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Background: Axitinib is a next-generation, selective tyrosine kinase inhibitor targeting the 

vascular endothelial growth factor receptors. It is approved for the treatment of metastatic 

renal cell carcinoma (mRCC) based on a demonstrated progression-free survival advantage 

over sorafenib in the second-line treatment setting. However, given the variety of available 

targeted therapies for mRCC, appropriate patient selection for the available therapies remains 

a significant clinical challenge.

Purpose: This review summarizes the available evidence on the clinical, toxicity, and pharmaco-

logic considerations for determining appropriate patient selection for axitinib therapy. In addition, it 

describes recent data on the use of predictive biomarkers to guide clinical management. This paper 

consists of material obtained via PubMed and Medline literature searches through October 2015.

Conclusion: Axitinib has a well-established role in the management of mRCC. Consistent 

clinical efficacy has been demonstrated across prognostic risk groups and prior therapeutic 

exposures. Although axitinib is generally well tolerated, appropriate toxicity management is 

critical to maximizing drug delivery and optimizing treatment outcomes. Although incident 

hypertension has been associated with improved clinical outcomes on axitinib, there are currently 

no validated clinical or genetic predictive biomarkers to guide patient selection.

Keywords: axitinib, vascular endothelial growth factor receptor, renal cell carcinoma, predic-

tive marker

Introduction
Kidney cancer is a common and lethal disease, with approximately 214,000 new cases 

and 140,000 disease-related deaths reported annually worldwide.1 Renal cell carcinoma 

(RCC) comprises greater than 90% of kidney cancer diagnoses, and metastatic renal 

cell carcinoma (mRCC) is resistant to conventional cytotoxic chemotherapies.2 For 

many years, cytokine-based therapies remained the standard approach for the manage-

ment of mRCC, with only a small number of patients achieving a significant treatment 

response. However, since the early 2000s, a growing understanding of mRCC biology 

has led to the development of numerous therapies targeting the vascular endothelial 

growth factor (VEGF) and the mammalian target of rapamycin (mTOR) molecular 

pathways. Since 2005, sorafenib, sunitinib, temsirolimus, pazopanib, bevacizumab in 

combination with interferon, everolimus, and axitinib have been approved by the US 

Food and Drug Administration for the treatment of mRCC.3–9 The availability of such 

therapies has resulted in a doubling of median overall survival (OS) to approximately 

2 years, and VEGF- and mTOR-directed therapies represent the current care standard 

for mRCC management.3–6
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Although the variety of available targeted therapies has 

been a welcome boon for medical oncologists, there remains 

a lack of validated biomarkers to guide therapeutic decision 

making for the treatment of patients with mRCC. Indeed, 

current guidelines list all of the approved agents as potential 

options for first-line and/or subsequent therapy.10,11 In an effort 

to provide evidence-based guidance for optimal treatment 

selection, multiple studies have evaluated different sequential 

treatment strategies.12–16 However, in the absence of clear 

predictive markers to inform patient selection, therapeutic 

decision making continues to rely heavily on the available 

clinical trial data, the drug’s mechanism of action and expected 

toxicity profile, and the individual physician’s experience. 

In a recent retrospective review of treatment practices at US 

community oncology practices, the VEGF-mTOR-VEGF 

therapeutic sequence was most commonly utilized, but con-

siderable practice variation was observed.17

Axitinib (AG-013736; Inlyta; Pfizer Inc, New York, NY, 

USA) is an orally administered, selective tyrosine kinase 

inhibitor (TKI) of the vascular endothelial growth factor 

receptor-1 (VEGFR-1), VEGFR-2, and VEGFR-3.18 As a 

second-generation VEGFR inhibitor, axitinib offers increased 

potency and specificity for the VEGFR when compared to ear-

lier VEGFR inhibitors that demonstrated multikinase activity 

with off-target effects.19,20 In the pivotal Phase III randomized 

clinical trial (AXIS), axitinib demonstrated an improved 

progression-free survival (PFS) when compared to sorafenib 

in the second-line treatment setting.6 This was the first Phase 

III trial to utilize an active comparator and solidified the 

role of axitinib as a second-line treatment option for mRCC. 

