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Introduction 

Generally, in the treatment of solid tumours, the most 
effective drug, which provides the best response rate (RR), 
progression free survival (PFS) and possibly overall survival 
(OS), is the treatment of choice in the first-line setting. 
However, there are exceptions to this rule and concessions 
are made, especially when toxicity concerns come into play, 
e.g., in elderly patients (1), or when disease stabilization 
(SD) is a valid treatment objective (2). The fundamental 
dichotomy in solid tumour oncology of tumour response, 
a time-tested marker of therapeutic efficacy, and disease 

progression, an essential sign of treatment failure, has 
recently been challenged (3). Randomized clinical trials 
assess new treatments in comparison with established 
therapies in superiority or non-inferiority studies and are 
aimed to establish a position in the hierarchy of available 
treatments. 

The concept of sequencing treatment is relatively new 
and there is little literature on this topic in solid tumours. 
Sequencing therapies may be discussed as a distinction from 
combining treatments, with examples in colorectal cancer 
(CRC) (4,5) and a Cochrane review in breast cancer (6). 
Alternatively, sequencing may be evaluated in the context 
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of treatment order (7) or as a combination of both 
questions (8). The prerequisites for discussing the sequence 
of anti-cancer treatment are the availability of several active 
drugs and the indication that certain treatments may be 
more or less active before or after another. This alludes 
to the topic of drug resistance and overcoming resistance 
mechanisms (9).

Colorectal cancer 

In CRC only one randomized trial compared folinic acid, 
5-fluoruracil, and irinotecan (FOLFIRI) followed by folinic 
acid, 5-fluoruracil and oxaliplatin (FOLFOX) or the reverse; 
however both sequences FOLFIRI → FOLFOX and 
FOLFOX → FOLFIRI achieved a prolonged survival and 
similar efficacy (10). The fact that a substantial proportion 
of patients (26% and 38%) did not receive second-line 
therapy demonstrated the importance of the choice in first-
line therapy.

Prostate cancer

Many new treatments have recently been assessed and 
licensed in metastatic castration resistant prostate cancer 
(CRPC) (11-16) and sequence of drugs has become an 
issue (17). Studies indicate that CRPC with acquired 
resistance to first-generation androgen receptor (AR) 
inhibitors maintain reliance on AR signall ing for 
survival (18) and are sensitive to subsequent therapy with 
second-generation AR inhibitors such as enzalutamide. 
However, the glucocorticoid receptor confers resistance 
to AR inhibitors by bypassing AR blockade and mediates 
enzalutamide resistance. This novel mechanism of escape 
from AR blockade through expansion of cells primed to 
drive AR target genes via an alternative nuclear receptor 
upon drug exposure may therefore be relevant for drug 
sequencing (19). In contrast, prior treatment with the 
androgen synthesis inhibitor ketoconazole did not have an 
impact on the clinical outcomes of patients with CRPC who 
received subsequent docetaxel-based therapy (20,21). 

Renal cell carcinoma

The introduction of sorafenib as first targeted therapy 
in metastatic renal cell carcinoma (RCC) (22) was the 
beginning of a rapid process which led to the development 
of other vascular endothelial growth factor receptor 
(VEGFR) tyrosine kinase inhibitors (TKI), the monoclonal 

VEGF-directed antibody bevacizumab and mammalian 
target of rapamycin (mTOR) inhibitors for the treatment 
of locally advanced and metastatic RCC. Crucial for this 
progress was the understanding of the role of angiogenesis 
in general and the VEGF- and mTOR-pathways (23). 
Currently, seven drug or drug combinations are licensed 
for the treatment of metastatic RCC. Several guidelines 
recommend targeted agents as standard treatment for 
metastatic RCC (24-26). The sequence for using these 
therapies is an ongoing matter of debate and several reviews 
have been published on this topic over the past years (27-31).

Sequential treatment in RCC is of interest as complete 
responses (CR) to treatment with TKIs are rare and TKIs 
usually do not produce long term remissions: patients 
relapse when therapy is discontinued (32,33), and resistance 
to treatment inevitably develops during therapy (34). However, 
the life expectancy of RCC patients has been extended to 
over 30 months (35) from 13 months in the cytokine era (36). 
Until 2004 treatment options for RCC were limited and 
usually immunotherapy was used: interleukin-2 (IL-2) (37) 
and interferon-alpha (IFN-α) (38), or a combination of both 
(39,40), depending on patient characteristics, availability 
of drugs and familiarity with the toxicity management (41). 
Outcome for the majority of patients was poor (42).

The sequencing question becomes relevant when 
multiple treatments are developed in a short period of 
time and new drugs are licensed before others have found 
a definite place in the armamentarium of therapies. It 
also gains importance when no direct comparison of 
drugs is possible due to the delay from trial conception to 
publication: new drugs become available while others are 
being evaluated in studies. Sequencing is especially relevant 
when prior treatment with a certain agent compromises 
efficacy of a subsequent therapy or enhances the treatment 
effect.

Some patients will receive several lines of treatment 
and will obtain a repeated treatment response or at least 
stable disease. In these patients the order of treatments 
may be of less relevance compared to other patients, who 
have aggressive and rapidly progressing disease and need 
treatment with the most active drug at the beginning. 
Debating treatment sequence is ultimately an expression 
of a success story with an embarrassment of riches in the 
treatment of RCC (43).

