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Summary

Background—~Renal-cell carcinoma is highly vascular, and proliferates primarily through
dysregulation of the vascular endothelial growth factor (VEGF) pathway. We tested sunitinib and
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sorafenib, two oral anti-angiogenic agents that are effective in advanced renal-cell carcinoma, in
patients with resected local disease at high risk for recurrence.

Methods—In this double-blind, placebo-controlled, randomised, phase 3 trial, we enrolled
patients at 226 study centres in the USA and Canada. Eligible patients had pathological stage
high-grade T1b or greater with completely resected non-metastatic renal-cell carcinoma and
adequate cardiac, renal, and hepatic function. Patients were stratified by recurrence risk, histology,
Eastern Cooperative Oncology Group (ECOG) performance status, and surgical approach, and
computerised double-blind randomisation was done centrally with permuted blocks. Patients were
randomly assigned (1:1:1) to receive 54 weeks of sunitinib 50 mg per day orally throughout the
first 4 weeks of each 6 week cycle, sorafenib 400 mg twice per day orally throughout each cycle,
or placebo. Placebo could be sunitinib placebo given continuously for 4 weeks of every 6 week
cycle or sorafenib placebo given twice per day throughout the study. The primary objective was to
compare disease-free survival between each experimental group and placebo in the intention-to-
treat population. All treated patients with at least one follow-up assessment were included in the
safety analysis. This trial is registered with ClinicalTrials.gov, number NCT00326898.

Findings—Between April 24, 2006, and Sept 1, 2010, 1943 patients from the National Clinical
Trials Network were randomly assigned to sunitinib (n=647), sorafenib (n=649), or placebo
(n=647). Following high rates of toxicity-related discontinuation after 1323 patients had enrolled
(treatment discontinued by 193 [44%] of 438 patients on sunitinib, 199 [45%] of 441 patients on
sorafenib), the starting dose of each drug was reduced and then individually titrated up to the
original full doses. On Oct 16, 2014, because of low conditional power for the primary endpoint,
the ECOG-ACRIN Data Safety Monitoring Committee recommended that blinded follow-up cease
and the results be released. The primary analysis showed no significant differences in disease-free
survival. Median disease-free survival was 5-8 years (IQR 1.6-8-2) for sunitinib (hazard ratio [HR]
1.02, 97-5% CI 0-85-1-23, p=0-8038), 6-1 years (IQR 1-7—not estimable [NE]) for sorafenib (HR
0-97, 97:5% CI 0-80-1.17, p=0-7184), and 6-6 years (IQR 1.5-NE) for placebo. The most common
grade 3 or worse adverse events were hypertension (105 [17%] patients on sunitinib and 102
[16%] patients on sorafenib), hand-foot syndrome (94 [15%] patients on sunitinib and 208 [33%]
patients on sorafenib), rash (15 [2%] patients on sunitinib and 95 [15%] patients on sorafenib), and
fatigue (110 [17%] patients on sunitinib and 44 [7%] patients on sorafenib). There were five
deaths related to treatment or occurring within 30 days of the end of treatment; one patient
receiving sorafenib died from infectious colitis while on treatment and four patients receiving
sunitinib died, with one death due to each of neurological sequelae, sequelae of gastric perforation,
pulmonary embolus, and disease progression. Revised dosing still resulted in high toxicity.

Interpretation—Adjuvant treatment with the VEGF receptor tyrosine kinase inhibitors sorafenib
or sunitinib showed no survival benefit relative to placebo in a definitive phase 3 study.
Furthermore, substantial treatment discontinuation occurred because of excessive toxicity, despite
dose reductions. These results provide a strong rationale against the use of these drugs for high-
risk kidney cancer in the adjuvant setting and suggest that the biology of cancer recurrence might
be independent of angiogenesis.

Funding—US National Cancer Institute and ECOG-ACRIN Cancer Research Group, Pfizer, and
Bayer.
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Introduction

Methods

Roughly a third of the 214 000 people diagnosed worldwide with primary renal-cell
carcinoma each year will ultimately die from metastatic disease.! The standard of care for
primary resected renal-cell carcinoma at risk for recurrence has historically been
observation.

