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 Key Points 

•     Renal cancer is the tenth leading cause 
of cancer death in the United States.  

•   For localized tumors, the 5-year survival 
rate exceeds 85 %; however, this falls to 
20 % or less for advanced or metastatic 
tumors. Unfortunately, approximately 
25–30 % of patients with RCC present 
with metastatic disease.  

•   The critical gene involved in the 
pathogenesis of RCC is the von 
Hippel- Lindau tumor suppressor gene 
( VHL ).  

•   Clear cell histology accounts for 70 % 
of renal cancers and is the most aggres-
sive form. Chromophobe and papillary 
are indolent and minimally symptom-
atic at presentation.  

•   The most common paraneoplastic 
 manifestations are hypertension and 
hypercalcemia.  

•   Ultrasound is often the fi rst imaging 
modality used to evaluate patients with 
suspected RCC, but the gold standard 
for diagnosis, staging, and surveillance 
is the computed tomography scan.  

•   The staging system that is commonly 
employed is TNM system. Stage 
remains among the most important 
prognostic factors for the clinical behav-
ior and outcome of RCC.  
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7.1             Clinical Presentation 

7.1.1     Symptoms and Signs 
(See Table  7.1 ) 

    The classic triad described in RCC is comprised 
of hematuria, fl ank pain, and fever but is seen in 
only 9 % of patients. Clinical presentation is 
actually extremely variable and is highly depen-
dent on stage of presentation. The sequestered 
location of the kidney, in the retroperitoneum, 
results in asymptomatic and non-palpable masses 
that present only at an advanced or metastatic 
stage. Incidental detection has increased over 
time. Between 1935 and 1965, 7 % of tumors 
were discovered incidentally. In a National 
Cancer Institute (NCI) study conducted in metro-
politan Detroit and Chicago from 2002 to 2007, 
the proportion of asymptomatic cases increased 
from 35 % in 2002 to 50 % in 2007. Cases before 
1973 were found without the benefi t of computed 

tomography (CT) or ultrasound scanning, 
whereas those after 1980 were discovered largely 
because of the widespread use of these technolo-
gies. What was once an internist’s tumor has 
transformed into a radiologist’s tumor. Incidental 
tumors diagnosed at an earlier stage obviously 
have a better prognosis. In a recent single- 
institution study, patients who underwent surgi-
cal resection from January 1, 1988, and December 
31, 2007, were reviewed. Data were divided into 
four periods, with each time period  encompassing 
5 years. Over time the rate of incidental detection 
increased, from 10.6 to 27.6 % [ 1 ] largely because 
of imaging for evaluation of vague abdominal 
symptoms (see Fig.  7.1 ). The incidental tumors 
are more likely to be smaller (<4 cm) and have a 
lower grade (Fuhrman grade 1–2), which contrib-
utes to better cancer-related prognosis. The inci-
dental fi nding of renal mass can also induce 
morbidity and the risks vs. benefi ts of therapy 
should be carefully considered, especially in 
cases with signifi cant comorbidities (Table  7.2 ).  

   Approximately 25–30 % of patients with RCC 
present with locally advanced or metastatic dis-
ease. Expectedly, these patients can present with 
symptoms secondary to metastasis to distant sites. 
The most common sites of metastasis include:

•    Lung: 50–60 % (Fig.  7.2 )   
•   Bone: 30–40 % (Fig.  7.3 )   
•   Liver: 30–40 %  
•   Soft tissue: 35 %  
•   Central nervous system: 8 %  
•   Cutaneous: 8 %    

 Depending on the organ involved, patients can 
present with hemoptysis, pleural effusion, cough, 
bone pain, back pain, pathological fracture, men-
tal status changes, and headache. 

 Histology also appears to infl uence the initial 
clinical presentation. Clear cell RCC has a propen-
sity for vascular invasion and is associated with 
distant metastasis at an early stage as compared to 
the papillary tumors that tend to have locoregional 
invasion with lymph node spread. Due to the low 
potential for early vascular invasion of papillary 
and chromophobe cancers distant metastases typi-
cally occur later in the disease course.  

