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Abstract: As a multitargeted kinase inhibitor, sunitinib has carved its way into demonstrating
itself as a most effective tyrosine kinase inhibitor in the treatment of metastatic renal cell
carcinoma. Mechanistically, sunitinib inhibits multiple receptor tyrosine kinases, especially
those involved in angiogenesis, that is, vascular endothelial growth factor receptor, platelet-
derived growth factor receptor, and proto-oncogene cKIT. Sunitinib has also been implicated in
enhancing cancer invasiveness and metastasis. Mechanisms of resistance are poorly understood,
but both intrinsic and acquired mechanisms are thought to be involved. While the side effects
are manageable, sunitinib, like many other tyrosine kinase inhibitors, can be associated with
serious toxicities that require careful management including frequent dose reductions. Although
still in the early stage, emerging evidence points to an immunomodulatory role for sunitinib. It
is also likely to contribute to the overall outcomes, especially those seen in metastatic renal cell
carcinoma, and such effects are thought to be mediated by the proto-oncogene cKIT receptor.
Combination with other modalities such as stereotactic body radiation therapy, therapeutic
vaccines, and checkpoint inhibitors is being pursued for improved efficacy.
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Introduction

Sunitinib is an oral, small-molecule, multitargeted receptor tyrosine kinase (RTK)
inhibitor. Several clinical trials have demonstrated that sunitinib has remarkable
objective response rates (ORRs) and clinical benefit in the treatment of metastatic renal
cell carcinoma (mRCC) in the first-line setting and for treating unresectable/metastatic
gastrointestinal stromal tumor (GIST) in the second-line setting after imatinib.' Suni-
tinib has also demonstrated efficacy in extending progression-free survival among
patients with unresectable, locally advanced, or metastatic well-differentiated pan-
creatic neuroendocrine tumors (pNETSs).? Furthermore, sunitinib has shown potential
antitumor activity in various other malignancies, such as the thyroid, lung, pancreatic,
esophageal and bladder carcinomas, gliomas, and sarcomas. Here we review what
has been achieved to date from discovering the drug and defining its pharmacology,
mechanisms of action, and resistance, to conducting the pivotal trials that led to its
US Food and Drug Administration (FDA) approval. We also summarize the latest
preclinical and clinical efforts attempting to boost sunitinib’s efficacy by combining
it with chemotherapy, radiation, and immunotherapeutic strategies.

Drug discovery

Sunitinib was discovered from a screen of indolin-2-one analogs, based on its ability
to potently and selectively inhibit four RTKs including vascular endothelial growth
factor receptor (VEGFR)-2, platelet-derived growth factor receptor (PDGFR)-p3,
fibroblast growth factor receptor 1, and epidermal growth factor receptor.’ Ear-
lier prototype compounds, SU-5416 and SU-6668, had low water solubility and high
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protein-binding properties, which made them less desirable
in clinical trials. Hence, attempts were made to modify the
compounds.**> Modifications made on the C4” position of
SU-5416 introduced side chains to this position. This created
the most potent inhibitor against VEGFR and PDGFR with
high water solubility. The final compound, SU-11248, was
given the name sunitinib. This compound is supplied as the
malate salt (sunitinib malate). Chemically, it is a butanedioic
acid, hydroxy-, (25)-, compound with N-[2-(diethylamino)
ethyl]-5-[(Z)-(5-fluoro-2-oxo-1H-indol-3-ylidene)methyl]-
2,4-dimethyl-1H-pyrrole-3-carboxamide. The molecular
formula is C22H27FN402-C4H605 and the molecular
weight is 532.6 Da. Chemical structure of sunitinib is shown
in Figure 1.

Sunitinib capsules on the market are supplied as printed
hard shell capsules containing sunitinib malate equivalent to
12.5, 25, 37.5, or 50 mg of sunitinib together with mannitol,
croscarmellose sodium, povidone (K-25), and magnesium
stearate provided as inactive ingredients.

Pharmacokinetics and drug

metabolism

Sunitinib bioavailability is not affected by the diet. Absorp-
tion is the same whether administered in the fasting state or
after a meal, regardless of its fat or calorie content (from the
package insert).® Following its oral adminstration, sunitinib’s
maximal concentration (Cmax) is usually achieved 6—12 hours
later. Ninty-five percent of sunitinib and 90% of its primary
metabolite, N-desethyl, bind to plasma proteins in the blood
stream. The volume distribution is 2,230 L. The Cmax and
the area under the curve are proportional to dosing when the
drug is administered at doses between 25 and 100 mg daily.
The drug and its metablite are metabolized by cytochrome
P4503A4 (CYP3A4). Therefore, CYP3A4 inducers decrease
and inhibitors increase its blood concentration. Coadminis-
tration with a drug affecting CYP3A4 should be avoided or
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Figure | Chemical structure of sunitinib malate.

appropriate dose adjustments made. In healthy voluteers,’
the half-life for sunitinib is 40—-60 hours and for its primary
metabolite is 80—110 hours. On repeated administration, the
drug concentration increases 3—4 fold and the concentration of
its primary metabolite increases 7—10 fold. Sixty-one percent
of the drug is eliminated through feces and 16% excreted in
the urine. No adjustment is needed for renal impairment or
for mild hepatic impairment (Child—Pugh class A).

