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ABSTRACT
Objective: To analyse the budget impact of adopting routine renal tumour biopsy (RTB) prior to decision 
on surgical treatment for clinical T1 renal tumours in Sweden.
Material and methods: This study used data from the National Swedish Kidney Cancer Register includ-
ing 4,109 T1N0M0 renal tumours surgically treated during the years 2018–2022. We modelled a gradual 
increase in the proportion of preoperative RTBs over a five-year period, from 15.6 % of surgically removed 
clinical T1N0M0 renal tumors up to 90 % preoperative RTBs by 2029. Average costs per patient were calcu-
lated primarily using the Swedish cost-per-patient database. The analyses were stratified by tumour diam-
eter: ≤40 mm (cT1a) and 41–70 mm (cT1b). The proportion of patients with benign RTB, complication rate 
and false negative RTBs was estimated from register data and previous research. A healthcare perspective 
was used and accounted for costs related to biopsy, surgery, follow-up of benign RTBs, complications and 
re-biopsy in cases of inconclusive RTBs.
Results: For cT1a, increasing preoperative RTBs to 90% of the study population reduced the net annual 
costs by €691,620, whilst for cT1b, costs increased by €67,630. Overall, an increase in preoperative RTBs to 
90% of all patients with cT1 renal tumours was projected to reduce spending by €623,990 annually.
Conclusions: The budget impact analysis of routine preoperative RTBs in suspected renal cell carcinoma 
indicates net healthcare cost savings in cT1a and potentially for all cT1 tumours.
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Introduction

Historically, renal tumours were discovered at a relatively late 
stage when symptoms arose, leading to larger tumours than 
those often diagnosed incidentally today [1]. This incidental 
diagnosis of smaller renal tumours has led to more frequently 
discovered benign tumours, as the share of benign tumours 
increases with decreased tumour size [2]. Most renal masses are 
surgically removed without preoperative histopathologic diag-
nosis, resulting in an overtreatment of benign renal masses 
[1, 3]. The European Association of Urology (EAU) guidelines 
strongly recommend a renal tumour biopsy (RTB) before ablative 
therapy, as well as for selected patients who are considered for 
active surveillance. The EAU guidelines also acknowledge evi-
dence that RTBs are associated with reduced overtreatment of 
benign masses and offer additional information for an informed 

decision regarding optimal treatment management. However, 
general recommendations on routine preoperative RTBs in clini-
cal T1 renal tumours are missing in most national guidelines for 
renal cell carcinoma (RCC) (1). Reasons for omitting RTB in the 
presurgical work-up vary with logistical challenges, historical 
practice, personnel and financial requirements. A recently pub-
lished report from the US estimated the cost of a percutaneous 
biopsy to almost $2,000 [4]. In addition, RTBs compete with other 
procedures at the radiological departments, whereby resource 
allocation may become a challenge. There is also the challenge 
of false negative RTBs and the risk of missing a malignant tumour 
despite benign histology in the biopsy. Moreover, RTBs are asso-
ciated with complications such as haemorrhage and pain [2].

Despite the challenges with RTBs, there is a trend towards a 
more liberal use of diagnosis-confirming biopsies before definitive 
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treatment, that is surgery or ablative treatments [5]. Before 
histopathological diagnosis, renal tumours with a diameter of 
≤40 mm are generally designated as small renal masses (SRMs). 
Studies have found that 17%–40% of SRMs, when surgically 
removed, revealed a benign histology [6, 7]. The fairly large 
proportion of patients with benign tumours inevitably translates 
into many patients who would be spared surgery. Retrospective 
cohorts have demonstrated that centres that routinely perform 
RTBs before surgical treatments yield a lower proportion of 
benign tumour histology after surgical treatment [8, 9].

Modifications of treatment algorithms also need to be 
evaluated from an economical point of view to ensure an optimal 
allocation of resources. An increased use of RTBs on patients with 
cT1 tumours will result in additional expenditures for biopsies. 
On the other hand, there is also a potential for cost offsets 
through avoiding unnecessary surgeries on patients with benign 
tumours and risks for complications [10, 11]. Prior attempts to 
determine the economic value of a preoperative histological 
diagnosis of renal tumours have suggested an added value of 
biopsies [10, 11]. However, these studies focused exclusively on a 
male population aged > 60 years old in a US context, whereas 
RTBs might be of value to all ages and genders. Furthermore, 
results from US specific data are to a lesser extent generalisable 
to a European context, and up-to-date data are necessary to 
inform recommendations within national care programmes.

