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ABSTRACT
Objective: To determine recurrence incidence after partial nephrectomy (PN) for renal cell carcinoma and 
identify predictors for local recurrence (LR) and metastasis.
Material and methods: We retrospectively evaluated a cohort of 524 patients from the Cancer Registry 
of Norway, who underwent PN between January 2014 and December 2015 and were followed-up for >6 
years. Patient demographics and pathological characteristics were correlated with recurrence and progres-
sion-free survival using Kaplan-Meier and Cox regression analyses.
Results: Median patient age was 64 years, and the median tumour size was 2.6 cm. A positive surgical 
margin (PSM) was observed in 11% of the cases, while the LR and metastasis rates were 3.4% and 3.2%, 
respectively. PSM (hazard ratio [HR], 55.4; 95% confidence interval [CI], 12.55–244.6), tumour number 
(HR, 45.4; 95% CI, 6.5–316.1) and stage (HR, 33.5; 95% CI, 5.4–205.3) were independent predictors for LR. 
Undetermined margin status was also a risk factor for LR. Tumour stage (HR, 41.05; 95% CI, 8.52–197.76), 
tumour necrosis (HR, 1.3; 95% CI, 0.4–4.31) and age (HR, 1.07; 95% CI, 1.01–1.14) were predictors for 
metastasis.
Conclusions: Both local and distant recurrences after PN were rare, and the pT stage was a common pre-
dictor. PSM or indeterminate surgical margin and tumour number were LR predictors, while age at surgery 
and the presence of tumour necrosis predicted metastasis.
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Introduction

Partial nephrectomy (PN) is the standard of care for patients 
with localised renal cell carcinoma (RCC) [1]. Nephron-sparing 
surgery should be performed if it does not compromise onco-
logical, functional and perioperative outcomes. However, this 
approach is technically challenging and may yield positive sur-
gical margins (PSMs) and disease recurrence.

Despite the ongoing debate concerning the role of PSMs in 
recurrence, the achievement of negative margins should be 
the main oncological concern in PN, and most systematic 
reviews have shown a higher risk of recurrence in patients with 
PSMs [2–4]. European guidelines recommend intensive follow-
up of patients showing PSM for early detection of any 
recurrence [1] and recommend validated models, such as the 
Leibovich score for clear-cell RCC and the University of 
California Los Angeles integrated staging system for non-clear-
cell RCC, to stratify the risk of recurrence after kidney surgery. 
However, these scores did not distinct the recurrence risk 
between patients operated with radical nephrectomy or PN. 
We believe that efforts should be made to separately predict 
recurrence in these two approaches, with an emphasis on PN.

Although recurrence is rarely observed after kidney surgery, 
the patterns and risk factors differ between radical nephrectomy 
and PN, both for low-stage [5] and more complex tumours [6, 7], 
and between local and distant recurrence [8]. This study aimed 
to assess the predictors of local and distant recurrence after PN 
using multicentric national registry data.

Material and methods

In Norway, by law, all new cases of cancer are required to be 
reported to the population-based Cancer Registry of Norway. 
The registry database employs a high-quality tool that sends 
reminders to various departments to submit missing reports; 
thus, the completeness rate is very close to 100% [9]. The regis-
try did not include data on patients with benign tumours, and 
no patients with a proven benign histology after PN were regis-
tered in our study.

From the Cancer Registry of Norway, datasets for all 1,668 
patients with RCC (ICD-10 code C64), from 2014 to 2015, were 
extracted from the primary database. Of these, 1,337 were 
surgically treated, and 543 patients who underwent PN remained 
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within the dataset. Two authors manually performed quality 
assurance of all data used in the study, including  
re-evaluation of all histopathology reports. During this process, 
19 patients with missing data for important variables were 
excluded (Figure 1). The final study population consisted of 524 
patients, and their demographic, tumour-related, histology-
related and 5-year follow-up data were transferred to an 
anonymised database for subsequent analysis.

The analysed variables included age at diagnosis, sex, 
tumour characteristics, such as size and consistency (solid/
cystic), number, surgery date and type (open/laparoscopy/
robot-assisted), hospital volume, morphology type and 
grade, pT stage, the presence of tumour necrosis or capsule 
invasion, surgical margin status, the presence of local 
recurrence (LR) or metastasis (ME) and death date and cause. 
Since the Cancer Registry of Norway only includes 
histologically proven cancer, this study did not record 
recurrence or metastasis diagnosed clinically or on imaging 
but was not proven by biopsy. We defined so histologically 
proven recurrence as clinically significant for the patient’s 
prognosis, since a biopsy is mostly performed to decide the 
optimal management for patients who are candidates for 
active treatment.

