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ABSTRACT

Objective: To assess the safety and diagnostic accuracy of renal tumour biopsy (RTB) in patients with small
renal masses (SRM) and to assess if RTB prevents overtreatment in patients with benign SRM.

Material and methods: In a retrospective, single-centre study from Vastmanland, Sweden, 195 adult
patients (69 women and 126 men) with SRM < 4 cm who had undergone RTB during 2010-2023 were
included. The median age was 70 years (range 23-89). The sensitivity, specificity and predictive values
of RTB were calculated using the final diagnosis as the reference standard. Treatment outcomes were
recorded for a median 42-month follow-up. Complications following the biopsies were assessed according
to the Clavien-Dindo system.

Results: The overall sensitivity of RTB was 95% (95% confidence interval [CI] 90% — 98%) and specificity was
100% (95% CI 95% — 100%). The positive predictive value was 100% and negative predictive value was 92%.
The rate of agreement between RTB and the final diagnosis measured using kappa statistics was 0.92. Of
the 195 patients, 62 underwent surgery and 48 were treated with ablation. The concordance rate between
the RTB histology and final histology after surgery was 89%. Treatment was withheld in 67 of 195 patients
with a benign or inconclusive RTB. No patients developed renal cell carcinoma or metastasis during fol-
low-up. Complications occurred in two patients that were classified with Clavien-Dindo grades | and IV.
Conclusions: Percutaneous renal tumour biopsy appears to be a safe diagnostic method that provides accu-
rate histopathological information about small renal masses and reduces overtreatment of benign SRM.
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the choice of management [7-11]. Despite the promising data
in earlier publications, there remains a need for more detailed
follow-up data for patients with SRM who have benign or
inconclusive biopsies. It is imperative to investigate the long-
term outcomes in patients with benign or inconclusive biopsies
to improve the understanding of the clinical significance and
potential limitations of RTB as a diagnostic method in SRM.

The aims of this study were to evaluate the safety and
diagnostic accuracy of RTB in patients with SRM and to assess
whether RTB influenced treatment decisions and reduced
overtreatment.

Introduction

The incidence of small renal masses (SRM) has increased in the
past decades [1-3], likely because of the ageing population and
increased use of imaging investigations [1-4]. It is estimated
that more than half of all renal masses are discovered inciden-
tally [2, 4]. In most cases, it is not possible to differentiate
between benign and malignant renal masses using current
imaging modalities. In contrast to most other solid tumours,
renal masses are not routinely subjected to biopsy and histo-
pathological analysis before treatment. The European
Association of Urology (EAU) recommends renal tumour biopsy
(RTB) before ablative treatment, in candidates for active surveil-
lance and before systemic treatment in cases involving meta-
static disease [5]. The growing occurrence of SRM creates a

Materials and methods

challenge for treatment decisions because of the risks of over-
treating benign tumours and undertreating malignant ones [6].

Recent publications have indicated that RTB provides highly
accurate histopathological data about SRM, reduces
overtreatment of benign renal masses, and may aid urologists in

This retrospective study included all patients diagnosed with
SRM (Identified by the International Classification of Diseases
[ICD]-10 code D.41) who also underwent RTB between 2010 and
2023 in Region Vdstmanland, Sweden, which has a catchment
area of 270,000 inhabitants. Among the 219 patients identified,
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26 were excluded because their biopsies were conducted for
reasons other than SRM, such as renal masses >4 cm or cystic
tumours. Two of the remaining 193 patients had two RTBs on
different occasions and were counted as a separate case. The
patients’ median age was 70 years (23-89 years), and 69 women
and 126 men were included.

All patients were managed in the Department of Urology in
Region Védstmanland. The records, clinical notes, imaging
studies, histopathological data and cause of death on the
certificates for all patients were reviewed. The data collected
included patient age, gender, renal mass size, number of
biopsies, treatment given, results of histopathological
examination of the RTB and specimens after surgery and
follow-up data.

