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Abstract

Background: Partial nephrectomy (PN) is the gold standard for the treatment of
stage cT1 renal cell carcinoma (RCC). However, the increasing incidence of RCC in
the elderly population calls for alternative minimally invasive treatments to reduce
the negative effects on patients’ health-related quality of life (HRQoL) and subse-
quent healthy life expectancy.
Objective: To assess and compare short-term HRQoL and self-reported health status
after PN and percutaneous cryoablation (PCA) of patients treated for RCC stage cT1.
Design, setting, and participants: Patients who underwent PN or PCA between 2019
and 2021 for RCC stage cT1 at two university hospitals in Denmark were assessed.
The exclusion criteria included insufficient understanding of the Danish language,
dementia, metastatic RCC, conversion to nephrectomy, and salvage procedures.
Intervention: PN and PCA.
Outcome measurements and statistical analysis: The European Organisation for the
Research and Treatment of Cancer Quality of Life Questionnaire was distributed
before treatment, and 14 and 90 d postoperatively. A linear mixed-effect model
was used to analyze the changes from baseline to follow-up between PN and
PCA treatment.
Results and limitations: The cohort included 165 patients (PN: 79; PCA: 86). The
completion rate was 96–98%. Patients receiving PCA were significantly older (me-
dian 69.1 vs 62.1 yr) and had lower scores on physical (p < 0.001) and role function-
ing (p = 0.009) than PN. A statistically significant change from baseline to 14 d was
found for several HRQoL scales, which favored PCA over PN. However, the observed
change was no longer significant at 90-d follow-up. Limitations include sample size
and confounding by indication.
lsevier B.V. on behalf of European Association of Urology. This is an open access article
mmons.org/licenses/by-nc-nd/4.0/).
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Conclusions: This study found a significant difference between baseline and 14-d
follow-up in several HRQoL and symptoms scales, favoring PCA over PN.
However, no significant differences were observed in any HRQoL scales between
PN and PCA of RCC stage cT1 from baseline to 90-d follow-up.
Patient summary: Surgical removal and percutaneous cryoablation (freezing) of
small tumors in the kidney had a similar impact on quality of life after 90 d.
� 2022 The Author(s). Published by Elsevier B.V. on behalf of European Association of
Urology. This is an open access article under the CC BY-NC-ND license (http://creative-

commons.org/licenses/by-nc-nd/4.0/).
1. Introduction

In recent decades, increases in the incidence of renal cell
carcinoma (RCC) stage cT1 have been reported, with the
majority being incidental findings, with increasing age [1].
Partial nephrectomy (PN) is considered the gold standard
treatment; however, ablation therapy, including percuta-
neous cryoablation (PCA), is an alternative minimally inva-
sive treatment mostly preferred in elderly patients or those
with severe comorbidity and not suitable candidates for
surgery [2]. The increasing pace of an aging population
highlights the need to expand the surgical treatment para-
digm [3]. Treatment of small renal masses should take into
account several factors, including oncological status, health-
related quality of life (HRQoL), and healthy life expectancy.
Patient-reported HRQoL contributes valuable information
on factors otherwise challenging to measure, including
emotional and cognitive functioning.

Previous studies on RCC have focused on HRQoL after PN
[4–6] or compared PN with radical nephrectomy (RN)
[7–10]. However, only a few studies have assessed HRQoL
after cryoablation, and these often pooled ablative therapies
(eg, cryoablation and radiofrequency ablation) [11] and
minimally invasive procedures (eg, percutaneous and
laparoscopic) [12]. Furthermore, many studies were retro-
spective, and either these used HRQoL as a secondary out-
come or HRQoL was inconsistently measured or reported
[13]. Thus, it remains challenging to discuss HRQoL out-
comes when advising patients with RCC stage cT1 on treat-
ment decisions.

The aim of this prospective study was to assess and com-
pare short-term HRQoL and self-reported health status after
PN and PCA in patients treated for RCC stage cT1.

2. Patients and methods

The details of this comparative, prospective cohort study have been

reported according to the ‘‘Strengthening the Reporting of Observational

Studies in Epidemiology’’ (STROBE) guidelines [14]. In addition, this

study is registered on ClinicalTrials.gov (NCT04040530).

