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Abstract

Objectives—Delaying nephrectomy <3 months does not adversely affect treatment outcome of 

renal tumors. Whether surgical waiting time (SWT; time from diagnosis to surgery) >3 months 

affects treatment outcome for large renal masses has not been well studied. We aimed to evaluate 

if SWT is associated with treatment outcome of renal masses >4cm, and identify patients more 

likely to experience prolonged SWT.

Materials and Methods—Data from 1,484 patients undergoing radical or partial nephrectomy 

at a single institution for a non-metastatic renal mass >4cm between 1995–2013 were reviewed. 

Patients with benign tumors and incomplete preoperative data were excluded. The association 

between SWT and disease upstaging at the time of surgery and recurrence at 2 and 5 years was 

assessed using logistic regression. Cancer-specific survival (CSS) and overall survival (OS) were 

assessed with landmark survival analyses and multivariable Cox proportional hazards models. All 

analyses were adjusted for patient and tumor characteristics.

Results—Of the final cohort of 1,278 patients, 267 (21%) had SWT >3 months. Patients with 

larger, symptomatic tumors had shorter SWT. Median follow-up for survivors was 3.8 years (IQR 

1.5–7.4). On multivariable analysis, SWT was not associated with disease upstaging, recurrence or 

CSS. Longer SWT was associated with decreased OS (HR=1.17, 95% CI, 1.08–1.27, p=0.0002). 

Gender and tumor size, histology, and presentation were associated with disease upstaging, 

recurrence and CSS. The most common cause for surgical delay >3 months was evaluation and 

treatment of comorbidities.
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Conclusion—Patient and tumor characteristics, rather than SWT, were associated with disease 

upstaging, recurrence and CSS, and should guide the decision to delay surgery when treating non-

metastatic renal tumors >4cm.
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1. Introduction

Surgical resection by either partial nephrectomy (PN) or radical nephrectomy (RN) is the 

standard treatment for renal cell carcinoma (RCC) tumors >4 cm.[1, 2] Postponing surgery 

may be required for various medical or logistical reasons including evaluation and treatment 

of significant comorbidities or concurrent cancers, patient or physician preferences, and 

insurance issues. Moreover, waiting times for cancer treatments have increased over the last 

decade with the increase in case load at many centers, contributing to the potential for 

treatment delay.[3] Delaying definitive surgical resection might have a deleterious effect on 

treatment outcome, as is the case in muscle-invasive bladder cancer, where an increased risk 

of disease-specific and all-cause mortality was observed when radical cystectomy was 

delayed >12 weeks.[4–6]

Only a few previous reports have questioned the effect of prolonged surgical waiting time 

(SWT) on oncologic outcomes following surgical resection of renal tumors >4 cm.[7–9] 

These reports did not find a significant difference in the oncologic outcomes; however, small 

renal masses which may have been suitable for active surveillance, were included in two 

studies,[7, 8] while the third reported SWT <3 months from diagnosis.[9] Furthermore, the 

statistical methods used in these reports did not account for the time-dependent nature of 

SWT.

We aimed to assess whether SWT until PN or RN is associated with increased likelihood of 

disease recurrence, kidney cancer specific survival (CSS), and overall survival (OS) for renal 

tumors >4 cm.

2. Materials and Methods

After obtaining Institutional Review Board approval, we used our institutional database to 

review medical records of 1,484 adult patients with non-metastatic renal tumor >4 cm, who 

had a documented axial imaging from the time of diagnosis, and were treated with PN or RN 

at our center between 1995 and 2013. Patients were excluded if lacking complete 

preoperative data (n=71), or if found to have a benign kidney tumor (n=135), leaving 1,278 

patients in our cohort.

Preoperative patient characteristics included in the analysis were age at surgery, gender, race 

(white or non-white), American Society of Anesthesiologists (ASA) score, Charlson 

comorbidity index (CCI), body mass index (BMI), and presentation status (incidental, local 

or systemic symptoms). CCI was calculated as previously described, excluding the diagnosis 
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of RCC.[10] Tumor size at diagnosis and clinical stage were defined according to the 

tumor’s largest diameter on axial imaging.