   Table 7.1    RCC clinical presentation: symptoms and 
signs reported in different studies   

 Symptoms or 
signs 

 Skinner 
 n  = 309 
(%) 

 Gibbons 
 n  = 110 
(%) 

 Jayson 
 N  = 131 
(%) 

 Gupta 
 N  = 811 
group 1 
group 4 

 Hematuria  59  37  24  29   39  
 Abdominal or 
fl ank mass 

 45  21  8  49   22  

 Pain  41  21  10  28   13  
 Weight loss  28  30  25   16  
 Symptoms 
from 
metastasis 

 10  –  –  –  – 

 Classic triad  9  –  –  –  – 
 Acute 
varicocele 

 2  –  –  –  – 

 Incidental 
fi nding 

  7    40    61   –  – 

•   Several prognostic nomograms have 
been developed using clinicopathologi-
cal features to predict patient outcome 
independent of treatment received.    
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7.1.2     Paraneoplastic Manifestations 

 Paraneoplastic syndromes are defi ned as a collec-
tion of symptoms and clinical signs that occur in 
cancer patients, remotely from the tumor location. 
These are the result of humoral substances pro-
duced by the cancer cells (such as calcitriol produc-
tion by RCC) or benign tissues generating humoral 
factors in response to malignancy (such as club-
bing) or via modulation of the immune system. 

  Fig. 7.2    Pulmonary metastasis in a patient with clear cell 
RCC.  Yellow arrow  shows sites of lung metastases from 
renal cancer       

   Table 7.2    Paraneoplastic manifestations of RCC: inci-
dence and prognostic signifi cance   

 Type 
 Incidence 
(%) 

 Prognostic 
signifi cance 

  Endocrine  
 Hypercalcemia  13–20  Unfavorable 
 Hypertension  40  – 
 Polycythemia  1–8  – 
 Stauffer’s syndrome  3–20  Unfavorable 
 Elevated alkaline 
phosphatase 

 10  Unfavorable 

 Cushing syndrome  2  – 
 Thrombocytosis  –  Unfavorable 
 Cachexia  30  Unfavorable 
  Non-endocrine  
 Amyloidosis  3–8  – 
 Anemia  20  Unfavorable 
 Neuromyopathy  3  – 
 Vasculopathy  –  – 
 Nephropathy  –  – 
 Fever  20 

  Fig. 7.3    Multiple lytic bone lesions involving the pelvis 
and femur from clear cell RCC.  Yellow arrow  shows sites 
of bone metastases from renal cancer       
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 Approximately 20 % of patients present ini-
tially with paraneoplastic symptoms, while up to 
40 % can develop some form of paraneoplastic 
symptoms during their disease course. After 
nephrectomy, the recurrence of a previous para-
neoplastic syndrome should alert for possible 
disease progression. Because of its propensity for 
causing paraneoplastic symptoms, RCC has his-
torically been called one of the “great masquer-
aders” of medicine [ 2 ,  3 ]. 

7.1.2.1     Hypercalcemia 
 This is the most common of the paraneoplastic 
syndromes, affecting 13–20 % of patients with 
RCC. Approximately 75 % of patients presenting 
with hypercalcemia have advanced disease, while 
about half have bone metastasis. Non-metastatic 
hypercalcemia is secondary to the elaboration of 
humoral peptides by RCC. These include PTHrP, 
IL-1, TNF, TGF, and OAF. The clinical picture 
can be very polymorphic. Symptoms can range 
from nonspecifi c symptoms such as asthenia, 
headache, lack of appetite, nausea, vomiting, 
constipation, polyuria, and polydipsia (due to 
nephrogenic diabetes insipidus) to specifi c clini-
cal syndromes such as hypercalcemia or erythro-
cytosis or anemia. Hypercalcemia is a 
life-threatening condition that typically mani-
fests with confusion, constipation, or nausea. 
Profound lethargy or even comatose condition 
has been noted. Physical fi ndings include 
decreased deep tendon refl exes and an impaired 
level of consciousness. Patients may be dehy-
drated secondary to loss of renal concentrating 
ability and subsequent polyuria. Laboratory stud-
ies in affected patients reveal hypercalcemia, 
decreased levels of PTH, and 1,25-vitamin D and 
renal phosphate wasting. ECG fi ndings include 
increased PR and QT intervals with eventual 
bradyarrhythmias and asystole. Treatment is 
mainly with repletion of volume with IV fl uids 
and loop diuretics as needed. Bisphosphonates 
such as pamidronate or zoledronate are effective 
for long-term management. It has been suggested 
that the most effective way to treat the hypercal-
cemia is to treat the cause, with nephrectomy for 
localized disease and systemic therapy for meta-
static RCC [ 2 ,  4 ].  

