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ABSTRACT

This review highlights therapeutic agents from recent cancer therapeutic trials showing the greatest potential for fur-
ther clinical use for sunitinib in the near future. In fact, sunitinib is one of multi-tyrosine kinase inhibitors; tyrosine
kinases are enzymes, which transfer phosphate groups from ATP to the hydroxyl group of tyrosine residues on signal
transduction molecules. Phosphorylation of signal transduction molecules, in turn, induces dramatic changes in tumor
growth, including activation of angiogenesis and DNA synthesis. Therefore, sustain efforts have been directed for de-
veloping inhibitors for angiogenesis, which is the marginal process for tumor growth and development through target-
ing TKs. Almost if not all angiogenesis inhibitors target the vascular endothelial growth factor (VEGF) signaling
pathway.
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1. Mechanism of Action

The accumulation of hypoxia inducible factor induces the
expression of hypoxia-inducible genes, e.g. VEGF and
platelet-derived growth factor (PDGF) [1-3]. Angiogene-
sis inhibitors, such as the monoclonal antibody bevaci-
zumab (Avastin, Genentech/Roche) and two kinase in-
hibitors sunitinib (SU11248, Sutent, Pfizer) and soraf-
enib (BAY43-9006, Nexavar, Bayer) [4] target the vas-
cular endothelial growth factor (VEGF) signaling path-
way. Upon binding of these growth factors to their re-
spective tyrosine kinase receptors, the cell migration,
proliferation and survival take place [5]. Since, it acts as
a multi-targeted tyrosine kinase inhibitor, sunitinib has
widely recommended in the clinic (Figure 1).

Due to its stringent ability to inhibit the activity of
VEGF receptors 1, 2, and 3; PDGF receptors a and b;
KIT; Fms-like TK-3 (FLT3); colony-stimulating factor
receptor type 1; and neurotrophic factor receptor [6,7].
Since, the small molecule receptor tyrosine kinase in-
hibitors (RTKSs), including VEGFR, PDGFR and KIT,
are expressed on many if not all tumors [8,9], sunitinib
may have potential for use in several tumors types.

2. Doses of Sunitinib

A recent study has evaluated sunitinib effects on 637
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tumor cell lines, only two tumor cell lines among others,
were highly sensitive to sunitinib (at 1 uM) due to acti-
vated PDGFRa signaling, implicating resistance to the
635 others [10]. However, almost all studies used sunit-
inib in vitro at higher concentrations up to 10 pM [6].
Since, based on animal data and its high volume of dis-
tribution, target tissues are expected to have higher
sunitinib concentrations than plasma [11]. In xenografted
renal cell cancers in mice when treated with a non-toxic
dose of sunitinib, the intratumoral concentrations were
found to be in the range of 10 uM [4] . In human studies,
sunitinib could induce apoptosis in renal cell cancer cell
lines in a concentration-dependent way from 1.25 to 10
UM [12]. Of note the incidence of apoptosis in cancer
cells as a result of exposed sunitinib is correlated with
reduced activation of STAT3, which has adverse effects
on chemotherapy sensitivity even in the case of solid
tumors [13].

3. Sunitinib Metabolism and
Pharmacokinetics

Sunitinib malate is described chemically as Butanedioic
acid, hydroxy-, (2S)-, compound with N-[2-(diethylami-
no)ethyl]-5-[(Z)-(5-fluoro-1,2-dihydro-2-oxo0-3H-indol-3-
ylidine)methyl]-2,4-dimethyl-1H-pyrrole-3-carboxamide
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Figure 1. The percentage ratio of the clinical trials that implicated sunitinib alone or in combination with other chemother-
apy drugs for treating different cancer types.

(1:1). The molecular formula is CyH,FN4O,-C4H¢O5 with no standard therapeutic options available after fail-
and the molecular weight is 532.6 daltons. To date, it is ure of the therapy (Figure 2).

