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Abstract

Background: Adjuvant sunitinib has shown no overall survival (OS) benefit, uncertain disease-

free survival (DFS) benefit, and increased toxicity versus placebo in phase III trials of resected 

high-risk renal cell cancer. To identify patients that may derive benefit or harm from adjuvant 

therapy, we assessed the effects of age and sex on treatment outcomes in the phase III ASSURE 

trial (Adjuvant Sorafenib or Sunitinib for Unfavorable Renal Cancer).

Methods: We conducted a post-hoc subgroup analysis of age and sex among patients in 

ASSURE. Adjusted hazard ratios (HR) for OS and DFS were evaluated with sunitinib or sorafenib 

versus placebo in four subgroups defined by sex and median age of the study.

Results: Sunitinib treatment was associated with decreased OS (HR 2.21; 95% CI, 1.29–3.80) 

among women >56 years, but not in women ≤56 years or men of any age. Similar associations 

with age and sex were seen for DFS, but these were not statistically significant (women >56 years: 

HR 1.41; 95% CI, 0.94–2.10). No such association was found for sorafenib. The interaction by age 

and sex on mortality was statistically significant for sunitinib (p=0.01), but not sorafenib (p=0.10).
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Conclusion: Adjuvant sunitinib may increase mortality among older women with renal cell 

carcinoma. Given the recent approval of adjuvant sunitinib for high-risk resected renal cell 

carcinoma, additional studies are needed to confirm these findings.

Condensed Abstract

In this post-hoc analysis of ASSURE, the first and largest adjuvant VEGF inhibitor trial for 

resected renal cancer, we found increased mortality in older women treated with adjuvant sunitinib 

with more than 20% lower 5-year survival rates versus placebo. These findings caution that there 

may be subgroups of patients at risk of harm when an adjuvant therapy fails to improve overall 

survival.
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INTRODUCTION

Although adjuvant sunitinib for patients with resected renal cell carcinoma (RCC) failed to 

improve overall survival (OS) in both the phase III ASSURE and S-TRAC trials, it has been 

approved by the U.S. FDA for this indication based on benefit in disease-free survival (DFS) 

in S-TRAC but not in ASSURE 1,2. A meta-analysis of these trials showed that adjuvant 

sunitinib failed to improve DFS while substantially increasing the risk of severe (grade 3 or 

higher) toxicities3. Therefore, it is important to identify subgroups that derive benefit or 

harm from adjuvant sunitinib.

The National Institutes of Health requires consideration of sex as a biological variable in 

biomedical research4. Differences in treatment outcomes and adverse events by sex have 

been observed for decades, with higher rates of toxicities from anticancer therapy among 

women compared to men5.

Sex-differences in the pharmacokinetics of vascular endothelial growth factor (VEGF) 

inhibitors have been previously described6. Both older age and female sex have been 

associated with severe toxicity in renal cancer patients treated with sunitinib in the 

metastatic setting7. Other studies have reported age- and sex- differences in survival in 

advanced stage patients with other solid malignancies following VEGF inhibitor 

treatment8–10. We hypothesized that treatment outcomes with adjuvant VEGF inhibitors in 

RCC might differ based on age and sex of the patient population. To test this hypothesis, we 

used individual patient data from the ASSURE trial to investigate the joint effect of age and 

sex on DFS and OS in patients receiving sunitinib, sorafenib, or placebo in order to identify 

such predictive subgroups.

PATIENTS AND METHODS

ASSURE included 1,943 patients with ≥ pT1b G3–4 N0 and/or N+ resected RCC. Patients 

were randomly assigned to receive oral sunitinib (50mg), sorafenib (800mg) daily, or 

equivalent placebo, for one year. In the overall analysis, there was no DFS or OS benefit 
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with adjuvant sunitinib or sorafenib versus placebo as has been previously reported1. In this 

study, we conducted a post-hoc subgroup analysis of age and sex among patients in 

ASSURE.

