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Abstract: As a component of the American Recovery and Rein-

vestment Act of 2009, comparative effectiveness (CE) studies have 

been established as a priority in medical research. In the setting of 

metastatic renal cell carcinoma (mRCC), the theme of CE research is 

particularly applicable, given the recent approvals of several targeted 

agents with somewhat overlapping indications. Herein, ongoing 

com parative clinical trials are discussed that may resolve clinical 

equipoise in using these agents. Furthermore, ongoing biomarker 

analyses are reviewed that may ultimately identify subpopulations 

with unique benefit from specific targeted therapies. Finally, available 

cost-effectiveness data for targeted therapies in mRCC are presented. 

The amalgam of these studies may offer the oncologist greater clarity 

in clinical decision-making. 

Introduction

On February 17, 2009, the American Recovery and Reinvestment 
Act (ARRA) was signed into law by President Barack Obama.1 The 
initiative provided a total of $1.1 billion for comparative effective-
ness (CE) research, specifically intended to “conduct, support or 
synthesize research that compares the clinical outcomes, effective-
ness, and appropriateness of items, services, and procedures that 
are used to prevent, diagnose, or treat diseases, disorders, and other 
health conditions.”2 Although cost-benefit analyses and examina-
tion of other nonclinical endpoints exist under the umbrella of CE 
research, another fundamental goal is to juxtapose treatment options 
for specific patient populations to optimize clinical outcome.3 In  
the setting of oncology, this goal is achieved in part through the 
conduct of randomized controlled clinical trials (RCTs) or meta-
analyses of such trials.4 However, acknowledging that accrual to 
these trials most often includes a small proportion of the patient 
population being investigated, larger population-based studies 
are often necessary to compare the generalized effect of treatment 
interventions. Biomarker studies conducted in parallel with these 
analyses have the potential to further optimize the approach, 
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identifying subpopulations that may obtain a greater ben-
efit from selected therapies. For example, several studies 
have shown a favorable cost-effectiveness profile with the 
21-gene recurrence score (derived from reverse transcrip-
tion polymerase chain reaction), now widely employed 
in breast cancer to aid patients and clinicians in deciding 
between chemotherapy and endocrine therapy.5,6 The 
amalgam of approaches employed in CE research (cost-
effectiveness studies, RCTs, population-based studies, 
and biomarker analyses) have been incorporated into a 
practical schema, outlined in Figure 1.

Perhaps, CE research is nowhere more applicable 
than in the treatment of metastatic renal cell carcinoma 
(mRCC). A decade ago, the oncologist was faced with a 
limited arsenal of therapeutic options; use of conventional 
immunotherapy (ie, interferon [IFN] or interleukin-2 
[IL-2]) elicited limited durable responses.7-10 Within the 
past 4 years, 6 targeted agents have been added to the 
oncologists’ armamentarium. The clinical trials leading to 
the approval of these agents have assessed a wide spectrum 
of subpopulations with mRCC (Table 1).11-17 These stud-

ies have allowed for the development of comprehensive 
algorithms with treatment options designated for spe-
cific subgroups.18 Although these algorithms do provide 
substantial aid in decision-making, there are still many 
clinical scenarios in which further guidance is needed. For 
example, an oncologist encountering a treatment-naïve 
patient with mRCC is offered 3 distinct category 1 (ie, 
consensus) recommendations from the current National 
Comprehensive Cancer Network (NCCN) guidelines, 
as outlined in Table 2. For the oncologist to discern the 
relative merits of these agents, further clinical research 
is needed. The current review will focus on comparative 
trials that may resolve such areas of clinical equipoise, 
and will further focus on strategies in CE research as they 
pertain to mRCC. 

First-line Therapy

Head-to-Head Trials
Updated results from a phase III trial assessing the vas-
cular endothelial growth factor-tyrosine kinase inhibitor 

                  Systemic Review
• Define questions/knowledge gap
      –Prioritize: burden; uncertainty; impact
• Protocol development
• Search and selection
     –Clinical trials
           -Phase I/II: Association studies
           -Phase III: CER studies
      –Other data: population, claims, modeling
• Data extraction
• Study quality appraisal
• Assess study heterogeneity
• Data summarization

     Evidence Synthesis
     Evidence Reports
     Recommendations

Longitudinal Registry
Phase I/II evaluations

Prospective Clinical Trials
Phase III validation studies

Comparative Effectiveness Simulation
• Clinical decision models
     –Effectiveness
     –Quality-adjusted effectiveness
      –Cost-effectiveness
• Monte Carlo Simulation
• Markov modeling

Clinical Practice Guidelines
• Disease-focused working groups
• Evidence review
• Guideline recommendations
• Approval and publication
• Dissemination and implementation
• Impact on cancer care and outcomes

Figure 1. An overview of a suggested approach to comparative effectiveness research in oncology. 

Adapted with permission from Lyman GH. Cancer Investigation. 2009;27:593-597.
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(VEGF-TKI) sunitinib (Sutent, Pfizer) have shown an 
overall survival (OS) benefit with the agent in compari-
son to IFN in 750 treatment-naïve patients with mRCC 
(26.4 vs 21.8 months, P=.013).15 In addition, median 
progression-free survival (PFS) was improved with suni-
tinib therapy (11 vs 5 months, P<.001). A distinct VEGF-
TKI, pazopanib (Votrient, GlaxoSmithKline), has been 
compared to placebo in a separate phase III study. Of the 
435 patients randomized, 233 were treatment-naïve and 
202 were cytokine refractory.17 A benefit in PFS has been 
observed in this study (9.2 vs 4.2 months, P<.0000001), 
though survival data were not available at the time of 
most recent analysis. The clinical benefit outlined for 
both sunitinib and pazopanib have led to a category 1 
recommendation as first-line therapy for treatment-naïve 
patients with mRCC. In deciding amongst these 2 agents, 
the ongoing phase III COMPARZ trial will be of utmost 
importance (Figure 2).19 In this study, a planned 876 
patients with treatment-naïve, clear cell mRCC will be 
enrolled and randomized in a 1:1 fashion to sunitinib or 
pazopanib administered at standard doses. Until results 
of this study are available, the oncologist is faced with 
counseling the patient between 2 agents with apparently 
similar efficacy and safety profiles. 

