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Abstract The availability of agents targeting the vascular en-
dothelial growth factor or mammalian target of rapamycin
[mTOR] pathways has provided new treatment options for
patients with metastatic renal cell carcinoma (RCC). Based
on the results of pivotal randomized clinical trials, specific
recommendations have been established for management of
these patients in first- and second-line settings. However, cer-
tain subgroups of patients may be excluded or under-
represented in clinical trials, including patients with poor per-
formance status, brain metastases, and cardiac or renal comor-
bidities, elderly patients, and those with non-clear cell histol-
ogy. For these subpopulations, management recommenda-
tions have emerged from expanded access programs (EAPs),
small phase II studies, retrospective analysis of clinical data,
and expert opinion. This paper describes recommendations
from an expert panel for the treatment of metastatic RCC in
these subpopulations. The efficacy of targeted agents appears
to be inferior in these patient subgroups relative to the general
RCC population. Tyrosine kinase inhibitors (TKIs) and
mTOR inhibitors can be administered safely to elderly

patients and those with poor performance status, although
dose and schedule modifications are often needed, and close
monitoring and management of adverse events is essential. In
addition to local surgical treatment and radiotherapy for brain
metastases, systemic treatment with a TKI should be offered
as part of multidisciplinary care.

While there are currently no data from randomized trials,
sunitinib has the greatest body of evidence, and it should be
considered the first choice in patients with a good prognosis.
Patients with an acute cardiac event within the previous 6
months, New York Heart Association grade III heart failure,
or uncontrolled high blood pressure should not be treated with
TKIs. In patients with mild or moderate renal failure, there are
no contraindications to TKI treatment. TKIs can be adminis-
tered to patients undergoing dialysis, but other, less nephro-
toxic agents and other alternatives should always be
considered.

In managing RCC among patients with non-clear cell his-
tology, sunitinib seems to be more effective than everolimus
for the papillary subtype, but there are no clear data to guide
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treatment for other subtypes. In conclusion, individualized
treatment approaches are needed to manage RCC in subpop-
ulations that are underrepresented in registration clinical trials.

Key Points

Clinical trials often exclude elderly patients, individuals 
with poor performance status, brain metastasis, cardiac 
or renal comorbidities, and non-clear cell carcinoma 
histological subtypes, limiting the information  available

This manuscript summarizes the conclusions and 
recommendations to treat special populations with 
metastatic RCC from an expert panel, where individualized 

to manage patients with other subtypes.  

treatment approaches are needed. 

1 Introduction

Renal cell carcinoma (RCC) is among the most common adult
malignancies in the United States, ranking fifth in men and
eighth in women, with approximately 64,000 new cases diag-
nosed per year. Despite the success of local treatments for pa-
tients with early disease, up to one third of patients either present
with or develop metastatic disease. For the most part, RCC is
notoriously resistant to conventional chemotherapy and radia-
tion therapy as curative treatment [1, 2], although stereotactic
radiotherapy has an important role in the treatment of brain
metastases and in symptom palliation in advanced disease [3].

An improved understanding of RCC biology has led to major
advances in the treatment of patients with metastatic disease [1].
Previously, immunotherapeutic agents such as interleukin-2 (IL-
2) and interferon-α (IFN-α) represented the standard approach,
but yielded a clinical benefit in only a small subset of patients [4].
Mechanistically, new agents in RCC broadly target angiogene-
sis, and mainly the vascular endothelial growth factor (VEGF)
axis as the key mediator in new blood vessel formation. One of
the most common genetic alterations in RCC is mutation in the
von Hippel-Lindau (VHL) gene that regulates cell response to
hypoxia. In conditions in which this gene is altered, the hypoxia-
inducible factor 1-alpha (HIF1α) is not properly degraded, lead-
ing to sustained angiogenesis mediated by VEGF production.
Evidence accumulated over the past 10 years suggests that
HIF2, rather than HIF1, is the key driver of renal cancer progres-
sion [5]. In vitro and cell line xenograft studies suggest that HIF2
is both necessary and sufficient for the growth of transformed
VHL−/− RCC cell lines and for much of the pathology that has
been described in genetically engineeredmousemodels inwhich
VHL has been inactivated in specific tissue.

New drugs in RCC either block VEGF receptor tyrosine
kinase activation (tyrosine kinase inhibitors [TKIs]) or bind to

VEGF itself (monoclonal antibodies), preventing its activation
of the VEGF receptor. The inhibitors of the mammalian target
of rapamycin (mTOR) block the production of VEGF by
RCC cells through inhibition of pathways involved in the
translation of this growth factor [6].

It should be noted, however, that these biological char-
acteristics are unique to the clear cell carcinoma subtype
and, as discussed below, are different in non-clear cell sub-
types, which harbor mutations in other genes. However,
many of these genetic defects also lead to sustained produc-
tion of VEGF and pathological angiogenesis, thus ex-
plaining why angiogenesis inhibitors also exhibit activity
in these patients [6].