not completely clear which patient characteristics render Following oral administration, sunitinib is well ab-
an individual patient at risk for sunitinib-induced toxicity sorbed from the gastrointestinal tract with maximum
[14]. Therefore, sunitinib is used as palliative therapy plasma concentrations observed between 6 and 12 h after
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Figure 2. The percentage ratio for the application of sunitinib in cancer therapy in different clinical trails.
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administration. Bioavailability is not affected by food
intake [15] and no significant changes in pharmacokinet-
ics are observed with repeat versus single dosing [16].
Sunitinib is metabolized primarily in the liver by the cy-
tochrome P450 enzyme CYP3A4 [17]. Both parent com-
pound and an active N-desethyl metabolite (SU12662)
[16] have similar biochemical activity and potency. The
primary metabolite is further metabolized by CYP3A4 to
its secondary inactive metabolite [18]. The primary ac-
tive metabolite comprises 23% to 37% of the total expo-
sure. In a human mass balance study of 14C-labeled
sunitinib, 61% of the dose was eliminated in feces, with
renal elimination accounting for 16% of the administered
dose [17]. Total oral clearance (CL/F) ranged from 34 to
62 L/h with an interpatient variability of 40%. The ter-
minal half-lives of sunitinib and its active metabolite are
40 h to 60 h and 80 h to 110 h, respectively. Steady-state
conditions of sunitinib and its active metabolite are
reached in 2 weeks. Polymorphisms in specific genes
CYP1Al1, ABCB1, ABCG2, NR1I3, VEGFR2, and
FLT3 encoding for metabolizing enzymes, efflux trans-
porters, and drug targets are associated with sunitinib-
related toxicities [14]. The pharmacokinetics of sunitinib
and sunitinib malate have been evaluated in 135 healthy
volunteers and in 266 patients with solid tumors [17,19].
The study have shown that following a single oral dose,
peak plasma sunitinib concentrations occur between 6
and 12 hours post-dose [16,20]. In addition, sunitinib and
SU12662 have previously been shown to display linear
pharmacokinetics and have prolonged half-lives of 40
and 80 hours, respectively [21].

4. Sunitinib-Drug-Interactions

4.1. Coadministration of Sunitinib with Strong
Cytochrome P450 Enzyme (CYP3A4)
Inhibitors

The coadministration of sunitinib with strong inhibitors
of the CYP3A4 family (e.g., ketoconazole, itraconazole,
clarithromycin, atazanavir, indinavir, nefazodone, nelfi-
navir, ritonavir, saquinavir, telithromycin, voriconizole)
may increase sunitinib concentrations. For instance, co-
administration of sunitinib with strong CYP3A4 inhibitor,
ketoconazole, resulted in 49% and 51% increases in the
combined AUC of sunitinib and its active metabolite.
Therefore, the administration of sunitinib along with the
strong CYP3A4 inhibitors should be avoided to prevent
an increased risk of toxicity due to increased drug expo-
sure. In the contrary, concurrent administration of SU-
TENT with the strong CYP3A4 inducer, rifampin, re-
sulted in a 23% and 46% reduction in the combined AUC
of sunitinib and its active metabolite, respectively, after a
single dose of SUTENT in healthy volunteers.
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4.2. Coadministration of Sunitinib with Strong
Cytochrome P450 Enzyme (CYP3A4)
Inducers

Coadministration of SUTENT with inducers of the
CYP3A4 family (e.g., dexamethasone, phenytoin, car-
bamazepine, rifampin, rifabutin, rifapentin, phenobarbital,
St. John’s Wort) may decrease sunitinib concentrations.
A dose increase for SUTENT should be considered when
it must be co-administered with CYP3A4 inducers. There
is no specific antidote for overdosage with SUTENT. A
few cases of accidental overdose have been reported;
these cases were associated with adverse reactions con-
sistent with the known safety profile of SUTENT, or
without adverse reactions. A case of intentional overdose
involving the ingestion of 1500 mg of SUTENT in an
attempted suicide was reported without adverse reaction.
In non-clinical studies mortality was observed following
as few as 5 daily doses of 500 mg/kg (3000 mg/m?) in
rats. At this dose, signs of toxicity included impaired
muscle coordination, head shakes, hypoactivity, ocular
discharge, piloerection and gastrointestinal distress. Mor-
tality and similar signs of toxicity were observed at lower
doses when administered for longer durations. In a study
to determine the effect of GJ, which is a potent intestinal
cytochrome P450 (CYP)3A4 inhibitor, on steady state
sunitinib pharmacokinetics (PK) [22]. In this study con-
comitant use of grapefruit juice (GJ) and sunitinib re-
sulted in an 11% increase of the relative bioavailability
of sunitinib (P < 0.05). The effect of GJ on CYP3A4
activity was confirmed by an increase of ~50% of mean
midazolam exposure (AUCO0-24 h) from 122.1 to 182.0
ng-h/mL (P = 0.034).