Risk of disease recurrence can be estimated based on algorithms incorporating clinical and
histological features with TNM staging.2:34 Advances in genomic, epigenetic, and
expression profiling, which can refine estimates of recurrence risk, are not available for
clinical decision making. Previous adjuvant trials of interleukin 2, hormonal therapy, or
chemotherapy in patients with high-risk resected disease have all been negative.® Trials of
adjuvant interferon, with potentially anti-angiogenic or immuno-stimulatory effects, were
also negative.®

Renal-cell carcinoma is arguably the most biologically rational setting in which to assess the
adjuvant role of anti-angiogenic therapies, given their single-agent activity in patients with
advanced disease. The vascular endothelial growth factor receptor (VEGFR) tyrosine kinase
inhibitors (VEGFR inhibitors) sunitinib and sorafenib extend the progression-free survival
of patients with advanced disease.®” The sequential use of these and other inhibitors in
advanced disease has improved median overall survival from 13 months to more than 29
months.89 Extensive testing of VEGFR inhibitors in the adjuvant setting is underway, and
these agents are being used in the community in this clinical setting. This study is the first
randomised trial to compare disease-free survival with adjuvant sorafenib or sunitinib versus
placebo in patients with resected primary renal-cell carcinoma at high risk for recurrence.

Study design and participants

The E2805 double-blind, placebo-controlled, randomised, phase 3 trial was led by the
Eastern Cooperative Oncology Group (ECOG-ACRIN) with participation from the
Southwest Oncology Group (SWOG), Cancer and Leukemia Group B (Alliance), and the
National Cancer Institute of Canada Clinical Trials Group (NCIC-CTG). The study was
done at 226 study centres in the USA and Canada. An independent data monitoring
committee monitored the study. Approval for the study was granted by the institutional
review board at each centre. The trial was supported by the Cancer Trials Evaluation
Program (CTEP) of the National Cancer Institute. The study protocol is available online.

Patients were recruited through ClinicalTrials.gov and through participating institutions.
Potentially eligible patients presenting at participating sites were offered enrolment. We did
not collect information about screening failures. Eligible patients had histologically proven,
completely resected high-risk clear cell or non-clear cell renal-cell carcinoma within 12
weeks of removal of the primary tumour. The high-risk designation included the following
criteria in accordance with the American Joint Committee on Cancer (AJCC) Cancer
Staging Manual, 6th edition (2002): pT1b G3-4 NO (or pNX where clinically NO) MO to
T(any) G(any) N + (fully resected) MO. Patients were required to have a left ventricular
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ejection fraction of 50% within 4 weeks before randomisation. Paraffin-embedded tumour

samples were required for central review. Patients needed to be treatment-naive for kidney
cancer, have good ECOG performance status (0 or 1), and normal liver and haematological
function. The criterion for kidney function was a creatinine clearance of more than 30 mL

per min. Exclusion criteria were uncontrolled hypertension, a pre-existing thyroid disorder,
or known HIV infection. Patients with medullary kidney cancer and collecting duct kidney
cancer were also excluded. Participants gave written informed consent.

Randomisation and masking

Procedures

Patients were randomised (1:1:1) to the three groups in a double-blind manner with
permuted blocks. Randomisation was done with the ECOG-ACRIN web-based
randomisation system, which was accessed by enrolling sites through the NCI OPEN
interface. Patients were stratified by histology (clear vsnon-clear cell), surgery (laparoscopic
vsopen), ECOG performance status (0 vs 1), and risk category (intermediate high risk vs
high or very high risk). The risk categories were defined based on modified UCLA
International Staging Criteria and pathological grading.19 When the study activated, bottles
of sorafenib, sorafenib placebo, sunitinib, and sunitinib placebo were labelled by the
National Cancer Institute’s Pharmaceutical Monitoring Branch with a blinded drug
identification number given to them by ECOG-ACRIN as specified by the randomisation
algorithm. When a patient was randomly assigned, an arm assignment of X was
communicated to sites, along with the patient’s identifier. At the same time, an electronic
blinded drug order was sent overnight to DARTS, the Pharmaceutical Monitoring Branch’s
distribution application. The application linked the patient identifier with a blinded drug ID.
The Pharmaceutical Monitoring Branch labelled the bottles and shipped them to the treating
facility. Each patient in every group received supplies of two drugs: sorafenib or its placebo
and sunitinib or its placebo. Patients could be assigned to receive subitinib plus sorafenib
placebo (sunitinib group), sorafenib plus sunitinib placebo (sorafenib group), or sunitinib
placebo plus sorafenib placebo (placebo group). They were instructed to take sunitinib or
sunitinib placebo for 4 weeks of every 6 week cycle and sorafenib or its placebo every day.

