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Abstract

Introduction: As greater numbers of small renal masses (SRMs) are 
discovered incidentally, renal tumor biopsy (RTB) is an increasingly 
recognized step for the management of these lesions, ideally for 
the prevention of surgical overtreatment for benign disease. While 
the diagnosis can often be obtained preoperatively by RTB, indeter-
minate results create greater difficulty for patients and clinicians. 
This study examines a series of RTBs, identifying the portion of 
these that were able to yield a diagnosis, and correlates patient 
factors, including RENAL and PADUA scoring, with the outcome 
of a non-diagnostic result. 
Methods: Patients were identified as having undergone RTB at the 
Princess Margaret Cancer Centre in Ontario, Canada, between 
January 2000 and December 2009. Data was compiled from these 
423 patients and analyzed using CART methodology to determine 
the level of association between various patient and tumor factors 
and the outcome of a non-diagnostic biopsy. Tumor size was further 
used to develop a classification tree to describe the prediction of 
a non-diagnostic biopsy. 
Results: Of these 423 patients undergoing RTB, 66 (16%) resulted 
in a non-diagnostic biopsy. The only patient or tumor factor that 
was found to be associated with a non-diagnostic outcome was 
mass size, where small masses (<1.28 cm diameter) were found 
to have a 38% chance of being non-diagnostic, compared with a 
13% chance in those tumors >1.28 cm diameter (86% accuracy, 
95% confidence interval [CI] 0.82–0.89). 
Conclusions: When evaluating SRMs for diagnostic workup, mass 
size is the only tumor or patient characteristic associated with a 
non-diagnostic RTB. 

Introduction

The incidence of renal cell carcinoma (RCC) has been increas-
ing in the last several decades, mostly attributed to increased 
detection of small renal masses (SRMs) ≤4 cm by cross-sec-
tional imaging.1 Over 50% of RCC are now found inciden-
tally.2 SRMs confer a lower risk of malignancy compared 
to other renal masses,3 yet surgical management of SRMs 
is frequently performed without a pre-treatment histological 
diagnosis.4 SRM size is inversely associated with malignant 
potential, with benign pathology findings in 40% of masses 
<1 cm and 20% of those 1–4 cm.5 The resection of benign 
lesions has increased by 82% from 2000–2009,5 reflecting 
extirpative management of higher numbers of SRMs. Pre-
treatment options for these masses are limited, given their 
presentation often in the absence of additional clinical or 
radiological findings.6 Despite increasing surgical excision 
of greater numbers of SRMs, the mortality rate of RCC has 
remained stable, suggesting an overtreatment of benign dis-
ease.1,5 As the ideal management of SRMs involves treatment 
of potential malignant disease with preservation of renal func-
tion and the avoidance of overtreatment, renal tumor biopsy 
(RTB) can provide accurate histological classification to help 
guide treatment decisions.7 A large meta-analysis of 5228 
patients8 undergoing RTB found an overall median diagnostic 
rate of 92%, with a sensitivity and specificity of 99.7% and 
93.2%, respectively. Despite these high reported rates, this 
can represent a diagnostic challenge when an indetermin-
ate RTB is obtained, and little is known about the patient 
or tumor characteristics that may result in a failed RTB. This 
study attempts to determine demographic factors, including 
RENAL and PADUA scoring, that may be related to a non-
diagnostic biopsy, as well as to develop a classification tree 
for the prediction of a non-diagnostic biopsy.
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Methods

Patient data was obtained from a prospectively maintained 
database at the Princess Margaret Cancer Centre, with eli-
gible patients having undergone a percutaneous RTB during 
the period of January 2000 to December 2009. This study 
included 423 patients with SRMs who received a biopsy for 
the purposes of determining a management plan prior to 
ablation therapy, or for monitoring post-ablation. Prediction 
of a non-diagnostic biopsy was attempted using CART (com-
putation and regression tree) methodology assessing patient 
and tumor characteristics, as well as RENAL and PADUA 
scoring (Table 1). This study cohort was previously investi-
gated by Organ et al in developing a classification tree for 
the prediction of malignancy.9

Classification trees are easily interpreted clinical tools that 
partition a set of variables to predict an associated target out-
come. This type of analysis inherently analyzes association 
of variables, while also developing a useful decision model 
when facing an unclear clinical situation. A classification 
tree was generated for the prediction of a non-diagnostic 
biopsy using mass size as the associated variable. The clas-
sification tree model was developed using the rpart package 
in the R language for statistical computing.10 Tumor vol-
ume was calculated based on imaging for three dimensions 
using the geometrical equation for the volume of an ellipsoid 
4/3pxyz. The associated tumor volume calculated with the 
CART analysis was converted for an approximation of tumor 
diameter, a more clinically useful distinction. 