A separate head-to-head trial seeks to identify the 
optimal dose of sunitinib therapy. Preclinical evidence 
suggests that “withdrawal” of sunitinib (as in the 2-week 
off period in the standard dosing regimen) could trigger 
more aggressive tumor angiogenesis.20 Furthermore, stud-
ies assessing a continuous, daily schedule of sunitinib in 

gastrointestinal stromal tumor (GIST) and non–small 
cell lung cancer (NSCLC) suggest reasonable efficacy and 
improved tolerability.21,22 Subsequently, reported phase II 
data of a continuous, daily schedule of sunitinib in 
cytokine-refractory mRCC yielded similar results, with a 

Table 1. An Overview of Pivotal Phase III Trials of Targeted Therapies for Metastatic Renal Cell Carcinoma (RCC)

FDA-approved Agent/
Regimen Comparator Number of Patients Patient Population

Sorafenib11 Placebo 769 Cytokine-refractory (83%)

Sunitinib15 IFN 750 Treatment-naïve

Bevacizumab + IFN12 Placebo + IFN 649 Treatment-naïve

Bevacizumab + IFN16 IFN 732 Treatment-naïve

Temsirolimus13 IFN or temsirolimus 
+ IFN 626 Treatment-naïve patients with  

poor-prognosis RCC*

Everolimus14 Placebo 416 Previous sunitinib and/or sorafenib (prior  
bevacizumab and cytokine also allowed)

Pazopanib17 Placebo 435 Treatment-naïve or 1 prior cytokine therapy

*Poor prognosis defined by at least 3 of 6 predictors of short survival: 1) lactate dehydrogenase >1.5 times the upper limit of normal,  
2) hemoglobin level below the lower limit of normal, 3) corrected serum calcium more than 10 mg/dL, 4) time from initial diagnosis of RCC  
to randomization of <1 year, 5) Karnofsky performance status of 60 or 70, or 6) metastases in multiple organs. 

FDA=US Food and Drug Administration; IFN=interferon.

Table 2. Category 1 Recommendations Guiding the Use of 
Targeted Systemic Therapy for Clear Cell Metastatic Renal Cell 
Carcinoma in Treatment-naïve and Cytokine-refractory Patients 

Patient  
Population First-line Second-line 

Treatment-naïve Sunitinib 
Bevacizumab + Interferon 
Pazopanib 
Temsirolimus*

Everolimus†

Cytokine  
refractory

Sorafenib
Sunitinib
Pazopanib

None

Adapted from National Comprehensive Cancer Network (NCCN) 
Guidelines, v.2.2010.

Note: Category 1 recommendations reflect a consensus amongst the 
experts comprising the NCCN panel.

*A category 1 recommendation has been assigned specifically for use 
of temsirolimus as first-line therapy in patients with poor-prognosis 
metastatic renal cell carcinoma. 
†A category 1 recommendation has been assigned specifically for use of 
everolimus after tyrosine kinase inhibitor therapy. 
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Figure 2. Selected ongoing trials for treatment-naïve patients with metastatic renal cell carcinoma (mRCC).  
 
BeST=A Randomized Phase II Study of VEGF, RAF kinase and mTOR Combination Targeted Therapy (CTT) with Bevacizumab, Sorafenib and 
Temsirolimus in Advanced Renal Cell Carcinoma; COMPARZ=A Study of Pazopanib Versus Sunitinib in the Treatment of Subjects With Locally 
Advanced and/or Metastatic Renal Cell Carcinoma; INTORACT=INvestigation of TORisel and Avastin Combination Therapy; RECORD-
2=REnal Cell cancer treatment with Oral RAD001 given Daily-2; RECORD-3=REnal Cell cancer treatment with Oral RAD001 given Daily-3.  
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(e)      RECORD-337

Treatment-naïve 
mRCC

  Everolimus                    Sunitinib

    Sunitinib                    Everolimus

Start date:
Oct 2009

Est. completion:
Apr 2013
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median PFS and OS of 8.2 months and 19.8 months, 
respectively, and manageable toxicities.23 These encourag-
ing data have led to a phase III trial randomizing patients 
with treatment-naïve mRCC to sunitinib on either a stan-

dard schedule (50 mg oral daily, 4 weeks on and 2 weeks 
off) or a continuous schedule (37.5 mg oral daily).24 With 
a planned accrual of 282 patients, the results of this study 
are eagerly anticipated. 
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Combination Therapy
Outside of sunitinib and pazopanib, a category 1 recom-
mendation exists for a third regimen for first-line therapy 
of clear cell mRCC: bevacizumab with IFN. This regimen 
is supported by 2 phase III studies. In the double-blind, 
placebo-controlled AVOREN (AVastin fOr RENal cell 
cancer) study, 649 patients were randomized to either 
bevacizumab (Avastin, Genentech) with IFN or placebo 
with IFN. Although the study failed to identify an 
improvement in OS, a benefit in PFS was demonstrated 
(10.4 vs 5.5 months, P=.0001) in those receiving beva-
cizumab.12 Cancer and Leukemia Group B trial 90206 
utilized a similar randomization, albeit without a placebo 
control.16 The study identified similar results in a cohort 
of 732 patients, with an improvement in PFS from 4.9 
months to 8.4 months (P<.0001). No difference in OS 
was observed. 