Statistical analysis

OS and DFS were the two endpoints for this study. DFS was defined as the time from 

randomization to recurrence, development of second primary cancer, or death from any 

cause, consistent with the original ASSURE trial1. Patients alive without disease recurrence 

at the time of analysis were censored on the date of last disease evaluation.

For each endpoint, a multivariable stratified Cox regression model was used to assess the 

joint effect of gender, age, treatment and their interactions. Models were adjusted for race 

(white, black, or other), time from surgery to treatment start, and history of cardiovascular 

disease and thromboembolic events, and stratified on the four stratification variables used for 

randomization: histology (clear cell vs not clear-cell), modified UCLA Integrated Staging 

System (UISS) risk group (intermediate high risk vs very high risk)11,12, ECOG 

performance status (0 vs 1), and surgical approach (laparoscopic vs open). Treatment effect 

hazard ratios (HRs) for DFS and OS for sunitinib vs placebo and sorafenib vs placebo were 

estimated from this model for four subgroups defined by sex and the median age of the study 

population: females ≤56 years [n=317], females >56 years [n=317], males ≤56 years 

[n=689], and males >56 years [n=620]. The cut-point for age was determined using the 

median age of the entire trial population (56 years). Age as a continuous variable was 

modeled using a subpopulation treatment effect pattern plot (STEPP)13, which graphically 

explores the treatment effect pattern as a function of age. OS distributions for each subgroup 

were estimated using the Kaplan-Meier method. No adjustments for multiplicity were made.

In a toxicity analysis, the proportion of patients experiencing treatment-related grade 3 or 

above adverse events, and treatment discontinuation rates, were summarized by subgroup. 

All statistical tests were two-sided and analyses were conducted using the R statistical 

software (Version 3.4.0). Analyses were conducted using R statistical software (v3.4.0).

RESULTS

Baseline characteristics were similar within age and sex subgroups, shown in Table 1, with 

few exceptions. Among women >56 years, there was a higher proportion of cardiovascular 

disease and T3 cancers in the sunitinib arm; among women ≤56 years, there was a higher 

proportion of patients with ECOG performance status 1 in the sorafenib arm; and among 

men ≤56 years, there was a higher proportion of node positive cancers in the placebo arm.

Adjusted HRs for DFS and OS in each age and sex subgroup are displayed in Table 2. 

Sunitinib treatment was associated with decreased OS (HR 2.21; 95% CI, 1.29–3.80) among 

women >56 years, but not in women ≤56 years or men of any age. Similar associations with 

age and sex were seen for DFS, but these were not statistically significant (women >56 

years: HR 1.41; 95% CI, 0.94–2.10). For sorafenib, although the HR remained over 1 in 

women >56 years for both OS and DFS, neither were statistically significant (HR OS 1.62, 
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95% CI, 0.89–2.95; HR DFS 1.34, 95% CI, 0.87–2.05). The interaction by age and sex on 

mortality was statistically significant for sunitinib (p=0.01), but not for sorafenib (p=0.10).

Kaplan-Meier estimates for OS are shown for each subgroup in Figure 1. Among men, there 

were no differences in OS between treatment arms by age (≤56 years, P=0.55; >56 years, 

P=0.59). Among women ≤56 years, OS was nearly identical (5-year rates ~ 84%, P=0.96). 

In contrast, among women >56 years, OS was highest in the placebo group and lowest in the 

sunitinib group (5-year rates for placebo: 89.8%, sorafenib: 77.9%, and sunitinib: 68.5%; P 

=0.006).

Treatment effects for sunitinib and sorafenib on OS are shown as a function of age by sex in 

Figure 2. Differences in OS varied according to age such that among patients >56 years 

treated with sunitinib, mortality was more than twice as high in women as compared to men. 

A similar but less dramatic difference was observed for sorafenib. When included as a 

continuous variable in multivariable Cox models, age was not associated with DFS or OS in 

women or men treated with sunitinib or sorafenib.

In the toxicity analysis (Table 3), a slightly smaller proportion of men experienced adverse 

events than women, across subgroups. Among patients on sunitinib, older patients were 

modestly more likely to experience adverse events (women: 69.6%; men: 60.2%) compared 

to younger patients (women: 59.6%; men 47.5%). Among patients on sorafenib, older men 

had lower rates of toxicity relative to younger men (≤56 years, 59.0%; >56 years, 66.1%), 

while women had similar frequencies across the two age groups.