The Cancer Register of Norway does not register data about 
the patient’s performance (e.g. Charlson comorbidity index, 
Eastern Cooperative Oncology Group performance status, 
previous surgery, solitary kidney, or body mass index) or 
nephrometry scores to assess tumour complexity. No patient had 
N+ stage disease or underwent lymphadenectomy concomitant 
with PN.

Hospital volume corresponding to each case was categorised 
as follows from the data for the number of procedures performed 
during the 2-year observation period: low volume, ≤10; 
intermediate volume, 11–20; high volume, 21–30; and very high 
volume, >30 procedures/year. The lower limit for the very-high-
volume group was arbitrarily determined based on the 
presumed volumes at major academic hospitals in Norway. For 
analysis and presentation purposes, we grouped the pT stage 
and Fuhrman grade into three groups as follows: pT1a, pT1b and 
pT2 + pT3a and grades 1, 2 and 3 + 4, respectively. LR and ME 
were defined by the onset of neoplasms with identical 
histological patterns on the previous tumour resection bed or 
other organs, respectively.

Statistical analysis

Standard descriptive statistics were used for statistical analysis. 
Differences between groups were tested using the t test, Mann–
Whitney–Wilcoxon test, chi-squared test, Fisher’s exact test, or 
Kruskal–Wallis test. An event was defined to have occurred if a 
patient developed LR or ME. The difference in survival between 
the two patient groups was tested using a log-rank test and 
illustrated using a Kaplan–Meier plot. Associations of patient 
characteristics and prognostic variables with LR and ME were 
assessed using Cox proportional-hazard regression. The strength 
of the association was quantified by determining the hazard 

ratio (HR) and 95% confidence interval (CI). P-values are pro-
vided for additional information. The proportional hazard 
assumption was examined graphically.

Results

Demographics

Table 1 summarises patient and tumour characteristics. The 
cohort consisted of 72% males (378 patients) with median age, 
64 years (interquartile range [IQR], 54–79 years). Most tumours 
were solid (89%) and unifocal (97%; median [IQR] tumour size, 
2.5 cm [1.8, 3.2 cm]). Of the surgeries, 42% were robot-assisted, 
37% were laparoscopic and 13% were open, while more than 
three-fourths were performed in intermediate- (41%) and 
high-volume (27%) hospitals.

Histological features included a predominantly pT1a stage in 
almost 85% patients, clear cell type in nearly 70% of cases and 
Fuhrman grade 2 in 60% cases. Tumour necrosis and capsule 
infiltration were observed in 11% and 4% of patients, respectively.

Sixty cases (11%) showed PSM during the median (IQR) 
follow-up period of 81 months (75–88 months), with 18 patients 
(3.4%) showing LR and 17 patients (3.2%) showing ME. The 
median (IQR) time to LR was 35 months (24–56 months), which 
was 17 months longer than that to ME (median, 18 months; IQR, 
13–42 months). Nearly 13% of the patients died during 
the follow-up period, and RCC was the cause of death in 18% of 
the patients.

Predictors for local recurrence

In the univariate analysis, PSM, tumour number, tumour size, pT 
stage and capsule infiltration showed significance for LR, but in 
multivariable Cox regression, only PSM (HR, 55.4; 95% CI, 
12.55–244.6), tumour number (HR, 45.4; 95% CI, 6.5–316.1) and 
stage (HR, 33.5; 95% CI, 5.4–205.3) were independent predictors 
(Table 2). The LR-free survival was higher (Figure 2) in patients 
with negative margins (95% vs. 81% in those with PSM; Figure 2).

Tumour size was excluded from the model because of its 
strong correlation with pT stage. The margin status after PN 
could not be definitively determined in 5% of the pathology 
reports, and Cox regression analysis showed that an 
undetermined margin status was also a risk factor for LR.

Predictors for metastasis

In the univariate analysis, age, tumour size, pT stage, nucleolar 
grade and the presence of necrosis were significant variables for 
ME, but in the multivariable Cox regression, only pT stage (HR, 
41.05; 95% CI, 8.52–197.76), necrosis (HR, 5.24; 95% CI, 
1.42–19.35) and age (HR, 1.07; 95% CI, 1.01–1.14) were inde-
pendent predictors in the prediction model for ME (Table 3). 
PSM was not a risk factor for ME after PN. Tumour size was not 
included in the multivariate analysis because of its strong corre-
lation with pT stage. ME-free survival was lower (Figure 3) in 
patients with tumour stage >pT2a (68% vs. 94% in patients with 
stage pT1a tumours). 
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Figure 1. Flowchart for data extraction from the main database at the Cancer Registry of Norway according to the 
inclusion and exclusion criteria.
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Discussion

In the data collected between 2014 and 2015, we found that 
local and distant recurrences after PN are rare. Metastasis 
occurred earlier than LR, and the pT stage was a common pre-
dictor of both local relapse and metastasis. A positive or indeter-
minate status of surgical margins and tumour number were 
predictors of LR, while age at surgery and the presence of 
tumour necrosis predicted metastasis.