These data for bevacizumab with IFN lead to yet 
another conundrum in the management of mRCC—
how do the data for bevacizumab compare to those for 
sunitinib and pazopanib? Unfortunately, no trial exists to 
answer this question in a straightforward fashion. Ongo-
ing studies seek to determine whether the clinical activity 
of bevacizumab can be complemented by the addition 
of various other targeted therapies. For instance, in the 
randomized, phase II RECORD-2 trial (REnal Cell can-
cer treatment with Oral RAD001 given Daily-2), 360 
patients will be assigned to receive either bevacizumab 
with IFN or bevacizumab plus the mammalian target 
of rapamycin (mTOR) inhibitor everolimus (Afinitor, 
Novartis).25 A prior phase II analysis conducted in 59 
patients with mRCC had reported encouraging activity, 
with a PFS of 9 months in treatment-naïve patients and 6 
months in treatment-refractory patients.26 A larger phase 
III analysis will employ a similar randomization to assess 
the mTOR inhibitor temsirolimus (Torisel, Wyeth).27 
In this study, 800 patients will be assigned to receive 
bevacizumab with either IFN or temsirolimus. Finally, 
the Eastern Cooperative Oncology Group BeST study (A 
randomized phase II study of VEGF, RAF kinase and 
mTOR combination targeted therapy [CTT] with Beva-
cizumab, Sorafenib and Temsirolimus in advanced renal 
cell carcinoma) will randomize patients to 1 of 4 arms, 
3 of which contain bevacizumab. In this study, 360 
patients with mRCC will receive either bevacizumab 
alone, bevacizumab and temsirolimus, bevacizumab and 
sorafenib (Nexavar, Bayer HealthCare), or sorafenib and 
temsirolimus.28 Importantly, early experiences point to 
potential pitfalls in efforts to combine bevacizumab with 
other therapies. A phase I analysis suggesting high rates 
of hypertension and vascular/hematologic toxicity with 
the combination of sunitinib and bevacizumab has led 
to the halting of a Southwest Oncology Group phase 

II analysis randomizing patients to sunitinib or sunitinib 
and bevacizumab.29

Second-line Therapy

At present, the only US Food and Drug Administration 
(FDA)-approved targeted agent for second-line therapy 
of mRCC after failure of anti-angiogenic agents is evero-
limus. The approval came on the basis of a phase III 
trial in which 416 patients who had failed prior therapy 
with sunitinib and/or sorafenib were randomized in a 
2:1 fashion to receive either everolimus or placebo.14 The 
study demonstrated a 3-month improvement in PFS 
with everolimus (4.9 vs 1.9 months, P<.001), although 
no improvement in OS was identified. Notably, only 
2% of patients had a partial response as a best response 
to everolimus therapy. In contrast, several VEGF-TKIs 
have been assessed in the same setting in phase II  
studies, with more encouraging response and PFS data. 
Although cross-trial comparisons are not possible, 
these data underscore the need to explore second-line 
VEGF-TKI therapy. As noted in Table 3, permutations 
of sunitinib and sorafenib in sequence can yield response 
rates of 10–15%, with stable disease in a majority of 
patients.30-33 The novel VEGF-TKI axitinib (Pfizer) has 
shown an impressive overall response rate of 22.6% in 
sorafenib pretreated patients.34 

On the basis of these data, several trials are under 
way to determine the ideal second-line strategy. One such 
trial examines whether repeat challenge with a VEGF-
TKI or use of an mTOR inhibitor represents the optimal 
approach. In this study, 480 patients with mRCC who 
have progressed on first-line therapy with sunitinib will be 
treated with either sorafenib or temsirolimus at standard 
doses.35 The primary endpoint of this study is PFS, and 
the study is to be completed in May 2011. Another trial in 
the second-line setting will randomize 650 patients who 
have failed 1 prior systemic therapy to either sorafenib 
or axitinib.36 Given the activity seen with axitinib in the 
aforementioned phase II study in sorafenib failures, data 
from this trial (which is expected to complete accrual in 
July of 2010) are eagerly anticipated. 

Optimizing Sequence

Sequencing Targeted Agents
As previously noted, current guidelines suggest use of an 
mTOR inhibitor (everolimus) after failure of a VEGF- 
TKI on the basis of phase III data.14 The ongoing 
RECORD-3 trial (REnal Cell cancer treatment with 
Oral RAD001 given Daily-3) will assess whether this 
sequence can be reversed.37 In this study, 390 treatment-
naïve patients with mRCC will be randomized to receive 
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either sunitinib or everolimus. At the time of progression, 
patients will cross over to the opposite treatment arm. 
The primary endpoint of this study is PFS after first-line 
therapy; as such, the trial offers the only randomized com-
parison of mTOR inhibitors versus VEGF-TKIs in this 
setting. PFS after second-line therapy will also be com-
pared as a secondary endpoint. Presumably, summated 
PFS data from the 2 lines of therapy could serve as an 
indicator of which sequence is superior. 

