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MRI Magnetic resonance imaging
MPA Medroxyprogesterone
MSKCC Memorial Sloan Kettering Cancer Center
mTOR Mammalian target of rapamycin
NCCN National Comprehensive Cancer Network
NSS Nephron sparing surgery
OS Overall survival
PDGF Platelet-derived growth factor
PDGFR Platelet-derived growth factor receptor
PFS Progression-free survival
PN Partial nephrectomy
RCC Renal cell cancer
RFA Radiofrequency ablation
RN Radical Nephrectomy
TGF Transforming growth factor
TKI Tyrosine kinase inhibitors
VEGF Vascular endothelial growth factor
VEGFR Vascular endothelial growth factor receptor
VHL von Hippel–Lindau

Case #1
AA is a 47-year-old male presented to the emergency department with a 1-day
history of gross hematuria. Upon presentation, his vital signs were stable and
the remainder of his exam was unremarkable. In the emergency department,
a complete blood count revealed normal hematocrit and serum creatinine of
1.04 mg/dL. He underwent an MRI of the abdomen with and without IV con-
trast. Imaging revealed an 8 cm heterogeneous mass in the mid pole of the
right kidney with mixed signal intensity but definite areas of enhancement
(Fig. 9.1). Metastatic workup revealed no evidence of distant metastasis. His
past medical history was significant for hypertension, hyperlipidemia, and
non-insulin dependent diabetes mellitus (currently on metformin). Given his
medical comorbidities and risk of future renal insufficiency, nephron-sparing
surgery was recommended. He underwent a robotic-assisted laparoscopic par-
tial nephrectomy. The surgery was uncomplicated, and the warm ischemia time
during resection (minutes that the clamp was occluding arterial inflow) was
23 min. Upon resection, pathology revealed a clear cell renal cell carcinoma
(RCC), Fuhrman grade 3, confined to the kidney (T2aNxMx). Postoperatively,
creatinine at 4 weeks after surgery remained stable at 1.05 mg/dL.

Which are the known risk factors for development of RCC?
a. Smoking
b. ESKD
c. Hypertension
d. Obesity
e. All of the above
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Fig. 9.1 Case presentation:
MRI, coronal section,
revealing heterogeneous right
renal mass

Basic Epidemiology and Risk Factors of Kidney Cancer

Kidney cancer or RCC is the eighth most common cancer in men and the tenth
leading cause of cancer-related death in men in the USA [1]. It accounts for 2–3 %
of all adult malignancies. Of the estimated 1,660,290 new cancer cases in the USA
in 2013, kidney and renal pelvis cancer combined will account for 40,430 (5 %)
and 24,720 (3 %) new cancer cases in males and females, respectively. Similarly, of
the anticipated 580,350 cancer deaths in 2013, kidney and renal pelvis cancer will
account for 8780 (3 %) and 4900 (2 %) deaths in males and females, respectively [2].

Tobacco use has been shown to increase the risk of RCC up to twofold when com-
pared with nonsmokers. This association demonstrates a dose–response relationship,
with the number of packs per day or longer duration (pack-years) associated with an
increased risk [3, 4] Compared with nonsmokers, smokers with RCC have poorer
overall survival (6.6 years versus 4.2 years, respectively) [5]. Although increased
body mass index has similarly been linked with a higher risk of developing RCC,
[6, 7] obese individuals had better disease-free survival (DFS) when compared with
those who were non-obese (5-year DFS of 80 % versus 72 %, respectively) [5, 8].
Obesity and hypertension have been shown to be modifiable risk factors among to-
bacco users [3]. The association of smoking with an increased risk of RCC was
found in non-obese individuals (and not those with BMI ≥ 30 Kg/m2) and in those
who reported no prior history of hypertension.

Hypertension is associated with RCC in two distinct ways: as a risk factor predis-
posing to the development of RCC; and as a paraneoplastic syndrome associated with
RCC. Patients with hypertension have up to a twofold increase in risk of developing
RCC as compared to their age-matched controls [9, 10]. This risk is hypothesized to
result from chronic inflammation or hypertension-induced renal injury, especially to
the renal tubules, rather than from the use of antihypertensive medications [10, 11].
Hypertension may also develop in patients with RCC in the setting of a tumor in-
volving the juxtaglomerular apparatus cells resulting in abnormally increased renin
production. The activation of the renin–angiotensin–aldosterone pathway leads to
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increased aldosterone and angiotensin synthesis with subsequent fluid retention and
vasoconstriction. The downstream effect is an elevated blood pressure.

End-stage kidney disease (ESKD) has been identified as a risk factor for RCC,
with up to a 100 % increase in incidence when compared with the general population.
Although this increased risk was observed in both transplanted and dialysis-only pa-
tients, RCC was found to have more favorable clinical and pathological outcome
features in individuals who have undergone renal transplantation [12, 13]. The dif-
ference in clinical outcomes in these settings, however, may be related in part to
early detection bias. The patient with a transplanted kidney, followed by the urolo-
gist or the transplant surgeon or nephrologist, is more likely to have a tumor detected
earlier than a dialysis-only patient, given the enhanced attention to the patients’
native kidneys between the surgeon and the nephrologist. Hemodialysis for more
than 10 years is associated with poorer outcomes and adverse histopathological fea-
tures, e.g., acquired cystic disease-associated RCC and sarcomatoid differentiation.
Hence, patients on long-term hemodialysis should have annual screening of their
native kidneys after more than 10 years of dialysis [14, 15].