In this study, we aimed to analyse the budget impact from a 
healthcare perspective associated with a shifting paradigm 
towards routinely performing RTB before deciding on surgical 
removal of cT1 renal lesions.

Methods and material

A budget impact analysis (BIA) of direct healthcare costs from 
increasing the rate of preoperative renal biopsies was per-
formed. The current preoperative biopsy rate of 15.6% [12] in 
Sweden was compared to a scenario where the rate increased to 
50% of the study population in the first year and thereafter by 10 
percentage points yearly over a 5-year time horizon. The 
increased rate was suggested in a consensus proposal. The end 
rate of 90% is not expected to be exceeded, as some patients 
would not be considered for surgery due to for example comor-
bidity. The 15.6% of patients currently undergoing preoperative 
biopsy are not expected to benefit from an increased biopsy 
rate. To estimate the budget impact of increasing the renal 
biopsy rate, incremental resource utilisation related to biopsies, 
surgery, inpatient and outpatient care, radiography, complica-
tions from surgery or biopsies and metastatic disease, along 
with its associated costs, was estimated.

Study population

The study population comprised all RCC patients in Sweden reg-
istered in the National Swedish Kidney Cancer Register (NSKCR) 
during the period 2018–2022 with surgically treated T1N0M0 
renal tumours. All tumours registered with surgery or ablation 
therapy were extracted from the NSKCR. Tumours with missing 

data on size (n = 101) were distributed across the groups 0–40 
mm, 41–70 mm and >70 mm according to the size distribution 
of all extracted tumours with complete data on size. Thereafter, 
tumours with missing data on surgery type (n = 186) were dis-
tributed according to the distribution of those with complete 
data on surgery. Tumours >70 mm were excluded from the 
study. Moreover, cases of ablation therapy were excluded due to 
the already high rate of biopsies in this group. The total study 
population (n = 4,109) was categorised into two groups: 0–40 
mm (n = 2,604; 63.4%) and 41–70 mm (n = 1,505; 36.6%). Since 
the number of patients fluctuates annually, we used a yearly 
average from 2018 to 2022 as a proxy for the number of eligi-
ble  individuals in the analyses. A flowchart illustrating the 
extraction of the study population is shown in Supplementary 
Figure S1.

The analyses included an average of 822 surgically treated 
RCCs per year (7.8 cases per 100,000 individuals), divided into 
521 cases with a tumour size of 0–40 mm and 301 cases with a 
tumour size of 41–70 mm.

Data

The present study used epidemiological and clinical data from 
the NSKCR, which collects data on diagnoses, tumour character-
istics and treatment of RCC patients in Sweden [13]. The NSKCR 
has a near complete coverage of malignant tumours, but benign 
tumours are registered to a lesser degree.

Costs for biopsy, surgery and complications were collected 
from the Swedish cost-per-patient database maintained by the 
Swedish Association of Local Authorities and Regions [14]. This 
database contains aggregated costs per care episode reported 
by a majority of care providers in Sweden. Costs for metastatic 
disease were obtained from the scientific literature [15], whilst 
computed tomography cost was collected from regional 
pricelists.

Healthcare utilization and unit costs

Only direct healthcare costs were included in the analyses. The 
unit costs for the price year 2022 are summarised in Table 1. The 
cost data included observations from the years 2021–2022 of 
biopsies, surgeries and complications within the admitted 
period, as well as observations of complications from inpatient 
and outpatient care for complications arising after hospital  
discharge, up to 3 months post-surgery. Care episodes that 
included interventions other than surgery or biopsy were 
excluded to obtain the most accurate costs for the interven-
tions. Cases of surgery in outpatient care were also excluded. 

Due to the large variation in costs for the same interventions 
across healthcare regions, the cost for biopsies was weighted 
from the median cost in each of the six healthcare regions in 
Sweden and the proportion of reported biopsies from each 
healthcare region. Costs of complications arising during the 
admitted period were included in the cost for surgery. Costs for 
complications arising after discharge were calculated as the 
average for admitted episodes that included at least one 
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complication and an RCC diagnosis, but no surgical intervention. 
Costs are presented in €2022. Costs originally estimated in 
Swedish Krona (SEK) were converted to euros using the 
exchange rate (€1 = 10.64 SEK) [13]. As recommended for 
budget impact analyses, discounting was not applied [20].