The treatment regimen was 54 weeks of either sunitinib taken orally at 50 mg per day for the
first 28 days of each 6 week cycle, or sorafenib taken orally at 400 mg twice per day
throughout all cycles, or placebo. All patients took four 12-5 mg pills of sunitinib or
sunitinib placebo per day for 4 weeks of every 6 weeks and two 200 mg pills of sorafenib or
sorafenib placebo twice per day throughout. On May 22, 2009, to address toxicity issues, the
starting doses were amended to 37-5 mg (for sunitinib or matching placebo) or 400 mg (for
sorafenib or matching placebo) for the first one or two cycles of therapy. At the time of the
dose amendment, the starting dose was changed to three 12-5 mg pills of sunitinib or
sunitinib placebo per day for 4 weeks of every 6 weeks and two 200 mg pills of sorafenib or
sorafenib placebo per day throughout. Patients who had tolerable grade 2 side-effects at
worst were escalated to full doses. Dose reductions were allowed for grade 3 or 4 toxic
effects as assessed with the National Cancer Institute (NCI) Common Terminology Criteria
for Adverse Events (CTCAE) version 3.0. Dose reductions were in increments of 12:5 mg
sunitinib or sunitinib placebo and 400 mg sorafenib or sorafenib placebo, with doses allowed
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as low as 25 mg sunitinib or 400 mg sorafenib every other day. Patients were assessed every
6 weeks for toxic effects and were imaged every three cycles (4-5 months) during treatment,
then every 6 months for 2 years, and then once per year for 10 years during follow-up.
Imaging was non-contrast chest CT and MRI of the abdomen and pelvis with gadolinium or
CT of the chest, abdomen and pelvis with intravenous contrast to establish that there was no
disease recurrence in the most likely sites. Patients also had multi-gated assessments of
cardiac function prior to registration and at 3, 6, and 12 months or for toxic cardiac affects.
Medication compliance was assessed with a pill diary and pill count. Sorafenib and its
placebo and sunitinib and its placebo were provided by CTEP through agreements with
Bayer and Pfizer.

The primary endpoint was disease-free survival, defined as the time from randomisation to
recurrence, development of second primary cancer, or death from any cause. Patients alive
without disease recurrence at the time of analysis were censored on the date of last disease
evaluation. Secondary endpoints included overall survival, disease-free survival for clear cell
renal cancer, and toxic effects as assessed by NCI CTCAE version 3.0. The effect of
treatment on cardiac function has been reported previously.1! Data about a prospective
quality-of-life assessment for fatigue were collected (patient-reported quality of life and
assessment of a new measure of quality of life, PROMIS Fatigue-SF1) and will be published
separately. A final secondary objective was to prospectively collect tumour and biological
specimens to assess their characteristics and associations with various angiogenesis markers,
genetic mutations and polymorphisms, DNA methylation profiles, drug metabolising,
enzymes, and circulating endothelial cells, which will be reported in a later publication.

Statistical analysis

Data were analysed by the study statistician (JM) and represent the clinical database as of
Aug 27, 2015. The study was designed to show a 25% reduction in the hazard rate in
patients treated with either agent directly compared with placebo at a one-sided per-
comparison significance level of 1.25%. In the original design, the planned full information
was 498 events in the two groups being compared, which would provide 80% power,
allowing for interim analyses, the first of which was scheduled to occur once about 34% of
information had been collected (169 of 498 disease-free survival events had occurred).
Enrolment of 1332 patients was planned to obtain the necessary number of events.

