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ASCO 2011 Serves as a Time Capsule
to View the Future

ikepedia defines a time capsule as “a historic cache

of goods and/or information, usually intended as a

method of communication with future people and to
help future archaeologists, anthropologists, and/or historians.
Time capsules are sometimes created and buried during celebra-
tions such as a World'’s Fair, a cornerstone laying for a building,
or at other events. Intentional time capsules are placed with a
| purpose and are usually intended to be opened or accessed at a
Robert A. particular future date.”
Figlin, MD The 2011 American Society of Clinical Oncology (ASCO)

Scientific Sessions might be described as a time capsule—aimed

at the not-too-distant-future when clinicians can look back at the presentations
from the meeting as a harbinger of new therapeutic strategies, laying the ground-
work for the reinvention of the treatment algorithm in renal cell carcinoma (RCC).
It could be an intriguing exercise to take this year’s Scientific Sessions, and, as the
definition suggests, view the data against future developments. Although ASCO
2011 was not exciting in terms of offering “groundbreaking” information, we can
still glean important messages.

Within the time capsule are some nuggets of new results from ongoing clinical
trials that involved targeted therapies in phase 3 trials, especially those targeting all
3 vascular endothelial growth factor (VEGF) receptors. We do not know how all of
the information will sort itself out at future meetings of ASCO, but one thing is
certain, change is in the air again and there are promising signs that we will see
some significant gains in progression-free survival and an improved adverse effect
profile with agents such as axitinib and tivozanib, touted as “cleaner” tyrosine
kinase inhibitors because of their improved adverse effect profiles.

Axitinib made the biggest splash at ASCO but tivozanib is not far behind in its
lifecycle. Axitinib is now on a fairly fast track at the FDA and it may not be long
before we indeed realize some revisions of the decision tree in RCC. Nevertheless,
the challenges remain awesome and the new drugs may ultimately fail because we
still need to address other pathways in addition to those involving tyrosine kinase.
However, as a researcher—and clinician—I am encouraged by the progress made
in disrupting angiogenesis and in enhanced approaches to combine and sequence
targeted agents. Although the progress is incremental, perhaps related studies—
such as those involving biomarkers—can help improve our selection of patients for
various modalities. Identifying relevant biomarkers is generally considered the high-
est research priority in kidney cancer, according to one of our authors, Thomas E.
Hutson, DO, PharmD, in his report on ASCO highlights in this issue of the journal.

Six new agents and 3 classes of drugs have been approved over the last 5 years.
Hopefully, the expanded access trials, providing the largest prospective “real world
experience” using targeted therapy in metastatic RCC patients, will yield data on
which to base clinical decisions. Although this year’s ASCO fell short of delivering
that caliber of information, the time capsule alluded to earlier offers tantalizing
results of new directions in therapy.

Robert A. Figlin, MD
Editor-in-Chief
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Chemotherapy for Central Nervous System Metastases

in Renal Cancer: A Review

Tiffany Chen, MD
University of
Washington-Seattle,
Department of
Internal Medicine
Seattle, Washington

Rimas V. Lukas, MD
University of Chicago,

Department of Neurology
Chicago, Illinois

pproximately 2% to 11% of pa-

tients with renal cell cancer (RCC)

will initially present with or
develop brain metastases (BM).1'? BM are
typically considered late events in the
natural history of metastatic disease. As
with other solid tumors, they portend
poor prognosis with historical data esti-
mating a median survival of 4 to 7
months, though this may reflect a lack of
sensitivity of traditional imaging.? It is
less clear whether BM themselves drive
mortality in RCC or are merely a mani-
festation of late stage disease in patients
with declining performance status.? It is
difficult to make broad generalizations
about the clinical course of patients with
metastatic RCC (mRCC), as some pa-
tients may have a relatively indolent
course compared with others.> With the
progress in vascular endothelial growth
factor (VEGF) and mammalian target of rapamycin
(mTOR) directed therapies, the contemporary under-
standing of natural history has changed tremendously.®
Systemic therapy focused on solid tumor BM typical-

ly plays a role only after surgery and/or radiation
therapy (RT) have been exhausted. Some patients with
BM from solid tumors will benefit from chemotherapy
either by an objective radiological response and/or an im-

Keywords: Renal cancer; brain metastases; leptomeningeal metas-
tases; chemotherapy; central nervous system.
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MRI brain, T1-post contrast, axial
cut image. Scan demonstrates a
large hemmorhagic right parieto-
occipital region metastasis as well
as smaller metastases in the right
temporal lobe and left occipital
region.

Edwin Posadas, MD

Samuel Oschin Comprehensive
Cancer Institute,

Cedars-Sinai Medical Center

Los Angeles, California

proved functional status even after the
BM has recurred/progressed after local-
ized therapy.” Typically, patients with
BM are excluded from clinical trials for
systemic treatment.

Most RCC-BM patients die from
extracerebral disease rather than BM-
related complications.* In turn, therapy
that addresses systemic as well as central
nervous system (CNS) disease will play a
growing role in the treatment of RCC-
BM. Patients with RCC-BM are a hetero-
geneous population, and by evaluating
specific prognostic factors, one can
identify those more likely to have pro-
longed survival comparable to the gener-
al mRCC population.®® Improvement of
functional status with systemic therapy
may be of greater value in patients with
longer predicted survival. Predictive bio-
markers for response to therapy have yet
not been established.

Systemic therapies currently approved for mRCC are
cytokines (interleukin-2 [IL-2], interferon-o [IFN-a]),
VEGF receptor (VEGFR)-active tyrosine kinase inhibitors
(TKI) (sorafenib, sunitinib, pazopanib), an anti-VEGF
antibody (bevacizumab), and mTOR inhibitors (tem-
sirolimus, everolimus). Unique considerations must be
taken into account when choosing an agent for patients
with BM.

Drug Concentration

Drug delivery into the CNS is limited by the blood-brain
barrier, which prohibits passage of most molecules larg-
er than 180 Daltons and those that are not lipophilic.
Agents crossing the blood-brain barrier are potentially
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Table 1. Molecular weight and lipophilicity of
targeted agents

Table 2. Interactions between targeted therapies and
the CYP450 system

Molecule Molecular Lipophilicity
weight (g/mol) (XLogP3-AA)?
Sunitinib 398 2.6
Sorafenib 465 4.1
Pazopanib 474 3.1
Temsirolimus 1030 5.6
Everolimus 958 5.9

aComputation of octanol-water partition coefficient.

subject to efflux by ATP-binding cassette (ABC) trans-
porters such as P-glycoprotein (P-gp/ABCB1) and breast
cancer resistance protein (ABCG2).!° For many agents,
there is limited or no published data on CNS concentra-
tions in humans and their use is based on assumptions
that they can reach adequate concentrations in BM
(Table 1).

Another concern in attaining adequate drug concen-
trations in BM patients is the interactions between sys-
temic chemotherapies and antiepileptic drugs (Table 2).
About 10% of RCC-BM patients initially present with
seizures.® Many antiepileptic drugs affect the metabo-
lism of chemotherapies by inducing/inhibiting the
cytochrome P450 (CYP) system. A more complete list of
contemporary antiepileptic drugs and their effects on
CYP has been published previously.!!

Sunitinib

Sunitinib (Sutent, SU11248) is a multitargeted TKI active
on VEGFR-1, -2, platelet derived growth factor-o (PDGF-
o), PDGEF-B, c-Kit, and FMS-like tyrosine kinase 3 (Flt-3).
It possesses both antiangiogenic and antitumor prolifer-
ative activity and is approved as first line treatment in
mRCC.1?

There are no reported data regarding CNS concentra-
tions of sunitinib in humans. In animal models, suni-
tinib penetrates the CNS to a much lesser extent than
other tissues. In mice, a single dose of sunitinib showed
rapid CNS penetration with a concentration 7-fold grea-
ter in the brain than plasma. This effect was more mod-
est upon repeat dosing in primates, which resulted in
brain concentrations only 1- to 3-fold higher than plas-
ma, which is lower than the accumulation in other tis-
sues.!3

In vitro studies demonstrated that sunitinib had
moderate efflux via ABCB1 and minimal transport by
ABCG2. Interestingly, sunitinib also inhibits multiple
ABC transporters and prevents efflux of known sub-
strates.'*15 This should be considered when combining
sunitinib with other agents that are substrates for ABC
transporters. The rational pairing of agents may lead to
more effective concentrations of drug in the CNS and
variable patterns of toxicity.!°

In addition to anecdotal reports of RCC-BM regres-
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Targeted therapy CYP metabolism
Sunitinib CYP3A4

Sorafenib CYP3A4

Pazopanib CYP3A4,CYP2C8,CYP1A2
Temsirolimus CYP3A4

Everolimus CYP3A4,CYP2C8

sion after sunitinib treatment, a prospective expanded-
access trial included patients with RCC-BM and provid-
ed further support for the safety and efficacy of sunitinib
in RCC-BM.1722 The expanded-access trial enrolled 321
(7%) RCC-BM patients with predominantly clear cell
histology (92%) and extracerebral metastases (98%). Pre-
vious treatments included nephrectomy (88%) and sys-
temic therapy with either antiangiogenic agents (12%)
and/or cytokines (74%). No data regarding CNS RT were
reported. Sunitinib was administered at 50 mg daily on
a 4-week on/2-week off schedule. One-fourth of the pa-
tients required dose reductions.??

The incidence of adverse events and dose modifica-
tions in RCC-BM was comparable to both the overall
expanded-access trial and phase 3 trial populations. As
with all antiangiogenic agents, there has been concern
about the increased risk of intracranial hemorrhage. A
single grade 1/2 intracranial hemorrhage was reported in
the RCC-BM subgroup.??

Response rates were available for 213 (66%) of the
RCC-BM patients. One(<1%) patient had a complete
response, 25 (12%) had partial response, 111(52%) had
stable disease for at least 3 months. Radiographic
response in the CNS of patients treated with antiangio-
genic agents may reflect the effects of these agents on
blood-brain barrier permeability and may not truly cor-
relate with effect on tumor volume. However, progres-
sion-free survival and overall survival for patients with
BM were 5.6 and 9.2 months respectively, and were not
affected by prior cytokine therapy. These are favorable
results compared with historical data that estimated an
overall survival of 4 to 6 months for patients with RCC-
BM. This may in part be due to more aggressive screen-
ing for CNS disease following the advancement of clini-
cal studies in RCC. In this study, progression-free sur-
vival (10.9 months) and overall survival (18.4 months)
were much longer in mRCC patients without BM.??

A review of BM incidence in RCC patients treated
with sunitinib noted no difference in incidence com-
pared with historical controls.!” This implies that suni-
tinib may not have a role in preventing the develop-
ment of RCC-BM, but no prospective studies validate
this.

