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Bernard Escudier, Cezary Szczylik, Camillo Porta and Martin Gore

Abstract | In metastatic renal cell carcinoma (mRCC), many factors influence clinical decisions, including 
histology, tumour burden, prognostic factors, comorbidities, and the ability of the patient to tolerate treatment. 
Progression-free survival (PFS) durations reported from randomized trials of targeted therapies vary 
considerably, in part because of differences in patient characteristics. For first-line therapy, an estimate of PFS 
with sunitinib, bevacizumab plus interferon, or sorafenib in a ‘general’ population is 8–9 months, but each 
regimen is suitable for different patient categories. For example, sunitinib is suitable for all-prognosis groups, 
particularly younger, fitter patients; pazopanib for patients with a good or intermediate prognosis; bevacizumab 
plus interferon for good-prognosis patients or those with indolent disease; and sorafenib for patients at all 
prognostic risk levels, particularly the elderly and those with comorbidities. Sequential therapy with targeted 
agents provides significant benefit, and should be considered in all patients who can tolerate such treatment. 
Level 1 evidence supports sequential use of tyrosine kinase inhibitors, as well as these agents followed 
by everolimus. We consider how patient characteristics have influenced the results of studies of first-line 
therapy, and we provide expert opinion on the most appropriate treatment choices for particular patient groups 
receiving first-line and second-line therapy.

Escudier, B. et al. Nat. Rev. Clin. Oncol. 9, 327–337 (2012); published online 10 April 2012; doi:10.1038/nrclinonc.2012.59

Introduction
Despite recent treatment advances, metastatic renal cell car-
cinoma (mRCC) has a poor prognosis, with an estimated 
5-year relative survival of 11% among those with distant 
metastases in the USA over the period 2001 to 2007.1 In the 
1990s, the outlook for a patient with mRCC was particu-
larly bleak, as the disease is resistant to conventional 
chemo therapy and only small subsets of patients responded 
to immunotherapy.2,3 This outlook improved in 2005 with  
the introduction of sorafenib, the first targeted therapy for the  
treatment of this disease.4 This breakthrough was followed 
by further positive data from clinical studies of other tyro-
sine kinase inhibitors (TKIs; sunitinib,5 pazopanib6 and 
axitinib7), the VEGF-directed monoclonal antibody bevaci-
zumab8,9 (used in combination with interferon), and the 
mTOR inhibitors evero limus10 and temsirolimus.11

RCC is a highly vascularized tumour, in which pro-
angiogenic mechanisms are triggered by the inactivation of 
the von Hippel Lindau (VHL) gene.3 This leads to a defec-
tive VHL protein and activation of hypoxia inducible factor 
(HIF), which translocates to the nucleus and activates tran-
scription of many proangiogenic factors, including VEGF, 
PDGF and TGFα. VEGF has a key role in angiogenesis: 
binding of VEGF to VEGFR2 activates upregulation of 
molecules involved in mediating proliferation, migration 
and survival of endothelial cells and promoting vascular 
permeability. Therefore, angio genesis is a principal target 
of mRCC therapy.

Although bevacizumab targets only VEGF, TKIs have 
a range of molecular targets: all inhibit the VEGF recep-
tors VEGFR2 and VEGFR3, as well as PDGFRβ and cKIT, 
and some targets are shared by some but not all TKIs 
(Table 1).12–18 For example, unlike other TKIs, sorafenib 
targets cRAF and bRAF, which are implicated in cancer 
cell survival and proliferation. Therefore, each TKI has a 
unique, yet overlapping, inhibitory profile and they also 
differ in the binding affinities of molecular targets. This 
Review refers to TKIs and bevacizumab as ‘VEGF-targeted 
therapies’ because their clinical benefit is thought to derive 
largely from their effect on the VEGF receptors.

In general, the above-mentioned targeted therapies 
increase progression-free survival (PFS) compared with 
placebo or immunotherapy.4–11 Each agent has been tested 
in different patient populations that varied according to, 
for example, the percentage of nephrectomized patients, 
the histological subtypes included, risk profile, age, and 
line of therapy. Moreover, very few trials have performed 
a direct head-to-head comparison of different targeted 
therapies or investigated which agents are most suitable 
for particular patient types; for example, patients at dif-
ferent levels of risk or of different ages. At the 2011 Sixth 
European International Kidney Cancer Symposium, we 
convened in a roundtable meeting to discuss the follow-
ing issues: first, how patient profiles influenced efficacy 
in randomized phase II and phase III trials of first-line 
treatment to determine reasonable estimates of efficacy 
in a ‘general’ mRCC population, and to identify which 
patient types benefit from particular treatment regimens; 
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second, how to select patients for particular treatment 
options; third, current data on the sequence of targeted 
therapies and gaps in the available data. This article sum-
marizes the results of this meeting and provides an expert 
consensus from the meeting panel regarding the most-
appropriate treatment selection and sequence for different 
targeted agents.

Factors influencing treatment decisions
There are many factors influencing treatment decisions 
in mRCC. In this section, we briefly review some of these 
factors. In the subsequent section, we review data for each 
available first-line agent and consider for which patients 
each agent is most suitable.

Histology
Histological subtype is a key factor that influences the 
choice of treatment. Most available data are in patients 
with clear-cell RCC, which accounts for 70–80% of 
cases.19 Non-localized clear-cell RCC is associated with 
a 5-year survival of approximately 10%.20 Papillary RCC 
(10–15% of cases) is thought to have a prognosis compa-
rable to that of clear-cell RCC (5-year survival approxi-
mately 10%), but chromophobe RCC (~5% of cases) has a 
better prognosis, with 5-year survival approaching 90%.20 
However, owing to limited data in patients with non-clear 
cell histology, the consensus among the meeting attendees 
was that non-clear-cell RCC should be treated as clear-
cell RCC, although treatment with temsirolimus might 
have better efficacy in this subgroup. In the temsiroli-
mus phase III trial conducted in poor-risk patients with 
mRCC, only 37 patients treated with temsirolimus and 
36 patients treated with interferon had non-clear-cell 
disease.21 Notwithstanding this limitation, in a post hoc 
analysis, temsirolimus was associated with prolonged 
median PFS compared with interferon.21 Data on the 
efficacy of individual therapies in non-clear-cell RCC are 
discussed in the following relevant sections.

