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Renal cell carcinoma bone metastases:

clinical advances
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Abstract: Bone is a common site of metastatic spread in patients with advanced renal cell
carcinoma (RCC] occurring in around one-third of patients enrolled in clinical trials evaluating
modern systemic therapies for this disease. Until recently, limited systemic therapeutic
options were available for advanced RCC. Nowadays, a quiver of agents have demonstrated
activity, including compounds targeting the vascular endothelial growth factor (VEGF) axis and
those targeting the mammalian target of rapamycin (mTOR]. Despite a detailed biological
understanding of how these drugs work, their effect on bony metastases is less clear.

Data suggesting that bisphosphonates (namely zoledronic acid) benefit patients with bone
metastases from advanced RCC was gathered prior to the targeted therapy era; therefore,
there is some uncertainty about their role in patients on modern RCC therapies. This review
summarizes the current targeted therapies registered for use in advanced RCC and postulates
how some of them might affect the behavior of bone metastases. It also explores the data
available on the role of bisphosphonates for bone metastases from RCC, describes methods
of assessing response to therapy for bone metastases and delineates future expectations
for the treatment of bone metastases from advanced RCC.
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Introduction

Renal cell carcinoma (RCC) is the most common
malignancy of the kidney. In 2007, just under
58,000 people in the United States developed
RCC and 12,980 died from the disease [Jemal
et al. 2009]. The incidence of RCC has been
increasing by about 3% per year in North
Americans, with the highest rates now seen
among African Americans [McLaughlin and
Lipworth, 2000]. Almost 30% of patients with
RCC present with metastatic disease, and fur-
thermore, about 40% of patients who undergo
resection of their primary with curative intent
will relapse with disseminated disease [Motzer
et al. 1996].

Bone is the second most common site of distant
metastatic spread (following lung) in patients
with advanced RCC. About one-third of patients
in modern randomized trials of targeted therapies
for advanced RCC have bone metastases [Rini
et al. 2008; Motzer er al. 2007, 2008].
Furthermore, when patients progress on first-
line therapy, the prevalence of bone metastases

seems to increase, raising the possibility of the
bones being a poorly controlled site of spread in
this disease [Patil er al. 2009]. In one series of
103 patients with advanced RCC, of those with
bone metastases, the most common sites of
boney involvement were the pelvis and ribs
(48%), followed by the spine (42%), then the
long bones and skull [Zekri ez al. 2001].

The mechanisms responsible for tumor growth in
bone are complex and involve tumor driven stim-
ulation of the osteoclasts, osteoblasts and other
components of the bone microenvironment.
Contrary to the pattern in some other tumor
types such as prostate cancer, bone metastases
from RCC are predominantly osteolytic and
associated with bone destruction. In the afore-
mentioned series, 71% of bone lesions evaluable
by radiologic assessment were osteolytic with the
remainder being either osteoblastic or mixed
[Zekri er al. 2001].

Metastatic bone disease causes significant mor-
bidity through skeletal related events (SREs),
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defined as a pathological fracture; surgical inter-
vention (to treat or prevent an impending frac-
ture); requirement for palliative radiotherapy to
bone; spinal cord compression; or hypercalcemia
of malignancy. In the series from Zekri and col-
leagues, palliative radiotherapy to bone was
required in more than 80% of patients with
bone metastases, and long-bone fractures
occurred in at least 40% of patients. Therefore,
bone metastases from RCC can be responsible
for some of the most devastating complications
in the advanced stage of this malignancy.

A retrospective review of 58 patients with
advanced RCC receiving first-line systemic ther-
apy with sorafenib showed that patients with bone
metastases had a poorer prognosis than those
patients without bone disease. The median pro-
gression free survival (PFS) was 11.2 months
(95% confidence interval [CI] 7.4—13.2) for
patients without bone metastases (z=36) at the
time of commencing treatment versus 4.7 months
95% CI 3.6—7.4) among patients with bone
metastases (=22, log rank test p=0.002). Cox
regression proved that the presence of bone
metastases was associated with shorter PFS after
adjusting for other prognostic factors (p=0.02)
[Riechelmann er al. 2008]. A recent analysis of
variables among RCC patients receiving first-
line therapy with either sunitinib or interferon-
alpha in a randomized trial [Patil er al. 2009]
also confirmed that the presence of bone metasta-
ses was a poor prognostic feature in addition to
those previously described [Motzer er al. 1999].