Multiple series evaluating the recurrence after RCC surgery 
have been reported, and these studies have validated important 
prognostic factors such as tumour stage or the presence of 
coagulative necrosis. A main limitation of these studies was that 
they did not consider the type of surgery in assessments of 
recurrence, despite known differences in the pathological 
features associated with oncological outcomes between radical 
or PN. Moreover, few studies have evaluated recurrence risk 
after PN over a long follow-up period. Mouracade et al. showed 
that the features and risk factors of recurrence were different 
between patients showing LR and ME; however, their study had an 
intermediate follow-up, although the median time to recurrence in 
their study matched that reported in the literature [8]. We separately 
studied these two patterns of relapse and found low rates of LE 
and ME over a median follow-up period of 82 months. In our 
study, ME occurred earlier than LR (18 vs. 35 months), in contrast 
to the findings reported by Mouracade et al. (22 vs. 13 months), 
even though both studies showed similar time to ME. Wood et 
al. reported that the time to LR was 23 months [10], which was 
between our findings and those reported by Mouracade et al. A 
possible explanation could be the higher diagnostic rate of LR in 
previous studies and the fact that we only registered 
histologically proven recurrence since radiological recurrence 
was not registered in the Cancer Registry of Norway.

We assessed the prognostic factors previously related to 
recurrence and found that PSM, tumour number and stage were 
predictive of clinically significant LR, whereas age, tumour stage 
and the presence of tumour necrosis predicted the risk of ME. In 
particular, age was a strong predictor of overall survival after 
surgical treatment of RCC, as shown by Leibovich et al. [11]. In a 
recent study based on Swedish National Cancer Registry data, 
Almadalal et al. found that for both partial and radical 
nephrectomies, survival decreased in patients who developed 
ME, but the risk of LR did not increase with age [12]. In a study on 
recurrence after PN alone using data from a Canadian cancer 
registry, age was not predictive of progression, with a P-value of 
0.06 close to statistical significance [13]. In our study, age was a 
predictor for ME but not LR, which may help navigate clinical 
decision-making before PN, especially in older patients, where 
the risk of non-RCC death exceeds the risk of recurrence due to 
cumulative comorbidities, as postulated by Stewart-Merrill et al. 
[14].

PSM was a risk factor for LR in both high-grade tumours, as 
shown by Shad et al. [15], similar to the pT1 stage, as 
demonstrated by Hendreickx et al. [3]. In addition, several meta-
analyses have shown that PSM increases LR risk, and the latest 
such study by Garcia-Perdomo et al. [4] reported this finding 

Table 1. Clinical and oncological features of the population.
Variable Overall (n = 524)

Age (years)
 Median [IQR] 64 [54–70]
Gender
 Man
 Woman

378 (72%)
146 (28%)

Tumour size (cm)
 Median [IQR] 2.5 [1.8–3.2]
Tumour type
 Solid
 Cystic

467 (89%)
57 (11%)

Tumour number
 One
 More than one

508 (97%)
16 (3.1%)

Surgical approach
 Open
 Laparoscopic
 Robot assisted
 Unknown

66 (13%)
192 (37%)
220 (42%)

46 (8%)
Hospital volume
 ≤10 procedures/year
 11–20 procedures/year
 21–30 procedures/year
 >30 procedures/year

79 (15%)
214 (41%)
140 (27%)
91 (17%)

pT stage
 pT1a
 pT1b
 pT2a
 pT2b
 pT3a

447 (85%)
62 (12%)

5 (1%)
1 (0.2%)
10 (2%)

Histology
 Clear Cell
 Papillary
 Other

366 (70%)
108 (21%)

50 (9%)
Fuhrman grade
 1
 2
 3 + 4
 Unknown

58 (11%)
314 (60%)
130 (25%)

22 (4%)
Tumour necrosis
 Yes
 No
 Unknown

56 (11%)
392 (75%)
76 (14%)

Capsule infiltration
 Yes
 No
 Unknown

20 (4%)
427 (82%)
77 (14%)

Surgical margins
 Negative
 Positive
 Undetermined

440 (84%)
60 (11%)
24 (5%)

