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Abstract Within the past 5 years, the United States Food
and Drug Administration have approved six targeted agents
for the treatment of metastatic renal cell carcinoma
(mRCC). While this offers great potential to patients
afflicted with this disease, oncologists are faced with the
challenge of applying each agent in the appropriate clinical
setting. Doing so requires an intricate understanding of the
pivotal trials evaluating these agents. Herein, we have
provided a detailed analysis of the study design employed
in these trials. Use of appropriate comparator arms for
targeted therapies (i.e., interferon-α or placebo) is
addressed. Furthermore, we discuss the relative merits of
using progression-free survival (PFS) or overall survival
(OS) as a primary endpoint—importantly, the two end-
points may not be precisely correlated. Strategies to
appropriately interpret OS in the context of post-study
therapies and crossover designs are described. Ultimately,
head-to-head trials comparing targeted therapies are neces-
sary to resolve clinical equipoise. Several ongoing efforts
juxtaposing the approved agents for mRCC are discussed.
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Introduction

To the patient with newly diagnosed metastatic renal cell
carcinoma (mRCC), the wealth of novel targeted therapies
at the clinician’s disposal represents a greater opportunity
for clinical benefit. To the clinician, however, the numerous
options may lead to clinical equipoise. The reasons for this
are multifold—firstly, the targeted therapies applicable to
mRCC share a number of mechanistic features. Of the six
approved agents, four (sunitinib, sorafenib, pazopanib, and
bevacizumab) directly inhibit vascular endothelial growth
factor (VEGF)-mediated signaling, and two (everolimus
and temsirolimus) inhibit the mammalian target of rapamy-
cin (mTOR) downstream [1]. Secondly, outside of mecha-
nistic similarities, it is challenging to discern the relative
efficacy of these agents on the basis of available clinical
trial data. These trials are varied in their use of study
endpoints (i.e., overall survival [OS], or progression-free
survival [PFS]), and in the patient population assessed (i.e.,
treatment-naïve or treatment-refractory, clear cell carcinoma
or renal cell carcinoma of any histology, varying degrees of
good, intermediate, or poor prognosis patients, and varying
status of the primary tumor). Algorithms such as that
proposed in Table 1 provide a useful tool to the clinician.
However, even from such schema, it is evident that
common clinical scenarios (i.e., first-line therapy of good-
or intermediate-risk patients with clear cell mRCC) can be
managed with one of several appropriate strategies.
Unquestionably, the goal of using each of these therapies
is to prolong meaningful survival for patients. Herein, we
explore the impact of targeted therapies as they pertain to
this goal. Furthermore, we attempt to provide the clinician
with appropriate background with which to interpret the
relative benefit of each agent in a now crowded therapeutic
landscape.
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IFN-α: a worthy comparator?

In 2002, Motzer et al. reported the clinical outcome of 463
patients with mRCC treated with interferon-α (IFN-α) as
first-line therapy in six prospective trials [2]. This analysis
identified a median PFS of 4.7 months, and a median OS of
13 months. On the basis of these data, the authors of this
study concluded, “PFS and OS for IFN-α treatment can be
used as a baseline for assessment of new therapies in phase
II and phase III investigations.” In keeping with this strategy,
several subsequent trials for treatment-naïve patients utilized
IFN-α as a comparator arm. For example, a phase III trial
comparing the VEGF-tyrosine kinase inhibitor (TKI) suniti-
nib to IFN-α enrolled a total of 750 patients with mRCC [3].
In this study, median OS was prolonged in those patients
receiving sunitinib (26.4 versus 21.8 months, p=0.051 per
unstratified log-rank test, p=0.013 per unstratified Wilcoxon
test), as was median PFS (11 versus 5 months, p<0.001).
Two subsequent phase III studies assessed bevacizumab, a
monoclonal antibody with affinity for VEGF. First, in the
AVOREN study, 649 patients were randomized to either
bevacizumab with placebo or bevacizumab with IFN-α [4].
No OS benefit was observed in this study (22.9 versus
20.6 months, p=0.13), although there was a substantial
benefit in PFS (10.4 versus 5.5 months, p=0.0001). Second,
the Cancer and Leukemia Group B (CALGB) 90206 study
randomized 732 patients to either bevacizumab and IFN-α
or IFN-α alone [5]. Again, no improvement in OS was
observed with the addition of bevacizumab (18.3 versus
17.4 months, p=0.097), although there was an appreciable
increase in median PFS (8.4 versus 3.9 months, p<0.0001).

While the phase III experiences with bevacizumab exclu-
sively assessed the combination of targeted agent and IFN-α,
the pivotal trial of temsirolimus assessed both combination
therapy and the targeted agent alone [6]. Patients with poor
risk were enrolled on the study, as defined by six factors: (1)
serum LDH more than 1.5× the upper limit of normal, (2)
hemoglobin below the lower limit of normal, (3) corrected
serum calcium of more than 10 mg/dL, (4) time from initial

diagnosis to randomization of less than 1 year, (5) Karnofsky
performance status of 60 or 70, and (6) metastases in
multiple organs. In contrast to other first-line studies, the
pivotal trial of temsirolimus included non-clear cell histolo-
gies. A total of 626 patients were randomized to receive
either temsirolimus, temsirolimus with IFN-α, or IFN-α
alone. Median OS in these treatment arms was 10.9, 8.4 and
7.3 months, respectively, with a statistically significant
difference in OS between patients receiving temsirolimus
alone and IFN-α alone (p=0.008).

