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Abstract

Background—Adjuvant sunitinib significantly improved disease-free survival (DFS) versus 

placebo in patients with locoregional renal cell carcinoma (RCC) at high risk of recurrence after 

nephrectomy (hazard ratio [HR] 0.76, 95% confidence interval [CI] 0.59–0.98; p = 0.03).

Objective—To report the relationship between baseline factors and DFS, pattern of recurrence, 

and updated overall survival (OS).

Design, setting, and participants—Data for 615 patients randomized to sunitinib (n = 309) 

or placebo (n = 306) in the S-TRAC trial.

Outcome measurements and statistical analysis—Subgroup DFS analyses by baseline 

risk factors were conducted using a Cox proportional hazards model. Baseline risk factors 

included: modified University of California Los Angeles integrated staging system criteria, age, 

gender, Eastern Cooperative Oncology Group performance status (ECOG PS), weight, neutrophil-

to-lymphocyte ratio (NLR), and Fuhrman grade.

Results and limitations—Of 615 patients, 97 and 122 in the sunitinib and placebo arms 

developed metastatic disease, with the most common sites of distant recurrence being lung (40 and 

49), lymph node (21 and 26), and liver (11 and 14), respectively. A benefit of adjuvant sunitinib 

over placebo was observed across subgroups, including: higher risk (T3, no or undetermined nodal 

involvement, Fuhrman grade ≥2, ECOG PS ≥1, T4 and/or nodal involvement; hazard ratio [HR] 

0.74, 95% confidence interval [CI] 0.55–0.99; p = 0.04), NLR ≤3 (HR 0.72, 95% CI 0.54–0.95; p 
= 0.02), and Fuhrman grade 3/4 (HR 0.73, 95% CI 0.55–0.98; p = 0.04). All subgroup analyses 

were exploratory, and no adjustments for multiplicity were made. Median OS was not reached in 

either arm (HR 0.92, 95% CI 0.66–1.28; p = 0.6); 67 and 74 patients died in the sunitinib and 

placebo arms, respectively.

Conclusions—A benefit of adjuvant sunitinib over placebo was observed across subgroups. The 

results are consistent with the primary analysis, which showed a benefit for adjuvant sunitinib in 

patients at high risk of recurrent RCC after nephrectomy.

Patient summary—Most subgroups of patients at high risk of recurrent renal cell carcinoma 

after nephrectomy experienced a clinical benefit with adjuvant sunitinib.

Trial registration—ClinicalTrials.gov .

Keywords

Adjuvant; Disease-free survival; Renal cell carcinoma; Sunitinib

1. Introduction

The prognosis for renal cell carcinoma (RCC) depends on stage and on additional tumor and 

patient-specific risk factors obtained at diagnosis. Nearly 20% of all patients with RCC are 

diagnosed with locoregional disease [1], and up to 40% of these patients experience relapse 

after nephrectomy and develop metastasis [2,3]. Adjuvant therapies to decrease relapse after 

nephrectomy are needed. A decision to adopt a new adjuvant therapy in standard clinical 
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practice depends on consideration of a patient’s estimated risk of recurrence, the clinical 

benefit of the additional treatment, and the additive treatment related morbidity.

In the phase 3 S-TRAC study, sunitinib (50 mg once daily) was administered on a 4-wk 

on/2-wk off treatment schedule to patients with locoregional RCC at high risk of tumor 

recurrence after nephrectomy [4]. Adjuvant sunitinib significantly improved disease-free 

survival (DFS) versus placebo (median 6.8 vs 5.6 yr) according to blinded independent 

central review (hazard ratio [HR] 0.76, 95% confidence interval [CI] 0.59–0.98; p = 0.03) 

[4]. At 5 yr, the DFS rate gain was 8% in favor of sunitinib over placebo. Overall survival 

(OS) data were not mature at data cutoff [4]. The most common (>5% of patients) grade ≥3, 

all-causality adverse events (AEs) in the sunitinib group were palmar-plantar 

erythrodysesthesia (16%), neutropenia (8.5%), hypertension (7.8%), and thrombocytopenia 

(6.2%) [4].

In the present study, we examined treatment outcomes for subgroups of patients defined 

according to baseline characteristics, and report here the sites of tumor recurrence in the two 

treatment arms. Updated OS data, based on an additional 10 mo of follow-up, are also 

provided.

