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ABSTRACT: Three emerging trends have occurred recently in renal cell carcinoma (RCC).
First, over the last several decades there has been a marked increase in the diagnosis of RCC,
with a corresponding decrease in the typical tumor size, resulting in an increased interest in
less invasive approaches to primary tumor treatment. Second, while conventional
radiotherapy plays a limited palliative role due to the relative radio-resistance of RCC,
advances in immobilization and image guidance have led several investigators to consider
stereotactic radiotherapy techniques (SRT) to overcome this resistance, with impressive
results in the metastatic setting. In addition, preliminary use of SRT to treat the primary RCC
tumor is underway. Thirdly, although RCC is resistant to conventional chemotherapy agents,
exciting recent advances have emerged in the treatment of clear cell RCC, with the
development of targeted agents in addition to immunotherapy-based treatments. In the
current critical review we discuss these emerging trends in localized and systemic treatment as
well as possible interesting combinations of the two modalities. Finally, we discuss the role of
the new systemic agents in non–clear cell RCC.

Introduction

 Renal cell carcinoma, chromophobe cell type: The tumor cells vary from pale and transparent to
acidophilic and granular.

In the United States, kidney cancer is the third most common genitourinary tumor and the seventh
most common cancer.[1] The incidence of renal cell Carcinoma (RCC) has been increasing at a rate
of 2% to 4% per year since 1975.[2] There has been a decrease in the size of tumors at diagnosis,

 
TOPIC INDEX

Bone Metastases
Breast Cancer
CML
Colorectal
Cancer
End-of-Life

Ethics in
Oncology
GI Cancers
GIST
GU Cancers
Gynecologic
Cancers
Head & Neck
Cancer
Hematology

Leukemia
Lung Cancer
Lymphoma
Melanoma
Palliative Care
Pancreatic Cancer

Practice
Management
Practice & Policy
Prostate Cancer
RCC
Sarcoma
Triple-Negative
Breast