Other prognostic factors
Prognostic models that combine multiple clinical factors 
are often used in clinical management. The most widely 

used model is the one developed by the Memorial Sloan–
Kettering Cancer Center (MSKCC), originally using a 
database of 670 patients treated with cytokines, chemo-
therapy or hormone therapy22 and later restricted to 400 
patients who received interferon-based therapy.23 This 
model stratified prognosis as favourable, intermediate, or 
poor, based on lactate dehydrogenase levels, performance 
status, serum calcium concentrations, haemoglobin levels 
and time from diagnosis to treatment.23 Median overall 
survival in the favourable-prognosis, intermediate-
prognosis and poor-prognosis groups was 30 months, 
14 months and 5 months, respectively.23 As the model was 
developed using patients treated with interferon-based 
regimens, the MSKCC model is useful for identifying 
patients who may benefit from immunotherapy. 

In 2009, Heng et al.24 conducted a large multi centre 
study of 645 patients to better define the prognostic indi-
cators for overall survival in mRCC patients treated with 
VEGF–targeted therapy (sorafenib, sunitinib and beva-
cizumab). They showed that six factors could segregate 
patients into three prognostic categories: favourable, inter-
mediate, and poor-prognosis groups. Independent predic-
tors of survival were performance status, haemoglobin 
levels, serum calcium concentration, time from diagno-
sis, neutrophil count and platelet count.24 In the dataset 
used for its development, median overall survival in the 
favourable-risk group was not reached at the time of the 
report; overall survival in the intermediate-prognosis and 
poor-prognosis groups was 27 months and 8.8 months, 
respectively. This model validated four of the five prog-
nostic components of the MSKCC model with the addi-
tion of platelet and neutrophil counts as further prognostic 
indicators. This model has been externally validated and 
performs favourably compared with the MSKCC model, 
more-accurately re-classifying patients by a net of 9.7%.25

Another model was recently developed by the 
International Kidney Cancer Working Group using a 
comprehensive database analysis of 3,748 patients enrolled 
in clinical trials of various therapies between 1975 and 
2002.26 The researchers identified nine prog nostic factors: 
treatment, time from diagnosis to treatment, perfor-
mance status, number of metastatic sites, pretreatment 

Key points

 ■ Randomized trials of targeted therapies have shown a wide range of 
progression-free survival (PFS) durations, with more recent clinical trials often 
showing different results from early trials

 ■ Sunitinib, pazopanib, and bevacizumab plus interferon are suitable first-
line therapies in patients with a good prognosis or intermediate prognosis; 
sorafenib is suitable for all-risk patients, those with comorbidities and 
the elderly

 ■ Following failure of first-line therapy, there are two valid options: sequencing of 
VEGF-targeted therapies or everolimus

 ■ VEGF-targeted therapies have distinct but overlapping targets, and sequential 
use targets successive escape pathways

 ■ Everolimus seems equally efficacious in patients who have already received 
one or two treatments with a tyrosine kinase inhibitor, suggesting that 
everolimus can be reserved for third line

 ■ Many studies (mostly retrospective) suggest that sorafenib followed by 
sunitinib provides improved cumulative PFS compared with sunitinib followed by 
sorafenib, and results of the SWITCH trial are awaited with interest

Table 1 | Molecular target profile of TKIs

Sunitinib14 Sorafenib13,17,18 Pazopanib16 Axitinib15

c-KIT c-KIT c-KIT c-KIT

FLT3 FLT3 – –

RET RET – –

VEGFR1 – VEGFR1 VEGFR1

VEGFR-2 VEGFR-2 VEGFR-2 VEGFR-2

VEGFR-3 VEGFR-3 VEGFR-3 VEGFR-3

PDGFR-α – PDGFR-α PDGFR-α

PDGFR-β PDGFR-β PDGFR-β PDGFR-β

– c-RAF – –

– b-RAF – –

CSF-1R – CSF-1R –

Abbreviation: TKI, tyrosine kinase inhibitor.
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haemoglobin, white cell count, lactate dehydro genase, 
alkaline phosphatase and levels of serum calcium. In the 
dataset used to develop the model, the median overall 
survival in the favourable-risk, intermediate-risk and 
poor-risk groups was 26.9 months, 11.5 months and 
4.2 months, respectively. The model was validated using 
the dataset of 645 patients treated with TKIs that was ana-
lyzed by Heng et al.25 In this validation assessment, median 
overall survival in the favourable-prognosis, intermediate-
prognosis and poor-prognosis groups was 44.6 months, 
22.6 months and 6.7 months, respectively.

In the subsequent sections, we examine how the effi-
cacy of targeted therapies varies with the risk profile of 
the patient population, as determined by the MSKCC 
score. This score was used for several reasons. Firstly, it 
was the system most frequently used to stratify patients 
in large-scale trials. Secondly, it remains an effective 
model for predicting overall survival in patients treated 
with immuno therapy and targeted therapy.27 Finally, 
it is frequently used to make treatment decisions in 
clinical practice.