Because of higher than expected treatment discontinuation in the experimental groups, an
amendment to expand accrual to 1923 patients was activated in July, 2009. The revised
design proposed to enrol these patients over 4 years and follow them up for 6:-6 additional
years. This revised design provided 81% power to test the original hypothesis of a 25%
reduction in the hazard rate, assuming a discontinuation rate on the experimental arms of
23:4%, again at a one-sided per-comparison significance level of 1.25%. The revised
statistical plan also included an assessment of the effect of the dosing change on the
treatment discontinuation rate. The design parameters before and after the amendment are
shown in the appendix (p 1).
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Interim efficacy analyses were planned to occur once per year starting after roughly 34%
information had been collected, starting after the study closed to accrual. At each interim
analysis, the information proportion was computed and the analysis was done exactly 8
weeks before the meeting of the ECOG-ACRIN Data Safety Monitoring Committee.
Significance levels at these interim analyses were established with a truncated O’Brien-
Fleming error spending rate function. Boundaries for analyses before 50% of the 498
necessary disease-free survival events had been observed were truncated at 0-00025, with the
significance levels at subsequent analyses adjusted to preserve the overall type | error rate.
At each analysis, one-sided p values comparing each of the two agents to placebo were
calculated with a stratified log-rank test. Each of the two p values was then compared with
the nominal significance level corresponding to an overall significance level of 0-0125. If
either p value was smaller than the corresponding nominal significance level, the other p
value was to be compared with the nominal significance level corresponding to an overall
significance level of 0-025.

Monitoring for early stopping in favour of the null hypothesis was done with repeated
confidence intervals. At each interim analysis, a nominal (1 — [2 x a]) confidence interval
was calculated. The futility stopping rules!? were not considered in the power calculation for
the study. Monitoring by the Data Safety Monitoring Committee began in September, 2010.
On Oct 16, 2014, the committee concluded that further blinded follow-up was highly
unlikely to alter the evidence, and recommended that the study results be released. By this
time, all patients had completed treatment. Follow-up for survival continues.

We used descriptive statistics to characterise patients at entry. To assess differences in
efficacy outcomes between groups, we used the stratified log-rank test (stratified on the four
factors used to balance randomisation). We estimated hazard ratios (HR) and associated Cls
by use of Cox proportional hazards models, stratified by the factors used at randomisation.
We estimated 1QRs for disease-free survival, and not estimable (NE) shows that the estimate
cannot be made at the 75th percentile of the distribution because of variability. We used
Fisher’s exact test to test for differences in categorical distributions. We did efficacy
analyses with the intention-to-treat population and safety analyses in all patients who
received at least one dose of study drug and had follow-up data available. We deemed a two-
sided significance level of 2-5% as significant for comparisons between groups, and we used
a 5% level for two-way comparisons. We did analyses with SAS version 9.2 and R version
3.0.2.

This trial is registered with ClinicalTrials.gov, number NCT00326898.

Role of the funding source

The funders of the study had no role in the study design, data collection, data analysis, data
interpretation, or writing of the report. The corresponding author had full access to all the
data in the study and had final responsibility for the decision to submit for publication.
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The trial accrued 1943 patients between April 24, 2006, and Sept 1, 2010, with 647 patients
assigned to sunitinib, 649 assigned to sorafenib, and 647 assigned to placebo (figure 1). 18
patients in the sunitinib group, 17 patients in the sorafenib group, and 14 patients in the
placebo group did not receive study drug, but were included in the main efficacy analysis.
Median follow-up was 5-8 years (IQR 4-9-6-9). As shown in table 1 and in accordance with
the natural history of the disease, most patients participating in this trial were male and
white. 634 (33%) participants were women and 251 (13%) were from minority (Hispanic or
non-white) populations. The groups were well balanced with respect to sex, race and ethnic
origin, age, and performance status. Most patients were in good health, with ECOG
performance status of 0. About half of patients were stratified at randomisation into the
higher-risk stratum (table 1), meaning that the expected risk for recurrence was 39-7-61-8%
at 5 years.10 165 (8%) patients were node positive at locally reported pathological
assessment (47 [7%] of 647 patients assigned sunitinib, 51 [8%] of 649 assigned sorafenib,
and 67 [10%] of 646 assigned placebo).

Figure 2 shows the primary outcome, disease-free survival, for sunitinib, sorafenib, and
placebo. Median disease-free survival was 70 months (5-8 years, IQR 1.6-8-2) for sunitinib,
73-4 months (6:1 years, IQR 1.7-NE) for sorafenib, and 79-:6 months (6:6 years, IQR 1-5-
NE) for placebo. Disease-free survival did not differ significantly between groups. For
sunitinib versus placebo, the HR was 1:02 (97-5% CI 0-85-1.23, stratified log-rank
p=0-8038) and for sorafenib versus placebo, the HR was 0-97 (97.5% CI 0-80-1.17,
stratified log-rank p=0.7184). Events were recorded for 284 patients on sunitinib (5 year
disease-free survival 54-3%, 97-5% CI 49-7-59-3), 284 patients on sorafenib (54-0%, 49-4—
58:9), and 287 patients (56-4%, 51.9-61-2) on placebo. Types of events and sites of
recurrence are shown in the appendix (p 9).