A high-fat or high-protein diet, occupational exposures to lead, aromatic hydro-
carbons, rubber, asbestos, and radiation are also presumed to be associated with an
increased risk of development of RCC but the available data are inconclusive [6, 11].

Case #1 Follow-Up and Discussion
As stated above, ESKD, smoking, and obesity have been linked with the de-
velopment of RCC. In addition, hypertension can be seen as a risk factor and a
paraneoplastic syndrome associated with RCC. Hence, the correct answer is e.

Histological Subtypes and Genetic Changes Associated with RCC

RCC occurs sporadically in the majority of patients, accounting for more than 95 % of
the cases, with only about 2–3 % of the cases resulting from hereditary predisposition
[11]. Genetic alterations or abnormalities predisposing to inherited forms of RCC
have been described, with tumors often occurring in multiple sites in the same or in
both kidneys at the same time (synchronous) or at different times (metachronous).
The efforts of Linehan et al. at the US National Cancer Institute have led to the
discovery and understanding of the close molecular link between histopathology,
i.e., clear cell, papillary type 1, papillary type 2, chromophobe, and oncocytoma,
and specific genetic abnormalities (Fig. 9.2).
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Fig. 9.2 Histologic types of renal cell carcinoma (RCC) and associated genetic alteration in
hereditary RCC. (From Linehan et al. [16])

Clear Cell RCC

Clear cell RCC is the most common and well-studied histological variant of RCC,
accounting for about 75 % of all the cases of RCC. Clear cell RCC may be sporadic
or may occur in inherited forms in association with von Hippel–Lindau (VHL) syn-
drome, in which individuals are also at risk of developing tumors in the cerebellum,
spine, retina, inner ear, pancreas, adrenal glands, and the epididymis [17]. In pa-
tients with VHL syndrome, tumors in the kidney may increase to 600 [18], hence
nephron sparing surgery is generally preferred. Given that the risk of metastasis is
very low in small tumors, surgical exploration and resection are recommended once
the lesions have reached the size of ≥ 3 cm. Although it was discovered in the setting
of hereditary clear cell RCC, the VHL gene is an early driver of sporadic RCC as
well. The loss of VHL function by mutation or promoter DNA methylation can be
identified in most cases of sporadic clear cell RCC [17, 19, 20].

TheVHL gene is a tumor suppressor gene located on the short arm of chromosome
3 (3p). The downstream effect of either VHL mutation or methylation is the accumu-
lation of hypoxia inducible factor (HIF) and the subsequent increased downstream
transcription of vascular endothelial growth factor (VEGF), platelet-derived growth
factor (PDGF), and transforming growth factor-α (TGF-α) [21]. This ultimately leads
to the increased angiogenesis and tumor cell proliferation. This mechanism or path-
way is targeted by the newer systemic therapies for kidney cancer as discussed later
in this chapter (Fig. 9.3).

Papillary Type 1 RCC

Papillary type 1 RCC accounts for approximately 5 % of all kidney cancers. The
genetic abnormality associated with this histologic variant of RCC is activation
of c-MET, an oncogene located on chromosome 7. Papillary renal tumors often
demonstrate gains of chromosomes 3, 7, and 17, resulting in the increased activity
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Fig. 9.3 The VHL gene complex—hypoxia-inducible factors (HIF) molecular pathway in patho-
genesis of RCC and sites of therapeutic targets. (From Rosner et al. [22])
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of c-MET. Individuals with hereditary papillary RCC (very rare) tend to develop
multiple, and often bilateral, multifocal tumors. With the goal of renal preservation
and excellent oncological outcome, these tumors are managed surgically by partial
nephrectomy [21−24].

Papillary Type 2 RCC

Papillary type 2 RCC is an aggressive form of kidney cancer accounting for about
10 % of all RCCs. It can be found in both sporadic cases as well as in the context
of hereditary leiomyomatosis RCC (HLRCC) syndrome. Along with kidney cancer,
HLRCC is characterized by the associated findings of cutaneous leiomyomas and
uterine fibroids. The syndrome results from an inactivating mutation in fumarate
hydratase, a Krebs cycle enzyme. Given the aggressive nature of this variant of
RCC, total/radical nephrectomy is generally recommended [21, 22, 25].

Chromophobe RCC and Oncocytoma

Chromophobe RCC and oncocytoma, each accounting about 5 % of RCC, are as-
sociated with Birt–Hogg–Dube (BHD) syndrome, either as a single entity or in
combination (hybrid forms). In addition to developing renal tumors, which are often
multifocal and bilateral, individuals with BHD syndrome are prone to developing
fibrofolliculomas and pulmonary cysts. The genetic defect in BHD syndrome is a
loss of function of the BHD gene on chromosome 17 (17p11.2), which functions as a
tumor suppressor gene [21, 26]. Chromophobe RCC has been shown to have equiva-
lent or even better cancer-specific survival outcomes when compared with clear cell
or papillary RCC [27, 28].