The RTBs were performed by clinical radiologists who used
ultrasonic or computed tomography (CT) guidance and with a
16- or 18-gauge needle. A needle length of 15, 20, or 25 cm was
used according to each patient’s body composition. Three cores
with a length of 9 mm were taken from each lesion. The coaxial
technique was used when the biopsies were performed under
CT guidance. Most biopsies were performed using ultrasound
guidance and a non-coaxial technique. The biopsies were
taken after premedication with oxazepam (5 mg) and
ketobemidone (5 mg) 30 min before the procedure and under
local anaesthesia with 10 mL lidocaine (10 mg/mL) and
adrenaline (5 pg/mL). After the procedure, the patient
remained in a supine position for 4 h and was observed for an
additional 2 h before being discharged. The observation
included monitoring of blood pressure, pulse and body
temperature, and inspection of the puncture site.

Biopsy specimens were analysed by pathologists at the
same hospital. The analysis included descriptions of the shape,
number and size of the specimens. Pathologists also determined
whether the specimens were viable and representative. They
analysed the tissue origin and contents of the specimens, such
as perirenal fat, renal capsule and normal renal tissue. When
applicable, they described the tumour type according to the
2022 World Health Organization (WHO) Classification [12].
Prognostic factors such as the presence of necrosis, rhabdoid,
or sarcomatoid differentiation were identified and, in cases of
clear cell renal cell carcinoma (ccRCC) or papillary renal cell
carcinoma (pRCC), grading was performed according to the
International Society of Urological Pathology standards. The
analysis was based on histopathological features and
immunohistochemical markers; in some cases, molecular
analysis aided in the diagnosis.

Follow-up

Patients with a malignant histology identified by RTB were fol-
lowed up according to the recommendations of the EAU guide-
lines. All 193 patients were followed up through a retrospective
review of the medical charts, physician notes, radiological
examinations and any diagnosis codes up to 14 years after the
RTB; the median follow-up was 3.5 years.

Statistics

The sensitivity and specificity of the RTB were calculated by
comparing the histopathology of the RTB to the final diagno-
sis determined by the histopathological examination of the
surgical specimen. In patients who did not undergo surgery,
the final diagnosis was established clinically and via follow-up.
This final diagnosis served as the reference standard for statis-
tical calculation of the sensitivity, specificity and predictive
values. The comparison between the results of RTB and the
final diagnosis produced a kappa value. The agreement was
regarded as poor for k < 0.2, fair for k of 0.21-0.4, moderate for
K of 0.41-0.60, good for k of 0.61-0.8, and very good for k >
0.80. All statistical data were analysed with the help of a statis-
tician using the MedCalc® [13] statistical software to calculate
the sensitivity, specificity, predictive values, and kappa
values.

Ethics

The study was approved by the Swedish Ethical Review
Authority.

Results

In total, 193 patients underwent 195 RTBs. The demographic
and clinical characteristics are detailed in Table 1. The initial RTB
histology were malignant in 104 biopsies (53%), benign in 50
(26%), and inconclusive results in 41 biopsies (21%). Subsequent
re-biopsies were performed in 25 patients. An overview of
the histological results following the RTBs, and re-biopsies is
presented in Figure 1.

Of the 117 RTBs with malignant histology, 112 were RCCs and
5 other malignant lesions. Of these, 53 underwent surgery, and
2 had a re-biopsy. The findings from the surgery and re-biopsy
aligned with the initial malignant diagnoses in all cases, but in
one patient in which a primary pRCC on the RTB, a ccRCC was
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Figure 1. Summary of the results of the first and second RTBs and their man-
agement. Treatment was withheld from 67 patients (underscored) because
of non-malignant RTB. RTB: renal tumour biopsy; RCC: Renal cell carcinoma.
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Table 1. Characteristics of the 193 patients who underwent RTB grouped by histology on RTB.

Variable All Malignant histology Benign histology Inconclusive
n % n % n % n %
195 117 60 51 26 27 14
Gender
Male, n (%) 126 65 75 64 35 69 16 59
Female, n (%) 69 35 42 36 16 31 11 41
Age (years) 68+ 12 68+ 11 71+8 65+ 16
Unilateral RTB, n (%) 193 929 115 98 51 100 27 100
Bilateral RTB, n (%) 2 1 2 2 0 0 0 0
Tumour size (mm) 257+7.7 262+75 2455+74 258+9
First RTB results
Malignant, n (%) 104 53 104 89 0 0 0 0
Benign, n (%) 50 26 0 0 50 98 0 0
Inconclusive, n (%) 41 21 13 11 1 2 27 100
Second RTB results
Malignant, n (%) 117 60 117 100 0 0 0 0
Benign, n (%) 51 26 0 0 51 100 0 0
Inconclusive, n (%) 27 14 0 0 0 0 27 100
Treatment
Surgery, n (%) 62 32 53 45 3 6 6 22
Ablation, n (%) 48 25 46 39 1 2 1 4
Systemic, n (%) 6 3 6 5 0 0 0 0
No active treatment, n (%) 79 41 12 10 47 92 20 74

Notes: Values are mean + SD or number and percentage (%) of patients; NA: not analysed. In total 62 patients were treated with surgery and 48 with ablation.