Budget impact analysis

An incremental cost analysis of an increased preoperative 
biopsy usage for renal masses was conducted based on the 
current biopsy practices, projected biopsy rates and current 
treatment interventions. Flowcharts of care illustrating resources 
used within healthcare for renal tumours with a diameter of 
0–40 mm and 41–70 mm, respectively, are given in 
Supplementary Figures S2 and S3. The average number of surgi-
cal interventions and complications during the years 2021–2022 
constituted the baseline for the calculations. Model parameters 
are summarised in Table 2.

The proportion of tumours subjected to biopsies at baseline 
varied between 9.8% and 23.5% for the tumour size 0–40 mm 
and between 10.0% and 18.7% for the tumour size 41–70 mm, 
depending on surgical intervention. Calculations were made for 
a hypothetical increase, agreed with clinical experts, in the 
proportion of tumours subjected to biopsies relative to the 

number of surgeries at baseline. A 5-year time horizon was 
applied, with an assumed increase in the proportion of tumours 
subjected to biopsies to 50% in the starting year 2025. This 
proportion was assumed to increase with 10 percentage points 
each year, thus reaching 90% by the end of 2029. Diagnostic 
sensitivity and specificity of biopsies were retrieved from a 
systematic review [21] and were used to calculate the proportion 
of true and false negative and positive biopsies. To not 
overestimate the diagnostic accuracy, the lower values of the 
confidence intervals were used [21]. The reported proportion of 
benign tumours in the NSKCR during the years 2018–2022 
amounted to 18.7% for tumours 0–40 mm. However, since there 
is no requirement on reporting tumours with benign histology 
in the register, this figure can be considered a lower bound of 
benign tumours. The largest hospital verified reporting all 
tumours regardless of histology and was used as an upper 
bound (27.7%) in the same size range. A mean value of the 
upper and lower bound (23.2%) was used in the analyses, with 
sensitivity analyses incorporating the upper and lower bounds.

All lesions diagnosed as benign after biopsy were predicted 
to have computed tomography follow-up twice. Non-diagnostic 
biopsies were expected to undergo re-biopsy, and all re-biopsies 
were presumed to be diagnostic. The slight increase in risk of 
metastatic disease due to initially misdiagnosed tumours was 

Table 1.  Unit costs (2022 euro) used in the budget impact analysis, extracted 
from official cost data in Sweden [15–19].
Cost categories Description Unit cost (€)

Radical nephrectomy 
without complications

Opena 13,777
Laparoscopica 10,975
Laparoscopic, robot-assisteda 13,421

Radical nephrectomy 
with complications

Opena 17,308
Laparoscopica 13,094
Laparoscopic, robot-assisteda 15,246

Partial nephrectomy 
without complications

Opena 12,130
Laparoscopica 15,061
Laparoscopic, robot-assisteda 12,016

Partial nephrectomy 
with complications

Opena 14,180
Laparoscopica 16,529
Laparoscopic, robot-assisteda 13,013

Complications After hospital discharge with 
readmissiona

7,441

After hospital discharge 
without readmissiona

875

Biopsy Outpatient care including any 
complication requiring 
observation or intravenous 
treatmenta

996

Inpatient care including any 
complicationa

2,293

Additional cost of one care 
day for observation after 
biopsy complicationb

1,251

Others Computed tomographyc 240
Doctors’ appointment, revisitd 270
Metastatic disease – annual 
coste

72,902

Notes: Costs in SEK were converted to euro using the exchange rate 
€1 = 10.64 SEK. References: a [16], b [17], c [18], d [19], e [15].