Mechanism of action

Sunitinib inhibits multiple RTKs in biochemical and cell-
based assays and exerts potent antiangiogenesis and antitumor
effects in animal experiments. In vivo, sunitinib downregu-
lates myeloid-derived suppressor cells (MDSC), which are
thought to contribute to the antitumor effects also.

Of the ~80 kinases tested in the initial characterization,
activities against VEGFR-1, -2 and -3, (the inhibitor constant
[Ki], a constant that indicates how potent is an inhibitor,
was 0.009 uM), PDGFR-0, PDGFR-J (Ki=0.008 uM), and
fibroblast growth factor receptor 1 (Ki=0.83 uM) were the
most impressive. In addition, proto-oncogene cKIT (KIT),
fms-related tyrosine kinase 3 (FLT3), ret proto-oncogene,
rearranged during transfection (RET), and colony stimulating
factor 1 receptor were also inhibited.® In comparison, there
were no demonstrable activities against epidermal growth
factor receptor, MET, or insulin growth factor receptor.
In engineered cell lines, sunitinib also inhibited ligand-
dependent RTK phosphorylation and proliferation of human
endothelial cells and mouse fibroblasts in response to vascular
endothelial growth factor (VEGF), fibroblast growth factor,
and PDGF stimulation.’

Antiangiogenic effects mediated by
VEGFR-2 and PDGFR

The antiangiogenic effects of sunitinib are thought to be
mediated by VEGFR-2 and PDGFR blockade, whereas
KIT inhibition is thought to mediate the antitumor effects
in GIST, which often harbors the gain-of-function KIT and
PDGFR-o mutation.

In vivo, experiments were conducted after tumors
were established in animals. Sunitinib, given orally at
20-80 mg/kg, inhibited growth of many tumors grown as
xenografts and induced regression among animal models
employing human cancer cell lines (HT-29 colon, MDA-
MB-435 breast, A375 melanoma, H460 lung, A431 skin
epidermoid, Colo205 colon, and SF763T glioblastoma).
In tumors expressing VEGFR-2 and PDGFR-B, sunitinib sig-
nificantly inhibited the phosphorylation of these receptors and
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downstream events. Further studies of tumor angiogenesis
using immunohistochemical staining of CD31 revealed a
reduction in microvessel density after the tumor resection
in tumors treated with sunitinib compared with untreated
group. These findings are consistent with an antiangiogenic
role for sunitinib.” Examination of the treated tumors also
demonstrated extensive tumor necrosis, which resembled
those found later in the imaging studies of patients treated
with sunitinib. In studies conducted with the human umbilical
vein endothelial cell model, sunitinib inhibited cell migra-
tion, tubule formation, and caused endothelial cell death.'
Sunitinib administration also significantly decreased the
tumor burden of animals compared to control animals in a
Lewis lung carcinoma lung metastasis model. The decrease in
vascular density in sunitinib-treated animals occurred before
the establishment of blood vessels.'® Interestingly, sunitinib
significantly decreased the vascular permeability and blood
flow in a study using dynamic contrast-enhanced magnetic
resonance imaging conducted in a subcutaneous HT-29 colon
cancer murine model.!! Detailed studies also revealed that
the biological effects of sunitinib could be achieved when
the plasma concentration was maintained at 50-100 ng/mL
or above for 12 hours on a daily dosing regimen.

In studies conducted using a human GIST cell line,"
sunitinib inhibited phosphorylation of KIT in these cells,
resulting in growth arrest and apoptosis. Furthermore, con-
comitant blockade of phosphatidylinositol-4,5-bisphosphate
3-kinase/proto-oncogene cAKT (AKT)/mammalian target of
rapamycin, which lies downstream from KIT, strengthened
the growth suppression effects of sunitinib. Sunitinib can
inhibit other RTKs relevant to its antitumor effects, includ-
ing FLT3 and RET. FLT3 is frequently activated in acute
myeloid leukemia,'* and RET! contributes to the develop-
ment of medullary thyroid carcinomas.

