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curable. The 5-year risk of recurrence for low-, interme-
diate- and high-risk patients was 7.8, 26.3 and 59.1 % of 
which 71.4, 52.2 and 23.1  % were considered potentially 
curable, respectively. In high-risk patients, incurable recur-
rence was detected after a median of 7.9 (3.7–17.2) months 
versus 13.9 (6–41.3) months for potentially curable lesions. 
Only 13 of potentially curable lesions (46 %) received local 
therapy.
Conclusion  FU protocols should be adapted to the recur-
rence pattern of potentially curable disease. Most of the 
benefit may be achieved in intermediate-risk and high-risk-
patients free of recurrence 1 year after surgery. Despite fre-
quent imaging, only 13 patients (5.6 % of all patients fol-
lowed) were managed with local therapy of whom only 4 
remained free of disease.

Keywords  Renal cell carcinoma · Follow-up · 
Nephrectomy · Metastasectomy
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Abstract 
Purpose  Guidelines recommend risk-adapted follow-up 
(FU) strategies after (partial) nephrectomy in non-meta-
static renal cell carcinoma (RCC). Since current systemic 
therapy does not cure metastatic RCC, only timely detected 
recurrence accessible for local therapy is potentially cura-
ble. This study analyzed the rate and management of poten-
tially curable recurrences per risk group.
Methods  This is a retrospective study including non-met-
astatic RCC patients who underwent (partial) nephrectomy 
from 2004 to 2011, with a minimum follow-up of 4 years. 
Risk stratification was by Leibovich score (clear cell sub-
type) and UICC/AJCC grading (other subtypes). Recur-
rence, time to recurrence, symptoms and detection method 
were documented. Isolated local recurrence, solitary- and 
oligometastases (≤3 lesions, single site) were considered 
potentially curable.
Results  Among 234 patients, followed during a median 
of 61.9  months, 68 patients (29.1  %) developed a recur-
rence of which 28 (41.2  %) were considered potentially 
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Introduction

Up to 20–30  % of patients managed surgically for non-
metastatic RCC develop local or distant recurrences in 
the follow-up (FU) period [1–4]. Some may be candi-
dates for potentially curative surgical resection of their 
recurrent lesion(s), or other forms of local therapy [5–7]. 
However, metastatic RCC unsuitable for local therapeutic 
options requires systemic treatment which lacks long-term 
effectiveness. Therefore, advanced disease is generally 
considered incurable and the prognosis remains poor [8]. 
Currently, the European Association of Urology (EAU), 
American Urological Association (AUA) and National 
Comprehensive Cancer Network (NCCN) guidelines rec-
ommend oncological FU after nephrectomy for localized 
RCC. The goal of FU is to detect recurrent lesions at an 
early stage, based on the assumption that they are accessi-
ble for potentially curative local treatment [9, 10]. Numer-
ous studies recommend FU protocols based on pattern of, 
and risk factors for, recurrence after resection of localized 
RCC, and several risk-stratification tools have been devel-
oped [1–3, 11–13]. However, none of these FU protocols 
have been compared prospectively. In addition, intense FU 
strategies for high-risk disease may rarely allow local treat-
ment, as recurrence in these patients is often widespread. 
Delaying systemic therapy did not influence survival in 
placebo-controlled crossover studies, and often, systemic 
therapy is deferred until further progression occurs in these 
individuals [14, 15]. For patients with high risk of multi-
ple-site progression, less-frequent and less-intense FU may 
therefore not negatively impact on treatment strategy and 
survival. For patients more likely to develop solitary and 
single-site recurrence, intensive surveillance may provide 
the opportunity for local salvage therapy and thus survival 
benefit. Previous studies have failed to clearly report the 
rate of, and prognostic factors for, patients presenting with 
potentially curable recurrent disease [1–3, 11–13]. Data on 
management after detection of potentially curable recur-
rence are lacking. We therefore analyzed the rate, manage-
ment and outcome of potentially curable recurrences per 
risk group.

Patients and methods

Study design and patient selection

This retrospective study involved patients who underwent 
radical nephrectomy (RN) or partial nephrectomy (PN) 
for non-metastatic RCC, at two separate Dutch centers, 
between January 1, 2004, and July 31, 2011. Data were col-
lected from institutional tumor registries with appropriate 
ethics approval. Criteria for exclusion from analysis were: 

(1) metastases at presentation, (2) hereditary RCC, (3) death 
within 90 days after surgery and (4) <48 months of FU.

