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Abstract

Purpose—Isolated local retroperitoneal recurrence (RPR) after radical nephrectomy (RN) for 

renal cell carcinoma (RCC) poses a therapeutic challenge. We investigated the outcomes of 

patients with localized RPR treated with surgical resection.

Methods—This was a retrospective single-institutional study of 102 patients with RPR treated 

with surgery from 1990-2014. Demographics, clinical and pathological features, location of RPR, 

perioperative complications were reported using descriptive statistics. Recurrence free survival 

(RFS) and cancer-specific survival (CSS) were studied using univariate and multivariate analyses.

Results—Median age at RPR diagnosis was 55 years (IQR 49-64). Sixty-two (60.8%) patients 

were pT3-4 and 20 (19.6%) were pN1. No patients had distant metastatic disease at time of RPR 

surgery. Median time from nephrectomy to RPR diagnosis was 19 months (IQR 5-38.8). The 

median size of resected RPR was 4.5cm (IQR 2.7-7). Median follow up after RPR surgery was 32 

months (IQR 16-57). Metastatic progression was observed in 60 (58.8%) patients after RPR 

surgery. Neoadjuvant and salvage systemic therapy were administered in 46 (45.1%) and 48 

(47.1%) patients, respectively. On multivariate analysis, pathological nodal stage at original 

nephrectomy and maximum diameter of RPR were identified as independent risk factors for 

cancer specific death.
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Conclusion—Clinico-pathological factors at the time of nephrectomy as well as RPR surgery 

are important prognosticators. Aggressive surgical resection offers potential cure in a substantial 

number of patients with RPR with acceptable complications, and still plays a dominant role in the 

management of isolated locally recurrent RCC.
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INTRODUCTION

Renal cell carcinoma (RCC) is an increasingly common malignancy. Even with curative 

RN, 20-40% of patients develop metastatic disease.1-5 Of these, untreated patients have a 

poor 5-year survival rate of <20% with a median survival of 6-12 months.1 Localized 

retroperitoneal recurrence (RPR) for RCC is a rare event that occurs in 1-3% of patients 

after RN.6 Treatment of RPR represents a significant surgical and therapeutic challenge, as 

patients are at high risk for overt metastatic disease and overall prognosis could be poor. 2

The data on natural history, patient outcomes and prognostic factors associated with RPR 

are limited and to date there is no standard management strategy. Earlier series have 

reported small subsets of patients with relatively long term survival, however such surgery 

has been associated with significant morbidity and mortality.7-10 In the era of targeted 

therapy for locally advanced and metastatic RCC, treatment paradigms using combinations 

of medical and surgical therapies in patients diagnosed with localized recurrence after 

nephrectomy are paramount in maximizing oncological outcome.9

Our study objective was to assess the surgical and oncological outcomes of patients 

undergoing surgical resection of RPR and to identify prognostic factors for survival after 

surgical resection.

PATIENTS AND METHODS

The University of Texas MD Anderson Cancer Center institutional review board approved 

the current study. From 1990 to 2014, we identified 102 patients who underwent prior 

radical nephrectomy for RCC and had subsequent isolated RPR that was managed by 

surgical resection. We defined RPR as pathologically proven RCC in the soft tissue/renal 

fossa including the psoas muscle, ipsilateral adrenal gland or ipsilateral retroperitoneal 

lymph nodes. Patients with non-RCC pathology or detectable distant metastatic disease at 

the time of RPR surgery were excluded. Patients treated by partial nephrectomy or ablative 

therapies were also excluded.

We assessed patient demographics, Charlson Comorbidity Index11, tumor pathology, time to 

local and/or distant progression, location of RPR, perioperative complications (using 

Clavien-Dindo system12), and outcomes. Recurrence after RPR surgery was defined as any 

radiological evidence of local and/or distant metastatic disease. The use of systemic therapy 

before or after RPR surgery was also recorded. We defined neoadjuvant systemic therapy as 
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therapy given between time of radical nephrectomy and RPR surgery, and salvage systemic 

therapy as therapy given after recurrence following RPR surgery. Adjuvant therapy was not 

used in this study. RCC staging was assigned using the AJCC 2010 classification.13

Initial diagnosis of RPR was based on computerized tomography (CT) or magnetic 

resonance imaging (MRI) performed in the context of regular follow-up or due to local 

and/or systemic symptoms. Restaging at the time of suspected progression included 

comprehensive physical and laboratory evaluation, CT chest, CT or MRI abdomen and 

pelvis and nuclear bone imaging. MRI brain was done as clinical indicated. Follow-up 

consisted of history, physical examination, serum chemistry and liver function tests. 