In this review we focus on clear cell RCC owing to the 
fact that only limited data is available on the treatment of 
patients with non-clear cell RCC and the optimal treatment 
remains unclear (44).
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First-line treatment (Table 1)

In the first-line treatment of metastatic RCC five drugs 
and drug combinations are currently licensed. Two pivotal 
trials assessing the TKI sunitinib (45) and the combination 
of bevacizumab and IFN-α (46) in comparison to standard 
IFN-α treatment in patients with Memorial Sloan Kettering 
Cancer Center (MSKCC) favourable and intermediate 
risk (47) were published in 2007. A concurrent three 
arm randomized trial evaluated the mTOR inhibitor 
temsirolimus as single agent compared to temsirolimus 
in combination with IFN-α compared to IFN-α as single 
agent in MSKCC poor risk patients (48). While the 
mTOR inhibitor was demonstrated to prolong OS, the 
VEGFR-targeting agents showed statistically significant 
improvement in PFS, which was the primary endpoint of 
these trials. The median OS of 26.4 months with sunitinib (49) 
and 23.3 months with bevacizumab and IFN-α (50) were 
unprecedented at the time. Rini et al. performed a CALGB 
trial with bevacizumab and IFN-α compared to IFN-α, 
which produced similar results (51,52) as the European trial.

The multi-TKI pazopanib was f irst  tested in a 
randomized placebo-controlled phase III trial, with 54% 
treatment naive and 46% cytokine pre-treated patients 
(53,54). Due to the promising activity, and the favourable 
toxicity profile, a cross-over trial assessing treatment 
preference for pazopanib versus sunitinib was performed (55). 
The results were published a few months prior to data 
on treatment efficacy from a non-inferiority trial (56). In 
summary, pazopanib and sunitinib were found to be equally 
effective in terms of PFS, RR and OS (57), while quality-of-
life favoured pazopanib. Despite the favourable safety and 
quality-of-life profiles for pazopanib relative to sunitinib, 
treatment was discontinued due to adverse events in 24% 

of patients on pazopanib compared to 20% on sunitinib. 
There is also concern on the validity of the non-inferiority 
design, given that results of the intention-to-treat analysis 
differed from the per-protocol analysis (58).

The randomized phase III trial with tivozanib, a potent 
and selective VEGFR-TKI with a relatively long half-life, 
failed to show an improvement in OS despite prolonged 
PFS for tivozanib compared to sorafenib (11.9 vs. 
9.1 months) in a mixed population of treatment naïve and 
cytokine pre-treated patients. Median OS reached 
29.3 with sorafenib and 28.8 months with tivozanib, 
respectively (59). The authors postulate that differential use 
of second-line therapies confounded OS. They hypothesize 
that the trend toward longer OS in the sorafenib arm 
compared to tivozanib is related to the greater proportion 
of patients in the sorafenib arm who received second-line 
targeted treatment (63% vs. 13%). In addition, the one-
way cross-over design allowed patients who had progressed 
on sorafenib to switch to tivozanib (61%). In essence, this 
is a sequential trial of two agents (sorafenib → tivozanib) 
compared with one agent (tivozanib) (60). Important in the 
context of sequencing treatments: two consecutive targeted 
agents are associated with a longer OS than treatment with 
only one line of targeted therapy (61) and absence of PD 
after first and second-line targeted therapy may characterize 
long-term survival (62). An alternative hypothesis to explain 
the trend toward longer OS on the sorafenib arm is that 
sorafenib is more effective than tivozanib for improving 
OS (63). This would not have been expected, since the first-
line comparison of sorafenib versus IFN-α demonstrated 
comparable PFS for the two agents, however no OS data 
was published (64). 

Another trial comparing first-line treatment with the potent 
and selective second-generation VEGFR inhibitor axitinib 
and sorafenib was performed in Asian patients. Sorafenib 
was chosen as the comparator because it was available in 
the regions where the trial was performed (65). Somewhat 
surprisingly, the trial was negative and axitinib did not 
significantly improve PFS (10.1 months) vs. sorafenib 
(6.5 months). An accompanying comment proposes that 
no significant difference in efficacy was shown because the 
study was underpowered and the benefit of sorafenib might 
have been underestimated (66). The striking difference 
in outcome for Eastern Cooperative Oncology Group 
performance status (ECOG) 0 (7.1 months difference in 
median PFS with axitinib vs. sorafenib) and ECOG 1 (no 
difference in PFS) might be attributed to the fact that 
the majority of patients was recruited in Eastern Europe, 

Table 1 First-line treatment

Risk group Standard Option

Good or 

intermediate

Sunitinib [I, A] High-dose IL-2 [III, C]

Pazopanib [I, A] Bevacizumab + low-

dose IFN-α [III, B]

Bevacizumab + 

IFN-α [I, A]

Poor Temsirolimus 

[I, A]

Sunitinib [II, B]

IFN-α, interferon-alpha.
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where resource limitations and local practice standards 
may have affected the type of patient enrolled, or patient 
management.