Data extraction

Data on demographics, surgery, stage, histopathology and 
FU visits were collected from the medical records. Histo-
pathology was based on the surgical specimen, not on biop-
sies. For pathological staging, the 7th UICC/AJCC TNM 
classification was used [16]. Histological subtype was deter-
mined according to the Vancouver classification [17]. All 
clear cell subtypes (ccRCC) were graded according to Fuhr-
man [18]. For risk stratification, the Leibovich score was 
calculated for ccRCC (Leibovich scores 0–2: low-risk; 3–5: 
intermediate-risk and ≥6: high-risk, respectively) [12]. Risk 
stratification for non-ccRCC was based on the UICC/AJCC 
staging system [16]. Stage 1 was considered low-risk, stage 
2 intermediate-risk and stages 3 and 4 high-risk.

Follow‑up analysis

In accordance with EAU [10] and AUA [9] guidelines, the 
first FU imaging was performed within 6 months after ini-
tial surgery. Further FU was performed by local standards, 
which differed between treating centers. Type of imaging 
and date during the FU period were documented.

The primary aim was to collect data on the occurrence of 
recurrent disease. Local renal fossa recurrence was defined as 
new tumor formation in the lumbar fossa, remaining renal vein 
or inferior vena cava after RN. Local intrarenal recurrence was 
defined as new tumor formation within the residual kidney 
after PN. Distant metastasis was defined as new lesion, at any 
other anatomical location. Histopathological confirmation was 
not mandatory for the diagnosis of recurrence. Recurrence was 
classified as potentially curable or incurable. For the purpose 
of this study, potentially curable metastases were defined as 
isolated local recurrence, solitary metastasis or oligometasta-
ses (≤3 at a single site) based on retrospective metastasectomy 
series [7, 19]. Occurrence of multiple metastases (>3) either at 
one or multiple sites was considered incurable.

In case of recurrence, the first management was docu-
mented and classified as either with curative intent, pallia-
tive intent or surveillance of lesions. The total duration of 
FU was calculated from date of initial surgery to either date 
of death or of last FU. Time to recurrence (TTR) was from 
date of surgery to detection of recurrence. FU duration after 
recurrence was from date of recurrence to either date of 
death or of last contact.

Statistical analysis

IBM© Statistical Package for the Social Sciences (SPSS), 
version 22.0 (IBM corporation, Armonk, New York, USA), 
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was used. For the descriptive analysis, categorical variables 
were reported as percentages and continuous variables were 
presented as median with interquartile range (25th–75th ‰). 
For the analysis of differences between groups, Fisher’s exact 
test and Mann–Whitney U test were used. Cumulative inci-
dence of recurrence and survival analysis were conducted 
using the Kaplan–Meier method. Differences were tested for 
significance with a log-rank test. In all tests, two-tailed p val-
ues were used, and a value <0.05 was regarded as statistically 
significant. Missing data were handled by pairwise deletion.

Results

Patients

A total of 310 patients had been surgically treated for local-
ized RCC during the inclusion period, of whom 76 were 

excluded. Fifteen patients had distant metastasis at diag-
nosis, 29 patients had hereditary RCC, nine died within 
90 days after surgery, and 23 had <48 months of FU. The 
baseline characteristics for the remaining 234 patients 
included are summarized in Table 1. A total of 3382 imag-
ing modalities were performed.

Pattern of recurrence

During a median FU of 61.9 (49.3–83.3) months, 68 
patients [29.1 % (95 % CI 23.3–34.9 %)] recurred with a 
median time to detection of 22.8 (5.8–44.6) months, 28 
of whom [41.2  % (95  % CI 29.5–52.9)] were considered 
potentially curable (local isolated n  =  5, solitary distant 
n = 15, oligometastatic at a single site n = 8) (Fig. 1). The 
median TTR for potentially curable recurrences was 23.8 
(6.7–41.2) months and 17.6 (5.3–45.0) months for incur-
able recurrent disease (p = 0.778).

Table 1   Demographic and 
clinical baseline characteristics 
of the 234 patients included in 
the cohort

Risk score stratification missing for five patients, Kaplan–Meier analysis performed on 229 patients with a 
total of 66 recurrences

Risk group No. Cumulative recurrence (no. patients)

Estimated cumulative risk of recurrence (%, ±SE)

Year 1 Year 2 Year 5

Potentially Potentially Potentially

Overall Curable (%) Overall Curable (%) Overall Curable (%)