Radiological evaluation with CT of chest, CT or MRI abdomen and pelvis were performed 

in all patients every 3-6 months for the first 2 years after RPR surgery and every 6-12 

months thereafter.

At RPR surgery, retroperitoneal lymph node dissection (RPLND) was performed either in 

isolation or with adrenalectomy and/or soft tissue resection depending on the recurrence 

pattern in the retroperitoneum, and at the surgeon's discretion. RPLND involved removal of 

at least the para-aortic nodal tissue from the crus of the diaphragm to the bifurcation of the 

aorta for left-sided tumors, and para-caval and interaortocaval lymph nodes from the 

diaphragmatic crus to the bifurcation of the great vessels for right-sided tumors, and removal 

of any other suspicious lymph nodes.

Recurrence free survival (RFS) was defined as time from RPR surgery to a diagnosis of 

local or distant recurrence or last follow-up. Patients who were alive with NED at their last 

follow-up were censored on that date. Cancer-specific survival (CSS) was defined as time 

from RPR surgery to death from RCC or last follow-up. The two patients who died 

postoperatively were counted as cancer-specific deaths. Patients who were alive at their last 

follow-up were censored on that date. The Kaplan-Meier method14 was used to estimate 

RFS and CSS, and survival differences were assessed with log-rank statistic. Univariate and 

multivariate survival analysis were performed using Cox proportional hazard regression 

model. Statistical significance in this study was considered at p ≤ 0.05. All analyses were 

performed with SPSS®,version 22.

RESULTS

Analysis at time of radical nephrectomy

A total of 102 patients were identified as having a RPR of RCC after RN, and were 

surgically treated between 1990 and 2014. Eight-six (84.3%) patients underwent radical 

nephrectomy at outside institutions and were subsequently referred to our institution for 

RPR surgery. Median time from nephrectomy to RPR diagnosis was 19 months (IQR 

5-38.8). At nephrectomy, 62 (60.8%) patients were pT3-4 and 20 (19.6%) patients were 

pN1. Table 1 shows other patient demographics and pathological features after RN.

Analysis at time of retroperitoneal recurrence surgery

Table 2 shows patient demographics and pathological features after RPR surgery. Of the 102 

RPR, 49 were in soft tissue/renal fossa, 41 were in ipsilateral lymph nodes, and 12 were in 
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the ipsilateral adrenal gland. All patients had complete extirpation of the RPR with grossly 

negative margins. Median size of resected RPR was 4.5cm(IQR 2.7-7). In the RPR 

specimens, surgical margins were microscopically positive in 12(11.8%) patients and 

predominantly occurred in soft tissue recurrence within the renal fossa 8/12(66.6%). Of the 

20 patients that had pN1 at radical nephrectomy, 14 recurred within the retroperitoneal 

lymph nodes, 4 recurred in soft tissue and 2 recurred in the ipsilateral adrenal gland. Median 

follow up after RPR surgery was 32 months(IQR 16-57). Table 3 displays intraoperative 

details and postoperative outcomes, including complications. Two patients died of multi-

organ failure on postoperative days 43 and 45, respectively, and were counted as Grade 5 

complications.

Outcomes and predictors of RFS and CSS

Metastatic progression was observed in 60(58.8%) of patients after RPR surgery. After 

resection, 42(41.2%) patients remained NED to the time of last follow up(median 32 

months, IQR 16-57). Two of the patients died of myocardial infarction unrelated to surgery 

or metastatic RCC. Of the 60 patients that recurred after RPR surgery, 10 had local 

recurrence only, 43 had distant recurrences only(20 in multiple sites), and 7 had both local 

and distant recurrences. Of the 10 patients that recurred locally, only 3 had microscopic 

positive margins at RPR resection. Sixteen patients underwent further metastasectomy for 

RCC progression. Of these, 4 patients remained NED, 8 died of metastatic disease and 4 

remained alive with metastatic disease until date of last follow-up.

