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Abstract: The landscape of renal cell carcinoma (RCC) treatment has changed dramatically
during recent years. Bevacizumab/interferon, sunitinib, sorafenib, temsirolimus, everolimus,
and pazopanib have been proven effective in metastatic RCC. Axitinib is a novel tyrosine
kinase inhibitor, which inhibits the vascular endothelial growth factor receptor (VEGFR) at
subnanomolar level. Based on this extraordinary VEGFR inhibition, axitinib is considered a
next-generation agent. The recent AXIS trial reported on axitinib’s efficacy in second line treat-
ment of RCC, which led to its recent approval in the USA. This review focuses on the clinical
efficacy of axitinib in RCC patients.
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Introduction
The landscape of therapeutic options in metastatic renal cell carcinoma (mRCC) has
changed dramatically during recent years. The introduction of targeted therapies has
had a major impact on therapeutic efficacy. Inhibitors of the vascular endothelial growth
factor (VEGF) receptor,'= or mammalian target of rapamycin (mTOR),*’ represent the
backbone of current palliative therapies.® With the availability of therapeutic diversity,
sequential therapies have already been implemented in the clinical treatment algorithm.
The mTOR inhibitor (mTORi) everolimus was the first agent that showed Phase III
RECORD-1 data, with a superior progression-free survival (PFS) outcome, compared
to placebo,’ and is considered a valuable treatment option in VEGF-resistant disease.
Numerous patient series and early clinical trials suggested treatment efficacy of the
subsequent use of inhibitors of the VEGF receptor (VEGFR).” Axitinib is a novel
VEGEFR inhibitor, which achieved superior progression-free survival in second-line
therapy, compared to sorafenib, which is another tyrosine kinase inhibitor (TKI), in
mRCC." These studies leave the clinical landscape with the remaining question of what
is the best therapeutic choice in resistant disease. An ongoing study explores sorafenib
in comparison with the mTOR inhibitor temsirolimus, and may help to elucidate the
role of TKI versus mTOR! in second-line therapy, with respect to sequential usage.
This review explores the role of the novel VEGFR inhibitor axitinib in the current
landscape of mRCC.

Current treatment of metastatic RCC
The landscape of mRCC treatment changed irreversibly with the approval of sunitinib
and sorafenib in 2006. These TKIs pioneered the concept of VEGF-targeted therapies
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in mRCC, which was based on insights into the molecular
mechanisms of carcinogenesis in RCC. Loss of function of
the von Hippel-Lindau (VHL) gene has been identified as
a key step in tumor development in RCC, with clear cell
histology.!!"!> Restoration of VHL function was shown to be
associated with tumor response in xenograft models.!* Clear
cell RCC is predominantly found among renal carcinomas,
and is extensively explored in clinical trials.

Current recommendations for mRCC treatment employ
VEGF-targeted agents and mTORis, mainly driven by
Phase III data.'*!S Depending on individual risk category,
a choice of first line options may be given (Table 1). Upon
disease progression, another line of therapy may be given
based on Phase III and Phase II data, including TKIs, after
cytokine failure, and everolimus, after failure of VEGF
inhibitors (Table 1).

Exposure to VEGF-targeted agents is associated with an
improvement in PFS of 10.2—11.1 months, in treatment-naive
patients, and has been reported to achieve an overall survival
(OS) of 22.9-26.4 months (Table 2). The aforementioned
trials included a high proportion of subsequent therapies,
which may have had an impact on OS in the current series.
In poor-risk patients, the clinical outcome is far worse, and
temsirolimus remains the only agent, with Phase III data,
designed for this cohort.