When evaluated in the first-line setting, axitinib demon strated 

clinical activity and safety, but no significant PFS benefit over 

sorafenib in a Phase III randomized comparison.21 Axitinib 

has been included among the therapeutic options for first-

line mRCC treatment in consensus guidelines.10 However, 

given axitinib’s relatively recent approval, data from its use 

have not been included in most studies examining optimal 

drug-sequencing strategies.14,15,17 This review will focus on 

the important clinical and toxicity considerations for patient 

selection with the use of axitinib for the treatment of mRCC. 

In addition, it will review the evidence regarding potential 

predictive biomarkers under recent investigation.

Clinical considerations for axitinib 
patient selection
Prior drug exposure
Given the multiple available therapeutic agents and the 

considerable variation in tumor response, the nature of prior 

drug exposure is an important consideration for the selection 

of subsequent mRCC therapies.

Axitinib has demonstrated consistent clinical efficacy 

in patients with prior exposure to cytokine therapy. In an 

initial Phase II study of 52 patients with mRCC and disease 

progression following cytokine-based therapy, treatment with 

axitinib resulted in an objective response rate of 44.2% (95% 

confidence interval [CI], 30.5%–58.7%) and a median time 

to progression of 15.7 months (95% CI, 8.4–23.4 months).22 

Long-term follow-up of this patient cohort demonstrated  

a 5-year OS rate of 20.6%.23 In the randomized Phase III 

AXIS trial, patients were prospectively stratified based on 

prior first-line therapy, and 251 patients (34.7%) had pro-

gressed after prior cytokine therapy.6 In this patient subgroup, 

axitinib demonstrated a significantly prolonged PFS over 

sorafenib (12.1 vs 6.5 months, hazard ratio [HR], 0.464, 

P,0.0001).6

When considering consecutive anti-VEGF TKIs as 

mRCC therapy, multiple retrospective studies have demon-

strated that sequential anti-VEGF therapy remains a viable 

treatment approach with continued antitumor activity.24–26 

Indeed, the Phase III INTORSECT trial, which randomized 

patients progressing on sunitinib to either the mTOR inhibitor 

temsirolimus or the VEGFR inhibitor sorafenib, revealed no 

significant difference in PFS and a median OS benefit favor-

ing sorafenib.27 Of note, a purer trial design would have ide-

ally compared everolimus and axitinib, as these are the mTOR 

and VEGFR inhibitors, respectively, that are supported by 

randomized Phase III evidence in the second-line setting.5,6 

Nevertheless, these findings support the use of continued 

VEGF targeting despite disease progression on initial VEGF 

inhibition and clearly demonstrate the addiction of mRCC 

to VEGF signaling.

In the Phase III AXIS trial, 448 patients (62%) had 

progressed following first-line VEGF-directed therapy (suni-

tinib or bevacizumab).6 In the patient subgroup with prior 

sunitinib exposure, axitinib demonstrated a significant PFS 

improvement compared with sorafenib (4.8 vs 3.4 months, 

HR, 0.741, P=0.0107). Notably, the PFS on axitinib was 

considerably numerically longer in the cytokine-exposed 

subgroup relative to the sunitinib-exposed subgroup (12.1 vs  

4.8 months), which likely reflects a lack of resistance to 

VEGF-targeted therapy among cytokine-exposed patients 

and some diminishing clinical benefit to serial VEGFR 

inhibition.6,28 Axitinib has also demonstrated clinical activ-

ity in the third-line setting in a sorafenib-refractory patient 

cohort.29 Finally, although small retrospective studies have 

supported the use of a sunitinib “rechallenge” in selected 
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mRCC patients, limited data are available on the similar use 