7.1.2.2     Hypertension 
 Up to 40 % of patients with RCC develop hyper-
tension as a paraneoplastic manifestation. 
Hypertension is typically associated with low- 
grade, clear cell tumors. Potential mechanisms 
include renin secretion, ureteral or parenchymal 
compression, presence of an arteriovenous fi s-
tula, and polycythemia. The sequence of events is 
believed to be as follows: local renal parenchy-
mal compression and ureteral obstruction causes 
renin secretion, which then contributes to hyper-
tension. Elevated serum renin levels have been 
found in 37 % of patients with RCC. Treatment 
for hypertension caused by RCC is nephrectomy; 
85 % will become normotensive after such a pro-
cedure [ 2 ,  3 ].  

7.1.2.3     Polycythemia 
 This is seen in 1–8 % of RCC patients, mainly 
mediated by erythropoietin (EPO), a glycopro-
tein produced by tumor cells and peritubular 
renal interstitial cells that promotes red blood 
cell production in the bone marrow. Elevated 
EPO levels have no prognostic signifi cance. 
Patients with high EPO levels develop 
 anemia more often than polycythemia [ 2 ,  3 ]. 
Interestingly, although two-thirds of patients 
with RCC have elevated EPO levels, only 8 % 
experience erythrocytosis.  

7.1.2.4     Non-metastatic Hepatic 
Dysfunction (Stauffer’s 
Syndrome) 

 In 1961, Stauffer noted hepatic laboratory 
abnormalities in a patient with RCC with no 
evidence of hepatic metastases. These resolved 
with nephrectomy but returned with disease 
recurrence. Incidence of this so-called Stauffer’s 
syndrome is 3–20 %. Patients with this syn-
drome present with hepatosplenomegaly, 
fevers, and weight loss. It is characterized by 
transaminitis and abnormal hepatic synthetic 
function. In two- thirds of patients, nephrec-
tomy led to resolution of Stauffer’s syndrome. 
One-year survival was found to be 88 % in 
patients whose liver enzymes normalize after 
nephrectomy, compared to 26 % if they remain 
elevated [ 2 ,  3 ,  5 ,  6 ].  
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7.1.2.5     Constitutional Symptoms 
 One-third of RCC cases present with constitu-
tional symptoms like fever, weight loss, and 
fatigue. Twenty to thirty percent can have fever, 
but only 2 % have it as a sole manifestation. In a 
study by Tsukamoto et al., 18 of 71 patients have 
elevated levels of IL-6, and 78 % of those with 
increased levels had fever [ 7 ]. In a study by Kim 
et al., cachexia, defi ned as hypoalbuminemia, 
weight loss, anorexia, or malaise, predicted 
worse survival after controlling for well- 
established indicators of prognosis including 
TNM stage, Fuhrman grade, and ECOG-PS [ 8 ].  

7.1.2.6     Other Endocrine Abnormalities 
 Abnormal glucose metabolism has been 
described in RCC. There have been several case 
reports of either hyperglycemia or hypoglycemia. 
RCC tumors have been reported to have elevated 
intracellular levels of insulin, glucagon, and 
enteroglucagon when compared to controls. 

 RCC accounts for 2 % of all neoplasms that 
are responsible for Cushing’s syndrome. This is 
secondary to enzymatic conversion of 
 pro- opiomelanocortin to ACTH by the tumor. 
This ectopic ACTH drives cortisol secretion by 
the adrenal glands. Post-nephrectomy these 
patient are at risk for postoperative Addisonian 
crisis [ 2 ,  3 ]; thus, clinicians should be cognizant 
of this potential complication. 

 Finally, elevated serum beta-HCG levels can 
be found in 6 % of patients with RCC.  

7.1.2.7     Non-endocrine Paraneoplastic 
Syndromes 

 Amyloidosis is seen in 3–8 % of patients with 
RCC. The amyloid protein found is AA. The 
mechanism hypothesized for AA deposition is 

prolonged stimulation of the immune system by 
either the malignancy or tumoral necrosis, lead-
ing to a rise in the levels of the acute phase reac-
tant SAA. Initial patient complaints are weakness, 
weight loss, and syncope. Eventually the symp-
toms depend on which organ is involved. 

 Neuromyopathies are also described in 
RCC. They can be sensory or motor. Severity var-
ies from nonspecifi c myalgias to a symptom com-
plex reminiscent of amyotrophic lateral sclerosis.    

7.2     Imaging (Table  7.3 ) 

    With the implementation of modern cross- 
sectional imaging modalities in clinical practice, 
the diagnosis, treatment, and surveillance of RCC 
have changed dramatically in the past two 
decades. As the incidental detection of small 
renal tumors has increased, this allowed earlier 
detection and treatment, consequently improving 
long-term survival rates [ 9 ,  10 ]. 

