
Abstract. Bone is the second most common metastatic site
in patients with renal cell carcinoma presenting with
metastases (mRCC) at diagnosis. Complications of
metastatic bone disease, including bone pain, fractures,
spinal cord compression, and hypercalcaemia, are the
primary cause of decline in the quality of life of patients with
mRCC. Currently, treatment for mRCC bone metastases is
generally palliative. Bisphosphonates are also used; however,
the efficacy of bisphosphonates in conjunction with targeted
agents is currently unknown. As growth factors play a
critical role in the development of bone metastases, there is
a biological rationale for the use of targeted agents to treat
them. We report here the case of two patients with mRCC
with surgically unresectable sacral bone metastases treated
with sunitinib, who are still alive with long-term stabilization
of metastases of 48 and 31 months. Results suggest targeted
agents such as sunitinib may be an effective treatment for
bone metastases.

Approximately 30% of patients with renal cell carcinoma
(RCC) present with metastatic disease (mRCC) at diagnosis;
of these, 20% have bone metastases (1). Bone metastases are
often one of the first signs of disseminated disease in cancer
patients (2), most frequently affecting the axial skeleton with
osteolytic lesions where bone resorption predominates over
new bone formation (3). Bone metastases are associated with
significant skeletal morbidity, including bone pain, fractures,
spinal cord compression requiring surgery, and
hypercalcaemia of malignancy (3). Complications from bone
metastases and their subsequent treatment are the primary

cause of decline in the quality of life of patients with mRCC
(3). Because mRCC is non-responsive to conventional
chemotherapy, radiotherapy and hormonal treatment,
traditional treatment for bone metastases associated with
mRCC has been largely palliative, consisting of pain relief
measures, prevention of pathological fractures, and
improvement of physiological function and mobility (4).

In the past, metastatic disease was associated with a poor
prognosis and a 5-year survival rate of less than 10% (5).
The development of targeted therapies for mRCC has
improved outcomes for patients considerably. Sunitinib
malate (SUTENT®, Pfizer Inc.) is an oral receptor tyrosine
kinase inhibitor that selectively inhibits vascular endothelial
growth factor receptors (VEGFR) 1, 2 and 3; platelet-derived
growth factor receptors (PDGFR) a and b; stem cell factor
receptor (KIT), FMS-like tyrosine kinase-3 receptor (FLT3)
and the glial cell line-derived neurotrophic factor (RET) (6-
9). In a pivotal phase III study, sunitinib significantly
increased progression-free survival (from 5 to 11 months)
compared with interferon-alpha (IFN-α) and extended
overall survival beyond two years in treatment-naïve patients
with mRCC (10). Sunitinib is now considered a reference
standard of care for the first-line treatment of mRCC in
patients with favourable and intermediate prognosis (11-12).

Growth factors such as PDGF and VEGF are players in
metastasis to bone (13). Cytokines and growth factors derived
from stromal cells as well as growth factors that are released
during the bone resorption process play a critical role in the
development of bone metastasis. PDGF is thought to stimulate
both bone resorption and angiogenesis (14) by regulating the
expression of cytokines such as interleukin (IL)-6 by
osteoblasts, or by direct action on osteoclasts (15). IL-6
expression in bone metastases of RCC has been associated with
hypercalcemia (16). VEGF and VEGF receptors also play an
important role in tumor growth by not only increasing
angiogenesis and growth of tumor cells but also by up-
regulating IL-6 and increasing osteoclast bone resorption (13).
Inhibition of growth factors may potentially block bone
destruction and decrease tumour burden within bone (13).
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Support for the role of VEGFR in bone metastases is also
provided by a recent study which identified several biomarkers
associated with the occurrence of bone metastases in patients
with RCC (17). These included VEGFR-1, VEGFR-2, hypoxia-
inducible factor-1 alpha (HIF-1α), plasminogen activator (uPA)
and plasminogen activator inhibitor-1 (PAI-1) (17).

As such, targeted agents may have a role to play in the
treatment of bone metastases. Here, we report two cases of
patients with RCC with surgically unresectable sacral bone
metastases, treated with sunitinib.

Case Reports

Case 1. In October 1995, a 49-year-old female patient was
treated by left radical nephrectomy for clear cell
adenocarcinoma of the kidney, Furhman II, pT2. The patient
was determined to be at favourable prognostic risk as defined
by the Memorial Sloan-Kettering Cancer Centre (MSKCC)
criteria and had a European Cooperative Oncology Group
performance status (ECOG PS) of 0. 