of axitinib reexposure.30

In terms of the disease response to prior therapy, a prior 

response to sunitinib therapy was not associated with longer 

PFS or OS on second-line axitinib in a post hoc analysis 

of the AXIS trial data.31 This finding was consistent with 

other reported retrospective analyses.32 These findings may 

indicate that the use of second-line axitinib can be con-

sidered despite a lack of objective response to a first-line 

VEGFR-directed agent. However, a shorter time to progres-

sion on first-line sunitinib (#25th percentile) was associ-

ated with a shorter OS on subsequent axitinib therapy, 

likely reflecting aggressive underlying disease biology and 

cross-resistance to VEGF-directed therapies.28 In fact, the 

results of some retrospective studies suggest the selection 

of an alternative therapeutic target (ie, mTOR) in patients 

demonstrating a primary refractory response to anti-VEGF 

therapy, although there are limited data on axitinib in this 

setting and this patient subgroup generally exhibits a poor 

prognosis regardless of subsequent therapy.24,33

mRCC prognostic group
Clinically defined prognostic risk groups have been estab-

lished to guide counseling and decision making for patients 

with mRCC. The Memorial Sloan-Kettering Cancer Center 

(MSKCC) risk classification was originally developed and 

validated in cytokine-treated patients.34,35 This classification 

scheme includes diminished Karnofsky performance status, 

lactate dehydrogenase level .1.5 times the upper limit of nor-

mal (ULN), anemia, corrected serum calcium level . ULN,  

and time from initial diagnosis to initiation of therapy  

,1 year as adverse prognostic features.34,35 More recently,  

a second prognostic model (Heng risk group) was developed 

and validated in a patient cohort treated with anti-VEGF-

targeted therapies.36 In addition to selected MSKCC risk 

criteria, this model included a neutrophil count . ULN and 

a platelet count . ULN as adverse prognostic features.36 

Both models classify patients into good-, intermediate-, and 

poor-risk groups and are commonly used in clinical practice 

to predict the expected clinical course independent of specific 

treatment intervention.37

In the AXIS trial, subgroup analyses of PFS were 

performed based on both MSKCC and Heng risk clas-

sifications.6 These findings demonstrated at least a trend 

toward a PFS advantage favoring axitinib in all risk groups 

(Table 1). Therefore, although the AXIS trial validated the 

clear prognostic utility of the MSKCC risk criteria in the 

trial cohort, these clinical risk groupings have yet to provide 

predictive information for guiding appropriate treatment 

selection.28

Toxicity and pharmacologic 
considerations for axitinib patient 
selection
Toxicity considerations
An important consideration for treatment selection in mRCC 

is the potential toxicities of therapy, especially within the 

context of patient comorbidities and prior treatment-related 

adverse events. In the AXIS trial, axitinib was generally 

well tolerated, with 14 patients (4%) discontinuing therapy 

due to treatment-related adverse events.6 This treatment 

discontinuation was most commonly due to fatigue (N=4) 

or transient ischemic attack (N=3). At least one axitinib 

dose reduction was required in 31% of patients, compared 

with 52% of patients treated with sorafenib.6 Hypertension, 

nausea, hypothyroidism, and dysphonia were relatively more 

common with axitinib when compared to sorafenib.28 The 

most common grade $3 adverse events ($3% incidence) 

reported in prospective trials of axitinib for the treatment of 

mRCC, are listed in Table 2.

In a meta-analysis of 1,908 patients from ten Phase II 

and Phase III clinical trials evaluating axitinib (including 

the AXIS trial), the overall incidence of all-grade and high-

grade hypertension in cancer patients was reported as 40.1% 

Table 1 Axitinib clinical efficacy by prior therapy and prognostic 
group

Clinical subgroup Number of patients PFSa hazard 
ratio  
(95% CI)

Prior sunitinib therapy 389 0.741  
(0.574–0.958)

Prior cytokine therapy 251 0.462  
(0.318–0.673)

MSKCC favorable  
risk

201 0.497  
(0.326–0.758)

MSKCC intermediate  
risk

264 0.795  
(0.578–1.094)

MSKCC poor  
risk

238 0.680  
(0.491–0.941)

Heng favorable risk 145 0.701  
(0.441–1.114)

Heng intermediate  
risk

461 0.644  
(0.502–0.826)

Heng poor risk 71 0.860  
(0.495–1.494)

Note: aHazard ratio for survival time comparison as against with sorafenib. Data  
from Rini et al.6

