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Abstract

Background—Axitinib, an inhibitor of vascular endothelial growth factor (VEGF) receptors, is 

approved as second-line treatment for advanced renal cell carcinoma (RCC). Agents targeting the 

VEGF pathway may induce renal toxicities, which may be influenced by pre-existing renal 

dysfunction.

Objective—To characterize axitinib pharmacokinetics and safety in patients with renal 

impairment.

Patients and Methods—Effect of renal function (baseline creatinine clearance [CrCL]) on 

axitinib clearance was evaluated in a population pharmacokinetic model in 207 patients with 

advanced solid tumors who received a standard axitinib starting dose, and 383 healthy volunteers. 

Axitinib safety according to baseline CrCL was assessed in previously treated patients with RCC 

(n=350) who received axitinib in the phase 3 AXIS study.

Results—Median axitinib clearance was 14.0, 10.7, 12.3, 7.81, and 12.6 L/h, respectively, in 

individuals with normal renal function (≥90 ml/min; n=381), mild renal impairment (60–89 ml/

min; n=139), moderate renal impairment (30–59 ml/min; n=64), severe renal impairment (15–29 

ml/min; n=5), and end-stage renal disease (<15 ml/min; n=1). The population pharmacokinetic 

model adequately predicted axitinib clearance in individuals with severe renal impairment or end-

stage renal disease. Grade ≥3 adverse events (AEs) were reported in 63 % of patients with normal 
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renal function or mild impairment, 77 % with moderate impairment, and 50 % with severe 

impairment; study discontinuations due to AEs were 10 %, 11 %, and 0 %, respectively.

Conclusions—Axitinib pharmacokinetics and safety were similar regardless of baseline renal 

function; no starting-dose adjustment is needed for patients with pre-existing mild-to-severe renal 

impairment.

1. Introduction

Axitinib, a potent, selective inhibitor of vascular endothelial growth factor (VEGF) receptors 

[1], is approved for second-line treatment of advanced renal cell carcinoma (RCC) in many 

countries. It is well known that treatment with antiangiogenic drugs, including those that 

target the VEGF pathway, may result in renal toxicities, such as proteinuria. In phase 3 trials 

of agents targeting the VEGF pathway in patients with metastatic RCC (mRCC), proteinuria 

was more frequently observed with the monoclonal antibody to VEGF (bevacizumab) than 

with tyrosine kinase inhibitors of VEGF receptors [2]. Although not reported in large 

clinical studies, cases of thrombotic microangiopathy, interstitial nephritis, and 

glomerulonephritis have been described in patients with cancer treated with VEGF pathway-

targeted therapies and are usually reversible following treatment discontinuation [3–5]. 

These findings underscore the importance of evaluating patients for renal disease prior to 

initiating antiangiogenic therapy and monitoring renal function during treatment [4].

Knowledge of the pharmacokinetics and disposition of VEGF receptor tyrosine kinase 

inhibitors, such as axitinib, and anticipated toxicities can aid in development of dosing 

strategies to balance efficacy and safety [6]. The pharmacokinetics of axitinib have been 

well characterized in both healthy volunteers and patients with cancer [6, 7]. Axitinib is 

metabolized predominantly in the liver by cytochrome P450 (CYP) 3A4/5, and marginally 

by CYP1A2, CYP2C19 and uridine diphosphate glucuronosyltransferase (UGT) 1A1 [7]. 

The two major circulating metabolites in human plasma are the sulfoxide metabolite and the 

glucuronide conjugate, which are products of the enzymatic actions of CYP3A4/5 and 

UGT1A1, respectively; these metabolites are considered pharmacologically inactive, since 

they exhibit approximately 400- and 8,000-fold less in vitro potency, respectively, against 

VEGF receptor 2 compared with axitinib [7]. Elimination of axitinib primarily by 

hepatobiliary excretion prompted a clinical study to evaluate changes in axitinib 

pharmacokinetics with hepatic impairment. Whereas axitinib plasma exposure following a 

single 5-mg dose was similar in individuals with mild hepatic impairment and those with 

normal hepatic function, there was a two-fold increase in plasma exposure in individuals 

with moderate hepatic impairment [8]. Accordingly, axitinib dosing guidelines recommend 

the starting dose be reduced by approximately half in patients with moderate hepatic 

impairment [9].

In the human mass balance study, no unchanged axitinib was detected in urine [10]. 