Low 96 3 100.0 4 100.0 7 71.4

3.1 % ± 1.8 4.2 % ± 2.1 7.8 % ± 2.8

Intermediate 88 5 20.0 8 37.5 23 52.2

5.7 % ± 2.5 9.1 % ± 3.1 26.3 % ± 4.9

High 45 15 13.3 22 22.7 26 23.1

33.5 % ± 7.1 49.5 % ± 7.5 59.1 % ± 7.5

Fig. 1   Flowchart of recurrence, curability and management, including reason for withholding local therapy. Poor performance = WHO > 2
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Patients were low-, intermediate- and high-risk in 41.0, 
37.6 and 19.2  %, respectively. Risk group stratification 
significantly correlated with overall recurrence rate (RR) 
and TTR (p ≤  0.001). The 5-year RR of and the propor-
tion of potentially curable recurrences was risk-associ-
ated (Table  2). In particular, high-risk patients developed 

recurrence early during FU. Risk stratification also influ-
enced the proportion of potentially curable recurrence and 
the TTR for potentially curable and incurable recurrence 
(Fig. 2a, b). Early recurrences within low-risk patients were 
mainly potentially curable, but within high-risk patients 
predominantly incurable. Furthermore, no significant dif-
ference in TTR between potentially curable and incurable 
recurrence was found within the intermediate-risk group 
(p = 0.621).

At univariate analysis, only pT stage of the primary 
tumor was a predictor for potentially curable recurrent 
lesion(s) (p  =  0.049). There were no statistical differ-
ences in potential curability for lesions that were sympto-
matic (p =  0.206), found within the regular FU strategy 
(p =  0.059) or found with cross-sectional versus conven-
tional imaging (p = 1.000).

Management and survival

Management of recurrences is described in Fig.  1. Those 
with locally treated disease had an 80  % (±12.6 SE) 
5-year estimated cumulative survival rate, compared to 
26.7  % (±11.4 SE) for patients with potentially curable 
disease without local treatment (Fig. 2c). After local treat-
ment, only four patients are disease-free at 4, 68, 71 and 
96 months after metastasectomy [1.7 % (95 % CI 0.05–3.3) 
of all patients followed and 5.9  % (95  % CI 0.29–11.47) 
of those diagnosed with recurrence], 75 % (95 % CI 50.5–
99.5) recurred after a median of 15 (range 4–43) months, 
and only one died of disease.

For patients diagnosed with incurable recurrence 
(n = 40), survival was best in those with deferred treatment 
(Fig. 2d).

Discussion

Optimal strategies for FU after surgically managed non-
metastatic RCC are unknown, owing to a lack of com-
parative studies [4, 10, 20, 21]. Little is known about the 
pattern of potentially curable recurrences after surgical 
resection for non-metastatic RCC. We found a RR compa-
rable to previously reported figures [3, 11, 12, 20, 22–24]. 
The 5-year estimated RR per risk group was comparable to 
those in the original study [12] and external validations [23, 
25]. Potentially curable recurrences were found in 12 % of 
the entire population and 41.2 % of all recurrences. Of all 
recurrences, 46 (67.6 %) were single-site recurrences, com-
parable to previous reports [11, 26–28]. However, these 
studies did not investigate the potential curability of single-
site recurrence. In the current study, 39.1 % of single-site 
recurrences were multiple and therefore considered irre-
sectable and incurable.

Table 2   1-, 2- and 5-year cumulative incidence of recurrence per risk 
group with proportion of potentially curable lesions

a  One patient presented with a tumor in the isthmus of a horseshoe 
kidney
b  Fuhrman grade reported only for ccRCC and unknown subtype
c  Missing detailed pathology for nine patients

Patient population
n = 234

Age at surgery (median, IQR) 61.7 [52.3–69.7]

Male gender (%) 145 (62.0)

Side of tumor (%)a

 Right 125 (53.4)

 Left 98 (41.9)

 Both sides 10 (4.3)

Surgery (%)

 Partial nephrectomy 71 (30.3)

 Radical nephrectomy 163 (69.7)

Subtype (%)

 Clear cell 189 (79.9)

 Papillary 30 (12.8)

 Chromophobic 8 (3.4)

 Unknown 5 (2.1)

Pure sarcomatoid tumor (%) 2 (0.9)

Sarcomatoid component (%) 4 (1.7)

pT stage (%)

 T1a 69 (29.5)

 T1b 54 (23.1)

 T2a 28 (12.0)

 T2b 19 (8.1)

 T3a 47 (20.1)

 T3b 12 (5.1)

 T3c 3 (1.3)

 T4 2 (0.9)

Tumor size, cm (median, IQR) 6 [4.0–9.0]

Positive N stage (%) 15 (6.4)

Fuhrman grade (%)b

 1 16 (6.8)

 2 103 (44.0)

 3 50 (21.4)