SWT was calculated from the date of tumor identification on imaging to the date of 

nephrectomy. The cut-point of 3 months for SWT was chosen because prior surgical delay 

research has studied patients with SWT ≤3 months.[7–9] Later cut-points were not evaluated 

due to a limited number of patients with longer SWT. Restricted cubic splines with knots at 

the tertiles were used to test for non-linearity in SWT.

Following nephrectomy, surgical specimens were reviewed by genitourinary pathologists. 

Tumor histology was defined according to the 2004 World Health Organization 

classification.[11] Tumors were staged according to the 2010 American Joint Committee on 

Cancer (AJCC) staging system.[12] Tumor growth was the change in tumor size from 

diagnostic imaging to pathology report. Tumor growth rate was tumor growth divided by 

SWT. Patients were followed semiannually with physical examination, blood chemistry, and 

abdominal and chest imaging for the first 2 years, and annually thereafter.

The cause for treatment delay in patients with SWT >3 months was evaluated by reviewing 

patients’ medical records. A referral delay was defined when time between diagnosis and 

urologic consultation at our institution exceeded 45 days. Similarly, treatment delay was 

defined when time between urologic consultation and nephrectomy exceeded 45 days.

Study endpoints included disease progression at the time of surgery, 2-year and 5-year 

disease recurrence, CSS and OS. Disease progression was assessed with the endpoints tumor 

growth, any upstaging and upstaging to pT3a or higher disease. Patient and tumor 

characteristics were compared between patients with SWT ≤3 months and >3 months using 

rank-sum and chi-squared tests, and with SWT as a continuous variable using univariate 

linear regression analyses. A logistic regression analysis was used for upstaging and 

recurrence within 2 and 5 years after surgery, adjusting for gender, race, age at surgery, CCI 

(0 or ≥1), BMI, symptoms at presentation, tumor size at imaging, and tumor histology (clear 

cell or non-clear cell). SWT is inherently associated with time-to-event, giving an advantage 

to a short SWT simply as an artifact of the statistical method, and complicating its use as a 

predictor of outcome. In order to avoid these biases, landmark survival analyses were 

performed for the outcomes of CSS and OS. A fixed time after diagnosis was selected as a 

landmark for the analysis of survival by SWT: only patients who received nephrectomy and 

were alive at the landmark time were included in this analysis.[13] Landmarks of 6, 9 and 12 

months were considered, and results proved consistent between all three. A landmark of 9 

months after diagnosis was chosen to exclude the fewest patients from the sample. A 

multivariable Cox proportional hazards model, adjusted for the same patient and tumor 

characteristics, was used to assess survival from 9 months after diagnosis.

Sensitivity analyses for recurrence and survival were performed using patients with AJCC 

stage III/IV tumors only to determine if SWT significantly affected outcome only for 

patients with aggressive disease. Kaplan Meier estimates for CSS and OS for patients with 

SWT ≤3 months and SWT >3 months were presented. All statistical analyses were two-
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sided, and significance was defined as p<0.05. All analyses were conducted using Stata 12.0 

(College Station, TX, USA).

3. Results

The study cohort included 1,278 patients, 267 of whom (21%) had SWT >3 months. Patient 

and tumor characteristics stratified by SWT ≤3 months or >3 months are summarized in 

Table 1. Median SWT was 52 days (IQR 33–84). Six percent of patients had SWT >6 

months (n=82). No evidence of non-linearity in SWT was found. Median follow-up after 

nephrectomy was 3.8 years for survivors (IQR 1.5–7.4); 522 patients (41%) were followed 

for more than 5 years. Disease recurrence rates at 2 and 5 years after surgery were 15% and 

27%, respectively. Estimated 5-year CSS and OS for all patients were 89% (CI 87%–91%), 

and 83% (CI 80%–86%), respectively. Kaplan-Meier estimates of CSS and OS from 9 

months after diagnosis stratified by SWT are shown in figures 1 and 2, respectively.

Older age, non-white race, higher BMI, higher ASA and CCI scores, incidental presentation, 

smaller tumor size, non-clear cell histology and treatment with PN were significantly 

associated with SWT >3 months on univariate analysis (p<0.01 for all, Table 1). Similar 

associations were found when SWT was analyzed as a continuous variable.