2. Patients and methods

2.1. Patients and treatment

As described previously [4], key inclusion criteria in the S-TRAC study included: 

nonmetastatic locoregional RCC defined as T3 or T4, no or undetermined nodal 

involvement, or any T stage with local nodal involvement; and for all patients, any Fuhrman 

grade and any Eastern Cooperative Oncology Group performance status (ECOG PS). In 

addition, patients had to have clear cell histology, no previous systemic therapy, ECOG PS 

≤2 before nephrectomy, no evidence of macroscopic residual disease/metastasis (confirmed 

by blinded independent central review), and treatment initiation within 3–12 wk after 

nephrectomy. Patients were randomized to receive treatment with sunitinib or placebo for 

nine cycles (~1 yr) until recurrence, second cancer, significant toxicity, or consent 

withdrawal.

2.2. Analyses

Disease recurrence was determined via centrally confirmed imaging and/or histological 

findings. Prespecified subgroup analyses of DFS by baseline risk factors were conducted 

using a Cox proportional hazards model. The baseline risk factors were as follows: 

University of California Los Angeles integrated staging system (UISS) criteria [5]; age; 

gender; ECOG PS before first dose (as opposed to ECOG PS in risk groups before 

nephrectomy); weight; and neutrophil-to-lymphocyte ratio). Post hoc analyses of DFS by 

Fuhrman grade were also performed. Interaction terms (treatment × baseline factors) were 

analyzed to investigate possible interactions between treatment and the baseline factors in a 

univariate model. All subgroup analyses were exploratory, and no adjustments for 

multiplicity were made.
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Patients were followed for survival status (regardless of treatment duration) every 12 wk 

until the time of the final analysis. OS was defined as the time from the date of 

randomization to the date of death due to any cause. In the absence of confirmation of death, 

survival time was censored at the last date on which the patient was known to be alive. OS 

was estimated using the Kaplan-Meier method, and data were compared using a two-sided 

log-rank test, stratified by UISS risk group.

3. Results

3.1. Patients and treatment

Overall, 615 patients (n = 309 sunitinib; n = 306 placebo) were enrolled from 97 sites, 

including 73 in Europe, 15 in Asia, and nine in the Americas. Of these patients, 306 were 

treated with sunitinib and 304 with placebo. Patient characteristics, summary of treatment, 

and treatment outcome are summarized in Table 1. Overall, 71% of patients received 

sunitinib for six or more cycles (8 mo) and 56% completed the full 1-yr treatment. It should 

be noted that the trial permitted a dose decrease to 37.5 mg/d, but not to 25 mg/d. The most 

common reasons for treatment discontinuation in the sunitinib group included AEs (28%), 

relapse (7.2%), and patient refusal to continue treatment for reason other than AEs (4.6%). 

In the placebo-treated patients, the most common reasons for treatment discontinuation 

included relapse (19%), AEs (5.9%), and patient refusal to continue treatment for a reason 

other than AEs (2.6%).

3.2. Subgroup analysis

The majority of subgroups selected according to baseline characteristics experienced longer 

DFS on sunitinib compared to placebo (Fig. 1). Subgroups favoring sunitinib by HR with an 

upper 95% CI boundary <1.0 included age <45 yr (HR 0.43, 95% CI, 0.20–0.92) or ≥65 yr 

(HR 0.59, 95% CI 0.36–0.95); normal weight (HR 0.63, 95% CI 0.41–0.96); and ECOG PS 

0 (HR 0.69, 95% CI 0.51–0.93). Other groups included Fuhrman grade 3 or 4 tumors (HR 

0.73, 95% CI 0.55–0.98); higher risk (HR 0.74, 95% CI 0.55–0.99; Fig. 2); and neutrophil-

to-lymphocyte ratio ≤3 (HR 0.72, 95% CI 0.54–0.95). The CIs were wide for the subgroups 

because of the small sample size. In addition, none of the interaction terms (treatment × 

baseline factors) were statistically significant.

3.3. Site of relapse

According to blinded independent review, 97 patients in the sunitinib arm and 122 patients 

in the placebo arm developed distant disease recurrence. The most common (≥5%) sites of 

distant recurrence were lung and lymph node (Table 2). There was no difference in sites of 

recurrence between the treatment arms. In 219 recurrences observed across both arms, 89, 

47, 36, and 25 occurred in lung, lymph node, retroperitoneum, and liver, respectively. Only 

ten and seven recurrences were observed in bone and brain, respectively.