Sequencing Immunotherapy
The role of immunotherapy in the era of targeted agents 
remains somewhat unclear. Importantly, several studies of 
targeted agents do incorporate patients with prior IFN or 
IL-2 exposure. As referenced in the NCCN guidelines, 
sorafenib is indicated after failure of cytokine therapy.18 
In the pivotal trial leading to the agent’s approval, 68% 
of 903 patients enrolled had received prior IFN therapy, 
and 42% had received prior IL-2.11 The study identified a 

benefit in PFS as compared to placebo (5.5 vs 2.8 months, 
P<.01), and it appears that this benefit persisted across 
all subgroups assessed, independent of use or nonuse of 
prior cytokine therapy. As a more recent example, the piv-
otal trial comparing pazopanib to placebo was originally 
conceived as a trial including only cytokine failures.38 
However, with emerging data supporting anti-angiogenic 
therapy, treatment-naïve patients were incorporated. Ulti-
mately, a PFS benefit was observed in those patients who 
had received prior cytokine therapy (7.4 vs 4.2 months, 
P<.001), as compared with the study population overall. 

Reversing the sequence of treatment (ie, offering 
immunotherapy after failure of targeted treatments) 
requires further clinical study. Retrospective series have 
highlighted concerns with offering IL-2 after angiogenesis 
inhibitors. In one reported experience, 16 patients who 
received IL-2 after sunitinib, sorafenib, or bevacizumab 
were assessed.39 In those patients receiving sunitinib or 
sorafenib, only 6 of 10 were able to proceed to a second 
week of therapy with IL-2. A range of toxicities were 
encountered amongst these patients, including severe 
cardiac adverse events (cardiomyopathy and sudden fatal 
cardiac arrest), bullous pemphigoid, and bowel isch-
emia. Thus, although there are merits to offering IL-2 in 
selected treatment-naïve patients, use of the agent after 
targeted therapies should likely be discouraged pending 
further data. 

Selecting Appropriate Patients

A key element of CE research is the identification of 
patient subsets with a higher response to relevant therapies. 
For instance, the previously described 21-gene recurrence 
score now offers the oncologist a tool to discern the rela-
tive benefits of chemotherapy and endocrine therapy in 
certain patients with breast cancer.40 Admittedly, no tool 
is as firmly established in the setting of RCC; nonetheless, 
there is mounting evidence supporting the prognostic and 
predictive role of several biomarkers. As one example, the 
von Hippel Lindau (VHL) protein is a critical protein in 
renal carcinogenesis. In its native form, a complex of VHL 
and E3 ligase bind hypoxia inducible factor-a (HIF-a)
and induce ubiquitination and subsequent degradation of 
the protein.41 However, in the setting of VHL mutation, 
HIF-a is stabilized and may lead to transcriptional activa-
tion of numerous growth factors, including VEGF and 
platelet-derived growth factor (PDGF). VHL mutation 
occurs in approximately 75–90% of patients with mRCC, 
and the prevalence of this mutation challenges its use as a 
relevant biomarker. 

More recently, preclinical work has identified distinct 
mutations leading to differential expression of HIF-a 

Table 3. Available Data for Sequential Use of Agents 
Following Angiogenesis Inhibitors

First-line 
Therapy  
Second-line 
Therapy N Study Design Efficacy

Anti-angiogenic 
therapy  
Sunitinib or 
sorafenib32

30 Retrospective

ORR, 56% 
with sunitinib 

(n=16), 7% with 
sorafenib (n=14) 

Median TTP, 
10.4 months

Sorafenib  
Sunitinib31 51 Retrospective PR, 15%; SD, 

51%

Sunitinib  
Sorafenib31 51 Retrospective PR, 9%; SD, 

55%

Bevacizumab  
Sunitinib30 61 Prospective 

phase II

PR, 23%; SD, 
59%; tumor 

shrinkage in 52%

VEGF-targeted 
therapy  
Temsirolimus33

15 Retrospective SD, 33%;  
PD, 20%

Sorafenib  
Axitinib34 62 Prospective 

phase II

ORR, 22.6%
Median PFS,  
7.4 months

ORR=overall response rate; PD=progressive disease; PFS=progression-
free survival; PR=partial response; SD=stable disease; TTP=time to 
progression; VEGF=vascular endothelial growth factor. 
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subtypes.42 In the first (termed the H2 phenotype), only 
HIF-2a is expressed. In contrast, the H1H2 phenotype 
expresses both HIF-1a and HIF-2a. Importantly, wild-
type, H1, and H1H2 phenotypes are equally prevalent, 
increasing their utility as a candidate biomarker. In 
retrospective series, the H2 phenotype appears to have 
a higher proliferative index (Ki-67) as compared to the 
H1H2 and wild-type phenotypes. The H2 phenotype 
therefore has the potential to identify a subpopulation of 
mRCC patients with more aggressive disease. Gene profil-
ing studies point to further utility of the HIF-a signature. 
Patients with both the H2 and H1H2 phenotype appear 
to transcribe genes related to angiogenesis, suggesting 
an increased susceptibility to agents targeting the VEGF 
axis. In contrast, patients with the H2 phenotype have 
a signature that emphasizes mTOR signaling, suggesting 
that agents directed at this moiety may be particularly 
relevant. Though further testing is necessary to establish 
the predictive and prognostic capabilities of the H1H2 
and H2 phenotypes, these early data are encouraging. 