Anti-MDSC effect mediated by KIT

In the tumor microenvironment, MDSC and T-regulatory cells
(Tregs) are among the suppressor cells that are significantly
increased in hosts with advanced malignancies, and they are
known to mediate tumor-induced immunosuppression.'>7
MDSC mediate the suppression of the tumor antigen-specific
T-cell response through induction of T-cell anergy.'®*' By
inducing other immunosuppressive cell populations such as
Tregs and regulating inflammation in the tumor microenvi-
ronment, MDSC promote changes of the immune system to
increase tolerance of tumor cells and enhance their growth.
Therefore, they may serve as major obstacles for natural
antitumor immunity.

Emerging evidence suggests that sunitinib downregu-
lates the immunosuppressive effects mediated by MDSC in
human and various animal models of cancer. A comparison
of the number of peripheral blood MDSC in renal cell cancer
patients has shown that sunitinib treatment reduces the
MDSC and reverses type 1 T-cell suppression. The scenario
has been reproduced in vitro by depletion of MDSC. The
reduction of MDSC in response to sunitinib administration
also correlated with a reversal of Treg elevation.? In addition,
the expression of immune checkpoint molecules, cytotoxic
T-cell lymphocyte-associated antigen-4 and programmed
death-1, in both CD4 and CDS8 T cells and the expression
of programmed death ligand-1 on MDSC and plasmacytoid
dendritic cells are also significantly reduced by sunitinib
treatment.? In the human glioma model, treatment with
sunitinib decreased the infiltration of MDSC in the tumor and
prolonged the survival of tumor-carrying animals.?* In a renal
cell tumor model, sunitinib pretreatment improved tumor
infiltrating lymphocyte expansion by reducing intratumoral
MDSC.? Sunitinib also enhanced the effects of therapeutic
cancer vaccine and stereotactic radiation therapy through
modulation of MDSC. Hence, sunitinib can be a valuable tool
for boosting the antitumor effects where MDSC-mediated
immunosuppression is crucial. Its activity appears to be
mediated by KIT blockade, since KIT ligand is required for
MDSC accumulation and Treg development.?

It is also worth noting that beside the role of MDSC on adap-
tive immune response, MDSC can also promote tumor growth
independent of the adaptive immune response mechanism.?’2°
In addition, MDSC were found to facilitate angiogenesis®
and tumor metastasis.*'*? All of these actions point to a strong
rationale for downregulation of MDSC in cancer.

Mechanism of sunitinib resistance
Factors associated with sunitinib primary resistance have
been investigated in renal cell carcinoma (RCC). Of the
25% (33/134) of patients resistant to sunitinib, the number
or size of metastases, neutrophilia (odds ratio 7.4), dete-
riorating performance status, and elevated lactate dehydro-
genase levels stood out. The neutrophilia is thought to be
associated with increased MDSC and is linked to primary
resistance.*® Studies on how cells adapt to VEGF-targeted
antiangiogenesis in vitro revealed that the resistance is the
result of activation of VEGF-independent angiogenesis
pathways through interactions with VEGF-targeted drugs,
but not hypoxia.** According to another report, intratumoral
sequestration of sunitinib in lysozymes also contributed to
sunitinib resistance.*
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At the molecular level, MET and AXL expression levels
increase during chronic sunitinib treatment. Those patients
with more elevated levels had inferior outcome when com-
pared to those without. Targeting MET and AXL eradicated
this resistance.*® Cell lines with acquired sunitinib resistance
have uninhibited Akt and p44/42. Axitinib use eliminated
the resistance and brought Akt and p44/42 levels down.”’
Overexpression of IL13RA2 has also been linked to sunitinib
resistance.** MDM2 oncogene (MDM?2) is a ubiquitin protein
ligase that antagonizes p53. The role of MDM2 antagonism
in sunitinib resistance and p53 activation has been investi-
gated. It was found that treatment with sunitinib increased
p53 levels initially. With continued use, resistance developed
with induction of MDM?2 that antagonizes p53. Concurrent
administration of the MDM2 inhibitor MI-319 markedly
increased the antitumor and antiangiogenic activities of
sunitinib and restored p53-dependent gene expression.
In addition, MI-319 also suppressed the expression of stromal
cell derived factor-1 and the influx of MDSC induced by
sunitinib. All these suggest that evasion of p53 function
might be contributing to sunitinib resistance.*