Current systemic therapy for RCC

Until recently, the main treatment options for
patients with advanced RCC were interleukin
(IL)-2 and interferon-alpha, which have some-
what limited efficacy in this disease. High-dose
IL-2 therapy can rarely induce a durable com-
plete response and interferon-alpha provides
only a modest survival advantage in patients
with RCC. Prior to the targeted therapy era,
there were no other viable systemic treatment
options for patients who were ineligible for, or
unable to tolerate these cytokines [Negrier er al.
1998; Fyfe et al. 1995].

The targeted therapy era has revolutionized the
systemic approach to the treatment of advanced
RCC. The following agents have been registered
for the treatment of patients with advanced RCC by
the United States Food and Drug Administration
(FDA). A summary is presented in Table 1.

Sunitinib

Sunitinib is an orally administered tyrosine kinase
inhibitor (TKI) for a number of receptors includ-
ing vascular endothelial growth factor receptor
(VEGFR) types 1-3, platelet-derived growth
factor receptor (PDGFR), stem cell factor recep-
tor (KIT), FMS-like tyrosine kinase 3 (Flt-3),
colony stimulating factor receptor type 1 (CSF-
1R), and the glial cell-line derived neurotrophic
factor receptor (RET). FDA approval of sunitinib
followed the results of a phase III trial which
randomized 750 treatment-naive patients with
advanced RCC to either sunitinib or interferon-
alpha. The median PFS was more than doubled
in the sunitinib arm (11 months versus 5 months,
p<0.001) [Motzer et al. 2007]. Final overall sur-
vival (OS) data has subsequently been published
[Motzer et al. 2009]. On the intention-to-treat
analysis the median OS was 26.4 versus 21.8
months (p=0.013 per unstratified Wilcoxon
test) favouring sunitinib. When patients who
received post-study treatments were excluded
from the analysis (56% of patients on the suniti-
nib arm and 59% of patients on the interferon-
alpha arm received post-study treatment), the
median OS difference appeared to be pro-
nounced (28.1 months wersus 14.1 months,
»=0.003).

Sorafenib

Sorafenib is also an orally administered multi-
TKI, which differs from sunitinib in that it also
inhibits Raf kinase. Its registration followed the
results of a phase III trial which randomized 903
patients with metastatic RCC, who had pro-
gressed on immunotherapy, to either sorafenib
or placebo. The median PFS was almost doubled
in the treatment arm (5.5 versus 2.8 months)
[Escudier ez al. 2007a]. In an analysis of this
trial, which censored patients who crossed over
from placebo to sorafenib, the median OS for
patients receiving sorafenib was 17.8 versus 14.3
months for placebo (hazard ratio [HR] 0.78,
p»=0.0287) [Bukowski ez al. 2007].

Bevacizumab

Bevacizumab (an intravenously administered
anti-VEGF antibody) has demonstrated benefit
in a phase III trial which randomized 649 treat-
ment naive patients with advanced RCC to either
interferon-alpha alone or interferon-alpha plus
bevacizumab. The median PFS was almost
doubled in the combination arm (10.2 versus 5.4
months, p=0.0001) [Escudier et al. 2007Db].
Another similarly designed phase III trial
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Table 1. Summary of phase Il randomized trials of targeted therapy in patients with advanced renal cell carcinoma (RCC).

randomized 732 treatment naive patients to
receive either of the aforementioned treatment
regimens. The combination therapy arm
with bevacizumab had a higher median PFS
(8.5 wersus 5.2 months, p <0.0001) when com-
pared to the interferon monotherapy arm [Rini
er al. 2008].