A distinct gene profiling tool has been used to char-
acterize patients with clear cell RCC independent of the 
H2 and H1H2 phenotypes.43 Using the Stanford custom 
array platform, 2 distinct profiles were identified in 177 
patients, termed consensus cluster A (ccA) and consensus 
cluster B (ccB). In comparison to other standard clini-
cal parameters (including grade and performance status), 
classification of ccA and ccB subtype offered better 
stratification of OS. Prospective assessment is necessary 
to determine whether ccA/ccB subtyping may serve to 
predict response to selected therapies. However, the test 
appears to be akin to gene signatures being explored in 
other settings (ie, the 70-gene signature in breast cancer).44 

Several potential biomarkers have been identified 
from prospective clinical efforts. Assessment of serum 
VEGF-A and VEGFR2, and PDGF in a series of 42 
patients with clear cell mRCC treated with sunitinib 
suggested that the change in VEGF-A level could predict 
clinical benefit from the agent.45 Separately, extensive 
correlative studies have been paired to a randomized 
phase II trial assessing sorafenib with or without low-
dose IFN. In this study, phosphorylated Akt (pAkt) lev-
els predicted clinical benefit.46 pAkt is a mechanistically 
relevant moiety, sitting downstream of multiple receptor 
tyrosine kinases (RTKs).47 Numerous Akt inhibitors 
are presently under clinical development, including  
peri fosine (Keryx Biopharmaceuticals), which has shown 
activity in phase II trials in mRCC.48-50 If pAkt levels 
predict clinical benefit with VEGF-TKIs, there may be 
theoretical rationale for offering these agents with Akt 
inhibitors in selected patients. 

With respect to mTOR inhibitors, biomarker studies 
accompanying the pivotal trial of temsirolimus examined 

the role of PTEN and HIF-1a in predicting clinical 
outcome.51 Although no correlation was noted between 
PTEN or HIF-1a status and OS, PFS, or response rate, a 
cited potential caveat was the global nature of the clinical 
trial, leading to potential variations in specimen collec-
tion and preservation. More limited data are available 
from the pivotal trial of everolimus.14 Early reports show 
consistent decreases in soluble VEGFR2 with continuing 
therapy; however, whether this predicts clinical outcome 
is unknown at this time. 

The data presented herein suggest multiple candidate 
biomarkers in RCC. Looking ahead, a key step will be 
prospective application of these biomarkers in clinical 
research. Several potential prospective trial designs have 
been proposed, as delineated in Figure 3.52 

The Cost of Comparative Research

Cost-effectiveness analyses remain a fundamental part of 
CE research. In the setting of mRCC, data in this regard 
are slowly emerging. Markov models based on data from 
the phase III TARGET study (Treatment Approaches 
in Renal cancer Global Evaluation Trial) comparing 
sorafenib to best supportive care (BSC) suggested lifetime 
per patient costs of $85,571 with sorafenib and BSC, as 
compared to $36,634 with BSC alone.53 When assessed 
incrementally, the cost of sorafenib was $75,354 per 
life year gained (LYG). As such, the agent appeared to 
fall within acceptable norms for cost of care ($50,000–
$100,000). A subsequent Canadian study validated this 
analysis, showing a cost of $36,046 per LYG, falling 
within an acceptable threshold in the Canadian health-
care system ($130,960 per LYG).54 Similar to sorafenib, 
the cost-effectiveness of sunitinib has been evaluated on 
the basis of pivotal phase III data.55 In contrast to IFN 
(the comparator arm), the incremental cost-effectiveness 
ratio of sunitinib was $67,215 per LYG, also falling within 
acceptable standards. Although more challenging, several 
cost-effectiveness analyses have looked across available 
first-line therapeutic options. One “meta-analysis” assess-
ing available data for sunitinib, sorafenib, bevacizumab, 
and temsirolimus identified a wide range of figures for 
each agent, although it appeared as though sunitinib had 
the most favorable profile.56 Two other studies have simi-
larly identified sunitinib as the most cost-effective option 
for first-line therapy.57,58 

Although the cost of targeted therapies often seems 
insurmountable, the cost-effectiveness analyses described 
suggest that several available agents meet acceptable stan-
dards. Furthermore, there are trends that both payor and 
patient should be alerted to. One of the most extensive 
experiences in targeted therapy is with trastuzumab, 
a monoclonal antibody directed at human epidermal 
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Figure 3. Proposed trial designs to evaluate clinical biomarkers. 

Adapted from Sargent DJ et al. J Clin Oncol. 2005;23:2020-2027.
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growth factor receptor 2 (HER2).59-61 While the agent 
exceeded cost-benefit thresholds when applied in the 
metastatic setting, the incremental cost of the agent 
dropped substantially when 1) the agent was transi-
tioned into the adjuvant setting and 2) when appropriate 
patient selection was employed, using fluorescence in situ 
hybridization analysis for HER2 testing.62,63 Employing 
this paradigm, testing of targeted therapies for mRCC in 
the adjuvant setting and further exploration of relevant 
biomarkers (both currently under way) may improve the 
cost-effectiveness profile of these agents.64 

Conclusions

As per the ARRA, the Institute of Medicine has prioritized 
various areas of CE research, with oncology representing a 
heavy area of investment.1 Within oncology, the landscape 
in RCC is ripe for producing CE data—multiple com-
parative trials are under way, biomarker analyses are ongo-
ing, and preliminary data suggest that the targeted agents 
employed in this disease meet acceptable thresholds in 
cost-effectiveness analyses. Moving forward, a challenge 
to the research community will be balancing CE research 
goals with the development of novel therapies. Given the 
finite number of patients willing and able to participate 
in clinical trials, oncologists will have to decide whether 
studies juxtaposing well-characterized agents (as in CE 
research) take precedence over studies examining inves-
tigational agents. With multiple salient clinical questions 
looming, it is critical that participation in clinical trials be 
encouraged when feasible. 