DISCUSSION

This subgroup analysis observed increased mortality in older women treated with adjuvant 

VEGF inhibitors, particularly sunitinib. The increased risk of mortality with adjuvant 

sunitinib among older women was substantial with more than 20% lower 5-year survival 

rates versus placebo and therefore warrants serious consideration. No such association was 

found with sorafenib.

Although the mechanism of the observed increased mortality among older women exposed 

to sunitinib in our study is unknown, possible explanations include sex-based differences in 

drug metabolism6, drug toxicity7, or RCC tumor biology14. Sunitinib clearance is slightly 

lower in females relative to males, resulting in potentially higher systemic exposure15. In 

patients with metastatic disease, higher sunitinib exposure was associated with improved 

clinical outcomes and increased risk of adverse events16. Among women, it is less clear how 

age and reproductive status (pre-, peri- or post-menopause) influences drug clearance. 

Preclinical studies suggest that estrogen reduces expression of the sunitinib efflux 

transporter genes ABCB1 and ABCG217,18, resulting in increased drug exposure in younger 

women (i.e., higher estrogen) and decreased drug exposure in older women (i.e., lower 

estrogen). However, if sunitinib were ineffective in older women due to decreased drug 

exposure, similar rather than detrimental effects on survival would be expected relative to 

placebo. Sorafenib exposure and outcome in hepatocellular cancer are also affected by 

variations in the ABCB1 and ABCG2 efflux transporter genes19. Although the mortality risk 
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appeared numerically higher with sorafenib relative to placebo among older females (HR 

1.62, 95% CI, 0.89–2.95), the magnitude of this association was not as large as with 

sunitinib (HR 2.21, 95% CI 1.29–3.80).

In a recent meta-analysis of the ASSURE and S-TRAC trials3, the pooled HR for OS was > 

1 with adjuvant sunitinib relative to placebo, suggesting possible harm. Further, the pooled 

relative risk of developing a grade 3 or higher adverse event was >2.5 fold higher with 

sunitinib. Severe sunitinib toxicity has been linked to the combination of female sex and 

older age, irrespective of body weight7. In our study, we observed only modestly higher 

toxicity in older compared to younger sunitinib treated women. Although most VEGF 

inhibitor related adverse events resolve after discontinuation of therapy, data on the long-

term sequelae of short-term sunitinib exposure (i.e., 1 year) are limited. In a long-term safety 

analysis including mostly metastatic RCC patients who received < 2 years of sunitinib, 

incidence rates of hypertension, the most common cardiovascular event associated with 

sunitinib, persisted from 24% in year 1 to 30% in year 620. Indeed, comorbidity such as 

hypertension is an independent risk factor for mortality among patients with cancer, 

including kidney cancer, regardless of cancer stage21.

Surgical reports prior to the advent of adjuvant therapy in RCC have demonstrated improved 

survival in younger relative to older females22–24. A commonly cited reason is the age-

associated changes in sex hormones. The estrogen-estrogen receptor (ER) β axis is known to 

influence RCC tumor biology. In preclinical RCC models, estrogen inhibits RCC 

progression through ER β activation14 suggesting a protective role of estrogen on RCC 

outcome. Older women are likely to have low levels of estrogen and ER β expression, which 

could contribute to the higher mortality observed among older women in the sunitinib or 

sorafenib arm but does not explain the lower mortality observed among older women in the 

placebo arm. Thus, further research is needed to examine the potential interaction between 

sex-hormones, VEGF inhibitor treatment, and RCC tumor biology.