Temsirolimus

Temsirolimus is an intravenously administered
mammalian target of rapamycin (mTOR) inhib-
itor. Its registration trial was a phase III trial of
626 patients with metastatic RCC with poor to
intermediate prognostic characteristics who were
randomized to either temsirolimus or interferon-
alpha or the combination of both. The temsiroli-
mus-alone arm was associated with an improved
OS compared to interferon-alpha alone (HR
0.73, 95% CI 0.58—0.92; p=0.008) [Hudes
er al. 2007].

Everolimus

RADO001 (Everolimus) is an orally available
mTOR inhibitor and the most recent agent to
be FDA registered. It was evaluated in a phase
IIT placebo-controlled trial with patients who had
progressed following treatment with either suni-
tinib, sorafenib or both. Results following early
termination of the trial showed a significant
median PFS difference favoring the everolimus
arm (4.0 versus 1.9 months, p <0.001) [Motzer
et al. 2008]. It is therefore the only agent with
phase III trial evidence of activity in the
second-line setting following treatment with an
anti-VEGFR multi-TKI.

Trial limitations

In all of the aforementioned randomized trials,
patients were required to have measurable disease
in order to be eligible. Bone metastases are not
considered to be measurable by RECIST criteria
and in fact are difficult lesions to assess response
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to therapy by imaging, as they tend to change in
radiological appearance rather than in size
[Clamp et al. 2004]. We therefore do not have
specific data from the above-mentioned trials
directly looking at how bone metastases respond
to these new targeted therapies.

Bisphosphonates for bone metastases

from RCC

Bisphosphonates have radically altered the man-
agement of bone metastases from a variety of
malignancies by reducing or significantly delay-
ing the occurrence of SREs. Bisphosphonates
bind selectively to bone at sites of active mineral
deposition and, once incorporated into bone
mineral, act as specific inhibitors of osteoclast-
mediated bone resorption [Fleisch, 2002].

The most convincing data in the RCC population
comes from a subset analysis of a randomized
trial which enrolled patients with bone metastasis
from solid tumors other than breast or prostate
cancer [Rosen er al. 2003]. There were 773 such
patients randomized to receive either zoledronic
acid or placebo via a 15-minute infusion every 3
weeks for a total of 9 months. Of these, 74 had
advanced RCC. Initial randomization included
two zoledronic acid dosing groups of either 4 or
8mg but then because of nephrotoxicity
concerns the 8 mg group was switched to 4 mg
dosing. In the RCC subset, the proportion of
patients randomized to the placebo group who
experienced an SRE was higher than for patients
with other malignancies, further exemplifying the
aggressiveness of bone metastases from RCC.
Over the total trial duration, 74% of RCC
patients in the placebo arm experienced an SRE
compared to only 44% in the total trial
population.

Specific results from the subset of RCC patients
in this trial have been published separately
[Lipton ez al. 2004]. There were 46 RCC patients
treated with either 4mg of zoledronic acid
(n=27) or placebo (n=19). Over the course of
the 9-month trial the proportion of these patients
who suffered an SRE was reduced by 50% in the
treatment arm (37% wversus 74% with placebo,
p=0.015). Zoledronic acid also significantly pro-
longed the time to first SRE (median not reached
at 9 months wversus 72 days for placebo,
p=0.006). Furthermore, zoledronic acid signifi-
cantly reduced the annual incidence of SREs by
21% (mean 2.68 versus 3.38 events per year for
placebo, p=0.014) and significantly reduced the

risk of developing a SRE by 61% compared with
placebo by multiple event analysis (risk
ratio=0.394, p=0.008). Finally, the median
time to progression of bone lesions was also sig-
nificantly extended with zoledronic acid treat-
ment (p=0.014). Zoledronic acid is therefore
the first bisphosphonate to significantly diminish
skeletal morbidity and delay the progression of
bone lesions in patients with advanced RCC.
Provisional results from a 21-month extension
phase of the above trial confirmed the benefit of
zoledronic acid in this population and show that
the median time to first SRE in the 4 mg zoledro-
nic acid arm was 442 days (compared to 72 days
for placebo, p =0.007) [Lipton ez al. 2004].

