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Abstract

Purpose—To analyze the Memorial Sloan Kettering Cancer Center 23-year experience with 

surgical resection and utilization of concurrent adrenalectomy and lymphadenectomy for locally 

advanced non-metastatic renal cell carcinoma.

Material and Methods—Retrospective review of 802 patients who underwent nephrectomy, 

with or without concurrent adrenalectomy or lymphadenectomy, for locally advanced renal cell 

carcinoma defined as stage ≥T3 and M0. Patients who had undergone adjuvant treatment within 3 

months of surgery, had <3 months of follow-up, or had bilateral renal masses at presentation were 

excluded. Five- and 10-year progression-free and overall survivals were estimated using the 

Kaplan-Meier method. Differences between groups were analyzed by the log-rank test.

Results—A total of 596 (74%) and 206 (26%) patients underwent radical and partial 

nephrectomy, respectively. Renal cell carcinoma progressed in 189 patients and 104 died from it. 

Median follow-up for patients who did not progress was 4.6 years. Symptoms at presentation, 

American Society of Anesthesiologists classification, tumor stage, histologic subtype, grade, and 

lymph node status were significantly associated with progression-free and overall survival. On 

multivariate analysis, adrenalectomy utilization decreased over time with odds ratio .82/year, 

whereas lymphadenectomy increased with odds ratio 1.16/year. Larger tumors were associated 

with a higher likelihood of concurrent adrenalectomy and lymphadenectomy.

Conclusions—In our series of patients with locally advanced non-metastatic renal cell 

carcinoma, those who are in good health, asymptomatic upon presentation, have T3 tumors, and 
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negative lymph nodes had favorable survival. Further, there has been a trend toward more 

selective use of adrenalectomy and increased use of lymphadenectomy.

Keywords

kidney neoplasms; partial nephrectomy; radical nephrectomy; renal cell carcinoma; survival

INTRODUCTION

In the United States, kidney cancer is the sixth most common cancer in men and the eighth 

most common cancer in women.1 The increased availability of cross-sectional imaging has 

led to earlier detection of small kidney tumors and a concurrent rise in the incidence of 

RCC.2 However, mortality from kidney cancer also continues to rise.3 At the time of 

diagnosis, approximately 20% of patients have locally advanced disease, 25% have 

metastatic disease, and up to 50% will ultimately develop metastases.4

We previously reported MSKCC 15- year experience with resection for clinically localized 

renal cortical tumors,2 and herein we now report a 23-year experience with surgical 

resection alone for locally advanced nmRCC classified as pathologic T3 or T4.5 We also 

closely examine the use of ipsilateral adrenalectomy and regional LND in this patient 

population over the same period to look for trends in utilization of these adjunct procedures 

at our institution and whether they mirror the published literature.6,7

MATERIAL and METHODS

After institutional review board approval, we conducted a retrospective review of all patients 

with pathologically confirmed, locally advanced (ie, classified as ≥T3 and M0) nmRCC who 

underwent nephrectomy at MSKCC from 1989 to 2012. Of 938 such patients treated at our 

institution, patients were excluded from analysis if they had received adjuvant chemotherapy 

or radiation therapy within 3 months of surgery (n = 47), had less than 3 months’ follow-up 

(n = 61), or had bilateral renal masses at diagnosis (n = 28). A total of 802 patients were 

found to be evaluable. We identified 596 patients (74%) who underwent RN and 206 (26%) 

who underwent PN. Tumor classification was determined according to the 2002 American 

Joint Committee on Cancer (AJCC) staging system.5 In cases of conventional clear cell 

carcinoma (n = 576), Fuhrman grading was used and assigned as low (grades 1–2) or high 

(grades 3–4).8 Data reviewed included patient age, sex, race, tumor laterality, histology, year 

of surgery, type of surgery, surgical approach, whether patients underwent concomitant 

adrenalectomy or LND, and disease progression status. Disease progression was defined as 

the development of local recurrence or distant metastases.

