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Abstract Aim: A number of targeted therapies (TTs) are effective in metastatic renal cell car-
cinoma (mRCC) but clinical outcomes with the sequential use of three TTs have been poorly
investigated, this study evaluates their outcome.
Methods: Patients with clear cells mRCC treated with three TTs were retrospectively studied.
Therapies were classified as vascular endothelial growth factor (VEGF)/vascular endothelial
growth factor receptor (VEGFR) or mammalian target of rapamycin inhibitors (mTORi).
Progression free survival (PFS), overall survival (OS) and total PFS (tPFS) – defined as the
time from start of first-line to progression on third-line treatment – were estimated using
the Kaplan–Meier method and curves were compared with log-rank test.
Results: A total of 2065 patients with mRCC were consecutively treated with first-line TT in
23 centres in Italy. Overall 281/2065 patients (13%) were treated with three TTs. Median OS
and tPFS were 44.7 and 34.1 months, respectively and were longer in patients receiving the
sequence vascular endothelial growth factor inhibitors (VEGFi)–VEGFi–mTORi compared
with those receiving VEGFi–mTORi–VEGFi with a statistical difference in OS (50.7 versus
37.8 months, p = 0.004; 36.5 versus 29.3 months, p = 0.059, respectively).
Conclusions: Few patients received three lines of TTs. The sequence VEGFi–VEGFi–mTORi
was associated with improved survival with respect to VEGFi–mTORi–VEGFi and primary
resistance to first-line was a negative predictive and prognostic factor.
� 2013 Elsevier Ltd. All rights reserved.
1. Introduction

Metastatic renal cell carcinoma (mRCC) is a fatal
urological cancer with a 5-year survival rate of approx-
imately 10%.1,2 During the last decade, five vascular
endothelial growth factor (VEGF)/VEGF receptor
(VEGFR) inhibitors (VEGFi) – sorafenib, sunitinib,
pazopanib, axitinib and bevacizumab (in combination
with interferon) – and two mammalian targets of rapa-
mycin inhibitors (mTORi) – temsirolimus and everoli-
mus – have been approved for the treatment of
mRCC. Despite the evident benefits of TTs in terms of
increased control of disease and response rate, complete
responses are rare, with most patients eventually experi-
encing progression during treatment, leading to subse-
quent-lines of therapy in attempts for disease control.3

Use of sorafenib and sunitinib sequentially is now a
common clinical practice due to the growing body of
evidence for non-minimal cross-resistance between
VEGFR inhibitors. In addition, efficacy has been dem-
onstrated by shifting to a drug with another mechanism
of action such as mTOR inhibitors.4–6 There are to date
limited published data on the sequential use of three TTs
in the treatment of mRCC.7–9 Of these, one retrospec-
tive study reported that patients who received third-line
sorafenib after sunitinib and everolimus or temsirolimus
showed a disease control rate (complete responses plus
partial responses plus stable disease) of 44% with a
favourable toxicity profile.9

The aims of this study were to: investigate the num-
bers of patients receiving three TTs in some of the refer-
ral centres in Italy; determine clinical outcomes in those
patients receiving three TTs; report outcomes in terms of
disease control and overall survival (OS) based on the
type of sequences used and assess differences in efficacy
between the treatment strategies.
2. Patients and methods

2.1. Patients

We retrospectively reviewed data from patients with
mRCC consecutively treated with three TTs at several
of the main centres involved in treatment of kidney can-
cer in Italy. Data were extracted by the database of each
centre. Only patients with clear cell histology and mea-
surable disease were included; no other eligibility/exclu-
sion criteria were applied. For each patient the following
data were recorded: date of nephrectomy, initial prog-
nostic score based on Motzer criteria,10 type and length
of first-, second- and third-line therapy. Therapies were
classified based on the two main mechanisms of action:
VEGFi (axitinib, bevacizumab, pazopanib, sorafenib,
and sunitinib) or mTORi (everolimus and temsirolimus)
or by the specific drug used. Targeted agents were given
according to standard recommendation and all drugs
were administered orally with the exception of bev-
acizumab and temsirolimus that were administered
intravenously and interferon sub-cutaneously. Standard
dose reductions were applied in the case of toxicity. The
choice of the sequence of therapy was decided by the
clinicians.