Table 2.  Model input parameters.
Categories Parameter Value (%)

Complications 
from radical 
nephrectomy 
during admitted 
period

Open, 0–40 mmf/41–70 mmf 26.1/19.8
Laparoscopic, 0–40 mmf/41–70 mmf 5.7/5.2
Laparoscopic, robot-assisted, 
0–40 mmf/41–70 mmf

13.0/13.7

Complications 
from partial 
nephrectomy 
during admitted 
period

Open, 0–40 mmf /41–70 mmf 22.3/37.0
Laparoscopic, 0–40 mmf/41–70 mmf 15.0/15.0
Laparoscopic, robot-assisted, 
0–40 mmf/41–70 mmf

14.1/16.9

Complications 
from radical 
nephrectomy after 
hospital discharge

Open, 0–40 mmf/41–70 mmf 5.0/8.7
Laparoscopic, 0–40 mmf/41–70 mmf 5.7/5.6
Laparoscopic, robot-assisted, 
0–40 mmf/41–70 mmf

7.2/6.7

Complications 
from partial 
nephrectomy after 
hospital discharge

Open, 0–40 mmf/41–70 mmf 8.7/8.5
Laparoscopic, 0–40 mmf/41–70 mmf 3.0/3.0
Laparoscopic, robot-assisted, 
0–40 mmf/41–70 mmf

7.1/6.2

Biopsies Diagnostic sensitivity biopsies, 
0–70 mmg

96.4

Diagnostic specificity biopsies, 
0–70 mmg

93.7

True negative biopsy result, 
0–40 mmf,g/41–70 mmf,g

21.7/9.7

Non-diagnostic biopsiesg 22.6
Hospitalisations from biopsy 
complicationsg,h 

2.0

Others Proportion of benign tumours, 
0–40 mmf/41–70 mmf

23.2/10.4

Risk of developing metastatic disease 
after false negative biopsy, 
0–40 mmf/41–70 mmf

4.1/14.7

Notes: References: f [12], g [21], h [22].
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calculated as the number of false negative biopsies times the 
proportion of metastasized cancers in the study population for 
each tumour size group.

We reviewed medical records of a sub-cohort of patients 
from the largest participating hospital to evaluate the rate of 
hospitalisations from biopsy complications. The risk of 
complications from surgery both during the admitted period 
and after hospital discharge varied between surgical 
interventions [12]. Model input parameters are presented in 
Table 2.

Sensitivity analyses

Due to the large variations in the cost data and uncertainty in 
the proportion of benign tumours, sensitivity analyses were per-
formed on these variables. As median costs were used, the val-
ues for the 10th (p10) and 90th (p90) percentiles were used as 
measures of variation in the sensitivity analyses instead of 
standard deviations. Figure 1A and B illustrates the percentual 
change in net cost compared to base case for sensitivity analy-
ses on the proportion of benign tumours, biopsy cost and  
surgery cost. Supplementary Tables S1 and S2 provide an  
overview of the changes in net cost for the sensitivity analyses.

Presentation of results

The results are presented both per tumour size group and com-
bined. The number of renal biopsies in the current state vs. a 
scenario with increased yearly rates is presented per 100,000 

individuals. The difference in costs between the current state 
and the new scenario on an annual basis is presented for biop-
sies, surgery, metastatic disease and as total net costs. In addi-
tion, the net cost per extra tumour undergoing biopsy is 
presented.

Results

For cT1a tumours, an increased proportion of preoperative 
RTBs to 90% of the study population would increase the num-
ber of tumours, which undergo RTBs from 81 to 468 (from 0.77 
to 4.46 per 100,000 individuals) and reduce the number of sur-
geries from 521 to 425 (from 4.97 to 4.05 per 100,000 individu-
als). This resulted in an increased cost of RTBs of €527,900, a 
decreased surgery-related cost of €1,254,100 and an 
increased cost for acquired metastatic disease of €34,600. 
Consequentially, the net annual costs are reduced with 
€691,600. Conversely, for cT1b tumours, the number of 
tumours that undergo RTB increased from 47 to 271 (from 0.45 
to 2.58 per 100,000 individuals), whilst the number of surger-
ies decreased from 301 to 279 (from 2.87 to 2.66 per 100,000 
individuals). RTB costs thereby will increase with €291,900, 
whilst the costs of acquired metastatic disease increase with 
€83,000, and surgery-related costs decrease with €308,000, 
resulting in a total annual net cost increase of €67,600. The 
budget impact for the total study population would be a cost 
reduction of €624,000 (Tables 3 and 4).