Is IFN-α a reasonable comparator in these pivotal studies?
Outside of the aforementioned meta-analysis, data in support
of IFN-α as a comparator emerges from a phase III study in
which the agent was compared to medroxyprogesterone. The
primary endpoint of this study was OS, and with 111 patients
randomized; there was an observed improvement in median
OS (8.5 versus 6 months, p=0.017) [7]. Furthermore, IFN-α
improved PFS from 3 to 4 months. Knowing the benefit
elicited by IFN-α therapy, it is somewhat challenging to
interpret subsequent forays that have not used this agent as a
control arm. The phase III trial of pazopanib, for instance,
was first conceived as a trial for patients with prior cytokine
failure and utilized a placebo as a comparator [8]. The trial
was initiated when data for VEGF-TKIs was emerging and
was therefore amended to include treatment-naïve patients as
well. Ultimately, more treatment-naïve patients were enrolled
in this study than cytokine-refractory (233 versus 202
patients). The primary endpoint of this study was PFS, and
there was a significant improvement in PFS associated with
pazopanib therapy (9.2 versus 4.2 months, p<0.0001) [9]. As
might be anticipated, this difference was far more pro-
nounced in the treatment-naïve subset (11.1 versus
2.8 months, p<0.0001). Notably, survival data has yet to
mature from this study. The preliminary report of this study
has led to a Category 1 recommendation from the National
Comprehensive Cancer Network (NCCN) for use of pazo-
panib in both the first-line setting and after cytokine failure
[10]. Despite this recommendation, one may question
whether pazopanib has faced appropriate rigor in its

Table 1 A proposed algorithm for management of metastatic renal cell carcincoma (mRCC). Adapted from National Comprehensive Cancer
Network Clinical Practice Guidelines: Renal Cell Carcinoma (Available at http://www.nccn.org; last accessed April 1, 2010)

Disease and Line of Therapy Setting Therapy

Phase III Data Phase II Data

Clear cell mRCC, First-line Good/intermediate risk Sunitinib, Bevacizumab + IFN-α, Pazopanib High dose IL-2

Poor risk Temsirolimusa

Clear cell mRCC, Second-line Prior cytokines Sorafenib Sunitinib, bevacizumab

Prior VEGF TKI Everolimus

Prior bevacizumab Sunitinib

a Although recommendations are cited for clear cell mRCC, the pivotal trial of temsirolimus included non-cell histologies. This agent may therefore be
applied in patients with poor risk disease, irrespective of histology.
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evaluation as first-line therapy, given the use of a placebo
control.

PFS versus OS: an evaluation of primary endpoints

While OS remains a gold standard for interpreting efficacy,
other metrics have been deemed acceptable for purposes of
drug approval by both the United States Food and Drug
Administration (US FDA) and the European Medicines
Agency (EMEA) [11–14]. A report from the US FDA
suggested that among 57 oncology drugs receiving standard
approval between 1990 and 2002, only 18 had demonstrat-
ed a benefit in OS [13]. The remainder had gained approval
on the basis of other measures of clinical benefit (i.e.,
response rate, PFS, etc.). Similarly, among 28 drugs
approved by the EMEA between 2000 and 2004, only six
were approved on the basis of OS [14]. An additional 11
drugs were approved on the basis of PFS, and the
remaining 11 were approved on the basis of response rate.

What are the relative benefits of assessing PFS and OS?
OS appears to be more universally accepted as a clinically
meaningful endpoint, and is based on a precise statistic
(date of death) [15]. In the current climate, however, OS
analyses are complicated by a number of factors. Increasing
survival among patients with cancer lengthens trials in
which OS is set as the primary endpoint. In meta-analyses
of data from clinical trials for metastatic breast and
colorectal cancer, it appears that OS has increased greatly
over the past two decades [16, 17]. The same phenomenon
may be occurring in mRCC (see Table 2). As an example of
this, in the previously noted meta-analysis of IFN-α therapy

trials published by Motzer et al. in 2002, OS with IFN-α
was estimated at 13 months [2]. In the recent AVOREN
trial, however, OS in the arm treated with IFN-α alone was
20.6 months [4]. As discussed in the next section, use of
secondary therapies could drive this observation, as could
advances in supportive care. Irrespective of the cause, the
lengthened duration of clinical trials powered to explore OS
could delay clinical implementation of active therapies.

Use of PFS as opposed to OS as a primary endpoint
therefore has the benefit of shortening trial duration.
Furthermore, given increasing availability of second- and
third-line options in mRCC, PFS provides a more direct
assessment of tumor growth [15]. However, several issues
plague assessment of PFS. Firstly, whether radiographic,
laboratory or clinical criteria are used, designation of
progression may be subject to investigator bias. A mech-
anism to combat this is use of blinded, independent central
review. Rates of discrepancy between independent and
central review are projected to be in the range of 24–40%
[18, 19]. However, even with the added burden of central
review, bias may still exist—in one report, inter-reader
discrepancies among central reviewers occurred in nearly
40% of cases [19]. Another pitfall in interpreting PFS data
is the presence of evaluation time-bias. Frequently, studies
mandate disease evaluation on intervals of 2–3 months;
most surely, progression occurs during, and not at, these
intervals. A lack of uniformity in disease assessment
schedules in trials of mRCC therefore makes it challenging
to juxtapose PFS data from distinct studies.