3.4. Overall survival

At the cutoff date for the updated OS analysis (January 31, 2017), 67 patients in the sunitinib 

arm and 74 patients in the placebo arm had died. The median follow-up time was 6.6 yr in 
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the sunitinib arm and 6.7 yr in the placebo arm. The median OS was not reached in either 

arm. The HR for sunitinib versus placebo was 0.92 (95% CI 0.66–1.28; p = 0.6; Fig. 3).

4. Discussion

Results from this report on the S-TRAC study show that 71% of patients completed 8 mo of 

adjuvant sunitinib treatment and 56% completed the full year of treatment. Of the treatment 

discontinuations reported for the sunitinib arm, 28% were related to AEs, which is similar to 

the discontinuation rate reported for sunitinib in the metastatic RCC setting [6]. 

Furthermore, the 28% discontinuation rate reported in S-TRAC was over a median treatment 

duration of 12 mo, whereas in the metastatic setting, discontinuation rates of 24% and 20% 

due to AEs were reported for pazopanib and sunitinib, respectively, over a median treatment 

duration of 8 mo [4,6]. For most patients, toxicities related to adjuvant sunitinib were 

managed via supportive care and a dose reduction or interruption. Nevertheless, there is still 

a need to improve the management of some side effects in the adjuvant setting. For example, 

hand-foot syndrome occurred more frequently in the adjuvant than in the metastatic setting 

[6–8]. Whether this is because of a more physically active population receiving treatment in 

the adjuvant setting or a more specific toxicity is not yet clear. In addition, an alternative 

schedule (2 wk on treatment followed by 1 wk off treatment) should be explored with the 

aim of decreasing the frequency of side effects and severity, as reported in the metastatic 

setting [9].

In addition to the positive outcome in the overall population of the S-TRAC study, the 

majority of subgroups defined according to baseline characteristics experienced longer DFS 

on sunitinib compared to placebo, including the prespecified subgroup of patients with 

higher risk of recurrence (defined as T3, no or undetermined nodal involvement, Fuhrman 

grade ≥2, and ECOG PS ≥1; or T4 and/or nodal involvement) compared to the overall 

population, as well as the subgroup of patients with Fuhrman grade 3/4.

This analysis has limitations in that all the subgroup analyses were exploratory, and no 

adjustments for multiplicity were made. However, the results are consistent with the primary 

analysis, showing a benefit for adjuvant sunitinib treatment in patients at high risk of 

recurrent RCC after nephrectomy.

Overall, 31% and 40% of patients in the sunitinib and placebo arms, respectively, developed 

distant disease recurrence. The most common sites of relapse included lung, lymph node, 

and retroperitoneum. Bone and brain metastases (1% each) were less common after adjuvant 

sunitinib compared to the higher percentages documented in metastatic RCC (30% for bone 

and 8% for brain) [8,10,11]. Knowing the patterns of recurrence in these patients may help 

physicians to monitor patients who are deemed at high risk of recurrence for metastases 

following nephrectomy.

The updated OS data were not mature after an additional 10 mo of follow-up, but the results 

show that OS was not compromised. With a 40% survival rate at 10 yr after nephrectomy in 

patients at high risk (UISS criteria) of recurrent RCC [12,13], and given the number of 

patients and timeframe required, this study was not powered to show an improvement in OS.
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Specifically, a trial designed to demonstrate a 25% improvement in OS (HR 0.8) with a two-

sided α value of 0.05 and 80% power would require approximately 1650 patients and 18.5 

yr of follow-up. This is a conservative estimate that does not account for the dropouts that 

are likely in a study that is ongoing over this time period. Although improving patient OS is 

a goal of adjuvant treatment, it is widely understood that for many indications for which 

survival is long and/or many subsequent therapies are available, it is challenging to measure. 

Therefore, adjuvant treatments in various tumor types, including colon cancer, breast cancer, 

melanoma, and gastrointestinal stromal tumors, have been approved by regulatory 

authorities and implemented as a standard of care on the basis of relative risk reductions in 

DFS or recurrence-free survival with limited or no OS data [14–19]. Approval was based on, 

among other reasons, the strength/magnitude of the benefit, positive risk-benefit assessment, 

and unmet medical needs. Indeed, for colon cancer and gastrointestinal stromal tumors, the 

benefit in DFS later translated to a benefit in OS [14–16,19,20].