Follow-up (years)
 Median [IQR]
 0–3 years
 3–5 years
 5–10 years

6.75 [6.25–7.33]
6% (30 patients)
5% (24 patients)

89% (470 patients)

Data from Cancer Registry of Norway for kidney cancer patients operated 
with partial nephrectomy between 2014 and 2015 and follow-up until 2022.
n: number of patients; IQR: inter quartile range; cm, centimetres; pT: 
pathological tumour stage.
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with a moderate certainty of evidence. The same authors 
showed that PSM does not increase the risk of metastasis-free 
survival with a high certainty of evidence, as we found in our 
series. We recorded a high rate of PSM that may be related to 
beginning of the learning curve for robot surgery in some 
hospitals in Norway and also due to a low median tumour size in 
our series. Ficcara et al. [3] postulated that an inaccurate 
estimation of tumour extension as well as the absence or 
incomplete development of pseudocapsule and the accidental 
disintegration of the resection margins are more likely to occur 

in smaller tumours. In less than 5% of the patients in our series, 
the margin status could not be determined as positive or 
negative by the pathologist. This uncertainty in histological 
reporting of margin status was also proven to be a statistically 
significant risk factor for LR, and we believe that future studies 
should investigate if this feature could be considered, in practice, 
as a PSM.

Pathological T stage was expected to be predictive of 
recurrence because the disease was more aggressive, which 
agreed with previous studies [16]. Kim et al. also found that 

Table 2. Univariate and multivariate analyses of predictive factors of local recurrence after partial nephrectomy.
Prognostic variable Hazard ratio (HR) 95% CI P Hazard ratio (HR) 95% CI P

Univariate Multivariate

Sex
 Male 1.94 0.56–6.69 0.296 3.90 0.68–22.55 0.128
 Female Ref Ref
Age 1.02 0.97–1.06 0.443 0.97 0.91–1.04 0.398
Surgical margins
 Negative Ref Ref
 Positive 19.78 7.00–56.17 <0.001 55.42 12.55–244.68 <0.001
 Undetermined 3.65 0.43–31.22 0.238 18.14 1.55–212.79 0.021
Tumour number
 1 Ref Ref
 >1 10.65 3.50–32.39 <0.001 45.47 6.54–316.18 <0.001
Tumour size (cm) 1.45 1.14–1.85 0.002 Excluded due to strong correlation between pT and tumour size
Surgery type
 Open Ref Ref
 Laparoscopy 0.58 1.39–2.44 0.459 0.68 0.12–3.73 0.654
 Robotic 0.71 0.18–2.73 0.613 1.08 0.17–6.74 0.937
 Unknown 1.53 0.31–7.60 0.602 1.24 0.18–8.62 0.831
Hospital volume,  
(surgeries/year)
 10 and less Ref Ref
 11–20 0.65 0.22–1.93 0.433 0.31 0.05–1.76 0.185
 21–30 0.44 0.12–1.64 0.220 0.87 0.15–5.17 0.875
 More than 30 No local recurrence
pT stage
 pT1a Ref Ref
 pT1b 3.77 1.14–12.53 0.030 7.66 1.44–40.61 0.017
 pT2a + pT3a 26.82 9.28–77.52 <0.001 33.51 5.47–205.33 <0.001
Histology
 Clear cell carcinoma Ref Ref
 Papillary type 1 and 2 1.03 0.33–3.15 0.962 0.29 0.06–1.45 0.134
 Other 0.56 0.07–4.30 0.580 0.31 0.01–6.68 0.458
Nucleolar grade
 Grade 1 Ref Ref
 Grade 2 1.69 0.21–13.37 0.617 1.76 0.16–19.49 0.646
 Grades 3 and 4 3.65 0.46–29.22 0.222 3.16 0.28–36.00 0.354
 Unknown No local recurrence
Necrosis
 No Ref Ref
 Yes 1.90 0.53–6.82 0.323 1.29 0.22–7.57 0.780
 Unknown 1.88 0.60–5.90 0.281 3.78 0.80–17.94 0.094
Capsule infiltration
 No Ref ref
 Yes 7.71 2.48–23.92 <0.001 0.56 0.09–3.65 0.548
 Unknown 0.91 0.20–4.07 0.901 0.15 0.02–1.27 0.082