Multiple studies explored the role of subsequent thera-
pies in patients with refractory disease (Table 3). Prolonged
inhibition of the VEGF axis has been shown to be effec-
tive in patients with failure to bevacizumab, sorafenib, or
sunitinib.””!¢ Changes in the mode of action, and introduc-
tion of an mTOR, in resistant disease were also reported
to achieve clinical benefit.!”"” Based on such findings, the
Phase III RECORD-1 study was launched, and determined
the efficacy of everolimus in patients with mRCC, resistant
to VEGF-targeting agents.> Only 2% achieved a partial

Table | Treatment algorithm for palliative therapy in metastatic
renal cell carcinoma'*'s

Setting Risk category Therapy? Options®
First line Favorable or Sunitinib High-dose
intermediate risk Bevacizumab + interleukin-2¢
interferon-o.
Pazopanib
Poor risk Temsirolimus Sunitinib
Second line Prior cytokine Sorafenib Sunitinib
Pazopanib
Prior VEGF Everolimus

Notes: *Grade A recommendation; ®grade B or C recommendation; ‘good risk
patients only.
Abbreviation: VEGF, vascular endothelial growth factor.

remission (PR), and PFS and OS were 4.9 and 14.8 months,
respectively. Grounded on these results, everolimus was
approved for treatment, after failure of VEGF-targeted
agents, in 2009.

Based on the early clinical trials of TKIs in VEGF-
resistant disease, and some larger retrospective studies,® it
remained controversial whether a change of mode of action
is mandatory in resistant mRCC. However, the lack of suf-
ficient Phase III data left everolimus the only approved agent
in VEGF-resistant disease. Recently, results from the AXIS
trial were presented, which showed superior results for axi-
tinib, compared to sorafenib, in pure second line treatment
of mRCC. In early 2012, axitinib was approved by the US
Food and Drug Administration as a second line option for
the treatment of mRCC. This review focuses on axitinib, its
clinical development, and its role in the treatment landscape
of RCC.

Pharmacology and mode of action
Axitinib (AG-013736) is a small-molecule indazole deriva-
tive, which inhibits the VEGFR, at subnanomolar levels, and
its VEGF-mediated endothelial cell proliferation (Table 4).
Other targets, such as PDGFR-8 or c-Kit, require low nano-
molar levels of axitinib to achieve receptor inhibition.?*?!
Blockade of the VEGFR is associated with profound effects
on the tumor vasculature in mouse models. A rapid response
to axitinib has been observed within 24 hours of treatment,
with loss of endothelial sprouts and fenestration in 80%
of tumor vasculature, whereas a different phenotype was
induced in remaining vessels.”? As a consequence, vascular
density was decreased, and VEGFR2 and VEGFR3 expres-
sion reduced. However, changes in tumor vasculature
remained transient upon cessation of treatment, indicating
the reversible nature of target inhibition.*® Regrowth of
endothelial sprouts was detected within one day after drug
withdrawal, and led to complete recovery of tumor vascula-
ture by Day 7. However, the vessels remained sensitive to
another course of axitinib treatment.

Based on compelling evidence, at the molecular level, that
inhibition of the VEGFR is associated with regression of tumor
vessels, a first-in-human Phase I clinical trial was initiated to
evaluate its safety, tolerability, pharmacokinetics (PK), and
pharmacodynamics.'**2* As part of the protocol, the effect of
food and antacid co-administration were determined in a sub
cohort of patients. A total of 36 patients were treated within
the Phase I trial, receiving doses from 5-30 mg twice daily
(BID).>* Dose-limiting toxicities (DLTs) were reported in eleven
patients, consisting of hypertension, hepatic toxicity, seizure,
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Table 2 Clinical outcome of approved first line therapies in
metastatic renal cell carcinoma

Agent Poor risk* OS PFS first line Subsequent
(mo) (mo) Rx (%)

Sunitinib' No 26.4 I 56

Bev/IFN? No 233 10.2 55

Pazopanib? No 229 I.1® 30

Temsirolimus*  Yes 10.9 5.5 NA

Notes: *According to MSKCC risk criteria; “first line patients only.
Abbreviations: OS, overall survival; PFS, progression-free survival; Rx, drug
prescription; mo, months; NA, not available.

apnea, hemoptysis, stomatitis, pancreatitis, ischemic bowel,
thromboembolism, and diarrhea. Because DLT was reached
within the first and second cohort of patients, dose de-escalation
to 5 mg BID was enforced within the next cohort. The BID
dose of 10 mg was considered to be above the maximum
tolerated dose (MTD), and was never tested within that study.
The MTD and recommended dose were 5 mg BID. Because
absorption is best in the fasted state, this was recommended
for subsequent Phase I studies.