Ten years later, the patient was re-hospitalised with radicular
lumbosacral pain of the both lower limbs and impaired
sphincter function. Bone scintigraphy demonstrated pathological
bone uptake in the sacrum. The chest computed tomography
(CT) scan was normal. A CT scan of the lumbosacral region of
the spine demonstrated an osteolytic lesion with a fracture of
the S1 vertebra as well as a tilting of the S1 plateau. The
corresponding tumour was 5 cm ×2.5 cm ×3 cm in size. The
diagnosis of secondary clear cell adenocarcinoma metastasis
was confirmed by a bone biopsy and the metastasis was treated
by performing a sacral laminectomy to free the roots of the left
and right S1 and S2 nerves. Additionally, an incomplete
curettage of the S1 vertebra was performed. As the vertebral
metastasis could not be completely resected and the curettage
remained incomplete, treatment was initiated with sunitinib 50
mg/day on Schedule 4/2 (4 weeks on treatment followed by 2
weeks off). Additional analyses indicted overexpression of
several genes, including those corresponding to VEGFR1 and
VEGFR2, HIF-1α, UPa and PAI-1.

Following 3 months of treatment, magnetic resonance
imaging (MRI) scan of the lumbosacral spine showed a
stable bone lesion with the appearance of necrosis in the
centre. However, the patient experienced grade 3 diarrhoea
and grade 3 hand-foot syndrome, leading to sunitinib dose
adjustment to 37.5 mg/day on Schedule 4/2. The patient
continued to receive sunitinib at 37.5 mg/day for an
additional six months. An MRI of the lumbosacral spine
confirmed complete necrosis of the tumour lesion without
radiological changes of its size. Sunitinib treatment was
discontinued and a positron emission tomography (PET scan)
was performed. Results demonstrated a focus of increased
metabolic activity in the tumour lesion invading the sacrum.  

Three weeks after discontinuation of sunitinib, a sacral

biopsy of the tumour was taken. Histological examination
did not reveal any tumour cells within the sample. Two
months after discontinuation of sunitinib, the patient
experienced significant functional improvement and a
cessation of pain. However, 4 months after discontinuation
of sunitinib treatment, a spinal MRI scan demonstrated a
progression of the sacral tumour at the right transverse
process. Sunitinib treatment was resumed at 50 mg/day on
Schedule 4/2. This was adjusted to 37.5 mg/day following 3
months of treatment as the patient again experienced
hand–foot syndrome and diarrhoea (grade II in intensity). 

Overall, the patient has received sunitinib treatment for 4
years (3 years after re-initiating treatment and 4 years from
the first treatment with sunitinib). Regular, five-monthly MRI
scans of the sacral and lumbar spine demonstrate that the
sacral lesion remains stable. In addition, the patient is not
experiencing any pain and does not require any pain
medication. The patient also remains free of further bone or
visceral metastases (Figure 1).

Case 2. An 84-year old male patient was diagnosed, by
abdominal scan, with a tumour in the left kidney in December
2006. The patient was determined to have ECOG PS of 1 and
was treated with a left radical nephrectomy. The tumour was
confirmed to be a clear cell adenocarcinoma, pT4 Nx R1 and
the patient determined to be at favourable prognostic risk. 

In June 2007, six months after the initial nephrectomy, the
patient was diagnosed with a sacral metastasis located at S1,
of 5 cm in size. The tumour also protruded into the epidural
compartment.

Treatment was initiated with sunitinib 50 mg/day, Schedule
4/2 in July 2007. Analysis of tumour samples indicted
overexpression of several genes including those for VEGFR1
and VEGFR2, HIF-1α, UPa and PAI-1 in this patient also.

Stabilisation of the sacral metastasis without further
progression of the tumour into the epidural compartment was
observed on an MRI scan of the lumboscaral region,
performed after 3 months of treatment. The patient remained
under observation with regular MRI scans of the lumbosacral
region. Scans were conducted every 4 months during the first
year and every 6 months thereafter.

At 31 months of treatment with sunitinib, the metastases,
both sacral and epidural, remain stable. 

No adverse events have been observed on sunitinib treatment;
the patient remains on twice daily morphine 10 mg, twice daily
pregabalin 175 mg and twice daily paracetamol 1 mg.