 The major goals of imaging techniques are to 
correctly differentiate benign from malignant 
lesions and for early diagnosis, precise staging, 
and response evaluation to systemic therapy [ 11 ]. 

7.2.1     Ultrasound 

 Ultrasound (US) is often the fi rst imaging tech-
nique used to evaluate patients with suspected 
RCC. Vascular fl ow detected by color Doppler 
US was reported to be strongly suggestive of con-
ventional clear cell histology. Color Doppler US 
had a diagnostic accuracy similar to dynamic CT 
in most patients with renal solid tumors, and the 
color fl ow pattern was different among RCC 

   Table 7.3    Diagnostics of RCC: imaging modalities, their sensitivity and specifi city   

 Imaging 
modality 

 Primary 
tumor 

 Perinephric 
extension 

 Lymph 
adenopathy 

 Venous thrombus/
tumor  Metastasis 

 Staging 
accuracy 

 IVC 
extension 

 Sn  Sp  Sn  Sp  Sn  Sp  Sn  Sp  Sn  Sp  Sn  Sp 

 US  91  99  21  –  –  100  −  –  –  –  54 
 CT  91  100  46  98  92  98  78  96  98  99  96  78  83 
 MRI  93  65  84  95  –  –  65  81  82  82  97 
 FDG-PET  60  100  –  –  75  100  –  –  63  100  94  –  – 
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 subtypes. These observations suggest the use of 
color Doppler US as an additional tool in patients 
whose tumor is poorly attenuated or in those with 
contraindications for contrast medium and radia-
tion [ 12 ]. When compared to CT scans, the accu-
racy of US to detect small renal tumors is low. 
The sensitivity for tumors that are <3 cm in diam-
eter is only 67 % [ 13 ]. The defi ciencies with con-
ventional US are defi nitive identifi cation of the 
following: complex cystic lesions, venous tumor 
thrombus extension, and verifi cation of meta-
static lesions. These shortcomings are due to the 
well-known inherent limitations of US imaging 
such as reliance on operator experience and on 
patient’s constitution. 

 Contrast-enhanced US (CEUS) is a rapidly 
evolving technique using US-specifi c intrave-
nous contrast agents in the form of microbubbles. 
A complete concordance between CEUS and CT 
in the differentiation of surgical and nonsurgical 
complex cysts was reported [ 14 ]. The sensitivity 
to detect tumor thrombus can reach 100 % if it 
involves the intrahepatic portion of the IVC, but 
it drops to 68 % if it lies below the level of the 
insertion of the hepatic veins. Depending on the 
patient’s constitution, in 43.5 % of cases the IVC 
is not completely visualized [ 15 ]. It is the only 
available intraoperative imaging modality to 
ensure nephron-sparing surgery and to identify 
additional tumors. Under US guidance, mini-
mally invasive procedures like biopsies and 
radiofrequency ablations can be performed [ 16 ]. 

 Dynamic contrast-enhanced US can poten-
tially be used in the era of antiangiogenic thera-
pies to evaluate tumor response. An ongoing 
French national study will be able to defi ne its 
utility in monitoring antiangiogenic therapy [ 17 ].  

7.2.2     Computed Tomography (CT) 
Scanning 

 The gold standard for the diagnosis, staging, and 
surveillance of RCC is the CT scan [ 18 ,  19 ]. With 
multidetector-row CT (MDCT) scanners, one is 
able to obtain a true volume scan and ultrathin 
sections (<0.5 mm) with minimal time for motion 
artifact [ 20 ]. With the advent of triphasic 

 (unenhanced, corticomedullary or arterial phase, 
and nephrographic phase) MDCT and 3D recon-
struction, there is provision of accurate preopera-
tive planning, especially for nephron-sparing 
surgery [ 21 ]. The degree of enhancement is a 
unique fi nding to differentiate conventional clear 
cell RCC from other subtypes and from angio-
myolipoma [ 22 ]. Jinzaki et al. reported that clear 
cell RCC showed a peak attenuation value in the 
cortical nephrographic phase of >100 HU, 
whereas for other subtypes it is <100 HU [ 23 ]. 
The presence of homogeneous and prolonged 
enhancement signifi cantly differentiates angio-
myolipoma with minimal fat from RCC [ 24 ]. 