Our study has important clinical and regulatory implications. Adjuvant sunitinib after 

surgery for high risk RCC was approved by the U.S FDA in a controversial decision after the 

Oncologic Drug Advisory Committee votes were split 6–625. This decision was based on 

improved DFS alone in the S-TRAC trial, despite negative DFS in ASSURE and negative 

OS in both the trials. In contrast, the Committee for Medicinal Products for Human Use 

(CHMP) of the European Medicines Agency (EMA) and the European Association of 

Urology (EAU) Guidelines Panel recommended against adjuvant sunitinib based on the poor 

benefit-to-harm ratio26,27. Further, a recent quality of life report from the S-TRAC trial 

showed reduced quality of life outcomes among patients treated with sunitinib versus 

placebo28. Our study shows that certain groups of patients, such as older women, may be at 

a risk of harm with adjuvant sunitinib. Thus, when approval decisions are made based on a 

surrogate endpoint neglecting the absence of benefit in overall survival or quality of life, 

there may be subgroups of patients at increased risk of harm.

All limitations of post-hoc data analysis apply to this study, including risks of confounding 

and chance. Confounding can occur if measured or unmeasured baseline characteristics are 

imbalanced within subgroups, such as the observed higher rate of cardiovascular disease 
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among women >56 years on sunitinib compared to sorafenib or placebo. However, age- and 

sex-based differences in survival persisted despite adjusting for a large range of covariates, 

including but not limited to race, tumor stage, UISS risk, and cardiovascular disease, which 

are among the strongest predictors of death in patients with resected kidney cancer. 

Additionally, we were unable to determine the cause of death and RCC treatment patterns at 

disease recurrence, each of which could provide mechanistic insight into the observed 

associations. For example, women treated with adjuvant sunitinib may be at higher risk of 

death from adverse events not captured on trial or from recurrent metastatic RCC that is less 

responsive to subsequent VEGF inhibitor therapy29.

In summary, this subgroup analysis observed an increased mortality in older women treated 

with adjuvant sunitinib. Given the recent approval of sunitinib for the adjuvant treatment of 

RCC, additional studies are needed to confirm these potential risks in older women.
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Figure 1: 
Kaplan-Meier estimates for OS by treatment arm in each subgroup

Kaplan-Meier curves for overall-survival by treatment arm in: A, Males ≤56; B, Males >56; 

C, Females ≤56; D, Females >56.
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Figure 2: 
Subpopulation treatment effect pattern plot for overall survival with age as the covariate of 

interest. (A) sunitinib vs placebo. (B) sorafenib vs placebo.

Note: Broken solid lines are estimated hazard ratios. Dashed lines are 95% point-wise 

confidence intervals.

Sex-based differences in hazard ratios for OS varied according to age such that in the group 

of patients >56 years (trial median overall age) treated with sunitinib, the hazard ratio was 

more than twice as high in women as compared to men. While mortality risk was 

numerically higher with sorafenib relative to placebo among females older than 56, the 

magnitude of this association was not as large as with sunitinib.
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Table 1a:

Baseline patient characteristics – Females

> 56 years ≤ 56 years

Characteristic Sunitinib Sorafenib Placebo Sunitinib Sorafenib Placebo

Total No. 112 99 106 106 113 98

Race

   White 103 (94.5) 93 (94.9) 95 (90.5) 96 (92.3) 96 (88.1) 85 (90.4)

   Black 5 (4.6) 4 (4.1) 6 (5.7) 7 (6.7) 10 (9.2) 8 (8.5)

   Other 1 (0.9) 1 (1.0) 4 (3.9) 1 (1.0) 3 (2.7) 1 (1.1)

ECOG Performance Status

   0 84 (75.0) 71 (71.7) 74 (71.8) 92(86.8) 84 (76.4) 78 (82.1)

   1 28 (25.0) 27 (27.3) 29 (28.2) 14 (13.2) 26 (23.6) 16 (16.8)

Cardiovascular disease 35 (31.2) 25 (25.3) 26 (24.5) 14 (13.2) 15 (13.3) 8 (8.2)

Thromboembolic disease 6 (5.4) 3 (3.0) 4 (3.8) 2 (1.9) 5 (4.4) 1 (1.0)

Surgical approach

   Open 72 (64.3) 52 (52.5) 61 (57.5) 58 (54.7) 65 (57.5) 53 (54.1)