Clinical need and other factors
Tolerability concerns are usually greater in elderly patients 
or those with significant comorbidities, although data 
suggest that many targeted therapies (both TKIs and 
mTOR inhibitors) have acceptable tolerability and efficacy 
in elderly patients.28–30 Despite such data, not all agents 
will be as well tolerated by elderly patients in clinical 
practice as by those enrolled in clinical trials; therefore, 
in such patients the use of agents with more-favourable 
toxicity profiles is advisable. Presence of cardio vascular 
comorbidities would indicate the choice of an agent 
with a lower risk of cardiovascular complications such 
as hypertension. However, although some patients may 

place great importance on tolerability, others may prefer 
the convenience of orally administered agents (all TKIs 
and everolimus) rather than intravenous administration 
(bevacizumab and temsirolimus).

Tumour burden is also important: if tumour shrink-
age is required for subsequent therapy, as in the case of 
a patient with symptoms relating to tumour burden, a 
VEGF-targeted agent is generally more effective than an 
mTOR inhibitor, as the former produce greater reductions 
in tumour size.4–11

Immunotherapy
Interferon and interleukin-2 (IL-2) were the first 
approved agents for mRCC and for two decades immuno-
therapy was the standard of care. Interferon is admin-
istered by subcutaneous injection and IL-2 is usually 
administered as an intravenous bolus or continuous 
infusion. By comparison, most modern targeted thera-
pies are orally administered. Interferon improves overall 
survival by 2.5 months compared with hormonal therapy 
(medroxyprogesterone),31 but its use is limited by adverse 
events, particularly influenza-like symptoms and fatigue. 
Although such adverse effects frequently are grade 1 or 2 
in severity they can prove difficult to manage and may 
lead to treatment discontinuation.5

High-dose IL-2 produces a complete response in 5–7% 
of patients, but its use is also limited by toxicity, par-
ticularly grade 3 or 4 hypotension, fever, performance 
status impairment and nausea and/or vomiting.32–35 
Both agents can produce durable complete responses 
that can last several years: for example, in an analysis 
of 255 patients from seven phase II trials of high-dose 
IL-2, complete response was achieved in 7% and partial 
response was achieved in 8%.36 Median duration of com-
plete response was at least 80 months (not reached at 
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Figure 1 | Trials of targeted agents in first-line treatment. The median progression-free survival according to a | proportion 
of patients categorized as having a favourable prognosis according to MSKCC score, b | proportion of patients with 
intermediate prognosis and c | number of patients in relevant treatment arm. Data were obtained from the following 
studies: sorafenib (Escudier et al.,51 Jonasch et al.,52 ROSORC,53 Rini et al.54); bevacizumab plus interferon (AVOREN,8 
CALGB90206,9,49 TORAVA41); pazopanib (Sternberg et al.6); sunitinib 4/2 schedule (Motzer et al.,5 EFFECT,40 TORAVA41); 
sunitinib continuous daily dosing (EFFECT40); temsirolimus (Hudes et al.11).
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the time of analysis) and the median duration of partial 
response was 20 months. In an analysis of 259 patients 
treated at the National Cancer Institute with high-dose 
IL-2, 9% achieved a complete response and 12% achieved a  
partial response.32 At the time of analysis, median duration 
of response was not reached, and complete response dura-
tions ranged from 24 to 221 months. Median duration of 
partial response was 15.5 months.

Identifying patients who will benefit from immuno-
therapy is problematic because it has not been possible 
to identify factors associated with response: SELECT, a 
prospective study conducted in 120 patients with meta-
static or unresectable RCC to predict suitable candidates 
for immuno therapy, did not reach any clear conclu-
sions, although the fully published results are pending.37 
Immunotherapy is more frequently used as first-line 
therapy in East Asia than in the USA or Europe, because it 
seems to be more efficacious in those of East Asian descent 
than in those of European descent.38,39

Targeted agents: first-line treatment
Outcomes with targeted agents in first-line therapy
The major trials of VEGF-targeted therapies have yielded 
a range of PFS values in the first-line setting. This may be 
due to the results varying owing to chance, differences in 
trial design, and differences in patient populations, among 
other factors. Analysis of clinical trial outcomes accord-
ing to patient profile is useful when estimating efficacy in 
a ‘general’ mRCC population and to help identify which 
patient types may benefit from particular treatments. For 
this part of the Review, we included randomized phase II 
and phase III trials providing PFS data on each currently 
approved agent in the first-line setting. Data from ran-
domized phase II trials have a number of limitations com-
pared with phase III trials, most notably smaller sample 
sizes. Nonetheless, we included data from randomized 
phase II trials because they provide valuable informa-
tion especially in some settings, where there are few or no 
phase III trial data available.

Figure 1 shows the median PFS outcomes for differ-
ent treatments based on the proportion of patients cat-
egorized as having a favourable prognosis according 
to MSKCC score, the proportion of patients with an 
intermediate prognosis, and the number of patients in 
a relevant treatment arm. Sorafenib and sunitinib are 
associated with a similar PFS range; bevacizumab plus 
interferon is associ ated with a greater PFS range, owing 

to the very high median PFS in the TORAVA trial, which 
reflects the limitations of interpreting phase II trials.

Sunitinib
Three randomized phase II or III trials of sunitinib 50 mg/day  
for 4 weeks followed by 2 weeks off treatment (‘4/2’) in 
first-line treatment met the search criteria for relevant 
studies (Table 2). The PFS values in these three studies 
ranged from 8.2 to 11 months and, as with many onco-
logy trials, later studies reported lower efficacy than in 
the initial phase III trial.5,40,41 A possible reason for these 
outcome differences could be that in the early trials, 
investi gators were mindful of the limited efficacy associ-
ated with interferon in patients with a poor prognosis, and 
were reluctant to include such patients. Alternatively, the 
eligibility criteria might have been interpreted more strictly 
than in later trials. Early trials also recruited patients from 
a wider geographical range, which may have selected for 
patients who were well enough to travel, and therefore had 
a better prognostic profile. 

