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Abstract: Over the last seven years, seven targeted agents have been approved in the treatment of advanced or metastatic renal cell
cancer, changing the therapeutic approach and prognosis of the disease dramatically. The latest agent with demonstrated efficacy is
axitinib (Inlyta®). This new generation of tyrosine kinase agent differs from previously existing agents by its greater activity potency of
inhibition of vascular endothelial growth factor-receptor (VEGFR1-3). This efficacy has been tested in phase II and III clinical trials.
Axitinib is the only targeted agent that benefits from recommended titration, with intra-patient dose escalation. The toxicity profile of
the drug is tolerable. This paper reviews the mechanism of action of axitinib, its metabolism, and its pharmacokinetic profile. Clinical
data of efficacy and safety is also detailed. The agent has been integrated in the international therapeutic guidelines, as a standard in
treatment of renal cell cancer patients, previously treated through antiangiogenic therapy.
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Introduction
Renal cell carcinoma (RCC) accounts for 2% to 3% of
all cancers, with an increasing incidence of diagnosis.
This represents 88,400 patients diagnosed per year in
Europe, and 200,000 worldwide."? Unfortunately, one
third of the patients are diagnosed with metastatic or
advanced disease. The mortality rate is approximately
100,000 deaths annually.' Several histologic subtypes
are described including clear cell carcinoma, tubulo-
papillary carcinoma, chromophobe RCC, and collect-
ing duct RCC.? The most frequently reported upon is
clear cell carcinoma. Activation of different molecular
alterations has been implicated in the development of
renal cancer. Thus, in the hereditary form of tumors,
such as Von Hippel Lindau (VHL) disease, the gene
implicated is the VHL tumor suppressor gene. In
most of the sporadic presentations of the disease,
mutations or silencing of the gene are also reported.
These mutations resulted in the accumulation of the
hypoxia-inducible factor (HIF)-1o. After binding to
HIF-B, the complex is able to act as a transcriptional
factor complex, which translocates into the nucleus
and induces the production of growth factors such as
vascular endothelial growth factor (VEGF) and plate-
let derived growth factor (PDGF). Binding to their
respective tyrosine kinase receptors, these factors
will induce endothelial cell growth, proliferation, and
migration. According to the key role of this angiogen-
esis in the development of the disease, several agents
have been developed in order to target the VEGF sig-
naling pathway. These agents are represented by the
tyrosine kinase inhibitors (TKI) and bevacizumab,
a monoclonal antibody targeting the VEGF ligand.*
The other class of agents with demonstrated thera-
peutic effect is the mammalian target of rapamycin
inhibitors (mTOR I). In the last decade, these targeted
therapies have demonstrated their activity in the treat-
ment of advanced kidney cancer and have led to a
revolution in the therapeutic approach to the disease.
Until recently, six agents were approved for the
treatment of advanced or metastatic RCC, includ-
ing bevacizumab (+ interferon),” TKI (sunitinib,
sorafenib, pazopanib),®® and mTOR I (everolimus,
temsirolimus).”!® The latest agent with demon-
strated activity, recently approved by the FDA (in
January 2012) and the European Medicines Agency
(in September 2012), belongs to a new genera-
tion of TKI: axitinib, which is more than a me-too

drug.''> This agent has demonstrated promising
activity in phase II trials for the treatment of vari-
ous solid tumors in addition to RCC, including met-
astatic melanoma,'’ thyroid cancer,'* and advanced
non-small cell lung cancer." This review will focus
on axitinib, describing the mechanism of activity,
metabolism, and pharmacokinetics. Data concern-
ing efficacy and toxicity in the treatment of RCC
will be reported, based on the results of phase I,'¢
IL'" and III trials.?*?! Finally, the place of axi-
tinib in international therapeutic guidelines will be
emphasized.?>*

Mechanism of Action, Metabolism,
and Pharmacokinetic Profile

Mechanism of action

Axitinib, a second generation targeted drug, is a potent
and highly selective inhibitor of vascular endothelial
growth factor receptor (VEGFR) tyrosine kinase 1,
2, and 3. This small molecule is an indazole deriva-
tive, C,,H ,N,OS, with a molecular weight of 386.47

22771

Da. Its synthesis is described in U.S. Patent 6,534,524
(Fig. 1).