Over the last decade, the incorporation of new drugs
targeting critical biological pathways in RCC has changed
the natural history of the disease. These include TKIs, inhi-
bitors of angiogenesis, and mTOR inhibitors. Table 1 lists the
targeted agents available in Europe, their approved indica-
tions, and their recommended place in therapy according to
European and US guidelines [7–15]. Multiple options can be
offered to the treatment-naïve patient with metastatic RCC
(mRCC), but the vast majority of patients will receive
VEGF-directed agents up front. For patients with poor prog-
nosis, consensus opinion supports temsirolimus as standard
treatment, as this is the only agent that has been tested in these
patients in a prospective clinical trial [16]. However, emerging
evidence from expanded access programs (EAPs) have shown
a benefit for sunitinib in patients with poor prognostic indica-
tors such as older age, poor performance status, or brain me-
tastases [17]. Figure 1 summarizes the current management
algorithm [16, 18–20].

The availability of new drugs has dramatically changed the
management of RCC, and the treating physician now has an
armamentarium of drugs with related mechanisms of action
and unique toxicity profiles fromwhich to select specific treat-
ment for a given patient.

In analyzing the evidence from which to select a specific
treatment, two types of scientific data can be considered. One
is the results of clinical trials, either pivotal or non-pivotal
studies, and the other is clinical practice and smaller studies
such as retrospective analysis of case series from center expe-
riences. Prospective clinical trials have an inherent selection
bias, as they enroll only patients with very specific pre-
determined characteristics such as good Eastern Cooperative
Oncology Group (ECOG) performance status 0–1, clear cell
carcinoma histology, and absence of comorbidities. These un-
biased studies provide information regarding the efficacy of a
given drug as well as sequencing strategies. However, there is
a substantial subset of patients for whom no clinical trial in-
formation is available. These include patients with ECOG ≥2,
non-clear cell carcinoma histology, or brain metastases, and
those with associated comorbidities. The information avail-
able for treating these patients comes from post-approval
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studies (including EAPs and small observational studies) and
routine clinical practice [14].

The aim of this manuscript is to provide a comprehensive
review of available information for the first-line treatment
of metastatic RCC in patient segments underrepresented in
clinical trials, as well as to provide treatment recommenda-
tions for these patients. The review focuses on elderly pa-
tients, patients with ECOG 2, and those with cardiac and
renal comorbidities or tumors with histology other than
clear cell carcinoma.

2 Methodology

This paper is a summary of an expert review panel meeting.
The expert panel comprised oncologists from Spain who had
been involved in the field of RCC for more than 5 years and
who had treated at least 15 new RCC patients per year. Based
on a list of topics, a bibliographic search was first undertaken
in the MEDLINE database (PubMed, from January 2007 to
January 2015) to identify any evidence regarding phase II and
III prospective studies, EAPs, or retrospective observational

Table 1 Targeted agents available in Europe for RCC, their approved indications and place in therapy according to ESMO and NCCN guidelines

Targeted
therapy

European approved indication Recommended place in therapy in ESMO
guideline (evidence category) [14]

Recommended place in therapy in NCCN
guideline (evidence category) [15]

Sunitinib Treatment of advanced/metastatic
RCC in adults [7]

Clear-cell RCC first-line in patients
with good or intermediate risk (I, A)

An option for non-clear- cell RCC
(III, B)

Relapsed or stage IV clear-cell RCC first-line
(Category 1)

Relapsed or stage IV clear-cell RCC second-line
after TKIs or cytokines (Category 1)

Relapsed or stage IV and surgically
unresectable non-clear-cell RCC

Bevacizumab In combination with IFN-2α for
first-line treatment of adult
patients with advanced and/or
metastatic RCC [12]

With IFN-α, clear-cell RCC first-line in
patients with good or intermediate risk
(I, A)

With IFN-α, relapsed or stage IV clear-cell
RCC first-line (Category 1)

Relapsed or stage IV clear-cell RCC second-line
after TKIs (category 2B) or cytokines

Relapsed or stage IV and surgically unresectable
non-clear-cell RCC

Pazopanib First-line treatment of adults with
advanced RCC and for patients
who have received prior cytokine
therapy for advanced disease [9]

Clear-cell RCC first-line in patients with
good or intermediate risk (I, A)

Clear-cell RCC second-line after
cytokines
(II, A)

Relapsed or stage IV clear-cell RCC first-line
(Category 1)

Relapsed or stage IV clear-cell RCC second-line
after TKIs or cytokines (Category 1)

Relapsed or stage IV and surgically unresectable
non-clear-cell RCC

Temsirolimus First-line treatment of adult patients
with advanced RCC who have ≥3
of 6 prognostic risk factorsa [10]

Clear-cell RCC first-line in patients with
poor risk (II, A)

An option for non-clear- cell RCC
(III, B)

Relapsed or stage IV clear-cell RCC first-line
(Category 1 for poor-prognosis patients and
Category 2B for selected patients of other
risk groups)

Relapsed or stage IV clear-cell RCC second-line
after TKIs (Category 2B) or cytokines