With an estimated 611 (387 cT1a and 224 cT1b) additional 
tumours undergoing biopsy at a biopsy rate of 90%, each 

Figure 1.  (A) Sensitivity analysis, tumours ≤ 40 mm. Change in net cost compared to base case (0%). Surgery cost increase refers to p90 and surgery cost 
decrease to p10. Proportion of benign tumours decrease refers to 18.7% and increase to 27.7%. Biopsy cost increase refers to highest regional biopsy cost 
and biopsy cost decrease to lowest regional biopsy cost. (B) Sensitivity analysis, tumours 41–70 mm. Change in net cost compared to base case (0%). Sur-
gery cost increase refers to p90 and surgery cost decrease to p10. Proportion of benign tumours decrease refers to 9.4% and increase to 11.3%. Biopsy cost 
increase refers to highest regional biopsy cost and biopsy cost decrease to lowest regional biopsy cost.

a

b

https://doi.org/10.2340/sju.v60.43194
https://doi.org/10.2340/sju.v60.43194


SCANDINAVIAN JOURNAL OF UROLOGY  70

additional biopsy results in a cost offset of €1,800 for cT1a renal 
tumours, whilst each additional biopsy results in an increased 
net cost of €300 for cT1b tumours. This implies a cost reduction 
of €1,000 for each additional tumour undergoing biopsy for the 
total study population (cT1 tumours).

Deterministic sensitivity analyses showed an impact on the 
base case conclusions for cT1b tumours, indicating that the 
results were robust for cT1a, but not for larger sized tumours. 
In contrast to the increased costs in the base case analysis in 
2029 for cT1b tumours, increasing cost of surgery resulted in a 
cost offset of €126,730. Similarly, when decreasing the unit 
cost of biopsies, the results showed cost offsets of €101,920. In 
the total tumour population, an increase in the unit cost of 
biopsies resulted in a cost increase in 2029 of €75,350, as 
opposed to the base case analysis which indicated cost 
savings. The results from all sensitivity analyses are shown in 
Supplementary Table S3. 

Discussion

This study evaluated the budget impact associated with a shift-
ing paradigm towards a higher ratio of preoperative biopsies. 
The results indicate that the increased costs associated with rou-
tine preoperative biopsies of cT1a tumours can be offset by the 
reduced costs of surgery, which may potentially lead to net 
cost-offsets in public spending over a 5-year time horizon. In 
contrast, for cT1b tumours, increasing the biopsy rate may lead 
to higher net costs. Except for when applying a higher biopsy 
cost in the sensitivity analyses, an increase to 90% preoperative 
biopsy rate indicates an overall cost reduction for the entire 
study population of cT1 tumours.

Results in perspective

For cT1a, healthcare spending may be decreased if treatment 
guidelines are shifted towards preoperative RTBs. This is the first 
economic evaluation of preoperative biopsies for renal masses 
encompassing a population without restrictions on age or gen-
der. Prior studies have shown preoperative RTBs for cT1a 
tumours to be cost-effective in comparison to not performing 
preoperative biopsies. When studying the slightly larger 
tumours (41–70 mm in diameter), the estimated cost-offsets 
were uncertain, likely attributable to a higher rate of malignant 
tumours in this group, which we know from previously pub-
lished studies [6, 8]. Because of higher rate of malignant tumours 
in cT1b, RTBs would lead to fewer avoided surgeries in the 
cT1b-population in relation to cT1a. Thus, the cost-offsets 
related to avoided surgeries are notably lower in the cT1b-pop-
ulation. Analysing the entire population of cT1 tumours indi-
cates a potential total net cost saving from an increased rate of 
preoperative RTBs. These results are important when consider-
ing equitable care provision, as the upper threshold for cT1a at 
40 mm is arbitrary, and patients with slightly larger tumours 
might benefit equally well as those within the cT1a definition. 
For equitable resource allocation, a comparison of the net 
costs to the net health benefit is needed for an estimation of 
the cost-effectiveness with regard to different subgroups.

The rationale for not performing routine biopsies in cT1a 
tumours is the heterogenic nature of renal tumours, that is a 
negative biopsy is difficult to rely on in clinical decision-making. 
In this analysis, we acknowledge that a negative biopsy of a cT1a 
tumour does not automatically prompt a discontinuation of 
further controls but rather leads to a revised control program 
with radiological follow-ups.

