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Background: The ATLAS trial compared axitinib versus placebo in patients with locoregional renal cell carcinoma (RCC) at risk
of recurrence after nephrectomy.

Patients and methods: In a phase III, randomized, double-blind trial, patients had >50% clear-cell RCC, had undergone
nephrectomy, and had no evidence of macroscopic residual or metastatic disease [independent review committee (IRC)
confirmed]. The intent-to-treat population included all randomized patients [�pT2 and/or Nþ, any Fuhrman grade (FG), Eastern
Cooperative Oncology Group status 0/1]. Patients (stratified by risk group/country) received (1 : 1) oral twice-daily axitinib 5 mg
or placebo for�3 years, with a 1-year minimum unless recurrence, occurrence of second primary malignancy, significant
toxicity, or consent withdrawal. The primary end point was disease-free survival (DFS) per IRC. A prespecified DFS analysis in the
highest-risk subpopulation (pT3, FG� 3 or pT4 and/or Nþ, any T, any FG) was conducted.

Results: A total of 724 patients (363 versus 361, axitinib versus placebo) were randomized from 8 May 2012, to 1 July
2016. The trial was stopped due to futility at a preplanned interim analysis at 203 DFS events. There was no significant
difference in DFS per IRC [hazard ratio (HR)¼ 0.870; 95% confidence interval (CI) : 0.660–1.147; P¼ 0.3211). In the highest-risk
subpopulation, a 36% and 27% reduction in risk of a DFS event (HR; 95% CI) was observed per investigator (0.641; 0.468–0.879;
P¼ 0.0051), and by IRC (0.735; 0.525–1.028; P¼ 0.0704), respectively. Overall survival data were not mature. Similar adverse
events (AEs; 99% versus 92%) and serious AEs (19% versus 14%), but more grade 3/4 AEs (61% versus 30%) were reported for
axitinib versus placebo.

Conclusions: ATLAS did not meet its primary end point; however, improvement in DFS per investigator was seen in the
highest-risk subpopulation. No new safety signals were reported.

Trial registration number: NCT01599754
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Introduction

Renal cell carcinoma (RCC) is the most common form of kidney

cancer; approximately 80% of RCCs are clear-cell tumors [1].

The 5-year survival rates by American Joint Committee on

Cancer (AJCC) tumor, lymph nodes, and metastasis (TNM) stag-

ing system are 81%, 74%, 53%, and 8% for stages I, II, III, and IV,

respectively [2]. Some patients with locoregional RCC have a re-

lapse risk of up to 40%, increasing to up to 80% in patients con-

sidered to be at high risk for recurrence, and could therefore

benefit from adjuvant treatment [3, 4]. The success of targeted

therapies in the metastatic RCC setting led to increased interest

in testing these agents in the adjuvant setting. Overall five add-

itional trials assessed the utility of targeted therapy in the adju-

vant RCC setting. Of the three completed trials (ASSURE,

S-TRAC, and PROTECT) [5–7], only S-TRAC met its primary

end point.

S-TRAC included patients with resected �T3 and/or Nþ
clear-cell RCC at high risk for tumor recurrence after

nephrectomy. Results showed that disease-free survival

(DFS) was significantly longer with sunitinib treatment ver-

sus placebo: hazard ratio (HR)¼ 0.76; 95% confidence inter-

val (CI)¼ 0.59–0.98; P¼ 0.03; medians, 6.8 and 5.6 years,

respectively [7]. Based on S-TRAC outcomes, the US Food

and Drug Administration extended sunitinib’s indication to

include the treatment of patients at high risk for recurrence

after nephrectomy.

Axitinib is an oral, potent, and selective inhibitor of vascular

endothelial growth factor receptors 1, 2, and 3. In the phase III

AXIS trial in the second-line setting of metastatic RCC, signifi-

cantly longer progression-free survival and higher objective

response rate were reported for axitinib versus sorafenib; how-

ever, the safety profiles were similar and manageable [8].

Consequently, axitinib is approved for the treatment of advanced

RCC after failure of one prior systemic therapy. Additionally, in

various clinical trials, antitumor activity was observed with axiti-

nib, both as a single agent and in combination with immunother-

apy, in the first-line treatment of metastatic RCC [9–11]. Here,

we report the efficacy and safety of adjuvant axitinib versus pla-

cebo in patients with �pT2 and/or Nþ RCC from the Adjuvant

Axitinib Therapy of Renal Cell Cancer in High Risk Patients

(ATLAS) trial.