Pharmacokinetics of axitinib

Axitinib metabolism is primarily mediated through hepatic
elimination, involving cytochrome CYP3A, uridine
glucoronosyltransferase, and, to a lesser extent, CYP1A2.
Because of potential drug interaction, a subgroup of patients
received rabeprazole as a coadministration, but PK was not
significantly altered.

A meta-analysis of eleven healthy volunteer studies,
with a total of 389 volunteers, explored the role of genetic
polymorphism in drug-metabolizing enzymes, but failed to
show a significant correlation between polymorphism and
PK level.? However, a Phase I study, in patients with mild
or moderate hepatic impairment, showed an association
between drug exposure and hepatic impairment, indicating
the possible need for dose-reductions in these patients.?® The
area under the curve (AUC) in patients with normal (n = 8),
mild (n = 8), and moderate (n = 8) liver impairment was 156,
122, and 304 ng h/mL, respectively.

Axitinib is characterized by an oral bioavailability of
58%, and reaches peak concentrations within 2—6 hours after
dosing. The terminal plasma half-life is 2—5 hours, and a
steady state is reached within 15 days of treatment. Increasing
doses showed a dose-proportional increase of maximum
concentration and AUC (460 £ 414 ng h/mL).** Axitinib
binds strongly to albumin, which corresponds to a plasma
protein-binding of more than 99% (unpublished data).?

A partial response was seen in two patients with RCC, and
one patient with adenoid cystic carcinoma. Tumor shrinkage
or cavitation was seen in patients with mesothelioma, thyroid
cancer, RCC, breast cancer, and non-small cell lung-cancer.
Based on these promising results, further exploration in
subsequent clinical trials was warranted.*

Pharmacodynamic marker

of axitinib

Pharmacodynamics are is an important tool to measure
biological changes of targeted therapies. With inhibitors of
angiogenesis, dynamic contrast-enhanced magnetic reso-
nance imaging (DCE-MRI) has been extensively explored.
Morgan et al reported on the use of DCE-MRI as a predic-
tive biomarker for the VEGFR inhibitor PTK/ZK in a Phase
I clinical trial.?” Later, a pilot study explored DCE-MRI as a
putative predictive marker for sorafenib in RCC.* However,
a later study tested the area under the contrast concentration
versus time curve 90 seconds after contrast injection, and the
volume transfer constant of the contrast agent (K™) in 56
patients, who were prospectively treated with sorafenib. The
authors detected biological effects at the start of treatment,
but could not validate the predictive nature of the readings,
due to high variability within the treatment cohort.?

It seems apparent that DCE-MRI is a valuable tool to
detect biological alterations based on VEGFR inhibition, but
whether these changes predict response in patients remains
uncertain. As part of the Phase I trial of axitinib, DCE-
MRI was explored as a putative pharmacodynamic marker.
DCE-MRIs were performed at baseline and at Day 2 of the

Table 3 Subsequent treatment is effective in refractory disease, but studies recruit distinct patient populations, and are not comparable

Agent n ORR (%) PFS (mo) OS (mo) Refractory for

Sunitinib” 61 23 7.0 10.8 Bevacizumab

Axitinib' 62 23 7.4 13.6 Sorafenib

Sorafenib’ 52 10 NA* 74 Sunitinib

Temsirolimus'’ 29 <| 5.1 18.0 Sunitinib and/or sorafenib
Everolimus'®® 41 7 11.2 22.1 Cytokines, VEGF targeted agents®
Everolimus®® 277 2 4.9 14.8 VEGF-targeted agents

Notes: “Time to progression: 3.7 months; *independent review of tumor response; ‘includes 17% naive patients.
Abbreviations: ORR, overall response rate; PFS, progression-free survival; OS, overall survival; mo, months; NA, not available.
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Table 4 Axitinib inhibitory profile determined by cellular IC50

values?*?!