A reasonable estimate of PFS with sunitinib dosed on 
a 4/2 cycle in clinical practice is probably 8–9 months in 
favourable-prognosis or intermediate-prognosis patients, 
but it is difficult to estimate PFS outcomes in poor-risk 
patients in whom it is frequently used, because of the 
hetero geneity of this population. Sunitinib is sometimes 
used to treat patients with non-clear-cell histology, but 
evidence supporting this use is limited: one phase II trial 
reported a median PFS of 1.6 months in 48 patients with 
papillary RCC42 and two other phase II trials have also 
shown disappointing PFS results.43,44 In an expanded access 
programme, median PFS was 6.7 months in 276 patients  
with non-clear-cell disease.45

There are some safety concerns with sunitinib, particu-
larly with regard to fatigue, hand–foot syndrome, diar-
rhoea, and hepatotoxicity. In the USA, sunitinib carries an 
FDA ‘black box’ warning for causing hepatotoxicity. Such 
safety concerns have led to trials of alternative schedules 
(see below). Pooled data from six clinical trials showed 
comparable efficacy in elderly (≥70 years) and younger 
patients, but there were differences in tolerability: fatigue 
and decreased appetite were more frequent in elderly 
patients, whereas hand–foot syndrome was more frequent 
in younger patients.29

After reviewing the data, the consensus at the meeting 
was that first-line sunitinib is suitable for patients of all 
prognosis groups, but particularly those with aggressive 

Table 2 | Randomized phase II or III trials of sunitinib as first-line treatment

Study Regimen n Median PFS (months) Objective 
response rate (%)

Disease control 
rate (%)

Phase III5 Sunitinib
Interferon

335
327

11
5

31
6

79
55

EFFECT40 Sunitinib 4/2 schedule*
Sunitinib continuous daily dosing

146
146

8.5 (estimated; median TTP 9.9)
7.0 (estimated; median TTP 7.1)

32
28

75
77

TORAVA41 Sunitinib
Bev + Tem
Bev + interferon

42
88
41

8.2
8.2
16.8

24
27
39

74
75
73

*4 weeks on followed by 2 weeks off therapy. Abbreviations: Bev, bevacizumab; PFS, progression-free survival; Tem, temsirolimus; TTP, time to progression
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disease who are younger and fitter, and less appropriate for 
elderly patients and/or those with comorbidities.

Pazopanib
At the time of writing, the only randomized study to have 
investigated first-line pazopanib was the phase III trial of 
pazopanib 800 mg/day versus placebo in 233 untreated 
patients and 202 cytokine-treated patients.6 In the overall 
study population, median PFS was prolonged with 
pazopanib compared with placebo (9.2 months versus 
4.2 months; P <0.0001). In the first-line setting, median 
PFS was 11.2 months versus 2.8 months (P <0.0001). As 
only 155 patients received pazopanib as first-line treat-
ment and many were recruited from Eastern Europe, it is 
difficult to estimate first-line efficacy in a more-general 
population from these results.

Among the 290 patients who received pazopanib in 
this phase III trial, elevated levels of transaminases (any 
grade) occurred in 53%.6 This is similar to results with 
sunitinib, which in the phase III trial (first-line treatment) 
was associated with elevated alanine aminotransferase 
and aspartate aminotransferase (any grade) in 51% and 
53% of patients, respectively.46 However, grade 3 hepato-
toxicity may be more common with pazopanib.6,46 In the 
trial of pazopanib, fatigue (any grade) and anorexia (any 
grade) occurred in 19% and 22% of patients, respectively 
and pazopanib carries an FDA black box warning regard-
ing possible hepatotoxicity. On the other hand, the risk 
of other adverse events, notably hypertension, was lower 
with pazopanib than sunitinib: in the phase III trial 
(both first line and second line), pazopanib was associ-
ated with grade 3 or 4 hypertension in 4% of patients,6 
whereas in the phase III trial of sunitinib (first-line setting 
only), this event occurred in 12% of patients.46 Further 
data are required, and ongoing phase III trials include 
COMPARZ47 (pazopanib versus sunitinib) and the 
phase II trial NCT01147822 (pazopanib versus sunitinib 
in Asian patients).48 Currently, pazopanib seems to be  
a reasonable alternative option to sunitinib in those with a  
good or intermediate prognosis.

Bevacizumab plus interferon
The reported median PFS with a combination of bevaci-
zumab plus interferon is 8.5–16.8 months (Table 3).8,9,41 
In the AVOREN trial, the median PFS was slightly higher 
than in CALGB 90206 trial (another large-scale phase III 
study), despite minimal differences in the proportion 

of patients with a favourable or intermediate prognosis 
(Figure 1).8,9,49 However, in the AVOREN trial, all patients 
were nephrectomized, whereas 85% of patients had under-
gone nephrectomy in the CALGB 90206 study. In addi-
tion, in the AVOREN trial only 18% of patients had bone 
metastases compared with 28% in CALGB 90206.