Methods

Study design

ATLAS was a phase III, randomized, double-blind trial (NCT01599754).
Patients were enrolled at 137 centers in 8 countries [China (mainland
and Hong Kong), France, India, Japan, Korea, Spain, Taiwan, USA] from
8 May 2012 to 1 July 2016.

A summary of the key amendments that had an impact on the conduct
of the trial and planned analyses are described in the supplementary
methods, available at Annals of Oncology online. The trial was approved
by local institutional review boards and conducted in accordance with
the protocol, International Conference on Harmonization Good Clinical
Practice guidelines, and applicable local regulatory requirements and
laws. All patients provided written informed consent. An independent

data and safety monitoring committee regularly reviewed patient safety
and efficacy data.

Patients

Patients aged�18 years (�20 years in Japan, Korea, and Taiwan and�18
to�65 years in India) had newly diagnosed RCC [�pT2 and/or Nþ, any
Fuhrman grade (FG), Eastern Cooperative Oncology Group perform-
ance status (ECOG PS) 0/1] and prior nephrectomy (complete or partial;
supplementary methods, available at Annals of Oncology online).
Previous antiangiogenic treatment or systemic treatment of RCC was not
permitted. Patient eligibility was confirmed by independent review com-
mittee (IRC) assessment of imaging before randomization.

Patients were randomized (stratified by country and/or risk group) in
a 1 : 1 ratio to receive twice-daily oral axitinib 5 mg or placebo tablets
(supplementary methods, available at Annals of Oncology online). At that
time, the optimal duration for adjuvant treatment was unknown; based
on research in other tumors it was estimated to be between 1 and 3 years
[12]. Depending on the patient’s/investigator’s decision, patients were
treated for up to 3 years and for a minimum of 1 year unless there was re-
currence, occurrence of a second primary malignancy, significant tox-
icity, or withdrawal of consent. Details on dose modifications and tumor
assessments are reported in the supplementary materials, available at
Annals of Oncology online.

Outcomes

The primary end point was DFS according to IRC assessment. DFS was
defined as the time from randomization to the first date of distant or local
recurrence of RCC or occurrence of a second primary malignancy or
death. Secondary end points were overall survival (OS) and safety. OS
was defined as the time from randomization to death due to any cause.
Safety was assessed throughout the trial and included the type, incidence,
severity (graded by the National Cancer Institute Common Terminology
Criteria for Adverse Events, v4.0), timing, seriousness, and relatedness of
adverse events (AEs); laboratory abnormalities; physical examination;
vital signs; and ECOG PS.

Statistical analyses

Details on sample size determination are reported in the supplementary
materials, available at Annals of Oncology online. Efficacy end points and
patient characteristics were evaluated in the intent-to-treat (ITT) popula-
tion, which included all randomized patients, regardless of whether they
received study drug. Safety end points were evaluated in the ‘as-treated’
population, i.e. all patients who received at least one dose of study drug as
reported in patient diaries. Additional prespecified efficacy analyses
included subgroup analysis of DFS in the highest-risk subpopulation
(pT3 with FG�3 or pT4 and/or Nþ, any T, any FG) and lower-risk sub-
population (pT2 or pT3 with FG �2), and sensitivity analysis of DFS as
assessed by the investigator.

For the primary end point, median DFS and corresponding 95% CI
were estimated for each arm using Kaplan–Meier methods. Treatment
arms were compared using a two-sided log-rank test stratified by risk
group. Country was not used as a stratification factor due to the limited
number of patients enrolled in some countries. The HR and 95% CI were
estimated by proportional hazard regression stratified by risk group. OS
was analyzed in the same manner as the primary end point. Safety was
summarized descriptively.

Statistical analysis was carried out using SAS version 9.2 (SAS Institute
Inc, Cary, NC). The cutoff date for these analyses was 10 October 2017.
The interim analysis was carried out at 203 events; futility stopping
boundary: P� 0.1352 (two-sided); HR¼ 0.81 (supplementary methods,
available at Annals of Oncology online).
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Results

Patients

From 8 May 2012 to 1 July 2016, 960 patients with RCC were

screened; 222 patients were considered screen failures, and 14

patients were not assigned (supplementary Figure S1, available at

Annals of Oncology online). Overall, 724 patients (n¼ 363 and

n¼ 361, axitinib and placebo arms, respectively) from 128 cen-

ters were randomized and included in the ITT population. Of

these, 356 and 359 patients received at least one dose of axitinib

and placebo, respectively (i.e. as-treated population). Permanent

treatment discontinuations occurred in 204 (57%) axitinib-

treated and 176 (49%) placebo-treated patients. Reasons for

treatment discontinuation in axitinib and placebo arms included

recurrence/secondary malignancy (15% and 23%), AEs (19%

and 5%), and withdrawal of patient consent (13% and 10%). The

trial was stopped due to futility at a preplanned interim analysis

at 203 of the required 245 DFS (IRC assessment) events for the

final analysis.