In our view, neither single agent IFN-α (36) nor 
subcutaneous IL-2 play a role in the treatment of RCC 
nowadays. This is especially relevant for patients with 
MSKCC intermediate or poor risk, due to the significant 
toxicity in these patients (40). However, infusional IL-2 
is a treatment option in selected patients and centres, 
considering the long term survival of some RCC patients on 
this therapy (67).

Second-line treatment (Table 2)

There are four important phase III trials in the second-line 
setting of RCC. Treatment Approaches in Renal Cancer 
Global Evaluation Trial (TARGET) tested treatment with 
sorafenib versus placebo in patients who were progressing 
on standard therapy. At the time, standard therapies were 
mainly cytokines: most patients had received IL-2, IFN-α, 
or both before progression and enrolment. Nine hundred 
and three patients were randomized; primary end point of 
the trial was OS. The first PFS analysis revealed a significant 
benefit for sorafenib with a PFS of 5.5 vs. 2.8 months for 
the placebo group. Following these results, study-group 
assignments were to offer sorafenib to all patients in the 
placebo group. OS analysis showed a tendency towards 
longer survival for treatment with sorafenib. However, 
statistical significance was not reached, mainly due to cross-
over from placebo to sorafenib (68). Secondary analysis, 
censoring post-cross-over placebo survival data, reached 
statistical significance showing better OS for patients 
treated with sorafenib (69).

The RECORD-1 (renal cell cancer treatment with oral 
RAD001 given daily) trial compared everolimus to placebo in 
RCC patients pre-treated with sunitinib, sorafenib or both. 
Median PFS was significantly longer with 4.9 months for 
patients treated with everolimus compared to 1.9 months for 
patients randomized to receive placebo (70,71). Approval of 

everolimus was based on the results of the trial. A criticism 
can be made that this trial was not a pure second-line study. 
In fact, most patients had received more than one previous 
treatment-line, including IFN-α, IL-2 and bevacizumab. 
Twenty-six percent of patients in both treatment arms had 
been pre-treated with two VEGF-TKIs, namely sunitinib 
and sorafenib. Therefore, one may accept this trial as a 
rationale to consider everolimus as third-line option after 
treatment with two lines of anti-VEGF directed therapy. It 
is noteworthy that subgroup analysis revealed a benefit for 
patients in the everolimus arm who were pre-treated with 
only one VEGF-TKI compared to those pre-treated with 
two previous VEGF-TKIs (PFS 5.4 months for everolimus 
vs. 1.9 months for placebo after one previous VEGF-
TKI; PFS 4.0 months with everolimus vs. 1.8 months with 
placebo after two previous VEGF-TKIs) (72). 

There are two randomised phase III trials comparing 
different VEGF-TKIs and VEGF-TKI versus an mTOR 
inhibitor in the second-line, respectively.

The AXIS (comparative effectiveness of axitinib versus 
sorafenib in advanced RCC) trial randomized 723 patients 
who had progressed after first-line treatment with sunitinib, 
bevacizumab plus IFN-α, temsirolimus or cytokines to 
receive axitinib or sorafenib in the second-line. PFS was 
significantly longer for patients assigned to axitinib (6.7 vs. 
4.7 months for sorafenib) (73). Although OR rate was also 
significantly better for axitinib, no significant OS benefit 
could be shown (74).

In the INTORSECT (Investigating Torisel As Second-
Line Therapy) trial, patients who had progressed after 
treatment with sunitinib were randomized to receive the 
mTOR inhibitor temsirolimus or the TKI sorafenib. Five 
hundred and twelve patients were included and stratification 
according to duration of prior sunitinib therapy was 
performed. Although no significant difference in PFS was 
observed, OS was significantly longer for patients treated 
with sorafenib compared to those treated with temsirolimus 
(16.6 vs. 12.3 months). Subgroup analysis showed that 
median OS with sorafenib was only longer in comparison to 
temsirolimus for patients whose duration of pre-treatment 
with sunitinib was >180 days (17.8 vs. 14.4 months). For 
patients responding <180 days to sunitinib, no significant 
difference was observed (11.4 months for sorafenib vs. 
10.1 months for temsirolimus) (75). Interpreting these 
results, one may assume that patients, who responded 
to anti VEGF-therapy in the first-line, should receive a 
VEGF-TKI in second-line. However, subgroup analysis 
should always be interpreted with caution and as OS is 

Table 2 Second-line treatment

Prior treatment Standard Option

TKI Axitinb [I, B] Sorafenib [II, B]

Everolimus [II, B]

Bev + IFN-α Sunitinib [III, B]

TKI, tyrosine kinase inhibitors; IFN-α, interferon-alpha.
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generally shorter in both treatment arms for patients with 
sunitinib response <180 days, one may also conclude that 
patients showing little benefit from first-line VEGF-TKI 
generally have a worse prognosis.

There is a phase II study analysing antitumour activity of 
sunitinib in patients pre-treated with bevacizumab. Twenty-
three percent of patients showed a PR with sunitinib, and 
SD as best response was seen in 59% of patients. Median 
OS was 47.1 weeks (76). These data support the assumption 
of clinical benefit from sequential anti-VEGF directed 
therapy in patients with advanced and metastatic RCC.