Diagnosis and Staging

The majority of cases of RCC are now found incidentally during abdominal imag-
ing for unrelated reasons. However, patients with renal tumors may present with
flank/abdominal pain, hematuria, or symptoms of metastasis and/or a paraneoplas-
tic syndrome. The gold standard diagnostic imaging technique is a computerized
tomogram (CT) scan of the abdomen without and with intravenous (IV) contrast
to determine enhancement characteristics of the mass. In patients who have an al-
lergy to iodinated contrast or have renal insufficiency, magnetic resonance imaging
(MRI) without and with gadolinium is recommended. In patients with chronic kidney
disease (CKD) stage 4 (estimated glomerular filtration rate (eGFR) ≤ 30 mL/min),
gadolinium contrast is contraindicated. If an MRI with contrast is absolutely neces-
sary for a proper evaluation, a nephrology consultation should be sought, and two



190 S. S. Salami et al.

sessions of dialysis separated by 2 days apart should be planned [29, 30]. Alterna-
tively, in these patients, diffusion-weighted MRI (without gadolinium contrast) can
be used to differentiate complex cystic and solid masses from benign lesions in the
kidney [31].

Basic laboratory studies should be obtained including a complete blood count,
comprehensive metabolic panel, urinalysis, and a chest radiograph. In individuals
with an elevated corrected calcium level or alkaline phosphatase level, a nuclear
medicine bone scan should be performed to evaluate for bone metastasis. With the
presence of neurological symptoms or headaches, a CT or preferably an MRI of
the brain should be obtained to evaluate the presence of central nervous system
metastases. Other laboratory evaluations or imaging studies may be obtained as
clinically indicated [32].

The TNM classification of RCC according to the AJCC 2010 staging is shown in
Table 9.1.

Surgical excision of tumor or removal of the entire kidney, depending on the size
and other criteria is a diagnostic approach of choice for kidney cancer. In certain
clinical scenarios, such as a high-risk surgical candidate, the existence of a solitary
kidney, the suspicion of secondary metastasis to the kidney, or patients considered
for active surveillance or observation of their kidney tumor (in the case of small
tumors), image-guided biopsy of the kidney tumor should be considered. With cur-
rent CT, MRI, and biopsy techniques available, renal biopsy can accurately predict
the histology of renal masses, thus helping to stratify patients into risk categories
and determine those that may qualify for active surveillance. Halverson et al. [33]
evaluated the utility of a kidney biopsy in stratifying patients into various risk groups
by analyzing 151 patients with small renal masses who underwent kidney biopsy
prior to extirpative surgery. They reported an agreement between kidney biopsy and
final pathology in 97 % of the cases, with a negative predictive value of 0.86 and a
positive predictive value of 1.0 [33]. Furthermore, a review of the published evidence
regarding the use of kidney biopsies reported in the American Urological Associa-
tion (AUA) guidelines revealed a sensitivity and specificity of up to 99.5 and 99.9 %
respectively [34].

Active Surveillance (AS) for Renal Masses

Although the preferred choice of treatment for operable renal tumors is surgical ex-
tirpation, a clinical decision may be made to actively observe a renal mass (usually
in the case of small renal masses), especially in the elderly patient with multiple
comorbidities rendering them as high-risk for general anesthesia. Mason et al. [35]
actively followed 84 patients with renal masses ranging from 0.8 to 5.4 cm at diagno-
sis for a median duration of 36 months (range: 6–96 months). They reported that only
one patient (1.2 %) developed metastases during follow-up. The mean growth rate of
renal masses was reported to be 0.25 cm/year, with tumors ≥ 2.45 cm in its largest di-
ameter at the time of diagnosis exhibiting a faster growth rate during follow-up [35].
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Table 9.1 AJCC 2010 staging of primary kidney tumor, lymph node involvement, and distant
metastasis. (Source: Adapted from Edge SB, Byrd DR, Compton CC, et al. eds.: AJCC Cancer
Staging Manual. 7th ed. New York, NY: Springer, 2010, pp. 479–89)

Description

T stage Tx Primary tumor cannot be assessed

T0 No evidence of primary tumor

T1 Tumor ≤ 7 cm in greatest dimension, limited to the kidney

T1a Tumor ≤ 4 cm in greatest dimension, limited to the kidney

T1b Tumor > 4 cm but not > 7 cm in greatest dimension, limited to
the kidney

T2 Tumor > 7 cm in greatest dimension, limited to the kidney

T2a Tumor > 7 cm but ≤ 10 cm in greatest dimension, limited to the
kidney

T2b Tumor > 10 cm, limited to the kidney

T3 Tumor extends into major veins or perinephric tissues but not
beyond Gerota’s fascia

T3a Tumor grossly extends into the renal vein or its segmental
branches, or tumor invades peri-renal or renal sinus fat but not
beyond Gerota’s fascia

T3b Tumor grossly extends into the IVC below the diaphragm

T3c Tumor grossly extends into the IVC above the diaphragm or
invades the wall of the IVC

T4 Tumor invades beyond Gerota’s fascia (including contiguous
extension into the ipsilateral adrenal gland)

N stage Nx Regional lymph nodes cannot be assessed

N0 No evidence of regional lymph node metastasis

N1 Metastases in regional lymph node(s)

M stage M0 No evidence of distant metastasis

M1 Distant metastasis present

Hence, in a carefully selected group of patients, AS may be a valuable option and
kidney biopsy may be an adjunct in the management, as mentioned above [33, 34].