2.1. Setting and participants

Patients were recruited from June 2019 to February 2021 from two uni-

versity hospitals, Odense University Hospital (OUH) and Zeeland Univer-

sity Hospital (ZUH), covering one-third of the Danish population of 5.8

million people. Prior to treatment, all patients were discussed at a mul-

tidisciplinary team (MDT) conference that included a cancer course coor-

dinator, urologists, radiologists, pathologists, and oncologists. If

nephron-sparing surgery (NSS) was recommended at the MDT, consen-
sus on treatment (PN or PCA) was reached between the patient and

the urologist, based on the principles of shared decision-making. Thus,

patient allocation was not decided by the physicians but was a result

of shared decision-making, following standard clinical practice at the

institutions.

The inclusion criteria were determined as follows: PN or PCA of his-

tologically verified primary RCC clinical stage cT1, >18 yr of age, and suf-

ficient understanding of the Danish language to self-report HRQoL.

Exclusion criteria were the following: patients with diagnosed dementia

or under evaluation for dementia, and patients with multiple tumors

treated with NSS more than once within 3 mo. One patient treated with

NSS for a new primary tumor after 3 mo was included in the study as a

new patient with a new baseline.

For PN, we included both robot-assisted PN (RAPN) and open PN

(OPN), with RAPN as the preferred choice if surgically possible. Experi-

enced urologists performed PN at both institutions, and the surgical pro-

cedure has been described previously [15]. PCA was performed by

specialized interventional radiologists under computed tomography

guidance, with the patient under sedation, if possible. The PCA procedure

is described in the Supplementary material. PCA was performed only at

OUH, so in the case of a patient from ZUH choosing PCA, that patient was

referred to OUH.
2.2. Variables and data collection

HRQoL was measured using the Danish-language translation of the val-

idated European Organization for the Research and Treatment of Cancer

(EORTC) Quality of Life Questionnaire version 3.0 [16]. The EORTC ques-

tionnaire includes 30 items, distributed across the following subscales:

global health status, five functioning scales (physical [PF], role [RF], emo-

tional [EF], cognitive [CF], and social [SF]), and eight symptom scales (fa-

tigue, nausea/vomiting, pain, dyspnea, insomnia, appetite loss,

constipation, and diarrhea), and finally, a scale describing the financial

impact of cancer [17]. The latter scale was not analyzed in this study.

The scores were calculated based on the EORTC scoring manual [16].

All scale scores range from 0 to 100, with a high score on the functional

scales indicating a high level of functioning and a high score on the

symptom scales indicating greater severity of individual symptoms.

The primary outcome was the change in HRQoL between PN and PCA

from baseline to follow-up. The questionnaire was distributed before

treatment (baseline), and at 14 and 90 d after treatment. The follow-

up cutoffs of 14 and 90 d were chosen to reflect our standard follow-

ups and convalescence after treatment. The questionnaire was dis-

tributed either electronically or manually (as a paper version), according

to patient preferences. With the paper version, the patient filled out the

questionnaire and then provided their answers through structured tele-

phone interviews conducted by a third-party research assistant to min-

imize interviewer bias. Patients who chose the electronic version

received automatic e-mail reminders if they did not respond within 72

h. Patients completing the baseline questionnaire were consecutively

included in the study cohort. In addition to HRQoL, demographic data
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were collected with additional questions. Clinical information was col-

lected from patients’ medical records and through patient interviews,

including: ECOG performance status [18], complications graded accord-

ing to the Clavien-Dindo classification [19], histopathology according to

the American Joint Committee on Cancer eighth edition for RCC tumor

node metastasis (TNM) staging system [20], Charlson Comorbidity Index

(CCI) [21], and radius-endophytic-nearness-anterior-location (RENAL)

nephrometry score [22].
2.3. Ethical considerations

Prior to inclusion, patients were informed about the purpose of the

study, the anonymity and confidentiality of their personal data, and their

right to withdraw from the study at any time. The study was approved

by the Danish Data Protection Agency (18/52479), and the National

Committee on Health Research Ethics waived the need for ethical

approval (cf. 0182000-96).
2.4. Statistical analysis

Descriptive statistics are presented as means and standard deviation,

medians with interquartile range (IQR), or frequencies. Fisher’s exact

test, chi-square test, Student t test, or Wilcoxon rank-sum test were used

for comparative analyses. The primary outcome was analyzed by a linear

mixed-effect model (restricted maximum likelihood estimation [REML])