In vitro at picomolar concentrations, axitinib com-
petitively binds to the intracellular ATP site domain
of the VEGFR. Its small structure enables a close fit
into a tunnel inside the kinase domain. It results in
a stabilized and inactive conformation of the kinase
and in the inhibition of signal transduction by VEGF.
In endothelial cells, blockade of VEGF/VEGFR
pathways 2 and 3 leads to a reduction in phospho-
rylation of endothelial nitric oxide synthase (eNOS),
protein kinase B (AKT), and mitogen activated pro-
tein kinases (ERK %). At nanomolar concentrations,
axitinib also inhibits platelet derived growth factor
receptors o and B (PDGFRo/B) and c-Kit.??> The in
vitro half-maximal inhibitory concentration (IC50) of
axitinib against VEGFR 1 to 3 were 0.1-0.3 nmol/L.*

NH

/

Figure 1. Structure of axitinib.
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This IC50 is 10-fold lower for the VEGF family of
receptors than for other TKIs such as pazopanib, suni-
tinib, or sorafenib.?*** Concerning other non-VEGF
tyrosine kinase receptors (PDGF, fibroblast growth
factor, colony-stimulating factor), the IC50 of axi-
tinib was 1.6 to >1000 nmol/L (versus 6—880 nmol/L
with other agents).” These results testify to the high
potency and selectivity of axitinib against VEGFRs
(Table 1).22 Blockade of the VEGFR induces major
changes of tumor vasculature in mouse models. In
vivo, dynamic contrast enhanced magnetic resonance
imaging (DCE-MRI), which is an imaging technique
that can measure the density, integrity, and leakiness
of tissue vasculature, showed that axitinib decreases
the tumor blood flow/permeability. Maximum reduc-
tion in tumor endothelial transfer constant (Ktrans)—
an indicator of vascular leakage to the extracellular
space—was observed on day 7 after dosing and was
correlated with decreased micro-vessel density, cel-
lular viability, and tumor growth.

Metabolism and pharmacokinetic profile

Pharmacokinetic analyses have been obtained from
polled data of 17 trials, in both healthy volunteers
and cancer patients.'" A two-compartment disposi-
tion model with first-order absorption and lag-time
adequately describes the axitinib concentration-
time profile. After a single dose of 5 mg in the fed
state, axitinib is rapidly absorbed with peak plasma
concentrations occurring at 2—6 h post dosing. The
median time (t_ ) ranged from 2.5-4.1 h. The rate
of the drug’s absorption was higher in the fasting
state with a peak concentration occurring 1-2 h after
dosing.*® Moreover, Pithavala et al** demonstrated in
healthy volunteers that axitinib XLI Form film-coated
immediate-release (FCIR) could be administered
regardless of the fasting or fed state without signifi-
cant impact on its pharmacokinetics.’® Twice daily
administration of 5 mg of axitinib was associated

in =1.4 fold accumulation compared to single admin-
istration. The oral bioavaibility of axitinib is 58%.
Although a low pH results in the highest solubility
of axitinib, studies have demonstrated that the effect
of pH on absorption of axitinib was not clinically
significant. As a measure of precaution, antacids
or proton pump inhibitors should be administered
at times other than 2 h before and 2 h after drug
dosing."" Axitinib is highly bound (>99%) to human
plasma proteins with preferential binding to albu-
min and moderate binding to al-acid glycoprotein.
The plasma half-life ranges between 2.5 and 6.1 h
and a steady-state is attained within 15 days. Linear
correlations have been reported between dose and
maximum plasma concentration, in addition to area
under plasma concentration-time curve.'® The mean
apparent volume of distribution in patients receiving
5 mg twice daily was 160L." Axitinib is primarily
metabolized in the liver by cytochrome P450 (CYP)
3A4 and to a lesser extent by CYP1A2, CYP2CI19,
uridine diphosphate glucuronosyl-transferase (UGT)
1A1, and the drug transporters P-glycoprotein. Two
metabolites are produced: an N-glucuronide metabo-
lite and a sulfoxide. Both are =400-fold less potent
against VEGFR-2 in vitro than axitinib.!' Less than
one percent of the absorbed drug remained unchanged
in the urine. Otherwise, a recent meta-analysis found
no statistically significant associations between the
polymorphism of genes encoding these enzymes and
the transporters and axitinib pharmacokinetics.’' As
observed in a phase 1 trial, axitinib pharmacokinetics
are affected by CYP inducers (rifampicin, phenytoin,
etc.) and inhibitors (ketoconazole, etc.). They may also
be affected by drugs that are substrates or inhibitors
of P-glycoprotein. Specific data on patients with mild
to moderate hepatic impairment have been obtained
through a phase I study, and showed an association
between drug exposure and hepatic impairment, thus
justifying the need for dose reduction in patients with