IC50 (nM)
VEGFRI 1.2
VEGFR2 0.25
VEGFR3 0.29
PDGF-B 1.6/2.5
cKIT 1.7/2.0

Note: *Noncellular IC50 values determined from biochemical assays.
Abbreviations: |C50, half maximum inhibitory concentration; VEGFR, vascular
endothelial growth factor receptor; PDGF, platelet-derived growth factor; c-KIT,
tyrosine-protein kinase Kit.

first cycle. A linear correlation was found between axitinib
exposure and changes in K™ and initial AUC. A decrease of
50% or more in K™ indicated vascular response, and cor-
responded to an AUC >200 ng h/mL.3* DCE-MRI data sug-
gests that a dose-dependent effect of axitinib on endothelial
cells is likely present, but may lack a proportional increase
at high exposures.

A class effect of VEGF inhibitors is the development
of hypertension, which has been recently proposed as a
prognostic and predictive marker for sunitinib treatment
in metastatic RCC.*' The predictive value of an increase of
diastolic blood pressure has been also explored, in a pooled
analysis in 230 patients with four different solid tumors,
treated with axitinib.*? In this mixed-patient population,
ORR and median objective response (OR) correlated with
a diastolic blood pressure of at least 90 mmHg, whereas
PFS failed to reach significance. Prospective validation of
treatment-induced hypertension is currently being explored,
in a prospective, randomized Phase II study, and results are
awaited eagerly.

Clinical efficacy of axitinib in mRCC
The promising preliminary activity of axitinib in mRCC fos-
tered its development in a pilot Phase II trial, which explored
axitinib after failure of cytokine treatment in mRCC.3 Patients
received 5 mg twice daily axitinib every two days until disease
progression or intolerance occurred. Disease response was
measured every 8 weeks by investigators. Between October,
2003 and April, 2004, a total of 52 patients received axitinib
treatment, of whom 23 (44%) achieved an OR, including
two complete remissions. Early signs of tumor shrinkage
were detected in twelve patients, which has been shown to
predict time to treatment failure, and OS, in mRCC patients.**
Disease stabilization was detected in 22 (42%) patients,
whereas four (8%) patients failed to respond to therapy.
The time to progression (15.7 months) was extraordinary,
and was associated with a promising OS of 29.9 months.

Interestingly, long-term survivorship could be identified in
21% of patients at 5 years, after extended follow-up.*

Based on its clinical efficacy in cytokine-refractory disease,
axitinib was explored in RCC patients with failure to sorafenib
treatment. The Phase II study explored 62 patients, of whom
18 (29%) failed two or more prior lines of antiangiogenic
therapy. All patients failed sorafenib at some point during
systemic treatment.'® Therapy consisted of axitinib 5 mg
BID; dose escalation to 7 mg or 10 mg BID was performed
in 33 (53%) patients. PR was achieved in 14 (23%) patients,
and disease stabilization in eleven (18%) patients, which was
associated with a PFS of 7.4 months and an OS of 13.6 months.
These results supported the use of axitinib in TKI-refractory
RCC, and led to the development of the global AXIS Phase
IIT validation trial in strict second-line therapy.

Between September, 2008 and July, 2010 a total of
723 patients were randomized to receive either axitinib
(n=361) or sorafenib (n=2362) in the Phase III AXIS trial.!
Patients were allowed to have received one prior line of
therapy only, which may have consisted of cytokines, TKI,
bevacizumab, or mTORIi. The study was powered to detect
an improvement in PFS from 5 to 7 months for axitinib
treatment.