Sorafenib
Sorafenib (Nexavar, BAY 43-906) is another multitarget-
ed TKI against VEGFR-1, -2, -3, platelet derived growth



factor receptor-a (PDGFR-a), Flt-3, c-Kit, RET receptor,
and Raf with both antiangiogenic and antiproliferative
activity. It was the first approved TKI for mRCC; data
showed activity following cytokine or other TKI therapy.2?

As with sunitinib, there are no reported data on CNS
concentrations of sorafenib in humans. In mice,
sorafenib modestly penetrated the CNS with parenchy-
mal brain accumulation at 6 hours after a single dose of
approximately 5 times the serum concentration.?*
Notably, brain penetration with sunitinib was 10-fold
greater than with sorafenib in mice (31% vs 3%).2¢ In
primates, cerebrospinal fluid concentrations were low
(0.02%) compared with total plasma drug exposure.?’
CNS penetration by sorafenib is restricted by P-gp and to
a greater degree ABCG2.2* In turn, active blockade of
these transporters could be explored as a means for
increasing CNS concentrations of sorafenib. To date, we
are not aware of a study that examines the effect of
sorafenib and sunitinib coadministration on brain pen-
etration of either drug.

There is evidence for the safety and efficacy of
sorafenib in RCC-BM patients. Similar to sunitinib, a
prospective expanded-access trial provided sorafenib to
2504 RCC patients, of which 70 (2.8%) had BM.
Regarding the RCC-BM patients specifically, nearly all
had extra-cerebral metastases (99%). Previous treatments
included nephrectomy (79%), RT (81%), and systemic
therapies (49%) with either cytokines, bevacizumab,
and/or thalidomide. The incidence and severity of
adverse events in RCC-BM were similar to those in
sorafenib’s phase 3 trial. There were no intracranial hem-
orrhages in the RCC-BM patients. However, dose reduc-
tion and interruptions occurred in a number of the
expanded-access trial patients compared with patients in
the phase 3 trial.2¢

Data for overall best response were available for 50
(71%) RCC-BM patients. Compared with sunitinib’s
expanded-access trial, few RCC-BM patients in the
sorafenib expanded-access trial had an objective
response; 2 (4%) patients showed partial response and
there were no complete responses. However, 34 (68%)
had stable disease for at least 8 weeks. RCC-BM patients
have a poor prognosis, limited treatment options, and
may have an impaired quality of life. Approximately
80% to 98% of patients with RCC-BM are symptoma-
tic.26 In turn, although case reports of sorafenib have
resulted in objective response in both brain and cere-
brospinal fluid metastases, stable disease may prove to
be a more realistic but still worthwhile end point in this
patient population.®27,28

Pazopanib

Pazopanib, a second generation multitargeted TKI
against VEGFR-1, -2, -3, PDGFR-q, B, and c-Kit is ap-
proved as a first-line agent for mRCC.?° To our knowl-
edge there have been no reports of pazopanib brain con-
centration. Evidence of objective response in glioblas-
toma with pazopanib suggests CNS activity.3° It is uncer-

tain if these responses are a result of a stabilized leaky
blood-brain barrier via VEGF inhibition or if it is a direct
antitumor effect. Nevertheless, reduction of vasogenic
edema alone, regardless of antitumor effects, may have
clinical benefits.3! We are not aware of any studies that
have evaluated the safety or efficacy of pazopanib in
RCC-BM.

Bevacizumab
Bevacizumab is a monoclonal antibody that inhibits
angiogenesis by binding VEGE, thereby preventing inter-
action with receptors. Because of activity on the luminal
side of the blood-brain barrier, penetration into the CNS
is not required to exert its effects. In combination with
IFN-q, it is approved as first-line therapy for mRCC.32

Although phase 3 studies excluded RCC-BM patients,
retrospective analysis of data from the AVOREN trial
identified patients that either had occult BM at baseline
or developed BM during the trial. Twenty-three (3.6%)
patients were found to have BM; 10 received beva-
cizumab. No bevacizumab-treated RCC-BM patients
developed intracranial hemorrhage; 1 bevacizumab-
naive RCC-BM patient died from intracranial hemor-
rhage. Although patients in this review are not represen-
tative of the general RCC-BM population, who may ini-
tially have larger or symptomatic BM that would have
excluded them from the trial, bevacizumab is likely rela-
tively safe in RCC-BM patients.33

Data regarding the efficacy of bevacizumab in RCC-
BM is limited to a handful of patients in retrospective
analyses. An analysis of data from 114 RCC patients who
received targeted agents, found that 2 (2%) RCC-BM
patients treated with bevacizumab monotherapy as first
line treatment after resection or RT had stable disease
that progressed 8.7 to 21.6 months after initiation of
bevacizumab.* Another analysis of data from 144 RCC
patients treated with antiangiogenic agents (sunitinib,
sorafenib, or bevacizumab) identified 4 (3%) RCC-BM
patients treated with bevacizumab monotherapy or in
combination with IFN-a who did not achieve objective
response. No data about stable disease/progressive dis-
ease (PD) was reported. In comparison, RCC-BM patients
who received sunitinib or sorafenib achieved objective
response in 20% (2 of 10) and 16% (1 of 6) respectively.3*

mTOR Inhibitors
Everolimus (Affinitor, RADO0O1) and temsirolimus
(Torisel) affect cell division, metabolism, and angiogene-
sis. Both are FDA approved for mRCC. Everolimus has
demonstrated activity after failure on VEGFR-directed
TKI, and temsirolimus showed activity in patients with
poorer prognosis by Motzer criteria and those with non-
clear cell histologies. Although phase 3 trials for both
agents allowed treated or neurologically stable RCC-BM,
neither reported BM subgroup analyses. In the evero-
limus trial, 29 (15%) patients had BM.3> BM prevalence
was not reported in the temsirolimus trial.3°

In regards to temsirolimus CNS penetration, tumor
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and blood concentrations of temsirolimus and its major
active metabolite, sirolimus, were measured 2.7 to 5.6
hours after a single infusion of temsirolimus in 6 pa-
tients with recurrent glioma. The average tumor-to-
whole blood ratio for temsirolimus and sirolimus was
1.43 and 0.84 respectively. Concentrations of these
agents in glioma may not, however, be comparable to
concentrations in RCC-BM.37

Everolimus has modest but significant brain tissue
penetration in rodents. After a single oral dose of evero-
limus, the 24-hour AUCy.in to AUCuhole blood CONCeNtra-
tion was 0.02 in mice. Despite this low relative concen-
tration, brain tissue concentrations still reached prede-
termined therapeutic levels for treating glioblastoma cell
lines. In rats, everolimus demonstrated dose-dependent
rapid uptake into the brain, followed by slow efflux and
metabolism. Accordingly, it also exhibited accumulation
in the brain with a brain-to-whole blood ratio of 20
when measured 24 hours after once-per-day oral dosing
for 14 days.38

Regarding efficacy, retrospective analysis of 114
mRCC patients identified one RCC-BM patient treated
with stereotactic radiosurgery and temsirolimus who
achieved stable disease.* This result may exclusively arise
from the stereotactic radiosurgery. To our knowledge,
there are no other studies or case reports that provide
data about the safety or efficacy of either mTOR inhi-
bitor in RCC-BM patients.

Immunotherapy

Immunotherapy with [FN-a and/or high dose IL-2 was
the mainstay of treatment for mRCC before the intro-
duction of VEGFR or mTOR-directed therapy. However,
high dose IL-2 monotherapy is still approved as first-line
treatment for patients with mRCC. Both IL-2 and [FN-a
have also been used as second-line treatment.

The brain is considered an “immunologically privi-
leged site.” The therapies listed above may have both
direct effect on the CNS by modulating CNS endothelial
functioning as well as a systemic effect on the immune
cells, which traffic in the CNS.3°

IL-2 has often been avoided in BM because of the
potential risk of peritumoral edema that can lead to
exacerbation of CNS symptoms. This is in contrast to
antiangiogenic agents that decrease cerebral edema and
therefore potentially improve CNS symptoms.3!
However, there is evidence to suggest that IL-2 is tolera-
ble in BM.#*® An analysis of 64 patients with BM (61
melanoma, 3 RCC) found that grade 3/4 toxicities from
IL-2 were similar in patients with and without BM.
However, a trend for patients with BM to stop treatment
because of greater disorientation (23%, P = .029) and
depressed level of consciousness (11%, P = .031) was
noted. Selection bias of BM patients that were either
effectively treated with localized therapy or with small
lesions and minimal edema may limit the generalizabil-
ity of this study.

There are data to suggest that immunotherapy may
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play a role in RCC-BM. Samlowski and colleagues? retro-
spectively reviewed 32 patients with RCC-BM who
received stereotactic radiosurgery. They analyzed 19
(59%) patients additionally treated with immunothera-
py (IL-2, IFN-a, or both). Immunotherapy given at any
point in a patient’s disease was not associated with a pro-
longed median overall survival (6.1 months for patients
who had received immunotherapy compared with 7.3
months for patients who had not received immunother-
apy). However, immunotherapy given poststereotactic
radiosurgery was associated with a significantly pro-
longed median overall survival of 17.1 months com-
pared with 5.2 months for patients who either never had
immunotherapy or received it before stereotactic radio-
surgery (P < .0007). Although this may be secondary to
selection of healthier patients for systemic treatment
after stereotactic radiosurgery, the survival benefit for
immunotherapy after stereotactic radiosurgery remained
statistically significant after multivariate Cox regression
analysis adjusted for known risk factors.?

Another study retrospectively reviewed 1855 patients
with RCC from a single institution and identified 138
(7.4%) patients with BM. Baseline characteristics of the
RCC-BM patients included: 93% with clear cell histol-
ogy, 95% with extracerebral metastases, 68% with soli-
tary BM, and 95% who had received local treatment
with either stereotactic radiosurgery (35%), surgery
(16%), or whole brain radiation therapy (12%), or vari-
ous combinations of the modalities listed above. A total
of 18 RCC-BM patients with good performance status
were administered IL-2 after localized treatment. Three
(16.6%) patients achieved partial response. There were
no complete responses, and stable disease/PD rates were
not specified.*!

One small prospective study of 5 RCC-BM patients
and Karnofsky performance status of 50 or less evaluat-
ed treatment with a single-agent IFN-a. One had no
change in neurological symptoms or tumor size by CT.
The other 4 progressed clinically and radiographically.
All 5 patients in this poor prognostic category died with-
in 1 to 4 months of diagnosis of BM.#2 There is an anec-
dote in the literature of a large, symptomatic RCC-BM
resolving with IFN-a monotherapy over the course of
6 months.*3

Sequential Therapy With Sunitinib and Sorafenib
Although targeted therapy has improved the treatment
of mRCC, most patients eventually develop PD.
Nonrandomized studies have demonstrated that
sequential therapy with sunitinib and sorafenib provides
some clinical benefit without evidence of cross resist-
ance.