Results

Prediction of non-diagnostic biopsy was attempted using 
CART methodology for patient and tumor variables, as well 
as RENAL and PADUA. In this cohort of 423 patients under-
going RTB for SRMs, 66 (16%) of the biopsies were non-
diagnostic. Of the patients undergoing biopsy, 66% were 
male with a median age of 65 years. Most of these masses 
(68%) were found incidentally. Biopsy results were found 
to be malignant in 79% of masses, mostly represented by 
clear-cell RCC (47%). Papillary RCC, chromophobe RCC, 
and other malignant variations comprised the remainder of 
malignant masses, with 13%, 4%, and 15%, respectively. For 
benign histological diagnoses, oncocytomas comprised 13% 
of overall masses, angiolipomas represented 5%, and rare 
findings included one case each of a benign cystic mass and 
metanephric adenoma. Other benign lesions were found in 
3% of masses. For staging of disease, 355 masses were found 
as T1a stage lesions, 58 masses were discovered to be T1b, 
17 masses were T2a, and 13 T2b. No masses were found 
to be T3a or higher on biopsy results. For the masses that 
did not yield a diagnostic biopsy, all tissue results showed 
normal renal parenchyma and, therefore, were assumed to 
be missed biopsies. 

When assessing RENAL scores for tumor imaging, the 
mean radius score of masses was found to be 1.3. The endo-
phytic component had a mean score of 1.6. Nearness to 
sinus or collecting system was found to have a mean score 
of 2.0. by RENAL score; 136 masses were anteriorly located, 
with 100 posterior and 121 found to be neither. Location to 
polar lines was found to have a mean score of 1.8. 

For PADUA scoring, tumor size and exophytic/endophytic 
scores were the same. Proximity to collecting system was 
found to have a mean score of 1.3. By PADUA scores, 212 
masses were determined to be anterior, with 147 found to 
be posterior. Longitudinal scores for this mass series resulted 
in a mean of 1.8. For renal rim, mean score was 1.4, and 
renal sinus was found to have a mean score of 1.5. 

Table 1. Patient and tumor characteristics of patients with 
SRMs undergoing RTB

Characteristic Patients
Total patients 423

Diagnostic biopsies 357

Non-diagnostic, n (%) 66 (16)

Male, n (%) 278 (66)

Age at surgery or biopsy, median (range) 65 (32–91)

Incidental, n (%) 288 (68)

Symptomatic, n (%) 84 (20)

Symptoms not available, n (%) 51 (12)

Tumor characteristics 
Imaging tumor volume in cm3, median 
(range) 

8.7 (0–2252)

Endophytic %, median (range) 50 (5–100)

Tumor histology 
Malignant, n (%) 281 (79)

Clear-cell RCC, n (%) 167 (47)

Papillary RCC, n (%) 45 (13)

Chromophobe RCC, n (%) 14 (4)

Malignant other, n (%) 55 (15)

Benign, n (%) 76 (21)

Oncocytoma, n (%) 47 (13)

Angiomyolipoma, n (%) 16 (5)

Benign cystic, n (%) 1 (0)

Metanephric adenoma, n (%) 1 (0)

Leiomyoma, n (%) 0 (0)

Cystic nephroma, n (%) 0 (0)

Benign other, n (%) 11 (3)

TMN stage, n
T1a 335

T1b 58

T2a 17

T2b 13

T3a 0
RCC: renal cell carcinoma; RTB: renal tumor biopsy; SRM: small renal mass.



CUAJ • May 2020 • Volume 14, Issue 5E222

Gillis et al

The only patient or tumor characteristic that was predict-
ive of non-diagnostic biopsies was tumor volume. Very small 
masses <1.09 cm3 had a 38% chance of being non-diag-
nostic vs. 13% in tumors that were larger, with an accuracy 
86% (95% confidence interval [CI] 0.8212, 0.89) (Fig. 1). 
Assuming an approximately spherical mass, performing a 
biopsy in a mass smaller than 1.28 cm diameter is associated 
with a three-fold risk of obtaining a non-diagnostic biopsy. 
Overall, total RENAL and PADUA scores were unable to 
predict non-diagnostic biopsies. A classification tree was 
developed to identify associated variables and classify those 
variables to clinically stratify patients who may result in a 
non-diagnostic biopsy. However, as tumor volume was the 
only variable found to be associated, this classification tree 
is not clinically useful in predicting non-diagnostic biopsy. 

Discussion

The use of biopsy in the preoperative diagnosis of SRMs has 
increased substantially. Despite this change in practice at 
high-volume centers, RTB still has limitations with instances 
of technical failure and indeterminate or inaccurate patho-
logical diagnosis. Furthermore, the results from large, high-
volume centers are not generalizable to less-experienced 
institutions. Biopsy is being increasingly recommended in 
management guidelines in the setting where the clinical 
treatment decision is affected by the results of the biopsy.11,12

This study looked at patient and tumor characteristics, 
along with RENAL and PADUA scoring, to predict non-diag-
nostic biopsies. Age, sex, tumor location, and endophytic 
component were not associated with diagnostic rates. Tumor 
size (volume) was associated with a positive biopsy rate, 
with very small masses <1.28 cm diameter having a lower 
diagnostic yield. 

