
218 Copyright  2022   by  the Korean Cancer Association
 This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0/) 

which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

Introduction

Kidney cancer is a rare disease accounting for approxi-
mately 3.8% of all new malignancies [1], and renal cell car-
cinomas (RCCs) comprise approximately 85% of kidney  
tumors [2]. One of the standard treatments for non-metastat-
ic RCCs, especially those in the advanced stage, is radical 
nephrectomy (RN) [3]. However, 5%-15% of patients who 
undergo RN experience disease recurrences and among high-
risk patients, even higher recurrence rates (up to 35%-40%) 
have been reported [4,5]. Therefore, there is an increasing 
need for effective adjuvant therapies among these patients. 
However, despite ongoing clinical trials, no standardized  
adjuvant therapy currently exists [3].

Although distant metastasis is the main pattern of RCC 
recurrence after RN, locoregional recurrence (LRR) is a sig-
nificant recurrence pattern in patients with risk factors,  
including those diagnosed with locally advanced disease 

[6]. In addition, patients who develop LRR after RN show a 
dismal prognosis because salvage treatments are not feasible 
in many cases [6]. To reduce the incidence of LRR, extended 
locoregional therapies secondary to RN such as regional 
lymph node dissection (LND) or local adjuvant therapy are 
considered for high-risk patients. However, there are no  
established strategies to reduce the incidences LRRs other 
than RN [3,7]. For LND, no consensus currently exists on 
its indication, value, or extent in patients with RCC [8,9]. In 
contrast, the role of adjuvant radiation therapy (RT) in RCC 
has been investigated in previous trials and proven to be 
negative [10,11]. However, these negative results may have  
resulted from the heterogeneity in previous study popula-
tions, which included patients with early stage RCC who 
were at low risk for LRR after RN [10-12]. Therefore, careful 
investigation of risk factors for LRR after RN is needed to 
suggest the potential indication of the extended treatment. 
Furthermore, the adequate extent of locoregional therapy 
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must be established according to the patterns of LRR after 
RN so that high-risk LRR could be specifically managed and 
redundant toxicity from unnecessary treatment could be 
avoided. In this study, we investigated the prognostic value, 
risk factors, and patterns of LRR after RN in patients with  
locally advanced RCC to recommend the potential indica-
tions and adequate extent of locoregional therapy in high-
risk patients.

 

Materials and Methods
 
1. Patients

The inclusion criteria of this study were as follows: (1) 
RN for RCC, (2) non-metastatic RCC, (3) pathologic T3 or 
T4 category, (4) no neoadjuvant treatment, and (5) no oth-
er uncontrolled malignancy. We retrospectively reviewed 
the medical records of 948 patients who underwent RN for 
RCC from January 2006 to January 2016. Among them, 703 
patients were excluded due to the presence of metastasis 
(n=120), pathologic T1 or T2 category (n=563), neoadjuvant 
treatment (n=4), follow-up loss (n=3), and other uncontrolled 
malignancy (n=13). In total, 245 patients were included in the 
analyses. 

2. Treatments
The RNs were performed via open surgery (n=116), con-

ventional laparoscopic surgery (n=89), or hand-assisted lapa-
roscopic surgery (n=40). According to the surgeon’s decision, 
LND or lymph node sampling was performed in 85 patients. 
Adjuvant systemic agents were administered to 12 patients 
(pazopanib, n=4; axitinib, n=8).