 The staging accuracy with CT scans is 90 %. 
The detection of a normal adrenal gland in 
MDCT is associated with 100 % negative predic-
tive value for metastasis [ 25 ]. For lymph node 
metastasis, the false-negative rate is 10 %, and 
false-positive rate ranges from 3 to 43 % [ 26 ,  27 ]. 
For M staging, there is an excellent agreement 
between MDCT and surgical pathology [ 27 ]. 
With the MDCT, tumor thrombus is accurately 
identifi ed and localized. 

 Tumor response to antiangiogenic therapy can 
also be assessed with CT scanning. The applica-
tion of RECIST criteria is limited in tumors with 
irregularity and diffuse invasion. So volumetric 
mean tumor attenuation in contrast-enhanced 
MDCT has been proposed as an alternative 
potential response criterion.  

7.2.3     Magnetic Resonance 
Imaging (MRI)  

 MRI is the imaging modality of choice in patients 
with contrast allergy and functional renal impair-
ment or who are pregnant. It is mainly used as a 
complementary problem-solving tool in selected 
cases of undefi ned renal lesions and suspected 
perinephric tumor spread or recurrence. The 
advantages of MRI include: absence of radiation, 
lack of need for standard iodinated contrast 
medium, and its high inherent contrast among 
different soft tissues [ 16 ]. Disadvantages are lon-
ger examination times, higher cost, and inferior 
capacity to detect lung metastasis. In patients 
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with renal insuffi ciency, the MRI contrast 
medium gadolinium has been associated with 
nephrogenic systemic fi brosis. 

 In a study by Pedrosa et al., the overall sensi-
tivity and specifi city of MRI to predict the histo-
logic subtype were 92 and 83 % for clear cell and 
80 and 94 % for papillary RCC, respectively [ 28 ]. 
MRI along with CT scans has diffi culty in cor-
rectly identifying perinephric tumor invasion, dis-
tinguishing infl ammation from tumor infi ltration, 
and insensitivity in differentiating small collateral 
blood vessels from tumor extension in the lym-
phatics [ 29 ]. The sensitivity and specifi city for 
detecting metastatic lymphadenopathy are low. It 
is highly sensitive and specifi c for detection of 
bone metastasis [ 30 ]. It is more sensitive than CT 
for detection of brain metastasis. MRI is a reliable 
method for evaluation of tumor thrombus. The 
accuracy is ranging from 65 to 100 % [ 16 ]. 

 In regard to response evaluation to antiangio-
genic therapy, it is still restricted to clinical trials 
because of poor standardization, methodologic 
challenges, limited sensitivity, and concerns 
related to potential harmful effects of MRI con-
trast agents.  

7.2.4     FDG- PET 

 The increased background activity of healthy 
renal tissue and normal FDG excretion in urine 
can make visualization of primary renal can-
cers by PET diffi cult. 2-Deoxy-2-[18F]-fl uoro-
D- glucose (FDG) thus far has not offered any 
advantage over a standard imaging modality such 
as MDCT. In a retrospective review [ 31 ], the 
sensitivity and specifi city of PET for detection 
of primary RCC were 60 % and 100 %, respec-
tively, and with CT scan, these were 91.7 % and 
100 %, respectively. It is also less sensitive than 
CT in the detection of metastasis to retroperito-
neal lymph nodes and/or renal bed recurrence 
(75 vs. 92.6 %), lung metastases (75 vs. 91.1 %), 
and bony metastases (77.3 vs. 93.8 % of CT + 
bone scan). By using PET with an iodine-124-la-
belled antibody chimeric G250 (124I-cG250) 
against carbonic anhydrase-IX (“immuno-
PET”) for clear cell RCC, sensitivity was 94 % 

and  specifi city was 100 % [ 32 ]. Other markers 
under investigation are 18F-fl uoromisonidazole 
(FMISO), a noninvasive tumor marker of tissue 
hypoxia, and 18F-fl uorothymidine, a tracer that 
mirrors cellular proliferation. 

 FDG-PET/CT has the advantage to detect the 
metabolic activity of local recurrence that is not 
infl uenced by factors that jeopardize diagnosis of 
local recurrence with CT, such as migration of 
the adjacent normal organs into the renal fossa, 
postoperative scarring, and artifacts from surgi-
cal clips [ 33 ]. FDG-PET/CT can examine the 
whole body in one procedure without contrast 
agents. Park et al. demonstrated that, for the sur-
veillance of high-risk RCC, FDG-PET/CT had 
results as good as conventional methods and were 
not infl uenced by the Fuhrman grade or the histo-
logical subtype. FDG-PET/CT is 89.5 % sensi-
tive, 83.3 % specifi c, and 85.7 % accurate in 
detection of recurrence or metastasis.   