Two main sequences were analysed: VEGFi–VEGFi–
mTORi and VEGFi–mTORi–VEGFi. Patients treated
with a different sequence were not considered in the
analysis of clinical outcomes. A supplementary analysis
was also performed considering specific molecules from
each class and the three most frequently used sequences



Table 1
Baseline characteristic of the patients.

All patients
(n = 281)

Sequence v2 test
p-Value

VEGFi–VEGFi–mTORi
N = 152

VEGFi–mTORi–VEGFi
N = 95

Median age (years) 60.6 (IQR = 52.2–68.5) 59.6 (IQR = 51.1–68.1) 60.5 (IQR = 54.6–67.6) 0.53§

Male sex 74.2% 72.5% 80.5% 0.45
Metastatic at diagnosis 37.7% 34.9% 41.1% 0.33

MSKCC prognostic group 0.07
Good 46% 50.4% 45.65%
Intermediate 48% 47.5% 45.6%
Poor 6% 2.1% 8.8%

PFS first-line (months) 11.7 12.1 11.3 0.54*

Response at first-line 0.42
Partial 45.5% 48% 41%
Primary resistance 12% 10.7% 15%

IQR = interquartile range; MSKCC = Memorial Sloan Kettering Cancer Centre; PFS = progression free survival; VEGFRi Vascular endothelial
growth factor inhibitors; mTORi mammalian target of rapamycin inhibitors (mTORi).
* Log-rank test.
§ t-Test.
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in clinical practice were analysed: sunitinib–sorafenib–
everolimus (SuSoEv), sorafenib–sunitinib–everolimus
(SoSuEv) or sunitinib–everolimus–sorafenib (SuEvSo).
2.2. Outcome measurements and statistical analysis

Amongst patients who started a first-line of TT we
evaluated the proportion of patients who then went on
to receive three lines of TTs. Progression free survival
(PFS), OS, and total PFS (tPFS) were evaluated. PFS
was defined as the time from the beginning of treatment
to the first documentation of disease progression or to
death by any cause, whichever occurred first. OS was
defined as the time from the beginning of treatment to
death or last contact. The tPFS was defined as time from
the beginning of first-line therapy to the first documen-
tation of disease progression or to death by any cause
at third-line. Response to therapy was assessed by com-
puted tomography (CT) or magnetic resonance imaging
(MRI) carried out according to local procedures every
8–12 weeks using the Response Evaluation Criteria in
Solid Tumours (RECIST) v 1.0.11 Disease progression
was defined as P20% increase of the longer diameter
as for RECIST 1.0.11 Primary resistance was defined
as the progression of disease as best response at first
evaluation.
2.3. Statistical analysis

Values were expressed as median and interquartile
range (IQR). PFS, tPFS and OS were estimated using
the Kaplan–Meier method with Rothman’s 95% confi-
dence intervals (CIs) and compared across the groups
using the log-rank test. The Chi-Square test or t-test
was used to assess differences between groups as appro-
priate. Cox proportional hazards models were applied to
explore patient characteristics. Predictors of tPFS and
OS in univariate- and multivariable-adjusted analysis
were evaluated using a stepwise selection approach with
type I error of 0.05 for model entry and 0.10 for elimina-
tion. Additional elimination was applied to identify sig-
nificant variables. A p-value < 0.05 was considered
statistically significant. PASW (Predictive Analytics
SoftWare) (v 18; IBM SPSS) was used.
3. Results

3.1. Patient characteristics

Only 281 out of 2065 (13.6%) patients with mRCC
received three lines of TTs in 23 centres in Italy from
August 2006 to June 2011 and were considered for this
analysis (Table 1).

Prognosis at the start of first-line was classified as
good in 46%, intermediate in 48% and poor in 6% of
patients based on Memorial Sloan Kettering Cancer
Centre (MSKCC) criteria. Median OS was 44.7 months
(95% CI, 39.4–49.9) in the entire cohort and when strat-
ified for MSKCC prognostic criteria was 59.9 months
(95% CI, 45.0–74.7) in the good prognosis group,
38.8 months (95% CI, 33.5–44.0) in the intermediate
and 24.6 (95% CI, 18.7–30.5) in the poor prognosis
group.