Clear cell renal-cell carcinoma (typically 85% of renal-cell carcinoma cases) is almost
always associated with VAL mutation, and with dysregulated angiogenesis.13 In a
prespecified subset analysis, we considered this population to be the most likely to benefit.
There were no differences associated with treatment (sunitinib vsplacebo, HR 1:02, 97-5%
Cl 0-85-1-22, stratified log-rank p=0-8931; sorafenib vsplacebo, HR 0:99, 97-5% CI 0-83-
1.19, stratified log-rank p=0-8734). Median disease-free survival in the clear cell subset
(1622 [83%] patients as stratified) was 66-9 months (5:6 years, IQR 1-6-8-2) for sunitinib,
66-9 months (5-6 years, 1.8—NE) for sorafenib, and 74-4 months (66 years, 1-5-8-1) for
placebo (appendix p 10).

In our analysis of overall survival, events had been recorded in 156 patients on sunitinib (5
year overall survival 77-9%, 97-5% CI 74-1-81-9), 138 patients on sorafenib (80-5%, 76-8—
84-2), and 141 patients on placebo (80-3%, 76:7-84-0) (figure 3). Overall survival did not
differ significantly between the groups. All groups did better than predicted at the time of
study design; median overall survival has not yet been reached in any group (figure 3).

Patients on sunitinib or sorafenib received a median of eight cycles (IQR 2-9) and those on
placebo received a median of nine cycles (IQR 7-9). The proportions of patients receiving
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the intended dose at cycle 3 were 262 (42%) of 629 patients receiving sunitinib, 193 (31%)
of 630 receiving sorafenib, and 560 (89%) of 633 receiving placebo. Patients were
compliant, taking a high proportion of the prescribed dose, but the prescribed doses were
frequently reduced due to adverse events (appendix p 2).

The effect of the mid-study change in dosing to reduce treatment discontinuation was
significant (appendix p 11). Among patients starting at full dose, the overall rates of
treatment discontinuation due to adverse events or patient withdrawal or refusal were 193
(44%) of 438 patients on sunitinib, 199 (45%) of 441 patients on sorafenib, and 47 (11%) of
444 patients on placebo. The overall discontinuation rates among patients starting at reduced
dose were 65 (34%) of 191 patients on sunitinib, 56 (30%) of 189 patients on sorafenib, and
18 (10%) of 189 patients on placebo. The change in dosing scheme resulted in a significant
reduction in discontinuation due to adverse events or patient refusal for the sunitinib (Gray’s
test p=0-0142) and sorafenib (p=0-0001), but no change in the placebo group (p=0:6959).

Some side-effects associated with sorafenib and sunitinib occurred at a higher than expected
rate. Hand-foot syndrome (affecting 94 [15%] of 625 patients on sunitinib, 208 [33%] of 628
patients on sorafenib, and seven [1%] of 626 patients on placebo) and hypertension
(affecting 105 [17%)] patients on sunitinib, 102 [16%] patients on sorafenib, and 26 [4%]
patients on placebo) were the most common drug-related effects. Adverse events occurring
in more than 1% of patients are shown in table 2. A complete table of adverse events is
available in the appendix (p 3). Haematological adverse events were recorded if they were
grade 4 or worse and occurred in less than 1% of patients. Fatigue was common and was
corroborated by patient-reported outcomes, which will be reported in full in a future
publication. Grade 3 or worse adverse events were reported by 394 (63%) of 625 patients on
sunitinib, 450 (72%) of 628 patients on sorafenib, and 159 (25%) of 626 patients on placebo.
Although the reduction in starting dose somewhat ameliorated this effect, the proportion of
grade 3 or worse adverse events in patients starting at reduced dose still exceeded 55% in
both the sunitinib and sorafenib groups (appendix p 9).