Table 1. Inhibitory concentrations (IC50 in nmol) for targets with multitargeted TKis.

Drug VEGFR1 VEGFR2 VEGFR3 PDGFRa PDGFRpP  c-Kit RET RAF FLT3
Axitinib® 0.1 0.2 0.1-0.3 5 1.6 1.7 >1000 NA >1000
Pazopanib* 10 30 47 71 84 74 >1000 NA >1000
Sunitinib® 10 10 10 5-10 10 13 100-200 NA 1-10
Sorafenib?® NA 90 20 50-60 50-60 68 100-150 5-10 46

Abbreviation: NA, Not available.
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Table 2. Summary of phase Il of axitinib in treatment of RCC.

References N Previous ORR Median PFS (0153
treatment (%) (months) (months)
Rini et al'® 62 Sorafenib 22.6 7.4 13.6
(95% CI, 6.7-11) (95% Cl, 8.4-18.8)
Rixe et al'® 52 Cytokines 442 15.7 29.9

Motzer et al®?

(95% Cl, 8.4-23.4) (95% Cl, 20.3-NR)

moderate impairment.*> Mild to severe renal impair-
ment, frequent in this population, is not expected to
affect axitinib clearance. Thus no dosage adjustment
is required. However, in end-stage renal disease, cau-
tion must be taken in case of administration, because
of the lack of data.

Clinical Studies

Safety

Phase |

The first-in-human (FIH) phase I study of axitinib
was conducted in 36 patients with a refractory solid
tumor, including 6 RCC patients. The starting dose
of axitinib was 5 mg twice a day with the plan to
increase to a dose level of 30 mg twice a day. The dose
limiting toxicities reported were hypertension and
stomatitis. In terms of efficacy, 2 objective responses
were reported from the 6 patients with RCC; 3 minor
responses were also declared, one concerning a patient
with RCC. This phase I study enabled the maximum
tolerated dose to be determined, and 5 mg twice a day
was determined to be the recommended dose for the
phase II trials.'

Efficacy

Phase Il trials

According to the interesting results observed in the
phase I trial, axitinib was tested in kidney cancer
patients in 2 phase II trials, which involved different
populations of patients according to previous treat-
ment received.'”!®

The first trial enrolled patients with cytokine-
refractory disease.!” Axitinib was administered at a
fixed dose of 5 mg twice daily continuously with a
28-day cycle, until progressive disease or unaccept-
able toxicity. In patients who did not develop grade
2 toxicity or more, nor tumor response in the first
8 weeks, an increase of 20% of the dose of axitinib
was permitted. All except 3 out of the 52 patients were
evaluable both for efficacy and tolerability. Axitinib
was administered at a median dose of 8.83 mg/day,
and with a median duration of 9.4 months [0.1-32.0].
The overall response rate (ORR) was 44.2% (95%
CI, 30.5-58.7), with 2 complete responses (4%) and
21 partial responses (40%). Furthermore, stable dis-
ease was reported in 22 patients (42%) for 8 weeks
or longer, while 13 patients had stable disease for
24 weeks or longer. The median time to progression
(TTP) was 15.7 months (95% CI, 8.4-23.4) and the
median overall survival (OS) was 29.9 months (95%
CI, 20.3—not estimable). Fifteen patients needed a
dose reduction for grade 3 adverse effects including
diarrhea (2), fatigue (2), dehydration (1), myalgia (1),
and gout (1), or multiple grade 2 toxicities includ-
ing hypertension (7). No hematological toxicity was
reported. Nevertheless, 2 patients developed sec-
ondary erythrocytosis, with concomitant increased
erythropoietin. The frequent adverse effects reported
were: diarrhea, hypertension, fatigue, nausea, and
hoarseness. Thirty patients developed hypertension,
with grade 3—4 for 8 patients. The drug related hyper-
tension was resolved under antihypertensive therapy,

Table 3. Summary of phase lll trials of axitinib in treatment of RCC.