A high percentage of the overall study population (n¼ 724)

were Asian (73%) and at highest risk (56%; pT3 with FG �3 or

pT4 and/or Nþ, any T, any FG); median age was 58.0 years

(Table 1).

Efficacy

The primary end point of DFS per IRC assessment in the ITT

population (HR¼ 0.870; 95% CI¼ 0.660–1.147; P¼ 0.3211)

crossed the futility-stopping boundary at 203 events (83% of the

required 245 events for the final analyses; n¼ 96 treated with axi-

tinib and n¼ 107 with placebo; Figure 1). DFS per investigator

showed a larger reduction in risk of an event in the ITT popula-

tion, although it was not statistically significant (HR¼ 0.776;

95% CI¼ 0.599–1.005; P¼ 0.0536) (supplementary Figure S2,

available at Annals of Oncology online).

In prespecified subgroup analyses, patients were classified into

subpopulations of highest risk (pT3 with FG �3 or pT4 and/or

Nþ, any T, any FG) and lower risk (pT2 or pT3 with FG �2) of

recurrence. No reduction in risk of a DFS event [HR (95% CI)]

was observed in the lower-risk subgroup based on IRC [1.016

(0.620–1.666); P¼ 0.9483] or investigator [1.048 (0.654–1.681);

P¼ 0.8445] assessments (Figure 2).

In the subgroup of patients at highest risk of recurrence, a re-

duction in risk of a DFS event [HR (95% CI)] per IRC [0.735

(95% CI¼ 0.525–1.028); P¼ 0.0704] and investigator [0.641

(95% CI¼ 0.468–0.879); P¼ 0.0051] was observed (Figure 3).

OS data were not mature at the time of the interim analyses.

A total of 28 of 363 (8%) and 26 of 361 (7%) deaths were reported

Table 1. Patient demographics and baseline characteristics: ITT population

Characteristic, n (%) Axitinib (n 5 363) Placebo (n 5 361) Total (N 5 724)

Male 280 (77) 250 (69) 530 (73)
Median (interquartile range) age, years 58.0 (51–66) 58.0 (51–66) 58.0 (51–66)
Race

White 91 (25) 90 (25) 181 (25)
Black 3 (1) 1 (<1) 4 (1)
Asian 264 (73) 267 (74) 531 (73)
Other 5 (1) 3 (1) 8 (1)

ECOG PSa

0 313/356 (88) 314/358 (88) 627/714 (88)
1 43/356 (12) 44/358 (12) 87/714 (12)

Risk groupb

pT2, pN0 or pNx, M0, and ECOG PS 0/1 43 (12) 37 (10) 80 (11)
pT3, pN0 or pNx, M0, and ECOG PS 0/1 296 (82) 297 (82) 593 (82)
pT4, pN0 or pNx, M0, and ECOG PS 0/1 7 (2) 8 (2) 15 (2)
Any pT, pNþ, M0, and ECOG PS 0/1 17 (5) 19 (5) 36 (5)
Highest riskc 209 (58) 200 (55) 409 (56)
Lower riskd 146 (40) 149 (41) 295 (41)

As-treated population, all patients who received at least one dose of study drug as reported in patient diaries; ECOG PS, Eastern Cooperative Oncology
Group performance status; ITT population, intent-to-treat population includes all patients who were randomized, regardless of whether they received
study drug.
aAs-treated population.
bHighest-risk and lower-risk of recurrent RCC subpopulations do not equal 100%, as 20 patients from Japan did not have Fuhrman grade (FG) reported.
cThe highest-risk subpopulation had pT3 with FG �3 or pT4 and/or Nþ, any T, any FG.
dThe lower-risk subpopulation had pT2 or pT3 with FG �2.
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for axitinib and placebo, respectively, in the ITT population

[HR¼ 1.026 (95% CI¼ 0.600–1.756); P¼ 0.9246].

Safety

In the axitinib and placebo arms, respectively, 111 (31.2%) and

99 (27.6%) patients were treated for <1 year, 96 (27.0%) and 100

(27.9%) were treated for 1–2 years, 77 (21.6%) and 84 (23.4%)

were treated for 2–3 years, and 72 (20.2%) and 76 (21.2%) com-

pleted 3 years of treatment.

