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Abstract

Objectives—We examined the in vitro cellular effects of the multi-targeted receptor tyrosine
kinase inhibitors (TKISs) sunitinib and pazopanib on a series of human renal cell carcinoma (RCC)
cell lines.

Methods—The human RCC cell lines 769-P, 786-O, HRC-24, HRC-31, HRC-45, HRC-78,
RCC-26B, and SK-45 were treated with varying concentrations of sunitinib and pazopanib.
Cellular proliferation and cellular death were assessed using the CellTiter-Blue Cell Viability
Assay and the TUNEL assay, respectively. Effective doses (ED) for inhibition of cellular
proliferation or induction of apoptosis were calculated for sunitinib and pazopanib in each RCC
cell line.

Results—Both sunitinib and pazopanib exhibited anti-proliferative activity to varying degree
against all human RCC cell lines; however, sunitinib’s effects were achieved at significantly lower
concentrations. Moreover, sunitinib had a direct pro-apoptotic effect on all tested cell lines, while
pazopanib failed to induce apoptosis in any of the examined human RCC cell lines even at
maximal concentrations.

Conclusions—Although sunitinib and pazopanib are often used interchangeably in the clinical
setting, our results suggest that in-vitro biological activity of the two agents differs. Sunitinib
exhibits a cytotoxic effect on RCC cell lines, while pazopanib’s activity is solely cytostatic. These
data may be clinically relevant given the current lack of comparative in-vivo studies between the
two agents.
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INTRODUCTION

More than 13,000 patients in the United States some 24% of those diagnosed succumb
annually to renal cell carcinoma (RCC), establishing RCC as the deadliest of all urologic
malignancies.(1) Notwithstanding early detection, aggressive treatment strategies, and a
greater understanding of RCC’s molecular pathogenesis, the mortality rates from renal
malignancy are on the rise.(2, 3) Indeed, approximately one third of patients with RCC will
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receive the diagnosis, once their disease is already metastatic.(4) These patients generally
face dismal prospects with a historical median survival of only 10 months.(5)

Because RCC is highly resistant to radiation therapy and cytotoxic chemotherapy, until
recently the standard of care for patients with metastatic disease was surgical debulking
combined with immunotherapy using interferon-alpha (INF-o) or interleukin-2 (IL-2).(6, 7)
Due to limited efficacy and significant toxicity (8, 9), immunotherapy largely is being
replaced by a new generation of targeted therapies that inhibit tumor angiogenesis. Agents
such as sorafenib, sunitinib, temsirolimus, and bevacizumab target hypoxia response
pathways, thereby hindering tumor growth. Since the introduction of these targeted
therapies, median survival for patients with metastatic RCC (mRCC) has increased to nearly
24 months.(10, 11)

Sunitinib - the main line targeted therapy agent for patients with mRCC -- is an oral multi-
targeted receptor tyrosine kinase inhibitor (TKI) with tumoricidal activity mediated mainly
through inhibition of the platelet-derived growth factor receptor (PDGFR), the vascular
endothelial growth factor receptor (VEGFR) 1 and 3, KIT, and FLT3. Sunitinib has proven
to be more efficacious than interferon-alpha in a randomized phase Il trial.(10) Pazopanib is
another TKI with a comparable pharmacological profile as sunitinib. Similar to sunitinib,
pazopanib also has demonstrated significantly improved progression-free survival and tumor
response when compared to placebo (12). Nevertheless, currently, level | evidence for
pazopanib’s superiority to immunotherapy or to another targeted therapy agent is lacking.
Despite this lack of robust data, pazopanib is often prescribed as a first-line agent in clinical
practice due to its perceived superior side-effect profile and ease of administration when
compared with sunitinib.

To our knowledge, there have been no studies that have compared the direct in-vitro effect
of sunitinib and pazopanib on RCC cell lines. As such, we investigated sunitinib’s and
pazopanib’s in-vitro anti-tumor responses in a series of human RCC cell lines. Here, we
demonstrate that while both agents exhibit anti-proliferative activity against all tested human
RCC cell lines, only sunitinib has a direct pro-apoptotic effect on RCC cell lines.

Cells and reagents

The 769-P, 786-0O, HRC-24, HRC-31, HRC-45, HRC-78, and SK-45 human renal cell
carcinoma cell lines were a kind gift of Dr. Joseph Testa (Fox Chase Cancer Center,
Philadelphia, PA). The SK-26B cell line was obtained through the generosity of Dr. Finke
(The Cleveland Clinic Foundation, Cleveland OH).(13) Cells were maintained in RPMI
1640 medium (Bio-Whittaker, Walkersville, MD) supplemented with 10% FBS (Hyclone,
Logan, UT), penicillin (100 U/mL), streptomycin (100 pg/mL), sodium pyruvate (1 mM)
and non-essential amino acids (0.1 mM).