Surgical Management of Renal Masses

The mainstay of treatment of clinically localized RCC is excision based on the
recommendations of the National Comprehensive Cancer Network (NCCN) [32],
with the option of radical or nephron-sparing surgery (NSS), the latter commonly
referred to as partial nephrectomy.
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Radical Nephrectomy

The NCCN guidelines recommend radical nephrectomy (RN; surgical removal of
the entire kidney and Gerota’s fascia +/− removal of the ipsilateral adrenal gland) in
patients with kidney tumor measuring > 10 cm in its largest diameter or in patients
with multiple kidney tumors in the same kidney but without genetic predispositions
as described above. This treatment option is based on evidence that suggests a high
risk of recurrence following surgery. However, as described below, the evidence is
inconclusive as to the superiority of radical nephrectomy over partial nephrectomy
in terms of renal functional or oncological outcomes [36−38].

Partial Nephrectomy

Partial nephrectomy (PN) (also termed nephron sparing surgery (NSS)) is the gold-
standard for the treatment of patients with small renal masses (SRMs)( ≤ 4 cm or
T1a), although it is increasingly utilized for T1b tumors (4–7 cm, confined to the
kidneys) [32]. This can be done via a traditional open incision, a laparoscopic ap-
proach with or without the assistance of a robotic system, and has been shown to
be safely performed, even in old patients [39]. Variations in technique that include
clamping the hilar vessels during tumor extirpation (goal clamp time ≤ 30 min), se-
lective clamping of renal vessels (zero ischemia) [40, 41], and without clamping of
hilar vessels (off-clamp) [42] even for complex or hilar [43] renal tumors have been
described. Reducing or eliminating warm ischemia (time in which a tissue or an
organ remains at body temperature after its blood supply has been cut off before it
is perfused or cooled) is thought to reduce damage to nephrons from ischemia and
the release of damage-inducing free radicals.

The goal of a partial nephrectomy is to spare residual normal nephrons, thus pre-
serving renal function, particularly in patients who at the time of diagnosis have
some form of CKD. However, studies evaluating renal functional outcomes follow-
ing partial nephrectomy have reported conflicting results. van Poppel et al. [37],
in a randomized trial comparing partial versus radical nephrectomy for low-stage
renal tumors, reported a 10-year overall survival rates of 81.1 % for radical nephrec-
tomy and 75.7 % for nephron-sparing surgery (superiority p-value = 0.03). On the
other hand, Tan et al. [38], in a retrospective analysis of Medicare beneficiaries with
T1a tumors, reported a significantly improved overall survival with partial nephrec-
tomy when compared with radical nephrectomy, albeit with the caveat of unknown
confounders regarding other risk factors.

With respect to renal functional outcomes, the European Organization for Re-
search and Treatment of Cancer (EORTC) conducted a randomized trial by compar-
ing nephron-sparing surgery versus radical nephrectomy. After a median follow-up
of 6.7 years, Scosyrev et al. [44] reported a significant reduction in the incidence of
moderate renal dysfunction (eGFR < 60 mL/min; 64.7 % for NSS versus 85.7 % for
RN, respectively). Although not statistically significant, NSS was associated with
a reduced incidence of advanced kidney disease (eGFR < 30 mL/min; 6.3 % and
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10.0 %, respectively). However, the incidence of kidney failure (eGFR < 15 mL/min)
was essentially identical between NSS and RN (1.6 % versus 1.5 %, respectively),
and the impact of NSS on renal functional outcomes did not translate into an improved
overall survival in this trial [44].

On the other hand, a study of a community-based population evaluating the im-
pact of medical renal disease, demonstrated the risk of death to increase as GFR
decreases below 60 mL/min, with hazard ratios ranging from 1.2 (with an eGFR of
45–59 mL/min) to 5.9 (with an eGFR of < 15 mL/min per 1.7 m2 of body-surface
area). An inverse relationship was also observed between eGFR and the risk of
cardiovascular events and hospitalization [45]. While NSS has not been shown to
improve the overall survival outcome, this study indicates the importance of preven-
tion of chronic renal insufficiency and the need to perform nephron-sparing surgery
for renal masses when possible without compromising on oncologic outcomes.

Percutaneous Ablation

Although extirpative surgery is the mainstay of treatment of kidney tumors, percu-
taneous ablation is a safe and effective option and can be successfully employed in
patients with multiple comorbidities who are not surgical candidates. Two modali-
ties that have been popularized are cryoablation and radiofrequency ablation (RFA).
Cryoablation involves the delivery of freezing temperatures (up to—50 ◦C) via probes
(in a freeze-thaw cycles) to cause tissue destruction by an immediate direct cellu-
lar damaging effect and by a delayed vascular mechanism, with hypoxia-ischemia
resulting from microvascular stasis during cooling [46, 47]. Alternatively, RFA in-
volves the use of high-frequency alternating current, causing frictional heating from
electrons flowing near the site of energy delivery. At temperatures 49 ◦C and above,
cell death results from enzyme inactivation, denaturation of proteins, and irreparable
damage to cellular membranes [48, 49].