We did several post-hoc subgroup analyses (figure 4). Because of the substantial treatment
discontinuation rate, we did post-hoc analyses of the association between treatment
administration and disease-free survival. As shown in the forest plots (figure 4), the absence
of a treatment effect was seen both in patients who started at full dose and in those who
started at reduced dose, although the hazard ratio comparing sorafenib to placebo tended to
favour placebo among patients starting at reduced dose (p for arm-by-dose group
interaction=0-0109). In view of the number of exploratory subset analyses done, these
results could have occurred by chance and should be viewed with caution. None of the other
arm-by-subgroup interaction tests were significant at the 0-025 level. The suggested benefit
of sorafenib in races or ethnicities other than white is undergoing further analysis in more
detailed exploratory subgroup analyses. We also used post-hoc landmark analyses to assess
disease-free survival with respect to the number of months (appendix p 12), the total dose
received, and the time to relapse after completion of active treatment. No outcomes differed
significantly between groups.
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Discussion

This is the first trial to report on VEGFR inhibitors as adjuvant therapy for patients with
locally advanced high-risk kidney cancer. The study included a histologically representative
and diverse population, whose overall outcomes were better than expected, providing
reassurance that the results are relevant to the population at large. The median time to
disease recurrence did not differ between those who received sorafenib or sunitinib after
surgery and those who received placebo. It should be noted that when protocol-specified
early stopping occurs, final effect estimates are generally biased. However, given the solid
absence of an effect, this potential bias is unlikely to have affected the interpretation of
results for this study.

VEGFR inhibitors are active as single agents in patients with advanced renal-cell
carcinoma,®714-16 byt their role in the earlier stages of disease is unclear. Thus, renal-cell
carcinoma is uniquely suited to investigations of the adjuvant role of anti-angiogenic therapy
as an isolated modality. Despite the positive effect of anti-angiogenic agents in patients with
advanced disease, our results did not show any benefit from these agents relative to placebo
when given in the adjuvant setting.

These findings are similar to those of adjuvant chemotherapy trials in other tumours, in
which the benefit of adding anti-angiogenic therapy in metastatic disease is not seen in the
adjuvant setting. For example, the addition of bevacizumab to chemotherapy in metastatic
colorectal, breast, and non-small-cell lung cancers showed improvements in outcomes
compared with chemotherapy alone.1’-19 These benefits were not replicated when
bevacizumab was used in the adjuvant setting.29-22 The possibility that effective
chemotherapy might have obscured the benefit of anti-angiogenic therapy is refuted by our
results in E2805.

Dose intensity and treatment duration are appropriate concerns with these drugs. That
patients might have had too great a dose reduction is countered by the high occurrence of
hypertension, a pharmacodynamic marker of drug effect.23.24 Our analysis of dosing
supports the notion that, in terms of disease-free survival, a duration of therapy greater than
6 months did not differ from 3—-6 months or less than 3 months of therapy.

Treatment duration has sometimes been a factor in maximising the benefit of targeted
therapy (as with anti-oestrogens in breast cancer, and imatinib in gastrointestinal stromal
tumours). However, in such cases, shorter durations of therapy did show some efficacy,
which is not the case in our results. Future survival analyses will help to elucidate such
concerns. Potentially more productive will be a series of correlative studies using the
patients’ tissues and plasma from this study to look for evidence of subsets with varying
outcomes that might be assessed for future therapeutic interventions.

In the adjuvant setting, the issue has been raised as to whether the micrometastases that
presumably result in recurrent disease have a blood supply that is as susceptible to the effect
of anti-angiogenic therapy as is the case in macrometastases. Given the absence of benefit
from VEGFR inhibitor therapy, it seems reasonable to conclude that inhibition of VEGF-
driven angiogenesis does not produce sustained, if any, anti-tumour effects in
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micrometastatic lesions. Notably, results from preclinical mouse kidney cancer xenograft
models supported a paradoxical effect whereby VEGFR inhibitors accelerate the rate of
metastases.2526 Explanations for this finding included upregulation of non-VEGF pro-
angiogenic and proliferative factors, as well as hypoxia-driven epithelial-to-mesenchymal
transformation.27-30 Although such findings raised concern that adjuvant therapy might
prove ineffective, there was no evidence for this process in metastatic disease.8:31 In view of
this conflicting information and the striking benefit seen with these inhibitors in metastatic
disease, placebo-controlled adjuvant studies were deemed crucial. Indeed, even with their
well-documented limitations, these mouse xenograft models probably identified a process
that is relevant to this human trial. These potentially valid models might provide insight into
the pathophysiology of VEGFR inhibitor treatment of renal-cell carcinoma to inform future
studies.