Table 3.  Net budget impact (2022 euro) of additional biopsies for renal masses 0–40 mm.
Variable Year

2025 2026 2027 2028 2029

Proportion of biopsies 50% 60% 70% 80% 90%
Partial nephrectomy −570,470 −690,020 −809,560 −929,100 −1,048,640
Radical nephrectomy −87,650 −117,120 −146,580 −176,040 −205,510
Biopsy 242,650 313,960 385,270 456,580 527,890
Acquired metastatic disease 16,020 20,680 25,330 29,980 34,640
Total budget impact −399,460 −472,500 −545,540 −618,580 −691,620
Budget impact per added tumour undergoing 
biopsy

−2,230 −2,040 −1,920 −1,850 −1,790

Notes: Biopsy net cost, including complications cost, cost follow-up computed tomography and re-biopsies after non-diagnostic biopsies.

Table 4.  Net budget impact of additional biopsies for renal masses 41–70 mm, in 2022 euro.
Variable Year

2025 2026 2027 2028 2029

Proportion of biopsies 50% 60% 70% 80% 90%
Partial nephrectomy −55,120 −67,370 −79,620 −91,870 −104,130
Radical nephrectomy −92,970 −120,700 −148,420 −176,150 −203,870
Biopsy 133,540 173,120 212,700 252,280 291,850
Acquired metastatic disease 38,690 49,960 61,230 72,500 83,770
Total budget impact 24,140 35,010 45,880 56,760 67,630
Budget impact per added tumour undergoing 
biopsy

230 260 280 290 300

Notes: Biopsy net cost, including complications cost, cost of follow-up computed tomography and cost of re-biopsies after non-diagnostic biopsies.
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Besides the potential cost-offsets within healthcare included 
in this study, further gains may include direct supervene costs 
for patients as rehabilitation after surgery. It is likely that routine 
RTB showing benign histology will have an impact on sick leave 
and the need for social care, which means that the total 
economic impact is underestimated in this study as these 
parameters have not been included. Neither has any impact on 
individuals’ health and quality of life from more biopsies, nor 
impact of fewer surgeries been studied within this paper.  Avoided 
surgeries, subsequent complications, hospitalisation and sick 
leave could lead to improved health and quality of life for patients, 
whilst biopsies may potentially  have a negative impact due to 
eventual overriding haemorrhage or pain. Such estimations 
could, in comparison with the economic implications of increased 
use of biopsies, be used to inform a cost-effectiveness analysis 
within a prioritisation effort. Additionally, in terms of prioritisation, 
it is essential to assess the impact on radiology departments 
before increasing the use of preoperative renal biopsies. Other 
factors such as comorbidity and performance status will also 
adjust the surgical treatment for patients with RCC [22].

Strengths and limitations

Previous publications on this subject have been conducted in a 
US context with hypothetical study cohorts [10, 11]. In contrast, 
this study uses real-life data collected from the NSKCR, a quality 
register including practically all RCC cases in Sweden. Cost data 
are based on reporting from all healthcare regions in Sweden, 
and the included healthcare costs are comprehensive, consider-
ing costs of complications arising up to 3 months post-surgery. 
In addition, the conceptual model of care used in this study was 
validated by clinical experts in the field.

Limitations of this study include uncertainties introduced 
by necessary assumptions. Cost estimates, based on national 
reimbursement data, were affected by variations between 
hospitals and regions, which may have led to either over- or 
underestimation of the results. Additionally, cost-offsets could 
have been overstated if the assumed proportion of benign 
tumours or the diagnostic sensitivity and specificity were too 
high, or if the risk of developing metastatic disease was 
underestimated. However, sensitivity analyses of these 
assumptions suggest that the results are robust, although 
they should be interpreted with these uncertainties in mind.

Financing of healthcare and reimbursement systems varies 
globally, as well as clinical routines and traditions does. Our 
estimates are based on a Swedish context, which may limit the 
generalisability of the results. Nevertheless, considering the 
comprehensive healthcare costs included, a major part of the 
conclusions drawn in this study should be generally applicable. 

Conclusions

The BIA of implementing routine preoperative RTBs in sus-
pected RCC indicates net healthcare cost savings from an 
increase in the rate of biopsies in cT1a and potentially for all cT1 
renal tumours.
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