   Laparoscopic 40 (35.7) 47 (47.5) 45 (42.5) 48 (45.3) 48 (42.5) 45 (45.9)

Surgery to therapy (median weeks) 10.4 10.3 10.6 10.0 10.6 10.4

Histology

   Clear Cell 96 (85.7) 83 (83.8) 86 (81.1) 73 (68.9) 84 (74.3) 72 (73.5)

   Non-Clear Cell 16 (14.3) 16 (16.2) 20 (18.9) 33 (31.1) 29 (25.7) 26 (26.5)

Pathologic T stage

   1 8 (7.1) 7 (7.1) 14 (13.2) 13 (12.3) 15 (13.3) 14 (14.3)

   2 22 (19.6) 29 (29.3) 23 (21.7) 38 (35.8) 43 (38.1) 35 (35.7)

   3 81 (72.3) 61 (61.6) 69 (65.1) 54 (50.9) 52 (46.0) 48 (49.0)

   4 1 (0.9) 2 (2.0) 0 (0.0) 1 (0.9) 3 (2.7) 1 (1.0)

Pathologic N + 6 (5.4) 4 (4.0) 7 (6.6) 7 (6.6) 10 (8.8) 7 (7.1)

UISS Risk

   Intermediate High 
a 55 (49.1) 54 (54.5) 56 (52.8) 66 (62.3) 66 (58.4) 65 (66.3)

   Very High 
b 57 (50.9) 45 (45.5) 50 (47.2) 40 (37.7) 47 (41.6) 33 (33.7)

a
T1b, Grade 3–4, any ECOG PS; T2, Grade 1–4, any ECOG PS; T3, Grade 1–4, ECOG PS 0 or Grade 1, ECOG PS ≥1

b
T3, Grade 2–4, ECOG PS ≥1; T4, any Grade, any ECOG PS; N+, any T, any Grade, any ECOG PS.
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Table 1b:

Baseline patient characteristics – Males

> 56 years ≤ 56 years

Characteristic Sunitinib Sorafenib Placebo Sunitinib Sorafenib Placebo

Total No. 206 195 219 223 242 224

Race

   White 193 (93.7) 183 (93.8) 202 (93.5) 206 (93.6) 217 (91.9) 203 (91.9)

   Black 7 (3.4) 8 (4.1) 8 (3.7) 8 (3.6) 5 (2.1) 9 (4.1)

   Other 6 (2.9) 4 (2.1) 6 (2.8) 6 (2.8) 14 (5.9) 9 (4.1)

ECOG Performance Status

   0 169 (83.3) 164 (86.3) 172 (79.3) 175 (81.4) 209 (88.9) 183 (83.2)

   1 34 (16.7) 26 (13.7) 45 (20.7) 37 (17.2) 26 (11.1) 37 (16.8)

Cardiovascular disease 66 (32.0) 69 (35.4) 69 (31.5) 42 (18.9) 39 (16.2) 41 (18.3)

Thromboembolic disease 7 (3.4) 8 (4.1) 12 (5.5) 9(4.1) 10 (4.1) 12 (5.4)

Surgical approach

   Open 120 (58.3) 107 (54.9) 131 (59.8) 126 (56.5) 137 (56.6) 129 (57.6)

   Laparoscopic 86 (41.7) 88 (45.1) 88 (40.2) 97 (43.5) 105 (43.4) 95 (42.4)

Surgery to therapy (median weeks) 10.4 10.1 10.1 10.1 10.3 10.1

Histology

   Clear Cell 166 (80.6) 154 (79.0) 176 (80.4) 177 (79.4) 198 (81.8) 175 (78.1)

   Non-Clear Cell 40 (10.4) 41 (21.0) 43 (19.6) 46 (20.6) 44 (18.2) 49 (21.9)

Pathologic T stage

   1 21 (10.2) 18 (9.2) 16 (7.3) 18 (8.1) 27 (11.2) 27 (12.1)

   2 34 (16.5) 39 (20.0) 50 (22.8) 72 (32.3) 70 (28.9) 65 (29.0)