Efficacy results showed that second line treatment with
axitinib was more effective than sorafenib, as measured by
PFS, OR and ORR rates. Through central review, treatment
with axitinib was associated with a PFS of 6.7 months, com-
pared to 4.7 months with sorafenib (hazard ratio [HR] = 0.665
[0.544-0.812]; P < 0.0001), and an ORR of 19 and 9%
(P=0.0001), respectively.'

Because patients’ clinical outcomes vary based on previ-
ous therapies, subgroups, by prior therapy with cytokines
(n = 251), sunitinib (n = 389), bevacizumab (n = 59), or
temsirolimus (n = 24) were explored (Table 5).'%%¢ The best
results were gained for both agents in patients with failure
of cytokines only. In this subgroup, sorafenib achieved a
PFS of 6.5 months, which is superior to historical data from
sorafenib’s pivotal TARGET trial. However, axitinib improved
the PFS, compared to sorafenib, and achieved 12.1 months
PFS (HR =0.464 [0.318-0.676]; P < 0.0001).

An important aspect of the AXIS trial was the clinical
efficacy of axitinib (or sorafenib) after TKI failure. The
majority of patients received sunitinib as first-line therapy and,
hence, represent the largest subgroup in patients with prior
exposure to targeted therapy. For the first time, results from a
large Phase III study supported the sequential use of a TKI in
second-line therapy. Furthermore, AXIS compared two distinct
TKIs head-to-head in a defined scenario. As a consequence
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Table 5 Clinical efficacy by subgroup (AXIS trial)

Prior therapy ORR (%)* P-value PFS (mo)'® P-value
AXI SOR AXI SOR

Cytokines 33 14 0.0002 12.1 (10.1-13.9) 6.5 (6.3-8.3) <0.0001

Sunitinib I 9 0.1085 4.8 (4.5-6.4) 3.4 (2.8-47) 0.0107

Bevacizumab 7 3 0.2733 42 (2.8-6.5) 4.7 (2.8-6.7) 0.6366

Temsirolimus 42 8 0.0331 10.1 (1.5-10.2) 5.3 (1.5-10.1) 0.1425

Note: Axitinib improves progression free survival in patients with prior exposure to cytokines or sunitinib.
Abbreviations: ORR, overall survival rate; PFS, progression-free survival; mo, months; AXI, axitinib; SOR, sorafenib.

of prior therapy, prolonged VEGFR inhibition, by either
axitinib or sorafenib, achieved a PFS of 4.8 and 3.4 months,
respectively (HR = 0.741 [0.573-0.958]; P =0.0107), again
underscoring the moderate, but significant, superior efficacy
of axitinib in sunitinib-refractory patients. However, results
from the bevacizumab and temsirolimus subgroups remain
inconclusive, mainly based on the small number of patients
treated. A limitation is shared by the RECORD-1 trial, which
included only 9% of patients with failure after bevacizumab
treatment.?” Currently, the best choice of treatment after either
bevacizumab or temsirolimus remains still undefined.

Safety and tolerability in mRCC

With the introduction to the clinic of specific and potent
inhibitors of the VEGFR, such as axitinib or tivozanib, it was
generally perceived that specific inhibition may result in a
decrease of adverse events and, hence, boost the treatment’s
tolerability. AXIS is the first trial to report on a direct compar-
ison of two distinct TKIs targeting VEGFR. Discontinuation
of treatment due to adverse events remained low in both
groups. Treatment with axitinib was associated with a 4%
discontinuation rate, with fatigue and transient ischemic
attack being the most common adverse events leading to
discontinuation. However, sorafenib was discontinued in 8%
of patients, with hand-foot syndrome, diarrhea, or asthenia
as the prevailing adverse events for discontinuation.!® One
or more dose interruption for any cause was found in 77%
and 80% of patients, for axitinib and sorafenib treatment,
respectively. However, dose reduction was more frequent with
sorafenib treatment, and applied to 31% and 52% of patients
treated with axitinib and sorafenib, respectively. This notion
is further supported by the dose escalation of axitinib above
5 mg BID, which was allowed within the trial, and applied
to 37% of patients treated with axitinib.