Although many of these studies did not explicitly
exclude RCC-BM patients, only one to our knowledge
provides RCC-BM specific data. A retrospective study
analyzed results from 71 patients who received sunitinib
after failure on sorafenib or bevacizumab.*> Of the 6
(8%) patients with BM, 1 (17%) had an objective re-



Table 3. Summary of tumor response by RECIST criteria, progression-free survival,
and overall-survival with systemic treatment in patients with RCC-BM

Efficacy
Study n Systemic treatment RECIST criteria PFS (mo)© OS (mo)*
Prospective, 213 Sunitinib 1 (<1%).....CR Median Median
single arm?? 25 (12%)....PR 5.6 9.2
111 (52%)..SD = 3 mo (5.2-6.1) (7.8-10.9)
Prospective 70 Sorafenib Ocevenenennd CR N/A N/A
single arm?6 2 (4%)....... PR
34 (68%)....SD >8 wk
Retrospective® 6 Sunitinib 1(17%).....0R? Median Median
(after failure on bevacizumab 5(83%)....SD or PD 36 12.5
or sorafenib) (1.7-5.73) (8.9-NR)
Retrospective®* 11 Sunitinib 2 (18%).....PR? N/A N/A
8 Sorafenib 2 (25%)......PRP N/A N/A
4 Bevacizumab Oueevreiinnns PRP N/A N/A
Retrospective* 2 Bevacizumab 2 (100%)....SD 21.6;8.7 46.9;36.9
1 Temsirolimus 1(100%)....SD N/A 6
Retrospective*! 18 IL-2 3(17%).....PR N/A N/A
15 (83%)... SD or PD
Retrospective? 19 Immunotherapy n/a N/A Median X
(IFN-a, IL-2, or both) 6.14
(4.5-00)
Prospective 5 IFN-o 4 (80%) progressed clinically N/A 1-49
single arm*? and by head CT

1 (20%) no change clinically
or by head CT

CR, complete response; PR, partial response; SD, stable disease; PD, progressive disease; NR, not reached; PFS, progression free survival; OS, overall survival.

a0bjective response (OR) was not specified as CR or PR.
PNo patients achieved CR; no data about SD.

Time from start of systemic treatment.

d4Time from diagnosis of brain metastasis

sponse; the remaining patients exhibited stable dis-
ease/PD. Median progression-free survival for RCC-BM
was 3.62 months compared with 6.53 months for
patients without BM, which is similar to findings in pre-
vious studies. Median overall survival for RCC-BM was
12.47 months. These findings raise the hope that in a
small percentage of RCC-BM patients, failure on one
agent does not preclude potential benefit on the CNS
with subsequent agents.

Conclusions

Morbidity and mortality from RCC-BM is clinically sig-
nificant and treatment options are limited. Surgery and
RT are the initial modalities used in addressing CNS dis-
ease from RCC. Systemic chemotherapy is developing a
growing role in the treatment of progressive CNS metas-
tases. CNS pharmacokinetic data in humans for the FDA-
approved agents for RCC is lacking. We have reviewed

the preclinical data and have attempted to parcel out
clinical data on efficacy in the CNS from larger more
inclusive studies (Table 3).

While no agent has demonstrated superiority over
others in the treatment of RCC-BM, all agents have
demonstrated at least a limited degree of clinical and/or
radiographic improvement in a select number of pa-
tients. For patients with progressive RCC-BM, systemic
chemotherapy options should be considered.
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Society of Clinical Oncology (ASCO) could hard-

ly be considered “groundbreaking” for treatment
of kidney cancer, new data—presented in abstracts,
posters, and key oral sessions—eventually will prove to
be significant as we look toward a revised paradigm in
therapy offering prolonged progression-free survival
(PES), improved adverse-effect profiles, and a better
understanding of how to use targeted therapy, not only
in combination but in more effective sequences. In that
sense, the 2011 ASCO Scientific Sessions helped lay the
groundwork for future meetings when data emerging
from phase 3 trials might indeed be considered the
“groundbreaking” results clinicians hope for to guide
therapeutic choices.

Among the brightest spots at this year’s meeting:

* Results for a new tyrosine kinase inhibitor (TKI), axi-
tinib, now being considered by the FDA based on
phase 3 data presented at ASCO. Data from the pivotal
phase 3 AXIS 1032 trial, showed that patients with
previously treated advanced RCC, axitinib significant-
ly extended PFS, with a median PFS of 6.7 months,
compared with 4.7 months for patients who were
treated with sorafenib. In addition, PFS was signifi-
cantly longer in axitinib-treated patients compared
with patients who were treated with sorafenib, regard-
less of prior therapy with Sutent® (sunitinib malate)
or cytokines.!

¢ Phase 2 results for another new TKI, tivozanib, were
also encouraging. In patients with clear-cell RCC who
had undergone nephrectomy and had not received
prior therapy with a vascular endothelial growth fac-
tor (VEGF) inhibitor, tivozanib demonstrated the
greatest efficacy, with PFS of 14.8 months and an over-
all response rate (ORR) of 36%.2

* Two trials that explored the use of combination thera-
py also yielded favorable and noteworthy results.3*
One of these trials involved the use of the mammalian
target of rapamycin (mTOR) inhibitor, temsirolimus,
combined with bevacizumab. The other trial produced
promising results in clear-cell RCC with the use of

Q Ithough this year’s meeting of the American
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Executive Editor
Kidney Cancer Journal
New York, New York

bevacizumab and low-dose interferon.

e The ongoing search for a biomarker with predictive
value received a boost from a study, which suggests
the potential value of ¢-MET as a single-nucleotide
polymorphism (SNP). An oral presentation reviewed
the first study to implicate germline variations in the
¢-MET gene with cancer recurrence in patients with
localized renal cell carcinoma (RCC).>

The Next Generation of Targeted Therapy:

ASCO’s Focus on Axitinib

Most of the attention in kidney cancer, however, was
focused on axitinib and the possibility that it could be
approved by the end of the year or soon after as an addi-
tional therapeutic option for patients with advanced
RCC. The new data, from the first head-to-head phase 3
study that compared active targeted therapies in ad-
vanced RCC (axitinib vs sorafenib), showed clinically
meaningful improvement in PFS with axitinib while
accompanied by generally manageable tolerability, an
important consideration for these patients.

Axitinib is an oral, potent, and selective inhibitor of
VEGEF receptors 1, 2, and 3. The randomized, open-label,
phase 3 trial compared the efficacy and safety of axitinib
with sorafenib as second-line therapy for metastatic
RCC. Eligible patients had clear-cell metastatic RCC;
measurable, RECIST-defined PD after 1 earlier trial of
first-line systemic therapy with a sunitinib-, bevacizum-
ab-, temsirolimus-, or cytokine-based regimen; and
Eastern Cooperative Oncology Group performance sta-
tus (PS) of 0 or 1. Patients were stratified by PS and prior
therapy, then randomized 1:1 to axitinib, administered
at a starting dose of 5 mg bid, titrated to 7 mg bid and
then to 10 mg bid as tolerated, or sorafenib 400 mg bid.
The primary endpoint was PFS per blinded, independent
radiographic review.

A total of 723 patients were randomized to either axi-
tinib (n = 361) or sorafenib (n = 362). Baseline patient
characteristics included median age of 61; 72% male;
76% white; and 55% PS 0. Prior therapy included 54%
sunitinib-, 35% cytokine-, 8% bevacizumab-, and 3%
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temsirolimus-based regimens. Median PFS was 6.7
months for axitinib compared with 4.7 months for
sorafenib, (P < .0001). PFS favored axitinib in both the
prior cytokine subgroup (12.1 vs 6.5 months; P < .0001)
and the prior sunitinib subgroup (4.8 vs 3.4 months; P =
.0107). Objective response rates were 19.4% for axitinib
vs 9.4% for sorafenib (P = .0001).

Common adverse effects were more frequent with
axitinib compared with sorafenib and included hyper-
tension (40% vs 29%, all grades), fatigue (39% vs 32%),
dysphonia (31% vs 14%), and hypothyroidism (19% vs
8%). The more frequent adverse effects with sorafenib
included hand-foot syndrome (27% vs 51%), rash (13%
vs 32%), alopecia (4% vs 32%), and anemia (4% vs 12%).
Rini and colleagues! concluded that axitinib should be
considered the reference standard for second-line treat-
ment in metastatic RCC.

Tivozanib Phase 2 Data Look Promising

Although axitinib is further along on its path toward
possible approval, tivozanib is another potent and selec-
tive small molecule TKI of VEGFR-1, -2, and -3. In the
final analysis of phase 2 results, patients with advanced
RCC (all histologies) and no prior VEGF-targeted thera-
py were enrolled. All received 16 weeks of open-label
tivozanib 1.5 mg daily. Patients were then stratified:
those with >25% tumor shrinkage continued in the
tivozanib group, those with >25% tumor increase were
discontinued, and patients with <25% tumor change
from baseline (SD) were randomized to 12 weeks of dou-
ble-blind tivozanib or placebo; randomized patients
were unblinded at the time of PD or at the end of the
double-blind phase, and those on placebo were allowed
to restart tivozanib.

Of the 272 patients who were enrolled in the study,
83% had clear-cell RCC, 73% had undergone nephrecto-
my, and 46% had received prior therapy. In the overall
study population, 84% of the patients demonstrated par-
tial response (PR) or SD by week 16. In the overall pop-
ulation, the ORR was 30%, disease control rate (DCR)
was 85% and median PFS 11.7 mo. The greatest efficacy
was seen in patients with clear-cell histology who had
undergone a nephrectomy; they had an ORR of 36%,
DCR of 88% and median PFS of 14.8 months.
Hypertension (45%) and dysphonia (22%) were the
most common drug-related adverse effects of any grade.
There was a low incidence of drug-related diarrhea
(12%), asthenia (10%), fatigue (8%), dyspnea (6%),
cough (5%), anorexia (5%), stomatitis (4%), hand-foot
syndrome (4%) and proteinuria (3%). Grade 3/4 adverse
effects were infrequent; the most common grade 3/4
adverse effect was hypertension, reported in 12% of the
patients.

Tivozanib showed promising efficacy and acceptable
safety and tolerability as a selective VEGFR TKI for
patients with advanced or metastatic RCC. In the over-
all study population, the median PFS, DCR, and ORR
were 11.7 months, 85%, and 30%, respectively. In
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patients with clear-cell RCC who had undergone
nephrectomy, tivozanib demonstrated the greatest effi-
cacy, with PES of 14.8 months and ORR of 36%. The safe-
ty profile was acceptable with a low incidence of off-tar-
get toxicities, such as hand-foot syndrome and protein-
uria. Based on these results, tivozanib is being evaluated
in nephrectomized patients with advance clear-cell RCC
in the global phase 3 TIVO-1.