In axitinib- versus placebo-treated patients, the incidence of

AEs (99% versus 92%) and serious AEs (19% versus 14%) were

similar; however, more grade 3/4 AEs (61% versus 30%) and dis-

continuations due to AEs (23% versus 11%) were reported for

axitinib. The most common AEs (all-causality) were hyperten-

sion (64%) and diarrhea (47%) with axitinib, and hypertension

(25%) and nasopharyngitis (18%) with placebo (Table 2). Two

(1%) axitinib-treated patients had grade 5 AEs (acute coronary

syndrome and suicide). Three (1%) placebo-treated patients had

grade 5 AEs: one cardiac arrest, one disease progression, and one

gastric cancer. Overall, death occurred in 28 (8%) versus 25 (7%)

axitinib-treated versus placebo-treated patients, in the as-treated

population; the most common reason was renal cancer (57% ver-

sus 52%). One death (acute coronary syndrome) was assessed as

related to study treatment.

More patients treated with axitinib versus placebo reported

treatment-related AEs (91% versus 56%), treatment-related ser-

ious AEs (7% versus 3%), and treatment-related grade 3 or 4 AEs

(49% versus 12%). The most common treatment-related AEs

were hypertension (60%) and dysphonia (38%) with axitinib,

and hypertension (21%) and diarrhea (8%) with placebo (sup-

plementary Table S1, available at Annals of Oncology online).

The number of patients with AEs leading to dose reductions

(56% versus 8%), dose interruptions (51% versus 22%), and per-

manent discontinuations (23% versus 11%) was greater with axi-

tinib (n¼ 356) versus placebo (n¼ 359). The most frequent AEs

leading to discontinuation were hypertension (4%), proteinuria

(3%), and hand-foot syndrome (2%) in axitinib-treated patients,

and increased levels of alanine aminotransferase (1%), arthralgia

(1%), and malignant lung neoplasm (1%) in placebo-treated

patients.

Discussion

ATLAS was stopped due to futility at a preplanned interim ana-

lysis; there was no significant difference in DFS per IRC assess-

ment in the ITT population. In the S-TRAC trial, patients with

clear-cell RCC at high risk (�T3 and/or Nþ) for tumor recur-

rence after nephrectomy had significantly longer DFS per IRC

with sunitinib versus placebo [7]. ATLAS was designed and initi-

ated before the results from S-TRAC were known; hence, it

included patients at lower risk for recurrence. However, prespeci-

fied subgroup analyses across risk categories for RCC recurrence

were conducted, and in the highest-risk subpopulation, a reduc-

tion in risk of a DFS event was seen by both IRC and investigator

assessments. Taken together, these results support that patients at

highest risk for RCC recurrence benefit from adjuvant treatment.

In contradistinction to S-TRAC, the trials ASSURE [5],

PROTECT [6], and other adjuvant-therapy trials in RCC [13]

were not successful. Key differences among adjuvant trials must

be taken into consideration when comparing results. ASSURE

enrolled patients with any histologic subtype of RCC versus

patients with clear-cell RCC in PROTECT, S-TRAC, and ATLAS.

363 264 (35) 182 (102) 81 (190) 20 (249) 1 (266)
361 252 (37) 164 (101) 72 (185) 26 (229) 0 (254)
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Figure 1. Kaplan–Meier plot of disease-free survival (DFS) in the intent-to-treat (ITT) population according to independent review committee
(IRC) assessment. CI, confidence interval; HR, hazard ratio; ITT population, intent-to-treat population includes all patients who were random-
ized, regardless of whether they received study drug.
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ASSURE enrolled a higher percentage of patients with �T1b

tumors, whereas the majority of patients in ATLAS and

PROTECT had �pT3 tumors, and S-TRAC enrollment was

restricted to �pT3 tumors, i.e. patients considered to be at high-

est risk of recurrent RCC. Additionally, ATLAS and PROTECT

used TNM and FG risk criteria versus the modified UCLA

Integrated Staging System risk criteria of ASSURE and S-TRAC

[5–7]. These differences highlight the need for more standardized

definitions of ‘risk of recurrence,’ and utilizing those that incorp-

orate molecular features, such as ClearCode34 and the 16-gene

recurrence score [14, 15].