Sunitinib and Pazopanib were obtained from LC Laboratories (Boston, MA). Stock solutions
of both reagents were prepared in DMSO (Sigma, St. Louis, MO).

In vitro measurement of cell proliferation and apoptosis

Cell proliferation was determined by CellTiter-Blue assay (Promega, Madison, WI).
Apoptosis was detected using the APO-BRDU kit (The Phoenix Flow Systems, Inc., San
Diego, CA) followed by flow cytometry analysis.
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Statistical Analysis

Data are shown as the mean of three assays run separately. Effective doses were calculated
using the XL-Fit add in for the Microsoft Excel program (Microsoft Inc, Seattle, WA).
Effective doses represent the calculated concentrations of sunitinib or pazopanib at which a
certain percentage of cells were non-viable or apoptotic. For some effective doses, the
concentration was so high that it was not calculable by the software.

RESULTS

Effects of sunitinib and pazopanib on cellular proliferation were assessed using the CellTiter
Blue assay. Both sunitinib and pazopanib inhibited cellular proliferation in all eight RCC
cell lines, however, sunitinib demonstrated anti-proliferative effects at markedly lower
concentrations than pazopanib (Fig. 1). The CellTiter Blue assay is based on the ability of
living cells to convert a redox dye (resazurin) into a fluorescent end product (resorufin). As
measured by the degree of fluourescence, sunitinib is able to completely suppress
proliferation of all tested RCC cell lines, whereas pazopanib does not achieve the same
degree of anti-proliferative activity. The divergence in the activity between sunitinib and
pazopanib is further highlighted by the calculated range of effective doses (ED) for both
compounds against the RCC cell lines displayed in Table 1. For example, at an ED 20 dose
at which there is a reduction of cellular proliferation by 20 percent -- both compounds halt
cellular growth at similar concentrations in all cell lines. When we used higher ED
threasholds, pazopanib limitations at stopping cellular proliferation based on the CellTiter
Blue Assay were apparent: at an ED50, pazopanib is only able to inhibit cellular
proliferation at achievable concentrations in 5 of the 8 cell lines; and, at an ED70, pazopanib
inhibits cellular viability only in the SK-26b cell line at its maximal concentration of ~60
puM. Conversely, sunitinib is able to halt proliferation in 90 percent of cells -- ED90 -- in
five of the 8 cell lines tested.

In addition to examining sunitinib’s and pazopanib’s effects on cytostasis, we examined
cytotoxic effects of the two agents on RCC cell lines. We employed the TUNEL assay to
test for presence of apoptosis following administration of the TKIs. In contrast to the cellular
proliferation assay, only sunitinib exhibited a direct apoptotic effect on the human RCC cell
lines tested. Pazopanib does not induce apoptosis in any of the tested cell lines. This
difference in ability to induce programmed cellular death effects between the two
compounds is illustrated in Figure 2. The percent viability for each cell line depicted on the
Figure, independent of pazopanib’s concentration, remains essentially 100%. In marked
distinction, sunitinib induces almost total apoptosis in five of the 8 cell lines: HRC-24,
HRC-31, HRC-45, 769-P and SK-45. In a manner similar to the proliferative assay, we
calculated the EDs of sunitinib and pazopanib at inducing programmed cellular death to
underscore the differences in the effects of the two agents. As demonstrated in Table 2,
pazopanib does not induce an ED20 in any of the cell lines at its maximal achievable
concentration (approximately 60 uM). On the other hand, sunitinib has a calculated ED50,
ED70, and ED90 for inducing apoptosis at a concentration between 20 and 40 uM in seven,
six, and four cell lines, respectively. Although both pazopanib and sunitinib are able to halt
in vitro cellular proliferation, only sunitinib is able to induce a direct apoptotic effect in
human RCC cell lines. Thus, these results demonstrate that sunitinib is able to exhibit a
cytotoxic effect on RCC cell lines in vitro, while pazopanib exerts only a cytostatic effect.

DISCUSSION

Our work demonstrates that although both pazopanib and sunitinib are able to suppress
proliferation of human RCC cell lines in vitro, only sunitinib completely halts proliferation
of malignant cells. Moreover, using the TUNEL assay, we show that sunitinib is able to
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induce a direct pro-apoptotic effect on RCC cells. In contrast, pazopanib fails to induce
apoptosis in all tested RCC lines. Our data appear to demonstrate significant biological
differences between the two agents in cell culture. These results raise the possibility that
pazopanib’s in vivo activity may also significantly differ from sunitinib’s. As such, these
findings may have clinical implications.