Statistical Methods

Survival time was calculated from the date of nephrectomy. A progression event included 

the first instance of local or metastatic recurrence. The probability of freedom from 

progression of RCC was estimated using Kaplan-Meier methods, censoring patients who did 

not have progression at their date of last follow-up. Differences in recurrence-free 

probabilities and survival probabilities by various tumor features were tested by the log-rank 
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test. Multivariable Cox proportional hazards regression was used to investigate tumor 

features associated with progression and overall OS, with adjustment for age, ASA physical 

status classification I/II vs. III/IV. All tumor features of interest were included in the 

multivariable model without any variable selection.

Year of surgery was entered as a continuous variable into a multivariable logistic regression 

model to test for trends in the utilization of adrenalectomy and LND over time; covariates 

were age, presentation, and tumor size. The utilization of these procedures was analyzed in 

the subgroup of patients who underwent RN (n = 596) because these procedures were 

conducted primarily for these patients. The predicted probability of each procedure was 

plotted over time. Year of surgery was included in the model with restricted cubic splines 

(knots at the tertiles) to allow for a nonlinear association. Statistical analyses were 

conducted using Stata 12.0 (StataCorp LP, College Station, TX). LND and adrenalectomies 

were done at the discretion of the surgeon with reliance on preoperative imaging and/or 

palpable disease. The extent of LND most commonly included regional and ipsilateral great 

vessels.

RESULTS

Characteristics for all 802 patients are given in Table 1. The median age at nephrectomy was 

64 years, and 71% (n = 566) of patients were men. The majority of patients underwent open 

surgery, with 69% (n = 551) having undergone an open RN and 21% (n = 169) an open PN. 

LND was performed in 61% (n = 440) of cases; however, data were not available for 86 

patients because of incomplete medical records. LND most commonly included regional 

lymph nodes with extension to the ipsilateral great vessels. Adrenalectomy was performed in 

52% (n = 416) of cases. Of the 565 patients who underwent an LND or adrenalectomy, 45 

(8.0%) had LN involvement alone, 10 (1.7%) had adrenal involvement alone, and 3 (<1%) 

had both LN and adrenal involvement. There were 189 (23.6%) patients who experienced 

cancer progression. Median follow-up for entire cohort was 4.2 years; at last follow-up, 273 

of the 802 (34.0%) patients had died, 104 of kidney cancer. The median follow-up for 

patients who did not progress was 4.6 years. No patient had recurrence in the ipsilateral 

adrenal gland at last follow-up.

Kaplan-Meier plots of PFS and OS are given in Figures 1 to 4, and estimates at 5 and 8 

years after nephrectomy are listed in Table 2. All variables analyzed (tumor stage, histology, 

grade, and LN status) were significantly associated with both progression and survival on 

univariate analysis. Similar results were found using a multivariable Cox proportional 

hazards regression model (Table 3).

Ten-year PFS rate for all patients with clear cell RCC was 65% (95% confidence interval 

[CI], 60%–70%). When stratifying by AJCC tumor classification, 10-year PFS for those 

with T3 clear cell tumors was 72% (95% CI, 67%–76%) versus 23% (95% CI, 8%–44%) for 

patients with T4 tumors. By grade, 10-year PFS rate was 76% (95% CI, 69%–82%) for 

those with low-grade versus 55% (95% CI, 44%–65%) for high-grade clear cell tumors. For 

patients who underwent concurrent LND and were found to be LN negative, median PFS 
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was 36.8 months and median OS was 49.5 months; for LN-positive patients, median PFS 

was 7.4 months and median OS was 39.4 months.