Analysis of response rate showed that the number of
patients who had a partial response by line of therapy
was 45.5% at first-line, 22.7% at second-line and 11.2%
at third-line. The percentage of patients who were
refractory to therapy increased from 12% at first-line
to 27.5% and 30.1% at second- and third-lines, respec-
tively. No difference in terms of partial response or inci-
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dence of primary resistance at first-line was found in
patients treated with the sequence VEGFi–VEGFi–
mTORi or VEGFi–mTORi–VEGFi (Table 1). A the
time of analysis 207 out 281 patients progressed and
150 out 281 patients are alive. Median survival was
longer in patients who had a partial response compared
to stable disease or progression of disease at first-line:
51.4 versus 41.6 versus 32.1 months, respectively
(p < 0.001).
3.2. Treatment sequences

The percentages of patients who received VEGFi or
mTORi were 97.5% and 2.5% at first-line, 62.2% and
37.8% at second-line and 43.9% and 56.1% at third-line,
respectively. Of these, 152 (54%) patients received the
sequence VEGFi–VEGFi–mTORi and 95 (33%)
received the sequence VEGFi–mTORi–VEGFi
(Fig. 1). There were no significant differences in terms
of demographic and prognostic characteristics between
the two groups (Table 1).

Overall 71 (25.3%) patients received the sequence
SuSoEv, 56 (19.9%) received the sequence SuEvSo and
44 (15.7%) received SoSuEv. The remaining patients
(about 40%) received several combinations with other
TTs at first-line, such as bevacizumab, pazopanib or
temsirolimus or second-line with temsirolimus. Median
PFS rates by line of therapy were: 11.7 months (95%
CI, 10.8–12.6) with first-line, 6.7 months (95% CI, 5.8–
7.8) with second-line and 6.1 months (95% CI, 5.3–6.9)
Fig. 1. Flowchart of sequences of therapy received by patients.

Table 2
Patients (n = 281), type of therapy and progression free survival (PFS) at fi
than 2% of patients were treated with a drug.

First line Second-l

Patients (%) PFS (months) Patients

Sunitinib 62.5 11.0 28.1
Sorafenib 22.9 13.3 33.1
Bevacizumab 9.6 11.4 /
Everolimus / / 27.8
Temsirolimus 2.5 7.2 10
with third-line (Table 2). Data about PFS for each mol-
ecule and line of therapy are reported in Table 2.

3.3. Sequence efficacy

Median tPFS and OS were 36.5 months (95% CI,
30.5–42.6) and 50.7 months (95% CI, 40.6–60.8) for
VEGFi–VEGFi–mTORi compared with 29.3 months
(95% CI, 23.6–34.9) and 37.8 months (95% CI, 34.2–
41.5) for VEGFi–mTORi–VEGFi (Fig. 2). Differences
in OS were significant (p = 0.004) but differences in tPFS
were not (p = 0.059). When patients were stratified
according to baseline MSKCC prognostic group, tPFS
and OS were longer in the good prognosis group treated
with VEGFi–VEGFi–mTORi compared with the VEG-
Fi–mTORi–VEGFi group (43.6 versus 42.0 months for
tPFS, p = 0.028 and 64.9 versus 45.4 months for OS,
p = 0.006). No significant differences were recorded in
the intermediate and poor prognostic groups.