Even though E2805 did not establish a role for sorafenib or sunitinib in the adjuvant setting,
its placebo-controlled design has provided a definitive answer that will help to prevent costs
and toxic effects associated with inappropriate use of these agents. It should be noted that a
large number of patients in E2805 are likely to remain disease free, but were exposed to
toxic effects with no benefit. Additionally, those patients who developed recurrent cancer
had no benefit from this adjuvant therapy, and conceivably might have compromised their
future benefit from VEGFR inhibitors post-relapse. Thus, the patients on this trial should be
thanked for their willingness to take risks in order to inform future generations.

The results of this study argue strongly against the use of anti-angiogenic therapy in the
adjuvant setting of patients with primary resected renal-cell carcinoma. Other adjuvant
approaches, such as checkpoint inhibitor immunotherapy, can be explored in research
studies with observation or placebo control groups.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Research in context
Evidence before this study

A systemic literature review was not done as part of the planning for this trial; however,
we based the design of the trial on previous adjuvant trials in renal-cell carcinoma (Ariser
and Oncophage) and selected our risk populations on the basis of published models of
risk recurrence (the UCLA international staging system). At the time of study design,
sorafenib and sunitinib were the only small molecule vascular endothelial growth factor
tyrosine kinase inhibitors approved for the treatment of advanced renal-cell carcinoma
(approved by the US Food and Drug Administration in 2004 and 2005, respectively),
based on improvement in progression-free survival of first-line sunitinib versus interferon
(26-4 months with sunitinib vs21.-8 months with interferon) and second-line sorafenib
versus placebo (5-5 months with sorafenib vs2-8 months with placebo). This trial aimed
to test the role of sorafenib and sunitinib in prolonging disease-free survival in resected
high-risk renal-cell cancer. Given the single-agent activity of anti-angiogenic therapy in
advanced renal-cell carcinoma, this disease was arguably the most biologically rational
setting in which to assess the adjuvant role of anti-angiogenic therapy. No adjuvant trials
in renal-cell carcinoma had been implemented as standard practice.

Added value of this study

The current study is the only randomised phase 3 trial of anti-angiogenic therapy in the
adjuvant setting in completely resected renal-cell cancer. The trial showed no benefit in
disease-free survival and the hazard ratio of both agents approached 1:0 compared with a
placebo control. Moreover, there was a high prevalence of grade 3 or worse side-effects
in the active treatment groups. A reduction in the initial starting dose improved
compliance, but the proportion of patients with grade 3 or worse adverse effects still
exceeded 55% in both the sunitinib and sorafenib groups.

Implications of all the available evidence

This study supports the ineffectiveness of anti-angiogenic therapy in adjuvant therapy for
solid tumours. The results of our study are consistent with the findings of studies of anti-
angiogenic regimens containing chemotherapy in breast, lung, and colon cancers. The
biological implication of this result is that angiogenesis might not be critical to the
growth or survival of micrometastases. Treatment with sorafenib or sunitinib exposed
patients to many toxic effects. Based on these findings, adjuvant trials in kidney cancer
should be focused on interventions directed at pathways other than angiogenesis.
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1 progression before treatment
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2 other
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1 progression before treatment
Jineligible
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Figure 1.
Trial profile
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Figure 2. Disease-free survival
HR=hazard ratio.
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Figure 3. Overall survival
HR=hazard ratio.
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A Number of HR  975%C1
patients

All patients on sunitinib or placebo 1294 102 (0-85-1-23)
Age =56 years 651 103 (078-138)
Age >56 years 643 101 (0-78-1.30)
Male 872 095  (0-76-119)
Female 422 129  (0-88-187)
White non-Hispanic 1051 109 (0-89-1.35)
Other race or ethnic erigin 164 074 (0-43-1:29)
Intermediate high risk 649 105 (0-78-1.41)
Very high risk 645 100 (0-78-1.28)
Pathalogical stage T1or T2 465 098  (0-68-139)
Pathological stage T3 or T4 824 104  (0-83-131)
AJCE Stage HI 434 107 (073-157)
AJCC Stage -1V 859 101 (0-81-1:25)
Pre-surgery performance status 0 1027 099  (0-79-1.22)
Pre-surgery performance status >0 244 122 (0-80-1.87)
Open nephrectonmy 750 096  (0-75-1-21)
Laparoscopic nephrectomy 543 112 (0-B2-1-54)
Clear cell 1021 101 (0-82-1.25)
Other histology 72 . - 107 (0-69-167)
Fuhrman grade 1-2 431 108 (0-75-1-56)