Table 4 summarizes characteristics of patients who underwent RN, further broken down by 

adrenalectomy (yes/no) and LND (yes/no). This summary includes only patients who 

underwent a radical procedure because these additional procedures were conducted 

primarily among these patients. Of the 206 patients who underwent a PN, 30 (14.6%) had an 

LND, 10 (4.9%) had an adrenalectomy, and 4 (1.9%) had both procedures. As shown in 

Table 5, on multivariable analysis, the utilization of adrenalectomy decreased over time 

(OR .82 for each year; 95% CI, .79–.86; P < .01), whereas the utilization of LND increased 

(OR 1.16 for each year; 95% CI, 1.12–1.21; P < .01) (Figure 5). Patients with larger tumors 

were significantly more likely to undergo LND (OR 1.24 per cm; 95% CI, 1.16–1.33; P < .

01). Patients who were symptomatic at presentation were also more likely to undergo LND, 

although this was not statistically significant on multivariable analysis (OR 1.28 for 

symptomatic vs. asymptomatic; 95% CI, .83–1.98; P = .3).

DISCUSSION

We report our institutional experience with locally advanced nmRCC treated with surgical 

resection alone over a 23-year period. Consistent with previous reports,9–13 patients with a 

symptomatic presentation and advanced final pathologic features (histology, grade, stage, 

and LN status) experienced significantly worse rates of PFS and OS on univariable and 

multivariable analyses. Patients with unclassified/other histologies had the worse rates of 

PFS and OS.

De Cássio Zequi et al14 evaluated medical records of 145 patients who underwent PN or RN 

for RCC (T1–4, N0–2, M0–1) at their institution. ASA classification was found to be 

statistically significant and an effective prognostic factor for both cancer-specific survival 

and OS. However, the authors did not report on whether their patients received adjuvant 

therapies, leaving open the possibility of treatment selection bias, because patients with 

good health are more likely to receive additional treatments. In our cohort, we noted that 

high ASA classification was not only associated with worse OS but also with disease 

progression. Many mechanisms have been proposed for this observation, including a pro-

neoplastic state due to chronic immunosuppression related to renal failure–associated 

uremia.15

Filson et al,6 in their review of the National Cancer Institute’s United States Kidney Cancer 

Study (2002–2007), noted that concurrent adrenalectomy was performed in 24% of RN 

cases, most of which involved larger tumors in symptomatic patients. The authors noted a 

decline of concurrent ipsilateral adrenalectomy over time, which they mostly attributed to 

improved quality of preoperative cross-sectional imaging. Similarly, in a Mayo Clinic 

retrospective review, routine ipsilateral adrenalectomy in patients with locally advanced 

RCC did not offer an oncologic benefit and placed the patients at risk for metastasis in a 

solitary adrenal gland.7 Our current practice is to perform an adrenalectomy for bulky 

tumors and for patients with radiographic or intraoperative evidence of adrenal involvement. 
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Interestingly, in our study, none of our patients experienced recurrence in the ipsilateral 

adrenal gland after being spared.

A retrospective review by the Mayo Clinic demonstrated that high-risk RCC was associated 

with an increased likelihood of metastatic retroperitoneal lymphadenopathy16,17; however, 

the role of lymphadenectomy continues to be debated in the urologic literature.18 The 

European Organization for Research and Treatment of Cancer (EORTC) 30881 randomized 

phase 3 trial showed no benefit to lymphadenectomy19; however, this trial has been 

criticized for inclusion of patients with low-stage and -grade disease who had a very low 

likelihood of developing nodal metastases.18 In our series, we note that the use of 

lymphadenectomy increased with time, especially for younger patients and those with large 

tumors. Patients who did not undergo an LND (Nx) had better PFS in comparison with N0 

patients, which is likely due to selection bias by surgeons judging those patients to be at 

lower risk for nodal metastatic disease based on preoperative imaging.

In our retrospective series, adrenalectomies and lymphadenectomies were most commonly 

performed during open surgery because patients with LN or adrenal gland involvement are 

more likely to undergo that approach. We believe that the finding of metastatic RCC, 

whether in regional LNs or adrenal glands, provides improved staging and prognostic 

information, and allows for better patient stratification in future clinical trials.