References Trial Setting N Drug PFS P ORR P (0153
(months) (%) (months)
Rini et al'® AXIS 2nd line 723 Axitinib 6.4 <0.0001 19.4 0.0001 20.1
Sorafenib 5.0 9.4 19.2
Hutson et al'® AGILE 1st line 288 Axitinib 10.1 NS 32.3 0.0006 NA
Sorafenib 6.5 14.6
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except for 8 patients who presented severe baseline
hypertension.

The second phase II trial reported by Rini et al
enrolled 62 patients, with sorafenib-refractory meta-
static RCC (100% of the patients) in a single step,
multicenter open-label study.'”® Nearly 75% of the
patients were heavily pre-treated with two or more
prior systemic therapies (22.6% had received suni-
tinib). The main clinical characteristics were: median
age 60 years old (35-77), 67.7% male, performance
status 0 (33.9%) or 1 (66.1%), and clear cell or mixed
histology (95.2%). One specificity of this trial was
the titration allowed of axitinib, according to the
inter-patient variability of drug exposure previously
reported.'® Thus, an increase of axitinib from 5 mg
twice a day to 7 mg twice daily, and finally 10 mg
twice daily was managed, after a 2 week period, in
patients who did not develop adverse events greater
than grade 2, nor hypertension (definition: 2 mea-
surements of >150/90 mmHg). This titration was
possible in 33 patients (53.2%); 20 (32.3%) received
7 mg twice a day, and 13 (21.0%) received 10 mg
twice a day.

All patients were evaluable for efficacy, with an
ORR of 22.6%. Median progression free survival
(PFS) was 7.4 months (95% CI, 6.7-11.0) and the
reported median OS reached 13.6 months (95% CI,
8.4—-18.8). In terms of tolerability, the toxicity pro-
file of axitinib was consistent with the one reported
with the VEGFR-TKI family with grade 3—4 adverse
effects such as hand-foot syndrome (16.1%), fatigue
(16.1%), dyspnea (14.5%), diarrhea (14.5%), and
hypertension (16.1%). As previously reported'’
hematological toxicity appeared to be minor or mild
without grade 4 adverse effects. For 12 patients out
of the 22 who did stop treatment after adverse effects,
the final interruption was related to the toxicity of
axitinib. Temporary interruptions were unavoidable/
inevitable in 45 patients (72.6%) and dose reductions
occurred in 28 patients (45.2%).

Phase Il trial®?

Based on the promising results of the 2 phase II stud-
ies, axitinib was tested in a phase III trial in compari-
son to sorafenib, in the second line setting, in patients
with metastatic or advanced RCC progressive under a
first line treatment with sunitinib or bevacizumab plus
interferon, temsirolimus, or cytokines.?*** The AXIS