Acknowledgments: Dr. Pal’s efforts are supported by CBCRP 
15IB-0140 (California Breast Cancer Research Program 
Junior IDEA Award) and NIH K12 2K12CA001727-
16A1. The City of Hope Kidney Cancer Program is supported 
by the generous contributions of its patients, with special note 
of support by Kure It and the Richard and Nancy Bloch Kid-
ney Cancer Research Fund.

References

1. Iglehart JK. Prioritizing comparative-effectiveness research—IOM Recommen-
dations. N Engl J Med. 2009;361:325-328.
2. Volpp KG, Das A. Comparative effectiveness-thinking beyond medication A 
versus medication B. N Engl J Med. 2009;361:331-333.
3. Naik AD, Petersen LA. The neglected purpose of comparative-effectiveness 
research. N Engl J Med. 2009;360:1929-1931.
4. Lyman GH. Comparative effectiveness research in oncology: the need for clar-
ity, transparency and vision. Cancer Investigation. 2009;27:593-597.
5. Hornberger J, Cosler LE, Lyman GH. Economic analysis of targeting che-
motherapy using a 21-gene RT-PCR assay in lymph-node-negative, estrogen-
receptor-positive, early-stage breast cancer. Am J Manag Care. 2005;11:313-324.
6. Lyman GH, Cosler LE, Kuderer NM, et al. Impact of a 21-gene RT-PCR assay 
on treatment decisions in early-stage breast cancer. Cancer. 2007;109:1011-1018.

7. Interferon-[alpha] and survival in metastatic renal carcinoma: early results of a 
randomised controlled trial. Lancet. 1999;353:14-17.
8. McDermott DF, Regan MM, Clark JI, et al. Randomized phase III trial of 
high-dose interleukin-2 versus subcutaneous interleukin-2 and interferon in 
patients with metastatic renal cell carcinoma. J Clin Oncol. 2005;23:133-141.
9. Motzer RJ, Bacik J, Murphy BA, et al. Interferon-alfa as a comparative treat-
ment for clinical trials of new therapies against advanced renal cell carcinoma. J 
Clin Oncol. 2002;20:289-296.
10. Yang JC, Sherry RM, Steinberg SM, et al. Randomized study of high-dose 
and low-dose interleukin-2 in patients with metastatic renal cancer. J Clin Oncol. 
2003;21:3127-3132.
11. Escudier B, Eisen T, Stadler WM, et al. Sorafenib in advanced clear-cell renal-
cell carcinoma. N Engl J Med. 2007;356:125-134.
12. Escudier BJ, Bellmunt J, Negrier S, et al. Final results of the phase III, ran-
domized, double-blind AVOREN trial of first-line bevacizumab (BEV) + inter-
feron-{alpha}2a (IFN) in metastatic renal cell carcinoma (mRCC). J Clin Oncol 
(ASCO Annual Meeting Abstracts). 2009;27:Abstract 5020.
13. Hudes G, Carducci M, Tomczak P, et al. Temsirolimus, interferon alfa, or 
both for advanced renal-cell carcinoma. N Engl J Med. 2007;356:2271-2281.
14. Kay A, Motzer R, Figlin R, et al. Updated data from a phase III random-
ized trial of everolimus (RAD001) versus PBO in metastatic renal cell carcinoma 
(mRCC). Paper presented at the 2009 Genitourinary Cancers Symposium; Febru-
ary 26-28, 2009; Orlando FL. 
15. Motzer RJ, Hutson TE, Tomczak P, et al. Overall survival and updated results 
for sunitinib compared with interferon alfa in patients with metastatic renal cell 
carcinoma. J Clin Oncol. 2009;27:3584-3590.
16. Rini BI, Halabi S, Rosenberg J, et al. Bevacizumab plus interferon-alpha ver-
sus interferon-alpha monotherapy in patients with metastatic renal cell carcinoma: 
Results of overall survival for CALGB 90206. J Clin Oncol (ASCO Annual Meet-
ing Abstracts). 2009;27:Abstract LBA5019.
17. Sternberg CN, Szczylik C, Lee E, et al. 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 (ASCO Annual Meeting 
Abstracts). 2009;27:Abstract 5021.
18. National Comprehensive Cancer Network (NCCN) Guidelines: renal cell 
carcinoma. Available at: http://www.nccn.org. Accessed November 29, 2009. 
19. ClinicalTrials.gov. NCT00720941: Study VEG108844, a Study of Pazo-
panib Versus Sunitinib in the Treatment of Subjects With Locally Advanced and/
or Metastatic Renal Cell Carcinoma. Available at: http://www.clinicaltrials.gov. 
Accessed December 22, 2009.
20. Mancuso MR, Davis R, Norberg SM, et al. Rapid vascular regrowth in tumors 
after reversal of VEGF inhibition. J Clin Invest. 2006;116:2610-2621.
21. Socinski MA, Novello S, Brahmer JR, et al. Multicenter, phase II trial of 
sunitinib in previously treated, advanced non-small-cell lung cancer. J Clin Oncol. 
2008;26:650-656.
22. Demetri GD, van Oosterom AT, Garrett CR, et al. Efficacy and safety of 
sunitinib in patients with advanced gastrointestinal stromal tumour after failure of 
imatinib: a randomised controlled trial. Lancet. 2006;368:1329-1338.
23. Escudier B, Roigas J, Gillessen S, et al. Phase II study of sunitinib administered 
in a continuous once-daily dosing regimen in patients with cytokine-refractory 
metastatic renal cell carcinoma. J Clin Oncol. 2009;27:4068-4075.
24. ClinicalTrials.gov. NCT00267748: A randomized phase II study of the effi-
cacy and safety of sunitinib malate schedule 4/2 vs. sunitinib malate continuous 
dosing as first-line therapy for metastatic renal cell cancer (Renal EFFECT Trial). 
Available at: http://www.clinicaltrials.gov. Accessed December 29, 2009. 
25. ClinicalTrials.gov. NCT00719264: A Randomized, Open-label, Multi-center 
Phase II Study to Compare Bevacizumab Plus RAD001 Versus Interferon Alfa-2a 
Plus Bevacizumab for the First-line Treatment of Patients With Metastatic Clear 
Cell Carcinoma of the Kidney. Available at: http://www.clinicaltrials.gov. Accessed 
December 22, 2009.
26. Whorf RC, Hainsworth JD, Spigel DR, et al. Phase II study of bevacizumab 
and everolimus (RAD001) in the treatment of advanced renal cell carcinoma 
(RCC). J Clin Oncol (ASCO Annual Meeting Abstracts). 2008;26:Abstract 5010.
27. ClinicalTrials.gov. NCT00631371: Phase 3b, randomized, open-label study 
of bevacizumab + temsirolimus ) vs. bevacizumab + interferon-alfa as first-line 
treatment in subjects with advanced renal cell carcinoma. Available at: http://www.
clinicaltrials.gov. Accessed December 23, 2009. 
28. ClinicalTrials.gov. NCT00378703: The BeST Trial: A Randomized Phase 
II Study of VEGF, RAF Kinase, and mTOR Combination Targeted Therapy  
(CTT) With Bevacizumab, Sorafenib and Temsirolimus in Advanced Renal Cell 