pT: pathological tumour stage.
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tumour stage was predictive of recurrence in patients with 
complex tumours, with a RENAL score >10 in the R domain 
(tumour size) being the main predictor of death [7]. A limitation 
of our study was the lack of assessments based on nephrometry 
scores, which were not registered in the cancer registry. Thus, we 
could only control for tumour size instead of the RENAL 
nephrometry score. The tumour size variable was excluded from 
our prediction model because of its strong correlation with pT 
stage, since the pathologic tumour stages <pT3 are defined by 
tumour size. Minervini et al. [16] found that a high tumour grade 
predicted long-term survival, especially for tumours >pT2, and 
Tagaki et al. [17] found that upstaging to pT3a together with a 
high grade was an independent factor for worse recurrence-free 
survival. They also included non-clear-cell RCCs as a predictive 
factor for recurrence after PN for T1a. In our study, both the 
histological subtype and nucleolar grade were found to be 
predictive of recurrence without any clinical explanation. In our 
study, tumour necrosis, which reflected aggressive biological 
activity, was a predictive factor for ME, in agreement with the 
literature [18]. In addition, capsule infiltration and sarcomatoid 
or rhabdoid differentiation were not included in the analysis 
because of the high rate of missing information in the 
histological reports.

Multifocal tumours at PN did not affect metastasis-free 
survival in a series of patients with hereditary RCC analysed by 
Gupta et al. over an intermediate follow-up without obtaining 
data regarding the effect on LR, which is impractical to assess in 
this group of patients [19]. Shah et al. did not find tumour 
number to be a risk factor for PSM [15], and Mouracade et al. 
showed no effect on disease-free survival [8]. In our study, we 
found more than one tumour to be a predictive factor only for 

LR, with a lack of information about hereditary cancers. In a 
study on multifocal RCC, Sorbellini et al. found a prevalence of at 
least 6% and presented favourable arguments for performing PN 
in this group of patients, although they strongly advocated 
appropriate surgery for the local control of renal lesions with 
negative margins [20]. Since multiple renal tumours appear to 
increase LR risk, in our opinion, it is important to intensify follow-
up after PN for patients with additional risk factors such as PSM or 
high pT stage.

Regarding the surgical approach, a propensity score-
matched analysis by Tam et al. [21] suggested that minimally 
invasive surgery results in a decreased risk of recurrence, with 
the limitation of requiring longer follow-up in cases involving an 
open approach, whereas in a case-control study by Wood et al., 
surgery type was not predictive of recurrence [10]. In our study, 
no significant difference was found between the robotic, 
laparoscopic and open approaches, but a possible bias could 
have occurred because the type of surgery was unknown in 
almost 15% of the patients. We did not find hospital volume to 
be a predictive factor for recurrence, although lower PSM rates 
may be found in high-volume hospitals when performing robot-
assisted PN, as suggested by Xia et al. in a national cancer 
database analysis [22].

Limitations and strengths

This study had several methodological limitations, such as miss-
ing some important variables such as nephrometry scores, com-
plication rates, warm ischaemia time, type of surgical technique, 
change in estimated glomerular filtration rate and long-term 
cancer-specific survival, which together could not suggest the 
centralisation or decentralisation of PN. The missing data for the 
invasion of the perirenal fat in the histological report limited our 
possibility to assess fat invasion as pT3a. Our study could not 
assess the role of surgeon experience in predicting recurrence, 
since the database included many surgeons with different levels 
of experience and was impossible to categorise.

This study had some other limitations, including the inherent 
problems of retrospective studies, the lack of information 
regarding patient characteristics related to comorbidities or 
performance status and tumour characteristics related to the 
nephrometry score or incomplete pathological reports. Since 
only histology-generating treatments were registered in the 
Cancer Registry of Norway, information regarding the treatment 
modality in case of recurrence, pT0 nephrectomies/
metastasectomy or other forms of treatment such as ablation or 
radiotherapy was not registered. However, we consider 
histologically proven recurrence to have clinical significance for 
the patient’s prognosis.

We believe that data from the Norwegian cancer register 
are of high quality and provide great opportunities for real-
world assessment of cancer-related outcomes. Our 
comprehensive national register follows the unique set-up 
that is available in the Nordic countries as shown in other 

Figure 2. Local recurrence-free survival after partial nephrectomy.
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national dataset from Scandinavia [23–24]. These factors, found 
in our study to be predictive for recurrence, could facilitate the 
development of a risk stratification score for recurrence if larger 
cohorts of patients with longer follow-up are used.

In conclusion, local and distant recurrences after PN are rare, 
and metastasis occurs earlier than LR. Only the pT stage was a 
common predictor of both local relapse and metastasis. A 
positive or indeterminate status of surgical margins and tumour 
number are predictors of LR, while age at surgery and the 

presence of tumour necrosis predict metastasis. The margin 
status did not predict metastasis.
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