trial was a multicenter randomized (1:1) controlled
trial, with 723 patients enrolled between September
2008 and July 2010. Patients enrolled were random-
ized between sorafenib at a fixed dose 0of 400 mg twice
a day continuously and axitinib with a starting dose
of 5 mg twice a day continuously, and the possibility
of titration with a first level of 7 mg twice a day and
successively 10 mg twice a day. This increase was
allowed after 15 days of treatment in patients who
did not develop hypertension, without antihyperten-
sive medication, and no adverse effect above grade 2.
The primary objective was PFS. Secondary endpoints
were OS, RR, duration of response, and time to
symptom deterioration. Concerning the previous line
of treatment, 389 (54%) patients had received suni-
tinib, 251 (35%) cytokines, 59 (8%) bevacizumab,
and 24 (3%) temsirolimus. The dose was increased
above 5 mg twice a day in 37% of patients in the
axitinib arm (132 patients). The median PFS was
6.7 months for the axitinib group and 4.7 months
for the sorafenib group, with an HR:0.665 (95% CI
0.544-0.812, P < 0.001). Furthermore, the superi-
ority of axitinib was demonstrated in subgroups of
patients treated by cytokines, 12.1 months versus
6.5 (HR:0.464, 95% CI, 0.318-0.676, P < 0.0001)
and also in patients previously treated by sunitinib,
4.8 months compared to 3.4 months (HR:0.741, 95%
CI, 0.573-0.958, P < 0.0107). The ORR was 19% for
the axitinib arm and 9% for sorafenib (P = 0.0001).%°
The toxicity profile was as expected considering the
phase II data. More recently, data on the updated effi-
cacy and safety have been reported.** The investigator-
assessed PFS was 8.3 months and 5.7 respectively,
(HR:0.656, 95% CI, 0.552-0.779, P < 0.0001).
There was no difference in OS; the median OS was
20.1 months for the axitinib group and 19.2 months
for the sorafenib arm. In post-hoc analysis of the
results of the phase II trial conducted by Rini et al,
Dutcher et al, reported an ORR of 27.6% in patients
previously treated only by cytokines, of 25% in
those who had received only sorafenib, and of 7.1%
in those who had received sunitinib and sorafenib.?
Moreover, data of RR according to the previous treat-
ment received by the patients included in the AXIS
trial have been reported as 11.3% (95% CI, 7.2-16.7)
in the sunitinib pretreated group, and 32.5% in the
cytokine-pretreated patients (95% CI, 24.5-41.5).
The statistically significant advantage of axitinib in
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median PFS was observed in the global population
but also in two main subgroups of patients (suni-
tinib pretreated and cytokine pretreated). Moreover,
patients with prolonged exposure to sunitinib, mean-
ing TKI sensibility, had greater benefit from axitinib.
The PFS reported was 6.3 months in axitinib group
versus 4.6 months for sorafenib group, in patients
treated with sunitinib for at least 9 months. In terms
of tolerability, the most frequent adverse events, in
more than 30% of the patients treated with axitinib,
were: diarrhea (55%, all grade), hypertension (40%
all grade), fatigue (39%), decreased appetite (34%),
nausea (32%), and dysphonia (31%). Furthermore,
hypertension, nausea, dysphonia, and hypothyroid-
ism were more common with axitinib, whereas
palmar-plantar erythrodysesthesia, alopecia, and rash
were more frequent with sorafenib. Concerning the
serious adverse effects, at least grade 3 or biological
abnormalities, hypertension (17%), diarrhea (11%),
and fatigue (10%) were reported in the axitinib group
while palmar-plantar syndrome, hypophosphatemia,
lipase elevation, and hypertension were reported in
the sorafenib arm.** Finally, an increase in hemo-
globin was reported in 31 patients (9%) treated with
axitinib. No toxic deaths were reported in the axitinib
group. Axitinib compared favorably, considering
the risk of deterioration of symptoms, with func-
tional assessment of cancer therapy—Kidney Cancer
Symposium Index (FKSI-15), with a 17% reduction
(P =0.020).%

The risk of hand-foot skin reaction (HFSR) under
axitinib was evaluated according to data reported of 6
clinical trials (one phase I1I, AXIS trial,'® and 5 phase I
studies'?1%17:1831.33) 36 Qut of the 984 patients included,
the overall incidence of all grade and high grade HFSR
was 29.2% (95% CI, 14.0-51.1) and 9.6% (95% ClI,
4.2-20.7), respectively. Despite the increased speci-
ficity for VEGFR and limited inhibitory effects on
other multikinase target receptors, including PDGFRs
c-Kit and Flt-3, axitinib is associated with HFSR with
a greater incidence than pazopanib and significantly
less incidence when compared to sorafenib.*

Recently, data reported by Rini et al in patients
exposed for a long period (9 patients receiving axi-
tinib for at least two years), suggested the safety of the
drug even with a cumulative exposure of 5 years or
more of targeted agents.’” Thus, the rates of common
selected adverse events appeared to be highest during

the first year of therapy (fatigue, diarrhea, hyperten-
sion, nausea, anorexia, arthralgia, hoarseness). Two
unexpected severe effects (at least grade 3), were
reported after 2 years of axitinib treatment, in long
survivors, 5 years or more, one myocardial ischemia,
and one small bowel obstruction. Nevertheless, no
detail on the causality was warranted.