Resistance to sunitinib in GIST shares similar patho-
genetic mechanisms to those identified in imatinib failure,
with acquisition of secondary mutations after an extended
initial response to the drug. In GIST patients who are resis-
tant or intolerant to imatinib, sunitinib response correlated
with primary tumor mutational status (before imatinib).
Progression-free survival (PFS) and overall survival (OS)
were significantly longer in patients who had wild type
or mutation in KIT exon 9, compared to those who were
mutated in exon 11. Exon 9 is in the ligand-binding domain,
whereas exon 11 sits in the juxtamembrane domain. When the
mutational status is checked following initiation of imatinib
therapy, those patients expressing secondary mutations in
exon 13 and 14 did better than those who acquired mutations
in exon 17 or 18 in addition to the primary mutation in KIT.
These findings are consistent with the in vitro data demon-
strating that cells are more resistant to sunitinib if the sec-
ondary mutation occurs in the activation loop (exon 17, 18)
of KIT RTK than the mutations expressed in the adenosine
triphosphate-binding pocket (exon 13, 14).4

Potential harm of antiangiogenic
therapy

As stated earlier, sunitinib is developed as a potent antiangio-
genic drug that targets a rate-limiting step in tumor growth.
Despite the regulatory approval of multiple antiangiogenic
drugs in cancer therapy against different types of cancer

including lung, renal, glioblastoma multiforme, and others,
clinical benefits are limited by rapid emergence of resistance.
Recently, antiangiogenic interventions including sunitinib
treatment have been linked to increased tumor invasiveness
and metastasis. In one report,*! sunitinib administration before
or after intravenous injection of tumor cells into the circula-
tion or following the removal of orthotopically grown tumors
accelerated multiorgan metastasis, although the antitumor
effects were more effective when sunitinib was used to treat
animals carrying breast cancer or melanoma grown ortho-
topically. An independent report from another laboratory*
concluded the same. Here, VEGFA ablation and sunitinib
use both increased the tumor invasiveness and incidence
of hematogenous metastases in glioblastoma multiforme
and pNET models. If these observations are confirmed,
clinical use of sunitinib or other antiangiogenic drugs as a
single agent in the adjuvant settings should be discouraged.
Single-agent use as maintenance after combination use with
chemotherapy should be carefully studied, given the risk of
increased systemic metastasis and invasiveness associated
with such antiangiogenic drugs.

First- and second-line therapy
for mRCC

Sunitinib efficacy was first shown in a multicenter Phase 2
study in the first-line settings for RCC in 2006. With a
6 weeks schedule administered at 50 mg daily for 4 weeks
on and 2 weeks off, the ORR, which served as the primary
endpoint, was 40% (25/63). An additional 17 patients had
stable disease (SD) for more than 3 months. Time to tumor
progression was 8.7 months.* In another study, patients with
metastatic clear cell RCC that had progressed on cytokine
treatment were given sunitinib in an open-label, single-arm,
and multicenter fashion, until progression or unacceptable
toxicity. Of the 105 evaluable patients, 36 had partial response
(PR; 34%) and the median PFS (mPFS) was 8.3 months.
Toxicities, all manageable, included fatigue (28%), diar-
rhea (20%), neutropenia (42%), increased lipase (28%), and
anemia (26%).** Based on these results, sunitinib received
accelerated FDA approval in January 2006. A retrospective
analysis of an Asian population reported similar findings.*

The pivotal Phase 3 study, comparing sunitinib and inter-
feron (IFN)-o, was conducted on 750 patients with largely
good- or intermediate-prognosis metastatic clear cell RCC
who had not received prior systemic therapy. Sunitinib was
administered once daily for 4 weeks on and 2 weeks off and
9 million units of IFN was given three times a week. The
mPFS was 11 months in the sunitinib arm and 5 months in
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the [FN arm (hazard ratio [HR] 0.42, 95% confidence interval
[CI] 0.32-0.54, P<<0.001). ORR was significantly higher
in the sunitinib group (31% vs 6%, P<<0.01).%® In the final
updated analysis, there was a significantly higher ORR (47%
vs 12%, respectively, P<<0.001), longer PFS (median, 11 vs
5 months, HR 0.42, P<<0.001), and longer OS (median, 26.4
vs 21.8 months, HR 0.82, 95% CI 0.67-1.00, P<<0.051) in
the sunitinib group. Multivariate analysis of survival based
upon the pretreatment stratification parameters and treatment
assignment found that initial treatment with sunitinib was a
statistically significant predictor for prolonged survival.*¢-8

This Phase 3 study (N=750) also measured the health-
related quality of life and compared sunitinib (n=375) with
IFN-o (n=375) in patients with mRCC, and showed that the
health-related quality of life in patients treated with sunitinib
was better than in patients treated with IFN-o..* This means
that sunitinib is better than IFN-a in terms of both tolerabil-
ity and efficacy. However, in patients with untreated brain
metastases from mRCC, sunitinib cannot be recommended as
a valid option, due to its limited efficacy in brain metastases.
Nevertheless, no neurologic complication has been observed
with sunitinib therapy.*