Our study is limited by its retrospective nature and difficulty in accounting for the effect of 

targeted therapy in prolonging survival in patients with metastatic RCC. We were unable to 

stratify patients by MSKCC criteria for patients with advanced RCC20 due to lack of 

laboratory data on all patients. Similarly as our experience spanned 23 years, there was no 

uniform follow up protocol for our patients. Also as we show that presence of disease in 

lymph nodes is associated with worsened survival, we do not have the actual lymph nodes 

count and data on local recurrence for patients who underwent lymphadenectomy.

CONCLUSIONS

In our experience, patients with locally advanced nmRCC who are asymptomatic upon 

presentation and have T3, low-grade disease, few comorbidities, and negative LN have 

favorable survival outcomes compared with symptomatic T4 patients. Further, there has 

been a trend in recent years toward more selective use of adrenalectomy and increased use 

of lymphadenectomy in patients with locally advanced RCC, largely because of careful case 

selection and improved preoperative imaging.
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LN lymph node

LND lymph node dissection

MSKCC Memorial Sloan Kettering Cancer Center

nmRCC non-metastatic renal cell carcinoma

OS overall survival

OR odds ratio

PFS progression-free survival

PN partial nephrectomy

RCC renal cell carcinoma

RN radical nephrectomy
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Figure 1. 
Progression-free (Left) and overall (Right) survival outcomes among patients with locally 

advanced kidney cancer after nephrectomy, by tumor classification. Solid line represents T3/

T3a; dashed line, T3b; dotted line, T3c/T4.
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Figure 2. 
Progression-free (Left) and overall (Right) survival outcomes among patients with locally 

advanced kidney cancer after nephrectomy, by nodal status. Solid line represents NX; 

dashed line, N0; dotted line, N+.
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Figure 3. 
Progression-free (Left) and overall (Right) survival outcomes among patients with locally 

advanced kidney cancer after nephrectomy, by histology. Solid line represents 

chromophobe; short dashed line, clear cell; dotted line, oncocytoma; dash dot line, papillary; 

long dashed line, unclassified/other.
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Figure 4. 
Progression-free (Left) and overall (Right) survival outcomes among patients with locally 

advanced clear cell kidney cancer after nephrectomy, by grade. Solid line represents low 

grade; dashed line, high grade.
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Figure 5. 
Predicted probability of adrenalectomy (black) and lymph node dissection (gray) over time 

in patients undergoing a radical procedure, adjusted for age, symptoms at presentation, and 

size of tumor. Dashed lines are 95% confidence intervals.
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Table 1

Characteristics of 802 Patients Who Underwent Nephrectomy at Memorial Sloan Kettering Cancer Center 

from 1989 to 2012

Patient and Disease Characteristics Surgical Characteristics

Median age(yrs) at surgery 64 (55, 72) Year of surgery

Sex  1989–1994 102 (13%)

 Male 566 (71%)  1995–1999 140 (17%)

 Female 236 (29%)  2000–2004 173 (22%)

Race  2005–2009 258 (32%)

 White 719 (90%)  2010–2012 129 (16%)

 Black 39 (5%) Surgery type

 Other or unknown 44 (5%)  Partial 206 (26%)

ASA classification  Radical 596 (74%)

 1 27 (3%) Surgical approach

 2 401 (50%)  Open 720 (90%)

 3 354 (44%)  Laparoscopic 61 (7.6%)

 4 14 (2%)  Robotic 21 (2.6%)

 Unknown 6 (<1%) Adrenalectomy performed 416 (52%)

Presentation LND performed, n = 716b 440 (61%)

 Incidental discovery 460 (57%) Tumor laterality

 Local or systemic symptoms 335 (42%)  Left 404 (50%)

 Right 398 (50%)

 Unknown 7 (1%)