200  Clinical Advances in Hematology & Oncology  Volume 8, Issue 3  March 2010

PA L  A N D  F I G L I N

Carcinoma [BeST]. Available at: http://www.clinicaltrials.gov. Accessed December 
22, 2009.
29. Cooney MM, Garcia J, Brell J, et al. A phase I study of bevacizumab in com-
bination with sunitinib in advanced solid tumors. J Clin Oncol (ASCO Annual 
Meeting Abstracts). 2007;25:Abstract 15532.
30. George DJ, Michaelson MD, Rosenberg JE, et al. Phase II trial of sunitinib in 
bevacizumab-refractory metastatic renal cell carcinoma (mRCC): updated results 
and analysis of circulating biomarkers. J Clin Oncol (ASCO Annual Meeting 
Abstracts). 2007;25:Abstract 5035.
31. Sablin MP, Bouaita L, Balleyguier C, et al. Sequential use of sorafenib and 
sunitinib in renal cancer: retrospective analysis in 90 patients. J Clin Oncol (ASCO 
Annual Meeting Abstracts). 2007;25:Abstract 5038.
32. Tamaskar I, Garcia JA, Elson P, et al. Antitumor effects of sunitinib or 
sorafenib in patients with metastatic renal cell carcinoma who received prior anti-
angiogenic therapy. J Urol. 2008;179:81-86.
33. Wood L, Bukowski RM, Dreicer R, et al. Temsirolimus (TEM) in metastatic 
renal cell carcinoma (mRCC): safety and efficacy in patients (pts) previously 
treated with VEGF-targeted therapy. J Clin Oncol (ASCO Annual Meeting 
Abstracts). 2008;26:Abstract 16067. 
34. Rini BI, Wilding G, Hudes G, et al. Phase II study of axitinib in sorafenib-
refractory metastatic renal cell carcinoma. J Clin Oncol. 2009;27:4462-4468.
35. ClinicalTrials.gov. NCT00474786: A randomized trial of temsirolimus versus 
sorafenib as second-line therapy in patients with advanced renal cell carcinoma 
who have failed first-line sunitinib therapy. Available at: http://www.clinicaltrials.
gov. Accessed December 21, 2009.
36. ClinicalTrials.gov. NCT00678392: Axitinib (AG 013736) as second line 
therapy for metastatic renal cell cancer: Axis trial. Available at: http://www.clini-
caltrials.gov. Accessed December 21, 2009. 
37. ClinicalTrials.gov. NCT00903175: Efficacy and safety comparison of 
RAD001 versus sunitinib in the first-line and second-line treatment of patients 
with metastatic renal cell carcinoma. Available at: http://www.clinicaltrials.gov. 
Accessed June 23, 2009. 
38. Sternberg CN, Szczylik C, Lee E, et al. 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 (ASCO Annual Meeting 
Abstracts). 2009;27:Abstract 5021. 
39. Schwarzberg T, Regan MM, Liu V, et al. Retrospective analysis of interleu-
kin-2 therapy in patients with metastatic renal cell carcinoma who had received 
prior antiangiogenic therapy. J Clin Oncol (ASCO Annual Meeting Abstracts). 
2008;26:Abstract 5044.
40. Paik S, Shak S, Tang G, et al. A multigene assay to predict recurrence 
of tamoxifen-treated, node-negative breast cancer. N Engl J Med. 2004;351: 
2817-2826.
41. Kim WY, Kaelin WG. Role of VHL gene mutation in human cancer. J Clin 
Oncol. 2004;22:4991-5004.
42. Gordan JD, Lal P, Dondeti VR, et al. HIF-[alpha] effects on c-Myc distin-
guish two subtypes of sporadic VHL-deficient clear cell renal carcinoma. Cancer 
Cell. 2008;14:435-446.
43. Zhao H, Ljungberg B, Grankvist K, Rasmuson T, Tibshirani R, Brooks JD. 
Gene expression profiling predicts survival in conventional renal cell carcinoma. 
PLoS Med. 2006;3:e13.
44. van de Vijver MJ, He YD, van ‘t Veer LJ, et al. A gene-expression signature 
as a predictor of survival in breast cancer. N Engl J Med. 2002;347:1999-2009.
45. Kontovinis LF, Papazisis KT, Touplikioti P, et al. Sunitinib treatment for 
patients with clear-cell metastatic renal cell carcinoma: clinical outcomes and 
plasma angiogenesis markers. BMC Cancer. 2009;9:82.
46. Jonasch E, Corn P, Pagliaro LC, et al. Upfront, randomized, phase 2 trial of 
sorafenib versus sorafenib and low-dose interferon alfa in patients with advanced 
renal cell carcinoma. Cancer. 2010;116:57-65.