The median PFS recorded in the TORAVA trial was 
16.8 months,41 which is the longest PFS of all studies dis-
cussed. Although the trial was small and sampling error 
might have influenced the results, the TORAVA trial also 
included a higher proportion of patients with a favour-
able or intermediate-risk prognosis compared with either 
phase III trial.8,41,49 Therefore, bevacizumab plus interferon 
may be particularly efficacious in patients with a favourable 
prognosis, although the TORAVA trial did include 17% of 
patients with a poor prognosis. Another possibility is that 
the open-label design of TORAVA led to a high propor-
tion of patients continuing treatment in the bevacizumab 
plus interferon arm, while in the double-blind AVOREN 
trial, more patients discontinued therapy because they 
were unsure whether they were receiving bevacizumab or 
placebo. The ongoing INTORACT trial (bevacizumab plus 
temsirolimus versus bevacizumab plus interferon in the  
first-line setting) will provide further information on  
the efficacy of bevacizumab plus interferon.50

Overall, an estimate of PFS with bevacizumab plus inter-
feron in a ‘general’ population is approximately 9 months, 
comparable to sunitinib, pazopanib or sorafenib. Patients 
with favourable prognosis and/or indolent disease may be 
particularly suitable for bevacizumab plus interferon treat-
ment. However, this option is not available to patients in 
many European countries, owing to restrictions on access 
to bevacizumab.

Sorafenib
Median PFS with first-line sorafenib is 5.7–9.0 months 
(Table 4).51–54 All trials discussed here are randomized 
phase II, and the relatively small sample sizes compared 
with phase III trials should be borne in mind when inter-
preting the data. Most trials had a similar proportion of 
patients with a favourable prognosis or an intermediate 
prognosis (Figure 1), apart from the AMG386 phase II 
trial, which included a population of poorer prognosis yet 
reported a median PFS of 9 months with sorafenib.54 In 
some ways we see a reversal of the trend observed with 
sunitinib: on the one hand, with sunitinib later trials have 
failed to match the efficacy shown in earlier trials, on the 

Table 3 | Randomized phase II or III trials of bevacizumab plus interferon in first-line treatment

Study Regimen n Median PFS 
(months)

Objective 
response rate (%)

Disease 
control rate (%)

AVOREN8 Bev + interferon
Placebo + interferon

306
289

10.2
5.4

31
13

77
63

CALGB 902069 Bev + interferon
Interferon

366
349

8.5
5.2

26
13

NA
NA

TORAVA41 Bev + interferon
Sunitinib
Bev + Tem

41
42
88

16.8
8.2
8.2

39
24
27

73
74
75

Abbreviations: Bev, bevacizumab; NA, not available; PFS, progression-free survival; Tem, temsirolimus.
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other hand, with sorafenib more-recent trials included 
poorer prognosis patients but showed better efficacy com-
pared with earlier trials.51–54 The reasons for this result are 
unclear, but it could be that investigators today are more 
comfortable using sorafenib than previously and can 
manage adverse events and encourage more patients to 
remain on optimal doses. The trial reported by Escudier 
et al.51 showed a lower than expected PFS, which may have 
been due to the high proportion of patients with bone 
metastases (87%) and inclusion of patients with multiple 
metastatic sites (Table 4).51 Ongoing studies will provide 
further data on first-line use of sorafenib. These include  
the SWITCH trial (sorafenib followed by sunitinib versus the  
reverse),55 TIVO1 (tivozanib versus sorafenib in the first-
line and second-line settings)56 and AGILE (axitinib versus 
sorafenib in the first-line and second-line settings).57

Based on data published in the respective phase III 
trials, sorafenib is associated with lower rates of diarrhoea 
(48% versus 61%), nausea (19% versus 52%) fatigue (29% 
versus 54%), vomiting (12% versus 31%) and hypertension 
(17% versus 30%) compared with sunitinib, but similar 
rates of hand–foot syndrome were noted (33% versus 
29%).46,58 These data, however, were collected in differ-
ent treatment settings and using different definitions 
of adverse events. Data from the phase III TARGET28 
trial and expanded access programmes59,60 indicate that 
sorafenib has similar efficacy and tolerability in elderly 
(≥70 years) and younger patients. Moreover, in the 
TARGET trial, sorafenib delayed time to health status 
deterioration (measured using FACTG PWB) compared 
with placebo in both elderly and younger patients.28 The 
use of sorafenib in patients with cardiovascular comorbid-
ities is supported by the low rates of cardiovascular-related 
adverse events in the expanded access programme,59 and 
the observation that sorafenib-related changes in electro-
cardiography parameters, left ventricular ejection fraction, 
blood pressure, and heart rate are small and unlikely to 
be clinically significant.61 Sorafenib is sometimes used in 
patients with non-clear-cell histology, but data support-
ing its use in such subtypes are limited. In the European 
expanded access programme, sorafenib seemed to have 
efficacy in those with papillary RCC and RCC with 
sarcomatoid features, with median PFS rates of 5.7 and 
4.0 months, respectively, but prospective data are needed 
before clear conclusions can be drawn.

A reasonable estimate of PFS with sorafenib in the 
‘general’ mRCC population is probably 8–9 months.51–54 
Although sorafenib is not a standard first-line treat-
ment option, patients who may particularly benefit from 
sorafenib in this setting probably include the elderly, those 
with cardiovascular disease, those with other comorbidi-
ties, and other patients who may benefit from a milder 
tolerability profile.62

Temsirolimus
The global ARCC trial compared the mTOR inhibi-
tor temsirolimus with interferon and with temsirolimus 
plus interferon in 626 patients with mRCC.11 Patients 
were cate gorized as having a poor prognosis, according 
to a non-standard definition that included ≥two   sites of 
metastasis rather than using MSKCC criteria. In terms of 
MSKCC criteria, 69% and 31% of patients in the temsiro-
limus arm were classified as having poor or inter mediate 
prognosis, respectively. Median PFS was 5.5 months, 
3.1 months and 4.7 months with temsirolimus, interferon, 
and the combination, respectively (temsirolimus versus 
interferon, P <0.001) and overall survival was 10.9 months, 
7.3 months and 8.4 months, respectively (temsirolimus 
versus interferon, P = 0.008).