Furthermore, in the first-in-human study of axitinib, <1 % of the administered dose appeared 

as unchanged drug in urine during 12-h urinary collection in patients with advanced solid 

tumors [11]. Together, these data indicate there is minimal involvement of the renal pathway 

in the overall elimination of axitinib, and a formal study of the effects of renal impairment 
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on axitinib pharmacokinetics and safety was not performed. Preclinical studies of various 

drugs that are eliminated via non-renal pathways have suggested that severely diminished 

renal function may still result in reduced CYP enzyme and drug transporter activity in the 

liver and gut wall [12]. In addition, since patients with advanced RCC often present with 

comorbidities, including impaired renal function secondary to prior nephrectomy, 

pharmacokinetic and safety investigations in individuals with renal impairment are 

warranted.

A population pharmacokinetic approach was used to characterize the effect of renal 

impairment on axitinib disposition. In an analysis using data from 207 patients with 

advanced solid tumors, including 181 with mRCC, and 383 healthy volunteers, renal 

function (creatinine clearance [CrCL] as a continuous variable) was found not to be a 

significant predictor of axitinib pharmacokinetics in the overall population [13]. To 

characterize the effect of renal impairment on axitinib pharmacokinetics, we analyzed data 

from this population pharmacokinetic model according to baseline renal function. In 

addition, we assessed axitinib safety in patients with mRCC treated with axitinib in the 

phase 3 AXIS study [14] and axitinib dose titration in patients with mRCC treated with 

axitinib in phase 2 studies [15–17] according to renal function.

2. Patients and methods

2.1 Pharmacokinetic assessment according to renal function

The population pharmacokinetic–pharmacodynamic model has been previously described in 

detail [13]. Briefly, axitinib was rapidly absorbed (absorption rate=0.482 h−1), systemic 

clearance (CL; interindividual variability [IIV] expressed as percentage coefficient of 

variation) was estimated to be 14.6 L/h (59.9 %), and central volume of distribution (IIV) 

was estimated to be 47.3 L (39.7 %). Here, individuals that were included in the population 

pharmacokinetic analysis were grouped according to renal function (baseline CrCL, 

estimated using the Cockcroft-Gault formula and using thresholds from the US Food and 

Drug Administration [FDA] guidance for evaluating pharmacokinetics in patients with 

impaired renal function [18]); axitinib clearance (CL) was then summarized for each group. 

Adequate prediction of axitinib CL in the different renal function categories in our model 

was assessed by degree of model shrinkage in the random effect, which provides a measure 

of the extent to which the individual estimates of CL differ from the population-predicted 

CL value; the a priori cut-off of ≤20 % shrinkage was considered sufficient for predictions of 

individual estimates of CL [19, 20]. Other diagnostics, including distribution of random 

effects on CL and distribution of the observed data compared with the population- and 

individual-predicted values from the model were also explored.

2.2 Safety assessment according to renal function

Data from the AXIS trial (NCT00678392) [14], a randomized, open-label, phase 3 study of 

axitinib versus sorafenib in patients with mRCC following failure of one prior systemic first-

line treatment, were used to evaluate the safety of axitinib in patients with renal impairment. 

Adverse events (AEs) were assessed throughout the study, graded according to the Common 

Terminology Criteria for Adverse Events version 3.0, and evaluated for relationship to the 
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study treatment by the investigator [14]. Patients were grouped into renal function categories 

according to baseline CrCL and using thresholds defined in the European Medicines Agency 

guidance on evaluation of the pharmacokinetics of medicinal products in patients with 

impaired renal function [21]. Treatment-related AEs, grade ≥3 AEs, treatment 

discontinuations due to AEs, and changes in serum creatinine as well as CrCL from baseline 

were compared in axitinib-treated patients with moderate and severe renal impairment 

versus axitinib-treated patients with mild renal impairment or normal renal function. Patients 

with mild renal impairment were pooled with those with normal renal function in order to 

adequately discriminate safety findings from the more clinically significant moderate and 

severe renal impairment groups.

Data from three phase 2 trials of axitinib in patients with cytokine-refractory 

(NCT00076011; NCT00569946) [15, 16] and sorafenib-refractory (NCT00282048) [17] 

mRCC were used to evaluate axitinib dose titration in patients with renal impairment. In all 

studies, patients were administered axitinib at a starting dose of 5 mg twice daily. Here, 

patients were grouped into renal function categories according to baseline CrCL using FDA 

thresholds [18].

3. Results

3.1 Effect of renal impairment on axitinib pharmacokinetics

Median axitinib CL values were similar across different renal-function groups per baseline 

CrCL (Table 1). Due to the small size of the population with severe renal impairment or end-

stage renal disease at baseline (n=6), we assessed if axitinib CL was adequately predicted in 

our model by evaluating degree of shrinkage and distribution of random effect on CL (Fig. 