Provisional results have recently been presented
on a series of 51 patients with advanced RCC and
bone metastases who were all treated with zole-
dronic acid (4 mg) every 3 weeks and followed for
54 weeks. Thirteen (26%) of these patients suf-
fered a SRE [Tunn er al. 2009]. Although the
above data strongly suggest that benefit can be
conferred to patients with advanced RCC and
bone metastasis by the administration of bispho-
sphonates, we must remember that the rando-
mized data are only a subset analysis and the
patient numbers studied are relatively small.
For this reason, bisphosphonate funding for
these patients has lagged behind the funding of
these drugs for patients with other malignancies,
such as breast and prostate cancer, in many
countries. Furthermore, the data on bisphospho-
nates in this condition come from the era prior to
the widespread use of targeted therapies. The
role of bisphosphonates in the modern era of tar-
geted therapy for advanced RCC and bone
metastases is therefore somewhat unclear.

Rationale for activity on bone metastases of
targeted therapy in use for RCC

Many of the targeted therapies in use or develop-
ment for advanced RCC inhibit either VEGF or
its receptor function. There is some biological
rationale for the use of these drugs specifically to
control bone metastases. One study has investi-
gated the i wvirro inhibitory effects of sunitinib
against CSF-1R phosphorylation as well as osteo-
clast formation and function in tumor-bearing
mice [Murray er al. 2003]. CSF-1R is thought
to potentiate invasion of malignant tumours
[Wrobel er al. 2004]. In this study, phosphoryla-
tion of CSF-1R was indeed inhibited by
sunitinib. Inhibition of osteolysis was confirmed
by significant lowering of serum pyridinoline

78

http://tam.sagepub.com



C Sahi, JJ Knox et al.

levels following sunitinib treatment and bone
tumor growth was stunted as evidenced by biolu-
minescence imaging. While VEGF has been
demonstrated to be over-expressed in actual
bone metastases from breast cancer patients
[Ooi ez al. 2007], this does not seem to be a prom-
inent feature of RCC bone metastases. In fact, one
series of 20 cases showed that VEGFR-2 protein
expression fell from 35% in the primary specimen
to 10% in the bone metastases suggesting a phe-
notypic change during progression to the bones
[Badalian er al. 2007]. Several other receptors
have been implicated in mediating the activity of
bone metastases in advanced RCC, namely trans-
forming growth factor-beta 1 (TGF-beta 1) and
epidermal growth factor receptor (EGFR) [Weber
etal. 2007; Kominsky ez al. 2007]. The chemokine
macrophage inflammatory protein-1 delta (MIP-
1 delta) was found to be increased in RCC bone
metastases compared to patient-matched primary
RCC tissue and this protein has been shown to
stimulate osteoclast precursor cell types and
enhance osteoclast activity as well as cause bone
resorption in murine models [Kominsky er al.
2008]. Therefore, there may be a number of path-
ways involved in the activity of bone metastases
from RCC that are not affected by any of the
anti-VEGF targeted therapies currently in use.

There are some preclinical data to suggest that
everolimus may have some activity in the bones.
This comes from the study of the administration
of everolimus in an ovariectomized rat model
which seemed to prevent the loss of cancellous
bone in association with decreased osteoclast-
mediated bone resorption [Kneissel ez al. 2004].
Further evaluation of the potential bone effects of
the m-TOR inhibitors in humans is planned.

Assessing the response of bone metastases
to therapy

As mentioned above, the radiological assessment
of the response to treatment of bone metastases
from any malignancy is difficult. Furthermore,
because the hard endpoint of SREs requires fol-
lowing large numbers of patients for a long period
of time in order to gather meaningful results, there
has been considerable interest in surrogate mar-
kers that can predict for SREs. Urinary N-
telopeptide (uNTX) is a peptide fragment of the
N-terminus of type I collagen, which is predomi-
nant in bone and is correlated with the presence of
metastatic disease. Its measurement has assumed
a role as such a marker [Broom ez al. 2007].