More Topics  

javascript:showDiv('loginBox','defaultLogin')
https://member.ubmmedica.com/register.php?referrer=http://www.cancernetwork.com/rcc/content/article/10165/2077051
http://www.cancernetwork.com/rcc/content?p_p_id=49&p_p_action=1&p_p_state=normal&p_p_mode=view&p_p_col_pos=9&p_p_col_count=12&_49_struts_action=%2Fmy_places%2Fview&_49_groupId=10165&_49_privateLayout=false
javascript:headermainsearch(document.forms%5B'SmartSearch'%5D.elements%5B'ss'%5D,'cancerNetworkLink');
javascript:headermainsearch(document.forms%5B'SmartSearch'%5D.elements%5B'ss'%5D,'defLink');
javascript:headermainsearch(document.forms%5B'SmartSearch'%5D.elements%5B'ss'%5D,'medLineLink');
javascript:headermainsearch(document.forms%5B'SmartSearch'%5D.elements%5B'ss'%5D,'rxsm');
http://www.searchmedica.com/
http://www.cancernetwork.com/publications
http://www.cancernetwork.com/news
http://www.cancernetwork.com/podcasts
http://www.cancernetwork.com/more-topics
http://www.cancernetwork.com/blog
http://www.cancernetwork.com/nurses
http://www.cancernetwork.com/patients
http://www.cancernetwork.com/jobs
http://www.cancernetwork.com/conference-reports
http://www.cancernetwork.com/cme
http://www.cancernetwork.com/publications/supplements
http://googleads.g.doubleclick.net/aclk?sa=L&ai=Bk51JTwiiVPn5OI-DlALT84H4CIjTrvIEAAAAEAEgADgAWOjEt6OlAWDJnvSGyKOQGYIBF2NhLXB1Yi03MzE0Mzg5ODY1NDM2NjA5sgEYd3d3LmRjbGstZGVmYXVsdC1yZWYuY29tugEJZ2ZwX2ltYWdlyAEC2gEgaHR0cDovL3d3dy5kY2xrLWRlZmF1bHQtcmVmLmNvbS_AAgLgAgDqAhs0Njg4L2NtcG0uY2FuY2VybmV0d29yay9yY2P4AoTSHpAD8AGYA6QDqAMB0ASQTuAEAaAGFA&num=0&sig=AOD64_3gvTojFuEobSeuEgLCJ1pl96ot6g&client=ca-pub-7314389865436609&adurl=https://itunes.apple.com/us/app/oncology-journal/id848496596%3Fmt%3D8
http://www.cancernetwork.com/rcc/content?p_p_id=49&p_p_action=1&p_p_state=normal&p_p_mode=view&p_p_col_id=column-1&p_p_col_pos=1&p_p_col_count=2&_49_struts_action=%2Fmy_places%2Fview&_49_groupId=10165&_49_privateLayout=false
http://www.cancernetwork.com/genitourinary-cancer
http://www.cancernetwork.com/rcc
http://www.cancernetwork.com/rcc/content/article/10165/2077051?pageNumber=2
http://www.cancernetwork.com/rcc/content/article/10165/2077051?pageNumber=2
http://googleads.g.doubleclick.net/aclk?sa=L&ai=BeNgHUAiiVKjYBKWplAKi6oDgDIjTrvIEAAAAEAEgADgAWJi6sqOlAWDJnvSGyKOQGYIBF2NhLXB1Yi03MzE0Mzg5ODY1NDM2NjA5sgEYd3d3LmRjbGstZGVmYXVsdC1yZWYuY29tugEJZ2ZwX2ltYWdlyAEC2gEgaHR0cDovL3d3dy5kY2xrLWRlZmF1bHQtcmVmLmNvbS_AAgLgAgDqAhs0Njg4L2NtcG0uY2FuY2VybmV0d29yay9yY2P4AoTSHpAD8AGYA6QDqAMB0ASQTuAEAaAGFA&num=0&sig=AOD64_1H-9MLJM08tl7DX058a8WTTq44Uw&client=ca-pub-7314389865436609&adurl=https://itunes.apple.com/us/app/oncology-journal/id848496596%3Fmt%3D8
file:///bone-metastases
file:///breast-cancer
file:///chronic-myeloid-leukemia
file:///colorectal-cancer
file:///end-of-life
file:///ethics
file:///gastrointestinal-cancer
file:///gastrointestinal-stromal-tumor
file:///genitourinary-cancer
file:///gynecologic-cancer
file:///head-and-neck-cancer
file:///hematologic-malignancies
file:///leukemia-lymphoma
file:///lung-cancer
file:///leukemia-lymphoma
file:///melanoma-skin-cancer
file:///palliative-and-supportive-care
file:///pancreatic-cancer/
file:///practice-management
file:///practice
file:///prostate-cancer/
file:///rcc/
file:///sarcoma
file:///triple-negative-breast-cancer/
http://www.cancernetwork.com/more-topics
http://googleads.g.doubleclick.net/aclk?sa=L&ai=BkdGbUAiiVPuPDue-lALp9IHQDfi518EEAAAAEAEgADgAWKCYjIWSAWDJnvSGyKOQGYIBF2NhLXB1Yi03MzE0Mzg5ODY1NDM2NjA5sgEYd3d3LmRjbGstZGVmYXVsdC1yZWYuY29tugEJZ2ZwX2ltYWdlyAEC2gEgaHR0cDovL3d3dy5kY2xrLWRlZmF1bHQtcmVmLmNvbS_AAgLgAgDqAhs0Njg4L2NtcG0uY2FuY2VybmV0d29yay9yY2P4AoTSHpAD8AGYA6QDqAMB0ASQTuAEAaAGFA&num=0&sig=AOD64_2wtbE4PTjKWWATTfDLToOv9AG3Gw&client=ca-pub-7314389865436609&adurl=https://itunes.apple.com/us/app/cancer-management-handbook/id660483448%3Fmt%3D8


12/29/14, 6:05 PMIntegrating Innovative Therapeutic Strategies Into the Management of Renal Cell Carcinoma - Cancer Network

Page 2 of 5file:///Users/OsCaR/Desktop/Medical%20RCC%20&%20General/Targeted%20Therapies%20mixed/2077051.htm

of 2% to 4% per year since 1975.[2] There has been a decrease in the size of tumors at diagnosis,
which is likely due to increased use of abdominal imaging and higher incidental detection rates of
asymptomatic tumors.[3] More than 80% of cancers of the kidney are adenocarcinoma, and another
10% are derived from the renal pelvis, a urothelial cancer related to bladder cancer and treated with
bladder cancer regimens.

This discussion will focus on the nonurothelial carcinomas.