Overall RFS and CSS after RPR surgery are illustrated in Figure 1. Median RFS was 23 

months(95%CI 16.4-29.6) and median CSS was 66 months(95%CI 29.9-102.1). One, 3 and 

5-year cancer specific survival rates were 92%, 71% and 52%, respectively.

Univariate Cox proportional hazards regression analysis showed pN1 stage at prior 

nephrectomy, time to recurrence < 1 year after RPR surgery, maximum diameter of RPR 

mass, positive margin at RPR surgery, and abnormal hemoglobin were associated with 

increased risk of cancer specific death after RPR surgery (Table 4 and Figure 2).

On multivariate Cox proportional hazards regression analysis, only pN1 stage at prior 

nephrectomy (HR:4.08; 95%CI, 1.89-8.83; p<0.001) and maximum diameter of RPR mass 

(HR:1.21; 95%CI, 1.12-2.32; p < 0.001) remained as independent risk factors for cancer 

specific death after RPR surgery (Table 5).

Use of systemic therapy

Neoadjuvant and salvage systemic therapy of any type (immunotherapy or targeted therapy) 

were administered in 46(45.1%) and 48(47.1%) patients, respectively. Of these patients, 

21/46(45.7%) and 36/48(75%) patients received targeted neoadjuvant and salvage therapy, 

respectively. In general, treatment regimens included immunotherapy prior to 2004 and 

targeted therapy after 2004. Four(3.8%) patients had concurrent distant metastasis at the 

time of initial RPR diagnosis and were all treated with neoadjuvant therapy prior to RPR 

surgery. Two out of four patients had pathological confirmed contralateral adrenal 

metastases and underwent simultaneous resection of the contralateral adrenal gland at RPR 
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surgery. The two other patients had a metastasis to a supraclavicular node and to the 

mediastinum, respectively, and both patients had complete radiological resolution of their 

distant metastasis with systemic therapy prior to undergoing resection of persistent residual 

RPR. Hence, all 102 patients had no detectable evidence of distant metastatic disease at time 

of RPR surgery and were clinically NED after RPR surgery. When comparing CSS in 

patients that received immunotherapy versus targeted therapy in the salvage setting, there 

was a significant survival benefit in those that received targeted therapy (Figure 3).

DISCUSSION

Isolated RPR after RN is a rare event, and if left untreated, has an unfavorable outcome. 

Historical data have previously shown that when recurrence of RCC occurs within the 

retroperitoneum, up to 86% patients die within 1 year.15 Despite increased survival and 

improved response rates with targeted therapy for metastatic RCC, median overall survival 

continues to be less than 2 years.16 Local recurrence after RN occurs in up to 3% cases after 

RN and presents a management challenge. In the current study, we report the largest single 

institutional experience of aggressive surgical resection for localized RPR after RN.

Despite its retrospective nature, our study highlights several important principles in 

managing this controversial and challenging cohort of patients. Our study reinforces the role 

of aggressive surgical resection of local RCC recurrence as it can achieve long-term cure in 

a substantial proportion of patients and reinforces previous literature promoting surgical 

management when feasible (Table 6). In our series, 42(41.2%) remained NED after RPR 

surgery without any further therapies and an additional 21(20.6%) patients were alive with 

disease until the time of last follow-up.

In addition, we identified several clinicopathological prognostic factors associated with RCC 

recurrence and cancer-specific survival after RPR surgery. On multivariate analysis, 

pathological nodal stage at time of radical nephrectomy and size of RPR were identified as 

adverse prognostic indicators in our cohort. Harboring either risk factor significantly 

impacted CSS and may help identify patients that most benefit from aggressive surgery.

It is noteworthy that 39% of the cohort was originally diagnosed with pT1-2 renal tumors at 

nephrectomy, but still experienced a RPR, emphasizing the importance of follow-up even in 

potentially ‘low-risk’ patients after RN. Furthermore, 59% of patients in our series had no 

symptoms (local or systemic), and the diagnosis of recurrence was based solely on 

abdominal imaging. We found that RPR size was an independent prognostic factor for 

survival on multivariate analysis, with larger recurrent tumors associated with more deaths. 

All these factors put together again reinforce the need for careful surveillance with 

appropriate imaging after RN, with the goal of identifying recurrences when they are still 

small in size and asymptomatic.