Third-line treatment (Table 3)

In 2015 only limited data exist for the choice of third-line 
treatment in patients with metastatic RCC. Treatment 
selection is based on the treating physician’s individual 
experience and availability of drugs rather than on scientific 
evidence.

An Italian retrospective study (77) analyzed sorafenib as 
third-line treatment after sequential therapy with sunitinib 
and mTOR inhibitors (everolimus or temsirolimus). A total 
of 34 patients were included. Median PFS was 4 months, 
and median OS 7 months. There were no treatment 
interruptions due to toxicity. Response to sorafenib was 
better in patients who had already responded to sunitinib 
in the first-line whereas no activity was seen in patients 
without previous benefit from sunitinib. 

Although not directly comparable, one may assume that 
a median PFS of 4 months with third-line sorafenib is a sign 
of drug activity, when taking data from the RECORD-1 
trial into consideration: patients receiving placebo had a 
median PFS of only 1.9 months (70). Most of these patients 
had received more than one previous treatment-line. 
Therefore one may presume that sorafenib is superior to 
placebo in the third-line setting.

So far, only one randomized prospective trial concerning 

third-line therapy in patients with metastatic RCC has been 
conducted (78). Patients who had failed previous treatment 
with one VEGF-targeted therapy and one mTOR inhibitor 
were randomized to receive either sorafenib or the VEGF 
and fibroblast growth factor (FGF) receptor inhibitor 
dovitinib. The rationale for selecting dovitinib was derived 
from the hypothesis that adaptive resistance to anti-VEGF 
therapy may be caused by act ivat ion of  the FGF 
pathway (79). Therefore, it was hypothesized that such a 
mechanism could be overcome by adding a TKI with FGF 
inhibiting properties. However, no differences regarding 
PFS or OS were observed between the two treatment arms.

In a small retrospective analysis, 40 patients with everolimus 
resistant RCC were treated with a VEGFR-TKI (80).  
All patients had received first-line VEGF-targeted therapy 
(sunitinib, sorafenib or bevacizumab and IFN-α) and 
this was associated with a median PFS of 11.3 months.  
A subset of ten patients was treated with a second-line TKI. 
Treatment with everolimus was associated with a median 
PFS of 5.9 months. Subsequent treatment after everolimus 
was associated with SD in 22 patients (55%) and PR in  
4 patients (10%), whereas eleven patients had PD (28%). 
The median PFS on therapy after everolimus failure was  
5.5 months. This data suggests that VEGF-resistance 
remains transient in nature, at least in initially susceptible 
patients.

Re-challenge 

Based on the hypothesis that re-challenge of patients 
with a previously used VEGF-targeting agent could be a 
rationale strategy for tumour control, a retrospective review 
was undertaken to describe the experience of re-challenge 
with sunitinib in metastatic RCC (81). The investigators 
identified 23 patients who were re-challenged with sunitinib. 
The initial median PFS among these patients had been  
13.7 months and was in line with the registration study (45).  
At re-challenge, median PFS was 7.2 months. Upon  
re-challenge, 22% of patients achieved a PR, while 74% 
had SD as their best response. Patients with a >6 months 
interval between sunitinib treatments had better PFS with  
re-challenge compared to patients who started the  
re-challenge within 6 months of discontinuing their initial 
treatment.

In another study, the efficacy of sunitinib re-challenge 
was assessed in two German centres. Thirteen patients 
received sunitinib (median PFS 21 months) and were 
subsequently treated with an mTOR inhibitor; upon disease 

Table 3 Third-line treatment

Prior treatment Standard Option

2 TKIs Everolimus [II, B]

TKI + mTOR 

inhibitor

Sorafenib [I, B] Other TKI [IV, B]

Re-challenge [IV, B]

TKI, tyrosine kinase inhibitors; mTOR, mammalian target of 

rapamycin.
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progression they received sunitinib again. This approach 
resulted in a median PFS of 6.9 months and consisted 
of two (15%) PR and ten (77%) SD (82). These two 
retrospective analyses and several case series serve as a proof 
of concept and have just recently been summarized and 
discussed in a review article (83). 

Twelve patients who had previously received VEGF-
targeted treatment and an mTOR inhibitor were re-
challenged with a second mTOR inhibitor. Both sequences 
everolimus → temsirolimus (n=7) and temsirolimus → 
everolimus (n=5) were used. Six of 12 patients (50%) 
responded to everolimus and four of 12 patients (33%) 
responded to temsirolimus, however only one patient 
responded to both agents and three patients to none. 
Median treatment duration for everolimus → temsirolimus 
and temsirolimus → everolimus sequences were 10.3 and 
5.8 months, respectively (84). No patient responded to 
temsirolimus re-challenge after response to everolimus as 
the first mTOR inhibitor, whereas patients who did not 
respond to everolimus as the first mTOR inhibitor may still 
respond to a re-challenge with temsirolimus (2/7). Despite 
structural similarities of both mTOR inhibitors and the 
same mode of action, the two drugs have distinct clinical 
pharmacokinetic and pharmacodynamic profiles, which may 
contribute to differing responses in patients. Due to the 
small sample size no definitive conclusions can be drawn 
from this data. In settings where several drugs are available, 
re-challenge is of limited interest. However, in countries 
with less treatment choices this topic might still be of 
relevance.