 4 14 (6.0)

 Unknown 11 (4.7)

Necrosis (%)c 92 (39.3)

Vasoinvasiveness (%)c 43 (18.4)

Positive surgical margin (%)c 13 (5.6)
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In 234 patients, a total of 3382 imaging modalities have 
been used during FU, but only 13 patients were eventually 
managed with potentially curative local therapy. Ultimately, 
75  % suffered further recurrence, and only four patients 
have currently no evidence of disease. This suggests that 
only 1.7  % (95  % CI 0.05–3.3) of all patients followed 
may benefit from FU in terms of cure once a recurrence is 
detected. However, patients with potentially curable dis-
ease treated with curative intent did show superior survival 
over patients not treated locally.

The proportion of potentially curable recurrence was 
associated with the risk score, and also, differences in 
TTR were observed when stratifying for risk group. For 
low-risk patients, the 5-year cumulative risk of recurrence 
was 7.8  %, of whom 71.4  % had potentially curable dis-
ease. Only seven low-risk patients developed recurrent dis-
ease limiting statistically robust conclusions. Also, since 
the RR is low in low-risk, intensive FU is unlikely to be 

cost-effective. For intermediate-risk patients, 52.2  % of 
the recurrences were considered potentially curable and 
the risk of recurrence seemed to be consistent over time 
and similar for both potentially curable and incurable dis-
ease. Also, approximately half of the patients with poten-
tially curable recurrence within this risk group were indeed 
treated with curative intent. Intensive FU may therefore 
reveal benefit in detecting curable lesions within this risk 
group.

High-risk patients had a high 5-year cumulative risk of 
recurrence (59.1 %), but only 23.1 % had potentially cur-
able disease. Within this risk group, incurable recurrent 
disease developed earlier than potentially curable recur-
rence. However, the very early recurrences might have been 
occult M1 disease at initial diagnosis. Nevertheless, previ-
ous literature confirms that most recurrences in high-risk 
patients occur a short time after initial surgery and resulted 
in decreased survival [22–29]. Prior studies have therefore 

Fig. 2    Kaplan–Meier curves for a cumulative incidence of recur-
rence for the potentially curable recurrence per risk group, hazard 
ratio’s with low-risk patients as reference group, b cumulative inci-
dence of recurrence for incurable recurrence per risk group, hazard 

ratio’s with low-risk patients as reference group, c cumulative sur-
vival of patients with potentially curable disease according to treat-
ment strategy and for d cumulative survival of patients with incurable 
recurrence according to treatment strategy
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promoted intensive FU protocols for high-risk patients in 
the first period after surgically managed localized RCC 
[4, 10]. Our results suggest that early recurrences in the 
high-risk group were predominantly incurable. Within the 
first year after initial surgery, 86.7  % of the recurrences 
were multiple. Only 2 of 15 recurrences within the first 
year were potentially curable and in both cases, no cura-
tive treatment followed due to expected rapid multiple-site 
progression, which indeed occurred in both. Since deferred 
systemic therapy does not negatively influence survival in 
asymptomatic patients, intensive FU in the first year after 
initial nephrectomy for high-risk patients will most likely 
be inefficient. However, in patients surviving the first year 
without recurrence, intensified FU might effectively detect 
potentially curable lesions.

This retrospective study has several limitations. Outcome 
after local treatment of recurrence may be biased by better 
performance in patients treated with curative intent. Although 
all patients were followed by regular imaging, frequency and 
imaging modality varied which may have influenced TTR 
and RR. The amount of lesions accessible for complete resec-
tion and potential cure is debatable since long-term survival 
has even been described after metastasectomy of 32 pulmo-
nary lesions [30]. Nevertheless, a systematic review revealed 
that in most publications, 1–3 lesions were resected on aver-
age with curative intent [7]. For the purpose of this study, an 
arbitrary number of ≤3 lesions at one anatomical site was 
therefore considered appropriate for surgical resection. We 
are aware of the limitation of this definition. However, to 
analyze potential associations, we decided to choose a cutoff 
which may reflect clinical practice in most cases.

In conclusion, FU should be adapted to the risk of 
potentially curable recurrence. Despite cure being rare after 
resection, treatment of potentially curable recurrence was 
associated with significant survival benefit. Potentially cur-
able recurrent disease is mainly found within the low-risk 
group, but overall RR is low. Conversely, high-risk patients 
have a high RR of predominantly non-curable lesions early 
during FU. Therefore, most of the benefit of regular FU 
may be achieved in intermediate-risk and high-risk-patients 
free of recurrence 1 year after surgery.
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