47. Camillo P, Robert AF. Phosphatidylinositol-3-Kinase/Akt signaling pathway 
and kidney cancer, and the therapeutic potential of phosphatidylinositol-3-kinase/
Akt inhibitors. J Urol. 2009;182:2569-2577.
48. ClinicalTrials.gov. NCT00920257: A phase I, open-label, two-stage study to 
investigate the safety, tolerability, pharmacokinetics and pharmacodynamics of the 
oral AKT inhibitor GSK2141795 in subjects with solid tumors or lymphomas. 
Available at: http://www.clinicaltrials.gov. Accessed December 22, 2009. 
49. Van Ummersen L, Binger K, Volkman J, et al. A phase I trial of perifosine 
(NSC 639966) on a loading dose/maintenance dose schedule in patients with 
advanced cancer. Clin Cancer Res. 2004;10:7450-7456.
50. Vogelzang NJ, Hutson TE, Samlowski W, et al. Phase II study of perifosine in 
metastatic renal cell carcinoma (RCC) progressing after prior therapy (Rx) with a 
VEGF receptor inhibitor. J Clin Oncol. 2009;27:Abstract 5034. 
51. Figlin RA, Souza Pd, McDermott D, et al. Analysis of PTEN and HIF-1alpha 
and correlation with efficacy in patients with advanced renal cell carcinoma treated 
with temsirolimus versus interferon-alpha. Cancer. 2009;115:3651-3660.
52. Sargent DJ, Conley BA, Allegra C, et al. Clinical trial designs for predictive 
marker validation in cancer treatment trials. J Clin Oncol. 2005;23:2020-2027.
53. Gao X, Reddy P, Dhanda R, et al. Cost-effectiveness of sorafenib versus best 
supportive care in advanced renal cell carcinoma. J Clin Oncol (ASCO Annual 
Meeting Abstracts). 2006;24:Abstract 4604.
54. Jaszewski B, Gao X, Reddy P, et al. Cost effectiveness of sorafenib versus best 
supportive care in advanced renal cell carcinoma in Canada. J Clin Oncol (ASCO 
Annual Meeting Abstracts). 2007;25:Abstract 5111.
55. Remak E, Charbonneau C, Negrier S, et al. Economic evaluation of sunitinib 
malate for the first-line treatment of metastatic renal cell carcinoma. J Clin Oncol. 
2008;26:3995-4000.
56. Norum J, Nieder C, Kondo M. Sunitinib, sorafenib, temsirolimus, or beva-
cizumab in the treatment of metastatic renal cell carcinoma (RCC): a review of 
health economic evaluations. J Clin Oncol (ASCO Annual Meeting Abstracts). 
2009;27:Abstract e17539.
57. Godoy J, Cardona AF, Caceres H, et al. Cost-effectiveness analysis of first-line 
treatment for metastatic renal cell carcinoma (mRCC) in Colombia (ONCOL-
Group study). J Clin Oncol (ASCO Annual Meeting Abstracts). 2009;27:Abstract 
e16150.
58. Benedict A, Charbonneau C, Hidi J, et al. Economic evaluation of sunitinib, 
sorafenib, bevacizumab/interferon-alfa or temsirolimus in 1st-line treatment of 
metastatic renal cell carcinoma (mRCC): an indirect comparison. J Clin Oncol 
(ASCO Annual Meeting Abstracts). 2008;26:Abstract 5048.
59. Slamon D, Leyland-Jones B, Shak S. Addition of herceptin (humanized 
anti-HER2 antibody) to first line chemotherapy for HER2 overexpressing 
metastatic breast cancer (HER21/MBC) markedly increases anticancer activity: 
A randomized multinational controlled phase III trial. Proc Am Soc Clin Oncol. 
1998;17:Abstract 377.
60. Slamon DJ, Clark GM: Amplification of c-erbB-2 and aggressive human 
breast tumors? Science. 1988;240:1795-1798.
61. Slamon DJ, Leyland-Jones B, Shak S, et al. Use of chemotherapy plus a 
monoclonal antibody against HER2 for metastatic breast cancer that overexpresses 
HER2. N Engl J Med. 2001;344:783-792.
62. Elkin EB, Weinstein MC, Winer EP, et al. HER-2 testing and trastuzumab 
therapy for metastatic breast cancer: a cost-effectiveness analysis. J Clin Oncol. 
2004;22:854-863.
63. Garrison LP, Lubeck D, Lalla D, et al. Cost-effectiveness analysis of trastu-
zumab in the adjuvant setting for treatment of HER2-positive breast cancer. 
Cancer. 2007;110:489-498.
64. ClinicalTrials.gov. NCT00326898: ASSURE: Adjuvant sorafenib or suni-
tinib for unfavorable renal carcinoma. Available at: http://www.clinicaltrials.gov. 
Accessed December 22, 2009. 