Trials assessing sequential treatment 

There is only one randomized trial assessing a treatment 
sequence in RCC. In this phase II trial 471 patients were 
either assigned to first-line mTOR inhibitor everolimus 
followed by the TKI sunitinib upon disease progression 
(everolimus → sunitinib), or fist-line sunitinib followed by 
everolimus (sunitinib → everolimus) (35). Only 45% and 
43% of the patients crossed-over and received second-line 
treatment, respectively. The primary endpoint, PFS non-
inferiority of first-line everolimus compared with first-line 
sunitinib, was not met: the median PFS was 7.9 months for 
first-line everolimus and 10.7 months for first-line sunitinib. 
The median combined PFS was 21.1 months for everolimus 
→ sunitinib and 25.8 months for sunitinib → everolimus. 
Feasibility for the combined PFS end point had not been 
established previously. Median OS was longer for sunitinib 

→ everolimus (32 months) compared to everolimus → 
sunitinib (22.4 months). The hypothesis of the investigators 
that similar combined PFS lengths would be achieved 
by both sequences and that everolimus would be better 
tolerated than sunitinib as the first-line therapy was not 
confirmed. 

In a retrospective French analysis, outcome of patients 
with either sunitinib followed by sorafenib (sunitinib → 
sorafenib) or sorafenib followed by sunitinib (sorafenib → 
sunitinib) was assessed (85). Of note, the majority of the 
90 patients had received prior cytokines. The treatment 
durations were 61 weeks for sorafenib → sunitinib (33 weeks → 
28 weeks) and 49 weeks for sunitinib → sorafenib (27 weeks 
→ 22 weeks), respectively. These data confirm absence of 
absolute cross-resistance between sunitinib and sorafenib. 
They do not, however, guide on the optimal treatment 
sequence, especially in patients without prior cytokine 
exposure. 

Biological aspects 

Discussing optimal treatment strategies for advanced 
and metastatic RCC demands a closer look at biological 
aspects underlying this disease. Inactivation of the von 
Hippel Lindau (VHL) gene, a tumour suppressor gene, is 
crucial in the development of the disease. VHL encodes a 
protein, which supports degradation of hypoxia-inducible 
factor (HIF). Inactivation of VHL therefore leads to higher 
levels of the transcription factor HIF, which promotes 
transcription of several genes such as VEGF, platelet-
derived growth factor (PDGF) and transforming growth 
factor alpha (TGF-α) (86,87). These are important factors 
for angiogenesis. Induction of chronic angiogenesis is 
crucial in the development of cancer and has been described 
as one of the “hallmarks of cancer” (88). RCC is a highly 
vascularized tumour type, thus targeting angiogenesis seems 
a promising treatment strategy.

However, some patients are primarily resistant to these 
targeted treatments and almost all show tumour progression 
over a longer period of time, even if there has been a 
tumour response to treatment in the beginning. 

In patients with lack of response to VEGF-targeted 
therapy, primary resistance needs to be differentiated from 
inadequate dosing. TKIs can cause a diversity of adverse 
events such as hypertension or hand-foot-syndrome, which 
may lead to dose modifications due to intolerable toxicities. 
Moreover, most cancer patients are of older age and receive 
co-medication with several other drugs. This bears potential 
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for cytochrome P interactions and inadequate drug 
exposure. Animal models (89) and a meta-analysis (90) could 
show that increased exposure to sunitinib is associated with 
improved clinical outcomes and that increasing sunitinib 
dose can partly overcome resistance in xenografts and 
patients. There are two phase II trials assessing feasibility of 
dose escalation in patients treated with sorafenib (91). Some 
patients obtained a response upon dose escalation after early 
progression to standard dose (92). Axitinib dose titration in 
previously untreated patients was evaluated in a randomized 
phase II trial against placebo titration, as retrospective 
population pharmacokinetic data suggest axitinib plasma 
exposure correlates with efficacy in metastatic RCC (93). 
In fact, the greater proportion of patients in the axitinib 
titration group achieving an OR supports the concept of 
individual axitinib dose titration (94).

Taken together, adequate dosing of the antineoplastic drug 
and optimal management of potential side effects should be 
ensured before treatment strategy is changed due to suspected 
resistance, especially if tumour response has been observed in 
the beginning and dose reductions have taken place. 

The challenge of adherence has been recognized in 
oncology practice (95). However, limited data is available on 
adherence to targeted therapies and efforts towards better 
patient education are warranted including dedicated staff 
for monitoring outpatient anticancer oral therapy (96).

PD is often defined by Response Evaluation Criteria 
in Solid Tumors (RECIST), which may not be an optimal 
determinant of resistance to targeted agents (97). Targeted 
therapies can induce central necrosis, alter tumour 
vascularity, and retard tumour growth without reducing 
tumour size. Taking these changes into account, Choi 
criteria have been examined in the context of targeted 
therapy in RCC (98,99). In summary, switching to second-
line treatment should be prompted by objective criteria 
along with clinical judgment. Sonpavde et al. propose a 
formal evaluation of continuing the same agent in patients 
with RECIST progression unaccompanied by symptoms (28).

Under the circumstances of true tumour progression 
despite adequate dosing, a central question is whether to 
maintain the therapeutic target or to change the mechanism 
of action of the antineoplastic drug, i.e., changing to 
another VEGFR-TKI or mTOR inhibitor, respectively.