with patients as random effects, and treatment (PN vs PCA) and visits

(baseline, 14 d, and 90 d) as fixed effects. Standard model selection

was performed using the likelihood ratio test. Standard model assump-

tions were not violated. Adjusted models included age and sex as covari-

ates as these were considered potential confounding factors. Statistical

significance was set at 0.05. All analyses were performed using the

STATA 16 software (StataCorp LLC, College Station, TX, USA).
3. Results

A total of 184 patients with RCC stage cT1N0M0 were
scheduled to undergo NSS during the inclusion period.
Seven patients, who planned to receive PN, were excluded
due to conversion to RN, benign tumor pathology, or metas-
tasis before operation. Three patients who planned to
receive PCA had repeated NSS for another tumor within 3
mo of the first treatment, leaving 173 patients eligible to
participate in the study. Eight patients either misplaced or
did not return the baseline questionnaire, resulting in 165
remaining patients (PN, n = 79 and PCA, n = 86) included
in the analysis (CONSORT flowchart, Fig. 1). Patients receiv-
ing PCA were significantly older, were more frequently
unemployed due to retirement, had worse performance sta-
tus, had higher CCI, and were more likely to have other
malignities at the time of treatment than patients who
underwent PN (Table 1). Patients receiving PCA had signifi-
cantly smaller tumors than those receiving PN. RENAL
scores and histological subtypes were comparable between
PN and PCA.

Patients receiving PN had significantly higher scores on
PF and RF, and reported significantly lower levels of fatigue
and insomnia at baseline than those who received PCA.
Otherwise, the groups were comparable on HRQoL scores
and self-reported symptoms at baseline (Table 1). In addi-
tion, 90-d postoperative complications were comparable
between PCA and PN.
The completion rates of the questionnaire were 98% at
14-d and 96% at 90-d follow-up. Patients lost to follow-up
were considered random for both PN and PCA.

A statistically significant difference between baseline
and 14-d follow-up was found for Global health status, PF,
RF, and EF, suggesting that PCA either increased or did not
decrease as much as PN. Likewise, patients who underwent
PN had a significant increase in fatigue, pain, dyspnea, appe-
tite loss, and diarrhea at 14-d follow-up compared with PCA
patients (Fig. 2). Overall, the data show that all significant
differences observed from baseline to 14-d follow-up were
not significant compared with those from baseline to 90-d
follow-up. Adjusting for age and sex did not change the
results on any scales or symptoms. Table 2 shows the differ-
ences from baseline to follow-up between PN and PCA in
global health status, the five functioning scales, and the
eight symptom scales after 14 and 90 d. For the mean scores
for PN and PCA for each scale, the difference between the
groups, and the difference from baseline to each follow-
up, see Supplementary Table 1.

4. Discussion

In this prospective comparative study, we found that
patients receiving PN had a statistically significant decrease
in global health status, PF, RF, and EF at 14-d follow-up
compared with patients receiving PCA. This finding was
accompanied by PN having a significant increase in symp-
tom scores on fatigue, pain, dyspnea, appetite loss, and diar-
rhea at 14-d follow-up. However, this difference was not
present at 90-d follow-up in any of the HRQoL scales or
self-reported symptoms scores. These results corroborate
those reported by Sandbergen et al. [12], who found an ini-
tial decrease in HRQoL following surgical treatment of RCC
after 1 mo, which gradually improved up to or above base-
line after 1 yr, regardless of procedural approaches or treat-
ment modality. The same findings were reported by Becker
et al. [23], who found no significant difference in long-term
HRQoL outcomes following laparoscopic PN and OPN. More-
over, Breau et al. [6] reported that patients receiving OPN
recovered to baseline HRQoL after 12 mo. These previous
findings suggest that treatment procedure has a smaller
effect on long-term HRQoL. In the present study, we con-
firmed these findings at 90-d follow-up. Watanabe et al.
[5] recently reported a significant or small improvement
in HRQoL scores following RAPN after 6–12 mo except for
mental health, which improved significantly at 3-mo
follow-up.