Abbreviations: PFS, progression-free survival; CI, confidence interval; MSKCC, 
Memorial Sloan-Kettering Cancer Center.
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(95% CI, 30.9%–50.2%) and 13.3% (95% CI, 6.7%–24%), 

respectively.38 Notably, axitinib use was associated with a 

significantly elevated risk of all-grade (relative risk =3.00, 

95% CI, 1.29–6.97, P=0.011) and high-grade hypertension 

(relative risk =1.71, 95% CI, 1.21–2.43, P=0.003). Fur-

thermore, the risk of hypertension with axitinib appeared 

to be significantly higher than the risk reported in system-

atic reviews of other approved VEGFR TKIs (except for 

the risk of all-grade hypertension observed with the use 

of pazopanib, which had similar effect size).38 Similarly, 

a meta-analysis of Phase II and Phase III trials of several oral 

multikinase inhibitors (including four trials with axitinib) 

reported a significantly increased risk of all-grade hyperten-

sion with the use of these agents.39 However, no significantly 

increased risk was observed with axitinib relative to the other 

included agents.39

As treatment-induced hypertension may lead to serious 

end-organ effects and/or the interruption of effective cancer 

therapy, blood pressure should be monitored carefully, with 

the prompt initiation of antihypertensive medications as nec-

essary. Although the exact mechanisms of VEGF-inhibitor-

related hypertension remain unclear, it is hypothesized that 

an increase in systemic vascular resistance results from 

decreased nitric oxide production, vascular rarefaction, and 

the secretion of neurohormonal vasoconstrictive factors 

(including endothelin 1).40,41 Sufficient controlled clinical 

studies are currently lacking to inform the appropriate selec-

tion of antihypertensive agents for VEGF-inhibitor-induced 

hypertension. However, limited reports have indicated bene-

fit from dihydropyridine calcium channel blockers (given 

their direct vasodilatory effects) and angiotensin-converting 

enzyme inhibitors (given their potential effects on vascular 

rarefaction and angiogenesis).42,43 In general, it is recom-

mended to avoid nitrates and loop diuretics,42 but individual 

patient circumstances and comorbidities should be consid-

ered when selecting an antihypertensive regimen.

In addition, as many patients with mRCC exhibit impaired 

renal function as a result of prior nephrectomy or other medi-

cal comorbidities, the dosing and safety of mRCC therapies 

in patients with chronic kidney disease is an important con-

sideration. A recently reported population pharmacokinetic 

study demonstrated that axitinib pharmacokinetics were 

similar regardless of baseline renal function and that the 

standard dose of axitinib was well tolerated in mRCC patients 

with impaired renal function.44 Although proteinuria is a 

less common toxicity of axitinib, it may result in treatment 

discontinuation. In a Japanese Phase II study of 64 patients 

on axitinib 5 mg twice daily, baseline proteinuria ($1+) was 

associated with the development of significant proteinuria on 

treatment ($2 g/24 h).45

In terms of thyroid dysfunction, a Japanese study observed 

that mRCC patients treated with axitinib developed incident 

thyroid dysfunction more commonly and within a shorter 

time frame when compared to those treated with sorafenib or 

sunitinib.46 However, these findings were limited by the small 

retrospective nature of the study. Nevertheless, these findings 

together highlight the important toxicity considerations and 

clinical monitoring necessary while using axitinib.

Pharmacologic considerations
Drug dose adjustment is an important consideration in the 

use of axitinib. In early pharmacokinetic studies, a linear 

correlation was found between the axitinib dose and both 

the maximal plasma concentration and the area under plasma 

concentration–time curve.47 While age over 60 years and 

Japanese ethnicity were associated with decreased drug 

clearance, the magnitude of effect was not sufficiently large 

to warrant predetermined dose adjustment.48 These dose-

proportional pharmacokinetics of axitinib indicate that 

increased plasma exposure will result from axitinib dose 

uptitration.49 Furthermore, preliminary studies suggested that 

an increased plasma axitinib concentration was associated 

Table 2 Common grade $3 toxicities ($3% incidence) reported 
in prospective axitinib trials