Reoperation after ipsilateral nephrectomy has previously been associated with significant 

morbidity in patients with RPR.17 In our series, even though 46(45.1%) patients experienced 

postoperative complications, the majority experienced either no or minor 

complications(Clavien grade 1-2). Still, 15(14.7%) experienced grade 3 complications or 
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higher(including 2 grade 5 complications), indicating the importance of performing this type 

of surgery in a specialized referral center. Our median length of stay after RPR surgery was 

7 days. In our series, 97% of cases were all performed through an open approach. Previous 

studies have reported the feasibility of minimally invasive approaches with laparoscopic 

resection of RPR, however, the numbers in these series were extremely small.18, 19

In our current series of 102 patients, 45.1% received neoadjuvant and 47.1% salvage 

systemic therapy after RPR surgery. Of these, 21/102(20.5%) and 35/102(34.3%) patients 

received targeted neoadjuvant and salvage therapy after RPR surgery, respectively. Median 

recurrence free survival in our cohort was 23 months, and a median cancer-specific survival 

of 66 months. In our cohort, 60/102(59%) patients progressed to metastatic disease after 

RPR surgery of which 48(80%) received salvage systemic therapy. When comparing CSS in 

patients that received immunotherapy versus targeted therapy in the salvage setting, there 

was a significant survival benefit in those that received targeted therapy (Figure 3). 

However, true analysis of this effect is not possible due to the retrospective nature of our 

study, and the heterogeneity of our patient population, where multiple agents and non-

standardized treatments were used. We report 1, 3 and 5-year CSS of 92%, 71% and 52% 

which appear to be more favorable to previous reports in the literature (Table 6). This 

improvement in survival compared to other series may reflect the availability, tolerability 

and greater use of targeted therapy compared with immunotherapy reflected in multiple 

studies, and could be partially related to selection bias and small patient numbers.20-25

Paparel et al reported on a multi-institutional study (involving over 12 centers with 72 

patients) examining the role of surgery in local RCC recurrence after radical nephrectomy. 

The authors report 1, 3 and 5-year cancer specific survival of 74%, 55% and 46%, 

respectively. They noted, on univariate analysis only, that time to recurrence and surgical 

intervention remained independent predictive factors for cancer specific mortality.26 

However, this study included a significant number of patients (30%) with concomitant 

distant metastases at time of RPR. In contrast, all cases in our study were performed at a 

single institution, and no patients had detectable distant metastases at the time of RPR 

surgery. In addition, in our study, all patients underwent surgical resection of their local 

recurrence, in comparison to only 66% in Paparel's cohort. Finally, our mean follow-up was 

significantly longer at 43 months (versus 26.4) with a median of 32 months (IQR 16-57).

Another recent multi-institutional study by Russell et al examined 22 patients with isolated 

ipsilateral nodal recurrence for RCC after radical nephrectomy. All patients underwent 

complete surgical excision of localized nodal recurrence. Of these, 46% progressed to 

metastatic disease with a median progression free survival of 12.7 months.27 In our series, 

we report a larger subgroup of patients(41/102 patients) with localized lymph node 

recurrence undergoing complete surgical excision. The overall median recurrence free 

survival was 23 months and we noted no significant differences in CSS where we stratified 

by location of recurrence (renal fossa/soft tissue, lymph node or adrenal) within the 

retroperitoneum (Figure 2D).

There are some limitations to our study worth mentioning. This is a retrospective analysis of 

a highly selected patient population, treated in a single tertiary referral center. Our cohort 

Thomas et al. Page 6

J Urol. Author manuscript; available in PMC 2016 August 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



was heterogeneous, and included patients with soft tissue, lymph node and adrenal 

recurrence. It is likely that these sites of recurrence have a different etiology and biologic 

behavior, which we cannot account for in our study, although survival was not significantly 

different between these groups. In addition, all patients in our study underwent surgical 

resection and a non-surgical group was not available for comparison. However, one can 

argue that patients with RPR who did not have surgery are more likely to have poor 

performance status, unresectable disease, or distant metastatic disease, precluding the 

performance of a curative RPR surgery. Furthermore, true effects of targeted neoadjuvant or 

salvage therapy on survival cannot be ascertained due to variations in treatment regimens, 

and lack of uniformity in the indication as to which patients received neoadjuvant therapy. 

On the other hand, our series is the largest single institutional report of surgical treatment of 

RPR to date, reflecting contemporary outcomes of a high-volume tertiary referral center in 

the targeted therapy era.