These data should be interpreted with caution. The 
use of interferon as a comparator is highly questionable 
because interferon doses of up to 18 million units three 
times per week can be deleterious in poor-prognosis 
patients, and an apparent therapeutic effect of temsiroli-
mus might be caused by high mortality in the interferon 
arm. Such concerns may underlie the fact that temsiroli-
mus is not used as frequently in poor-prognosis patients as 
international guidelines suggest,63,64 with sunitinib being 
frequently used instead. Although some guidelines suggest 
temsirolimus for use in disease of non-clear-cell histology, 
support for this comes from a post hoc subgroup analysis 
of only 37 patients treated with temsirolimus compared 
with 36 treated with interferon.21 The patients most likely 
to benefit from temsirolimus are those with an ECOG per-
formance status of 2 and/or non-clear-cell disease, with no 
need for treatment to cause tumour shrinkage.

Dose and regimen selection
In an attempt to improve the tolerability of sunitinib regi-
mens, the Renal EFFECT trial compared continuous daily 

Table 4 | Randomized phase II trials of sorafenib in first-line treatment

Study Regimen n Median PFS (months) Objective 
response rate (%)

Disease 
control rate (%)

Escudier et al. (2009)51 Sorafenib
Interferon

97
92

5.7
5.6

5
9

79
64

Jonasch et al. (2010)52 Sorafenib
Sorafenib + interferon

40
40

7.4
7.6

30
25

73
75

Procopio et al. (2011) 
ROSORC53

Sorafenib
Sorafenib + interleukin2

62
66

All: 6.9 (low risk: 9.4)
All: 7.6 (low risk: 10.8)

15
27

74
80

Rini et al. (2011)
AMG38654

Placebo + sorafenib
AMG386 (3 mg/kg) + sorafenib
AMG386 (10 mg/kg) + sorafenib

51
51
50

9.0
8.5
9.0

25
37
38

85
82
86

Abbreviation: PFS, progression-free survival
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dosing of sunitinib at 37.5 mg, and the 4/2 schedule in 292 
patients.40 Continuous daily dosing was associated with 
a reduced median PFS compared with the 4/2 schedule 
(7 months versus 8.5 months) with no tolerability benefit 
over the 4/2 regimen.40 Questions remain as to whether 
dose reduction on the 4/2 regimen is beneficial: 30% of 
patients in the phase III trial had dose reduction owing 
to intolerance to the treatment.46 In the opinion of the 
conference panel, continuous daily dosing with sunitinib 
is difficult to recommend unless patients have symptoms 
in the 2week ‘off ’ period when they do not receive treat-
ment. If the dose is reduced, patients should be assessed 
and a dose re-escalation should be considered, if disease 
progression occurs.

Combined targeted and immunotherapy
There is ongoing investigation into the putative addi-
tional benefit of immunotherapy with targeted therapy, 
and identification of patient groups who may benefit. The 
preliminary results of the BEVLiN trial suggest that beva-
cizumab plus low-dose interferon (3 MIU three times per 
week) may provide tolerability benefits and comparable 
efficacy compared with bevacizumab plus interferon at 
a dose of 9 MIU three times per week.65 These data do 
not suggest that interferon is inactive in this regimen, but 
rather that bevacizumab improves its efficacy in a cyto-
kine-responsive group of patients, although this group is 
poorly defined. However, data on bevacizumab mono-
therapy66 and bevacizumab plus IL-267 are limited, and it 
is not very easy to determine the contribution of either 
agent in the bevacizumab plus interferon combination, or 
to extrapolate these limited data to general cytokine use 
with bevacizumab.

It will be interesting to see whether the improved 
responses seen with bevacizumab plus interferon com-
pared with interferon alone can be replicated with other 
targeted therapies.52,68–73 A study to assess sunitinib plus 
interferon was limited by the toxic effects caused by the 
combination,68 as was a study of sunitinib plus IL-2.69 By 
contrast, some data indicate that interferon may be useful 
when combined with sorafenib.52,70–72 In the RAPSODY 
phase II trial of 100 patients, sorafenib plus low-dose inter-
feron was associated with a median PFS of 8.5 months 
and clinical benefit (partial response plus stable disease) 
in approximately 80% of patients.73 In a separate study, 
however, IL-2 did not provide additional efficacy and the 
combination was not well tolerated.53

Targeted therapies in sequence
Many studies (mainly retrospective) indicate a lack of 
total cross-resistance between VEGF-targeted therapies 
and that sequential use of these therapies may prolong 
cumulative PFS (Figure 2).74–86 Similarly, the mTOR 
inhibitor everolimus may provide benefit following 
VEGF-targeted therapy.10,87 In the opinion of the confer-
ence panel, sequential therapy should be considered in all 
patients able to tolerate it, particularly those with minimal 
comorbidities and younger patients. However, approxi-
mately a third of patients are lost at each subsequent line 
and the actual percentage of patients receiving ≥two lines 
is lower than one might expect: in a specialized centre, 
only 52% of 252 patients with mRCC went on to receive 
second-line therapy.88 There are a number of factors that 
influence the decision to switch therapy from a VEGF-
targeted agent to another targeted therapy (VEGF or 
mTOR inhibitor) and the time at which to switch. Table 5 
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Figure 2 | Retrospective studies of sorafenib and sunitinib used in sequence. Graph shows median PFS, except where 
indicated. *Mean PFS. ‡Median treatment duration. §Calculated by subtracting first median from overall median. ||Overall 
PFS. ¶Median time to progression. Abbreviation: PFS, progression-free survival. 
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provides some situations in which switching therapy may 
be considered.