In a meta-analysis comparing cryoablation and RFA, El Dib et al. [50] reported
a clinical efficacy of 89 % and 90 %, respectively, for these two modalities in the
management of patients with small renal masses ( ≤ 4 cm). This analysis showed
no statistically significant difference in complication rates between cryoablation and
RFA. While these ablation techniques may be a reasonable approach, they are limited
by the paucity of long-term follow-up data and difficulty in evaluating patients for
either recurrence or the presence of residual tumor following treatment [50].

Cytoreductive Nephrectomy

Unlike some other solid organ tumors, surgical removal of the kidney in the set-
ting of metastatic kidney cancer (cytoreductive nephrectomy) has been shown to be
associated with an improved overall survival. Motzer et al. [51] identified the ab-
sence of a prior nephrectomy as one of the five prognostic factors predicting shorter
overall survival in patients with advanced RCC. Cytoreductive nephrectomy was
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Fig. 9.4 Case presentation:
Postoperative CT scan 6
months after surgery
revealing well-perfused right
kidney with cortical defect at
the site of prior resection

evaluated in two prospective randomized controlled trials, both demonstrating an in-
crease in overall survival favoring surgical intervention along with interferon versus
interferon alone [52, 53]. The combined analysis of these two trials demonstrated a
median survival of 13.6 months for the cytoreductive nephrectomy plus interferon
cohort as compared with 7.8 months for interferon alone, corresponding to a 31 %
decrease in the risk of death (p = 0.002) [54].

Several mechanisms have been proposed to explain the observed survival improve-
ment following cytoreductive nephrectomy. Although all theoretical, the proposed
mechanisms include reduced tumor burden, reversal of the associated immunosup-
pressive milieu within the primary tumor, and reduction in the amount of circulating
angiogenic factors, such as VEGF [55].

Case #2
AA had surgery. Six months following surgery, he underwent surveillance
imaging including CT scan of the chest, abdomen, and pelvis (Fig. 9.4). The
imaging revealed no evidence of local recurrence within the kidney, but did
reveal several enhancing retroperitoneal lymph nodes in the paracaval and
interaortocaval regions. The lymph nodes were worrisome for metastatic re-
currence. At the current time, he is weighing his options of surgical resection
versus immunotherapy with high-dose interleukin 2 versus molecular-targeted
therapy with sunitinib maleate.

What major side effect of Interleukin 2 leads to significant hypotension and
acute kidney injury?
a. Thrombotic microangiopathy
b. Capillary Leak Syndrome
c. Minimal Change Disease
d. None of the above
e. All of the above
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Medical Treatment of Metastatic Renal Carcinoma

The natural history of RCC is quite variable and may be marked by prolonged stabil-
ity of metastatic disease in some instances. Late relapses after nephrectomy, some
decades later, may occur. In addition, there are reports of spontaneous regression
of metastases after cytoreductive nephrectomy [56]. Treatments from the remote
past have included hormonal agents and multiple small trials of various chemother-
apy drugs. Medroxyprogesterone (MPA) was first utilized many years ago; it was
associated with a small percentage of responses and, given the lack of response
with cytotoxic chemotherapy, was prescribed in the metastatic setting. Since then,
as described below, there have been several advances in immunotherapeutic and
molecular-targeted therapeutic agents in metastatic kidney cancer.

Prognostic Stratification

Prognostic factors have become important stratification variables in clinical trials of
agents for the treatment of metastatic RCC. The behavior of metastatic RCC is quite
variable and some patients with low-disease burden and favorable prognostic features
after nephrectomy may be followed for evidence of progression prior to the initiation
of treatment [57]. There are a few patients that may not require treatment at all in
the setting of asymptomatic indolent disease in the face of competing comorbidi-
ties. Others may have rapid progression of disease. With this disease heterogeneity
in mind, a review of patients treated on prior chemotherapy and immunotherapy
clinical trials at Memorial Sloan-Kettering Cancer Center (MSKCC) identified five
prognostic factors that could be used to stratify patients into one of three prognostic
groups. The five factors identified are: a Karnofsky performance status (KPS) of less
than 80 %, low hemoglobin value (less than lower limit of normal), high corrected
calcium level ( > 10 mg/dL), high LDH level ( > 1.5 times the upper limit of normal),
and less than 1 year from the time of nephrectomy to metastases. The presence of
three or more risk factors results in the shortest overall survival and comprises the
poor-risk group. Patients with one or two factors are considered intermediate-risk
and the absence of any of these factors, the favorable-risk group. In the initial study,
the 3-year survival rate among patients treated with cytokines was 31, 7, and 0 % for
the favorable-risk, intermediate-risk, and poor-risk groups, respectively [51].