Mechanisms of resistance to anti-angiogenic 
therapy and implications for further therapy 

Bergers and Hanahan (100) have reviewed possible 

mechanisms of adaptive resistance to anti-angiogenic 
therapy. One of these mechanisms is up-regulation of 
alternative pro-angiogenic pathways. First clues for this 
hypothesis came from animal models in which higher 
mRNA expression levels for different pro-angiogenic 
factors were observed after blockage of VEGFR-signalling 
in pancreatic neuroendocrine cancer cells (80). Further 
studies showed up-regulation of pro-angiogenic factors 
such as PDGF and FGF (101) after angiogenesis inhibition. 
Moreover, the hypoxic environment caused by anti-VEGF 
therapy may lead to activation of the mTOR-pathway 
which integrates information about nutrients and growth 
factors and holds a central role in cell growth, cell cycle 
progression and coping with metabolic stress (102,103). 

There is also growing evidence that the tumour 
microenvironment is crucial in adaptive resistance to anti-
angiogenic therapy. For example, lower oxygen levels 
in tumours through VEGF-inhibition seem to lead to 
recruitment of vascular progenitor cells from the bone 
marrow. Experimentally induced ischaemia in tissues was 
shown to increase recruitment of bone marrow-derived cells 
and endothelial progenitors partly through elevated levels 
of HIF1 alpha (104,105). These progenitors may be able to 
maintain sufficient tumour angiogenesis even when VEGF-
signalling is blocked. 

Other studies could show that pericytes also seem 
to be of importance in acquiring resistance to anti-
angiogenic therapy. Increased and thick coverage of vessels 
with these endothelial support cells was observed after 
VEGF-inhibition and may help to keep tumour vessels 
functioning (106,107).

Further investigations raise the hypothesis that cancer 
cells adapt to anti-angiogenic therapy by showing a more 
invasive phenotype and migrating more aggressively into 
normal tissues to ensure sufficient oxygen supply (108). 

Other studies suggest an epithelial-to-mesenchymal 
transition (EMT) with acquisition of a sarcoma-like 
phenotype as a mechanism of escape from VEGF-
inhibition. For example, Hammers et al. (109) described 
the case of a patient with initially pure clear cell RCC and 
response to sunitinib. After progression of the disease, 
a skin metastasis was excised and histologically showed 
EMT. After implantation into mice, clear cell histology as 
well as sensitivity to sunitinib was surprisingly restored. 
These observations underline importance of the tumour 
microenvironment for achieving resistance to anti-
angiogenic therapy.

Taking into account all these possible mechanisms of 
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acquiring resistance, certain considerations regarding 
optimal treatment sequence in metastatic and advanced 
RCC arise.

Activation of the mTOR pathway as a potential resistance 
principle creates the rationale for a change in therapeutic 
strategy after treatment with a first-line VEGFR-TKI. 
Blocking up-regulated mTOR signalling with an mTOR 
inhibitor such as everolimus or temsirolimus seems 
promising. Clinical proof of concept comes from the 
RECORD-1 trial, which showed significantly longer PFS 
for patients treated with everolimus in comparison to those 
on placebo after first-line treatment with a VEGFR-TKI (70).

Further arguments supporting a change of treatment 
principle occur considering the tumour microenvironment 
as described above. Epithelial-to-mesenchymal transition 
as a resistance mechanism to anti-VEGF therapy was 
reversed and sensitivity to sunitinib restored after excision 
and transplantation of a metastasis into mice (109). This 
observation argues for the concept of “drug holidays” to 
achieve a resetting of the original tumour microenvironment 
and re-establishing VEGF-dependency. Therefore, 
switching to a different therapeutic target in second-line 
therapy seems reasonable and may restore sensitivity to 
anti-VEGF therapy as a potential third-line option.

Observation of a more invasive tumour phenotype 
after anti-VEGF therapy further supports the concept of 
changing treatment mode (108,110). It should been taken 
into account that prolonged anti-angiogenic therapy may 
even be detrimental.

On the other hand, there is evidence arguing against 
a change of treatment principle. It is known from in vitro 
studies that treatment with mTOR inhibitors alone leads 
to tumour stimulating feedback mechanisms. mTOR 
contains two different complexes, the rapamycin-sensitive 
complex (Raptor, mTORC1) and the rapamycin-insensitive 
complex (Rictor, mTORC2). Available mTOR inhibitors 
for treatment of RCC such as everolimus und temsirolimus 
as well as the original macrolide rapamycin (sirolimus) only 
inhibit activation of the Raptor complex. It has been shown 
experimentally that inhibition of Raptor leads to increased 
stimulation of AKT/PKB due to Rictor (111,112). AKT/
PKB is a protein kinase which implements a central role in 
regulation of cell growth and division, apoptosis and protein 
metabolism. This may even cause tumour growth and 
progression and limits the value of sole mTOR inhibition as 
a therapeutic principle. One further resistance mechanism 
has been proposed: a negative feedback loop activating 
the mitogen activated protein kinase (MAPK) signalling 

cascade, a separate oncogenic pathway (113). MAPK 
feedback activation was found to be PI3K-dependent (113).