The significant differences observed at 14-d follow-up in
the present study may reflect the nature of the treatment, as
PCA is less invasive than PN. Similar results were reported
by Sandbergen et al. [12], who found that short-term HRQoL
favors minimally invasive procedures. The more significant
change in symptom burden observed in the PN group could
also affect the changes observed in the functional scales.
However, statistical significance does not necessarily indi-
cate a clinically relevant change [16]. Several authors have
investigated how to interpret the meaning of small and sig-
nificant changes in HRQoL scores measured by the EORTC.
Osoba et al. [24] used an anchor-based approach that inves-



Fig. 1 – CONSORT flowchart showing patient inclusion. PCA = percutaneous cryoablation; PN = partial nephrectomy.
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tigated the correlation between patients’ subjective signifi-
cance and changes in mean scores in the EORTC question-
naire when administered to a population of women
treated for breast cancer. The authors reported that a mean
change in scores between 5 and 10 corresponded to ‘‘a lit-
tle’’ change, a mean change in scores between 10 and 20
corresponded to ‘‘a moderate’’ change, and a mean change
above 20 corresponded to ‘‘very much’’ change. They did
not distinguish between the HRQoL scales [24]. Cocks
et al. [25], by contrast, reported that changes in mean scores
on the EORTC scales should be interpreted differently with
regard to mean changes over time when associated with
the minimal clinically important difference (MCID). Fur-
thermore, they showed that estimates of improvements



Table 1 – Baseline characteristics of patients treated with partial nephrectomy (PN) or percutaneous cryoablation (PCA)

Patient characteristics PN (n = 79) PCA (n = 86) Difference (p value)

Age (yr), median (IQR) 62.1 (52.7–71.0) 69.1 (62.2–76.1) 0.0005
Male gender, n (%) 58 (73) 62 (72) NS
PSa, n (%)
0 67 (85) 51 (59) 0.001
1 10 (13) 23 (27)
2 2 (3) 11 (13)
3 – 1 (1)

ASA, n (%)
1 8 (10) 6 (7) NS
2 45 (57) 40 (47)
3 26 (33) 40 (47)

CCI, median (IQR) 2 (1–3) 3 (2–5) <0.001
Other malignity, n (%)
None 68 (86) 54 (63) 0.002
Ongoing treatment 1 (1) 6 (7)
Follow-up/surveillance 10 (13) 26 (30)

Multiple RCC at diagnosis, n (%) 1 (1) 5 (6) NS
Symptoms of RCC, n (%)
None 67 (85) 70 (81) NS
Pain 2 (3) 2 (2) NS
Gross hematuria 3 (4) 6 (7) NS
Fatigue 3 (4) 1 (1) NS
Weight loss 6 (8) 3 (3) NS
Not registered 1 (1) 6 (7) NS

Living alone, n (%)
Yes 21 (27) 21 (24) NS
No 58 (73) 65 (76)

Current occupation, n (%)
Employed 36 (46) 19 (22) 0.001
Not employed 39 (49) 66 (77)
Not registered 4 (5) 1 (1)

Highest achieved education (yr), n (%)
Short (7–10) 22 (28) 29 (34) NS
Medium (11–13) 37 (47) 29 (34)
Long (>13) 18 (23) 28 (33)
Not registered 2 (3) –

Tumor characteristics PN (n = 80) PCA (n = 90)
Tumor size (cm), mean (SD) 3.75 (1.25) 3.04 (0.93) <0.001
Clinical tumor stage, n (%) 0.001
cT1a 53 (66) 79 (88)
cT1b 27 (34) 11 (12)

Tumor placement, n
Right/left 29/51 41/49 NS

RENAL score, median (IQR) 7 (6–9) 8 (6–9) NS
RENAL score group, n (%)
4–6 (low) 27 (34) 28 (31) NS
7–9 (medium) 47 (59) 51 (57)
10–12 (high) 6 (8) 11 (12)

Histological subtypeb, n (%)
Unclassified RCC 1 (1) 2 (2) NS
Clear cell 59 (74) 57 (63)
Papillary 11 (14) 25 (28)
Chromophobe 5 (6) 5 (6)
Epithelioid angiomyolipoma 3 (4) 1(1)

1 (1) –
Treatment characteristics PN (n = 79) PCA (n = 86)
Outpatient procedure, n (%)
Yes NA 81 (94)
No NA 5 (6)