Overall, 482/1,278 patients (38%) experienced tumor growth between imaging and 

nephrectomy (36% of patients with SWT≤3 months vs. 43% of patients with SWT>3 

months, p=0.059). There was a small but clinically insignificant difference in actual tumor 

growth between the two groups (0.8cm for SWT≤3 months vs. 1.0cm for SWT>3 months, 

p=0.05). Tumor growth rates were significantly higher among patients with SWT≤3 months 

(0.56 cm/month) compared to patients with SWT>3 months (0.19 cm/month, p<0.0001). No 

significant associations were found between tumor growth and growth rate and recurrence at 

2 or 5 years, OS or CSS on univariate analysis.

We found no evidence that a longer SWT was associated with a higher risk of any upstaging 

or of upstaging to pT3a or higher when adjusting for patient and tumor characteristics (p=0.4 

and p=0.2, respectively). Male gender, older age, higher CCI scores, local or systemic 

presentation, larger tumor size and clear cell histology were associated with higher odds of 

upstaging (Table 2). A subset analysis by SWT was conducted which found an increased 

risk of upstaging associated with increasing tumor size in patients with SWT≤3 (OR 1.22 

per 1cm increase in tumor size, 95% CI 1.16, 1.28, p<0.0001) but not in patients with 

SWT>3 (OR 1.07, 95% CI 0.96, 1.19, p=0.2).

We found no evidence of an association between SWT and recurrence within 2 and 5 years 

of surgery when adjusting for preoperative characteristics and histology (p=0.8 and p>0.9, 

respectively, Table 3a). Forty-five patients with SWT >9 months and 11 patients who died of 

any cause within 9 months after diagnosis were excluded from the analyses for CSS and OS. 

We found no evidence that SWT was associated with CSS after adjusting for preoperative 

characteristics and histology (p=0.5, Table 4a). Despite adjusting for patient and tumor 

characteristics, increasing SWT was still significantly associated with poorer OS (p=0.0002, 

Table 4a). Similar associations between SWT and recurrence, CSS and OS were evident 
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among 533 patients with AJCC stage III or IV disease (Tables 3b and 4b). Older age, larger 

tumor size, and clear cell histology were consistently associated with disease recurrence, 

CSS, and OS on multivariate analyses.

Of the 267 patients with SWT >3 mo, 59 patients (22%) had a referral delay, 120 patients 

(45%) had treatment delay, and 88 patients (33%) had both. Of the 208 patients with a 

treatment delay, 51 (25%) had multiple reasons for this delay. The most common cause for 

treatment delay was evaluation and treatment of comorbidities apparent in 133/208 patients 

(64%), including treatment of cardiovascular disease, pulmonary disease and concurrent 

malignancies.

4. Discussion

The current study, evaluating the effect of prolonged SWT on the outcomes of nephrectomy 

for renal masses >4 cm, found patients with non-favorable tumor characteristics and fewer 

comorbidities were operated on earlier. No association between SWT and disease upstaging, 

recurrence or CSS was found; however, longer SWT was associated with decreased OS.

Prolonged SWT adversely affects treatment outcome in several malignancies including 

muscle-invasive bladder cancer.[4–6] However, this association may be attributed to the 

natural history of the disease, which differs among various cancers. Small renal masses have 

an average growth rate of 0.28 cm/year,[14] and a relatively large proportion of these tumors 

are benign or indolent malignancies with limited metastatic potential[15]; thus, active 

surveillance, especially for elderly or comorbidly ill patients, is a reasonable alternative to 

surgery for these tumors.[2, 16–19] Large renal masses have been associated with a higher 

rate of malignant histology, higher growth rates, and increased potential for metastatic 

disease; therefore, most patients with renal masses >4 cm are treated surgically.[15, 20–24] 

However, in a recent report, localized cT1b/T2 renal masses followed for a short period of 

time showed a mean growth rate of 0.44 cm/year and a limited metastatic potential, 

suggesting an initial period of active surveillance is reasonable in patients with significant 

competing risks and limited life expectancy.[25]

In a study by Bilimora and colleagues based on the National Cancer Database, delay >30 

days for cancer treatment was associated with older age, black race, multiple comorbidities, 

and lower-stage disease.[3] Among patients with RCC, shorter SWT was associated with 

larger tumor size, higher tumor stage and grade, and symptomatic presentation,[7–9] similar 

to our results. Also, we found an association between longer SWT and older age, non-white 

race, and higher ASA and CCI scores. These associations are consistent with the selection 

bias seen in this cohort, likely representing the tendency of surgeons to operate more 

expeditiously on patients with obvious adverse tumor characteristics.