Difficulties in interpreting data
There are many difficulties in interpreting data on 
sequential therapy. At the time of writing, most studies  
of sequential therapy are retrospective and have com-
pared sequences in terms of cumulative PFS (that is, PFS 
with the first agent, plus PFS with the second). Regardless 
of trial design, there is as yet no definitive association 
between PFS and overall survival. Furthermore, patients 
in whom tumour growth has slowed, or patients with a 
mixed response, may still be categorized as having pro-
gressive disease according to RECIST criteria. In addi-
tion, trial designs that use PFS may not reflect practice, in 
that many clinicians continue targeted treatment beyond 
disease progression. 

In nonrandomized, retrospective studies, interpretation 
of PFS is further complicated by several factors. Firstly, 
the lack of detailed protocols often means the timing of 
tumour measurements are not uniform, resulting in PFS 
not being an accurate measure in some cases. Secondly, 
there is usually no independent review of CT scans. 

Thirdly, there may be bias from informative censoring of, 
for example, patients who were unable to tolerate second-
line therapy, patients who did not stand to benefit from  
second-line therapy, and/or those switched to an alternative  
therapy owing to lack of response.

Despite these difficulties with interpretation, patients 
in clinical practice are frequently treated with sequential 
therapy, and it is of interest to compare the outcomes of 
different treatment sequences. Suggestions of trends 
provided by such information can then be investigated 
further in prospective randomized trials, such as the 
phase III SWITCH trial (sorafenib followed by suni-
tinib versus sunitinib followed by sorafenib),55 which are 
eagerly anticipated.

Sequencing of VEGF-targeted therapies
As discussed in the introduction, TKIs have distinct and 
overlapping inhibitory profiles, which might explain 
the lack of complete cross resistance between these 
agents. RCC is thought to be VEGF-driven throughout 
its course, and tumour progression on a VEGF-targeted 
agent is thought to be due to changes in molecular path-
ways used for maintenance of vascular supply. Sequential 
use of VEGF-targeted therapies that have different 
targets may inhibit successive escape pathways and delay 
progression further.

There is now substantial evidence supporting sequential 
use of VEGF-targeted therapies. In a single-arm phase II 
study, axitinib (a TKI and potent VEGF inhibitor) pro-
vided further benefit following sorafenib treatment 
(median PFS 7.4 months).89 Level 1 evidence supporting 
dual TKI sequencing comes from the phase III AXIS trial, 
which demonstrated the benefit of this approach: follow-
ing first-line sunitinib, axitinib or sorafenib was associated 
with a median PFS of 4.8 months or 3.4 months, respec-
tively (P = 0.0107).7 Several retrospective studies have 
shown benefit of a sequence that includes sorafenib and 
sunitinib).74–86 Notwithstanding the limitations of retro-
spective studies, the pattern of results suggest improved 
outcomes with sorafenib followed by sunitinib, rather than 
the reverse sequence.

Because treatment in mRCC is chronic, the paradigm 
of starting with the most potent (and most toxic) agent 
may not be appropriate. The data discussed above suggest 
the possibility of a new paradigm, in which treatment is 
gradually intensified: a moderate (and less toxic) VEGF 
inhibitor is used first and potency is then increased 
throughout the sequence. Such intensification incorpo-
rates two interrelated aspects of therapy: potency and 
toxicity. Intensification of potency may limit tumour 
adaptation to more-invasive therapy forms.90 Moreover, if 
the less-toxic agent provides good efficacy in the first-line 
setting, then there is a possibility that using a less-toxic 
agent first will maintain the patients’ reserve and increase 
the probability of the patient tolerating further treatment. 
Some data indicate that a higher proportion of patients 
treated first-line with sorafenib receive subsequent treat-
ment, compared with patients who receive first-line suni-
tinib.91,92 Recent retrospective data have revealed potential 
benefits of rechallenging the disease after progression 

Table 5 | Suggestions for switching therapy to a different targeted agent

Disease type or situation Therapy change

Slow disease progression* Consider the possibility of switching very cautiously; 
a change in therapy may not be necessary

Rapid disease progression‡ Consider switching. Although changing the 
mechanism of action seems rational, retrospective 
data suggest that patients with progressive disease 
on a VEGF-targeted agent have poor outcomes on all 
current therapies99,100

Mixed response to therapy (for 
example, stable disease in one 
lesion and progression in 
another)

Also consider the possibility of treatments that 
target isolated progressing lesions (for example, 
surgery, radiosurgery, radiotherapy) while continuing 
ongoing systemic treatment (any targeted therapy)

Discovery of new disease sites Switch immediately to another targeted agent if 
lesion is significant and a newly confirmed lesion, 
rather than being previously undetected

Unacceptable toxicity Any treatment strategy should aim to reduce as much 
as possible the number of patients with unacceptable 
toxicity. Toxicity is often higher with the second-line 
tyrosine kinase inhibitor compared with first-line 
therapy, and since many adverse events (for example, 
hypertension, diarrhoea, stomatitis) can be managed 
effectively there is no reason to switch immediately

*Where treatment seems to slow the course of the disease. ‡Where treatment seems to have no impact 
on the disease course.

Table 6 | Suggested sequences for particular patient types

Patient type Recommended treatment and setting

First line Second line Third line

Indolent disease* Bevacizumab + interferon Sorafenib Sunitinib

Aggressive disease‡ Sunitinib mTOR inhibitor Not defined

Poor performance 
status (ECOG 2)

Temsirolimus Chemotherapy (for 
example, doxorubicin 
and cisplatin-based 
regimen)

Not defined

*Metastatic disease where progression that occurs between two CT scans is not significant. ‡Bulky 
disease or very rapidly progressive disease (within 3 months).
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with a VEGF-targeted agent that was previously used: re-
treatment with sunitinib93 or sorafenib94 shows apparent 
benefit and prospective studies are warranted.