The spectrum of adverse events has been reported to vary
between both compounds. Diarrhea, hypertension, fatigue,
anorexia, nausea, and dysphonia remained the prevailing
adverse events during axitinib treatment (Table 6). Sorafenib
showed a similar range of adverse events, but incidence

of certain adverse events varied between compounds.
Hypertension, nausea, dysphonia, and hypothyroidism were
more frequent with axitinib treatment, whereas hand-foot syn-
drome, alopecia, and rash were characteristically associated
with sorafenib treatment. A similar weight was found among
Grade 3 adverse events. In such cases, axitinib treatment
expressed hypertension, diarrhea, and fatigue as the most
prominent adverse events, whereas sorafenib was associated
with hand-foot syndrome, and hypertension.

Hypertension, dysphonia, and hypothyroidism are con-
sidered characteristic adverse events of VEGFR inhibitors.
Hypertension is thought to develop through deprivation of
endothelial nitric oxide synthesis, upon inhibition of VEGF
signalling.* The cause of dysphonia remains unknown, but
direct treatment effects at the vocal cords are assumed to be
the underlying cause. Development of hypothyroidism has
been believed to be a consequence of direct VEGFR inhibi-
tion, through induction of thyroiditis, followed by endocrine
organ failure.** However, the mechanism to trigger thyroiditis
remains elusive.

It seems conceivable that, with the clinical application of
pharmacologically more potent VEGFR inhibitors, the incidence
of such adverse events increases. Other adverse events, such as
hand-foot syndrome and alopecia, are attributable to a distinct
tyrosine kinase inhibitor profile, and its incidence may decrease

Table 6 Selected adverse events associated with axitinib
treatment in second line'®

Adverse events All grades (%) Grade = 3 (%)

Diarrhea 55 I
Hypertension 40 16
Fatigue 39 Il
Anorexia 34 5
Nausea 32 3
Dysphonia 31 0
Hand-foot syndrome 27 5
Weight loss 25 2
Hypothyroidism 19 19
Mucosal inflammation 15 |
Rash 13 <l
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with a more selective TKI. These observations certainly need
validation, which may be achieved by the pivotal tivozanib
trial, comparing this selective VEGFR inhibitor with sorafenib.
Overall, the treatment with axitinib was well-tolerated, and no
new safety signal was raised in the pivotal Phase III trial.

Conclusion: place of therapy

algorithm

Previous early clinical trials, and the pivotal AXIS trial,
establish axitinib as a vital second line option in mRCC, with
clinical activity superior to sorafenib. However, how these data
compare to everolimus —the approved treatment for refractory
mRCC —remains unknown. Because everolimus was tested in
patients resistant to VEGF inhibitors, with multiple lines of
prior therapy, patient selection differed substantially from the
AXIS trial, where multiple agents were allowed, but prior lines
of therapy were restricted to one only. Ongoing trials explore
everolimus in strict second-line therapy, which may deliver
data more comparable to the AXIS trial. Furthermore, the
404 study compares sorafenib and temsirolimus as second line
therapies in mRCC, and may help to define the merits of either
of the sequences TKI-TKI or TKI-mTOR! in a large random-
ized trial. However, current retrospective analysis suggests
similar outcomes for either sequence.*’ More importantly,
we may have to define subgroups of patients, determined by
clinical behavior during the first-line therapy, to define novel
treatment algorithms for our patients. Despite the introduction
of novel compounds in recent years, patients with intrinsic
resistance show a dismal prognosis,*** and need a distinct
approach to treat their disease.

Nevertheless, AXIS has brought the first head-to-head
comparison of TKIs and proved that, despite their mutual
main target, TKIs may exert distinct clinical activity. For a
TKI-based sequential therapy, axitinib is the preferred choice
in second line treatment. However, current trials explore axi-
tinib in first line treatment of mRCC, and indicate a putative
role for axitinib in the near future.
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