RTB: renal tumour biopsy.

diagnosed in the final histology of the surgical specimen. The
biopsy findings and management of the 117 patients with
malignant histology are detailed in Figure 1.

Among the 51 patients with benign histology, 44 had
oncocytoma and 7 had mesenchymal tumours, including
angiomyolipoma. Among 8 patients with oncocytoma, 6
underwent a re-biopsy, whereas 3 patients underwent surgery.
The histology of the re-biopsies and surgeries reaffirmed the
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Figure 2. Histological results of the benign biopsies and their management.

initial diagnosis of oncocytoma in all these 8 patients. The
biopsy findings and management of the group with benign
RTBs are illustrated in Figure 2. In total, 26 patients with benign
RTBs went under active surveillance, during which the rate of
tumour growth was < 4 mm per year. Another 21 patients did
not undergo active treatment or follow-up, and none within
this group were diagnosed with RCC or metastasis at the ending
of this study.

Of the 41 patients with an inconclusive first RTB, 17
underwent a re-biopsy. The re-biopsy was diagnostic in 14
(82%) patients, 13 with RCC and 1 with oncocytoma, while 3
RTBs remained inconclusive. The findings from the 41 initially
inconclusive RTBs are detailed in Figure 3. For 6 patients with
an inconclusive first RTB who did not undergo a re-biopsy,
subsequent surgery revealed 5 with malignant and 1 with
benign histology. Fourteen patients with an inconclusive RTB
were followed with active surveillance, during which tumour
growth was 2 mm per year. Six patients did not receive active
treatment or surveillance, and none of these were diagnosed
with RCC or metastasis during the follow-up.

Diagnostic accuracy and impact on treatment decision

The overall sensitivity and specificity of RTB were 95% (95%
confidence interval [Cl] 90-98) and 100% (95% Cl 95-100),
respectively. The positive predictive value was 100%, and the
negative predictive value was 92%. Surgery was performed in
62 patients, and the concordance rate between the histology
of the RTB and final histology was 89%. The rate of agreement
between RTB and the final diagnosis, measured using the
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Figure 3. Results of the 41 initially inconclusive RTBs, 17 re-biopsies, and their management. RTB: renal tumour biopsy.

kappa statistic, was k = 0.92. Treatment was withheld in 67
patients with benign or inconclusive RTB (Figure 1).

Complications

Complications occurred in two patients (1%). One patient
developed a haemothorax caused by accidental injury to the
intercostal vessels (Clavien-Dindo grade IV). The second patient
developed a self-limiting subcapsular haematoma (Clavien—
Dindo grade ).

Use of RTB over time

During the early phase of the study (2010-2016), a total of 42
RTBs were performed. During the late study period (2017-2023),
this number increased to 153. No relationship was observed
between the year of biopsy and the diagnostic accuracy of the
RTB (data not shown).

Discussion

This study showed that percutaneous RTB was a safe diagnostic
method that provided valuable histopathological information
about SRMs. The results of RTB reduced overtreatment in a sub-
stantial proportion of patients. The sensitivity and concordance
of RTB with the final diagnosis were improved significantly when
a re-biopsy was performed following an initial inconclusive RTB.
This improvement in diagnostic yield stresses the value of
re-evaluating inconclusive RTB results, especially when consid-
ering that a substantial proportion of these biopsies indicated
malignancy.