3. Statistical analyses
Locoregional control (LRC), distant metastasis-free sur-

vival (DMFS), and overall survival (OS) were defined as the 
interval from RN to LRR, distant metastasis, and death or the 
last follow-up (if no relevant event occurred), respectively. 
LRRs were defined as the recurrences in area of kidney beds 
and the regional lymph nodes including renal hilar, precaval, 
paracaval, retrocaval, interaortocaval, and paraaortic lymph 
nodes. The boundary of regional lymphatic area was con-
sidered from the diaphragmatic aortic hiatus to the upper 
border of the origin of the inferior mesenteric artery (IMA) 
longitudinally and around the renal vein, inferior vena cava 
(IVC) and abdominal aorta with 10 mm margin laterally and 
antero-posteriorly [12-14]. The survival curves were plotted 
using the Kaplan-Meier method. The log-rank test was used 
for univariate analyses. Cox regression was used in multi-
variate analyses of variables with p ≤ 0.200 in the univariate 
analysis. Phi and Cramer’s V were calculated for evaluation 

Table 1.  Demographics of the patients (n=245)

Characteristic No. (%)

Sex
    Male 196 (80.0)
    Female 49 (20.0)
RCC type 
    Clear cell 219 (89.4)
    Chromophobe 11 (4.5)
    Papillary 13 (5.3)
    Mixed 2 (0.8)
Side 
    Right 108 (44.1)
    Left 137 (55.9)
Pathologic T category 
    3 240 (98.0)
    4 5 (2.0)
Renal capsule 
    Penetration (+) 82 (33.5)
    Penetration (–) 163 (66.5)
Renal sinus involvement 
    Yes 185 (75.5)
    No 60 (24.5)
Renal vessel extension 
    Yes 83 (33.9)
    No 162 (66.1)
IVC invasion 
    Yes 15 (6.1)
    No 230 (93.9)
Pathologic N category 
    Nx 170 (69.4)
    N0 62 (25.3)
    N1 13 (5.3)
Resection margin 
    Positive 7 (2.9)
    Negative 238 (97.1)
Fuhrman’s nuclear grade 
    I 1 (0.4)
    II 20 (8.2)
    III 187 (76.3)
    IV 36 (14.7)
    NA 1 (0.4)
Necrosis 
    Positive 31 (12.7)
    Negative 214 (87.3)
Sarcomatoid change 
    Positive 9 (3.7)
    Negative 236 (96.3)
IVC, inferior vena cava; NA, not applicable; RCC, renal cell car-
cinoma. 
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of collinearities among the variables to exclude inappro-
priate variables for the multivariate analyses. A two-sided  
p-value of < 0.05 was considered statistically significant. Sta-
tistical analyses were performed using SPSS ver. 24.0 (IBM 
Corp., Armonk, NY).

4. Anatomical mapping of LRR
An abdominopelvic computed tomography (CT) scan of 

a control patient without RCC was used as reference image. 
First, we marked the celiac axis (CA), superior mesenteric  
artery, and IMA on the reference CT scan. Then, we mapped 
all LRRs manually at the equivalent locations on the refer-
ence CT scan considering the anatomical relations to the loca-
tions of the pre-RN kidney, vessels, and adjacent muscles. To 
reduce volume effects, each LRR was transformed to a 5-mm 
point at the epicenter of the recurrent tumor. Registration of 
CT images and LRR mapping were performed using Pinna-
cle TPS (Philips Radiation Oncology System, Fitchburg, WI). 

Results

1. Patients’ characteristics
Patient demographics are summarized in Table 1. The 

patients’ median age was 58 years (range, 15 to 91 years). 
The median longest tumor diameter was 7.0 cm (range, 2 to 
18 cm). Only one patient (0.4%) had RCC of clear cell type 
with cystic change. The median follow-up duration was 56 
months (range, 1 to 128 months).

2. Treatment outcomes
The 5-year actuarial rates of LRC, DMFS, and OS were 

89.8%, 60.4%, and 82.1%, respectively (Fig. 1). The median 
time of LRR was 14 months (range, 2 to 54 months). The pat-
terns of the first recurrence are shown in the S1 Table, which 
shows the rates of overall LRR (6.9%) and distant recurrence 
as the first recurrence event (38.3%). Seven of the 10 regional 
recurrences occurred in patients who did not undergo LND 
or lymph node sampling during RN. LRR as the first recur-
rence event was significantly associated with actuarial rates 
of subsequent distant metastasis (p=0.003) and survival  
(p < 0.001) (Fig. 2). 