Combination Therapy: Temsirolimus and Bevacizumab
Findings from studies of combination therapy suggest
strategies to maximize the use of the mTOR inhibitor
temsirolimus and the anti-VEGF agent bevacizumab. In
the first trial to prospectively assess the safety and effi-
cacy of bevacizumab with low-dose interferon (IFN) (3
MIU) in patients with metastatic RCC, showed a PFS of
15.6 months compared with the 10.5 months reported
in the earlier AVOREN study that used a higher dose of
[FN. The ORR was 22% in BEVLiN. (BEVLIN is the pro-
spective study of the safety and efficacy of first-line
bevacizumab [BEV] plus low-dose interferon-2a (IFN) in
patients with metastatic RCC.)

The incidence of any grade and grade >3 specific IFN-
associated adverse effects in BEVLIN were lower than in
an AVOREN subgroup. Thus, the incidence of IFN-asso-
ciated adverse effects appears to be decreased with low-
dose IFN + BEV without compromising PFS in BEVLIN,
compared with a historical control subgroup in AVOREN
(15.6 vs 10.5 months, respectively).

Final results of the phase 2 study of temsirolimus
combined with bevacizumab in RCC patients previously
treated with a VEGFR TKI also showed promise as an
effective strategy. Patients with measurable Stage IV RCC
with a component of clear/conventional cell type, per-
formance status 0-2, and good organ function were eli-
gible. The phase 2 dose was intravenour (IV) tem-
sirolimus 25 mg weekly and bevacizumab 10 mg/kg
every 2 weeks repeated in 4 week cycles. The primary
objective was to assess the proportion of patients who
were progression-free 6 months after study entry. Secon-
dary objectives were the assessment of response rates
and toxicity. Forty patients were evaluable for response
assessment and 45 evaluable for toxicity. Most common
(>5%) grade 3-4 adverse effects (n = 45) included fatigue
(17.8%), hypertriglyceridemia (11.1%), stomatitis (8.9%),
proteinuria (8.9%), abdominal pain (6.7%), and anemia
(6.7%).

The best responses were: PR 9 (23%); SD 25 (63%); PD
6 (14%). The 6-month progression-free rate was 40%
(16/40 pts); median time to progression was 7 months;
median overall survival was 20.6 (11.5-23.7) months.

The authors concluded that the combination at the
recommended phase 2 doses is feasible and active in
receptor tyrosine kinase inhibitor (RTKI) treated RCC
patients. The 6-month progression-free rate (40%) met
the efficacy endpoint and warrants confirmatory studies
for clinical activity.

The feasibility, tolerability, and efficacy of multiple



combinations of currently available therapies are being
tested in the Eastern Oncology BeST trial. This 4-arm
study randomly assigns patients to bevacizumab 10
mg/kg IV every 2 weeks, bevacizumab 10 mg/kg IV every
2 weeks plus temsirolimus 25 mg IV weekly, bebacizum-
ab 5 mg/kg IV every 2 weeks plus sorafenib 200 mg oral-
ly twice daily, or sorafenib 200 mg orally twice daily and
temsirolimus 25 mg IV weekly. This study was recently
closed to accrual and data analysis is ongoing.®

Sequencing of agents may hold slightly less intellec-
tual appeal than combination therapy, but it is a more
accurate reflection of current medical practice and ulti-
mately may provide more benefit.® It is not currently
possible to clearly state that sequential therapy is superi-
or to combination therapy. But it is currently preferred
because of its better tolerability, and the absence of any
convincing data that combination therapy provides any
superiority from a response, PFS, or overall survival per-
spective.® This is why results from the BeST trial and
other trials will be important.

The Next Frontier: c-MET as a Predictive Biomarker

Do genetic polymorphisms predict risk of recurrence in
patients with localized RCC? This was the question
addressed during an oral session led by Anthony
Choueiri, MD, from the Dana-Farber Harvard Cancer
Center, Boston. Gene polymorphisms in critical signal-
ing pathways may affect recurrence in patients with
localized RCC. To explore this issue, germline DNA was
extracted from 403 patients of European-American an-
cestry enrolled in a prospective protocol with full base-
line and follow-up clinical data. Using the Sequenom
iPLEX Gold platform, genotyping was performed for
select genes involved in RCC pathogenesis, angiogene-
sis, metabolism, and immune regulation, including VHL,
HIF-1, HIF-2, VEGE, VEGFR-2, c-MET, CALX, mTOR, PI3K,
CTLA4, PD1, and B7H1.

The primary endpoint was recurrence free survival
(RES), defined as time from surgery to recurrence or
death. Cox proportional hazards model was used to eval-
uate and identify SNPs associated with RFS. A multivari-
ate model adjusted for clinical factors which predict
recurrence. The false discovery rate (pFDR) was used to
control for the number of tests performed. After a medi-
an follow-up of 43 months, clinical factors associated
with RFS included clinical stage (P < .001), Fuhrman
nuclear grade (P < .001) performance status (P < .001),
tumor size (P < .001), and histology (P = .003).

A SNP in ¢-MET gene was found to be highly predic-
tive of RFS. The prognostic features of this SNP remained
significant after adjusting for clinical factors (P = .02 for
the additive model, and P = .01 for the dominant
model). Patients with 1 or 2 copies of the risk allele (het-
erozygotes and homozygotes for the rare allele, respec-
tively) have an adjusted HR of 1.82 (95% CI, 1.14-2.91;
P = .01) for shorter RFS compared with homozygotes for
the common allele. This is the first study to implicate
germline variations in the c-MET gene with cancer recur-

rence in patients with localized RCC. Validation of these
findings in an independent population is planned.

New Directions, Perspectives, From Bench to Bedside

If there is a “take-home message” from ASCO 2011 it
might be that we are on the threshold of some exciting
developments, with some phase 3 clinical trials almost
ready to mature and yield highly important data likely
to have an impact on our treatment algorithm. The 2
new TKIs, Pfizer’s axitinib and AVEO’s tivozanib, are the
candidates to watch because of their improved efficacy,
“cleaner” adverse effect profile, and mechanism of
inhibiting all 3 VEGF receptors. There are expectations
that several new trials in progress will also produce
results that will redefine how these and already
approved agents should be used in the second- and
third-line setting. ASCO 2012 could shape up as one of
those “groundbreaking” meetings with potential revi-
sions of the algorithm. Additional data are also expected
from the head-to-head comparison of sunitinib versus
pazopanib.

The overriding issue, however, remains whether
research is on the verge of significant gains in overall
survival. This remains to be seen and so far no combi-
nation or sequence of agents has been able to get over
this hurdle. The problem with TKIs is that ultimately
these drugs fail and patients require additional therapies
to address the problem of resistance. It is doubtful that
the new agents, albeit promising, will resolve this issue.
Because they are more potent, the response rates will
improve and ASCO 2012 will probably shed new results
in this respect. The best that we can expect is a small and
incremental benefit. New targeted therapies, addressing
other pathways, are needed. The drugs in use and in
phase 3 trials more effectively target the VEGF pathway,
but until a better understanding of resistance emerges,
significant gains in overall survival will largely remain
an elusive goal.
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Teh BT, Varela I, Tarpey P, et al. Identification of
mutations of the SWI/SNF complex gene PBRM1 by
exome: sequencing in renal carcinoma. J Clin Oncol.
2011;29(suppl): Abstract 4571.

Background: The genetics of renal cancer is dominated
by inactivation of the VHL tumor suppressor gene in
clear cell carcinoma (ccRCC), the commonest histologi-
cal subtype.

Methods: A recent large-scale screen of ~3500 genes
by PCR-based exon re-sequencing identified several new
cancer genes in ccRCC including UTX (KDM6A),
JARIDIC (KDMS5C), and SETDZ2. These genes encode
enzymes that demethylate (UTX, JARID1C) or methylate
(SETD2) key lysine residues of histone H3.

Results: Modification of the methylation state of
these lysine residues of histone H3 regulates chromatin
structure and is implicated in transcriptional control.
However, together these mutations are present in fewer
than 15% of ccRCC, suggesting the existence of addi-
tional, currently unidentified cancer genes. Here, we
have sequenced the protein coding exome in a series of
primary ccRCC and report the identification of the
SWI/SNF chromatin remodeling complex gene PBRM1 as
a second major ccRCC cancer gene, with truncating
mutations in 41% (92/227) of cases.

Conclusions: These data further elucidate the somat-
ic genetic architecture of ccRCC and emphasize the
marked contribution of aberrant chromatin biology.

Kroeger N, Klatte T, Birkhaeuser FD, et al. The effect
of tobacco exposure in renal call carcinoma (RCC)
overall and cancer-specific survival. J Clin Oncol.
2011;29(suppl): Abstract 4578.

Background: Tobacco use is a leading cause of prema-
ture death in the United States, yet few studies have
investigated the effect of tobacco exposure on RCC out-
comes. We retrospectively studied the impact of smok-
ing history on clinicopathological factors, survival out-
comes, and p53 expression status in a large cohort of
RCC patients.

Methods: 802 patients with ccRCC treated at UCLA
formed the study cohort. Patients were divided into 2
groups, never smokers (457 patients) and patients with a
positive tobacco exposure history (345 patients). The
Kaplan Meier method and log rank test were used to
evaluate survival outcomes. Cox models were construct-
ed to evaluate independent risk factors. Immunohisto-
chemistry (IHC) differences in p53 expression were cor-
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related with smoking status.

Results: Patients who were current smokers present-
ed more commonly with pulmonary (P <.0001) and car-
diac medical comorbidities (P = .014), and with a worse
performance status (P = .031) than nonsmokers.
Smoking was significantly associated with tumor multi-
focality (P = .022), higher pT stages (P = .037), increased
risk of lymph node metastases (P = .031) especially bulky
N2 disease (P =.009), presence of distant metastases (P <
.0001), especially lung metastases (P < .0001). Both over-
all survival (OS) 62.37 months vs 43.64 months (P
=.001) and cancer specific survival (CSS) 87.43 months
vs 56.57 months (P =.005) were significantly worse in
the group of patients with a smoking history. In multi-
variate Cox models the number of pack years was
retained as an independent predictor of CSS and OS in
nonmetastatic patients. Mutated p53 was detected in
70.8% of current and 53.0% of nonsmokers, respective-
ly (P = .017), and mean expression was significantly
higher in current versus nonsmokers (P = .012).

Conclusions: In RCC patients, a history of smoking
was associated with worse pathologic features and sur-
vival outcomes, and with increased risk of having mutat-
ed pS53. Further investigation of the genetic and molecu-
lar mechanisms associated with decreased CSS in RCC
patients with a smoking history are indicated.

Eto M, Kamba T, Miyake H, et al. An analysis of STAT3
polymorphism on outcomes of interferon-o treat-
ment in patiens with metastatic renal cell carcinoma.
J Clin Oncol. 2011;29(suppl): Abstract 4590.
Background: We previously reported that single nucleo-
tide polymorphisms (SNPs) in the signal transducer and
activator 3 (STAT3) gene were most significantly associ-
ated with better response to interferon (IFN)-o in
patients with metastatic renal cell carcinoma (mRCC) in
our retrospective analysis (J Clin Oncol. 2007;25:2785).
Japan Immunotherapy SNPs-Study Group for Kidney
Cancer (JISG-KC) conducted this trial to prospectively
confirm the results.