In one study of 121 patients with bone metastases
from various malignancies, patients with uNTX
levels higher than 100nmol/mmol creatinine
before initiation of bisphosphonate therapy had
a 19-fold increase in the relative risk of a SRE
during the first 3 months of therapy compared
to those patients with lower uNTX (<100 nmol/
mmol) [Brown ez al. 2003]. Logistic regression
analyses demonstrated that 84% of the SREs
that occurred in the first 3 months of treatment
could be predicted by uNTX measurements.

In a retrospective analysis of 1824 patients with
bone metastases from a variety of malignancies
who were receiving bisphosphonate therapy in
three randomized trials, uNTX levels and subse-
quent risk of SREs were assessed [Coleman ez al.
2005]. Most of these patients were receiving zole-
dronic acid. Patients receiving zoledronic acid
with uNTX higher than 100 nmol/mmol creati-
nine had a 2—3 times greater risk of experiencing
an SRE when compared to those with levels less
than 50 nmol/mmol. The risk of SREs associated
with  moderately elevated uNTX levels
(50—99 nmol/mmol) was also significantly
higher across all disease groups when compared
to patients with uNTX below 50 nmol/mmol. In
this analysis, there was also a significant correla-
tion between high uNTX levels and the relative
risk of death across all solid tumor groups.

Thus, a significant correlation exists between
uNTX and subsequent risk of SREs in a
number of solid tumors and because of this
ulNTX is used as an endpoint in many studies
that are designed to assess the effectiveness of
bone-specific antineoplastic therapies.

A prospective pilot study specifically designed to
assess the effect of the anti-VEGFR multi-TKIs
has recently been presented [Sahi ez al. 2009]. In
patients with bone metastases from RCC and at
least moderately elevated uNTX levels prior to
treatment with sunitinib or sorafenib, there was
significant trend to decrease uNTX levels during
12 weeks of therapy, but the fall was not as
quick nor as marked as typically seen with
bone-specific therapies such as bisphosphonates
[Sahi ez al. 2009].

As well as through causing SREs, bone metasta-
ses cause considerable morbidity through debili-
tating pain. Bone pain from metastases seems
unique in several ways. It has common clinical
features, such as a predilection to flare when
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weight is placed on the affected area, therefore
impacting on some aspects of daily function.
Bone pain may also affect how patients view
their disease, with new or increasing pain often
inciting anxiety about disease progression. The
Functional Assessment of Cancer Therapy —
Bone Pain (FACT-BP) is a 16-item brief scale
developed to assess cancer-related bone pain
and its effects on quality of life (QL); the higher
the aggregate score, the less the bone pain and/or
the better the QL. It has been prospectively vali-
dated in a group of 61 patients (from two simi-
larly designed trials) with metastatic breast
cancer and bone metastases, who switched
bisphosphonate therapies upon progression of
their bony disease [Broom ez al. 2009].

Future directions in the treatment of bone
metastases from RCC

Radiation is a common therapeutic modality used
for alleviating pain and other problems from
symptomatic bone metastases. There are early
emerging data examining the safety of concurrent
administration of multi-TKIs with radiotherapy.
One series of 12 patients treated with full-dose
sunitinib (50 mg daily) together with high-dose
radiotherapy to various sites (including the
spine), suggests that such a combination may be
relatively safe [Staehler er al. 2009]. Further
research examining such combined modality ther-
apy is underway. The safety and activity of the
combination of sorafenib and palliative radiother-
apy is being assessed in a phase I/II study in this
patient population. It is designed to examine the
reduction in pain from bone lesions and check
for toxicity.

There are also several novel classes of agents that
are undergoing clinical trial evaluation as bone-
specific antineoplastic therapies and therefore
these may have a role in the future management
of patients with RCC and bone metastases. These
include the RANK ligand inhibitors, cathepsin K
inhibitors and the Src kinase inhibitors.