In a recent study by Richard et al, 10% of the biopsies 
were non-diagnostic after the first attempt, with an 8.5% 

complication rate.13 This study also found an association 
between non-diagnostic biopsies and exophytic compon-
ent of mass, in contrast to our findings, but also found an 
association with tumor volume. A subsequent biopsy series, 
again by Richard et al from the same center, was not able to 
reproduce the association between the exophytic compon-
ent and indeterminate biopsy result,4 but the association 
with tumor volume was retained.

There have been multiple suggested causes of an indeter-
minate biopsy for patients with an SRM, with conflicting evi-
dence found for these variables. A failed biopsy may include 
technical variables, such as biopsy learning curve, user tech-
nique, tumor heterogeneity, and respiratory movement dur-
ing the procedure.14 Multiple studies have found associations 
between tumor size and an indeterminate yield, while other 
series have found no association.4,13,15-18 Leveridge et al found 
tumor size was associated with non-diagnostic biopsy,16 as 
well as the type of tumor — whether cystic or solid, a find-
ing also described by two other series.18,19  

More recently, Seager et al20 investigated a cohort of 95 
SRMs, with a high predominance of masses ≤2 cm, biopsied 
with either ultrasound or computed tomography guidance. 
Anteriorly located masses were highly associated with an 
outcome of non-diagnostic biopsy, with an odds ratio (OR) 
of 13.8. Upper pole masses were also found to have an 
OR of 4.35 for an indeterminate yield, but this series did 
not find an association between either the tumor volume 
nor RENAL or PADUA scoring. This cohort comments on 
a more anatomically challenging biopsy for a mass in an 
upper pole location, given the proximity of vital adjacent 
structures, but this finding is not replicated in multiple other 
biopsy series.4,13,16 

This study was performed at a single institution, limiting 
the validity of the results to other centers with varied patient 
populations or settings. In addition, having been performed 
at a high-volume center, this study may represent a higher 
biopsy accuracy rate than those observed at lower-volume 
centers. In terms of patient factors, this study only looked at 
age, gender, and symptoms for association factors with non-
diagnostic biopsies. However, there may be other patient 
factors not analyzed in this series that have an association 
with a failed biopsy, including patient body mass index 
(BMI), comorbid conditions, comorbid medications (e.g., 
anticoagulants), and skin-to-tumor distance. These metrics 
were previously investigated by Prince et al,19 who did not 
demonstrate an association with BMI or comorbidity, but 
found predictive factors for yielding non-diagnostic biopsy to 
be cystic features, enhancement <20 HU, left tumor, tumor 
diameter, and skin-to-tumor distance. 

The findings from this study help inform the management 
of SRMs by reaffirming that a biopsy should be performed 
only in the setting where histological diagnosis affects 
treatment, particularly in the setting of active surveillance. Fig. 1. Classification tree demonstrating tumor radius as the only patient or 

tumor characteristic that can predict a diagnostic biopsy. 

433 renal masses
65 non-diagnostic

15%

Radius >0.64 cm
51 non-diagnostic

13%

Radius <0.64 cm
14 non-diagnostic

38%
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Furthermore, small masses in younger patients need to be 
further elucidated or surgically removed. For those with a 
very small tumor identified on imaging and considering 
biopsy, there is a higher likelihood of both indeterminate 
results and complications with subsequent biopsies. In addi-
tion to the consideration of size, it should be noted as well 
that the results from this study suggest that a biopsy can be 
considered in those masses in close proximity to the col-
lecting duct and regardless of location within the kidney 
structure itself. Location and exophytic component should 
not preclude a renal tumor biopsy when considering a non-
diagnostic outcome. 

In a patient-informed decision-making discussion, the 
limitations of biopsy should be carefully conveyed to 
patients about to undergo a RTB. A non-diagnostic yield is 
not indicative of a benign mass, as a histological diagnosis 
of malignancy may be found in 73% of repeat biopsies.16 
Repeat biopsy may be a viable option in patients who initial-
ly face a non-diagnostic result, as a diagnosis is obtained 
in 80% of these patients.21 Seeding of the biopsy tract has 
been a theoretical concern for uptake of renal tumor biopsy; 
however, this outcome has not been reported in any modern 
renal mass biopsy series.21

Conclusions

There is increasing recognition of renal tumor biopsy to 
obtain a histological diagnosis prior to treatment, especially 
considering the risk of overtreatment with surgical manage-
ment of benign disease. Non-diagnostic yield remains a 
challenge for clinicians. In this study, the only patient or 
tumor variable that was associated with a non-diagnostic 
RTB was tumor size, with a threefold risk in masses <1.28 cm 
diameter compared to larger masses >1.28 cm diameter. The 
limitations of biopsy should be discussed with patients, and 
a repeat biopsy frequently yields a histological diagnosis. 
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