In the setting of several malignancies, a correlation
between PFS and OS has been observed. Such a correlation
makes it possible to employ PFS as a surrogate for OS in

Table 2 Endpoints (EP) and differences in progression-free survival (PFS)/overall survival (OS) in pivotal trials of targeted therapy in metastatic
renal cell carcinoma

Study Design 1° EP 2° EP N ΔPFS (P-value) ΔOS (P-value)

VEGF-Directed Therapy

Motzer et al. [3] First-line: Sunitinib v IFN-α PFS OS 750 6.0 mos (p<0.001) 4.6 mos (p=0.013)a

Escudier et al. [27] Cytokine Failure: b Sorafenib v placebo OS PFS 903 2.7 mos (p<0.01) 3.4 mos (p=0.02)c

Sternberg et al. [8] First-line + Cytokine Failure: Pazopanib v placebo PFS OS 435 5.0 mos (p<1×10−7) N.A.d

Escudier et al. [4] First-line: Bevacizumab/IFN-α v placebo/IFN-α OS PFS 649 4.8 mos (p=0.0001) 2.0 mos (p=0.13)

Rini et al. [5] First-line: Bevacizumab/IFN-α v IFN-α OS PFS 732 3.5 mos (p<1×10−4) 0.9 mos (p=0.097)

mTOR Inhibitors

Kay et al. [44] VEGF-TKI failure: Everolimus v placebo PFS OS 410 3.0 mos (p<0.001) 0.39 mos (p=0.177)

Hudes et al. [6] First-line: e Temsirolimus v IFN-α OS PFS 626 1.9 mos (p=NR) f 3.6 mos (p=0.008)

a The p-value was 0.051 per unstratified log-rank test, and 0.013 by the unstratified Wilcoxon test.
b The majority of patients in this study (>80%) had received prior cytokine-based therapy with either IL-2 or IFN-α.
c The p-value in this study failed to meet pre-specified O’Brien-Fleming boundaries for statistical significance.
d OS did not meet pre-specified O’Brien-Fleming boundaries for reporting.
e A third arm in this study was randomized to temsirolimus with IFN-α. Data reported pertain only to the stated comparison.
f To the author’s knowledge, the p-value associated with PFS for temsirolimus has not been reported to date.
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study design and interpretation. For instance, in ovarian
cancer, a meta-analysis of seven pivotal US-based trials of
first-line therapy for advance disease showed an association
between PFS and OS [20]. Similar observations were made
in the setting of colorectal cancer. Analysis of the ACCENT
database, which includes 20,898 patients with non-
metastatic colorectal cancer, showed a strong association
between 3-year disease-free survival (DFS) and 5-year OS
[21]. This experience led to a decision by the Oncologic
Drugs Advisory Committee (ODAC) to accept 3-year DFS as
a primary end point for full drug approval in non-metastatic
colorectal cancer. Correlations between PFS and OS have also
been demonstrated in a meta-analysis of 39 randomized
controlled trials enrolling patients with advanced colorectal
cancer [22].

In mRCC, recent efforts have also outlined a potential
association between PFS and OS. Delea et al. reported a
systematic review of 21 controlled trials in which patients
were treated with either cytokines (IL-2 or IFN-α) or one of
six targeted therapies (sunitinib, sorafenib, pazopanib,
bevacizumab, temsirolimus or everolimus) [23]. A total of
6,182 patients were included in the analysis, with 35
treatment comparisons among the studies assessed. Where-
as the median difference in time to disease progression was
1.3 months, the median difference in OS was 2.8 months.

Using weighted ordinary least-squares regression, it was
determined that a 1-month improvement in disease pro-
gression was associated with a 1.4-month improvement in
OS (p<0.0001). In individual studies, this association may
not be as clear. The association between PFS and OS was
examined in the context of CALGB 90206 [24]. Specifically,
the log rank test and proportional hazards model were used
to examine the effect of PFS at 3 and 6 months in predicting
OS. In patients who had not progressed at 3 months, median
OS was 6.0 months (95%CI 5.3–6.9) versus 25.2 months
(95%CI 22.2–28.5) in patients at this interval (HR 2.6, p<
0.001). Despite these compelling results, tau rank correlation
assessment suggested only modest association between PFS
and OS.

The effect of crossover and subsequent therapies

A major challenge in interpreting OS data in the setting of
mRCC is the influence of subsequent treatments and
crossover. Table 3 summarizes use of such treatments in the
pivotal trials leading to the approval of sunitinib and
bevacizumab as first-line therapies. Detailed analyses have
accompanied these data. In the pivotal trial of sunitinib, of
375 patients randomized to IFN-α therapy, 117 patients

Table 3 Distribution of patients who underwent crossover or received subsequent therapies in three pivotal mRCC studies

Study Design Experimental Comparator

Motzer et al. [3] First-line: Sunitinib v IFN-α Total patients: 323 Total patients: 359

≥1 Treatment: 182 (56%) ≥1 Treatment: 213 (59%)

Sunitinib: 36 (11%) Sunitinib: 117 (33%)

Other VEGF Inhibitors: 106 (33%) Other VEGF Inhibitors: 115 (32%)

Cytokines: 63 (20%) Cytokines: 47 (13%)

mTOR: 28 (9%) mTOR: 16 (4%)

Chemotherapy: 21 (6%) Chemotherapy: 20 (6%)

Escudier et al. [4] First-line: Bevacizumab/IFN-α v Placebo/IFN-α Total patients: 327 Total patients: 322

≥1 Treatment: 180 (55%) ≥1 Treatment: 202 (63%)

Sunitinib: 83 (25%) Sunitinib: 92 (29%)

Sorafenib: 60 (18%) Sorafenib: 50 (16%)

Bevacizumab: 10 (3%) Bevacizumab: 12 (4%)

mTOR: 14 (4%) mTOR: 6 (2%)

Cytokines: 32 (10%) Cytokines: 52 (16%)

Chemotherapy: 28 (9%) Chemotherapy: 47 (15%)

Rini et al. [5] First-line: Bevacizumab/IFN-α v IFN-α Total patients: 340 Total patients: 332

≥1 Treatment: 166 (49%) ≥1 Treatment: 188 (57%)

VEGF-Directed: 199 (35%) VEGF-Directed: 160 (48%)

Bevacizumab: 21 (6%) Bevacizumab: 50 (15%)

Cytokines: 27 (8%) Cytokines: 30 (10%)

Chemotherapy: 46 (14%) Chemotherapy: 47 (14%)

Investigational: 27 (8%) Investigational: 29 (9%)
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ultimately received post-study therapy with sunitinib.
Censoring 25 patients who had crossed over to sunitinib
while on study, a larger absolute difference in OS was
noted, favoring patients who had received sunitinib
treatment up-front (26.4 versus 20.0 months; HR 0.808,
p=0.036). When all patients who had received second-line
therapy were censored, a profound difference in OS was
noted that favored the sunitinib group (28.1 versus
14.1 months; HR=0.647, p=0.003).