The targeted therapy era was ushered in with clinical data showing sunitinib’s improved
efficacy over interferon-alpha in patients with metastatic RCC. Two clinical trials
demonstrated that sunitinib was able to achieve a 40-43% partial response rate as well as
halt disease progression for at least 3 months in 22—-27% patients who were immunotherapy
failures. In these studies, the median progression-free survival was 8.3 and 8.7 months,
respectively.(14, 15) Furthermore, in a multicenter, randomized phase 3 trial comparing
sunitinib to interferon-alpha in previously untreated patients with metastatic RCC, patients
treated with sunitinib experienced an objective response rate of 31% compared to 6% for the
interferon-alpha arm.(10) Based on these trials, sunitinib received approval by the Food and
Drug Administration for patients with metastatic RCC in 2006, and sunitinib still remains
the first-line treatment for patients with metastatic RCC(11) despite its significant toxicities,
which include hypertension, hand-foot skin reaction, mucositis, and myelosuppression.(16)

Since these initial landmark trials with sunitinib, other TKIs, monoclonal antibodies against
vascular endothelial growth factors (VEGF), and inhibitors of mammalian target of
rapamycin (mTOR) have been introduced as targeted agents to treat mMRCC. Most of these
agents, including temsirolimus, everolimus, and bevacizumab, have shown improved
efficacy when compared to interferon-alpha or other existing targeted therapies.
Nevertheless, the role for each of these therapies in the complex therapeutic landscape of
advanced RCC is yet to be delineated.(16)

Pazopanib is a novel multitargeted angiogenesis inhibitor that has shown efficacy as a single
agent in patients with metastatic RCC in phase I/11 trials.(17-19) A recent randomized,
double-blind, placebo-controlled phase 111 trial comparing pazopanib versus placebo in
treatment naive and cytokine-pretreated patients with locally advanced or metastatic RCC
demonstrated an objective response rate of 30% with a median PFS of 9.2 months. (12)
Compared to historical data from trials with sunitinib, pazopanib demonstrated an improved
side effect profile. Specifically, a lower incidence of grades 3 or 4 myelosuppression as well
as decreased incidence of hand-foot syndrome and stomatitis/mucositis were noted. (20)
Currently data regarding direct comparisons between pazopanib and immunotherapy or
other targeted agents is absent. Indeed, despite promising initial data, some experts have
expressed concern in drawing conclusions regarding pazopanib’s superiority over sunitinib.
Specifically, equivalent therapeutic efficacy and superior side-effect profile are largely
inferred and head to head prospective comparisons are lacking. (21) Nevertheless, in clinical
practice, sunitinib and pazopanib are starting to be used interchangeably, and, in some
instances, pazopanib is chosen as a first line agent due to its apparent lower toxicity.(20)

Our initial studies with sunitinib and pazopanib demonstrate that the agents behave
differently in cell culture. Sunitinib appears to be superior to pazopanib in inhibiting growth
of all RCC cell lines tested. Furthermore, sunitinib, but not pazopanib, induces apoptosis of
all RCC cell lines used for the current study. Both pazopanib and sunitinib inhibit multiple
tyrosine kinases, including vascular endothelial growth factor receptor (VEGFR) and
platelet-derived growth factor receptor (PDGFR). VEGFR and PDGFR are both expressed
on endothelial cells and perivascular cells (pericytes), playing a critical roles in
angiogenesis. In vivo, the ability of multi-targeted TKIs to inhibit angiogenesis and thereby
affect tumor responses has been well-established. The direct in vivo effect of multi targeted
TKI on tumor cells is ill-defined.(22) As such, the importance of our finding for in vivo
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activity of sunitinib and pazopanib is unclear. Furthermore, the relevance of the
concentrations employed in our studies to in vivo mechanisms of the agents also needs to be
further investigated, however, regardless of the concentrations, the cellular effects were
durable across all cell lines. Despite these limitations, our data, to our knowledge, are the
first to directly compare activity of pazopanib and sunitinib in vitro and to demonstrate that
the two agents have profoundly different activity against RCC. The strength of these
findings is underscored by their universal nature, as results for pazopanib and sunitinib were
consistent across all 8 RCC cell lines tested.

CONCLUSIONS

In an in vitro model, sunitinib exhibits a cytotoxic effect on human RCC cell lines while
pazopanib only exhibits a cytostatic effect. These divergent effects were consistent across all
eight cell lines tested. These findings cast doubt on the equivalency of pazopanib to sunitinib
in clinical application.
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The effect of sunitinib and pazopanib on proliferation of human renal cell carcinoma cell

lines. Cells were treated with indicated concentrations of sunitinib or pazopanib for 48
hours. Cellular proliferation was assessed using the CellTiter Blue assay.
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Figure 2.
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The effect of sunitinib and pazopanib on apoptosis in human renal cell carcinoma cell lines.

Cells treated with indicated concentrations of sunitinib or pazopanib for 24 hours. Apoptosis

was measured by the TUNEL assay followed by flow cytometry analysis.
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