Other important aspects of these adjuvant RCC trials are start-

ing dose, drug exposure, and dose maintenance. There were a

greater number of axitinib dose reductions due to AEs in ATLAS

(56%) in adjuvant RCC versus patients with metastatic RCC in

AXIS (27%); however, the number of axitinib dose interruptions

146 108 (16) 82 (38) 40 (77) 12 (104) 1 (114)
149 117 (12) 80 (40) 40 (79) 16 (101) 0 (117)
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Figure 2. Kaplan–Meier plot of DFS in the lower-risk subpopulation according to (A) IRC assessment and (B) investigator assessment. The
subpopulation with lower risk of RCC recurrence had pT2 or pT3 with Fuhrman grade (FG) �2. RCC, renal cell carcinoma.
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due to AEs was similar between the two trials (51% versus 55%)

[8]. The starting doses of sunitinib/sorafenib (ASSURE) and

pazopanib (PROTECT) were reduced midtrial. Additionally,

sunitinib dose reductions to 25 mg were permitted in ASSURE

versus 37.5 mg in S-TRAC; thus, patients in S-TRAC had a

greater median cumulative dose of sunitinib [5–7]. The relation-

ship between exposure and efficacy was evident in PROTECT,

wherein patients treated with pazopanib 800 mg/day had a

greater risk reduction in DFS versus 600-mg/day treatment: 31%

versus 14% [6]. A recent analysis of PROTECT demonstrated

that pazopanib exposure (Ctrough), rather than prescribing dose,

was crucial for improved DFS in adjuvant RCC, i.e. patients with

higher pazopanib Ctrough derived more clinical benefit from adju-

vant pazopanib therapy [16]. In the metastatic RCC setting, a re-

lationship between increased exposure and improved clinical

outcomes was demonstrated with pazopanib and sunitinib [17,

209 149 (19) 96 (62) 40 (108) 8 (139)
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Figure 3. Kaplan–Meier plot of DFS in the higher-risk subpopulation according to (A) IRC assessment and (B) investigator assessment. The
subpopulation at highest risk of RCC recurrence had pT3 with FG �3 or pT4 and/or Nþ, any T, any FG.
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18]. No pharmacokinetic analysis was carried out in ATLAS,

S-TRAC, or ASSURE; however, it is unresolved as to whether po-

tential benefit of adjuvant therapy is driven by a pharmacody-

namic benefit, by drug exposure measured by pharmacokinetics

and/or by dosage. Given the unique dosing regimen for axitinib,

which allows for titrating of dose up and down, further explor-

ation of dosage parameters as a determinant of DFS is necessary.

In the current ATLAS trial, a greater number of AEs, serious

AEs, grade 3/4 AEs, and discontinuations due to AEs were

reported in the axitinib group versus placebo. However, AEs were

largely managed through dose reductions and interruptions. The

ATLAS trial consisted of 73% Asian patients, and as with other

studies of axitinib in Asian patients with metastatic RCC [19, 20],

the type of AEs was similar, but incidence rate was slightly differ-

ent versus non-Asian patients. Further potential analyses include

assessment of outcome and toxicity in Asian patients compared

with other groups in this trial. Overall, 23% of patients treated

with axitinib discontinued treatment due to AEs, most frequently

due to hypertension, proteinuria, and hand-foot syndrome. In

comparison, treatment discontinuation due to AEs occurred in

28% of patients treated with sunitinib (S-TRAC) [7], 44% with

sunitinib and 45% with sorafenib (ASSURE) [5], and 35% with

pazopanib 600 mg/day and 39% with 800 mg/day (PROTECT)

[6]. The axitinib safety profile in ATLAS was consistent with pre-

vious trials, and no new safety signals were detected.

A potential limitation of the ATLAS trial is the limited follow-

up duration. Of note, the majority of patients were Asian, thus

the efficacy and safety outcomes observed in this trial may not be

generalized to other ethnic populations. The results from ATLAS,

S-TRAC, ASSURE, and PROTECT highlight that it is important

to identify, based on clinical or genetic features, those patients

who are most likely to benefit from treatment in the adjuvant

RCC setting. Additionally, the impact of exposure, treatment

duration, and dose modifications on clinical outcomes should be

considered during adjuvant therapy. Ongoing trials are assessing

the utility of sorafenib (SORCE), everolimus (EVEREST), and

immune checkpoint inhibitors (PROSPER, IMmotion010,

KEYNOTE-564, and CheckMate 914). Results from these trials

may provide clarification on the future of adjuvant treatment of

RCC and whether angiogenesis inhibition is the key mechanism

to obtain a reduction in risk of relapse after nephrectomy.

Conclusions

The ATLAS trial was stopped due to futility at a preplanned in-

terim analysis. There was no significant difference in DFS per

IRC. Subgroup results based on risk groups were explored where-

in reduction in risk of event was observed in the subpopulation at

highest risk of recurrent RCC, but not in the lower-risk subpopu-

lation. No new safety signals were seen in patients at high risk of

recurrent RCC treated with adjuvant axitinib.
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