CONCLUSION

In the absence of distant metastatic disease, aggressive surgical resection of RPR after 

radical nephrectomy is feasible in selected patients, with acceptable complications, and is 

potentially curative in more than 40% of patients. Pathological nodal stage at original 

nephrectomy and size of resected RPR are independent risk factors for CSS. Further studies 

are needed to examine the potential utility and impact of targeted neoadjuvant therapy in this 

patient group.

Key of Abbreviations

RCC Renal cell carcinoma

CT computerized tomography

MRI magnetic resonance imaging

RPLND retroperitoneal lymph node dissection

RFS recurrence free survival

CSS cancer-specific survival
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Figure 1A-B. 
Overall recurrence-free survival (1A) and cancer-specific survival (1B) after resection of 

isolated RPR in 102 patients.
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Figure 2A-D. 
Cancer-specific survival stratified by RPR surgical margin status (Log rank p = 0.012) (2A), 

time to RPR (Log rank p = 0.04) (2B), nodal status at RN (Log rank p = 0.005) (2C), and 

location of RPR recurrence (Log rank p = 0.370) (2D).
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Figure 3. 
Cancer specific survival in 48 patients post-RPR surgery receiving salvage systemic targeted 

therapy (n=35) versus salvage systemic immunotherapy (n=13) (Log rank p = 0.001)
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Table 1

Clinical and pathological characteristics in 102 patients with isolated ipsilateral RPR at time of original radical 

nephrectomy

N (%) or Median (IQR)

All patients 102 (100)

Age, years 55 (49-64)

Gender

Female 73 (71.6)

Male 29 (28.4)

Race

White 83 (81.4)

Non-White 19 (18.6)

Laterality of prior nephrectomy

Right 71 (68.9)

Left 31 (30.1)

Prior nephrectomy type

Open 81 (79.4)

Laparoscopic 20 (19.6)

Robotic 1 (1)

Prior nephrectomy done at outside institution

Yes 86 (84.3)

No 16 (15.7)

Original tumor diameter at prior nephrectomy, cm 8 (5.3-10.3)

Pathological T-stage at time of prior nephrectomy

T1 20 (19.6)

T2 20 (19.6)

T3a 45 (44.1)

T3b 13 (12.7)

T3c 1 (1)

T4 3 (3)

Pathological N-stage at time of prior nephrectomy

Nx/N0 82 (80.4)

N1 20 (19.6)

Histology at time of prior nephrectomy

Clear Cell 66 (64.7)

Non-Clear Cell 36 (35.3)
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N (%) or Median (IQR)

Fuhrman grade at time of prior nephrectomy

1-2 28 (27.4)

3-4 74 (72.6)

Sarcomatoid de-differentiation at time of prior nephrectomy

Yes 9 (8.7)

No 93 (91.3)

Necrosis

Yes 20 (20.6)

No 81 (79.4)

Adrenalectomy at time of prior nephrectomy

Yes 38 (37.3)

No 64 (62.7)

RPLND at time of prior nephrectomy

Yes 27 (26.4)

No 75 (73.6)

Positive surgical margin at time of prior nephrectomy

Yes 14 (13.7)

No 88 (86.3)
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Table 2

Clinical and Pathological characteristics in 102 patients at time of RPR surgery

N (%) or Median (IQR)

All patients 102 (100)

Follow up after RPR surgery, months 32 (16-57)

ECOG PS

0 71 (69.6)

1 23 (22.5)

2 7 (6.9)

Charlson Comorbidity Index

1-3 59 (57.8)

4-6 25 (24.5)

>6 18 (17.7)

Symptoms at presentation

Yes 42 (41.2)

No 60 (58.8)

Type of RPR

Soft Tissue 49 (48)

Lymph nodes 41 (40.2)

Adrenal 12 (11.8)

Size of RPR, cm 4.5 (2.7-7)

Number of lymph nodes resected 18 (4-24)

Positive margin of RPR tumor

Yes 12 (11.8)

No 90 (88.2)

Serum hemoglobin

Normal 44 (43.1)

Abnormal (male <14; female <12) 58 (56.9)

Serum platelets

Normal 96 (94.1)

Abnormal (>440 K/uL) 6 (5.9)

Serum creatinine

Normal 54 (53.1)

Abnormal (>1.2mg/dL) 48 (46.9)