Relapsed or stage IV and surgically unresectable
non-clear-cell RCC

Sorafenib Patients with advanced RCC who
have failed prior IFN-α or IL-2
based therapy or are considered
unsuitable for such therapy [8]

Clear-cell RCC second-line after
cytokines (I, A)

Clear cell RCC third-line after TKI and
mTOR inhibitor (I, B)

An option for non-clear-cell RCC
(III, B)

Relapsed or stage IV clear-cell RCC first-line
Relapsed or stage IV clear-cell RCC second-line

after TKIs (Category 1) or cytokines
(Category 1)

Relapsed or stage IV and surgically unresectable
non-clear-cell RCC

Everolimus Treatment of patients with advanced
RCC, whose disease has
progressed on or after treatment
with VEGF-targeted therapy [11]

Clear-cell RCC second-line after TKIs
(II, A)

Clear-cell RCC third-line after two
TKIs (II, A)

Relapsed or stage IV clear-cell RCC second-line
after TKIs (Category 1)

Relapsed or stage IV and surgically unresectable
non-clear-cell RCC

Axitinib Treatment of adult patients with
advanced RCC after failure of
prior treatment with sunitinib or
a cytokine [13]

Clear-cell RCC second-line after
cytokines (I, A)

Clear-cell RCC second-line after
TKIs (I, B)

Relapsed or stage IV clear-cell RCC first-line
Relapsed or stage IV and surgically unresectable

non-clear-cell RCC

IFN interferon, IL interleukin, RCC renal cell carcinoma, TKI tyrosine kinase inhibitor, VEGF vascular endothelial growth factor
a These prognostic factors were: <1 year from time of initial RCC diagnosis to randomization; Karnofsky performance status 60 or 70; hemoglobin less
than the lower limit of normal; corrected calcium of >10mg/dL; lactate dehydrogenase >1.5 times the upper limit of normal; >1metastatic organ site [10]
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studies for first-line treatment of RCC in the following sub-
groups: elderly patients (>65 or 70 years old) and patients with
brain metastases, ECOG ≥ 2, heart failure or heart comorbid-
ities, renal failure, or non-clear cell carcinoma. In addition,
relevant data from major oncology congresses were evaluated
on a case-by-case basis. Each expert in the panel was assigned
one topic to review and prepared a summary of the main
findings.

These conclusions were then evaluated in four regional
face-to-face working meetings with another 20 medical oncol-
ogists. Subsequently, the original group of experts met face-
to-face on two separate occasions to discuss the topics, sum-
marize the main conclusions, and make management recom-
mendations. The agreed output from these meetings was used
to generate the current manuscript. The draft manuscript was
reviewed by the expert panel to generate the current final
manuscript.

3 Elderly Patients

The median age at diagnosis of RCC is 64 years, although
approximately 50 % of patients are older than 65 and 25 %
are older than 75 years at presentation. Functional status, how-
ever, is more relevant than chronological age. Some elderly
patients are healthy, without significant chronic disease, and
are independently able to perform daily activities, whereas
others present with comorbid conditions and are dependent
on caregivers for one or more routine activities. Elderly pa-
tients often have underlying comorbidities such as renal fail-
ure (25 %), congestive heart failure (10 %), or chronic atrial
fibrillation (30 %). Up to 40 % of patients have high blood
pressure (BP) [19, 21, 22].

On average, the median age of patients included in regis-
tration trials was 61 years, with a broad range across studies.
Subset analysis by age group in the registration trials of suni-
tinib, sorafenib, and pazopanib showed statistically significant

benefits, independent of age [19, 21, 22]. For example, the
hazard ratios for progression-free survival (PFS) in the piv-
otal studies of sunitinib and pazopanib were similar in pa-
tients >65 years and those ≤65 years of age (sunitinib: 0.42
for older patients and 0.40 for younger patients; pazopanib:
0.52 and 0.42, respectively) [19, 21, 22]. The direct com-
parison between sunitinib and pazopanib in the COMPARZ
trial showed higher efficacy for sunitinib in patients older
than 65 years, although the difference was not statistically
significant [22].

Table 2 summarizes some of the available data with
regard to treatment efficacy for sunitinib, sorafenib, and
pazopanib in elderly patients [19, 23–30]. The available
data from the EAPs of sunitinib and sorafenib showed that
efficacy was similar in patients older than 65 years
(sunitinib) and 70 years (sorafenib) compared to younger
patients [23, 25, 30, 31].

Evidence from retrospective cohort studies shows similar
efficacy for TKIs in elderly patients. Results from the retro-
spective study by Hutson et al. in 202 patients older than
70 years who received first-line sunitinib showed no differ-
ences with regard to overall survival (25.6 vs. 23.6 months in
patients <70 years) or PFS (11 vs. 9.9 months in patients
<70 years) [26]. Analysis by age in groups of patients resistant
to cytokines showed comparable results. However, there was
a trend towards higher toxicity in patients older than 70 years
[26]. Small retrospective studies in which the mean age of
patients was between 61 and 66 years also showed a higher
tendency for grade 3 and 4 toxicities in the elderly population
[27, 28].