Methods: In this multicenter, prospective study,
patients with histologically confirmed RCC that was
metastatic, measurable disease, age > 20 years, with an
ECOG PS 0-1, and adequate organ function received 3
dosages of 5 million U per week of IFN-a treatment. The
primary endpoint of the study was to evaluate the cor-
relation between the antitumor effects of IFN-o. and SNP
allele frequencies of STAT3-2. The secondary endpoint



was to evaluate the correlation between the antitumor
effects of IFN-a and SNP allele frequencies of STAT3-0,
SOCS3-1, 1L4R-34, PTGS1-3, PTGS1-4, PTGS1-5, PTGS2-
12, IRF2-67, ICSBP-38, and TAP2-5 (J Clin Oncol. 2007;
25:2785). The association between response to IFN-a
and genetic polymorphism was analyzed using the logis-
tic model. All patients consented to provide blood sam-
ples that would be used for SNPs analysis.

Results: Two hundreds four eligible patients were
enrolled between December 2006 and October 2009. All
patients had prior nephrectomy, and 88.7% had ECOG
PS 0. Ninety-four percent of patients had clear cell RCC,
and 5% had papillary RCC. At the time of this analysis
the central review assessed response rate was 13.7%
(28/204) (7 CR, 21 PR). The CR rate of 3.4% (7/204) was
more than we expected. Response (CR, PR) to IFN-o was
not associated with any of the 11 SNPs examined.
However, when we assessed patients with CR, PR, and
SD more than 24 weeks as those with clinical benefits
and reevaluated the correlation to the 11 SNPs, the sig-
nificant association between STAT3-2 and clinical bene-
fits of IFN-a (P = .039) was observed. Namely, C/C geno-
type of STAT3-2 was significantly associated with clinical
benefits of IFN-a.

Conclusions: This is the first prospective study
demonstrating that STAT3 polymorphism can predict
clinical benefits of I[FN-a in patients with mRCC.

Seidel C, Fenner M, Reuter CW, Ganser A, Gruenwald
V. Progression-free survival (PES) of first-line VEGEF-
targeted therapy as a prognostic parameter for over-
all survival (OS) in patients with metastatic renal cell
carcinoma (mRCC). J Clin Oncol. 2011;29(suppl): Ab-
stract 4591.

Background: Recent scoring systems for mRCC include
laboratory markers, clinical course, and performance sta-
tus, without considering the response to systemic thera-
py. We therefore describe the validity of the PFS during
first line VEGF-targeted therapy as an independent prog-
nostic marker for the overall survival (OS) in mRCC.

Methods: Medical records of 119 patients treated
with first-line VEGF targeted therapy were retrieved and
analyzed retrospectively. Ninety one patients received
sunitinib; 16 patients, sorafenib; 8 patients, axitinib, and
4 patients, bevacizumab combined with either interfer-
on-a or everolimus. The median OS and PFS were deter-
mined from start of first line VEGF-targeted therapy.
Response to treatment was assessed according to re-
sponse evaluation criteria in solid tumors (RECIST) 1.0.
Log-rang test, Kaplan-Meier-, and Cox-regression analy-
sis were employed to predict OS or PES.

Results: Best response to first-line therapy consisted
of stable disease in 46, partial remission in 18, complete
remission in 6 and progressive disease in 25 patients. In
24 patients, best response was not evaluated. The medi-
an PFS of first-line therapy was 8.1 months (range: 3.9-
18.0) and was associated with a median OS of 22.7
months (range: 0.8-46.8). On univariate analysis, a PFS

above 6 months (P < .0001), second line treatment (P =
.018), absence of osseous lesions (P = .012), less than 3
metastatic organ sites (P =.011), a good MSKCC score (P
=.011), clear cell histology (P = .04), ECOG O (P = .01),
and achievement of complete response were associated
with a prolonged OS. On multivariate analyses patients
with a PFS above 6 months (95% CI 0.145-0.438; HR
0.252), good MSKCC score (95% CI 0.072-0.530; HR
0.195), and patients receiving second-line treatment
(95% CI 0.156-.674; HR 0.324) were identified as inde-
pendent prognostic factors. The median OS in patients.
with a PES <6 or >6 months was 12 or 33 months, respec-
tively.

Conclusions: Our analyses describe first-line PES as
an independent prognostic parameter in mRCC, sug-
gesting that VEGF-responsiveness may play a key role for
patients. Prognosis and may serve as a selection criterion
for subsequent therapy.

Ambring AE, Stierner UK, Oden AS, Bjorholt IN.
Sorafenib and sunitinib in renal cell cancer: a study
based on register data. J Clin Oncol. 2011;29(suppl):
Abstract 4600.

Background: There is limited data on the use of
sorafenib (SO) and sunitinib (SU) in clinical practice in
the treatment of advanced renal cell cancer (RCC). It has
been suggested that the sequence by which the drugs are
given is important for the outcome. Register data could
add valuable real-life evidence to previous clinical trial
data on these drugs.

Methods: Sweden has a long tradition of keeping reg-
isters, eg, Swedish Cancer Registry since 1958, Cause of
Death Register 1961, and Register on Prescribed Phar-
maceuticals (RPP) 2005. All Swedish citizens have a
unique personal identification number and retrospective
studies can be conducted by linking information from
several registers. Individuals with RCC and prescribed
SO and/or SU were extracted from the RPP. The date of
first purchase was captured from the RPP and duration
of treatment was studied. Analysis was carried out on the
actual observed data on duration of treatment for first-
line/monotherapy. For sequential therapy time on treat-
ment and time to death were analyzed without making
the assumption that patients survived first-line therapy,
ie, the risk to stop or to die during first-line/monothera-
py was accounted for.

Results: We found 123 patients starting with SO and
261 patients with SU. Median time on therapy was 148
days for SO and 138 for SU. Forty-three of these patients
were treated with SO+SU and 54 with SU+SO in
sequence. The influence of the duration of the first-line
therapy on the risk of discontinuing second-line treat-
ment was significantly different for SO compared to SU
(P = .0096). For death, a corresponding difference was
assessed (P = .0278). Small differences were seen for the
calculated median duration, 252 vs 234 days for com-
bined endpoint and 398 vs 347 days for death (exclud-
ing time between treatments) but for the proportions of
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patients remaining without endpoint at 1.5 years, larger
differences were seen. All differences were in favor of
those starting with SO.

Conclusions: In clinical practice in Sweden, treat-
ment duration of SO and SU is similar when given as
first-line treatment or monotherapy. The order in which
treatment is given in sequential therapy is important
and the results indicate that SO as first-line treatment is
a favorable choice.

Griinwald V, Karakiewicz PI, Bavbek SE. et al. Final
results of the international expanded-access program
of everolimus in patients with advanced renal cell
carcinoma who progress after prior vascular endothe-
lial growth factor receptor-tyrosine kinase inhibitor
(VEGFr-TKI) therapy. J Clin Oncol. 2011;29(suppl):
Abstract 4601.

Background: The phase 3 RECORD-1 trial established
everolimus as the only agent proven to benefit patients
with metastatic renal cell carcinoma (mRCC) after fail-
ure of initial VEGFr-TKI therapy. Everolimus, a mam-
malian target of rapamycin (mTOR) inhibitor, more
than doubled median progression-free survival com-
pared with placebo, from 1.9 months to 4.9 months. The
REACT (RADOO01 Expanded Access Clinical Trial in RCC)
study was initiated in order to address an unmet medical
need and provide everolimus in advance of regulatory
approval and commercial availability to patients with
mRCC after failure of initial VEGFr-TKI therapy.

Methods: REACT was an open-label, international,
expanded-access clinical trial (Clinicaltrials.gov:
NCT00655252). Eligible patients had measurable or
nonmeasurable mRCC of any histology, were intolerant
of, or progressed while on, VEGFr-TKI therapy, had a
Karnofsky performance score >70%, and had adequate
bone marrow, hepatic, and renal function. Patients
received everolimus 10 mg/day orally, with dose and
schedule modifications allowed for toxicity. The primary
objective of REACT was to evaluate the long-term safety
of everolimus in patients with mRCC, as determined by
the overall incidence of grade 3/4 and serious adverse
events (AEs). Tumor response to everolimus was also
assessed according to RECIST.

Results: A total of 1367 patients from 34 countries
were enrolled. Safety findings and tumor responses were
consistent with those observed in RECORD-1. The most
commonly reported grade 3/4 AEs were anemia (13.4%),
fatigue (6.7%), and dyspnea (6.4%), and the most fre-
quent serious AEs were dyspnea (5.0%), pneumonia
(4.7%), and anemia (4.1%). Median dose intensity was
10.0 mg/day; relative dose intensity ranged from 0.90 to
1.10 in 68.9% of patients.

Conclusions: REACT evaluated the safety and tolera-
bility of everolimus in a broader patient population than
the controlled trial RECORD-1. Everolimus was well tol-
erated, with no new safety issues identified and infre-
quent dose reductions/interruptions in the majority of
patients.
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Stein AM, Carter A, Hollaender N. Motzer RJ, Sarr C.
Quantifying the effect of everolimus on both tumor
growth and new metastases in metastatic renal cell
carcinoma (RCC): a dynamic tumor model of the
RECORD-1 phase 3 trial. J Clin Oncol. 2011;29 (suppl):
Abstract 4602.

Background: The randomized, placebo-controlled
phase 3 trial RECORD-1 (NCT00410124) established
mammalian target of rapamycin (mTOR) inhibitor
everolimus as an effective therapy for prolonging pro-
gression-free survival (PES) in patients with advanced
RCC who had progressed after sunitinib or sorafenib.
The 10-mg daily everolimus dose administered in
RECORD-1 was based on phase 1 studies correlating this
regimen with constant and near-complete inhibition of
mTOR pathway signaling. Dose reduction to 5 mg daily
was allowed for toxicity. We developed a mathematical
model of tumor growth in RECORD-1 to evaluate the
effect of these 2 everolimus doses on growth of target
lesions, nontarget lesions, and new metastases.

Methods: Tumor growth in all patients with a base-
line tumor measurement (n = 407) was described using
nonlinear mixed effects modeling. Local radiological
data were collected over time on the sum of largest tar-
get lesion diameters (SLD), progression status of nontar-
get lesions, and appearance of new lesions. By fitting a
mathematical model for tumor growth to each patient,
the impact of everolimus dose on all 3 lesion types was
investigated.

Results: Everolimus slowed growth of all 3 lesion
types versus placebo (P < .0001). For target lesions, a 10-
mg dose had a larger effect than a 5-mg dose (P < .0001).
No discernible difference between doses was seen for
nontarget and new lesions. The model predicts that after
1 year of continuous dosing, the change in SLD of target
lesions in the average patient would be 142.1% * 98.3%
on placebo, 22.4% + 17.2% for a 5-mg dose, and -15.7%
+ 11.5% for a 10-mg dose.