The results of univariate and multivariate analyses for LRC 
are presented in Table 2. Tumor extension to renal vessels or 
the IVC (p=0.036) and Fuhrman’s nuclear grade IV (p=0.014) 
were identified as independent risk factors associated with 
LRC in the multivariate analyses. The 5-year actuarial LRR 
rates in groups with no risk factor (low-risk), one risk fac-
tor (intermediate-risk), and two risk factors (high-risk) 
were 2.3%, 19.8%, and 30.8%, respectively (p < 0.001) (Fig. 
3). The 5-year DMFS rates were calculated as 71.5%, 45.8%, 

and 39.5% in the low-, intermediate-, and high-risk groups,  
respectively (p < 0.001) (Fig. 3). The 5-year OS rates were also 
significantly different among the risk groups, with values of 
91.6%, 72.9%, and 71.5% in the low-, intermediate-, and high-
risk groups, respectively (p=0.004) (Fig. 3).
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Fig. 1.  Survival curves for locoregional control (A), distant  
metastasis-free survival (B), and overall survival (C).
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3. Anatomical mapping of LRR
The anatomical map of LRR is shown in Fig. 4. The LRR 

sites in patients with a right-side RCC were the aortocaval 
area (n=2), retrocaval area (n=3), and tumor bed (n=9). In 
the tumor bed, LRR occurred at sites adjacent to muscles,  
including the back muscle (n=4) and crus (n=4), except in one 
patient with a primary right RCC invading the IVC, in whom 
the LRR occurred inside the IVC. In contrast, the LRR sites in 
patients with left-side RCC were the paraaortic area (n=4), 
retrocaval area (n=2), and tumor bed (near the adjacent psoas 
muscle or crus) (n=2). No LRR was observed above the CA 
or below the IMA. 

Discussion

Previous studies have reported that the incidence of 
LRR after RN for RCC ranges from 1.8% to 27% [15]. These  
diverse outcomes have resulted from the heterogeneity in 
disease status, such as stage and histologic grade [6]. The 
LRR rates following RN in patients with early stage RCC 
were reported to be around or less than 5%, whereas higher 
LRR rates (over 30%) were reported in those with locally  
advanced RCC [6,15,16]. In the present study, the 5-year  
actuarial LRR rate was 10.2%. Furthermore, our study 
showed that LRR as the first recurrence event is significant-
ly associated with subsequent distant metastasis or death. 
Therefore, efforts to reduce the incidence of LRR after RN for 
locally advanced RCC should be made in patients with risk 
factors, despite distant metastasis being the main pattern of 
recurrence after RN for locally advanced RCC [15,17].

Previous reports have suggested several predictive models 

for the risk of RCC relapse following surgical resection, with 
the predictor variables including pathological stage, nucle-
ar grade and presence of necrosis, major dimensions of the  
tumor, and/or performance status [18-21]. However, these 
variables are related not only to LRR but also to distant  
metastasis. Little research has been conducted on prognos-
ticators associated with LRR alone. This is probably because 
LRR is not the major failure pattern of RCC following RN, 
as evidenced by the 5-year rate of LRR as the first recurrence 
event of 10.2% in our study. However, LRR could be a con-
cern in patients with certain risk factors. In the present study, 
tumor extension to renal vessels or the IVC and Fuhrman’s 
nuclear grade IV were identified as independent risk factors. 
As seen in the groups categorized using meaningful risk fac-
tors, the LRR rates in the low-, intermediate-, and high-risk 
groups were 2.3%, 19.8%, and 30.8%, respectively. Jhavar et 
al. [6] have suggested that larger tumor size, stage III/IV, 
Fuhrman’s nuclear grade, tumor invasion of the renal vein, 
perinephric fat invasion, and the combinations of these fac-
tors were associated with LRR following RN for RCC. Pre-
vious predictive models included pathologic staging with 
broad subcategories [18-21]; careful risk stratification accord-
ing to staging subcategories would be necessary for the selec-
tion of LRR risk groups, because the impact of LRR in each 
subcategory could be different.