Few reports have evaluated the effect of SWT on treatment outcomes of nephrectomy for 

renal tumors >4 cm. Stec et al. reported on 655 patients with mean tumor size 6.4±4.4 cm 

and mean SWT of 1.2 months from the initial urologic consultation. Operations were 

performed within 3 months in 94.3% of patients. On multivariable analysis, OS, CSS and 

recurrence-free survival were not affected by SWT.[7] Martinez et al. reported on 354 RCC 
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patients with mean tumor size 5.5±3.45 cm, and mean SWT of 1.6 months from the decision 

for surgical treatment. The authors triaged patients based on perceived tumor risk, 

optimizing SWT by clinical stage. In this setting, no significant association was found 

between SWT and disease progression; however, shorter SWT was associated with a higher 

recurrence rate, reflecting the surgeon’s increased priority for more aggressive tumors.[8] 

Recently, Kim et al. evaluated 319 patients who underwent RN for stage II or higher RCC. 

Mean SWT, from initial imaging to surgical resection, was 0.86 months; 96.9% of the 

patients underwent surgical resection within 3 months. SWT was not associated with 

pathological upstaging, recurrence-free survival or CSS, even when performing subgroup 

analysis according to the TNM stage and the presence or absence of symptoms prior to the 

operation.[9] In the current study which included patients with SWT >3 months and tumors 

>4cm, no significant association was found between SWT and oncologic outcomes. 

However, consistent with previous studies, disease characteristics indicative of tumor 

aggressiveness, including tumor size and histology, were significantly associated with both 

SWT and outcome.[26] Surgeon selection bias, rather than compromised cancer control, was 

also the likely cause of the association between longer SWT and worse OS, as we attribute 

this association to poorer preoperative health which led to both a surgical delay and worse 

OS.

In a study of radical cystectomy for invasive bladder cancer, surgical delay >3 months was 

observed to be related mainly to scheduling delay (46%), with only 15% of patients delayed 

due to comorbidities.[4] In a study of patients with small renal masses, the most common 

causes for delaying treatment, observed in 55% of patients, were patient-related, including 

refusal to undergo surgery, seeking multiple opinions, or failure to follow up.[16] In the 

current study, 78% of the patients with SWT >3 months had treatment delay, most 

commonly due to evaluation and treatment of comorbidities.

The limitations of our study include its retrospective nature and the selection bias associated 

with treating patients with more aggressive tumors earlier. The findings may not be 

generalizable to centers with different treatment patterns resulting in shorter SWT for all 

patients. In addition, the study included only patients who underwent PN or RN, and did not 

include patients who might have progressed during treatment delay and never received 

surgical treatment. However, that factor is unlikely to have affected our results: in a cohort of 

373 non-metastatic patients with tumors >4 cm who were followed at our institution during 

the same years as the study cohort and did not eventually undergo nephrectomy, only three 

patients (1%) developed metastatic disease2. The true delay in treatment is unknown as most 

tumors are discovered incidentally; however, the time of initial diagnosis is the earliest point 

at which a patient may have been treated, and therefore is clinically appropriate. Finally, the 

effect of SWT on survival is confounded by certain patient and disease characteristics, such 

as age, tumor size and histology, which are associated with both SWT and survival. While 

the current and previous studies are limited by the fact that SWT cannot be randomly 

assigned to patients, these findings suggest that patient and tumor characteristics influence 

both extent of surgical delay and treatment outcome, and may aid in deciding when to 

2Unpublished data from the Memorial Sloan Kettering Cancer Center kidney cancer database.
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operate. However, since heterogeneity in tumor growth patterns and current incomplete 

knowledge of determinants of aggressiveness and metastasis limit our ability to identify 

which tumors are likely to progress in the short term, surgery should be delayed only in the 

presence of other, competing, health risks.