Discussion

Bone metastases are frequent in RCC and can result in
devastating skeletal morbidities for which the efficacy of current
treatments remains uncertain. Currently palliative treatment with
bisphosphonates and radiotherapy is used for bone metastases
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and related pain (4). Bisphosphonates, such as zoledronic acid,
are able to delay the onset of bone metastases-associated
complications and to reduce the morbidity associated with those
complications, but not overall mortality in such patients (18,
19). Additionally, data supporting the use of bisphophonates was
collected prior to the era of targeted agents, thus its efficacy
with current agents remains unknown (20).

We report two patients with unresectable bone metastases,
treated with sunitinib. Both patients achieved long-term
stabilisation of surgically unresectable bone metastases, with
one patient remaining stable for 48 months, and the other for
31 months. Of interest, the first patient (case 1) demonstrated
a recurrence within 6 months following curettage.
Additionally, bone necrosis observed in this patient,
confirming sunitinib activity on tumour vasculature, suggests
that arterial embolisation of bone tumour lesions prior to
surgical resection may be unnecessary.

The results seen in these patients with favourable prognosis
are comparable to those described by Vogl and co-workers
demonstrating that patients with favourable prognosis, treated
with metastasectomy followed by cytokines, achieved an
overall survival of 30.5 months. This was significantly longer
overall survival compared to that achieved by patients in the
intermediate or poor risk categories (22 and 5.9 months,
respectively), indicating that risk group classification may be
correlated to response to treatment (5). 

Both patients demonstrated overexpression of genes
associated with the development of bone metastases (VEGFR1
and VEGFR2, HIF-1α, UPa and PA-1) in patients with RCC.
Treatment with sunitinib in these patients prevented
emergence of new bone lesions during the treatment period.

Furthermore, a retrospective analysis conducted by
Zolnierek et al. which investigated the emergence and
progression of metastatic bone lesions in patients with
mRCC, showed that treatment with sunitinib reduced the
incidence of new metastatic bone lesions and significantly
prolonged the mean time to occurrence of new lesions
compared with sorafenib (21).

The results reported in these cases, coupled with the
observations of Zolnierek and co-workers (21), suggest that
targeted agents such as sunitinib may be useful for the
treatment of bone metastases 

Acknowledgements 

Editorial assistance was provided by Minal Kotecha at ACUMED
(Tytherington, UK) and was funded by Pfizer, Inc.

References

1 Martel CL and Lara PN: Renal cell carcinoma: current status and
future directions. Crit Rev Oncol Hematol 45: 177-190, 2003.

2 Janzen NK, Kim HL, Figlin RA and Belldegrun AS:
Surveillance after radical or partial nephrectomy for localized
renal cell carcinoma and management of recurrent disease. Urol
Clin North 30: 843-852, 2003.

3 Coleman RE: Skeletal complications of malignancy. Cancer 80:
1588-1594, 1997.

4 Costa L and Major PP: Effect of bisphosphonates on pain and
quality of life in patients with bone metastases. Nat Clin Pract
Oncol 6: 163-174, 2009.

5 Vogl UM, Zehetgruber H, Dominkus M Hejna M, Zielinski CC,
Haitel A and Schmidinger M: Prognostic factors in metastatic
renal cell carcinoma: metastasectomy as independent prognostic
variable. Br J Cancer 95: 691-698, 2006.

6 Abrams TJ, Lee LB, Murray LJ, Pryer N and Cherrington JM:
SU11248 inhibits KIT and platelet-derived growth factor
receptor beta in preclinical models of human small cell lung
cancer. Mol Cancer Ther 2: 471-478, 2003.

7 Kim DW, Jo YS, Jung HS , Chung HK, Song JH, Park KC, Park
SH, Hwang JH, Rha SY, Kweon GR, Lee SJ, Jo K and Shong
M: An orally administered multitarget tyrosine kinase inhibitor,
SU11248, is a novel potent inhibitor of thyroid oncogenic
RET/papillary thyroid cancer kinases. J Clin Endocrinol Metab
91: 4070-4076, 2006.

8 Mendel DB, Laird AD, Xin X Louie SG, Christensen JG, Li G,
Schreck RE, Abrams TJ, Ngai TJ, Lee LB, Murray LJ, Carver J,
Chan E, Moss KG, Haznedar JO, Sukbuntherng J, Blake RA,
Sun L, Tang C, Miller T, Shirazian S, McMahon and
Cherrington JM: In vivo antitumor activity of SU11248, a novel
tyrosine kinase inhibitor targeting vascular endothelial growth
factor and platelet-derived growth factor receptors: determination
of a pharmacokinetic/pharmacodynamic relationship. Clin
Cancer Res 9: 327-337, 2003.