The majority of RCCs have clear cell histology. The
nonclear cell histology patients are generally excluded from
clinical trials. A systemic analysis was recently performed
using data available till June 1, 2014. The survival and
response data from six Phase 2, one expanded access, and five
retrospective studies involving 980 patients were reported.
The mPFS was 1.6-8.9 months (eleven studies), median
OS (mOS) 12-22 months (nine studies), disease control
rate 35%-91% (ten studies), and the ORR was 0%—-36%
(ten studies). Grade 3/4 toxicities included those gastroin-
testinal, dermatological, and hematological in nature. It was
concluded that there is only level C evidence to recommend
sunitinib (insufficient as compared to level A evidence for
clear cell histology) in this patient population.*

A retrospective study was later completed to determine
whether later sunitinib rechallenge is effective.> These patients
(23 of them) received sunitinib after progression of disease on
sunitinib. The PR was 22%. Compared to a PFS of 13.7 months
for sunitinib-naive patients, rechallenge yielded a PFS of
7.2 months. Patients who had more than 6 months of response
had significantly longer PFS than those who had less than
6 months of response (mPFS 16.5 vs 6.0 months, P<<0.03).

In the initial trial done to establish the efficacy of suni-
tinib, sunitinib was given as 50 mg for 4 weeks followed by
2 weeks off.**8 In subsequent Phase 2 studies, however,*5
a dosage schedule of 50 mg for 2 weeks followed by 1 week

off was found to be better tolerated, with reduced side effects,
fewer dose reductions, and similar efficacy. A retrospective
analysis of patients switched from the 4-week-on/2-week-off
schedule to a 2-week-on/1-week-off schedule also supported
this alternative approach.

In a separate study, the continuous daily dosing (CDD;
37.5 mg/day) was compared with the 4-week-on/2-week-off
schedule in a randomized trial that included 292 patients
with advanced RCC.%’ The 4-week-on/2-week-off schedule
demonstrated a significantly longer time to disease progres-
sion and no higher, commonly reported adverse events. The
CDD was not recommended. Thus, based upon the results
of the above-cited trials, the preferred regimen is to give
3-week cycles of 2 weeks on drug (50 mg/day), followed by
1 week without therapy.

Sunitinib appears to be efficacious regardless of age.
In a retrospective study that included over 1,000 previously
untreated patients, there were no significant differences in
PFS (median, 11 vs 10 months) and OS (26 vs 24 months)
among patients <70 and =70 years, respectively.’® Similar
results were reported among patients receiving sunitinib
following progression on prior cytokine treatment; however,
patients =70 years experienced significantly more treatment-
related toxicity. Decisions on the administration of sunitinib
among older patients should be based on considerations of
the treatment-related risks and the goals and preferences of
the individual patient.

GIST refractory or intolerant

to imatinib

Sunitinib is approved for treating GIST that is imatinib-
refractory or -intolerant. The first sign of sunitinib efficacy
was shown in a randomized, double-blinded, placebo-
controlled, international Phase 3 study in 312 patients with
refractory disease in a 2:1 ratio. After 42 months of follow-up,
median time to tumor progression, the primary endpoint,
was fourfold higher as compared with the placebo group
(27.3 vs 6 weeks, HR 0.33, P<<0.0001). Sunitinib showed
significant clinical benefit in terms of disease control rate
and survival.* In the final analyses of a Phase 3 trial involv-
ing 243 patients in the sunitinib group and 118 in placebo
(103 crossed over to sunitinib and converted to open labeled),
the mOS was 72.7 weeks for sunitinib and 64.9 weeks for
placebo receiving also sunitinib after crossover (HR 0.876,
P=0.306). A software program which estimates the impact
of crossover determined that the mOS was 39 weeks, well
below the sunitinib group.®® Sunitinib benefit was associated
with suppression of KIT activity.®
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A German study of 1,124 patients recently pointed out the
importance of prompt dose adjustment among the 15% whose
performance is less than optimal (Eastern Cooperative Oncol-
ogy Group [performance scale] 2 or above). Patients in whom
the initial dosing schedule was modified exhibited a longer
mOS (23.5 months) than those treated strictly as per the initial
dosing schedule (11.1 months).%> Grade 3/4 toxicities included
hand and foot syndrome in 11%, fatigue in 9%, hypertension
in 7%, neutropenia in 8%, and thrombocytopenia in 6%.