To reduce LRR rates after RN, LND could be performed 
during RN. Previous studies on the role of LND during sur-
gery for RCC showed conflicting results [22]. Furthermore, 
the only prospective study comparing nephrectomy alone 
and nephrectomy with LND failed to demonstrate the bene-
fit of LND in cancer control [23]. However, the characteristics 
of patients included in this study were heterogenous, and 
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(LRR) as the first recurrence. 
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Table 2.  Univariate and multivariate analyses for LRC

Characteristic No. (%)
                   Univariate analysis                                 Multivariate analysis  

  5-Year LRC rate (%) p-value HR (95% CI) p-value

RCC type
    Papillary 13 (5.3) 57.5 0.001 2.086 (0.460-9.464) 0.340
    Others 232 (94.7) 91.5  1 ( 
Maximum diameter (cm)     
    ≤ 7  127 (51.8) 92.9 0.119 1 ( 0.285
    > 7  118 (48.2) 86.6  1.730 (0.633-4.723) 
Renal capsule penetration     
    Yes 82 (33.5) 82.4 0.023 1.912 (0.695-5.263) 0.210
    No 163 (66.5) 93.3  1 ( 
Renal sinus involvement     
    Yes 185 (75.5) 88.2 0.222  
    No 60 (24.5) 94.7   
Renal vessel extension     
    Yes 83 (33.9) 80.9 0.003 2.873 (1.074-7.686) 0.036
    No 162 (66.1) 94.7  1 ( 
IVC invasiona)     
    Yes 15 (6.1) 50.0 < 0.001  
    No 230 (93.9) 92.5   
Resection margin     
    Positive 7 (2.9) 71.4 0.078 3.204 (0.634-16.191) 0.159
    Negative 238 (97.1) 90.4  1 ( 
Pathologic T category     
    T3 240 (98.0) 90.1 0.173 1 ( 0.972
    T4 5 (2.0) 75.0  1.041 (0.115-9.389) 
Pathologic N category     
    Nx or N0 232 (94.7) 90.7 0.006 1 ( 0.577
    N1 13 (5.3) 70.7  1.576 (0.319-7.794) 
LN dissection or sampling     
    Yes 85 (34.7) 89.7 0.842  
    No 160 (65.3) 90.1   
Fuhrman’s nuclear grade     
    I-III 208 (85.2) 93.3 < 0.001 1 ( 0.014
    IV 36 (14.8) 67.6  3.661 (1.305-10.266) 
Necrosis     
    Yes 31 (12.7) 77.7 0.008 1.370 (0.396-4.733) 0.619
    No 214 (87.3) 91.6  1 ( 
Sarcomatoid change     
    Yes 9 (3.7) 54.7 < 0.001 2.278 (0.328-15.820) 0.405
    No 236 (96.3) 90.8  1 ( 
Adjuvant systemic Tx     
    Yes 12 (4.9) 100.0 0.253  
    No 233 (95.1) 89.2   
CI, confidence interval; HR, hazard ration; IVC, inferior vena cava; LN, lymph node; LRC, locoregional control; RCC, renal cell carcinoma; 
Tx, treatment. a)Variable of IVC invasion was not included in the multivariates analysis because of the multicollinearity with those of renal 
vessel extension and Fuhrman’s nuclear grade.
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a significant proportion of the participants had early stage 
and low grade disease, which has negligible LRR risk [24]. In 
contrast, LND is potentially beneficial to patients with larger 
tumors, locally advanced disease, high Fuhrman grade, sar-
comatoid features, or tumor necrosis [22]. Adjuvant RT is 
another tool that could considerably enhance LRC after RN. 
Reports about the role of adjuvant RT after RN in improving 
LRC and survival are limited. Early prospective clinical trials 
have evaluated the role of adjuvant RT after nephrectomy for 
RCC and showed no benefit of RT for local tumor control and 
high treatment related mortality [10,11]. However, the inclu-
sion criteria in these studies was a point of criticism because 
the study population included some low-risk patients with 
stage II RCC who exhibited low LRR rates after nephrecto-
my alone. In contrast to these earlier clinical trials, several 
retrospective studies have recently reported the benefits of 
adjuvant RT for RCC [25-29]. From the results, Tunio et al. 
[30] suggested a new trial to evaluate adjuvant RT in patients 
with RCC using the following eligibility criteria: tumor size 
> 5 cm, positive margins or postoperative gross residual dis-
ease, perinephric fat invasion, capsule infiltration, renal vein 
or IVC invasion, lymph node metastasis, and/or high grade 
histology. These criteria include risk factors identified in our 
study as well as those identified in the study by Jhavar et al. 
[6]. However, to develop a more robust indication for LND 
or adjuvant RT, a large-scale study to analyze the risk factors 
of LRR after RN for RCC is required.