Length of stay (d), median (IQR) 2 (1–2) 2 (1–3)c NS
Procedure, n (%)
Robot assisted 74 (94) NA
Open 2 (3) NA
Converted from robot to open 3 (4) NA

Hydro displacement, n (%)
Yes NA 55 (64)
No NA 31 (36)

Double-J catheter, n (%)
Yes NA 10 (12)
No NA 76 (88)

Anesthesia, n (%)
Sedation NA 81 (94)
GA 79 (100) 5 (6)

Multiple tumors treated, n (%) 1 (1) 4 (5) NS
Postoperative complications within 90 d, n (%) 18 (23) 16 (19) NS

(continued on next page)
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Table 1 (continued)

Patient characteristics PN (n = 79) PCA (n = 86) Difference (p value)

Major postoperative complications (Clavien-Dindo grade �3), n (%) 2 (3) 5 (6) NS
Mean ± SD Mean ± SD

Health-related quality of life outcomes
Global health status 66.7 ± 21.2d 61.8 ± 24.0 NS
Physical functioning 88.4 ± 16.7 76.4 ± 25.0 0.0005
Role functioning 82.7 ± 26.5d 69.6 ± 35.8 0.009
Emotional functioning 76.3 ± 21.8 72.3 ± 22.6 NS
Cognitive functioning 84.0 ± 20.1 82.9 ± 22.0 NS
Social functioning 90.5 ± 18.0 84.3 ± 25.9e NS

Symptoms
Fatigue 27.1 ± 24.2d 35.5 ± 29.0 0.0470
Nausea and vomiting 3.6 ± 9.9 4.3 ± 12.0 NS
Pain 18.6 ± 27.7 25.8 ± 30.6 NS
Dyspnea 14.5 ± 22.5d 18.0 ± 25.0e NS
Insomnia 25.7 ± 29.7 36.4 ± 35.3 NS
Appetite loss 9.3 ± 19.9 13.2 ± 25.2 NS
Constipation 7.3 ± 21.9 8.9 ± 16.5 NS
Diarrhea 10.5 ± 19.6 16.7 ± 27.1 NS

ASA = American Society of Anesthesiologists; CCI = Charlson Comorbidity Index; GA = general anesthesia; IQR = interquartile range; NA = not applicable;
NS = not significant; PS = performance status; RCC = renal cell carcinoma; RENAL score = radius-endophytic-nearness-anterior-location nephrometry score;
SD = standard deviation.
a Performance score according to Eastern Cooperative Oncology Group [18].
b Histological subtype based on biopsy for PCA and tumor pathology after PN.
c Based on the five patients who did not leave the hospital within 12 h after the procedure.
d Seventy eight observations.
e Eighty five observations.
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were smaller than those of worsening. Applying the thresh-
olds by Cocks et al. [25] to the results in this study, the
changes at 14-d follow-up in the domains of global health
status, PF, RF, and pain were medium, whereas the changes
in EF, dyspnea, appetite loss, and diarrhea were small. Thus,
only the difference in fatigue could be classified as a large
change. We found a significant difference within the range
of MCID between PN and PCA at 14-d follow-up. A finding
that could, however, be considered less relevant for patients
when compared with that over a lifespan. Nevertheless, it
could aid patients and clinicians in decision-making. Fur-
thermore, given the nonrandomized design, this study can-
not conclude whether a comorbid and elderly patient
receiving PN would recover to baseline HRQoL after 90 d.
Previous reviews exploring quality of life following surgical
treatment of RCC have observed that evidence in this field is
sparse, partially due to the over-representation of retro-
spective studies [13,26]. This situation creates an issue
when comparing treatments such as PN and PCA in which,
as we have reported in this study, patients have different
baseline HRQoL scores. Another factor, when comparing
HRQoL results across the literature, is the variety of instru-
ments used, as we recently addressed in a systematic
review [27]. To our knowledge, a disease-specific instru-
ment is not yet available to assess HRQoL in patients with
localized RCC. Therefore, we chose the EORTC questionnaire
based on relevance and the recall period that fit the follow-
up period. The high response compliance by patients in this
study (98% and 96%) suggests that patients found the EORTC
questionnaire a meaningful assessment tool for reporting
HRQoL.