A similar effect of secondary therapies was observed in
CALGB 90206 [5]. While an absolute difference in overall
survival of 0.9 months was noted between the primary
treatment arms, the difference was more profound when
stratified by subsequent therapies. Among 408 patients who
had received second-line therapy, survival was 31.4 months in
the bevacizumab and IFN-α arm, and 26.8 months in the IFN-
α arm (HR 0.80; p=0.055). A similar absolute difference
(~4 months) was seen in those patients who did not receive
second-line therapy, again favoring the bevacizumab and
IFN-α arm (13.1 versus 9.1 months; HR 0.82, p=0.108).
Given that 57% of patients treated in the IFN-α arm received
second-line therapy as compared to only 49% of patients in
the bevacizumab and IFN-α arm, it is likely that second-line
therapies stifled differences in OS seen between the two
treatment arms in the study population at large.

The AVOREN study was unblinded after PFS data was
reported [4]. At this time, roughly 12 patients crossed over
to bevacizumab therapy. Censoring these patients in the
analysis yielded a slightly higher absolute difference in OS,
although this difference was not statistically significant
(23.3 versus 20.8 months, p=0.0766). Similarly, directly
comparing patients in this study who had received
subsequent sunitinib or sorafenib yielded greater absolute
differences in OS, favoring therapy with bevacizumab and
IFN-α. For patients who received bevacizumab and IFN-α
followed by a VEGF-TKI, median OS was 38.6 months as
compared to 33.6 months for patients who originally
received IFN-α with placebo (HR 0.80; 0.56–1.13).

Rank-preserving structural failure time (RPSFT), pro-
posed by Robins and Tsiatis, represents a novel statistical
method that may account for the effect of crossover [25]. In
this non-parametric model, survival differences are identi-
fied that would have been observed if all patients remained
on protocol therapy. RPSFT analysis has been applied to a
phase III trial comparing sunitinib and placebo in patients
with advanced gastrointestinal stromal tumor (GIST) [26].
Using conventional analyses, it appeared that there was
convergence in OS (74.7 weeks with sunitinib versus
64.9 weeks with placebo; p=0.128). Using the RPSFT
method, a revised estimate for survival on the placebo arm
negating the effect of crossover was generated (30 weeks).
With this revised estimate, a significant difference in OS
was recorded (p<0.0001). There is preliminary data

available using the RPSFT method in the pivotal trial
comparing everolimus to best supportive care in patients
with mRCC who have progressed on sunitinib and/or
sorafenib [12]. In this analysis, it was estimated that
survival was nearly twice as long with everolimus therapy
(relative risk 1.93, 95% CI 0.5–8.50).

Ongoing comparative trials

Arguably, head-to-head clinical trials comparing targeted
therapies represent the most ideal way to identify the optimal
therapeutic strategy. Several of these studies are currently
ongoing. In the first-line setting, the phase III COMPARZ trial
aims to randomize 876 patients with treatment-naïve, clear
cell mRCC to either sunitinib or pazopanib [27]. The primary
endpoint of this study is PFS, and the study is estimated to
complete accrual by November of 2010. While COMPARZ
assesses the efficacy of two VEGF-TKIs, the RECORD-3
trial represents the only ongoing phase III effort to juxtapose
the clinical activity of an mTOR inhibitor against a VEGF-
TKI [28]. In this study, previously untreated patients with
mRCC will receive either sunitinib or everolimus. At the
time of progression, patients will be crossed over to the
opposing arm. The primary endpoint of this trial is PFS, and
the study is powered to detect non-inferiority of everolimus.
A total of 390 patients are anticipated to enroll in this effort
by April 2013.

Data comparing the effectiveness of bevacizumab to
VEGF-TKIs in the first-line setting are notably lacking. The
only comparison of bevacizumab to a VEGF-TKI may be
derived from the ongoing BeST study [29]. In this trial,
patients are randomized to one of four regimens (bevacizu-
mab monotherapy, bevacizumab with sorafenib, bevacizu-
mab with temsirolimus and sorafenib with temsirolimus).
The latter two arms juxtapose therapy with bevacizumab
and sorafenib, albeit in combination with temsirolimus. The
study is expected to accrue a total of 360 patients and will
conclude by May 2012. Two other first-line studies explore
the combination of bevacizumab and mTOR inhibitors. In
the phase II RECORD-2 study, bevacizumab and IFN-α is
compared to bevacizumab with everolimus [30]. This study
is expected to include 360 patients and will conclude by
February 2012. Using a similar design, the phase IIIb
INTORACT study will randomize patients to either
bevacizumab and IFN-α or bevacizumab and temsirolimus
[31]. The study is also expected to complete enrollment by
February 2012 and is projected to accrue a total of 800 patients.