1). Model shrinkage for the random effect on CL was low in each renal-function group: 

10.6 % in individuals with normal renal function (n=381), 1.4 % in those with mild renal 

impairment (n=139), 4.2 % in those with moderate renal impairment (n=64), and 10.8 % in 

those with severe renal impairment or end-stage renal disease (n=6). The random effects 

distributions showed no systematic association with renal impairment; in particular, random 

effects for the severe renal-impairment group exhibited normal distribution and were 

centered at a mean of zero (Fig. 1).

Diagnostic plots showed agreement between the observed axitinib plasma concentrations 

and the population and individual predictions, and no systemic bias in the residuals (data not 

shown). Population pharmacokinetic analysis using lowest CrCL on study, instead of 

baseline CrCL, yielded similar results (data not shown).

3.2 Effect of renal impairment on axitinib safety in patients with mRCC

3.2.1 Phase 3 AXIS trial—Based on baseline CrCL, 73 (21 %) of 350 evaluable axitinib-

treated patients in the phase 3 AXIS study had moderate renal impairment (30–50 ml/min), 

and 4 (1 %) had severe renal impairment (<30 ml/min). All other axitinib-treated patients 

had mild renal impairment or normal renal function (n=273).

Treatment-related AEs were reported in 243 (89 %) patients with mild renal impairment or 

normal renal function, 71 (97 %) with moderate renal impairment, and 3 (75 %) with severe 
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renal impairment. Grade ≥3 AEs were reported in 173 (63 %), 56 (77 %), and 2 (50 %) 

patients, respectively, in these renal function groups. In all, 26 (10 %) patients with mild 

renal impairment or normal renal function, 8 (11 %) with moderate renal impairment, and no 

patients with severe renal impairment discontinued axitinib treatment due to AEs. Change in 

serum creatinine and CrCL from baseline was similar in patients with severe renal 

impairment and those in other renal-function groups (Table 2).

3.2.2 Phase 2 trials—Of 174 evaluable patients with refractory mRCC who were treated 

with axitinib in phase 2 studies, 32 had normal renal function, 79 had mild renal impairment, 

58 had moderate renal impairment, and 5 had severe renal impairment based on baseline 

CrCL; the axitinib dose was titrated above 5-mg twice daily in 47 %, 32 %, 28 %, and 40 % 

of patients, respectively, in these renal-function groups. Findings were similar when lowest 

on-study CrCL was used to classify renal function (data not shown).

4. Discussion

Although a formal, prospective study of axitinib in individuals with renal impairment has 

not been conducted, nonclinical and clinical data indicated that the renal system plays a 

negligible role in axitinib elimination [10]. The analyses presented here provide further 

evidence that axitinib pharmacokinetics and tolerability are unaffected by renal dysfunction 

and substantiate recommendations that starting dosing modifications are not warranted in 

patients with pre-existing mild to severe renal impairment [9].

In the prior report of this population pharmacokinetic model [13], renal function (CrCL) was 

not identified as a significant covariate on axitinib CL during formal covariate search; 

however, axitinib pharmacokinetics in patients of varying renal function were not assessed. 

Here, we extended the previous analysis [13] by classifying individuals treated with axitinib 

according to baseline renal function and analyzing drug CL in each group. In doing so, we 

confirmed that axitinib pharmacokinetics were not altered by renal impairment. The 

similarity of axitinib CL in individuals with severe renal impairment and those with normal 

renal function was not surprising based on the observation that axitinib is not eliminated 

through the kidneys in humans [10]. Due to the small number of individuals with severe 

renal impairment included in the population pharmacokinetic analysis, we further 

characterized if axitinib CL was adequately predicted by the model in the small population. 

Consistent with low model shrinkage (7.6 %) for the random effect on CL in the overall 

population [13], we found shrinkage was low in each renal-function group, indicating that 

the estimated random effects are considered to have good diagnostic value. In addition, the 

random effects distributions show no systematic association with renal impairment; 

specifically, the random effects for the severely impaired group appeared normally 

distributed and centered at a mean of zero. Based on these diagnostics, we concluded that 

the population pharmacokinetic model adequately predicted axitinib CL in individuals with 

severe renal impairment.