In addition to potential indications, the scope of extend-
ed locoregional therapy is another issue. Campi et al. [12]  
reported an overview of the most commonly dissected tem-
plates in LND for RCC based on previously published work. 
The authors described that for right-sided tumors, LND 
mostly included the renal hilar, paracaval, and precaval 
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Fig. 3.  Survival curves for locoregional control according to the 
risk group. Locoregional recurrence (A), distant metastasis-free 
survival (B), and overall survival (C).

Fig. 4.  Anatomical map of locoregional recurrence (LRR). Blue 
and yellow dots represent the LRR locations for right- and left-
renal cell carcinomas, respectively. Red circled dots represent the 
celiac axis (top), superior mesenteric artery (middle), and infe-
rior mesenteric artery (bottom), respectively.
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nodes, whereas for left-sided tumors, the renal hilar, preaor-
tic, and paraaortic nodes were included. The most commonly 
proposed extension was from the crus of the diaphragm to 
the aortic bifurcation longitudinally. However, consider-
ing the LRR map in our study, the suggested area for LND 
is beyond the scope of LRR, since no LRR above the CA or  
below the IMA was reported. In addition to evaluating LND, 
Tunio et al. [30] proposed the target volume for adjuvant 
RT as follows: the renal bed from the upper pole to lower 
pole level of the opposite kidney and lymph nodes only if 
lymph node metastasis is histologically confirmed. However, 
considering our LRR map, the sites of LRR were not distrib-
uted in the entire renal bed but only in the tumor bed near  
adjacent muscles. The delineation of area at the tumor before 
RN, concerning the adjacent muscle, seems to be sufficient 
for the target volume of tumor bed. Furthermore, 70% of 
regional recurrences as the first recurrence occurred in the 
patients who had not undergone histological confirmation 
of lymph node metastases. Therefore there are discrepancies 
between the previously suggested scope for extended loco-
regional therapy (such as additional LND or adjuvant RT) 
and the LRR map in the present study. Recommendations on  
adequate scope may need to be revised based on the loca-
tional distribution of LRRs after RN for RCC.

There are several limitations to the present study. First, this 
was a retrospective study, and thus, some selection biases 
cannot be completely eliminated. Second, the sample sizes 
for some of the variables were so small that the observed 
statistical significance for the association with LRC may not  
always hold true. In conclusion, tumor extension to renal 

vessels or the IVC and/or Fuhrman’s nuclear grade IV are 
the independent risk factors associated with LRR after RN 
for pathologic T3-4 RCC. The locations of LRR after RN for 
RCC were distributed in the tumor bed and regional lym-
phatic area from the bifurcation of CA to that of the IMA. 
Further research may be needed to confirm the role of LND 
or adjuvant RT in reducing the LRR rate and improving sur-
vival after RN for locally advanced RCC.
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