Grade $3 toxicity Incidence (%)

Rini  
et al6

Rini  
et al49

Rini  
et al29

Rixe  
et al22

Tomita 
et al45

N=359 N=213a N=59 N=52 N=64

Diarrhea 11 8 15 10 5
Hypertension 16 30 16 15 70
Fatigue 11 6 16 8 5
Decreased appetite 5 3 5
Stomatitis 5
Nausea 3 7
vomiting 3 5
Hand–foot syndrome 5 4 16 22
Decreased weight 6 5 3
Dyspnea 13
Asthenia 5 6
Back pain 4
Arthralgia 3 3
Limb pain 3 4
Abdominal pain 11
Proteinuria 9
Lymphopenia 3 16
Lipase elevation 5
ALT elevation 3

Note: aincludes patients treated in both dose-titration and nondose-titration 
groups.
Abbreviation: ALT, alanine aminotransferase.
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with prolonged PFS and OS in mRCC patients.23,48 It was, 

therefore, hypothesized that dose escalation from the stan-

dard starting dose of 5 mg twice daily may lead to improved 

clinical outcomes.

A randomized, double-blind Phase II clinical trial evalu-

ated the safety and efficacy of axitinib dose escalation in 

the first-line treatment of mRCC.49 After a 4-week run-in 

period to identify patients with acceptable axitinib tolerance 

at the standard starting dose, subjects were randomized to 

masked, stepwise dose titration up to 10 mg twice daily or 

to placebo titration. Patients with axitinib dose titration 

experienced a higher objective response rate than those 

with placebo titration (54% vs 34%, one-sided P=0.019). 

However, a comparison of the median PFS between the 

axitinib-titration and the placebo-titration groups was not 

statistically different (14.5 vs 15.7 months, HR, 0.85, 95% 

CI, 0.54–1.35, P=0.24).49 The reason for this discrepancy 

between the improved response rate and the absence of a 

PFS advantage is currently unclear. However, it is possible 

that increased toxicity in certain patients with the initial 

dose titration (and resultant dose reduction) may account 

for these discrepant findings (as this would allow for an 

initial objective response, but subsequent mitigation of a 

potential PFS benefit).49

The findings from this dose-titration study emphasize 

that axitinib drug exposure (via dosing and/or schedule) is a 

very important determinant of clinical outcome. Therefore, 

the common flat-dosing schedules used for mRCC-targeted 

agents are likely inadequate for optimizing clinical outcome 

in individual patients. However, recent follow-up from the 

randomized dose-titration study indicates that pharmacoki-

netic measurements alone cannot be used to successfully 

individualize axitinib dosing and that a sufficient dose-

optimization model is still needed.50

These findings also highlight the importance of adequate 

toxicity management to maximize drug delivery and hope-

fully optimize treatment outcomes. Fortunately, the toxici-

ties associated with axitinib are generally predictable and 

manageable. In addition, consensus toxicity monitoring and 

management recommendations have been outlined, with an 

emphasis on the proactive management of hypertension, 

diarrhea, and fatigue.51,52 Needless to say, the potential ben-

efits of increased dose delivery must be balanced against the 

potential toxicities in the individual patient. While clearly 

an important determinant of efficacy, axitinib pharmacoki-

netics are likely only one of many factors (including drug-, 

tumor-, and patient-related factors) contributing to observed 

individual clinical outcomes.

Exploration of predictive 
biomarkers
Clinical biomarkers
To date, there is a lack of validated clinical biomarkers to 

guide therapy selection for mRCC. However, this remains 

an area of active investigation.