In addition to mTOR, other pro-angiogenic factors such 
as PDGF and FGF have been shown to be up-regulated as a 
consequence of anti-angiogenic therapy. Therefore, patients 
progressing under anti-VEGF therapy may still show 
benefit from a VEGFR-TKI if the spectrum of inhibition 
is widened, for example by switching to a less-selective 
multi-kinase inhibitor such as sorafenib, which also inhibits 
PDGFR, c-KIT and Raf. This hypothesis is supported by 
results of the randomized phase III INTORSECT trial: 
sunitinib-resistant RCC patients were randomly assigned to 
treatment with either sorafenib or temsirolimus. Although 
no statistically significant difference in PFS could be 
observed, OS was longer for patients treated with sorafenib (75). 

Interestingly, a third-line trial failed to show superiority 
of dovitinib, an inhibitor of both VEGFR and FGFR, over 
sorafenib in patients pre-treated with one anti-VEGF line 
and one line of an mTOR inhibitor (78). In her comment 
to this trial, M. Schmidinger raised the hypothesis that the 
timing of adding divotinib had been wrong rather than FGF 
as a target. Most patients in the trial (92%) had received 
a VEGF-inhibitor followed by an mTOR inhibitor. 
VEGF-inhibitor resistance has been suggested as being 
a temporary phenomenon due to changes of the tumour 
microenvironment. An “anti-VEGF drug holiday”, for 
example during mTOR inhibition, may restore dependency 
on VEGF-signalling and attenuate up-regulation of 
the FGF pathway. Therefore, it might have been more 
reasonable to analyse efficacy of a combined VEGF- and 
FGF-inhibitor directly after failure of VEGF-directed 
therapy than in the third line after additional failure of an 
mTOR inhibitor (114).

A further observation supporting maintenance of 
treatment with anti-VEGF therapeutics is the lack of 
complete cross-resistance regarding different anti-VEGFR 
TKIs (28). Results from the AXIS trial (73) showed that 
pre-treated patients of whom the majority received sunitinib 
as first-line treatment, demonstrated a significantly longer 
PFS when treated with axitinib in the second-line than with 
sorafenib. In terms of pharmacological activity, axitinib is a 
more potent VEGFR-inhibitor than sunitinib and sorafenib 
(IC50s 0.2 nM for axitinib, 80 nM for sunitinib and 90 nM 
for sorafenib). This creates a rationale for a treatment 
sequence weaker VEGFR TKI followed by stronger 
VEGFR TKI. Biologically, pre-treatment with a less potent 
drug of the same class may lead to a weaker selection 
pressure in tumour cells and therefore cause adaptive 
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mechanisms which can still be overcome using a drug with 
greater inhibitory activity but the same spectrum of action.

Gerlinger et al. performed multiregion genetic analysis 
on spatially separated samples from primary RCC and 
associated metastatic sites using exome sequencing, 
chromosome aberration analysis, and ploidy profiling. 
Phylogenetic reconstruction revealed branched evolutionary 
tumour growth, with 63% to 69% of all somatic mutations 
not detectable across every tumour region. They found 
ubiquitous alterations in the trunk of the phylogenetic 
tree, such as allelic-imbalance events on chromosome 3p 
(encoding VHL), 5q, 6q, and 10q. However, heterogeneity 
was observed for a mutation within an auto-inhibitory 
domain of the mTOR kinase and for multiple tumour-
suppressor genes converging on loss of function (115). The 
importance of targeting ubiquitous alterations in the trunk 
of the phylogenetic tree is underscored by branched tumour 
evolution. The difficulties encountered in the validation 
of oncology biomarkers owing to sampling bias may be 
explained by intratumour heterogeneity (116). In addition, 
this heterogeneity may contribute to Darwinian selection 
of preexisting drug-resistant clones (117,118) and predict 
resistance to treatments (119).

Taken together, there are arguments supporting both 
treatment strategies. Maintaining anti-VEGFR directed 
therapy as well as changing treatment principle in second-
line seem reasonable and can be justified on a biological 
level (Figure 1). However, to date, no prospective data exist 
addressing the issue whether one strategy is superior to 
the other. In the end, clinical reasoning is still crucial in 
finding the best treatment strategy for an individual patient. 
Comorbidities and spectrum of adverse events have to be 
taken into account. Moreover, the individual biology of the 
disease, determining the degree of aggressiveness, seems to 
be the most important factor of all as demonstrated by two 
cases (Figures 2 and 3).

Considering different courses of presumably the same 
disease, there seems to be a divide between patients with 
slow progression and repeated treatment responses, and 
those with an aggressive phenotype, rapidly succumbing to 
their tumour (120). 

As to the latter, there may be those with intrinsic, pre-
existing non-responsiveness to anti-angiogenic therapy. 
Bergers and Hanahan (100) envision a tumour phenotype 
intrinsically expressing a plethora of pro-angiogenic factors 
and therefore being indifferent to anti-VEGFR therapy. 