Median tPFS was 42.1 months (95% CI, 31.8–52.4) in
patients who received SuSoEv, 30.4 months (95% CI,
26.3–34.5) in patients who received SuEvSo and
46.7 months (95% CI, 42.1–51.2) in the patients who
received SoSuEv. No differences in terms of tPFS were
detected in patients receiving SuSoEv and SoSuEv.
There were significant differences when the sequences
SuSoEv or SoSuEv were compared to SuEvSo
(p = 0.006 and p < 0.001 respectively) (Fig. 3). Median
OS was not reached in the group treated with SuSoEv
compared to 35.6 months (95% CI, 31.6–39.6) in the
group treated with SuEvSo and 55.8 months (95% CI,
46.7–64.8) in the group treated with SoSuEv. There were
no differences in tPFS when sunitinib or sorafenib were
used first, but there were significant differences in OS
when SuSoEv or SoSuEv were compared to SuEvSo
(both p < 0.001) (Fig. 3). When anti-angiogenic inhibi-
tors were followed by an mTOR inhibitor there was
an increase in the probability of survival compared to
when VEGFi and mTORi were used alternatively (haz-
ard ratio (HR): 1.52, 95% CI, 1.09–2.12; p = 0.013) with
the sequence SuSoEv doubling the probability of sur-
vival compared to the sequence SuEvSo (HR: 2.70,
95% CI, 1.53–4.77).
rst, second- and third-line of therapy. PFS was only reported if more

ine Third-line

(%) PFS (months) Patients (%) PFS (months)

11.2 7.5 9.8
7.7 32.5 5.2
/ / /
4.8 51.1 7.0
3.6 5.0 2.6



Fig. 2. Total progression free survival (tPFS) and overall survival (OS) considering two sequence classes: vascular endothelial growth factor
inhibitors (VEGFi)–VEGFi–mammalian target of rapamycin inhibitors (mTORi) (blue) and VEGFi–mTORi–VEGFi (red). (For interpretation of
the references to colour in this figure legend, the reader is referred to the web version of this article.)
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3.4. Univariate and multivariable Cox analyses

The main predictor of tPFS was primary resistance to
first-line therapy (HR: 3.15; 95% CI, 1.98–4.99.
p < 0.001) (Table 3). Factors found to be predictors of
OS were initial prognostic group by MSKCC (HR:
2.07; 95% CI, 1.41–3.05. p < 0.001), primary resistance
at first-line (HR: 2.20; 95% CI, 1.16–4.11. p = 0.026)
and sequence of therapy (HR: 2.59; 95% CI, 1.59–4.22.
p < 0.001).

4. Discussion

In recent years the treatment of mRCC has been
characterised by results from a number of trials that
have increased the possibility of treating kidney cancer.
Despite this progress, the majority of new agents have
been tested as first-line therapies and only very recently
the RECORD1 and AXIS trials have shown efficacy of
an mTOR inhibitor and a tyrosine kinase inhibitor
(TKi) after failure of first-line treatment with suniti-
nib.12,13 The RECORD1 trial, when everolimus (versus
placebo) was administered to patients previously treated
with one or more therapies, reported an increase in PFS
as compared to the placebo. Results in mRCC patients
in the third-line setting showed that increased disease
control as well as improvements in quality of life are
possible by changing the class of agent.12 Similarly, the
AXIS trial recently confirmed the activity of two TKi
agents used sequentially as previously demonstrated in
a large number of retrospective analyses.13

The results of the largest phase III trial (INTOR-
SECT) that compared a VEGFi with an mTORi as sec-
ond-line therapy after sunitinib progression were
recently reported.14 This study randomised a total of
512 patients to receive temsirolimus or sorafenib after
sunitinib progression. The primary end-point was to
report an improvement of PFS in favour of temsiroli-
mus, but results showed that there was no significant dif-
ference in terms of PFS between the two therapies (4.28
versus 3.91 months; p = 0.19). On the contrary, an
improvement in OS was reported in favour of sorafenib
(16.4 versus 12.3 months, p = 0.014).