Given that the MSKCC schema was developed in the cytokine era, additional
risk-stratification systems have been proposed more recently. Prior radiotherapy and
the number of metastatic sites were added to the MSKCC scoring system in a model
from the Cleveland Clinic [58]. Heng et al. proposed a new model for patients
treated in the current era of targeted therapy from a cohort of consecutive patients
that were treatment naive and had received sunitinib, sorafenib, or bevacizumab on
clinical trial. Using overall survival as the endpoint, 16 potential predictive covariates
were assessed in univariate and multivariate analyses. In the final analysis, four of
the five predictive factors from the original MSKCC criteria remained significant.
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Additionally, an elevated absolute neutrophil count and an elevated platelet count
(both above the upper limit of normal) were predictive of worse outcome. The authors
reported 2-year overall survival probability of 75, 53, and 7 % for the favorable-risk,
intermediate-risk, and poor-risk groups, respectively [59].

Progression-free survival (PFS) is the most utilized trial endpoint as the use of
multiple agents in succession as well as crossover in many trials have made the as-
sessment of overall survival (OS) problematic [60]. A large retrospective analysis
from consecutive patients treated with targeted agents at 12 cancer centers in North
America revealed that lack of disease progression at 3 and 6 months intervals inde-
pendently predicted improved overall survival. The conclusion from the authors was
that there is a dependent relationship between PFS and OS in metastatic RCC patients
treated with current targeted agents [61]. This has led to the use of the endpoint of
PFS as an acceptable determinant of benefit in clinical trials in RCC.

Immunotherapy

Interferon-Alpha

Interferon-alpha was shown to improve overall survival of patients in a randomized
controlled trial against medroxyprogesterone acetate, an agent that had been utilized
for metastatic RCC based on occasional tumor responses. The primary endpoint of
the trial was OS and the interferon group had a superior outcome, with a 2.5-month
improvement in survival (median OS 8.5 months versus 6 months for MPA) [62].
Interferon-alpha did not receive regulatory approval for the treatment of metastatic
RCC in the USA but became the standard of care for many years. This was evident
in the two trials conducted in the USA and Europe that established cytoreductive
nephrectomy as the standard of care. Patients deemed eligible for a cytoreductive
nephrectomy were randomized to surgery with interferon treatment versus interferon
alone. Patients who underwent cytoreductive nephrectomy were found to have a 5.8-
month median survival advantage [54]. However, the trial also established that the
response to interferon was modest, underscored by a recently published negative
trial by the French Immunotherapy Group. In 2005, a Cochrane review by Coppin
et al. concluded that interferon-alpha provided modest survival benefit and (in the
pre-targeted therapy era) cytoreductive nephrectomy followed by interferon-alpha
provided the best outcomes in surgically fit patients [63].

Interleukin-2

Interleukin-2 received regulatory approval in 1992 based on uncontrolled experi-
ence demonstrating objective responses, including several complete responses. More
importantly, a proportion of those complete responders proved to be durable in
long-term follow-up. In a retrospective review of the experience at the US National
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Institutes of Health (n = 259 patients), perhaps the largest national experience, the
overall objective response rate was 20 %, with 23 patients experiencing a com-
plete response (CR) and 30 patients achieving a partial response (PR). Only four of
those complete responders remained without evidence of disease at the time of last
assessment [64].

Given the potential toxicity, high-dose IL-2 (preferred over low dose IL-2) is
administered in limited centers in the USA. The usual dose planned is 720,000 IU/kg
administered IV over 15 min every 8 h for a total of 15 doses. Since many patients do
not tolerate the total number of doses, the investigators at the NCI proposed to reduce
the number of doses to 12 per cycle. Two cycles constitute one course of treatment,
with usual plan of administering two courses. Profound hypotension and oliguria are
common significant adverse events resulting from capillary leak syndrome and often
require an intensive care unit admission during treatment. Additionally, patients
can experience confusion and a depressed level of consciousness. Given the high
incidence of grades 3–4 toxicity, patient selection is very important in this potentially
curative treatment where durable remissions have been noted to occur [62]. The ideal
patient is generally younger with an excellent performance status, pulmonary only
metastasis, previous nephrectomy, and no significant cardiovascular comorbidities.
Given the potential for complete and durable response, high-dose IL2 has become
the standard of care immunotherapy for metastatic kidney cancer in well-selected
patients.

Tyrosine Kinase Inhibitors (TKIs)

The addiction of clear cell carcinoma to the VEGF pathway led to the development
of several agents targeting this pathway for use in metastatic RCC. Four agents are
currently approved for use in the USA, and each targets theVEGF receptor. Sorafenib
and sunitinib were approved in 2006. Subsequently, pazopanib and axitinib achieved
regulatory approval based on benefits demonstrated in randomized Phase 3 trials.

Sorafenib was compared to placebo in patients who previously received cytokine
therapy (defined as IL-2 or interferon-alpha), demonstrating a PFS benefit in compar-
ison to placebo of 5.5 months versus 2.8 months, respectively (p < 0.00001, hazard
ratio 0.44). Sorafenib blocks the kinase domain of the VEGF receptor (VEGFR)-2,
VEGFR-3, platelet derived growth factor receptor (PDGFR)-β, as well as RAF-1,
Flt-3, and c-KIT. The original primary end-point of the trial was OS, yet 48 % of
the patients on placebo crossed over to receive sorafenib [65]. A post-hoc analy-
sis of the trial, with censoring of those patients that crossed over from placebo to
sorafenib, suggested an OS benefit. In the intention-to-treat analysis, OS was 17.8
versus 15.2 months for sorafenib versus placebo, respectively. After censoring the
crossover patients, OS was 17.8 versus 14.3 months, (HR 0.78, p = 0.029). This
result is suggestive of an improved overall survival, with caveat that higher propor-
tion of good-risk patients crossed over to receive sorafenib. Sorafenib did not have
a PFS benefit over interferon-alpha in the first-line treatment of metastatic RCC in
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a randomized Phase 2 trial [66]. Sorafenib has modest efficacy in the second-line
treatment of metastatic RCC after sunitinib or bevacizumab, with an objective re-
sponse rate of less than 10 % and a median PFS of 4.4 months [66]. Sorafenib has
been used as the control arm for trials in the development of subsequent agents.