The phase 3 studies ASSURE and S-TRAC assessed the efficacy of adjuvant sunitinib 

versus placebo in patients with RCC, but had different outcomes for the primary endpoint 

analysis [4,21]. In ASSURE, there was no improvement in investigator-assessed DFS [21], 

whereas independently assessed DFS improved significantly in S-TRAC [4]. Differences 

between the ASSURE and S-TRAC studies are summarized in Table 3. In addition to the 

differences described therein, the difference in DFS according to investigator assessment for 

the placebo arms (median 6.6 yr in ASSURE and 4.5 yr in S-TRAC) illustrates the 

differences in the patient populations [4,21].

One subgroup analysis for ASSURE did not elucidate a group that benefited from treatment 

with sunitinib [22]. However, the differences between ASSURE and S-TRAC in trial design, 

patient population, and dosing should be considered in conglomerate rather than in isolation 

[4,21]. For example, owing to the differences in dosing observed across the two trials, 

subgroup analyses based on exposure in ASSURE may not explain the benefit observed in 

S-TRAC [22]. Cross-study comparison between subsets of patients selected retrospectively 

from the ASSURE trial and the primary analysis of S-TRAC must be interpreted with 

caution given the many differences between the two trials and the limitations of such 

comparisons.

5. Conclusions

The DFS benefit with adjuvant sunitinib for in patients with locoregional RCC at high risk 

of tumor recurrence after nephrectomy as demonstrated in the primary analysis for S-TRAC 

was supported by subgroup analyses. The majority of subgroups experienced longer DFS 

with adjuvant sunitinib compared to placebo, including patients at higher risk of recurrence 

(T3, no or undetermined nodal involvement, Fuhrman grade ≥2, and ECOG PS ≥1; or T4 

and/or nodal involvement) and those with Fuhrman grade 3/4. The updated OS data are not 

mature enough to draw reliable conclusions regarding the impact of adjuvant sunitinib 

treatment on OS; however, no detrimental effect on OS was observed for sunitinib treatment.
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Fig. 1 –. 
Disease-free survival by subgroup. * T3 tumor, no or undetermined nodal involvement, no 

metastasis, any Fuhrman grade, ECOG PS 0; or Fuhrman grade 1, ECOG PS 1. † T3 tumor, 

no or undetermined nodal involvement, no metastasis, Fuhrman grade ≥2, ECOG PS ≥1. ‡ 

T4 tumor or any T stage with nodal involvement, no metastasis, any Fuhrman grade, any 

ECOG PS. BMI = body mass index; CI = confidence interval; ECOG PS = Eastern 

Cooperative Oncology Group performance status; HR = hazard ratio; NLR = neutrophil-to-

lymphocyte ratio; UISS = University of California Los Angeles integrated staging system.
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Fig. 2 –. 
Disease-Free survival in patients at higher risk according to blinded independent central 

review. Higher risk was defined as T3, no or undetermined nodal involvement, no metastasis, 

Fuhrman grade ≥2, ECOG PS ≥1; or T4 and/or nodal involvement. CI = confidence interval; 

HR = hazard ratio; DFS = disease-free survival; NR = not reached.
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Fig. 3 –. 
Kaplan-Meier estimates of overall survival (OS) in the intent-to-treat population. * Two-

sided p value from log-rank test stratified by University of California, Los Angeles 

integrated staging system high-risk group: T3 or T4, no or undetermined nodal involvement, 

no metastasis, or any T stage with local nodal involvement, and for all patients, any Fuhrman 

grade and any Eastern Cooperative Oncology Group performance status. CI = confidence 

interval; ECOG PS =; HR = hazard ratio; NR = not reached.
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Table 1 –

S-TRAC selected baseline characteristics and summary of study outcome

Sunitinib Placebo

Patients assigned for treatment/treated (n) 309/306 306/304

Median age, yr (interquartile range) 57 (49–64) 58 (51–66)

Male/female (%) 72/28 75/25

ECOG PS, n (%)

 0 228 (74) 220 (72)

 1 79 (26) 84 (28)

 ≥2 1 (0.3) 0

UCLA integrated staging system, n (%)

 T3 low 
a 115 (37) 112 (37)

 T3 high 
b 165 (53) 166 (54)