Likewise, for sorafenib, an analysis of six randomized trials
and two EAP trials totaling 4684 patients showed a similar
toxicity profile for patients older than 75 years, but these pa-
tients had a higher incidence of grade 3 and 4 toxicities
(Table 2) [32].

In a small retrospective study comparing sunitinib with
sorafenib among 15 elderly patients, no statistically significant

mRCC

Temsirolimus*

Poor prognosisGood/intermediate prognosis

VEGFR-TKI or mAb-VEGF-A+IFNα

mTOR inhibitorVEGFR-TKI

*Temsirolimus is recommended for patients with 3-6 poor prognosis factors

Fig 1 Management algorithm in
metastatic RCC [2]
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differences with regard to dose adjustments were observed
[33]. There was a trend towards more frequent skin toxicity
in patients who received sorafenib, while subjects treated with
sunitinib weremore likely to develop hematological toxicities.
Regarding management of toxicities in elderly patients, data
suggest that an adapted dose (a reduction in dose and/or
scheduled dose compared to the standard regimen) results in
less need for dose reduction (41.9 % for the adapted regimen
vs. 66.7 % for the standard regimen), with similar PFS and
overall survival (OS) [34]. These data are consistent with the
results from the RAINBOW study and a sunitinib titration
study. The RAINBOW study tested an adapted dose and
schedule of sunitinib in patients with RCC, showing that a
2/1 schedule resulted in fewer toxicity events than the conven-
tional 4/2 schedule [35]. Similar results obtained in other trials
provide overall support to the notion that a modified schedule
is less toxic and equally effective [36]. These approaches are
particularly interesting for elderly patients more prone to de-
veloping side effects with treatment.

3.1 Conclusions

Phase III studies show no differences in either efficacy or
toxicity in subjects older and younger than 65 years who meet
the eligibility criteria (fit elderly patients). Retrospective stud-
ies, however, suggest that there is greater toxicity in patients
over 70 years of age.

Efficacy is similar across the different TKIs, and is inde-
pendent of age, with sunitinib having a greater amount of
available evidence than other TKIs, and what seems to be a

tendency towards higher efficacy. Further studies are needed
to confirm these results.

3.2 Recommendations

Standard management for elderly patients with advanced
RCC should follow the same criteria applied to the general
population, considering classic factors such as prognostic
groups and histological subtypes, among others. Because
these patients are more prone to toxicity events, close
follow-up is required. Alternative dose and schedule regimens
with similar efficacy but less toxicity may be considered.

4 ECOG 2

Poor performance status is associated with poor prognosis in
clinical trials, both in the cytokine era and with modern ther-
apeutics [37].

Furthermore, low performance status is one of the most
common reasons for ineligibility for clinical trials. For exam-
ple, in the study by Heng et al., poor performance status was
the single most frequent ineligibility factor, affecting 13 % of
the 2210 patients with RCC screened for inclusion [38]. In
addition, compared to the study-eligible population, these pa-
tients had worse PFS and OS [38, 39].

Because patients with ECOG 2 are generally not enrolled
in clinical trials, treatment recommendations are based on data
from EAPs [23, 25]. These studies show a worse outcome in
these patients for both sunitinib and sorafenib, with decreased

Table 2 Summary of treatment results in elderly patients from clinical trials and retrospective studies

Clinical trials and expanded access programs

Agent Design Age cut-off
(years)

No. of patients > 65
years

RR PFS (months) Comments

Sunitinib [19] Phase III 65 275 11 11-month PFS in ITT population

Sunitinib [25] EAP 65 1414 17 % 11.3 RR and PFS of 17 % and 11.9 months in ITT
population

Sorafenib [23, 30] EAP 70 537 4 % 8 RR and PFS of 4 % and 6.5 months in the
ITT; US and EU data combined

Retrospective studies

Agent Design Median/mean
age

No. of patients OS PFS (months) Comments

Sunitinib [26] Retrospective
(pooled analysis)

73 202 25.6 10.9 Grade ≥3 AEs occurred in 76 % of patients
aged <70 years and 90 % of patients aged
≥70 years

Sunitinib [27] Retrospective 61 19 – 11 12 patients (63 %) developed grade 3 AEs

Sunitinib [28] Retrospective 66 34 26.3 12.2

Sunitinib [24] Retrospective 70 68 18.3 13.6 Dose reduction needed in 69.1 % up front or
soon after first cycle

Pazopanib [29] Retrospective 65 31 – 7.4 All patients had previously received sunitinib;
19 % of patients developed grade ≥3 AEs

AE: adverse event; EAP: expanded access program; ITT: intention-to-treat; OS: overall survival; PFS: progression-free survival; RR: response rate
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PFS, OS, and disease control. The updated results of the su-
nitinib EAP revealed a median PFS of 3.9 months for patients
with ECOG 2 (600 patients) compared to 9.5 months for the
entire study population [25]. Likewise, in the sorafenib EAP,
the disease control rate was substantially lower (51.9 %) in
ECOG 2 patients compared with patients with performance
status of 0 (80 %). These patients also showed a higher inci-
dence of adverse events—specifically, hand-foot skin reac-
tions of any grade, diarrhea, and hypertension [23].