Sunitinib maleate inhibits multiple receptor tyrosine kinases including PDGFR-
α and -β, VEGFR-1, -2 and -3, c-KIT, Fms-like tyrosine kinase-3 (FLT-3), CSF
receptor-1 and neurotrophic factor receptor (RET) [67]. The sunitinib registration
trial compared this agent in treatment-naive patients to interferon-alpha, revealing a
PFS benefit of 11 months versus 5 months, favoring sunitinib. OS improvement was
not reported as the median survival had not been reached in the pre-planned early
analysis for PFS [68]. There was limited crossover to sunitinib on this trial (7 % of
interferon-treated patients received sunitinib). In the intention-to-treat analysis, OS
was 26.4 months versus 21.8 months, respectively, for sunitinib compared with the
interferon-treated group (p = 0.51). In an exploratory analysis of OS with censoring
of those who crossed over, the median OS was 26.4 versus 20 months, respectively,
for sunitinib versus interferon (p = 0.036) [69].

Pazopanib targets VEGF-R-1, -2 and -3, PDGFR-α and -β, fibroblast growth
factor receptor (FGF-R)-1 and -3 and c-Kit. It was approved in the USA in 2010
based on a randomized controlled trial versus placebo in treatment-naive individuals
and cytokine pretreated individuals, revealing a PFS of 9.2 months for the pazopanib
arm versus 4.2 months for the placebo-treated individuals. This trial was conducted
in countries where other agents were generally not available and thus placebo was
utilized as the control arm [70]. The PFS for the treatment-naive population was
11.1 months for pazopanib versus 2.8 months for placebo. Pazopanib-treated patients
were noted to have total objective response rate of 30 %, and disease stability in an
additional 38 % [70].

In a comparison trial of pazopanib and sunitinib designed as a non-inferiority
comparison for treatment-naive patients, median PFS was similar in both arms, at
10.5 months for pazopanib and 10.2 months for sunitinib. The results met the pre-
trial assessment for non-inferiority. Health-related quality of life parameters were
assessed with significant differences favoring pazopanib in 11 of 14 comparisons
[71]. Pazopanib and sunitinib are both considered first-line receptor TKI-targeted
treatments for treatment-naive patients.

Axitinib is the most recent TKI to receive approval in the USA for the treatment of
metastatic RCC. It is a potent and selective second-generation inhibitor of VEGFR-
1, -2, and -3 with a relative potency of 50–450-fold greater than first generation
VEGFR inhibitors. This agent was compared to sorafenib in second-line treatment
after the failure of one TKI. The trial demonstrated improved PFS: 6.7 months for
axitinib treated patients versus 4.7 months for sorafenib treated patients (OS, 11.9
versus 9.1 months, respectively) [72]. Axitinib is currently approved as second line
or later treatment in patients who have previously received a TKI.
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mTOR Inhibitors

Mammalian target of rapamycin (mTOR) signaling is prominent in many tumor
types including kidney cancer, and two agents are currently approved in the USA
as treatment for metastatic RCC. Temsirolimus is an intravenously administered
mTOR inhibitor, given on a weekly basis, and approved for poor-risk metastatic
RCC patients. This agent was evaluated among poor-risk metastatic RCC in a three-
arm trial including temsirolimus monotherapy, interferon-alpha monotherapy, and
combination temsirolimus/interferon alpha. Patients enrolled in this trial had to have
three or more MSKCC risk criteria, thus comprising a poor-risk group. In addition to
the MSKCC criteria, metastasis in multiple organ sites was included as a sixth risk
factor. The temsirolimus arm demonstrated an improved overall survival as well as
an improved PFS. Of note, temsirolimus is the only targeted therapy with statistically
significant OS benefit in a randomized control trial. The PFS for temsirolimus was
5.5 months versus 3.1 months for the interferon group. The OS was 10.9 months for
temsirolimus compared to 7.3 months for the interferon alone arm. The combination
arm had similar outcomes to the interferon alone arm, albeit with greater toxicity
[73]. This trial also permitted the enrollment of patients with non-clear cell histology
comprising approximately 20 % of the study population.

Everolimus is an orally available mTOR inhibitor, which was studied in patients
that were previously treated with either sunitinib or sorafenib. At the time of the
trial, there was no approved second line agent. Therefore, in this trial, the com-
parator group was administered placebo. The results showed PFS of 4.9 months for
everolimus versus 1.9 months for placebo. These findings led to regulatory approval
of everolimus as second-line treatment after failure of one TKI treatment [74].