The clinical activity of sunitinib against specific mutations
in the KIT gene was shown in a Phase 1/2 trial performed in
97 patients with metastatic, imatinib-refractory or -intolerant
GIST. Clinical benefit rate (PR or SD for longer than
6 months) was significantly higher for those with a primary
KIT exon 9 (58%) or wild type (56%) than for those with
a KIT exon 11 mutation (34%).®* Patients with KIT exon 9
and a PDGFR-o mutation had a PFS and OS of 19.4 and
26.9 months, respectively, while those with exon 11 mutations
had only 5.1 and 12.3 months, respectively. Following pro-
gression on imatinib, both PFS and OS were significantly lon-
ger for patients with secondary KIT exon 13 or 14 mutations
than for those with exon 17 or 18 mutations (7.8 vs 2.3 months
and 13 vs 4.0 months, respectively) on sunitinib. Mutations
in different positions affect different KIT domains (refer to
section of mechanism of sunitinib resistance above).

Positron emission tomography scan seems to predict
sunitinib response after imatinib failure. In this study, PFS was
correlated with the positron emission tomography response
demonstrated 4 weeks after initiation of sunitinib (N=23).
The PFS was 29 weeks for those with a standard uptake value
(SUV) of less than eight, whereas it was only 4 weeks when
the SUV was eight or higher. None of the patients who had
metabolically progressive disease subsequently responded
to sunitinib. Those who had higher residual standard uptake
value (on positron emission tomography) after 4 weeks of
treatment, primary refractory to imatinib and nongastric
GIST had shorter PFS, regardless of the KIT or PDGFR
mutational status.® Another study concluded that in addition
to genotype, sunitinib-induced hypertension is predictive of
good response and better PFS and OS.%

Sunitinib is approved in the US for the treatment of
imatinib-refractory or -intolerant advanced GISTs. The
approved dose is 50 mg daily for four of every 6 weeks;
however, CDD (37.5 mg daily) appears similarly safe and
effective in a separate study.*

Advanced pNETs

Sunitinib was approved in the US for the treatment of
progressive, well-differentiated pNETSs in patients with

unresectable, locally advanced, or metastatic disease. This
approval was based on two trials. In the first (Phase 2) trial
in patients with advanced neuroendocrine tumors (NETs),
sunitinib at 50 mg daily for four of every 6 weeks was
administered to 109 patients.®” Eighteen percent had a PR and
68% had prolonged periods of SD. Of the 61 patients with
pancreatic NETs, the median time to tumor progression was
7.7 months. Rates of symptom control for patients with func-
tioning tumors and refractory symptoms were not reported.
A continuous daily dose schedule of sunitinib 37.5 mg
was compared to placebo in a Phase 3 trial of 171 patients
with progressing pNETSs.* The mPFS was significantly longer
with sunitinib (11.4 vs 5.5 months). There were eight objec-
tive responses with sunitinib (vs none in the placebo group),
two of which were complete. Twenty-three percent of patients
developed hand—foot skin reaction and 26% developed hyper-
tension of any grade among the group receiving sunitinib. The
most common grade 3 or 4 adverse events in this group were
neutropenia (12%) and hypertension (10%). Despite these side
effects, there were no differences in the quality-of-life index
with sunitinib. Rates of symptom control for patients with func-
tioning tumors and refractory symptoms were not reported.
In two patients with VIPomas, sunitinib provided control
for refractory symptoms due to tumor hormone production.®’
In contrast, blood glucose concentrations were not increased
in a single patient treated with sunitinib for a functioning met-
astatic insulinoma.” Please refer to Table 1 for a summary of
clinical trials that have established the efficacy of sunitinib.

Management of thyroid cancer

Many small-molecule tyrosine kinase inhibitors including
sunitinib have been tested in thyroid cancer. In one Phase 2
study,” sunitinib was given to 28 differentiated and seven
medullary thyroid cancer patients. One complete response
(3%), ten PR (28%), and 16 SD (46%) with 77% clinical
benefit was recorded (complete response/PR/SD). The most
common toxicities included fatigue (11%), neutropenia (34%),
hand—foot syndrome (17%), diarrhea (17%), and leukopenia
(31%). One patient on anticoagulation died of gastrointestinal
bleeding. Sixty percent of patients required dose reductions
from 37.5 to 25 mg once daily. In another Phase 2 study of
differentiated thyroid cancer patients who had received at
least one course of radioactive ablation, 23 patients were
given 37.5 mg daily. The mean best response achieved
was a 17.2% reduction in the tumor size from the baseline
level. PR was achieved in 6 (26%) and SD in 13 (57%). The
overall clinical benefit rate was 83% with a PFS of 241 days
(range 114-518 days).”” Currently, vandetanib” and cabo-
zantinib™ are approved for progressive, metastatic medullary
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Table | Major trials establishing the efficacy and dosing schedule of sunitinib in cancers