4.1 Conclusions

Patients with ECOG ≥2 have a worse prognosis and are under-
represented in clinical trials. In addition, the efficacy of avail-
able treatments is lower in these patients, and toxicity may be
increased.

4.2 Recommendations

Treatment of patients with ECOG ≥2 should be individualized
and should take into account other prognostic factors in order
to establish the best therapeutic option. Symptom manage-
ment and reduction of potential toxicities should be the first
priority of treatment. Reduced dose regimens as well as dif-
ferent dosing schedules could be considered.

5 Brain Metastases

According to a recent study, brain metastases occur in approx-
imately 8 % of patients with RCC, with only 24 % of those
having exclusively brain metastases [40]. In general, these
patients are excluded from enrollment in clinical trials. For
this reason, data regarding the efficacy and safety of drugs in
this setting come from EAPs.

Preclinical results have shown that these drugs can pass
through the blood-brain barrier (BBB) [41], and so there have
been reports of brain metastases from RCC that have
responded to sunitinib [42, 43]. A retrospective study of pa-
tients treated from 2008 to 2010 with either cytokines or TKIs
showed that the median time to development of brain metas-
tasis was 1.6 months longer for patients treated with a TKI
than those who received cytokines, thus suggesting, at least
indirectly, a protective effect [44]. Indeed, in prospective stud-
ies, the incidence of new brain metastases has been shown to
be lower in patients treated with sorafenib compared to place-
bo, although the evidence is limited [45].

Data for sorafenib and sunitinib in patients with brain me-
tastases is presented in Table 3.

With sorafenib, there are data in a cohort of 70 patients with
brain metastases, most of whom had not undergone a nephrec-
tomy, which showed a lower response rate than expected for
the general RCC population [30]. With regard to sunitinib, the

EAP included 213 patients with brain metastases among a
total of 3464 patients. In the trial, 12 % of the patients
achieved a partial response, 52 % had stable disease at
3 months, and 64 % demonstrated clinical benefit [45].
While this was not a comparative trial, the results were worse
than for the general RCC population. However, there were no
differences in adverse events between patients with and with-
out brain metastases. In particular, the incidence of bleeding
was very rare in these patients [45]. With regard to pazopanib,
the evidence is limited to single case reports [46].

In a retrospective study including 65 RCC patients with
brain metastases, results showed that the combination of sys-
temic therapy and local treatment (radiotherapy) did not ap-
pear to increase the risk of cerebral hemorrhage [47]. In this
study, a multimodal approach was not associated with an ex-
cess of neurological adverse events. The study also found that
clear cell histology, favorable Memorial Sloan Kettering
Cancer Center (MSKCC) risk status, and solitary brain metas-
tasis were associated with more favorable OS [47]. This cor-
responds with findings from the International Metastatic
Renal Cell Carcinoma Database Consortium, which collected
data from 705 patients, 15 % of whom had brain metastases,
among which 12 % had a good prognosis according to the
Heng criteria [48]. Most of these patients had received sys-
temic treatment with sunitinib (n=77) and some form of local
treatment such as whole-brain radiotherapy (81 %). In multi-
variate analysis, patients with poor performance status
(Karnofsky<80 %), time from diagnosis to TKI treatment of
less than 1 year, and more than four brain lesions showed
worse survival [48].

5.1 Conclusions

Available evidence suggests that brain metastases predict a
worse prognosis.

The current data suggest that TKIs diffuse through the
BBB. Results from the substantial number of patients treated
in EAPs show that sunitinib (12 % response rate) and sorafe-
nib (4 % response rate) are effective in this setting. In partic-
ular, sunitinib has been shown to delay the onset of brain
metastases, and could be considered the preferred systemic
treatment for these patients.

With regard to toxicity, the overall toxicity pattern in pa-
tients with brain metastases is similar to that for other patients.
As with most cancer types, local treatment is also critical for
control of brain metastases.

5.2 Recommendations

Brain metastases should not be cause to withhold or delay
treatment for a patient with RCC. Surgical resection and/or
radiosurgery contribute to prolonged survival. As most pa-
tients harbor life-threatening extracranial metastases, systemic
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treatment may theoretically play a role in the management of
these patients, although more data are needed to confirm the
clinical impact of TKI therapy.

Systemic treatment with a TKI should be offered to these
patients as part of multidisciplinary care. While there are cur-
rently no data from randomized trials, sunitinib has the
greatest body of evidence, and it should be considered the first
choice in patients with a good prognosis. Local treatment is of
paramount importance, particularly for patients with solitary
lesions. Figure 2 depicts a proposed algorithm to manage pa-
tients with RCC and brain metastases.

6 Heart Disease

Cardiac toxicity is one of the most common toxicities in cur-
rent treatments for patients with RCC. This side effect is re-
lated to the predominant mechanism of action of these drugs,

which is based on angiogenesis inhibition. Table 4 summa-
rizes the target toxicity and the putative mechanism of action
implicated in side effects observed with angiogenesis inhibi-
tors [49].