In our analysis of renal function and safety using data from the phase 3 AXIS trial [14], 

which comprises the largest population of axitinib-treated patients in a prospective clinical 

study, the occurrence of treatment-related AEs was numerically similar in different renal-
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function groups. Patients with severe renal impairment prior to axitinib treatment showed a 

similar change in serum creatinine and CrCL from baseline to those in other renal-function 

groups, and laboratory values suggest that worsening of renal disease in these individuals 

was minimal. Notably, equivalent proportions of patients in different renal-function groups 

who were treated in phase 2 studies were administered axitinib doses above 5 mg twice 

daily, which required no grade >2 treatment-related AEs for at least 2 weeks [15–17]. This 

indicates that patients with renal impairment tolerated the drug similarly to those with 

normal renal function. Together these data suggest that axitinib treatment in patients with 

compromised renal function is not associated with new safety concerns.

It is recognized that treatment with VEGF pathway-targeted agents may result in renal 

toxicities, for example proteinuria [2], and cases of thrombotic microangiopathy, interstitial 

nephritis, and glomerulonephritis have been described in patients with cancer treated with 

these therapies [3–5]. The effect of renal impairment on the pharmacokinetics of the VEGF 

receptor inhibitors sunitinib and sorafenib have been evaluated in phase 1 studies. Following 

a single 50-mg dose of sunitinib [22] or a single 400-mg dose of sorafenib [23], 

pharmacokinetics appeared to be similar in individuals with normal renal function and those 

with severe renal impairment, suggesting dose modifications of these agents are not needed 

in patients with renal impairment. In addition, prior retrospective analyses have examined 

the effects of other VEGF pathway-targeted agents that are approved for RCC in patients 

with diminished renal function. An analysis of 51 patients with mRCC treated with 

sunitinib, bevacizumab, everolimus, or temsirolimus at a single institution found that 

efficacy and safety outcomes as well as dose adjustments did not differ substantially in 

patients with renal impairment (CrCL ≤60 ml/min) versus those with normal renal function 

(CrCL >60 ml/min) [24]. Likewise, a retrospective study showed that sunitinib treatment in 

Korean patients with mRCC and renal insufficiency yielded safety and efficacy outcomes 

similar to those observed in phase 3 clinical studies [25]. Limited data are available for use 

of VEGF pathway-targeted agents in patients with mRCC receiving dialysis, although three 

small, retrospective analyses suggest that these drugs are tolerated in this patient population 

[26–28]. Together, these analyses suggest that renal impairment in patients with mRCC does 

not preclude use of VEGF pathway inhibitors. Nevertheless, due to the observed occurrence 

of renal toxicities following treatment with these drugs [3–5], it is recommended that 

patients treated with axitinib, sunitinib, or pazopanib be monitored for urine protein [9, 29, 

30].

The results reported here are limited by the post hoc nature of the analyses and the small 

number of patients with severe renal impairment or end-stage renal disease. It would be 

beneficial to evaluate axitinib safety and pharmacokinetics in a larger cohort of patients, 

including those undergoing renal dialysis for end-stage renal disease. Additionally, 

categorized renal impairment was not formally tested as a covariate in the population 

pharmacokinetic model; however, based on the data reported here, it would not be expected 

to significantly affect axitinib pharmacokinetics. Notwithstanding these limitations, our data 

indicate that mild to severe renal impairment does not impact axitinib pharmacokinetics or 

safety; thus, adjustments of the starting dose of axitinib are not needed in this patient 

population.
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Key points

• A population pharmacokinetic model showed axitinib pharmacokinetics were 

similar regardless of baseline renal function, and analyses from clinical 

studies in patients with metastatic renal cell carcinoma suggested impaired 

renal function did not impact tolerability of axitinib.

• These data indicate that adjustments of the standard starting dose of axitinib 

(5 mg twice daily) are not needed in patients with mild to severe renal 

impairment.
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Fig. 1. 
Final model estimated axitinib clearance according to renal function (baseline creatinine 

clearance). Shrinkage refers to the phenomenon that occurs when a model is over-

parameterized for the amount of information contained in the data. ESRD, end-stage renal 

disease; ETA, empirical Bayes prediction of the interindividual random effect.
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Table 2

Changes in serum creatinine or creatinine clearance from baseline according to renal function (baseline 

creatinine clearance)

Renal function [19]
(CrCL range [mL/min])

Change in serum creatininea (µmol/L) Change in CrCLb (ml/min)

Median (range) Median (range)

Normal or mild impairment (≥50); n=271 14.0 (−53.0, 154) −8.84 (−77.4, 55.6)

Moderate impairment (30–50); n=67 17.0 (−26.0, 98.1) −5.59 (−19.3, 9.38)

Severe impairment (<30); n=3 19.0 (11.5, 53.0) −3.47 (−6.94, −3.42)

a
Highest serum creatinine at any visit minus baseline serum creatinine.

b
Lowest CrCL at any visit minus baseline CrCL.

CrCL, creatinine clearance
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