5. Conclusion

In current practice, at the discretion of the operating surgeon, tumors with unfavorable 

characteristics are operated on earlier than those with favorable characteristics. Since SWT 

is determined based on disease characteristics, it is difficult to assess the effect of SWT 

separately from the effects of these characteristics; however, in this setting, longer SWT was 

not associated with worse oncologic outcomes for large localized renal tumors at a median 

followup of 4 years. Clinicians should continue to use patient and tumor characteristics to 

determine the best time to perform surgery in the presence of competing health risks. 

Identifying additional independent and reliable markers of tumor progression may aid in the 

decision to delay surgery when necessary.
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Highlights

• 21% of patients treated for renal tumors >4 cm had a surgical delay of >3 

months.

• Larger, symptomatic tumors were associated with a shorter surgical delay.

• SWT was not associated with disease upstaging at the time of surgery, 

recurrence or CSS, but was associated with OS.

• Treatment of comorbidities was a common cause for surgical delay of >3 

months.
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Figure 1. 
Kaplan-Meier estimates of cancer-specific survival from 9 months after diagnosis for 

patients with SWT ≤ 3 months (blue line) and SWT > 3 months (red line).
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Figure 2. 
Kaplan Meier estimates of overall survival from 9 months after diagnosis for patients with 

SWT ≤ 3 months (blue line) and SWT > 3 months (red line).
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Table 1

Patient and tumor characteristics of the study cohort stratified by SWT above and below 3 months

All Patients (N = 1278) SWT ≤ 3 Months (N = 
1011)

SWT > 3 Months (N = 
267)

p-value

SWT, days, median (IQR) 52 (33, 84) 44 (29, 62) 135 (106, 197) <0.0001

Male Gender, N (%) 863 (68) 678 (67) 185 (69) 0.5

Age at Surgery, yr, median (IQR) 61 (52, 69) 60 (52, 69) 63 (54, 72) 0.001

Race, n (%)

 White 1149 (90) 930 (92) 219 (82) <0.0001

 Non-white 129 (10) 81 (8.0) 48 (18)

BMI, median (IQR) 29.0 (25.6, 32.9) 28.7 (25.4, 32.6) 29.4 (26.2, 34.1) 0.008

ASA Score, n (%)

 I/II 703 (55) 610 (60) 93 (35) <0.0001

 III/IV 575 (45) 401 (40) 174 (65)

CCI, n (%)

 0 1050 (82) 850 (84) 200 (75) 0.001

 ≥1 228 (18) 161 (16) 67 (25)

Presentation, n (%)

 Incidental 835 (65) 627 (62) 208 (78) <0.0001

 Local 384 (30) 332 (33) 52 (19)

 Systemic 59 (5) 52 (5.1) 7 (2.6)

AJCC Stage (N=1276), n (%)

 1 559 (44) 425 (42) 134 (50) 0.015

 2 184 (14) 140 (14) 44 (17)

 3 520 (41) 434 (43) 86 (32)

 4 13 (1.0) 11 (1.1) 2 (0.8)

Tumor Size, cm, median (IQR) 6.2 (5.0, 8.8) 6.5 (5.0, 9.0) 5.7 (4.7, 7.1) <0.0001

Absolute Tumor Growth, cm, median (IQR) 
(N=482)

0.8 (0.4, 1.5) 0.8 (0.4, 1.5) 1.0 (0.5, 1.7) 0.05

Tumor Growth, cm per month, median (IQR) 
(N=482)

0.43 (0.18, 1.01) 0.56 (0.25, 1.27) 0.19 (0.08, 0.31) <0.0001

Type of Surgery, n (%)

 Partial Nephrectomy 464 (36) 330 (33) 134 (50) <0.0001

 Radical Nephrectomy 814 (64) 681 (67) 133 (50)

Tumor Histology, n (%)

 Clear Cell 907 (71) 743 (73) 164 (61) 0.0001

 Non-Clear Cell 371 (29) 268 (27) 103 (39)

Margin Status (N=1274), n (%)

 No 1209 (95) 957 (95) 252 (94) 0.7

 Yes 65 (5.1) 50 (5.0) 15 (5.6)

SWT = surgical waiting time; IQR = interquartile range; BMI = body mass index; ASA = American Society of Anesthesiologists; CCI = Charlson 
Comorbidity Index; AJCC = American Joint Committee on Cancer.
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