The most common side effect is arterial hypertension;
grade 3 events have been reported in 8 %, 4 %, and 8 % of
patients treated with sunitinib, sorafenib, and pazopanib, re-
spectively [50].

Other, less common toxicities include left ventricular dys-
function, congestive heart failure, elevated troponin and crea-
tine phosphokinase levels, and changes in electrocardiogram
[49]. In recent updates from the SWITCH and COMPARZ
trials, the overall occurrence of cardiac events was similar
among the drugs tested [22, 51]. The SWITCH study assessed
the sequential treatment of mRCC patients with sunitinib
followed by sorafenib, or vice versa, and found no difference
in the incidence of cardiac adverse events. Likewise, in the
pazopanib versus sunitinib comparative COMPARZ study,

Table 3 RCC and brain
metastases: results from sorafenib
and sunitinib studies

Agent Trial Subgroup Efficacy assessment

Sunitinib [25] EAP Brain Metastasis

No

Yes (n=70)

PFS (months)

10.9

5.6

Sorafenib [30] EAP Brain Metastasis

No

Yes (n=321)

Clinical benefit*

84 %

72 %

All

(sunitinib, sorafenib, bevacizumab,
and temsirolimus) [48]

Retrospective analysis
from 7 centers

Brain Metastasis

No

Yes (n=106)

PFS (months)

11.4

8.7

EAP expanded access program, PFS progression-free survival, RCC renal cell carcinoma

*Clinical benefit: complete response + partial response + stable disease

Fig. 2 Management algorithm
for brain metastases
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the incidence of myocardial infarction or ischemia was 2 %
for pazopanib and 4 % for sunitinib (not significantly dif-
ferent) [22].

One important issue, at least for sunitinib, is that the rate of
cardiac events is similar after any administered cycle, suggest-
ing that the risk for this toxicity is not cumulative; on the other
hand, continuous surveillance is needed [52].

6.1 Conclusions

Cardiac toxicity is a class effect for TKIs. The spectrum of
potential cardiac events associated with TKIs and other angio-
genesis inhibitors is broad. Elevated BP is probably the most
common effect and, if not controlled, may lead to more severe
cardiac damage. Proper diagnosis and management are
critical.

6.2 Recommendations

From a practical perspective, it is important to achieve ade-
quate BP control before starting RCC treatment and to monitor
BP and cardiac function throughout the treatment course, fol-
lowing current management guidelines for these events [53].

For patients with left ventricular ejection fraction (LVEF)
<50 % or severe cardiac problems, there are no data
supporting the administration of a TKI. In patients with
LVEF ≥50 %, treatment can be administered on an individual
basis with close monitoring (LVEF assessment prior to each
cycle) and in consultationwith a cardiologist. This recommen-
dation is based on the low frequency of cardiac toxicity as well
as its reversibility.

Patients with an acute cardiac event within the previous six
months, NewYork Heart Association grade III heart failure, or
uncontrolled high BP should not be treated with TKIs.

7 Renal Failure

Approximately one third of patients with metastatic RCC
present with renal failure, defined as plasma creatinine levels
>1.9 mg/dL or creatinine clearance <30 mL/min. The

presence of renal failure is associated with elevated creatinine
levels (55–70 %), proteinuria (11 %), hyponatremia,
hypophosphatemia, and altered electrolyte levels [2].
However, neither the package insert nor the clinical experi-
ences limits the use of targeted agents in patients with renal
failure. It is worth mentioning that sunitinib, sorafenib,
pazopanib, and temsirolimus are mainly metabolized in the
liver [20, 54–58].

Patients with chronic renal failure have a 40- to 100-fold
increased risk of needing dialysis than the general population
[59]. Evidence is scarce on the use of new targeted therapies in
RCC patients on dialysis. A retrospective report of six patients
treated with sunitinib showed similar efficacy and toxicity
profiles among patients undergoing dialysis and those with
normal renal function [60]. The package insert for sunitinib
notes that the drug and its active metabolite are not cleared by
hemodialysis in patients with end-stage renal failure; however,
systemic exposure in these patients was found to be 47 % and
31 % lower for sunitinib and its active metabolite, respective-
ly, when compared to subjects with normal renal function [7].
The report by Izzedine on six patients, however, suggests that
classic administration of 50 mg/day for 4 weeks is well toler-
ated in dialysis patients, reaching plasma concentrations and
showing a pharmacokinetic profile similar to that seen in pa-
tients with normal renal function [59]. Treatment of RCCwith
sorafenib in patients undergoing dialysis is limited to the re-
port by Maroto et al. of two patients who tolerated the treat-
ment well, presenting only with high BP as a major adverse
event [61].

7.1 Conclusions

Although all TKIs can reduce renal function in patients with
already impaired function, these agents can be safely used in
patients with mRCC.