Second-line therapy is also a competitive landscape in
mRCC. Retrospective data point to the efficacy of re-
challenge with distinct VEGF-TKIs. For instance, in a
series of 23 patients treated with sorafenib followed by
sunitinib, 4 patients (17%) obtained a partial response with
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the agent, and the median duration of stable disease after
starting sunitinib was 32 weeks [32]. Registry data indicate
that this practice may be widespread and further suggest
that the efficacy of VEGF-TKIs as second-line therapy may
be superior to that of mTOR antagonists [33]. To test this
premise prospectively, an ongoing randomized trial is
comparing sorafenib versus temsirolimus as second-line
therapy in patients who have failed first-line sunitinib, with
a primary endpoint of PFS [34]. The trial is anticipated to
complete accrual by May 2011. Another randomized study
is based on encouraging phase II data for the novel VEGF-
TKI axitinib in the second-line setting [35]. In this study,
axitinib and sorafenib are being directly compared in 650
patients who have failed one prior systemic therapy [36].
The study is expected to complete accrual by July 2010.

Conclusions

As the studies presented herein attest, novel therapies for
mRCC bring both new hope and new challenges. In the
absence of substantial comparative data to juxtapose approved
agents against one another, oncologists must scrutinize the
available data to make an informed decision. In counseling the
patient with mRCC, a balanced discussion of both efficacy
and safety associated with each agent is imperative. Schema
such as that presented in Fig. 1 may also be used to determine
the level of evidence available for targeted agents and
cytokine therapy in varied clinical settings. In the absence of
relevant comparative trials or biomarker data to guide
therapy, the oncologist may rely more heavily on factors
such as patient co-morbidity or cost.

Moving ahead, two principal efforts may aid in resolving
clinical equipoise. First, the comparative studies described
herein will allow the oncologist to appropriately distinguish
the efficacy of different targeted agents. Second, develop-
ment of biomarkers to characterize response may allow
application of targeted agents in a more nuanced fashion,
tailoring treatment to the patient. Biomarkers may be both
laboratory-based and clinical. As an example of the former,
lower baseline levels of hepatocyte growth factor (HGF),
IL-6 and IL-8 appear to predict greater tumor shrinkage
with pazopanib therapy in a randomized discontinuation
trial evaluating the drug [37]. Prospective validation of
these findings may yield a molecular profile that can be
used to define appropriate candidates for pazopanib
therapy. Another promising biomarker lends itself to the
biology of mRCC—Gordan et al. have identified role of
differential hypoxia inducible factor (HIF) expression [38].
Concomitant HIF-1α and HIF-2α expression appears to be
correlated with enhanced Akt/mTOR and ERK/MAPK
signaling. In contrast, expression of only HIF-2α results
in increased c-myc activity. Thus, based on HIF status,
clinical strategies could be tailored to target these differen-
tial expression patterns. Finally, Rini et al. have recently
reported a detailed genomic analysis on tumor specimens
derived from 931 patients who underwent nephrectomy at
the Cleveland Clinic between 1985 and 2003 [39]. A total
of 448 genes were noted to be significantly associated with
recurrence-free interval (RFI; p<0.05). Ultimately 16 genes
remained predictive in a multivariate model after adjust-
ment for false discovery and clinicopathologic covariates.
This gene signature will be assessed in validation cohorts
using similarly sized tissue repositories. This is a novel
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approach that may ultimate yield a “recurrence score” that
can be applied to non-metastatic disease, and can poten-
tially identify a subset of patients with high-risk localized
disease that could be targeted with systemic therapy.

With respect to clinical biomarkers, hypertension is
slowly emerging as a predictor of clinical response. Data
from the pivotal trial of sunitinib suggest that OS is
markedly improved in those patients who achieve a
maximum systolic blood pressure greater than 140 mmHg
(30.5 versus 7.8 months, p<0.0001) or a maximum
diastolic blood pressure greater than 90 mmHg (32.1 versus
15.0 months, p<0.0001) [40]. Similar findings have been
noted with bevacizumab therapy in mRCC, as well as other
solid tumors [41, 42]. Based on this association, a
prospective trial of axitinib aims to titrate the medication
dose to a target blood pressure in order to optimize response
[43]. Forward-thinking trials such as these are necessary
to optimize therapeutic gains from currently available
agents.

Acknowledgments Dr. Pal’s efforts are supported by the NIH Loan
Repayment Plan (LRP), the CBCRP 15IB-0140 (California Breast
Cancer Research Program Junior IDEA Award) and NIH K12
2K12CA001727-16A1. We would also like to acknowledge the
support of Kure It, The Hoeven Family Foundation, and the Richard
and Nancy Bloch Kidney Cancer Research Fund.

Conflict of interest statement Dr. Pal receives honoraria from
Novartis and Pfizer. Dr. Figlin receives consulting fees from Pfizer,
Genentech and Novartis, and receives research support from
GlaxoSmithKline, Pfizer, Wyeth, Novartis, Argos Therapeutics, and
Antisoma.

References

1. Paget S (1889) The distribution of secondary growth in cancer of
the breast. Lancet 133(3421):571–573

2. Motzer RJ, Bacik J, Murphy BA, Russo P, Mazumdar M (2002)
Interferon-alfa as a comparative treatment for clinical trials of new
therapies against advanced renal cell carcinoma. J Clin Oncol 20
(1):289–296. doi:10.1200/jco.20.1.289

3. Motzer RJ, Hutson TE, Tomczak P, Michaelson MD, Bukowski
RM, Oudard S, Negrier S, Szczylik C, Pili R, Bjarnason GA,
Garcia-del-Muro X, Sosman JA, Solska E, Wilding G, Thompson
JA, Kim ST, Chen I, Huang X, Figlin RA (2009) Overall survival
and updated results for sunitinib compared with interferon alfa in
patients with metastatic renal cell carcinoma. J Clin Oncol 27
(22):3584–3590. doi:10.1200/jco.2008.20.1293