Studies have shown that PCA could be associated with an
increased risk of treatment failure or recurrence of RCC
[28,29]. Given that this study focused on short-term HRQoL,
we did not include information regarding oncological out-
comes. However, we reported a mean difference between
PN and PCA at 90-d follow-up below the MCID on all HRQoL
scales. Thus, a possibly more significant concern regarding
whether treatment was successful or not in the PCA group
was not detectable in the HRQoL outcome measured in this
study.

Patient selection and decision-making in the treatment
of RCC stage cT1 have been debated since the use of ablation
therapies have become more widespread [30–32]. We
found that patients receiving PCA were significantly older
and had worse performance status and more severe comor-
bidity than patients receiving PN. In addition, patient frailty
has been reported to impact perioperative and oncological
outcomes [33]. Therefore, preoperative frailty assessment
could optimize patient outcomes and is a factor to consider
in decision-making. Whereas the most discussed factors
revolve around clinical outcomes, this study proposes that
patient-reported outcomes in terms of HRQoL should also
be considered as part of clinical decision-making when
treating RCC stage cT1.
4.1. Limitations

A limitation of the present study is that patients were not
randomized, which poses a risk of confounding by indica-
tion, potentially compromising internal validity. However,
the design followed the clinical practice of providing infor-
mation about HRQoL outcomes from a broader patient per-
spective. We argue that this feature, combined with a high
response rate throughout the study, contributes to the
external and internal validity. Therefore, the magnitude of
the indication bias is limited. The inclusion of open proce-
dures poses another limitation since postoperative out-
comes after minimally invasive procedures such as RAPN,
compared with open PN, may differ, especially in the



Fig. 2 – HRQoL scales and self-reported symptoms from baseline up to 90 d postoperatively following partial nephrectomy (PN) and percutaneous
cryoablation (PCA). HRQoL = health-related quality of life.
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Table 2 – The differences from baseline to follow-up between PN and PCA on GHS, the five functioning scales, and the eight symptom scales after
14 and 90 d

Difference (95% CI) from
baseline to 14 d (PN vs PCA)a

Difference (95% CI) from
baseline to 90 d (PN vs PCA)a

Overall HRQoL
Global health status (GHS) 9.6 (3.2; 16.0) –0.26 (–6.7; 6.2)
Functional scales
Physical functioning 16.7 (11.6; 21.8) 3.1 (–2.0; 8.3)
Role functioning 31.7 (22.6; 40.8) 6.7 (–2.4; 15.9)
Emotional functioning 7.4 (1.3; 13.6) 1.6 (–4.5; 7.8)
Cognitive functioning 1.9 (–3.5; 7.4) –1.9 (–7.4; 3.6)
Social functioning 8.9 (1.9; 16.0) –3.1 (–10.2; 4.0)
Symptoms
Fatigue –18.6 (–25.2; –12.0) –3.4 (–10.1; 3.2)
Nausea and vomiting –3.2 (–8.2; 1.8) 1.1 (–3.9; 6.2)
Pain –16.0 (–24.5; –7.4) –4.1 (–12.8; 4.5)
Dyspnea –7.7 (–15.4; –0.02) –0.7 (–8.4; 7.0)
Insomnia –7.3 (–16.5; 2.0) –4.8 (–14.1; 4.5)
Appetite loss –11.2 (–19.5; –2.9) 1.2 (–7.1; 9.5)
Constipation –0.6 (–8.5; 7.3) 2.0 (–6.0; 9.9)
Diarrhea –13.2 (–20.9; –5.5) –1.3 (–9.0; 6.4)

CI = confidence interval; HRQoL = health-related quality of life; PN = partial nephrectomy; PCA = percutaneous cryoablation.
Bold font indicates significant results.
a Adjusted for age and sex.
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short-term outcome. However, this study reflects the stan-
dard clinical practice and real-life data.

It would have strengthened the results if more patients
had been included, generating a larger sample size. How-
ever, patients treated with NSS were consecutively
recruited for almost 2 yr, from an uptake area covering 2
million people.

5. Conclusions

This prospective multicenter study found a significant dif-
ference between baseline and a 14-d follow-up in several
HRQoL and symptom scales, favoring PCA over PN. How-
ever, we found no significant differences between baseline
and 90-d follow-up in HRQoL scales and self-reported
symptoms between patients who underwent PN and those
who received PCA to treat stage cT1 RCC.
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