Evidence about the use of TKIs in patients undergoing
dialysis is limited; however, the results suggest that the
efficacy and tolerability profiles of TKIs do not differ
between patients with normal renal function and those
on dialysis.

Table 4 Principal cardiac toxicities for RCC treatments with targeted therapies [49]

Cardiac Event Drug Frequency Mechanism Reversibility

Contractile dysfunction Bevacizumab
Sunitinib
Sorafenib

Low
Low
Rare

Hypertension
Mitochondrial dysfunction

After stopping therapy, partial unknown

Hypertension All angiogenesis inhibitors Moderate
dose dependent

Endothelial dysfunction Unknown

Thromboembolism All angiogenesis inhibitors Moderate Endothelial dysfunction Variable

Arrhythmia/QT Prolongation Sunitinib Rare HERG K + blockade Mostly, after stopping therapy

QT chemotherapy, RCC renal cell carcinoma
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7.2 Recommendations

In patients with mild or moderate renal failure, there are no
contraindications to administration of a TKI. However, in pa-
tients with severe renal failure, there is a risk of higher toxicity
as well as the need for dialysis, and treatment should be highly
individualized in these patients.

TKIs can be administered to patients undergoing dialysis,
but other, less nephrotoxic agents and other alternatives
should always be considered.

8 Non-Clear Cell Histology

Up to 25 % of patients with RCC have non-clear cell histolo-
gy. This spectrum includes type 1 (5 %) and type 2 (10 %)
papillary tumor, chromophobe (5 %), and oncocytoma (5 %)
subtypes [62].

These tumors are characterized by mutations in genes such
as c-MET and fumarate hydratase (FH) that are involved in
HIF1α and mTOR signalling. Thus, from a mechanistic per-
spective, targeting non-clear cell RCC with TKIs and mTOR
inhibitors fits within the described pathological pathway of the
disease.

The only agent that has been tested in pivotal clinical trials
in patients with non-clear cell histology is temsirolimus, and
that study demonstrated PFS and OS of 7 and 11.6 months,
respectively, in this patient subset [63]. PFS and OS in patients
with non-clear cell histology in this study were not significant-
ly different from those with clear cell histology [63]. With
regard to everolimus, the phase II RAPTOR study in patients
with papillary histology aimed to determine the proportion of
patients with progression-free status at 6 months. The investi-
gators reported 6-month PFS of 56.8 % and median PFS of
7.8 months, while the centralized review indicated PFS of
34.1 % and median PFS of 3.9 months. The median survival
was 20 months [64].

A retrospective analysis was conducted in 85 patients with
non-clear cell or sarcomatoid histology who received mTOR
inhibitors (temsirolimus: n=59; everolimus: n=27) at the
MSKCC between 2007 and 2013 [65]. Of the 82 patients
assessable for response, four of the 23 with sarcomatoid his-
tology (17 %) and 14 of the 59 with non-clear cell histology
(24 %) demonstrated a partial response or stable disease for
≥6 months. Median PFS was 2.9 months across the whole
cohort, 2.8 months in those with non-clear cell disease,
and 3.5 months in those with sarcomatoid histology.
Median OS in these three cohorts was 8.7, 9.1, and
8.2 months, respectively [65].

The EAP for sunitinib evaluated 437 patients with RCC
and non-clear cell histology, and showed a clinical benefit of
68 %, with PFS of 7.8 months and OS of 13.4 months [25]. In
the phase II SUPAP trial, patients with untreated type 1 and 2

papillary renal cell cancer received sunitinib as a single agent
following a standard regimen. The results demonstrated me-
dian PFS and OS of 6.6 and 17.5 months, respectively, for
patients with type 1 tumors, and 5.5 and 12.4 months, respec-
tively, in patients with type 2 tumors [66]. Similarly, a recent
retrospective study in 63 patients receiving sunitinib for RCC
showed PFS of approximately 7 months in those with papil-
lary histology (88 % of patients enrolled) [67].

The sorafenib pivotal trials included only patients with
clear cell histology [23, 30]. The data for other subtypes come
from the EAP. In the US program, a total of 107 patients with
papillary cancers and 20 with chromophobe tumors were en-
rolled. This study showed a low partial response rate of 3 %
and 5%, respectively, but a high disease control rate of greater
than 80 % [30]. In the European study, the overall PFS for
these patients was 6.6 months, with a 78% disease control rate
at 12 weeks [23].

Three head-to-head comparative studies have investigated
sunitinib versus everolimus in patients with non-clear cell
RCC. The RECORD-3 study included a subgroup of 76 pa-
tients with non-clear cell tumors who were randomized to
everolimus or sunitinib. PFS was 7.2 months for sunitinib
versus 5 months for everolimus [68]. More recently, Tannir
et al. presented a study comparing everolimus and sunitinib in
the first-line setting for patients with non-clear cell histology
of any type. The results showed that sunitinib resulted in lon-
ger PFS (6.1 months) and OS (16.1 months) compared to
everolimus (4.1 and 14.1 months, respectively), although
these differences were not statistically significant [69]. In ad-
dition, the final clinical results of a randomized phase II trial of
everolimus versus sunitinib in patients with metastatic non-
clear renal cell carcinoma (ASPEN trial) were presented at
ASCO 2015 [70]. The ASPEN study was an international
randomized trial of patients with metastatic RCC of papillary,
chromophobe, or unclassified histology. Patients were ran-
domized 1:1 to everolimus or sunitinib until progression,
and the primary endpoint was radiographic PFS (rPFS).
One hundred and eight patients were enrolled, and the re-
sults showed prolonged rPFS with sunitinib relative to
everolimus in these patients (8.3 months vs. 5.6 months,
HR 1.41; p= 0.16, assuming a two-sided type I error rate
of 0.20) [70].