4. Escudier BJ, Bellmunt J, Negrier S, Melichar B, Bracarda S,
Ravaud A, Golding S, Jethwa S, on behalf of the AVOREN
Investigators (2009) Final results of the phase iii, randomized,
double-blind AVOREN trial of first-line bevacizumab (bev) +
interferon-{alpha}2a (IFN) in metastatic renal cell carcinoma
(mRCC). J Clin Oncol (Meeting Abstracts) 27(15S):5020

5. Rini BI, Halabi S, Rosenberg J, Stadler WM, Vaena DA, Atkins
JN, Picus J, Czaykowski P, Dutcher J, Small EJ (2009)
Bevacizumab plus interferon-alpha versus interferon-alpha mono-
therapy in patients with metastatic renal cell carcinoma: Results of

overall survival for calgb 90206. J Clin Oncol (Meeting Abstracts)
27(18S):LBA5019-

6. Hudes G, Carducci M, Tomczak P, Dutcher J, Figlin R, Kapoor A,
Staroslawska E, Sosman J, McDermott D, Bodrogi I, Kovacevic
Z, Lesovoy V, Schmidt-Wolf IGH, Barbarash O, Gokmen E,
O'Toole T, Lustgarten S, Moore L, Motzer RJ, the Global ARCC
Trial (2007) Temsirolimus, interferon alfa, or both for advanced
renal-cell carcinoma. N Engl J Med 356(22):2271–2281.
doi:10.1056/NEJMoa066838

7. Medical research council renal cancer collaborators (1999)
Interferon-alpha and survival in metastatic renal carcinoma: early
results of a randomised controlled trial. Lancet 353(9146):14–17.
doi:S0140673698035442

8. Sternberg CN, Szczylik C, Lee E, Salman PV, Mardiak J, Davis
ID, Pandite L, Chen M, McCann L, Hawkins R (2009) A
randomized, double-blind phase iii study of pazopanib in
treatment-naive and cytokine-pretreated patients with advanced
renal cell carcinoma (RCC). J Clin Oncol (Meeting Abstracts) 27
(15S):5021-

9. Sternberg CN, Davis ID, Mardiak J, Szczylik C, Lee E, Wagstaff
J, Barrios CH, Salman P, Gladkov OA, Kavina A, Zarba JJ, Chen
M, McCann L, Pandite L, Roychowdhury DF, Hawkins RE.
Pazopanib in locally advanced or metastatic renal cell carcinoma:
Results of a randomized phase iii trial. J Clin Oncol 28(6):1061–
1068. doi:10.1200/jco.2009.23.9764

10. Van Gool AR, Verkerk R, Fekkes D, Sleijfer S, Bannink M, Kruit
WHJ, van der Holt B, Scharpé S, Eggermont AMM, Stoter G,
Hengeveld MW (2008) Plasma activity of prolyl endopeptidase in
relation to psychopathology during immunotherapy with ifn-î± in
patients with renal cell carcinoma. J Interferon Cytokine Res 28
(5):283–286. doi:10.1089/jir.2007.0058

11. Beckman M (2007) More clinical cancer treatments judged by
progression-free rather than overall survival. J Natl Cancer Inst 99
(14):1068–1069. doi:10.1093/jnci/djm073

12. Trask PC, Bushmakin AG, Cappelleri JC, Bycott P, Liau K, Kim
S (2008) Health-related quality of life during treatment for renal
cell carcinoma: results from a phase II study of axitinib. Acta
Oncol 47(5):843–851. doi:10.1080/02841860802047395

13. Johnson JR, Williams G, Pazdur R (2003) End points and united
states food and drug administration approval of oncology drugs. J
Clin Oncol 21(7):1404–1411. doi:10.1200/jco.2003.08.072

14. Kaplan RN, Riba RD, Zacharoulis S, Bramley AH, Vincent L, Costa
C, MacDonald DD, Jin DK, Shido K, Kerns SA, Zhu Z, Hicklin D,
Wu Y, Port JL, Altorki N, Port ER, Ruggero D, Shmelkov SV, Jensen
KK, Rafii S, Lyden D (2005) Vegfr1-positive haematopoietic bone
marrow progenitors initiate the pre-metastatic niche. Nature 438
(7069):820–827

15. Lebwohl DMD, Kay AMD, Berg WMD, Baladi JF, Zheng J
(2009) Progression-free survival: gaining on overall survival as a
gold standard and accelerating drug development. Cancer J
September/October 15(5):386–394

16. Chia SK, Speers CH, D'yachkova Y, Kang A, Malfair-Taylor S,
Barnett J, Coldman A, Gelmon KA, O'Reilly SE, Olivotto IA
(2007) The impact of new chemotherapeutic and hormone agents
on survival in a population-based cohort of women with
metastatic breast cancer. Cancer 110(5):973–979

17. Grothey A, Sargent D, Goldberg RM, Schmoll H-J (2004)
Survival of patients with advanced colorectal cancer improves
with the availability of fluorouracil-leucovorin, irinotecan, and
oxaliplatin in the course of treatment. J Clin Oncol 22(7):1209–
1214. doi:10.1200/jco.2004.11.037

18. Thiesse P, Ollivier L, Di Stefano-Louineau D, Negrier S, Savary J,
Pignard K, Lasset C, Escudier B (1997) Response rate accuracy in
oncology trials: reasons for interobserver variability. Groupe
francais d'immunotherapie of the federation nationale des centres
de lutte contre le cancer. J Clin Oncol 15(12):3507–3514