Unfortunately, these data are not directly transfer-
able in clinical practice considering the lack of data
about the comparison between temsirolimus and everol-
imus. As result of this evidence, entropy in the area of
kidney cancer therapy has increased and the optimal
treatment sequence dilemma – ‘to shift to an mTOR
or to persevere on angiogenesis inhibition’, is still
unresolved.15,16

This study, to the best of our knowledge, is the first
report of the incidence of patients with mRCC receiving
three TTs and as such shows a relatively long median
survival of about 44 months compared to the previous
large trial which reported a median survival of
22 months.17 This suggests that patients who receive
three lines of TTs have more favourable prognostic
characteristics compared to those who did not. The
activity of first-line sunitinib and bevacizumab reported
in our analysis was comparable to results from the main
regulatory phase III trials,18,19 as well as for PFS of sec-
ond-line with everolimus.9 We observed longer PFS
rates in patients who received VEGFi in the second-
and third-line as evidenced by the particularly good out-
comes with sorafenib thus confirming the recent results



Fig. 3. Total progression free survival (tPFS) and overall survival (OS) of sequence by drugs: (a) tPFS of SuSoEv compared to SuEvSo; (b) OS of
SuSoEv compared to SuEvSo; (c) tPFS of SoSuEv compared to SuEvSo; (d) OS of SoSuEv compared to SuEvSo. SuSoEv = sunitinib–sorafenib–
everolimus (blue); SuEvSo = sunitinib–everolimus–sorafenib (green); SoSuEv = sorafenib–sunitinib–everolimus (red). (For interpretation of the
references to colour in this figure legend, the reader is referred to the web version of this article.)
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from AXIS and TIVO 1 trials that have compared the
activity of axitinib or tivozanib respectively versus
sorafenib.13,20–22 In fact we observed that the use of
two sequential anti-angiogenic inhibitors followed by
an mTOR inhibitor increased the probability of survival
compared to the alternate use of VEGFi and mTORi.
These data were confirmed when single agents were con-
sidered with the sequence SuSoEv doubling the proba-
bility of survival compared to the sequence SuEvSo
suggesting the lack of cross resistance between VEGFi.
Our results are in line with the findings of the INTOR-
SECT trial, particularly, we reach a similar result com-
paring sorafenib with everolimus, the most used
mTORi in the second-line. Even if these results are not
immediately comparable, we agree that the use of two
VEGFis may confer a better outcome in patients with
mRCC.14

To our knowledge, this is the largest study to date
comparing the effects of two sequences of three TTs.
Two retrospective studies recently compared the activity
of a second VEGF/VEGFR with an mTOR inhibitor
after the failure of a first-line anti-angiogenic agent.23

Busch et al. analysed 108 patients treated with sorafenib
or sunitinib as first-line therapy who subsequently
received sunitinib or sorafenib (43%) or everolimus
(57%).23 The sequence therapies of TKi/everolimus
and TKi/rTKi appeared to be efficacious in terms of
PFS and response rate, whereas there was a tendency
towards superior survival with the sequence TKi/EV
(29.0 versus 43.0 months; p = 0.034). Unfortunately



Table 3
Univariate and multivariable analysis of predictors of total progression free survival (tPFS) and overall survival (OS).

Univariate Cox regression Multivariable Cox regression

HR (95% CI) p-Value HR (95% CI) p-Value

tPFS

Age 0.91 (0.84–0.98) 0.009 0.99 (0.98–1.01) 0.22
Sex 1.09 (0.75–1.59) 0.65
MSKCC group 12.12 (1.08–135.9) 0.43
Sequence of therapy* 1.34 (0.99–1.81) 0.06
Primary resistant first-line 3.11 (1.96–4.92) <0.001 3.15 (1.98–4.99) <0.001

OS

Age 0.99 (0.97–1.00) 0.12
Sex 1.04 (0.65–1.66) 0.89
MSKCC group 2.28 (1.67–3.11) <0.001 2.07 (1.41–3.05) <0.001
Sequence of therapy* 1.71 (1.19–2.48) 0.004 2.59 (1.59–4.22) <0.001
Primary resistant first-line 3.04 (1.74–5.31) <0.001 2.20 (1.16–4.11) 0.026