9 O'Farrell AM, Abrams TJ, Yuen HA Ngai TJ, Louie SG, Yee
KW, Wong LM, Hong W, Lee LB, Town A, Smolich BD,
Manning WC, Murray LJ, Heinrich M and Cherrington JM;
SU11248 is a novel FLT3 tyrosine kinase inhibitor with potent
activity in vitro and in vivo. Blood 101: 3597-3605, 2003.

Paule and Brion: Sunitinib for RCC with Bone Metastases

5167

Figure 1. Computed tomographic scan of the lumbosacral region of the
patient (case 1) demonstrating presence of bone metastasis.



10 Motzer RJ, Hutson TE, Tomczak P Michaelson MD, Bukowski
RM, Oudard S, Negrier S, Szczylik C, Pili R, Bjarnason GA,
Garcia-del-Muro X, Sosman JA, Solska E, Wilding G,
Thompson JA, Kim ST, Chen I, Huang  and Figlin RA: Overall
survival and updated results for sunitinib versus interferon alfa in
first-line treatment of patients with metastatic renal cell
carcinoma. J Clin Oncol 27: 3584-3590, 2009.

11 Ljungberg B, Cowan N, Hanbury DC Hora M, Kuczyk MA,
Merseburger AS, Patard JJ, Mulders PF and Sinescu IC;
European Association of Urology Guideline Group. Guidelines
on renal cell carcinoma (2010). European Association of
Urology http://www.uroweb.org/?id=218&gid=4.

12 National Comprehensive Cancer Network. NCCN Clinical
Practice Guidelines in Oncology: Kidney Cancer v.2.2010.
http://www.nccn.org/professionals/physician_gls/f_guidelines.asp 

13 Roodman GD. Role of stromal-derived cytokines and growth
factors in bone metastasis. Cancer 97: 73-738, 2003.

14 Xu L, Tong R, Cochran DM and Jain RK: Blocking platelet-
derived growth factor-D/platelet-derived growth factor receptor
beta signaling inhibits human renal cell carcinoma progression
in an orthotopic mouse model. Cancer Res 65: 571-5719, 2005.

15 Zhang Z, Chen J and Jin D: Platelet-derived growth factor
(PDGF)-BB stimulates osteoclastic bone resorption directly: the
role of receptor beta. Biochem Biophys Res Commun 251: 19-
194, 1998.

16 Paule B, Clerc D, Rudant C Coulombel C, Bonhomme-Faivre L,
Quillard J and Bisson M: Enhanced expression of interleukin-6
in bone and serum of metastatic renal cell carcinoma. Hum
Pathol 29: 42-424, 1998.

17 Paule B, Deslandes E, Le Mouel SE  Bastien L, Podgorniak MP,
Allory Y, de la Taille A, Menashi S, Calvo F and Mourah S:
Identification of a novel biomarker signature associated with
risks for bone metastasis in patients with renal cell carcinoma.
Int J Biol Markers 25: 112-5, 2010.

18 Machado M, Cruz LS, Tannus and Fonseca M: Efficacy of
clodronate, pamidronate, and zoledronate in reducing morbidity
and mortality in cancer patients with bone metastasis: a meta-
analysis of randomized clinical trials. Clin Ther 31: 96-979,
2009.

19 Saad F: New research findings on zoledronic acid: survival, pain,
and antitumour effects. Cancer Treat Rev 34: 18-192, 2008.

20 Sahi C, Knox JJ, Clemons M, Joshua AM and Broom R: Renal
cell carcinoma bone metastases: clinical advances. Ther Adv
Med Oncol 2: 7-83, 2010.

21 Zolnierek J, Nurzynski P, Langiewicz P, Oborska S, Waśko-
Grabowska A, Kuszatal E, Obrocka B and Szczylik C: Efficacy
of targeted therapy in patients with renal cell carcinoma with
pre-existing or new bone metastases. J Cancer Res Clin Oncol
136: 37-378, 2010.

Received September 3, 2010
Revised October 26, 2010

Accepted October 27, 2010

ANTICANCER RESEARCH 30: 5165-5168 (2010)

5168