Targ Oncol (2010) 5:131–138 137

http://dx.doi.org/10.1200/jco.20.1.289
http://dx.doi.org/10.1200/jco.2008.20.1293
http://dx.doi.org/10.1056/NEJMoa066838
http://dx.doi.org/S0140673698035442
http://dx.doi.org/10.1200/jco.2009.23.9764
http://dx.doi.org/10.1089/jir.2007.0058
http://dx.doi.org/10.1093/jnci/djm073
http://dx.doi.org/10.1080/02841860802047395
http://dx.doi.org/10.1200/jco.2003.08.072
http://dx.doi.org/10.1200/jco.2004.11.037


19. Ford R, Schwartz L, Dancey J, Dodd LE, Eisenhauer EA, Gwyther S,
Rubinstein L, Sargent D, Shankar L, Therasse P, Verweij J (2009)
Lessons learned from independent central review. Eur J Cancer 45
(2):268–274

20. Bast RC, Thigpen JT, Arbuck SG, Basen-Engquist K, Burke LB,
Freedman R, Horning SJ, Ozols R, Rustin GJ, Spriggs D, Wenzel
LB, Pazdur R (2007) Clinical trial endpoints in ovarian cancer:
Report of an fda/asco/aacr public workshop. Gynecol Oncol 107
(2):173–176

21. de Gramont A, Hubbard J, Shi Q, O'Connell MJ, Buyse M,
Benedetti J, Bot B, O'Callaghan C, Yothers G, Goldberg RM,
Blanke CD, Benson A, Deng Q, Alberts SR, Andre T, Wolmark
N, Grothey A, Sargent D. Association between disease-free
survival and overall survival when survival is prolonged after
recurrence in patients receiving cytotoxic adjuvant therapy for
colon cancer: Simulations based on the 20,800 patient accent data
set. J Clin Oncol 28(3):460–465. doi:10.1200/jco.2009.23.1407

22. Tang PA, Bentzen SM, Chen EX, Siu LL (2007) Surrogate end
points for median overall survival in metastatic colorectal cancer:
Literature-based analysis from 39 randomized controlled trials of
first-line chemotherapy. J Clin Oncol 25(29):4562–4568.
doi:10.1200/jco.2006.08.1935

23. Delea TE, Khuu A, Kay A, Zheng J, Baladi JF (2009) Association
between treatment effects on disease progression (dp) endpoints and
overall survival (os) in patients with metastatic renal cell carcinoma
(mRCC). J Clin Oncol (Meeting Abstracts) 27(15S):5105-

24. Halabi S, Rini BI, Stadler WM, Small EJ (2010) Use of progression-
free survival (pfs) to predict overall survival (os) in patients with
metastatic renal cell carcinoma (mrcc). J Clin Oncol 28:7s, suppl;
abstr 4525

25. Robins JM, Tsiatis AA (1991) Correcting for non-compliance in
randomized trials using rank preserving structural failure time
models. Commun Stat, Theory Methods 20(8):2609–2631

26. Demetri GD, Huang X, Garrett CR, Schoffski P, Blackstein ME,
Shah MH, Verweij J, Tassell V, Baum CM, Casali PG (2008)
Novel statistical analysis of long-term survival to account for
crossover in a phase III trial of sunitinib (su) vs. placebo (pl) in
advanced gist after imatinib (im) failure. J Clin Oncol (Meeting
Abstracts) 26(15_suppl):10524-

27. Escudier B, Eisen T, Stadler WM, Szczylik C, Oudard S, Siebels
M, Negrier S, Chevreau C, Solska E, Desai AA, Rolland F,
Demkow T, Hutson TE, Gore M, Freeman S, Schwartz B, Shan
M, Simantov R, Bukowski RM, the TARGET Study Group
(2007) Sorafenib in advanced clear-cell renal-cell carcinoma. N
Engl J Med 356(2):125–134. doi:10.1056/NEJMoa060655

28. Tanaka C, O'Reilly T, Kovarik JM, Shand N, Hazell K, Judson I,
Raymond E, Zumstein-Mecker S, Stephan C, Boulay A, Hattenberger
M, Thomas G, Lane HA (2008) Identifying optimal biologic doses of
everolimus (rad001) in patients with cancer based on the modeling of
preclinical and clinical pharmacokinetic and pharmacodynamic data. J
Clin Oncol 26(10):1596–1602. doi:10.1200/jco.2007.14.1127

29. Rini BI, Halabi S, Rosenberg JE, Stadler WM, Vaena DA, Archer L,
Atkins JN, Picus J, Czaykowski P, Dutcher J, Small EJ. Phase III trial
of bevacizumab plus interferon alfa versus interferon alfa mono-
therapy in patients with metastatic renal cell carcinoma: Final results
of calgb 90206. J Clin Oncol doi:10.1200/jco.2009.26.5561

30. Escudier B, Bellmunt J, Negrier S, Bajetta E, Melichar B,
Bracarda S, Ravaud A, Golding S, Jethwa S, Sneller V. Phase
III trial of bevacizumab plus interferon alfa-2a in patients with
metastatic renal cell carcinoma (AVOREN): Final analysis of
overall survival. J Clin Oncol doi:10.1200/jco.2009.26.7849

31. Wilmes LJ, Pallavicini MG, Fleming LM, Gibbs J, Wang D, Li K-
L, Partridge SC, Henry RG, Shalinsky DR, Hu-Lowe D, Park JW,
McShane TM, Lu Y, Brasch RC, Hylton NM (2007) Ag-013736,
a novel inhibitor of VEGF receptor tyrosine kinases, inhibits

breast cancer growth and decreases vascular permeability as
detected by dynamic contrast-enhanced magnetic resonance
imaging. Magn Reson Imaging 25(3):319–327