— e
Fuhrman grade 3 597 103 (0-77-1.37)
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WVery high risk 646 096  (075-1-23)
Pathological stage T1or T2 491 116 (0-83-1-63)
Pathalogical stage T3 or T4 804 089  (071-112)
AJCE Stage HI 446 124 (0-86-180)
AJCC Stage -V 849 089 (0:71-111)
Pre-surgery performance status 0 1035 097 (0:78-120)
Pre-surgery performance status >0 234 118  (0-76-1-82)
Open nephrectomy 735 - 088 (0-69-111)
Laparascopic nephrectomy 560 — 117 (0-85-1:61)
Clear cell 1028 - 098 (0-B0-1-21)
Other histology 267 —_— 094 (0-59-1.48)
Fuhrman grade 1-2 431 090  (0-62-1:31)
Fuhrman grade 3 600 _'-_ 102 (077-136)
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Figure 4. Disease-free survival in exploratory subgroups
Forest plots show hazard ratios and 97-5% Cls for the comparison of sunitinib with placebo

(A) and sorafenib with placebo (B). The x axis of the forest plot is scaled in accordance with
the natural logarithm of the HR. The size of the squares is proportional to the inverse of the
variance of the log hazard ratio, such that smaller squares correspond to largest variance.
Race or ethnic origin was self-reported; other race or ethnic origin includes all patients who
reported either race or ethnicity as other than white, non-Hispanic, or who did not report
race or ethnicity. Intermediate high-risk disease (as stratified at randomisation) was defined
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as either pathological T1b, grade 3-4, pathological T2, grade 1-4, or pathological T3a,
grade 1-2, provided that the pathological T2a grade was not due to adrenal involvement.
Patients with other pathological T3-4 disease or any node-positive disease were categorised
in the very high-risk group. HR=hazard ratio.
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Baseline characteristics

Table 1

Sunitinib (n=647)  Sorafenib (n=649)

Placebo (n=647)

Sex

Male 429 (66%) 437 (67%) 443 (68%)

Female 218 (34%) 212 (33%) 204 (32%)
Race

White 598 (92%) 589 (91%) 585 (90%)

African American 27 (4%) 27 (4%) 31 (5%)

Asian 11 (2%) 17 (3%) 15 (2%)

Other/unknown 11 (2%) 16 (2%) 16 (2%)
Ethnic origin

Hispanic 30 (5%) 36 (6%) 41 (6%)

Non-Hispanic 576 (89%) 565 (87%) 560 (87%)

Other/unknown 41 (6%) 48 (7%) 46 (7%)
Age (years) 56 (49-64) 55 (48-63) 57 (49-64)
ECOG performance status

0 510 (79%) 511 (79%) 508 (79%)

1 137 (21%) 138 (21%) 139 (21%)
Surgical approach as stratified

Open 394 (61%) 391 (60%) 389 (60%)

Laparoscopic 253 (39%) 258 (40%) 258 (40%)
Surgical approach as reported by surgeon

Open 376 (58%) 361 (56%) 374 (58%)

Laparoscopic 271 (42%) 288 (44%) 272 (42%)
Type of nephrectomy (reported by surgeon)

Radical 614 (95%) 605 (93%) 617 (95%)

Partial 33 (5%) 44 (7%) 29 (4%)
Histology

Clear cell 513 (79%) 519 (80%) 509 (79%)

Papillary 39 (6%) 52 (8%) 59 (9%)

Chromophobe 40 (6%) 43 (7%) 28 (4%)

Mixed 31 (5%) 21 (3%) 31 (5%)

Unclassified 23 (4%) 14 (2%) 19 (3%)

Sarcomatoid features 51 (8%) 58 (9%) 61 (10%)
UCLA International Staging System risk stratification

Intermediate high 323 (50%) 324 (50%) 326 (50%)

Very high 324 (50%) 325 (50%) 321 (50%)
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Sunitinib (n=647)  Sorafenib (Nn=649) Placebo (n=647)
AJCC stage
| 57 (9%) 61 (9%) 64 (10%)
1 159 (25%) 167 (26%) 154 (24%)
11 422 (65%) 409 (63%) 424 (66%)
v 9 (1%) 12 (2%) 4 (1%)

Data are n (%) or median (IQR). ECOG=Eastern Cooperative Oncology Group. AJCC=American Joint Committee on Cancer.
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