Systemic hypertension has been evaluated as a potential 

predictive marker for improved outcome with VEGF-directed 

therapies. Hypertension has been identified as a common 

marker of clinical efficacy in patients treated with VEGF-

directed therapies, including sunitinib and axitinib.53,54 In a 

subgroup analysis of the Phase III AXIS trial, the development 

of a systolic blood pressure $140 mmHg or a diastolic blood 

pressure $90 mmHg during treatment were independent 

predictors of OS in multivariable analyses.28 The appropri-

ate medical management of hypertension does not appear 

to mitigate the potential beneficial effects observed with 

VEGF-targeted therapies.53 However, it has remained unclear 

whether the observed association between treatment-induced 

hypertension and clinical outcome reflects drug exposure 

levels or tumor/host factors resulting in enhanced response to 

VEGFR inhibition.37 In addition, dose-titration studies have 

indicated that blood pressure cannot yet be used to successfully 

individualize axitinib dosing to optimize outcome.50

While other organ effects such as hypothyroidism, cytope-

nias, and interstitial pneumonitis have also been investigated 

as potential predictive clinical biomarkers for multiple mRCC 

therapies, there is not yet an evidence to support their use with 

axitinib, given its relatively recent addition to the available 

mRCC therapies.

Genetic and molecular biomarkers
Axitinib and other VEGF-directed therapies target the tumor 

microenvironment and nonmalignant endothelial cells, as 

opposed to having a direct cytotoxic effect on tumor cells.55 

As such, there has been interest in pharmacogenetic evalua-

tions of germline single-nucleotide polymorphisms (SNPs) 

as reliable predictive biomarkers for clinical efficacy and/or 

adverse drug reactions.

As previously discussed, axitinib plasma exposure has 

been associated with improved clinical efficacy, and axitinib 

is known to display variable pharmacokinetics between 

individuals.48,56 However, a meta-analysis of eleven studies 

evaluating SNPs in genes encoding major enzymes involved 

in axitinib metabolism did not demonstrate any significant 

association with axitinib plasma exposure.56 In addition,  

an analysis of blood samples from 305 patients from the 

AXIS trial evaluated the association between germline SNPs 
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and clinical outcomes.57 Fifteen germline SNPs in VEGF-A, 

VEGFR-1, VEGFR-2, and hypoxia-inducible factor-1α were 

included. The investigators found that no SNP was associ-

ated with significant incident hypertension. While VEGF-A 

rs699947 and rs833061 were associated with prolonged OS in 

axitinib-treated patients, this association was not significant 

on multivariable analyses.57

Recent advances in genomic sequencing have led to the 

comprehensive molecular characterization of RCC.58 This has 

allowed for the identification of recurrently mutated genes 

in RCC and the evaluation of their prognostic and predictive 

values. For example, recent interest has focused on the devel-

opment of predictive tumor-based molecular signatures based 

on recurrently mutated RCC genes (including PBRM1, BAP1, 

SETD2, and KDM5C). While PBRM1 and BAP1 expression 

have been preliminarily associated with prognostic outcome, 

their predictive utility remains unclear.59 However, compelling 

data regarding the predictive utility of KDM5C mutation have 

recently been presented. In a prospective cohort of patients 

treated with sunitinib or everolimus, patients with mutated 

KDM5C demonstrated an improved response to sunitinib 

when compared to patients with the wild-type gene.60 A simi-

lar effect was not observed in the everolimus-treated cohort, 

therefore suggesting that KDM5C may represent a predictive 

efficacy biomarker for VEGF-directed therapies, such as 

sunitinib and axitinib.60 These compelling preliminary data 

are planned for validation in separate cohorts with a variety 

of VEGF-directed therapies. In addition, the optimal use of 

axitinib remains an area of active investigation, with ongoing 

clinical studies evaluating the therapy in a variety of combina-

tion strategies and disease settings (Table 3).

Conclusion
Axitinib is an important component of the mRCC treat-

ment strategy. Indeed, axitinib was the first therapy to 

demonstrate a PFS benefit in the second-line setting over an 

active comparator. However, given the number and variety 

of available agents for the treatment of mRCC, predictive 

markers will be necessary to maximize benefit and minimize 

treatment-related toxicity. Furthermore, with recent Phase III 

evidence in support of additional effective mRCC therapies, 

including the programmed death-1 checkpoint inhibitor 

nivolumab61 and the multikinase inhibitor cabozantinib,62 

the therapeutic options are rapidly increasing. Therefore, the 

discovery of new information from genetically informed pro-

spective clinical trials to guide appropriate treatment selection 

for individual patients will remain a research imperative.
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