32. Dham A, Dudek AZ (2007) Sequential therapy with sorafenib and
sunitinib in renal cell carcinoma. J Clin Oncol (2007 ASCO
Annual Meeting Proceedings Part I) 25(18S):5106-

33. Vickers MM, Choueiri TK, Zama I, Cheng T, North S, Knox JJ,
Kollmannsberger C, McDermott DF, Rini BI, Heng DY (2009)
Failure of initial VEGF-targeted therapy in metastatic renal cell
carcinoma (mRCC): What next? J Clin Oncol (Meeting Abstracts)
27(15S):5098-

34. Gez E, Rubinov R, Gaitini D, Meretyk S, Best LA, Mashiach T,
Native O, Stein A, Kuten A (2007) Immuno-chemotherapy in
metastatic renal cell carcinoma: Long-term results from the
rambam and linn medical centers, haifa, israel. J Chemother 19
(1):79–84

35. Rini BI, Wilding G, Hudes G, Stadler WM, Kim S, Tarazi J,
Rosbrook B, Trask PC, Wood L, Dutcher JP (2009) Phase II study
of axitinib in sorafenib-refractory metastatic renal cell carcinoma.
J Clin Oncol 27(27):4462–4468. doi:10.1200/jco.2008.21.7034

36. Gigante M, Mandic M, Wesa AK, Cavalcanti E, Dambrosio M,
Mancini V, Battaglia M, Gesualdo L, Storkus WJ, Ranieri E
(2008) Interferon-alpha (IFN-[alpha])-conditioned dc preferential-
ly stimulate type-1 and limit treg-type in vitro t-cell responses
from RCC patients. J Immunother 31(3):254–262, 210.1097/
CJI.1090b1013e318167b318023

37. Heymach J, Tran HT, Fritsche HA, Gornet TG, Liu Y, Rajagopalan
D, Figlin RA, Amado RG, Pandite L (2009) Lower baseline levels of
plasma hepatocyte growth factor (HGF), il-6 and il-8 are correlated
with tumor shrinkage in renal cell carcinoma patients treated with
pazopanib. Presented at the AACR-NCI-EORTC International
Conference on Molecular Targets adn Cancer Therapeutics; Novem-
ber 15–17, 2009; Boston, MA [Abstr A11]

38. Gordan JD, Lal P, Dondeti VR, Letrero R, Parekh KN, Oquendo
CE, Greenberg RA, Flaherty KT, Rathmell WK, Keith B, Simon
MC, Nathanson KL (2008) HIF-alpha effects on c-myc distin-
guish two subtypes of sporadic vhl-deficient clear cell renal
carcinoma. Cancer Cell 14(6):435–446. doi:S1535-6108(08)
00366-8016/j.ccr.2008.10.016

39. Rini BI, Zhou M, Aydin H, Elson P, Maddala T, Knezevic D, Parodi
L, Bukowski RM, NovotnyWF, Cowens JW (2010) Identification of
prognostic genomic markers in patients with localized clear cell renal
cell carcinoma (ccRCC). J Clin Oncol 28:7s, suppl; abstr 4501

40. Rini BI, Cohen DP, Lu D, Chen I, Hariharan S, Gore ME, Figlin
RA, Baum MS, Motzer RJ. Hypertension (HTN) as a biomarker
of efficacy in patients (pts) with metastatic renal cell carcinoma
(mRCC) treated with sunitinib. Presented at the 2010 Genitouri-
nary Cancers Symposium [Abstr 312]

41. Harzstark AL, Halabi S, Stadler WM, Vaena DA, Atkins JN, Picus
J, Czaykowski P, Dutcher JP, Rini BI, Small EJ (2010)
Hypertension is associated with clinical outcome for patients
(pts) with metastatic renal cell carcinoma (rcc) treated with
interferon and bevacizumab on calgb 90206. Presented at the
2010 Genitourinary Cancers Symposium [Abstr 351]

42. Schneider BP, Wang M, Radovich M, Sledge GW, Badve S, Thor
A, Flockhart DA, Hancock B, Davidson N, Gralow J, Dickler M,
Perez EA, Cobleigh M, Shenkier T, Edgerton S, Miller KD (2008)
Association of vascular endothelial growth factor and vascular
endothelial growth factor receptor-2 genetic polymorphisms with
outcome in a trial of paclitaxel compared with paclitaxel plus
bevacizumab in advanced breast cancer: Ecog 2100. J Clin Oncol
26(28):4672–4678. doi:10.1200/jco.2008.16.1612

43. Gouttefangeas C, Stenzl A, Stevanović S, Rammensee H-G (2007)
Immunotherapy of renal cell carcinoma. Cancer Immunol Immun-
other 56(1):117–128

138 Targ Oncol (2010) 5:131–138

http://dx.doi.org/10.1200/jco.2009.23.1407
http://dx.doi.org/10.1200/jco.2006.08.1935
http://dx.doi.org/10.1056/NEJMoa060655
http://dx.doi.org/10.1200/jco.2007.14.1127
http://dx.doi.org/10.1200/jco.2009.26.5561
http://dx.doi.org/10.1200/jco.2009.26.7849
http://dx.doi.org/10.1200/jco.2008.21.7034
http://dx.doi.org/S1535-6108(08)00366-8016/j.ccr.2008.10.016
http://dx.doi.org/S1535-6108(08)00366-8016/j.ccr.2008.10.016
http://dx.doi.org/10.1200/jco.2008.16.1612

	Targeted therapies for renal cell carcinoma: understanding their impact on survival
	Abstract
	Introduction
	IFN-α: a worthy comparator?
	PFS versus OS: an evaluation of primary endpoints
	The effect of crossover and subsequent therapies
	Ongoing comparative trials
	Conclusions
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200037000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003000200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