Alkaline phosphatase

Normal 89 (87.3)
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N (%) or Median (IQR)

Abnormal (>126 IU/L) 13 (12.7)

Serum lactate dehydrogenase

Normal 88 (86.3)

Abnormal (>650 IU/L) 15 (14.7)

Corrected calcium

Normal 93 (91.5)

Abnormal (>10.2mg/dL) 9 (8.5)

Systemic therapy

None 31 (30)

Before RPR surgery (neoadjuvant) 46 (45.1)

Following recurrence after RPR surgery (salvage) 48 (47.1)

Progression to metastasis (M1) after RPR surgery

Yes 60 (58.8)

No 42 (41.2)
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Table 3

Surgical parameters and perioperative complications in 102 patients who underwent RPR surgery.

N (%) or Median (IQR)

All patients 102 (100)

Surgical Approach for RPR surgery

Open 99 (97.1)

Laparoscopic 3 (2.9)

Patients with complications post RPR surgery

Yes 46 (45.1)

No 56 (54.9)

Complications - highest Clavien grade

1 16 (15.7)

2 15 (14.7)

3 12 (11.7)

4 1 (1)

5 2 (2)

Estimated blood loss, cc 700 (450-1350)

Operating time, hours 3.5 (2.4-4.8)

Length of Stay, days 7 (5-10)
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Table 4

Univariate Cox regression analysis of cancer specific mortality after RPR surgery

Univariate

HR (95% CI) P Value

        Variables at time of RN

pT Stage (pT3-4 versus pT1-2) 1.48 (0.70-3.12) 0.299

pN Stage (pN1 versus pNO/Nx) 2.72 (1.31-5.62) 0.007

Size of Tumor (per cm) 1.02 (0.95-1.10) 0.580

Histology (Clear Cell versus Non-Clear Cell) 1.04 (0.95-1.10) 0.580

Sarcomatoid (Yes versus No) 1.73 (0.66-4.51) 0.915

Necrosis (Yes versus No) 1.12 (0.45-2.73) 0.580

Positive margin at nephrectomy (Yes versus No) 0.96 (0.45-2.02) 0.917

Fuhrman grade (Grade 3-4 versus 1-2) 1.74 (0.71-4.24) 0.223

    Variables at time of RPR surgery

Age (per year) 0.99 (0.96-1.03) 0.960

Gender (Male versus Female) 1.32 (0.62-2.83) 0.462

Race (White versus Non-White) 1.47 (0.56-3.82) 0.425

ECOG PS

0 Reference

1 1.07 (0.47-2.42) 0.860

>1 2.29 (0.77-6.80) 0.134

Time to recurrence after RN < 1 year (Yes versus No) 1.98 (1.01-3.86) 0.045

Location of relapse

Soft Tissue Reference

Lymph nodes 1.04 (0.52-2.09) 0.904

Adrenal gland 0.45 (0.13-1.53) 0.201

Maximum diameter of RPR tumor (per cm) 1.17 (1.09-1.26) <0.001

Positive margin of RPR tumor (Yes versus No) 2.79 (1.20-6.49) <0.017

Abnormal Hemoglobin (Yes versus No) 2.13 (1.07-4.24) 0.031

Abnormal Platelets (Yes versus No) 1.20 (0.28-5.03) 0.801

Abnormal Alkaline Phosphatase (Yes versus No) 0.75 (0.26-2.14) 0.593

J Urol. Author manuscript; available in PMC 2016 August 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Thomas et al. Page 20

Univariate

HR (95% CI) P Value

Abnormal LDH (Yes versus No) 0.72 (0.25-2.06) 0.544

Abnormal Corrected Calcium (Yes versus No) 2.25 (0.48-10.48) 0.301
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Table 5

Multivariate Cox regression analysis of cancer specific mortality after RPR surgery

Multivariate

HR (95% CI) P Value

pN Stage at Nephrectomy (pN1 versus pNO/Nx) 4.08 (1.89-8.83) <0.001

Maximum diameter of RPR tumor (per cm) 1.21 (1.12-1.32) <0.001

Time to recurrence after RN < 1 year (Yes versus No) 1.77 (0.85-3.69) 0.124

Positive pathological margin of RPR tumor (Yes versus No) 2.09 (0.78-5.65) 0.143

Abnormal Hemoglobin (Yes versus No) 1.45 (0.69-3.09) 0.324
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