Logically, the efficacy of axitinib has been tested in
the front line setting.?' The AGILE trial is a random-
ized phase III trial comparing axitinib to sorafenib
in untreated patients (n = 288). Participating patients
were allocated to axitinib (n = 192) or sorafenib
(n=96). The starting dose of axitinib was 5 mg twice
daily, with a possibility of titration to 7 mg twice
daily, and then 10 mg twice daily as per the previ-
ously described criteria in the AXIS trial. The fixed
dose of sorafenib remained stable during the treat-
ment, at 400 mg twice a day. Unfortunately, the study
did not meet statistical significance with a median
PFS of 10.1 months (7.2-12.1) in the experimental
arm, and 6.5 months (4.7-8.3) in the sorafenib group,
(HR:0.77, 95% CI, 0.56-1.05, P = 0.038). Thus, axi-
tinib remains indicated in the second line setting.
Nevertheless, in the pre-planned subgroup of patients
with good performance status (PS = 0), the median
PFS reported was significantly superior in the axi-
tinib group of patients with 13.7 (10.1-19.4) and 6.6
(4.7-9.9) in the sorafenib group (HR:0.64, 95% CI,
0.42-0.99, P =0.022).

Predictive Factors of Efficacy

The pharmacodynamic parameter

The use of DCE-MRI for evaluating changes in the vol-
ume transfer coefficient of the contrast agent (Ktrans)
was studied in the phase I trial of axitinib.*® The mea-
surement was performed at baseline and at day 2.
A linear correlation was found between axitinib expo-
sure and changes in Ktrans and initial AUC. A decrease
of 50% or more in Ktrans indicated vascular response,
and corresponded to an AUC > 200 ng-h/mL. Data
suggests that a dose-dependent effect of axitinib on
endothelial cells may exist.

Pharmacokinetic-

pharmacodynamic parameters

The results of exploratory post-hoc pharmacoki-
netic analyses conducted on long-term survivors
who participated in the phase II trial, suggest that
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numerically longer OS, longer PFS, and higher ORR
are reported in patients who presented a 2-hour post-
dose concentration on day 1 of the cycle 1 ranging
from 45.2 to 56.4 ng/mL.* These results are in accor-
dance with previous results from Rixe et al, suggest-
ing that higher exposure of axitinib at the end of the
first cycle of treatment was correlated to a longer
median of OS.%

The predictive value of developing hypertension
during exposition to axitinib has been suggested in a
polled retrospective analysis of 230 patients treated
for four different solid tumor types.*® Patients with a
diastolic blood pressure (dBP) of 90 mmHg or more
presented an increase in ORR compared to patients
who did not.

In specific treatment-naive kidney cancer patients,
an increase of the dBP of 15 mmHg or more appeared
to be associated with better clinical outcomes than an
increase in dBP of less than 15 mmHg."

The results of the post-hoc 12-week landmark
analysis from the AXIS trial have been reported. The
median OS was longer in patients with a dBP of at least
90 mmHg than in those with less than 90 mmHg, with
20.7 months (95% CI, 18.4-24.6) and 12.9 months
(10.1-20.4), respectively (P = 0.0116). Similar
results have been observed with systolic blood pres-
sure (sBP) of more or less than 140 mmHg. In mul-
tivariate analysis, the development of high dBP, or
sBP, was an independent predictor of OS; HR =0.627
(95% CI, 0.507-0.776) for dBP 90 mmHg or higher,
and HR = 0.490 (95% CI, 0.391-0.613) for sBP
140 mmHg or higher. Nevertheless, as reported in
the phase II titration trial, no difference was observed
in PFS, in the 8-week and 12-week analysis between
patients who did develop hypertension and those who
did not.*

Recently, in February 2013, Rini et al presented
the results of a dedicated phase II trial in the front-
line setting, testing the potential benefit of titration,
with 3 arms of treatment: (1) 5 mg twice daily or
less depending on the tolerability; (2) randomization
on patients with safe titration, meaning no grade 2
adverse effect in the past 2 weeks of treatment, no
hypertension or need of antihypertensive therapy,
with two arms of titration, one active with axitinib
increase of 7 mg twice and finally 10 mg twice daily;
and (3) a placebo titration.*! Ninety-one patients
were not randomized, 56 were randomized between

placebo and axitinib titration. The ORR was signif-
icantly higher in the axitinib titration 54% (40-67)
compared to the placebo titration group 34% (22—48),
respectively (1-sided P =0.019). The ORR was 59%
(49-70) in the non-randomized arm. Finally, the PFS
from first dose did not differ in case of active titration,
compared to placebo, with a median of 14.5 months
(9.2-24.5) versus 15.7 months (8.3—19.4) respectively
(HR:0.85, 95% CI, 0.54—1.35, P = 0.244). In the non-
randomized arm, the median PFS was 16.6 months
(11.2-22.5).