TTSF = time to strategy failure; OS = overall survival; HR = hazard ratio; CI = confidence interval; MSKCC = Memorial Sloan Kettering
Cancer Centre prognostic classification (good versus intermediate versus poor).
* Sequences are: vascular endothelial growth factor inhibitors (VEGFi)–VEGFi–mammalian target of rapamycin inhibitors (mTORi) compared to
VEGFi–mTORi–VEGFi.
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these data might be negatively influenced by a higher
number of patients primarily resistant to first-line in
the TKi–TKi group.23 Similarly, Vickers et al. compared
216 patients treated with a second-line TKi or an
mTORi after a first-line TKi.24 They reported that the
time to treatment failure influenced the use of a second
TKi therapy compared to the use of an mTORi in sec-
ond-line but no statistically significant benefit was found
in terms of OS.24 Both studies explored the presence of
predictive factors and they found that patient condition
at baseline and primary resistance to the first-line agent
were the main factors predicting the possibility of receiv-
ing a second-line and to have a longer PFS and OS at
second-line.23,24

Recently, Busch et al. reported the results of a retro-
spective analysis in 103 patients treated with the
sequence VEGFi–mTORi–VEGFi or VEGFi–VEGFi–
mTORi. tPFS was 30.4 versus 21.0 months respectively
(p = 0.003) but no significant differences in terms of
OS were reported. Interestingly, PFS at first-line was
significantly longer in patients treated with the sequence
VEGFi–mTORi–VEGFi compared to VEGFi–VEGFi–
mTORi (11.0 versus 8.2 months, p = 0.016), and multi-
variable analysis confirmed the negative predictive role
of primary resistance, highlighting the fact that control
of disease at first-line may impact on the efficacy of sub-
sequent-lines of therapy.7

Primary resistance is a growing problem in the man-
agement of mRCC – first-line phase III trials have
shown that about 20% of patients are refractory to
anti-angiogenic agents and this clearly has a negative
effect on survival.25 In this retrospective study, a lower
incidence of primary resistance (12%) was found, sug-
gesting that patients receiving three TTs may have better
prognostic characteristics and higher sensitivity to ther-
apy. Despite this, our results confirm its negative predic-
tive and prognostic role also in patients who receive
three TTs. In our cohort a sensitivity analysis, per-
formed to evaluate the differences between sequences
in non-primary refractory patients, confirmed improved
OS in the VEGFi–VEGFi–mTORi group compared to
the VEGFi–mTORi–VEGFi (52.1 versus 38.8 months).

The main result of this study is that the sequence
VEGFi–VEGFi–mTORi increased survival in patients
who received three TTs particularly in those with good
prognostic risk at the time of diagnosis of metastatic dis-
ease. Unfortunately, the correct sequence of VEGFis
remains an unanswered question. In line with a recent
pooled analysis and other retrospective analyses26,27,
this study revealed improved disease control when suni-
tinib was used after sorafenib but the retrospective nat-
ure of this and other studies limits the validity of this
conclusion. Perhaps the results of the SWITCH trial,
in which patients were randomised to receive sorafenib
followed by sunitinib or vice versa will provide insight
into the optimal sequence of these two VEGFis.

Finally, this study is not without limitations. It is a
retrospective study in selected patients who were fit
enough to receive three TTs. There is no survival com-
parison between these patients receiving three TTs with
that of the majority of patients in the overall population
with mRCC treated with one or two agents over the
same period of time. Is important to note that reported
sequences may be influenced by the modality of access
to second- and third-lines treatment in Italy. Generally,
sorafenib and sunitinib may be prescribed as firs as well
as second-line and everolimus after one or two previous
VEGFis, moreover sorafenib may be prescribed as
third-line and the same was for sunitinib as rechallenge
in patient with a proved response to first-line. We found
that patients treated before the approval of everolimus
(June 2010) had major probability to receive a TKI com-
pared to mTOR, but no difference was present in terms
of PFS in patients treated with second-line everolimus in
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both periods (data not showed). Furthermore, the rela-
tively low numbers of patients included in each sequence
group by drug is only hypothesis generating and does
not allow definitive conclusions to be made regarding
the optimal sequence among those analysed or other
possible sequences.

5. Conclusions

Relatively few patients received three TTs compared
to the number of patients who started TTs for mRCC
in Italy in this time period. Sequential treatment with
two anti-angiogenic inhibitors followed by an mTOR
inhibitor was associated with improved survival. Resis-
tance to the first-line and Motzer risk group were inde-
pendent indicators of clinical outcome.
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