Conclusions: We developed a dynamic tumor model
linking everolimus dosing history with overall tumor
time course for each patient from RECORD-1. These
tumor growth biomarkers are closer to the primary clin-
ical endpoint (PFS) than measures of mTOR pathway
inhibition, and thus may provide better predictions of
trial success. Our analysis demonstrates a significant
drug effect on target, nontarget, and new lesions.
Furthermore, an everolimus daily dose of 10 mg is more
efficacious than 5 mg in reducing growth of target
lesions in metastatic RCC.

Hutson TE, Bukowski RM, Rini BI. et al. A pooled
analysis of the efficacy and safety of sunitinib in eld-
erly patients with metastatic renal cell carcinoma
(mRCCQ). J Clin Oncol. 2011;29(suppl): Abstract 4604.
Background: Sunitinib is approved multinationally for
mRCC treatment (Tx), with demonstrated activity and
tolerability in both the first- and second-line Tx settings.
Here, we report a retrospective analysis of the efficacy



and safety of sunitinib as a function of age in patients
with mRCC from 6 clinical trials.

Methods: Analyses included pooled data from 1059
patients who received single-agent sunitinib on the
approved 50 mg/d 4-weeks-on/2-weeks-off schedule
(n = 689; 65%) or at 37.5 mg continuous once-daily dos-
ing (n = 370; 35%), in both the first- (n=783; 74%) and
second-line (n = 276; 26%) Tx settings. Median progres-
sion-free survival (PFS) and overall survival (OS) were
estimated by Kaplan-Meier method and compared
between patients <70 vs 270 years of age by log-rank test.
Adverse event (AE) rates were also compared.

Results: Of 1059 patients, 857 (81%) were younger
than 70 years and 202 (19%) were 70 years or older, with
median ages of 57 and 73 years, respectively; 73% and
59% were male, but otherwise baseline characteristics
were similar. Median PFS was similar in both groups (9.0
vs 10.9 months; HR, 0.85; 95% CI, 0.70-1.02; P = .0830),
as was median OS (23.3 vs 23.7 months; HR, 0.94; 95%
CI, 0.76-1.15; P = .5441). In addition, efficacy was simi-
lar by age regardless of Tx setting. In first-line patients
<70 vs 270 years, median PFS and OS were 9.9 months
(95% CI, 8.3-10.7) vs 11.0 months (95% CI, 9.0-14.7)
and 23.5 months (95% CI, 21.1-27.6) vs 25.5 months
(95% CI, 21.6-38.4); in second-line patients, median PFS
and OS were 8.1 months (95% CI, 7.8-8.7) vs 8.4 months
(95% CI, 6.3-14.2) and 20.1 months (95% CI, 16.2-25.0)
vs 15.8 months (95% CI, 13.7-23.9). Most Tx-emergent
AEs occurred at similar rates in both age groups; howev-
er, some AEs were significantly less common in patients
aged <70 vs 270 years, including fatigue (59% vs 69%),
decreased appetite/weight (29% vs 53%), cough (20% vs
29%), peripheral edema (17% vs 27%), anemia (17% vs
25%), and thrombocytopenia (16% vs 25%; all P<0.05).
Hand-foot syndrome was more common in younger
patients (32% vs 24%; P < .05).

Conclusions: In patients with mRCC, the efficacy of
sunitinib was comparable in the elderly population,
deriving similar benefit as younger patients regardless of
Tx setting. The AE profiles were also similar, although
some AEs were more common in elderly patients.

Gore ME, Jones RJ, Ravaud A, et al. Efficacy and safe-
ty of intrapatient dose escalation of sorafenib as first-
line treatment for metastatic renal cell carcinoma
(mRCC). J Clin Oncol. 2011;29(suppl): Abstract 4609.
Background: Previous data of intrapatient dose-escalat-
ed sorafenib in mRCC suggest that doses up to 800 mg
bid were manageable with enhanced activity in terms of
PES and responses compared to the standard dose of 400
mg bid. This phase 2 study was conducted to investigate
these earlier findings.

Methods: Main eligibility criteria were metastatic
and/or unresectable clear cell RCC; at least one measur-
able lesion, ECOG PS 0/1, MSKCC score good or inter-
mediate, no prior systemic anticancer therapy. Patients
(patients) were to receive sorafenib 400 mg bid for 4
weeks, then 600 mg bid for 4 weeks, and 800 mg bid

from month 3 to 6+, with response evaluated at 6
months. The primary endpoint was response rate (best
overall response) within the first 6 months of treatment
(24 months of treatment at the highest tolerated dose for
all patients).

Results: Of the 83 enrolled patients (65% male) who
received at least 1 dose of sorafenib (safety population);
16 withdrew due to grade 1/2 toxicities and 67 had at
least 1 postbaseline assessment (ITT population). Dose
escalation per protocol was tolerated by 18 patients; all
achieved clinical benefit (9-PR; 9-SD). The other 49
patients had dose escalations and reductions as tolerated
throughout the study. Results for the ITT population and
subgroups taking 400, 600, or 800 mg bid for the longest
time while on study are shown (Table). Median age in
the 400, 600, and 800 mg bid groups was 64.5, 58.5, and
57 years, respectively; other baseline characteristics were
comparable. No clinically relevant differences in the
severity or frequency of adverse effects were seen across
the 3 groups.

ITT
400 mg bid 600 mg bid 800 mg bid population
(n=25) (n=12) (n=20) (n=67)"

Partial response n (%) 1(4) 2 (16.7) 7 (35) 12 (17.9)
Stable disease n (%) 15 (60) 10 (83.3) 13 (65) 46 (68.7)
Clinical benefit 16 (64) 12 (100) 20 (100) 58 (86.6)
(PR+SD) n (%)
Median PFS mo 3.7 7.4 8.5 7.4
(95% CI) (1.8-9.5) (6.3-12) (5.6-14.9) (6.3-9.7)
PFS rate at 18.7 33.3 46.4 359

12 months %

*The dose for the longest time on treatment was 200 mg/day for 3 pts and
400 mg/day for 7 pts.

Conclusions: In the majority of patients dose escala-
tion per protocol was not feasible. Patients in whom the
sorafenib dose could be escalated above 400 mg bid
appeared to have greater clinical benefit.

Porta C, Escudier B, Hutson TE, et al. Karnofsky per-
formance status (KPS) and tumor response in the
RECORD-1 phase 3 trial of everolimus in patients
with advanced renal cell carcinoma (RCC). J Clin
Oncol. 2011;29(suppl): Abstract 4610.
Background: In the RECORD-1 phase 3 trial of patients
with metastatic RCC who failed initial sunitinib or
sorafenib, everolimus reduced tumor burden in 47% of
patients (vs 10% on placebo). Notably, everolimus also
prolonged the time to KPS deterioration (=210%) (5.78 vs
3.84 months). This retrospective analysis of RECORD-1
further explores the relationship between KPS deteriora-
tion and response (as measured by best percent change
in tumor size, best overall response, and progression-free
survival [PFS]).

Methods: Eligible patients had baseline KPS >70%
and measurable mRCC that progressed on initial suni-
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tinib or sorafenib. Patients received everolimus 10
mg/day (n = 277) or placebo (n = 139) plus best sup-
portive care. Tumor response was assessed centrally
according to RECIST. KPS was determined at baseline,
day 1 of each 28-day cycle, and at end of study treatment.

Results: Mean baseline KPS for all patients was 88%.
At study end, everolimus-treated patients showed less
deterioration in KPS than placebo-treated patients
(mean KPS = -8.08 vs -13.09; P = .025). Patients in
either arm who achieved a partial response (PR, n = 5) or
stable disease (SD, n = 229) had less deterioration of KPS
than patients with progressive disease (PD, n = 131):
mean KPS =-2.00, -7.03, —-14.50, respectively; P = .002
for SD vs PD. In everolimus-treated patients, however,
the change in KPS was not correlated with best percent
change in tumor size (Pearson correlation coefficient,
0.050; P = .489), suggesting that even patients with min-
imal or no reduction in tumor burden may derive KPS
benefit from everolimus. In the subgroup of patients
with no deterioration in KPS at the end of study treat-
ment ( KPS 20), everolimus significantly prolonged PFS
vs placebo (4.90 vs 3.48 months, HR = 0.44, P < .001).

Conclusions: In RECORD-1, everolimus delayed and
reduced the degree of KPS deterioration versus placebo.
Furthermore, in patients with stable KPS, everolimus was
associated with improved PFS over placebo. These results
provide further evidence of the efficacy and tolerability
of everolimus in patients with mRCC who fail initial
sunitinib or sorafenib.

van der Veldt AA, Eechoute K, Oosting S, et al. Single-
nucleotide polymorphisms (SNPs) in the endothelial
nitric oxide synthase (NOS3) and vascular endothe-
lial growth factor (VEGF) and its relationship to suni-
tinib-induced hypertension. J Clin Oncol. 2011;29
(suppl): Abstract 4611.

Background: Hypertension is a common adverse effect
in patients treated with sunitinib and is likely associated
with inhibition of the VEGF/VEGF receptor(R)-2 path-
way. SNPs in VEGF-A, VEGFR-2, but also in NOS3 and
endothelin-1 (EDN1) have been mentioned as possible
candidates associated with a higher risk on development
of hypertension.

Methods: A retrospective multicenter study was per-
formed in 255 patients with advanced renal cell cancer
and gastrointestinal stromal tumor treated with suni-
tinib 50 mg/day in a 4 weeks on 2 weeks off or 37.5
mg/day continuous schedule. Office systolic blood pres-
sure (SBP) and diastolic blood pressure (DBP) were meas-
ured at baseline and on days 14 and 28 of the first treat-
ment cycle. Hypertension was graded according to the
Common Terminology Criteria for Adverse Events ver-
sion 3.0 (CTCAE). Seven SNPs in genes encoding for
VEGF-A (152010963, 1s833061, rs3025039, rs699947),
VEGFR-2 (rs1870377), EDNI1 (rs5370) and NOS3
(rs2070744) were selected. SNPs were univariately tested
against hypertension grades according to CTCAE.

Results: During the first treatment cycle, sunitinib
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induced a mean increase of 13 + 23 mmHg and 10 + 12
mmHg in SBP and DBP (t-test, P < .001), respectively.
According to CTCAE, 36.5 % of patients developed
hypertension. Among these patients, 10.6%, 12.9%, and
12.9% had hypertension grade 1, 2, and 3, respectively.
Development of grade 3 hypertension was associated
with 2 copies of the C-allele in VEGF-A (rs833061; Chi-
square, P = .048), 2 copies of the A-allele in VEGF-A
(rs699947; P = .053), and a C-allele in NOS3 (rs2070744;
P =.051).

