Evidence indicates that “needless” interventions are performed
without prior RMB in 20%-30% of patients with benign renal neoplasms*’?. This practice pattern carries
both clinical and economic consequences, increasing patient morbidity and healthcare costs associated with
potentially avoidable procedures'™’.

RMB also enables treatment to be tailored to the individual patient and tumor characteristics. Benign renal
neoplasms can be monitored through serial imaging to confirm the absence of rapid growth. A similar
approach is appropriate for indolent RCC, such as “oncocytic renal neoplasm, not further classified”, which
is now recommended instead of assigning a definitive diagnosis of chromophobe RCC or oncocytoma on
RMB. This also applies to other low-grade non-clear-cell RCCs, such as clear cell papillary renal
neoplasm®. By contrast, RMB findings of ccRCC and other aggressive RCC subtypes in patients with long
or intermediate life expectancy should prompt treatment, preferably with a KSI. A small proportion of
patients with either complex tumor location and/or concerning pathology may require RN rather than KSI,
given the latter’s potential for higher complication or recurrence rates. An RMB-first approach thus
supports personalized, patient-centered management, enabling patients to make informed decisions that
can positively affect their quality of life.

We hope that reports such as this, together with educational initiatives, will help dispel myths about RMB
and reduce urologists’ concerns regarding its role in treatment selection, false-negative results, oncologic
risks of indolent RCC, and tumor seeding rates”>***). Achieving widespread changes in RMB utilization for
the diagnostic work-up of ¢T1RM will take much effort, with high-quality research - ideally randomized
clinical trials - being a necessary next step to establish its clinical utility.
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While RMB is associated with low complication rates due to the use of coaxial sheaths to decrease the
number of punctures, post-procedural CT imaging, and the adjunctive use of hemostatic agents when
necessary, there remains a lack of consistency in how complications are documented and reported across
studies, as well as inadequate reporting of patient outcomes"”. Establishing standardized guidelines for
documenting complications of both RMB and KSIs is essential to better define RMB’s benefits and its role
in clinical practice.

Overall, these findings support a paradigm shift toward evidence-based utilization of RMB to guide
treatment and improve outcomes for patients with cT1RM. Developing a comprehensive framework for the
appropriate timing and application of RMB will optimize its clinical benefits while minimizing risks and
reducing variability in practice. Standardizing procedures and addressing existing barriers will enable the
full potential of RMB to be realized, ultimately improving both patient care and resource utilization. The
primary goal is to ensure that patients receive treatments offering the most favorable balance of risk, benefit,
and quality of life.

In conclusion, RMB is a safe and highly effective diagnostic tool that can reduce potentially unnecessary
interventions in patients with cT1RM. By providing accurate histological diagnoses, RMB supports a more
individualized approach to patient care. Pathway-altering complications from RMB are minimal and rare (<
1%), underscoring its safety and supporting its broader use in patients with cT1RM compared with current
practice (< 20%). Guidelines generally endorse RMB prior to TA/SBRT, but opinions differ on its necessity
before initiating AS, and uncertainty remains regarding its role before PN or RN. The lack of high-level
evidence regarding the utility of RMB in these settings represents a major gap in the field. Although the
literature includes numerous reviews and opinion pieces on RMB, patients, care providers, and other
stakeholders would benefit from more primary research - particularly studies with standardized reporting of
complications and outcomes that directly compare ¢cT1RM management with and without RMB. When
updated, specialty guidelines should account for selection biases in prior studies that suggest AS is still
rarely used for cT1aRM, even though prospective studies report utilization rates of about 50%. Ultimately, a
randomized clinical trial that assesses the clinical impact of RMB in ¢cT1RM management - including quality
of life and other patient-centered outcomes - is the crucial next step to improving care for these patients.
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