The sensitivity and specificity findings in this study agree
with those from a systematic review and meta-analysis done
by Marconi et al. [10] That review summarised data from 57
studies that included 5,228 patients and demonstrated a high
sensitivity (99.1%) and specificity (99.7%) of RTB along with a
low complication rate (8.1%). These results were confirmed in
a meta-analysis done by He et al., who reported a sensitivity of
94% and specificity of 100% for RTB along with a low
complication rate [8]. He et al. also found that, following an
inconclusive biopsy, 56% of repeat biopsies indicated a
malignant histology. We found similar results — sensitivity of
95% and specificity of 100% for RTB for identifying renal
malignancies and a complication rate of 1%. The low
complications rate in our study was consistent with the those
of Tolouee et al. having an overall complication rate following
RTB of 2.1% [14].

Our study has addressed the challenge of inconclusive RTBs.
We found that conducting are-biopsy followinganinconclusive
initial biopsy significantly increased the diagnostic yield, in
that the re-biopsies were diagnostic in 82% of cases. This
observation is consistent with the findings of a literature review
by Laguna et al,, that a re-biopsy revealed malignancy in 71%
of initially inconclusive biopsies [15]. Our findings may help to
guide clinicians in the management of patients with
inconclusive RTB results. We emphasise the critical role of a
repeat biopsy in unmasking malignancies among the
inconclusive biopsies and thereby help to prevent the potential
undertreatment of renal cancers.

In a large retrospective study from a Canadian centre, 529
patients with SRMs underwent a RTB. The initial biopsy was
diagnostic in 90% of cases, and the diagnostic yield improved to



94% following a re-biopsy. Treatment could be avoided in 26%
of cases because of benign histology [11]. Similarly, we
found that the initial biopsy was diagnostic in 79% of cases
and that the diagnostic yield improved to 86% following the
re-biopsy. In our study, treatment was avoided in 34% of
cases, which is consistent with the results of the
aforementioned Canadian study.

The use of RTB at our clinic increased throughout the study
period. This increase paralleled the findings in a previous
retrospective study from Canada, which included 933 patients
with SRMs and also showed a gradual increase in RTB utilisation
over time [16].

The added value in our study is its aim to assess the
diagnostic accuracy of RTB obtained from SRM < 4 cm.
Evaluating the precision of RTB in clinical T1a renal tumours is
important because up to one-third of these small masses are
benign and could be spared from unnecessary treatment [2, 6,
7, 9, 17-19]. A retrospective, multicentre study of 11,529
patients compared the rate of benign histology of resected
renal tumours between the United States of America (USA) and
Korea. The rate of benign histology among resected SRMs was
19.5% in the USA and 7.6% in Korea. This disparity may be
partly attributed to urologists’and patients’attitudes regarding
SRMs and a more prudent approach to surgical treatment of
SRMs in Korea [19]. This significant difference suggests an
overestimation of malignancy risk in SRMs in the USA. By
highlighting the safety and diagnostic accuracy of RTB, our
study stresses the importance of incorporating RTB into the
diagnostic pathway as a step towards a more cautious and
individualised treatment stance.

In contrast to the EAU guidelines that propose the selective
use of RTB [5], the Canadian Association of Urology and The
Kidney Cancer Research Network of Canada suggest that RTB
should be considered routinely in patients with SRM before
management. These guidelines also recommend giving
patients information about RTB and including them in shared
decision-making. In cases of inconclusive biopsy results, the
patient should be counselled on the benefits and harms of a
repeat biopsy [20, 21]. The evidence presented in the present
study supports such an approach. A RTB should be avoided in
patients with advanced age and significant comorbidity, for
whom treatment options remain limited and symptomatic
regardless of the biopsy results. In such cases, a biopsy exposes
the patient to potential complications, discomfort and anxiety
without altering the treatment course. We emphasise the
importance of individualised and judicious decision-making,
and adherence to the principles of Choosing Wisely [22].

This study has some limitations. Firstly, the retrospective
design and the relatively small cohort size may limit the
generalisability of the findings. Secondly, the follow-up for
patients with benign and inconclusive biopsies was conducted
through an analysis of patient charts, radiological
examinations, ICD codes and physicians’ notes, each of which
may introduce biases associated with retrospective data
collection. Thirdly, the relatively limited follow-up time is
furthermore a limitation of the results.
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Conclusions

The current study shows that RTB was a safe diagnostic
method that provided accurate histopathological informa-
tion about SRM. The sensitivity of RTB increased when a re-bi-
opsy was performed in patients with an inconclusive first
biopsy. The results of RTB improved treatment decisions and
reduced overtreatment for a substantial proportion of
patients.
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