Figure 1 Possible treatment sequence. VEGF-TKI, vascular endothelial growth factor-tyrosine kinase inhibitors; mTOR, mammalian 
target of rapamycin.
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This hypothesis is supported by an Italian retrospective 
study (77). In this analysis, patients did not show response to 
treatment with third-line sorafenib if there had already been 
lack of response to first-line sunitinib. This observation 
suggests existence of a primarily resistant phenotype 

concerning anti-VEGF therapy.
Furthermore, pre-existing inflammatory cell mediated 

vascular protection could be seen as another mechanism 
of intrinsic resistance to anti-angiogenic therapy. Animal 
studies could show pre-existing infiltration of inflammatory 

Figure 2 Patient case 1. A 70-year-old male patient with primary metastatic RCC. The patient had a 10 cm renal mass and multiple 
pulmonary metastases. He underwent laparoscopic nephrectomy, histology showed clear cell RCC Fuhrman Grade 3, focally Grade 4. The 
patient had Memorial Sloan Kettering Cancer Center (MSKCC) intermediate risk (39) (1 risk factor). Treatment with the TKI pazopanib 
was initiated two months after surgery when progression of the lung metastases was seen. The patient had a dose reduction of pazopanib for 
nausea and hepatotoxicity. Nevertheless a PR was seen on CT. A recent CT scan shows sustained PR after 12 months of treatment. RCC, 
renal cell carcinoma; TKI, tyrosine kinase inhibitors; PR, partial remission.

Figure 3 Patient case 2. A 48-year-old female patient with a history of breast cancer, which had been treated with surgery and adjuvant 
radiotherapy in 1997 in London. The patient presented with a 10 cm renal mass and disseminated lung metastases. She underwent 
nephrectomy, which revealed a clear cell RCC Fuhrman Grade 3, focally Grade 4. In addition, a wedge resection of a pulmonary metastasis 
was performed and confirmed RCC rather than metastatic breast cancer. The patient had MSKCC intermediate risk (2 risk factors). 
Postoperatively rapid disease progression was detected on a computed tomography (CT) scan 6 weeks after the initial CT and she was 
started on sunitinib. After the first 4-week cycle of treatment the patient had symptomatic and objective disease progression with bilateral 
pleural effusions, enlarged pulmonary metastases, a chest wall infiltration, and a newly diagnosed vena cava thrombosis. The patient was 
started on the mTOR inhibitor temsirolimus, which was available at the time. However, the patient died of progressive disease within  
3 months of palliative nephrectomy. RCC, renal cell carcinoma; MSKCC, Memorial Sloan Kettering Cancer Center; mTOR, mammalian 
target of rapamycin.

CT at start of pazopanib CT after 12 months of pazopanib

CT before nephrectomy CT after nephrectomy
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myeloid cells expressing pro-angiogenic factors in murine 
transplant tumours non-responsive to anti-VEGF directed 
therapy (104). The RECORD-1 trial (70) could also identify 
inflammation (elevated neutrophils) as an independent 
prognostic factor for shorter PFS and OS. 

At the opposite end, we see patients showing long-term 
disease control with first-line anti-VEGF therapy. It is 
tempting to assume that those patients should best continue 
anti-VEGF directed therapy in the second-line. However, 
results from a European retrospective study (121) suggested 
that long-term first-line VEGFR-TKI responders may 
benefit from both, further VEGFR-TKI or mTOR 
inhibitors in the second-line. Taken together, for these 
patients the sequence of therapy may only be of minor 
relevance.

Conclusions and future perspective

There is increasing evidence of the central role of the 
VEGF/VEGFR-pathway in the development of RCC 
and good rationale for inhibition of this pathway due to 
the frequent mutation of the VHL tumour suppressor 
gene in ccRCC also in sporadic forms of the disease. This 
molecular hallmark renders RCC particularly dependent on 
angiogenesis and thus susceptible to angiogenesis inhibition 
with targeted agents (83). On the basis of this biologic 
understanding many new drugs have been developed 
for the treatment of RCC. In this review we present the 
clinical trials on targeted therapy in RCC. We point to 
the challenge in interpreting the data and in deriving the 
optimal treatment sequence. Trial design in RCC in the 
past was not only driven by scientific rationale but also 
by the interest of pharmaceutical companies to obtain 
marketing authorization. In fact, some drugs were used as 
a comparator in clinical setting not supported by previous 
evidence and not reflecting current daily practice. 

Sequencing treatment is exclusively relevant to patients 
who are offered a second- or third-line treatment and who 
remain well enough to receive this treatment. Retrospective 
French data show that only 59% of patients received 
second-line treatment after sunitinib, 52% after sorafenib, 
and 79% after bevacizumab, respectively (122). Following 
first-line VEGF-targeted therapy 33% of 645 patients 
received second-line VEGF-targeted therapy or mTOR 
inhibiting agents (123). Similarly, 13% of patients received 
third-line treatment in an Italian retrospective analysis of 
targeted therapies (124). The data suggests that MSKCC 
risk groups and first-line therapy may be predictive factors 

for receiving second-line treatment. PFS was shown 
to be similar in the second- and third-line settings in a 
retrospective analysis of RECORD-1 patients (125). Hence, 
is the sequence relevant after all or is it merely a matter of 
favourable risk and access to drugs? And how important 
are toxicity management issues and correct assessment of 
disease progression?

The challenges are ahead. Novel immunotherapeutic 
agents have entered the field in RCC (126) and require 
integration in treatment algorithms and rethinking of the 
treatment sequence.
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