 T4 or any T/N+ 
c 29 (9.4) 28 (9.2)

Patients who completed full 1-yr treatment, n (%) 170 (56) 211 (69)

Median treatment duration, mo (interquartile range) 12.4 (6.0–12.5) 12.4 (9.2–12.5)

Median daily dose, mg (interquartile range) 45.9 (38.4–50) 50 (49–50.2)

Median DFS, yr (95% CI) 
d 6.8 (5.8–NR) 5.6 (3.8–6.6)

DFS hazard ratio (95% CI) for sunitinib vs placebo 
d 0.76 (0.59–0.98)

CI = confidence interval; DFS = disease-free survival; ECOG PS = Eastern Cooperative Oncology Group performance status; NR = not reached; 
UCLA = University of California Los Angeles.

a
T3, no or undetermined nodal involvement, no metastasis, any Fuhrman grade, ECOG PS 0 or Fuhrman grade 1, ECOG PS 1.

b
T3, no or undetermined nodal involvement, no metastasis, Fuhrman grade ≥2, ECOG PS ≥1.

c
T4 or any T with nodal involvement, no metastasis, any Fuhrman grade, any ECOG PS.

d
According to blinded independent central review.
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Table 2 –

Most common (≥1% of patients in any group) sites of distant recurrence

Site of relapse Patients, n (%)

Sunitinib (n = 309) Placebo (n = 306)

Lung 40 (13) 49 (16)

Lymph node 21 (6.8) 26 (8.5)

Retroperitoneum 16 (5.2) 20 (6.5)

Liver 11 (3.6) 14 (4.6)

Adrenal gland 10 (3.2) 6 (2)

Bone 3 (1) 7 (2.3)

Pancreas 4 (1.3) 5 (1.6)

Brain 3 (1) 4 (1.3)

Peritoneum/omentum 3 (1) 4 (1.3)

Mediastinum 1 (0.3) 4 (1.3)
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Table 3 –

Differences between the S-TRAC and ASSURE studies

Category and variable ASSURE [21] S-TRAC [4]

Study conduct

Study sites (n) 226 97

Patients treated with sunitinib/placebo (n) 647/647 309/306

Regions USA, Canada Americas, Europe, Asia, Australia, Middle East

Treatment arms (n) 3 2

Blinded independent central review of scans

 At baseline No Yes

 At recurrence No Yes

Stratification Histology (CC vs NCC) 1. ECOG PS (<2 vs 2)

2. Surgery (laparoscopic vs open) 2. Risk category

3. ECOG PS (0 vs 1) 3. Country

4. Risk category

Patient characteristics 79 >99

CC RCC (%)

NCC RCC (%)
21 

a <1

Risk groups included
≥T1b G3–4 and/or N+ 

b
≥T3 and/or N+ 

c

RCC stage I–II (%)
33 

a 0

Treatment

Completed the full 1-yr treatment (%) 49 56

Dose administered

Starting dose levels 2 (50 mg and 37.5 mg) 1 (50 mg)

Sunitinib starting dose of 50 mg/d (%)
70 

d 100

Minimum dose reduction allowed (mg) 25.0 37.5

Median number of cycles (n) 8 9

Medial actual cumulative sunitinib exposure, mg (IQR) 6800 (2600–9900) 9638(5550–12200)

Safety

Discontinuations due to AEs/refusal/other (%) 41 32

AEs (%) G3 G4 G5 G3 G4 G5

 Hypertension 17 <1 0 8 0 0

 Fatigue 17 1 0 4 <1 0

 Hand-foot skin reaction 15 0 0 15 1 0

 Diarrhea 10 0 0 4 0 0

 All AEs 57 5 1 48 12 0

AE = adverse events; CC = clear cell; ECOG PS = Eastern Cooperative Oncology Group performance status; G = grade; IQR = interquartile range; 
NCC = non–clear cell; RCC = renal cell carcinoma.

a
In the sunitinib arm.

b
pT1b, G3–4, no or undetermined nodal involvement, no metastasis, or any T, any G, with local nodal involvement (fully resected), and no 

metastasis.
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c
T3 or T4, no or undetermined nodal involvement, no metastasis, or any T stage with local nodal involvement; and for all patients, any Fuhrman 

grade and any ECOG PS.

d
The remaining patients started at a reduced dose of 37.5 mg.
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