Place in Therapy

According to the results of the phase III AXIS trial,
with demonstrated efficacy of axitinib in previously
treated patients in the second line setting, the drug was
integrated in the updates to international guidelines.?>%
Axitinib (Inlyta®) has been approved and is recom-
mended in patients with advanced or metastatic clear
cell carcinoma who have failed on one previous regi-
men in US (FDA), and on a previous treatment with
sunitinib or cytokines in Europe (EMA). The starting
dose is 5 mg twice daily, with or without food, every
12 hours. Furthermore, it is the only targeted agent to
date with recommended titration at day 14, according
to normal blood pressure without antihypertensive
therapy and in the absence of adverse events of more
than grade 2, with a first increase to 7 mg twice daily,
and a possible new increase 14 days latter to 10 mg
twice daily, according to the same criteria.

Conclusions

Axitinib is the first TKI agent with prospectively
confirmed antitumor activity, even after prior expo-
sure to VEGFR-TKI."®2! Lack of cross-resistance
has been suggested according to data of sequential
use of targeted agents, for example sunitinib after
sorafenib or the reverse, but only in retrospective
studies.***In 2012, this agent therefore became anew
standard in the second line setting after prior expo-
sure to antiangiogenic agents, joining everolimus.
The mTOR I has demonstrated efficacy, compared
in a double blind RECORD-1 trial® to placebo in
patients who were previously exposed to at least one
systemic regimen. Because of these differences, no
cross-trial comparison can be made. Nevertheless,
standard guidelines have integrated both agents
with different mechanisms of action in the second
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line setting.”*** One major point now is to determine
the best therapeutic sequence, which may differ
from one patient to another.** This emphasizes the
importance of developing biomarkers. Nevertheless,
only a prospective randomized trial comparing TKI
to an mTOR I agent in patients previously exposed
to an antiangiogenic agent will help to determine the
best sequence of treatment. Three trials are being
conducted. The first one, the INTORSECT, com-
pared the efficacy of temsirolimus and sorafenib.
The results were presented at the 37th Congress
of the European Society of Medical Oncology in
October 2012.%° No difference in median PFS has
been reported between temsirolimus and sorafenib,
at 4.28 and 3.91 months, respectively, with OS of
12.27 and 16.64 months, respectively.

Recently, Figlin et al* presented a new therapeutic
paradigm of second-line treatment, depending on the
sensitivity or resistance to VEGF agents, observed in
the front-line setting.*® The definition of predictive
factors may be a first step in the optimization of man-
agement of these agents, especially the development
of high blood pressure.*!

Some patients appear to have a prolonged benefit.
Rini et al reported data on long-term responders to
axitinib.?! This retrospective analysis considered
11 patients out of the 52 included in the phase II trial,
continuing axitinib in an access protocol. The estimated
S-year OS rate was 20.6% (95% CI, 10.9-32.4).

According to the high RR reported, particu-
larly regarding the RR observed with other agents
(sunitinib,® bevacizumab,” pazopanib®) even though
not comparable, between 26% and 46%, axitinib
may be of great interest in the neoadjuvant setting.
This hypothesis is being tested in a phase II trial of
Axipan to assess the efficacy of the drug to enable
partial nephrectomy after treatment of a local tumor
of at least 7 centimeters (NCT 01599754).

To date, no combination of targeted agents has
been reported feasible in terms of safety, despite
non-overlapping toxicities. These associations have
been particularly established with the first generation
of TKI, including sunitinib and sorafenib. Whether
the more specific inhibition of axitinib allows
combination is being evaluated in 2 phase I trials: the
EVAX trial, testing the association of everolimus and
axitinib (NCT 01334073),* and another trial com-
bining temsirolimus and axitinib (NCT 01529138).%

Both trials include patients with solid tumors, not
only kidney cancer.
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