Denosumab

Denosumab is a fully human monoclonal anti-
body to receptor activator of nuclear factor-
kappa B ligand (RANKL). RANKL is an integral
mediator of osteoclast differentiation and func-
tion. Cancer cells secrete a variety of cytokines
such as parathyroid hormone-related protein,
IL-6 and tumor necrosis factor-a that all promote
bone resorption in culture. The secretion of these
factors into the bone microenvironment has been

shown to enhance the production of RANKL via
their action on the surface of stromal osteoblasts
[Wittrant ez al. 2004]. RANKL can also be pro-
duced directly by tumour cells and is a member
of the TNF ligand family which binds to its
receptor, RANK, present at the surface of osteo-
clast precursors and mature osteoclasts, inducing
osteoclast  differentiation and activation
[Nakagawa er al. 1998]. RANKL is the protein
denosumab binds to and inhibits, thereby inhibit-
ing the excessive osteoclastic activity associated
with bone metastases. Denosumab is currently
being evaluated in a phase III double-blind, pla-
cebo-controlled trial which randomizes patients
with advanced cancer and bone metastases to
either subcutaneous denosumab or intravenous
zoledronic acid every 4 weeks. Patients with
RCC are eligible for this trial but not patients
with breast or prostate cancer as they are being
assessed in two separate identically designed
studies.

Odanacatib

Odanacatib is a selective inhibitor of cathepsin K,
a lysosomal cysteine protease that is highly
expressed in osteoclasts. Cathepsin K inhibition
is known to suppress osteolysis in preclinical
models of metastatic bone disease. A double-
blind randomized controlled trial (oral odanacatib
5 mg daily for 4 weeks versus intravenous zoledro-
nic acid 4 mg given once at study initiation) asses-
sing the safety and effectiveness of odanacatib in
reducing markers of bone remodeling in women
with breast cancer having bone metastases is cur-
rently being done. Preliminary results from this
study show that markers of bone resorption
(uNTX) were similarly suppressed after 4 weeks
of treatment in both arms (77% change with oda-
nacatib versus 73% change with zoledronic acid)
[Jensen ez al. 2008].

Dasatinib

Dasatinib is a molecule which inhibits Src kinase
and is also known to inhibit bone resorption
m ovitro and in rat models. Src kinases are
known to play a major role in osteoclast function.
A correlative study of bone metabolism on a
subset of patients enrolled in a phase II trial of
dasatinib in relapsed multiple myeloma has been
performed. Results from this small subset (seven
patients) showed that therapy with dasatinib in
such patients was associated with decreased
osteoclast function and no change in osteoblast
function (mean decrease in uNTX = 34.4% after
one cycle). No patient achieved an objective
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paraprotein response to dasatinib which suggests
it directly inhibits osteoclasts [Wildes er al. 2009].
There are also other Src kinase inhibitors being
studied in clinical trials.

Ongoing evaluation

Therefore, as well as the bisphosphonates, there
are a number of agents in varying stages of clin-
ical development that could potentially have a
role in the future management of this patient
population. However, prior to their trialing in
combination with the targeted therapies already
in widespread use for advanced RCC, we need to
further evaluate the effects on bone metastases
of these already registered agents alone.
Research of this nature will help clarify the
need for bone-specific therapies in the modern
targeted therapy era.

Conclusions

The widespread use of targeted therapies has
revolutionized the treatment of metastatic RCC.
For bone metastases from RCC specifically, the
third-generation  bisphosphonate, zoledronic
acid, is the only drug to date that has demon-
strated an ability to significantly delay or prevent
skeletal complications in these patients.
However, there is a paucity of data on bispho-
sphonates in RCC compared with other malig-
nancies where the development of bone
metastases is common (ie breast or prostate
cancer). Furthermore, the data on zoledronic
acid were obtained prior to the era of targeted
therapies, which may themselves transpire to
have some effect on bone metastases. This is cur-
rently being studied and depending on the find-
ings of this ongoing research, further evaluation
of bisphosphonates (or other novel bone-specific
therapies) in combination with the already regis-
tered targeted therapies may be required in this
malignancy which commonly causes catastrophic
skeletal complications. We also await with inter-
est the results of the trial comparing zoledronic
acid with denosumab in patients with bone
metastases, specifically as to whether or not
there is information embedded in this data that
is directly applicable to RCC patients. Further
data from other novel agents undergoing clinical
evaluation (Src kinase and cathepsin K inhibi-
tors) are also awaited.
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