Conclusions: SNPs in genes of NOS3 and VEGF-A are
associated with the development of severe hypertension
in patients treated with sunitinib. In particular, the asso-
ciation between the NOS3 pathway and hypertension
induced by an inhibitor of the VEGF/VEGFR-2 pathway
is a new finding. Hence, SNPs in VEGF-A and NOS3
genes may identify patients predisposed to develop
hypertension on sunitinib treatment.

Molina AM, Jia X, Ginsberg MS, et al. Long-term
response to sunitinib for metastatic renal cell carci-
noma (mRCC) patients treated on clinical trials at
Memorial Sloan-Kettering Cancer Center. J Clin
Oncol. 2011;29(suppl): Abstract 4615.

Background: Sunitinib has significant activity in
patients with mRCC. We report long-term responders,
defined as patients achieving ongoing complete
response (CR) or remaining progression-free for >18
months on sunitinib.

Methods: 186 patients were treated with sunitinib
alone or in combination on 9 clinical trials; all had >2
years of follow-up from sunitinib start to analysis.
Median progression-free survival (PFS) was 11 months
(95% CI 8-14); median OS was 27 months (95% CI 21-
35). Thirty four long-term responders were identified.

Results: Characteristics for the 34 and the entire
cohort of 186 were examined (Table). Best response for

Univariate logistic

Long-term analysis
All responders (yes vs no)
(N =186) (n=34) Odds ratio (95%CI)  Pvalue

Sites of disease*

Bone 50(27%) 5(15%) 0.41(0.15,1.12) 0.08

Lung 130(70%)  18(53%) 0.39(0.18,0.84) 0.02

Liver 40(22%) 4(12%) 0.43(0.14,1.29) 013
>2 metastatic 139(75%)  22(65%) 0.53(0.24,1.19) 0.12
sites™
Prior treatment 73(39%)  16(47%) 1.48(0.70,3.14) 0.30
Clear cell 164(88%)  31(91%) 1.48(0.41,5.30) 0.55
histology
MSKGCC risk group

Favorable 91(49%)  22(65%) 2.21(1.02,4.78) 0.05

Intermediate/poor  95(51%)  12(35%)

*1 patient missing.




the 38 patients was CR in 1, partial response in 26, and
stable disease in 7 patients. Average duration of sunitinib
therapy was 30 months (range 18.1-73.9 months) and 3
patients remain on therapy. Following 18 months pro-
gression-free on sunitinib, long-term responders had an
additional median PFS of 25 months (95% CI, 9-51
mos). Univariate logistic regression analysis identified
bone metastasis (P = .08), lung metastasis (P = .02), and
intermediate/poor risk groups (P = .05) as adverse prog-
nostic factors for long-term response (Table).

Conclusions: Sunitinib achieved long-term response
in a subset of patients with mRCC. Lack of bone or lung
metastases and good MSKCC risk may predict long-term
response.

Huang P, Carducci MA, Eisenberger MA, et al. The
association of pretreatment (pre-Tx) neutrophil to
lymphocyte ratio (NLR) with outcome of sunitinib Tx
in patients (patients) with metastatic renal cell carci-
noma (mRCC). J Clin Oncol. 2011;29(suppl): Abstract
4621.

Background: Sunitinib is a standard Tx for mRCC. The
NLR, an index of systemic inflammation, is associated
with recurrence of non-mRCC and poor prognosis in
several types of cancer. We set out to assess the associa-
tion between pre-Tx NLR and outcome of sunitinib Tx in
patients with mRCC.

Methods: We performed a retrospective study of an
unselected cohort of patients with mRCC, who were
treated with 50 mg of oral sunitinib in cycles of 4 weeks
followed by 2 weeks of rest. We analyzed the pre-Tx NLR
(calculated by dividing the neutrophil count value by
the number of lymphocytes) and potential factors asso-
ciated with outcome such as age, past nephrectomy,
RCC histology (clear cell vs non clear cell), time from
diagnosis to Tx, = 2 or more metastatic sites, ECOG per-
formance status, anemia, corrected calcium >10 mg/dL,
platelets count, prior cytokines/targeted Tx, sunitinib
induced hypertension, percent of patients who had dose
reduction/Tx interruption, and mean dose/cycle.
Progression-free survival (PFS) and overall survival (OS)
were determined by the Kaplan-Meier method. Multi-
variate analyses using Cox Regression model were per-
formed to determine their independent effect. A survival
tree analysis was used to find the best NLR cut-off value.

Results: Between 2004-2011, 133 patients with
mRCC were treated with sunitinib. Excluded from the
analysis were patients without available data on pre-Tx
NLR, those with baseline comorbidity such as CLL, and
recent (€1 month) health event (infection, surgery) or Tx
(steroids, radiation, cytokines) known to be associated
with a change of blood counts. The analysis included
109 patients; 57 (53%) had an elevated NLR (>3) at base-
line. Factors associated with PFS were NLR < 3 (HR 0.38,
P = .009, median PFS 4 vs 15 months in patients with
baseline NLR >3 vs < 3), past nephrectomy (HR 0.38, P =
.049), and non-—clear cell histology (HR 1.5, P = .0260).
NLR < 3 was associated with OS (HR 0.3, P = .007, medi-

an 14 months vs not reached with a median follow-up
of 35 months).

Conclusions: In patients with mRCC treated with
sunitinib, pre-Tx NLR may predict PFS and OS. Whether
this is specific to sunitinib or generalizable to other TKIs
is not known.

Fisher RA, Pender A, Thillai K, et al. Observation prior
to systemic therapy in patients with metastatic renal
cell carcinoma in the kinase inhibitor era. J Clin
Oncol. 2011;29(suppl): Abstract 4630.

Background: Patients with metastatic renal cell carcino-
ma (mRCC) are heterogenous, with significant variation
in clinical course. The use of vascular endothelial growth
factor receptor (VEGFR) and mammalian target of
rapamycin (mTOR) kinase inhibitors has dramatically
changed the prognosis for these patients. However, these
treatments are noncurative, necessitating chronic thera-
py. There is a cohort of patients with indolent disease in
whom the initiation of systemic therapy is often
deferred. It is inferred that the planned deferment of sys-
temic therapy does not negatively impact on clinical
benefit, but there is a lack of published data in the
“kinase inhibitor era” to support this contention.

Methods: This was a retrospective study. Patients
with mRCC treated with sunitinib who had a planned
period of observation before the initiation of systemic
therapy because of asymptomatic or slowly progressive
disease were analysed. The primary objective was to
determine the progression-free survival (PFS) of patients
on deferred first-line systemic therapy.

Results: Records of 251 patients treated with suni-
tinib between 2005 and 2010 were reviewed; 64 patients
who met the criteria were identified. The median age at
diagnosis was 56 years and 75% were male; 80% had
clear cell mRCC. All patients but 1 had a favorable or
intermediate prognosis (Heng). The median time from
diagnosis of metastases to starting treatment was 14.7
months (95% CI 10.4-16.3). Initial systemic therapy was
interferon for 28% of patients and sunitinib for 65% of
patients. Interferon patients had a median PFS of 6.3
months (95% CI 3.3-9.9), and sunitinib patients had a
median PFS of 4.3 months (95% CI 3.6-7.3). Patients
who received a VEGFR kinase inhibitor as second-line
therapy after interferon had a median PFS of 7 months
(95% CI 4.3-12.5). The median overall survival for all
patients was 35 months (95% CI 26-42.3).

Conclusions: In this cohort of patients with indolent
favorable or intermediate prognosis mRCC, systemic
treatment was deferred by a median of over 1 year but
the efficacy of delayed sunitinib treatment was less than
expected. Further study is required to define the group
of patients for whom delayed systemic therapy is opti-
mal.
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Blagoev KB, Wilkerson J, Stein WD, Motzer R]J, Bates
SE, Fojo AT. Effect of sunitinib (SU) administration on
posttreatment survival in patients with metastatic
renal cell carcinoma (mRCC) treated on the upfront
randomized phase 3 trial of sunitinib or interferon
o(IFN). J Clin Oncol. 2011;29(suppl): Abstract 4634.
Background: Drugs targeting VEGFR are approved for,
or under investigation in, cancer treatment. Animal
experiments suggest such therapies may accelerate
metastases (Ebos et al. Cancer Cell. 2009). We sought to
address whether treatment with a VEGFR agent might
accelerate tumor growth after its discontinuation.

Methods: We compared the time on treatment
(TOT), posttreatment survival (PTS), overall survival
(OS), and tumor growth rate constants (g) of patients
with mRCC randomized to either SU or IFN. We used
linear regression models to evaluate associations be-
tween these measures.

Results: Although reported response rate and progres-
sion free survival were better in the SU arm (Motzer et al.
New Engl ] Med. 2006), patients randomized to IFN had a
longer PTS than patients randomized to SU (median:
29.1 v 18.7 wks, P =.006). While acquisition of a growth-
retarding immune response following IFN cannot be
excluded, = 60% of IFN patients eventually received SU
or another VEGFR agent and this may have caused the
longer PTS following IFN. That randomization to SU was
not detrimental is supported by the observation that
longer TOT did not reduce PTS (slope of regression line
= -0.054, 95% CI -0.189-0.048) indicating increased SU
exposure does not adversely impact PTS. Furthermore,
tumor response defined as the minimum sum of the
longest diameters (LD) divided by initial sum of LD, and
thus analyzed as a continuous variable, modestly corre-
lated with TOT (Rsq = 0.28, P < .001), but not at all with
PTS (Ryq = 0.027, P = .02). Similarly, the g calculated
while patients received on-study treatment was correlat-
ed with TOT (Ryq = . 68; P < .0001) and OS (Ryq = 0.40;
P <.0001) but not PTS (Rsq = 0.008; P = .27).

Conclusions: Neither the duration of SU treatment
nor its antitumor activity, reflected in tumor response
and g, had an effect on PTS. Thus, SU reduces tumor
growth while administered, improves OS, and appears
unlikely to alter tumor biology after treatment discon-
tinuation. Concerns arising from animal models do not
appear to apply to patients receiving SU.

Saroha S, Uzzo R, Hudes GR, Plimack ER, Ruth K, Al-
Saleem TI. The prognostic significance of prenephrec-
tomy absolute lymphocyte count in clear cell renal
cell carcinoma. J Clin Oncol. 2011;29(suppl): Abstract
4641.
Background: We hypothesized that a low peripheral
blood absolute lymphocyte count (ALC), a likely index
of poor systemic immunity, may be associated with
aggressive features and inferior outcome in clear cell
renal cell carcinoma (RCC).