VEGF followed by mTOR inhibition
An alternative to sequencing with VEGF-targeted 
therapies is to use an mTOR inhibitor. In the phase III 
RECORD-1 study that included 416 patients, the median 
PFS was 4.9 months with everolimus and 1.9 months with 
placebo.87 At baseline, patients had received one to ≥four 
lines of therapy and only 89 (21%) had received one VEGF-
targeted therapy. The data supporting the use of everolimus 
as second-line therapy are therefore limited. Furthermore, 
everolimus was just as effective after two VEGF-targeted 
therapies as it was after one therapy: after sunitinib, median 
PFS was 3.9 months versus 1.8 months with everolimus 
or placebo, respectively (hazard ratio [HR] = 0.34; 95% 
CI 0.23–0.51); 5.9 versus 2.8 months after sorafenib 
(HR = 0.25; 95% CI 0.16–0.42), and 4.0 versus 1.8 months 
after both TKI inhibitors (HR = 0.32; 95% CI 0.19–0.54).

Given these data, everolimus may be used as a third-
line treatment following two VEGF-targeted agents in 
sequence as well as in the second-line setting. Use of an 
mTOR inhibitor was previously expected to be particu-
larly useful in patients who were refractory to first-line 
VEGF-targeted therapy, but retrospective data indicate 
that even those who would seem to be candidates for 
mTOR inhibitors may benefit from a second VEGF-
targeted agent.95 Further information on the optimal 
use of everolimus will come from the RECORD-3 trial 
(NCT00903175),96 which will assess everolimus followed 
by sunitinib versus sunitinib followed by everolimus, and 
the CALGB90802 study (NCT01198158),97 which will 
assess everolimus plus bevacizumab versus everolimus 
plus placebo following a TKI therapy. Finally, the phase II 
study NCT01217931 is comparing six different two-agent 
sequences of evero limus, bevacizumab and pazopanib.98

Planning a sequence
It is difficult to plan treatment based on patient responses 
to targeted therapy, as there seems to be no correlation 
between first-line and second-line PFS with VEGF-
targeted therapies.95 Nevertheless, Table 6 provides some 
suggestions for sequences according to patient types, based 
on available evidence and the authors’ clinical experience. 

Conclusions
Randomized trials of targeted therapies have shown 
a wide range of PFS, with later clinical trials often 
showing different results from early trials. Results will 
naturally vary owing to chance and there are also dif-
ferences between trials in patient characteristics, which 
in turn may be caused by differences in trial size and  
power, patient recruitment, inclusion or exclusion criteria, 
and patient behaviour (for instance propensity to with-
draw from the study). Examination of the differences in 
patient characteristics between trials sheds some light on 
the patient types for which each therapy is suitable.

In the opinion of the conference panel, for first-line 
therapy, sunitinib is suitable for patients of all prognostic 

levels, particularly those with aggressive disease who are 
younger and fitter. Pazopanib is an alternative to sunitinib 
in good-prognosis or intermediate-prognosis patients. 
Bevacizumab plus interferon is suitable for patients with 
a good-prognosis or those with indolent disease (that is, 
those likely to respond to cytokines). Sorafenib is suitable 
for patients at all levels of risk, particularly the elderly and 
those with comorbidities. Temsirolimus may be suitable 
for patients with RCC of non-clear-cell histology, but 
further data are needed (Box 1).

Sequential therapy of targeted agents can provide 
signifi cant benefit, and should be considered in all patients 
who can tolerate it (those with minimal comorbidities and 
younger age). VEGF-targeted therapies have distinct but 
overlapping targets, which allows sequential use to target 
successive escape pathways. Many studies (mostly retro-
spective) suggest that sorafenib followed by sunitinib is 
associated with improved cumulative PFS outcomes com-
pared with sunitinib followed by sorafenib.75–86 Prospective 
data are required to determine the optimum sequence for 
different patient groups, and it is hoped that the SWITCH 
trial will provide valuable information in this regard.

Box 1 | Expert consensus 

 ■ First-line sunitinib is suitable for patients of all prognosis groups, but 
particularly those with aggressive disease who are younger and fitter, and less 
appropriate for elderly patients and/or those with comorbidities

 ■ Continuous daily dosing with sunitinib is difficult to recommend unless patients 
have symptoms in the 2-week ‘off’ period when they do not receive treatment. 
If the dose is reduced, patients should be assessed and dose re-escalation 
should be considered, if disease progression occurs

 ■ Pazopanib seems to be a reasonable alternative option to sunitinib in those 
with a good or intermediate prognosis

 ■ Patients with favourable prognosis and/or indolent disease may be particularly 
suitable for bevacizumab plus interferon treatment. However, this option is 
not available to patients in many European countries, owing to restrictions on 
access to bevacizumab

 ■ Although sorafenib is not a standard first-line treatment option, patients who 
may particularly benefit from sorafenib in this setting probably include the 
elderly, those with cardiovascular disease, those with other comorbidities, and 
other patients who may benefit from a milder tolerability profile62

 ■ The patients most likely to benefit from temsirolimus are those with an ECOG 
performance status of 2 and/or non-clear-cell disease, with no need for 
treatment to cause tumour shrinkage

 ■ Sequential therapy should be considered in all patients able to tolerate it, 
particularly those with minimal comorbidities and younger patients

Review criteria

In March 2011, we searched PubMed for articles 
published in English between January 2005 and March 
2011. Studies of randomized phase II or III trials 
providing progression-free survival data for monotherapy 
with targeted agents and the term mRCC and renal cell 
and trial were included. We also searched for prospective 
or retrospective studies reporting sequential use of 
tyrosine kinase inhibitors as well as these agents 
followed by everolimus. Abstracts published at the annual 
meetings of ECCO/ESMO and ASCO between 2006 
and 2011 were also included. The original search was 
performed before ASCO 2011, but some studies from 
ASCO 2011 were included following peer review.
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