Study (Phase) Cancer type Findings Patient# Comments References
Motzer et al (2) RCC ORR 40%, TTP 8.7 m 63 Second line after IFN-o. 43
Motzer et al (2) RCC ORR 34% 106 As above 44
PFS 8.3 m
Hong et al (R) RCC PFS 7.2 m, OS 22.8 m Retrospective 45
RR 27.6%, DCR 84.2% 76 90% clear cell
Multiple studies (3) RCC PFS: 11 versus 4 m; ORR: 31 versus 6 m; 750 First line versus IFN-o,, the 46—49
OS: 26.4 versus 21.8 m largest trial
Sunitinib better QOL
Zama et al (R) RCC ORR 22%, PFS 7.2 m 23 Rechallenge 51
Atkinson etal (R) RCC PFS 5.6 m, OS 33 m 80 of 187 2 weeks on | off schedule 53
Najjar et al (R) RCC Lower toxicity, longer treatment 30 2 on/| off versus 4/2 schedule 54
Lee etal (2) RCC FFS: 63% versus 44%; TTP: 12.1 versus 10.1 m; 74 (38/36)  Prospective 4 on/2 off versus 55
ORR: 47% versus 36% 2 on/| off
Less toxicity
Bracarda etal (R) RCC TD: 28.2/7.8/9.7 m; PFS: 30.2 m/10.4 m/9.7 m; 208/41/211  Multicenter 4 on/2 off switch 56
OS: not reached/23.2/27.8 m versus 2 on/| off versus external
Motzer et al (2) RCC OS: 23.1 versus 23.5 m 292 Compare standard versus CDD 57
TTP: 9.9 versus 7.1 m
No advantage for CDD
Hutson et al (R) RCC First-line PFS: 9.9 versus || m; OS: 23.6 versus 1,059 =70y of age has more 58
25.6 m; no difference toxicities, OS versus <70y
Second: PFS: 8.1 versus 8.4 m of age
OS:20.2 versus 158 m
Demetrietal (2)  GIST TTP: 27.3 versus 6.4 w 312 Versus placebo imatinib 59
refractory
Reichardt et al GIST TTP 83 m,OS |6.6 m 1,124 Confirmed efficacy as in 62
reference 59
George et al (2) GIST CBR 53%, PFS 34 w, OS 107 w 60 Daily continuous seems fine 66
Kulke et al (2) NET pNET: ORR 16.7%; TTP 7.7 m, ly OS 81.1% 107 66 patients with pNET 67
Carcinoid: ORR 2.4%; TTP 10.2 m, Iy OS 83.4% 41 patients with carcinoid
Raymond et al (3) pNET PFS: 11.4 versus 5.5 m 71 37.5 mg daily versus placebo 68
ORR: 9.3% versus 0% I:1 fashion

OS: unknown

Abbreviations: CBR, clinical benefit rate; CDD, continuous daily dosing; FFS, failure-free survival; GIST, gastrointestinal stromal tumor; IFN-0,, interferon alpha; NET,
neuroendocrine tumor; ORR, objective response rate; OS, overall survival; PFS, progression-free survival; pNET, pancreatic neuroendocrine tumor; QOL, quality of life;
RCC, renal cell carcinoma; TD, treatment duration; TTP, time to tumor progression; w, week; y, year; m, month; R, retrospective; RR, response rate.

thyroid cancer. Sorafenib’ and lenvatinib’® are approved for
treating unresectable, locally advanced, or metastatic well-
differentiated thyroid cancer refractory to radioactive iodine
therapy. Sunitinib is not currently approved by the FDA for
the treatment of thyroid cancer.

Concurrent or sequential use with

chemotherapy in solid tumors

Although sunitinib given concurrently with chemotherapy has
shown toxicities that were manageable in early-phase clinical
trials,”””® so far no Phase 3 trial has shown it to improve the
efficacy of chemotherapy. A Phase 2 sunitinib maintenance
trial” conducted in extensive stage small cell lung cancer
following platinum-based chemotherapy reported an mPFS
benefit from 2.1 to 3.7 in 85 patients randomized to receiving
either placebo or sunitinib, respectively (HR 1.62, 95% CI
1.02-2.60, P=0.02). No mOS benefit was seen (6.9 months

in control arm and 9.0 months in treatment arm, HR 1.28 and
95% CI 0.79-2.10, P=0.16). Further study will hopefully
clarify the benefit of sunitinib in maintenance for small cell
lung cancer. Adding sunitinib to fluorouracil, leucovorin,
irinotecan in the treatment of esophageal/gastric cancer
failed to improve ORR or PFS, compared to fluorouracil,
leucovorin, irinotecan alone; however, hepatotoxicity was
worse. Therefore, the role of sunitinib in combination with
or following chemotherapy remains unclear at this point.