Finally, in a recent phase II study presented byMcKay et al.,
patients with sarcomatoid RCC were treated with sunitinib and
gemcitabine. OS was 10months and the stable disease rate was
38 % (15 patients). Interestingly, increased sarcomatoid histol-
ogy (>10 %) correlated with an improved clinical benefit [71].
Table 5 shows the results of studies by subtype.

8.1 Conclusions

RCC of non-clear cell histology is a heterogeneous and bio-
logically distinct group of neoplasms. The current

Targ Oncol (2016) 11:129–141 137



armamentarium for treating RCC provides a large repertoire
of therapeutic options, but the response of different histolog-
ical subtypes to individual agents may vary, and further re-
search is urgently needed. Most treatment decisions are based
on data from the EAPs of sunitinib, sorafenib, everolimus, and
temsirolimus.

The recent data from the SUPAP, ESPN, RECORD-3, and
ASPEN studies suggest that sunitinib is more effective than
mTOR inhibitors in this setting [64, 68, 70, 72]. For
sarcomatoid histology, the combination of chemotherapy
and sunitinib could represent a new treatment option.

Overall, however, the results in these patient subsets are
worse than in those with clear cell RCC, indicating that
further research is needed. Data indicate that c-MET ex-
pression is higher in papillary and sarcomatoid tumors than
in clear cell RCC [73], suggesting that c-MET inhibitors
may have a future role in the management of RCC with
non-clear cell histology.

8.2 Recommendations

For management of RCC in patients with non-clear cell
histology, sunitinib appears to be more effective than
everolimus for the papillary subtype. Indeed, there are no
clear data with regard to the preferred agent for these pa-
tients. Subjects with a high sarcomatoid component should
also be offered conventional chemotherapy, but in combi-
nation with a TKI.

9 Final Conclusions

With the introduction of TKIs and mTOR inhibitors, the treat-
ment of advanced RCC has changed dramatically. Based on
registration trials and approved indications, clear recommen-
dations have been established for managing a substantial pro-
portion of these patients. Some groups, however, including
elderly patients and patients with ECOG 2, brain metastases,
cardiac and renal comorbidities, and histology other than clear
cell carcinoma, are either not included or are poorly represent-
ed in pivotal trials.

Recommendations for these patients are less well
established, and have come fromEAPs, small phase II studies,
and clinical experience. The panel agreed that, despite the
relative scarcity of available data, these patients should be
considered for treatment with modern agents, since some sub-
groups may not experience greater toxicity or worse efficacy
than patients without these characteristics. Thus, individual-
ized patient management in the context of multidisciplinary
care teams, with special attention to drug selection and dose
and schedule modifications, are critical to achieving the safest
and most effective results. Further research is needed to clarify
how best to use new agents in treating patients with RCC who
are currently under-represented in randomized controlled tri-
als, as well as to explore novel approaches to treatment (such
as the c-MET inhibitors and immune checkpoint inhibitors
targeting programmed cell death 1 [PD-1] and cytotoxic leu-
kocyte antigen 4 [CTLA-4]) in order to further increase the
rate of survival in all patients with RCC.

Table 5 Summary data on non-clear cell histology

Subtype Study Agent RR SD 8 weeks PFS (months) Comments

Papillary type 1 SUPAP [66] Sunitinib 6.6

RAPTOR [64] Everolimus 7.6 14 patients included
Central ITT analysis

Papillary type 2 RAPTOR [64] Everolimus 3.7 50 patients included
Central ITT analysis

Papillary ARCC [63] Temsirolimus 5.9 25 patients included

EAP [30] Sorafenib 3 % 87 % 107 patients included

Non-papillary SUPAP [66] Sunitinib 5.5

Chromophobe EAP [30] Sorafenib 5 % 17 % 20 patients included

All ARCC [63] Temsirolimus 5.4 % 7.0 37 patients included

EAP [25] Sunitinib 7.8 588 patients included
PFS in the overall population:
10.9 months

Tannir et al. [69] Sunitinib 6.1

Everolimus 4.1

Clinical trial [63] Temsirolimus 7 PFS in clear cell subtype: 11.6 months

ASPEN [70] Everolimus 5 % 67 % 5.6

Sunitinib 4 % 61 % 8.3

EAP: expanded access program; ITT: intention-to-treat; PFS: progression-free survival; RR: response rate; SD: stable disease
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