Pathologic classification

 T3a 515 (64%)

 T3b 262 (33%)

 T4 25 (3%)

Pathologic gradea

 Low 237 (41%)

 High 301 (52%)

 Unknown 38 (7%)

Tumor histology

 Chromophobe 74 (9%)

 Clear cell 575 (72%)

 Oncocytoma 47 (6%)

 Papillary 59 (7%)

 Unclassified/Other 47 (6%)

Data are presented as frequency (percent) or median (interquartile range).

a
For patients with conventional (clear cell) tumor histology.
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b
Lymph node dissection information was available for only 716 patients.
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Table 4

Characteristics of Patients Who Underwent Radical Nephrectomy, Stratified by Whether an Adrenalectomy or 

Lymph Node Dissection Was Performed

Adrenalectomy Lymph Node Dissection

No (n = 190) Yes (n = 406) No (n = 172) Yes (n = 410)

Median age (yrs) at surgery 64 (55, 72) 63 (55, 71) 65 (56, 74) 62 (54, 70)

ASA physical status classification

 1 2 (1%) 19 (5%) 8 (5%) 13 (3%)

 2 82 (43%) 238 (59%) 104 (60%) 216 (53%)

 3 99 (52%) 139 (34%) 56 (33%) 169 (41%)

 4 6 (3%) 5 (1%) 3 (2%) 7 (2%)

 Unknown 1 (1%) 5 (1%) 1 (1%) 5 (1%)

Presentation

 Incidental discovery 118 (62%) 177 (44%) 99 (58%) 186 (45%)

 Local or systemic symptoms 70 (37%) 225 (55%) 72 (42%) 219 (53%)

 Unknown 2 (1%) 4 (1%) 1 (1%) 5 (1%)

Tumor classification

 T3/T3a 124 (65%) 228 (56%) 127 (74%) 215 (52%)

 T3b 63 (33%) 157 (39%) 44 (26%) 172 (42%)

 T3a/T4 3 (2%) 21 (5%) 1 (1%) 23 (6%)

Tumor gradea

 Low 57 (39%) 136 (43%) 78 (62%) 115 (35%)

 High 85 (57%) 148 (47%) 31 (25%) 189 (58%)

 Unknown 6 (4%) 31 (10%) 17 (13%) 20 (6%)

Tumor histology

 Chromophobe 12 (6%) 36 (8.9%) 12 (7%) 35 (9%)

 Clear cell 147 (77%) 315 (78%) 126 (73%) 323 (79%)

 Oncocytoma 7 (4%) 15 (4%) 17 (10%) 5 (1%)

 Papillary 14 (7%) 25 (6%) 15 (9%) 24 (6%)

 Unclassified/Other 10 (5%) 15 (4%) 2 (1%) 23 (6%)

Year of surgeryb

 1989–1994 (n = 95) 8 (4%) 93 (23%) 48 (28%) 53 (13%)

 1995–1999 (n = 116) 17 (9%) 110 (27%) 54 (31%) 73 (18%)

 2000–2004 (n = 126) 48 (25%) 95 (23%) 48 (28%) 95 (23%)

 2005–2009 (n = 148/n = 144) 63 (33%) 89 (22%) 22 (13%) 126 (31%)

 2010–2012 (n = 90/n = 72) 54 (28%) 19 (5%) 0 (0%) 63 (15%)

Surgical approach

 Open 156 (82%) 395 (97%) 154 (90%) 385 (94%)

 Laparoscopic 27 (14%) 11 (3%) 18 (10%) 18 (4%)
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Adrenalectomy Lymph Node Dissection

No (n = 190) Yes (n = 406) No (n = 172) Yes (n = 410)

 Robotic 7 (4%) 0 (0%) 0 (0%) 7 (2%)

a
For patients with conventional (clear cell) tumor histology.

b
Percentages are rounded to the nearest integer. Percentages add up to 100% across rows rather than columns.
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