Improved outcome in patients
treated in combination with

stereotactic body radiation therapy
(SBRT)

In a Phase 1/2 trial conducted in patients with solid tumors
with oligometastases (<5), it was found that sunitinib may
be safely administered to patients treated concomitantly with
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SBRT. Of the 46 patients treated with concurrent sunitinib, no
grade 5 toxicity was observed. Three grade 3 toxicities were
reported, including anemia and thrombocytopenia which
occurred when liver and large areas of bone were irradiated.
Sunitnib appeared to improve the efficacy of SBRT, espe-
cially in renal and prostate cancer.®® Sunitinib mediated
decrease of MDSC accumulation and functional suppression,
which correlated with Treg reduction in responders. SBRT
synergized with sunitinib, leading to decrease in monocytic
MDSC, Treg, B cells, and augmented T-bet expression
in primary CD4 and CD8 T cells. PFS and cause-specific
survival were improved in responders (decreased MDSC) in
the combination group. but not in the SBRT alone group.®!

Improved efficacy of therapeutic

cancer vaccine

A number of hurdles need to be overcome before a thera-
peutic vaccine can work. Not only will the vaccine need
to induce antitumor immune responses, but also it should
bypass the tumor-mediated immune escape mechanisms. As
stated earlier, MDSC and Tregs are among the suppressor
cells that mediate immune escape. In a study of a therapeutic
vaccine made from human papilloma virus antigens E6
and 7 expressed in a Semliki Forest virus vector, SBRT
or sunitinib each alone boosted the efficacy of the vaccine
and increased the antitumor effector cell to MDSC ratio.
Interestingly, when the three modalities were combined, the
E7-specific CD8* T cell for every one of MDSC cell increased
from 0.02 to 200, a 10,000 fold change. This phenomenon
eventually led to 100% tumor-free survival.®? In two murine
tumor models of colon (MC38CEA) and breast cancer (4T1),
sunitinib decreased tumor vasculature and compactness.
Combination with a therapeutic vaccine led to increased
tumor-infiltrating lymphocyte and tumor antigen-specific
CDS8 T cells, decreased tumor size, and improved survival,
supporting concurrent use of sunitinib in combination with
a therapeutic vaccine.®

Tolerance
Sunitinib is generally well tolerated. The most common
adverse reactions, occurring in more than 20% of patients,
are fatigue, asthenia, diarrhea, nausea, mucositis/stomatitis,
vomiting, dyspepsia, abdominal pain, constipation, hyperten-
sion, rash, hand—foot syndrome, skin discoloration, altered
taste, anorexia, and mild bleeding.

Among patients treated with sunitinib, the incidence of
hypertension was 28% (6% had grade 3) in Phase 2 trials in
mRCC* and 15% (4% had grade 3) in a Phase 3 GIST trial.*

An important part of the mechanism of hypertension
associated with all VEGF inhibitors including sunitinib is
thought to involve decreased production of nitric oxide (NO)
in the wall of arterioles and other resistance vessels. VEGF
increases NO synthesis through upregulation of endothe-
lial NO synthase, while VEGF inhibition diminishes NO
synthesis® leading to increased peripheral resistance and
blood pressure.

The most common cutaneous toxicity is hand-and-foot
skin reaction (HFSR). Other cutaneous toxicities include
alopecia, stomatitis, and skin discoloration. HFSR and
severe stomatitis manifest early compared with other
cutaneous toxicities and require therapy modifications to
relieve symptoms; however, other cutaneous toxicities
do not affect the treatment course. HFSR was observed
in 36% of those treated with sunitinib and median time
to onset was 32.4 days. A significant correlation between
the severity of HFSR and development of alopecia and
stomatitis was found.®

Conclusion

As a multitargeted kinase inhibitor, sunitinib was formally
approved in 2006 for the treatment of GIST patients who
are intolerant or refractory to imatinib and in 2007 for
advanced RCC. Its role in nonclear cell RCC appears to
be limited. Over the years, sunitinib changed the way we
manage these tumors. More recently, sunitinib has received
approval for pNET. Despite the common perception that
downregulation of angiogenesis may improve outcome,
no role for sunitinib has been found in the management of
solid tumors in patients receiving chemotherapy. In recent
years, increasing evidence has indicated a role for sunitinib
in downregulating the MDSC. Given the importance of
MDSC in promoting tumor growth, metastasis, and sup-
pression of immune response, synergy between sunitinib
and immune checkpoint inhibitors, SBRT, or therapeutic
vaccine is being hotly pursued. Preclinical studies appear
very promising. Sunitinib may exert toxic effects; however,
the general benign nature of SBRT and several immuno-
therapies provides promise that additive side effects will
be limited.
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