5. Clinical Trials of Sunitinib

Sunitinib, in phase Il and Il trials was associated with
durable clinical benefit in nearly 25% of 147 patients
with advanced GIST resistant/intolerant to imatinib [23].
Furthermore, sunitinib is therapeutically effective for
both on imatinib-resistant GIST and advanced renal cell
carcinoma with modest tolerability [24]. Interestingly, a
recent case-report confirmed clinical benefit of sunitinib
in a chemo-refractory adrenocortical carcinoma patient,
suggesting that it may be active in a highly Pgp overex-
pressing tumor type [25]. Furthermore, depending on the
resistance or sensitivity of specific vessels, which may
occur both in one tumor, sunitinib, affecting its own de-
livery to remaining tumor tissue in a positive or negative
way [26]. In an attempt to evaluate the possible interac-
tion of sunitinib with P-glycoprotein (P-gp, ABCB1),
multidrug resistance protein 1 (MRP1, ABCC1), breast
cancer resistance protein (BCRP, ABCG2) and lung-
resistance protein (LRP) in vitro. Dai CL et al. (2009)
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showed that sunitinib completely reverse drug resistance
mediated by ABCG2 at a non-toxic concentration of 2.5
MM and has no significant reversal effect on ABCB1-
ABCC1- and LRP-mediated drug resistance [27]. Al-
though a small synergetic effect was observed in com-
bining sunitinib and conventional chemotherapeutic
agents in ABCB1 overexpressing MCF-7/adr and paren-
tal sensitive MCF-7 cells, ABCC1 overexpressing C-
Al120 and parental sensitive KB-3-1 cells. However,
sunitinib neither affect the expression of ABCG2 at
MRNA or protein levels nor block the phosphorylation of
Akt and Erk1/2 in ABCG2-overexpressing or parental
sensitive cells.

6. Dosing Schedules of Sunitinib and Its
Combination with Different
Chemotherapy Regimens

In an open-label, phase I, dose-escalation study assessed
the maximum-tolerated dose (MTD), safety, pharma-
cokinetics, and antitumor activity of sunitinib in combi-
nation with capecitabine in patients with advanced solid
tumors [28]. In this study, sunitinib (25, 37.5, or 50 mg)
was administered orally once daily on three dosing sched-
ules: 4 weeks on treatment, 2 weeks off treatment (Sch-
edule 4/2); 2 weeks on treatment, 1 week off treatment
(Schedule 2/1); and continuous daily dosing (CDD
schedule). Capecitabine (825, 1,000, or 1250 mg/m (2))
was administered orally twice daily on days 1 to 14 every
3 weeks for all patients. Sunitinib and capecitabine doses
were escalated in serial patient cohorts. The MTD for
Schedule 4/2 and the CDD schedule was sunitinib 37.5
mg/d plus capecitabine 1000 mg/m (2) twice per day; the
MTD for Schedule 2/1 was sunitinib 50 mg/d plus cape-
citabine 1000 mg/m (2) twice per day. The study con-
cluded that, in patients with advanced solid tumors, the
combination of sunitinib and capecitabine resulted in an
acceptable safety profile. Since, there were no clinically
significant pharmacokinetic drug-drug interactions. In
contrast, in another phase | study [29], sunitinib was ini-
tially administered once daily at 37.5 mg per day on days
1 - 14 of a 21-day cycle, in which irinotecan 250 mg/m
(2) was given on day 1. In a second cohort, the sunitinib
dose was reduced to 25 mg per day. In the sunitinib 37.5
mg per day cohort, 3 out of 10 evaluable patients had
objective responses, but dose-limiting toxicities (DLTS)
of neutropenia, pneumococcal sepsis, and fatigue were
observed. Therefore, in this study, the maximum toler-
ated dose was defined as sunitinib 25 mg per day (days 1
- 14) with irinotecan 250 mg/m (2).

7. Vitamins

Vitamins C and E supplementation have been used an
attempt to decrease the harmful effects of commonly
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used anticancer drugs in breast-cancer patients [30]. Co-
administration of VCE restored antioxidant status, low-
ered by the presence of breast-cancer and chemotherapy.
DNA damage was also reduced by vitamins C and E. The
results suggest that vitamins C and E should be useful in
protecting against chemotherapy-related side-effects and
a randomized control trial to evaluate the effectiveness of
vitamins C and E in breast-cancer patients using clinical
outcomes would be appropriate. On the other hand tannic
acid, a PARG/PARP inhibitor and an antioxidant, on
doxorubicin-induced cardiotoxicity in H9c2 embryonic
rat heart myoblasts and its anti-cancer activity in MDA-
MB-231 human breast cancer cells as well as in DMBA-
induced mammary tumor animals [31]. The results show
that tannic acid prevents activation of PARP-1, reduces
Bax and increases Bcl-2 expression in H9c2 cells, thus,
preventing doxorubicin-induced cell death. Further, it
reduces the cell viability of MDA-MB-231 breast cancer
cells, increases p53 expression in mammary tumors and
shows maximum tumor volume reduction, suggesting
that tannic acid potentiates the anti-cancer activity of
doxorubicin. To the best of our knowledge, this is the
first report which shows that tannic acid ameliorates
doxorubicin-induced cardiotoxicity and potentiates its
anti-cancer activity both in vitro (H9c2 and MDA-MB-
231 cells) as well as in in vivo model of DMBA-induced
mammary tumor animals. However, there is no precise
information are available about the benefit of the combi-
nation of sunitinib and vitamins.