Standard Therapeutic Modalities in the Management of RCC Primary Tumors

Surgical treatment

Standard treatment for nonmetastatic RCC is complete resection of the tumor by either a radical or
partial nephrectomy, which can be done as an open procedure or laparoscopically.[4-6] The relative
merits of the various surgical approaches to management of RCC are beyond the scope of this
review but are well summarized by Touijer et al.[7] Two randomized trials have shown that, in the
context of receiving systemic interferon alfa or interferon alfa-2b(Drug information on interferon
alfa-2b), even many patients with metastatic disease should undergo nephrectomy, with reported
survival benefits of 10 and 3 months in trials by the European Organisation for Research and
Treatment of Cancer (EORTC) and the Southwest Oncology Group (SWOG), respectively.[8,9]
Whether this benefit still applies in the context of current systemic therapies is uncertain.

Less invasive ablative modalities

Radiofrequency ablation (RFA), cryoablation (CA), and high-intensity focused ultrasound (HIFU)
have been used as treatment options that are less invasive than radical or partial nephrectomy. RFA
and CA are accomplished by introducing needle(s) or probe(s) into the tumor and delivering the
ablative treatment. These procedures can be performed percutaneously, using image guidance to
place the needles/probes, or they can be performed intraoperatively, usually via laparoscopic

surgery.[6,10] They usually are performed with the patient under conscious sedation or anesthesia,
take about 2 to 3 hours, and often require an overnight stay in the hospital.

Gervais et al conducted a careful assessment of tumor response in a series of 100 RCC patients,
with a mean follow-up of 2.3 years (range, 3.5 to 6 years). They reported achieving a tumor ablation
rate of 90%. The most common complications were hemorrhage, occurring in 5% of patients, and
ureteral stricture or injury, occurring in 3%; one-third of patients required a hospital admission of at
least one night following the procedure. The same group of investigators reported on post-
radiofrequency ablation syndrome, which consists of a low-grade fever and flu-like symptoms, and
which has been shown to occur in approximately 30% of patients.[11]

TABLE 1 

 
Treatment of RCC With Radiofrequency Ablation, Cryotherapy, and HIFU

Park et al reported on a prospective study of RFA in patients with RCC. A total of 94 tumors were
treated in 78 patients. At a median follow-up of 25 months, the authors reported an initial RFA
success rate of 98% and a recurrence-free rate of 97%. The rate of minor complications was 10%
and that of major complications was 3%.[12]Percutaneous cryoablation of renal masses has been
reported by Atwell et al in a retrospective series of 115 patients. Seventy-nine percent of these
masses were biopsy-proven RCC or other malignancy; the other lesions were presumed malignant
based on imaging. The authors reported a 100% local control rate in patients undergoing follow-up
of 3 months or longer. However, local control was not defined in this paper. Six percent of patients
experienced grade 3 toxicity, the most common being bleeding/hematoma, and 12% of patients
required a hospitalization of two or more nights.[13] Although the results of RFA and cryotherapy
are encouraging, the follow-up in most series is short, most of the studies are retrospective, and the
procedures are still invasive. The only truly noninvasive modality is HIFU; however, this technique
lacks a substantial evidence base, having been investigated mostly in small series of patients.
Results of these modalities are summarized in Table 1.

Stereotactic Radiosurgery (SRS) and Stereotactic Body Radiotherapy (SBRT)
in Metastatic and Primary RCC

Deschavanne and Fertil reviewed the radiosensitivity of 694 cell lines in vitro. In their study, the
cells were exposed to irradiation at doses up to 12 Gy and their response showed that RCC cells
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cells were exposed to irradiation at doses up to 12 Gy and their response showed that RCC cells
were the most radiation-resistant cells.[14] The clinical results of standard fractionated radiotherapy
(RT) for RCC mimic this in vitro work with relatively poor results. For example, results of several
studies of whole-brain radiotherapy (WBRT) for brain metastases from RCC have been poor,
showing a median survival after WBRT of only 2 to 4.4 months.[15-18] A poor outcome is seen
even in patients with a good recursive partitioning analysis class who receive higher radiation doses.
[17,18]

TABLE 2 

 
Results of Conventional and Stereotactic Radiotherapy for Treatment of Brain Metastases of RCC

Compared with reported results of standard fractionated RT, the techniques of SRS and SBRT have
demonstrated good responses in an experimental animal model and in clinical studies of patients
with RCC.[19] A prospective trial was conducted by Hoshi et al involving 42 patients with brain
metastases from RCC who underwent Gamma Knife (Elekta, Stockholm, Sweden) radiosurgery
(GKS). Twenty of the 42 cases had multiple brain metastases. Neurological symptoms, seen in 40
patients, were rapidly improved in 80% of these patients after GKS. MRI evaluation after GKS in
32 patients showed the disappearance of brain tumor in 28%. The median survival time was 12.5
months, with an overall local control (LC) rate of 80%.[20] Several retrospective studies have
shown similar findings (Table 2).