   3 149 (72.3) 134 (68.7) 151 (68.9) 129 (57.8) 142 (58.7) 132 (58.9)

   4 2 (1.0) 4 (2.1) 2 (0.9) 4 (1.8) 3 (1.2) 0 (0.0)

Pathologic N + 17 (8.2) 15 (7.7) 22 (10.0) 17 (7.6) 22 (9.1) 31 (13.9)

UISS Risk

   Intermediate High
a 76 (36.9) 88 (45.1) 100 (45.7) 126 (56.5) 116 (47.9) 105 (46.9)

   Very High
b 130 (63.1) 107 (54.9) 119 (54.3) 97 (43.5) 126 (52.1) 119 (53.1)

a
T1b, Grade 3–4, any ECOG PS; T2, Grade 1–4, any ECOG PS; T3, Grade 1–4, ECOG PS 0 or Grade 1, ECOG PS ≥1

b
T3, Grade 2–4, ECOG PS ≥1; T4, any Grade, any ECOG PS; N+, any T, any Grade, any ECOG PS.
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Table 2.

Hazard ratios for (A) disease-free
a
 and (B) overall survival by treatment arm in age and sex subgroups

No. Events Sorafenib vs Placebo

(HR
b
, 95% CI)

Sunitinib vs Placebo

(HR
b
, 95% CI)

(A) DFS

   Females

 ≤56 317 106 1.08
(0.70–1.66)

0.98
(0.62–1.56)

 >56 317 143 1.34
(0.87–2.05)

1.41
(0.94–2.10)

 Males

 ≤56 689 297 1.26
(0.88–1.82)

1.36
(0.94–1.97)

 >56 620 338 0.97
(0.60–1.58)

0.98
(0.55–1.77)

(B) OS
c

 Females

 ≤56 317 58 0.96
(0.51–1.81)

1.21
(0.64–2.29)

 >56 317 85 1.62
(0.89–2.95)

2.21
(1.29–3.80)

 Males

 ≤56 689 147 1.10
(0.65–1.87)

1.44
(0.86–2.42)

 >56 620 183 0.78
(0.41–1.49)

0.69
(0.32–1.47)

a
DFS event is the first of recurrence, development of second primary cancer, or death from any cause.

b
Stratified Cox regression models assessed the joint effect on DFS and OS by sex, age, treatment and their interactions, while adjusting for race 

(white, black, or other), time from surgery to treatment start (number of weeks), and history of cardiovascular disease and thromboembolic events, 
and stratifying on the four stratification factors used for randomization in ASSURE (ECOG 2805): histology (clear cell vs not clear-cell), modified 
UCLA Integrated Staging System (UISS) risk group (intermediate high risk vs very high risk), ECOG performance status (0 vs 1), and surgical 
approach (laparoscopic vs open). Intermediate high risk is defined as T1b, Grade 3–4, any ECOG PS; T2, Grade 1–4, any ECOG PS; T3, Grade 1–
4, ECOG PS 0 or Grade 1, ECOG PS ≥1. Very high risk is defined as T3, Grade 2–4, ECOG PS ≥1; T4, any Grade, any ECOG PS; N+, any T, any 
Grade, any ECOG PS.

c
P value of interaction by age and sex on mortality with sorafenib=0.10; with sunitinib=0.01.
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Table 3.

Proportion of patients (95% confidence intervals) experiencing at least one grade 3 or above adverse event 

[and discontinuing therapy due to adverse event]

Sorafenib Sunitinib Placebo

F ≤ 56 71.7%

[25%]

59.4% 11.2%

(63.4–80.0) (50.1–68.8) [17%] (5.0–17.5) [5%]

F > 56 68.7% 69.6% 16.0%

(59.6–77.8) [25%] (61.1–78.2) [31%] (9.1–23.0) [9%]

M ≤ 56 66.1% 47.5% 12.5%

(60.2–72.1) [15%] (41.0–54.1) [12%] (8.2–16.8) [4%]

M > 56 59.0% 60.2% 11.9%

(52.1–65.9) [22%] (53.5–66.9) [23%] (7.6–16.2) [5%]
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