Bevacizumab and Interferon Combination

The AVOREN trial compared bevacizumab plus interferon-alpha versus interferon
alone. Bevacizumab is a monoclonal antibody directed against VEGF. The trial
demonstrated PFS of 8.2 months versus 5.2 months favoring the treatment arm.
All patients had either cytoreductive or previous nephrectomy and the majority of
subjects consisted of intermediate-risk individuals. Objective response rates were
also higher in the bevacizumab treated patients, 31 % versus 13 % in the interferon
only arm. In a similar trial design, Rini et al. also demonstrated a superior PFS with the
addition of bevacizumab, at 8.5 months for the combination arm and 5.7 months for
the interferon alone arm. Similar to the AVOREN trial, prior nephrectomy occurred
in 85 % of the trial population [75]. In the final analysis of this trial, OS favored
the bevacizumab arm, but did not meet the predefined criteria for significance. The
hazard ratio was 0.86 (95 % confidence interval: 0.73–1.01) [76]. Overall response
rates were 25.5 % for the combination arm versus 13 % for the interferon alone arm.
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Bevacizumab Monotherapy

As a result of the toxicity associated with interferon-alpha treatment of RCC,
many physicians utilize monotherapy with bevacizumab. A randomized trial of be-
vacizumab (at 2 dose levels) versus placebo in cytokine pretreated patients was
conducted and published in 2003. PFS was superior to placebo at the second interim
analysis in the higher dose level and the trial was halted for further accrual. The
PFS was 4.8 months versus 2.5 months for bevacizumab versus interferon, respec-
tively. The objective response rate was 10 %. Overall survival was not significantly
improved [77].

Non-Clear Cell RCC

Management of patients with non-clear cell histology is beyond the scope of this
chapter. Collecting duct carcinomas have been shown to possibly benefit from
cisplatin-based combination chemotherapy with some responses noted in a prospec-
tive Phase 2 trial (objective responses rate 26 %) [78]. Sarcomatoid histology is often
seen in high-grade clear cell RCC and is considered an aggressive variant. In a small
trial of 18 patients with predominant sarcomatoid histology, two complete responses
and four partial responses were noted in patients treated with a combination of gem-
citabine and doxorubicin [79]. The relatively small number of cases and the limited
clinical trial opportunities have resulted in a void as to the optimal management of
these patients in the era of targeted therapy.

In an analysis of the expanded access cohort for sunitinib, the non-clear cell
histology group revealed an overall response rate of 11 %. PFS was 7.8 months
with an OS of 13.4 months, significantly less than the clear cell patients treated on
the Phase 3 trial. The total cohort consisted of greater than 4000 patients with all
histologic types, with a PFS of 10.9 months and an OS of 18.4 months [80].

Toxicity Management of Targeted Agents

The targeted agents discussed above and outlined in Table 9.2 require skilled profes-
sionals in the management of the significant toxicity associated with these agents.
These “off-target” adverse events are capable of producing significant issues in terms
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of quality of life for individual patients, and patient education is critical in order to
maintain safe administration and dose intensity.

Uncontrolled hypertension, decreased cardiac function, hypothyroidism, hand–
foot syndrome, and many other adverse events require vigilance and prompt
management interventions. Renal abnormalities may also be caused by many of the
agents, including proteinuria (occasionally in the nephrotic range), thrombotic mi-
croangiopathy, and interstitial nephritis among other described entities. The inability
to perform a kidney biopsy limits the interpretation of causation in these individuals
as most patients usually have a solitary kidney after excision of their malignancy
[81]. Treatment with TKIs for 6 months or greater in an expanded access program
revealed a higher cumulative incidence of National Cancer Institute-Common Termi-
nology Criteria for Adverse Events grade 3 or 4 events compared to patients treated
less than 6 months, underscoring the vigilance required on the part of the prescriber.
An overview of toxicity and management recommendations can be accessed in the
citation by Eisen et al. [82]. In addition, an entire chapter is dedicated in this book
on renal toxicities of biological agents as the ones used in RCC treatment.

Case #2 Follow-Up and Discussion
Based on above discussion, capillary leak syndrome (b) is the correct answer.
Thrombotic microangiopathy is usually seen in TKIs and anti-VEGF agents.
Minimal-change disease has been reported in TKIs.

Summary

Active surveillance may be considered in the management of small renal masses, es-
pecially in individuals who are not surgical candidates. Surgical treatment for renal
masses includes partial or radical nephrectomy via an open approach or laparoscopy
with or without the use of robot assistance. Although image-guided percutaneous ab-
lative therapies are utilized, data regarding long-term oncologic and renal functional
outcomes are not yet available. The era of targeted therapy for RCC has seen the
development of several agents that have improved upon the prior treatment paradigm
of the cytokine era. Sequencing of the use of these medications is becoming clearer
with experience and new data. Combinations of therapy have generally resulted in
increased toxicity without concomitant improvements in efficacy. Management of
the treatment-related adverse effects requires in depth understanding of the “off tar-
get” effects in order to maintain patients on therapy with the best possible outcomes
for survival and for quality of life.

Acknowledgement The authors thank Paras Shah, MD, for assisting with the development of
Table 9.2.
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