TABLE 3 

 
Results of Standard Radiotherapy and SBRT for Metastatic RCC to Extracranial Sites

Similar improved results with SBRT compared to conventional treatment are also seen for other
metastatic sites. DiBiase et al reported results of palliative RT using standard fractionation in 114
patients and showed a 50% pain relief rate.[21] On the other hand, others have shown significantly
better response rates and excellent LC rates with SBRT. In a prospective study of 30 patients with
82 lesions (metastatic and inoperable primary RCC) who underwent SBRT at doses of 8 Gy × 4, 10
Gy × 4, 15 Gy × 2, or 15 Gy × 3, after a median follow-up of 52 months, local progression was seen
in only 2% of patients.[22] Results of standard and SBRT treatment of extracranial sites are
summarized in Table 3.

TABLE 4 

 
Results of Stereotactic Radiotherapy Techniques for Treatment of Primary RCC Tumors

With these encouraging results in the metastatic setting, treatment of the primary renal tumor with
SBRT is beginning. The only prospective therapeutic trial has recently been reported by Kaplan et
al. This prospective phase I dose-escalation study of SRS for primary RCC used CyberKnife
(Accuray, Sunnyvale, California) and gold fiducials for image guidance in medically inoperable
patients. The dose-level range (21, 28, 32, or 39 Gy) was delivered in three fractions. Tumors up to
5 cm in diameter were included. The investigators reported minimal toxicity; only two patients with
chronic renal failure had worsening of their renal function during follow-up. Only one patient
treated at a dose of 21 Gy developed local progression.[23] These results, along with results of other
retrospective series, are summarized in Table 4. SBRT should continue to be studied prospectively
and may play an important role in management of RCC in the future.

Immunotherapy

Immunotherapy with interferon alfa and interleukin-2 has been used for treatment of metastatic
clear cell RCC (mRCC) for more than 20 years and is currently the only treatment for this disease
that has the potential for a durable complete response (CR).[24-28]

Both interferon alfa and interleukin-2 are components of innate and adaptive immune responses,

and function to alter biologic pathways. Interferon alfa modulates a number of proteins, and is noted
for its activation of dendritic cells. It also has antiproliferative effects on hematopoietic cells and
potentially direct effects on tumor cells.[29] Interleukin-2 was previously named T-cell growth
factor, and its major initial effect is expansion and activation of populations of tumor-directed killer
cells, along with a cascade of pro-inflammatory cytokines. Clinically it is administered in supra-
physiologic doses in an attempt to activate killer cells and overwhelm the tumor-induced
immunosuppressive component of the immune system (regulatory T cells and immunosuppressive
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immunosuppressive component of the immune system (regulatory T cells and immunosuppressive
cytokines). The utilization of these treatments has been limited by the complexity and intensity of
treatment, requiring specialized centers to administer this therapy. Nevertheless, with an outcome
that includes decades-long response, interleukin-2 remains in the armamentarium for mRCC.

Recent reports of new immunotherapeutic agents have aroused interest once again in
immunotherapy for cancer. One such agent, ipilimumab (Yervoy), is an anti-CTLA-4 monoclonal
antibody reported to have activity in mRCC.[30] This agent removes the “brake” from immune
activation, leading to an anti-tumor response and auto-immune adverse events.[31,32] The degree
and durability of its anti-tumor activity in RCC is still undergoing evaluation. In addition, the PD-
1/PD-L (programmed death–1/programmed death–1 ligand) pathway is being investigated because
it is directed toward reversing the immunosuppression that tumors are able to induce. This pathway
regulates T-cell activation as a mechanism for down-regulation of cytotoxic lymphocytes in the
tumor environment, allowing tumor evasion of host immunity.[31]

Radiation and immunotherapy

There has been long-standing interest among radiation biologists in the potential for radiation to
induce immune responses. Studies have demonstrated induction of inflammatory cytokines (such as
tumor necrosis factor, interleukin-1, and type I interferon[32-34]) and alteration in expression of
major histocompatibility (MHC) antigens from exposure to radiation, and thus potential for
activation of cellular immunity.[35,36] Clinical studies are needed to assess the role of a
combination of immune modulators and RT in patients with cancers such as RCC, in which the
immune system plays an important antitumor role.
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