8. Strategies of Cancer Cell Resistance for
Drugs

Despite the tremendous success in the clinical application
of sunitinib for preventing tumor progression, in some
patients, treatment with an angiogenesis inhibitor results
in an initial response, followed by tumor progression
(acquired resistance). For instance, in patients with ad-
vanced clear cell renal cell carcinoma (ccRCC), most
patients develop sunitinib resistance and progressive
disease after about 1 year of treatment [32]. That is actu-
ally due to the vascular resistance to the anti-angiogenic
effect of sunitinib, through activation of alternative pro-
angiogenic pathways [33]. Therefore, the previous study
revealed this resistance to the increased secretion of in-
terleukin-8 (IL-8) from tumors into the plasma. Thus,
this study held that IL-8 is an important contributor to
sunitinib resistance in ccRCC and a candidate therapeutic
target to reverse acquired or intrinsic resistance to sunit-
inib in this malignancy.

Several potential mechanisms of resistance to anti-an-
giogenic drugs like sunitinib have been proposed, how-
ever, their are two main types of resistance can be dis-
tinguished: first, resistance of the tumor vasculature to
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the inhibition of VEGF and PDGF signaling (vascular
resistance); secondly, resistance of cancer cells to the
hypoxic and nutrient-depleted microenvironment induced
by antiangiogenic effects (hypoxia resistance—resistance
to the effector mechanism of anti-angiogenic treatment)
[34]. In another vivo study, analysis of tumor protein
lysates indicated a greater concentration of hepatocyte
growth factor (HGF) in resistant tumors compared with
sensitive ones. Furthermore, systemic injection of HGF
in the sensitive tumor models conferred resistance to

sunitinib through maintaining of tumor angiogenesis [35].

A xenograft study have been emphasized that reversible
epithelial to mesenchymal transition may be associated
with acquired tumor resistance to TKIs in patients with
clear cell renal carcinoma [36].

9. Drug Efflux

P-glycoprotein (P-gp) is a 170-kDa glycosylated trans-
membrane efflux pump, which was first characterized as
the ATP-dependent transporter responsible for efflux of
chemotherapeutic agents from multidrug resistant cancer
cells [37]. Under normal physiological conditions P-gp is
widely expressed in many tissues, such as the membrane
of endothelial cells in the intestine [38,39], liver [38],
placenta [40], blood-brain barrier [41]. Hence, P-gp may
play a significant role in drug absorption, disposition,
and excretion, as well as in drug-drug and drug-food in-
teractions [42,43]. Additional ATP-binding cassette ef-
flux membrane transporters known to play a role in drug
pharmacokinetics are the 190-kDa multidrug resistant-
associated protein 2 (MRP2) and the breast cancer resis-
tance protein (BCRP) [44]. P-gp may play a significant
role in drug absorption, disposition, and excretion, as
well as in drug-drug and drug-food interactions, while
other H2RIs, i.e., ranitidine, famotidine, and cimetidine,
were reported to be P-gp substrates [37]. As mentioned
above, in an attempt to evaluate the possible interaction
of sunitinib with P-glycoprotein (P-gp, ABCB1), mul-
tidrug resistance protein 1 (MRP1, ABCCL1), breast can-
cer resistance protein (BCRP, ABCG2) and lung-resis-
tance protein (LRP) in vitro. C. L. Dai et al. (2009)
showed that sunitinib completely reverse drug resistance
mediated by ABCG2 at a non-toxic concentration of 2.5
MM and has no significant reversal effect on ABCB1-
ABCC1- and LRP-mediated drug resistance [27].

10. Future Directions

Further studies in vitro displaying both cytokines and
growth factors mediated forms of multidrug resistance
will help us to shed light on the mechanisms of resistance
and will guide clinicians to offer the optimal sequence/
combination of targeted agents to patients with advanced
tumors. That may also provide a rational basis for the use
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of chemotherapeutic agents early in the development of
this induced impairment. Furthermore, the combination
of sunitinib with molecular carriers and or with vitamins
may deliver the drug to the particular organ and cells,
which could allow the optimization of its use.
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