Methods: We retrospectively analyzed preoperative
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blood cell counts in patients undergoing primary surgi-
cal resection for clear cell RCC at Fox Chase Cancer
Center between 1994 and 2009. The patients from year
2009 were excluded from analysis of overall survival
(OS) due to a short follow-up. ALC values as a continu-
ous variable and at a level below 1300/ul (below refer-
ence range in our laboratory) were correlated with tumor
grade, pathologic tumor stage (pT), presence of distant
metastases and a collaborative tumor-node-metastasis
(TNM) stage. We used the Kaplan-Meier product-limit
method to estimate the OS by low ALC status. Differ-
ences in the survival curves were assessed using the log
rank test. We also performed Cox proportional hazards
regression for inferences about the relationship of sur-
vival time with low ALC adjusting for age (<60 yrs vs 60+
yrs at surgery) and TNM stage as covariates.

Results: 516 patients were eligible for analysis (32%
female; median age = 60 years, range 25-89 years); 138
(27%) patients had ALC <1300/pL; 430 patients were
included for analysis of OS (median follow-up 33.5
months). As a continuous variable, low ALC was associ-
ated with higher nuclear grade (P = .0044), higher pT (P
=.0088), presence of distant metastases (P < .0001), and
higher TNM stage (P < .0001). Similarly, ALC at a level
below 1300/puL was associated with high grade (P =
.0127), high pT (0.027), distant metastases (P < .0001),
and high TNM stage (P < .0001). Low ALC was also asso-
ciated with significantly worse OS (P < .0001). The asso-
ciation with OS was independent of TNM stage and
patient’s age in multivariable analysis (P = .018).

Conclusions: Here we demonstrate for the first time
that a low peripheral blood ALC is associated with high-
er nuclear grade, pathologic stage, presence of metas-
tases and inferior overall survival in clear cell RCC
patients.

Casper J, Goebel D, Gruenwald V, et al. Efficacy and
safety of sunitinib in patients with metastatic renal
cell carcinoma on hemodialysis. J Clin Omncol.
2011;29(suppl): Abstract 4646.

Background: Sunitinib treatment is currently a standard
of care for the treatment of metastatic renal cell carcino-
ma. Patients (patients) on hemodialysis however were
excluded from studies and only a few cases of patients
on hemodialysis have been reported.

Methods: We have performed a retrospective study
by contacting over 100 hemodialysis institutions in
Germany. Twenty eight patients had been treated be-
tween November 2006 and July 2010. Twenty one
patients, with a median age of 64 years (range 47-82)
and a median ECOG of 1 (range 0-2) were evaluable: 16
patients had an intermediate risk, 2 patients a low risk,
and 3 patients a poor risk according to MKSCC criteria.
Sunitinib doses were 25 mg (3 patients), 37.5 mg (8
patients), and 50 mg (9 patients) in the 4 week treatment
and 2 weeks off schedule. One patient received 50 mg
continuously. In median, 9 courses were given (range
1-18).



Results: The estimated median progression-free sur-
vival of this cohort was 15 months (95% CI 11-19) with
a median overall survival of 29 months (95% CI 12-47).
One of 21 patients (5%) reached complete remission, 10
patients (47%) had a partial remission, S patients (24%)
had stable disease, 3 patients (14%) had progressive dis-
ease, and 2 patients (10%) were not evaluable because of
insufficient data. Most adverse effects were comparable
to those commonly reported. However, nausea (4 pa-
tients, 19%), vomiting (3 patients, 14%), hypertension
(4 patients, 19%), and cardiac failure (2 patients, 10%)
may have had a higher incidence. In 5 out of 10 patients
receiving 50 mg sunitinib, dose reductions were per-
formed. Therapy was discontinued due to adverse effects
in 7 of 21 patients (4 of 8 with 37.5 mg, 3 of 10 with 50
mg sunitinib) without prior dose reduction.

Conclusions: Therapy with sunitinib in patients on
hemodialysis is feasible and well tolerated. Hyperten-
sion, nausea, and vomiting as well as cardiac failure may
be more frequent. Dose adjustments may be necessary
more frequently. Despite this, response rates as well as
progression-free and overall survival compare well with
patients with normal kidney function.

Reeves JA, Spigel DR, Daniel DB, Friedman EK, Burris
HA, Hainsworth JD. Pazopanib in patients with
metastatic renal cell carcinoma previously treated
with sunitinib or bevacizumab: a Sarah Cannon
Research Institute phase 3 trial. J Clin Oncol. 2011;29
(suppl): Abstract 4659.

Background: Pazopanib, a multitargeted inhibitor of
VEGFR, PDGEFR, and c-KIT, is an active first-line agent in
the treatment of advanced renal cell carcinoma (RCC).
The efficacy of pazopanib in patients who have progres-
sed on other antiangiogenesis agents, particularly suni-
tinib, is unclear.

Methods: Patients with metastatic clear-cell RCC
who had progressed on or were intolerant of first-line
single-agent sunitinib or bevacizumab were eligible. Ad-
ditional criteria: ECOG PS 0 or 1; measurable disease
(RECIST); previous nephrectomy unless clinically inap-
propriate; no active CNS metastases; adequate bone mar-
row, kidney, liver function; no risk factors for antiangio-
genesis agents; informed consent. All patients received
pazopanib 800 mg PO daily. Response was assessed every
8 weeks until disease progression.

Results: 44 patients have been treated with
pazopanib (previous sunitinib: 32; previous bevacizum-
ab: 12). Additional patient characteristics: male/female,
77%/ 23%; Motzer risk low/intermediate/high, 25%/
43%/ 32%; previous nephrectomy, 93%. The median
duration of treatment was 24 weeks (range 0-52 weeks).
After a median follow-up of 9 months, efficacy is as fol-
lows (Table): 37 patients remain alive and 13 are con-
tinuing treatment. Toxicity with pazopanib was similar
to previous reports: frequent grade 3/4 toxicity included
fatigue (14%), hypertension (11%), proteinuria (11%).
Three patients discontinued treatment due to toxicity

Previous Previous
All sunitinib bevacizumab
(N =44) (n=32) (n=12)
ORR 9(20%) 5(16%) 4(33%)
Disease control rate 31(77%) 21(66%) 10(83%)
(CR+PR+SD)
Median PFS, mo. 9.23(95% 12.06 (95% 8.05(95%
Cl: 5.42, NA) Cl: 6.14, NA) Cl: 2.76, 11.93)

and 13 required dose reductions.
Conclusions: Pazopanib is active and well tolerated
following treatment with either sunitinib or bevacizumab.

Crepel M, Escudier BJ, Machiels JH, et al. Compari-
son of 2 major prognostic models for patients with
metastatic renal cell carcinoma treated in the con-
temporary era of targeted therapies. J Clin Oncol.
2011;29(suppl): Abstract 4660.

Background: The 2 most popular prognostic systems for
patients with metastatic renal cell carcinoma (mRCC)
are MSKCC and French Group of Immunotherapy (FGI)
models. Both systems have initially been established by
using cohorts of patients treated with cytokines. No
direct comparison of these 2 models has been published
so far in the modern era of targeted therapies. Our goal
was to compare their effectiveness in predicting overall
survival (OS) in mRCC patients treated with antiangio-
genic drugs.

Methods: Based on an international cohort of 965
mRCC patients from 18 tertiary care centers treated with
systemic treatment, we assessed OS in univariate Cox
regression according to both prognostic models stratifi-
cation. Then, variables of each model were compared in
multivariate Cox regression. Area under the curve (AUC)
of both models was also calculated.

Results: Median OS for the entire population was
31.8 months. Both systems were able to distinguish 3
groups with statistically significantly different survivals.
Median OS in good, intermediate, and poor prognostic
group were 45.9, 23.5, 13.5 months and 50.9, 33.4, 13.5
months in MSKCC and FGI models, respectively. In mul-
tivariate Cox regression analysis, 3 out of the S variables
of MSKCC model achieved independent prognostic
value: hemoglobin level (HR = 1.79, P = .001), LDH ele-
vation (HR = 4.3; P = .001), and performance status (HR
=1.71; P =.006). Similarly, 3 out of the 5 variables of the
FGI model achieved independent prognostic status:
hemoglobin level (HR = 1.74; P = .04); number of metas-
tasis (HR = 2.2; P =.008), and performance status (HR =
2.12; P = .006). AUC of MSKCC and FGI models were
0.57 and 0.65, respectively. When focusing on 369
patients who received sunitinib as first-line treatment,
AUC of MSKCC and FGI models were 0.66 and 0.75,
respectively.

Conclusions: MSKCC and FGI are both effective
prognostic models in predicting OS in mRCC patients
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treated in the contemporary period. However, based on
our data, the FGI model seems to exhibit better predic-
tive accuracy than the MSKCC model. The prognostic
role of the FGI model should be therefore revisited in the
era of targeted therapies.

Finelli A, Horgan AM, Evans A, et al. Preoperative
sorafenib (SOR) and cytoreductive nephrectomy (CN)
in metastatic renal cell carcinoma (mRCC). J Clin
Oncol. 2011;29(suppl): Abstract 4668.

Background: CN for mRCC in the targeted therapy era
is being studied in randomized trials. Pre-op treatment
may improve patient selection for CN and allows for cor-
relative studies. We report our completed phase 2 trial
with pre-op SOR and CN.

Methods: Patients with biopsy confirmed clear cell
mRCC, suitable for CN, were eligible. Oral SOR (400 mg
PO BID), with dose reductions, was given for 12 weeks
pre-op, with the option to restart post-CN until progres-
sion. The primary aim was to determine the relationship
between pathological response (pR) and time to progres-
sion (RECIST). Feasibility, tolerability, response, and
paired tissue and radiological correlates were secondary
endpoints.

Results: 19 men (mean age 57, range 40 - 73) enrolled
(June 2007 through September 2010). 17/19 patients
(89%) had stable disease following pre-op Sor, 13 had an
overall decrease in disease burden (mean decrease 17%,
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range 1%-62%); 1 patient had partial response (PR); 1
had early progression and did not have CN. Of 18
patients who had CN, there was 1 post-op death, unre-
lated to protocol. 12 patients continued SOR post-op
with ongoing benefit. With median follow-up of 44
weeks (15-178), median time to progression was 44
weeks (7-170). Six patients have died. Increased fibrosis
was the only notable intraoperative finding. Median
post-op stay was 6 days (4-23). Although significant
necrosis was seen after SOR, pathology review noted no
morphologic differences in viable tumor pre- and post-
SOR; 1 patient with PR had near complete pR. Tumors
from the first 15 patients, as well as 8 metastases and 5
invasive areas were used for a tissue microarray. Anti-
VEGFR1-2, PDGFRa/B and other antibodies were stud-
ied. Differences in expression between tumors, metas-
tases, and invasive areas were not significant. There was
a significant (r = 0.968; P = .005) positive correlation
between PDGFR and VEGFR2 levels. Expression was
higher in patients with the greatest response by RECIST
(P = .006 and 0.036 for VEGFR2 and PDGFRB, respec-
tively).

Conclusions: Pre-op therapy with SOR in mRCC was
well-tolerated, resulted in >70% patients having tumor
size reductions and did not impact tolerability to CN.
Preliminary correlative studies suggest a relationship
between radiologic response and certain receptor sub-
type expression, warranting further review. ko
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