7.3     Staging 

 Tumor stage, which refl ects the anatomic spread 
and involvement by disease, is recognized as the 
most important prognostic factor for the clinical 
behavior and outcome of RCC. The fi rst formal 
staging system proposed by Flocks and Kadesky 
in 1958 was based on the physical characteristics 
of the tumor and the location of tumor spread. 

 Currently the staging system that is followed 
is the tumor-node-metastasis (TNM) system. It 
was most recently revised in 2010 and is sup-
ported by both the American Joint Committee on 
Cancer (AJCC) and the International Union for 
Cancer Control (UICC). This is a dynamic stag-
ing method that changes continually on the basis 
of new evidence from clinical studies. It is based 
on data from large multicenter studies with a 
fairly good level of evidence. 

 The fi rst TNM staging system was developed 
in 1978. Tumors are characterized on the basis of 
the degree of local extension of the tumor at the 
primary site (T), the involvement of regional 
lymph nodes (N), and the presence or absence of 
distant metastases (M). The classifi cation may be 
clinical (cTNM) or histopathological (pTNM). 
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Regional lymph nodes for RCC are defi ned as the 
hilar, abdominal para-aortic, and paracaval nodes 
[ 34 ,  35 ]. Refer to Table  7.4  for a full description 
of the TNM staging system for RCC.

7.4        Clinical Prognostic/
Predictive Markers 

 Prognostic factors in RCC include:
•    Anatomical (TNM classifi cation, tumor size)  
•   Histological (Fuhrman grade, histologic 

subtype)  
•   Clinical (symptoms and performance status)  
•   Molecular features (described in Chap.   4    )    

 All these factors are not accurate by them-
selves, but when combined, they improve accu-
racy of predicting outcome independent of 
treatment received. Hence, various prognostic 
models or nomograms have been proposed and 
designed. These models can be valuable tools for 
patient counseling, follow-up, clinical trial 
design, analysis, and interpretation [ 36 ]. 

7.4.1     Prognostic Factors in Non- 
metastatic RCC 

 Classical prognostic factors for non-metastatic 
disease include anatomical, histological, clinical, 
and molecular features. 

  Anatomic features  are integrated in the TNM 
staging system. RCCs with higher T stage and 
lymph node and distant metastasis are associ-
ated with a worse prognosis and shorter survival 
[ 37 ,  38 ]. Involvement of the renal sinus fat 
appears to have worse prognosis [ 39 ,  40 ]. The 
current TNM staging does not distinguish 
between perirenal fat and renal sinus fat inva-
sion, or between invasion of a muscular branch 
of the renal vein, and involvement of the entire 
renal vein (both staged as pT 3a ). Involvement of 
ipsilateral adrenal gland confers dismal progno-
sis, and the outcomes are equivalent to stage IV 
disease [ 41 ]. Involvement of the IVC whether 
above or below the diaphragm is not prognosti-
cally different, but it has been shown that these 
patients have better prognosis when compared 
to patients with perinephric fat or nodal involve-
ment [ 42 ]. 

  Histological features  include Fuhrman 
nuclear grade, histologic subtype, presence of 
sarcomatoid component, microvascular inva-
sion, tumor necrosis, and collecting system inva-

   Table 7.4    Revised 2010 AJCC TNM staging system   

  Primary tumor (T)  
 TX  Primary tumor cannot be assessed 
 T0  No evidence of primary tumor 
 T1  Tumor 7 cm or less in greatest dimension, 

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

limited to the kidney 
   T1b  Tumor more than 4 cm, but not more than 

7 cm in greatest dimension and limited to the 
kidney 

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

   T2a  Tumor more than 7 cm but less than or equal 
to 10 cm in greatest dimension, limited to the 
kidney 

   T2b  Tumor more than 10 cm, limited to the kidney 
 T3  Tumor extends into major veins or perinephric 

tissues, but not into the ipsilateral adrenal 
gland and not beyond Gerota’s fascia 

   T3a  Tumor grossly extends into the renal vein or 
its segmental (muscle containing) branches, or 
tumor invades perirenal and/or renal sinus fat 
but not beyond Gerota’s fascia 

   T3b  Tumor grossly extends into the vena cava 
below the diaphragm 

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

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

  Regional lymph nodes (N)  
 NX  Regional lymph nodes cannot be assessed 
 N0  No regional lymph node metastasis 
 N1  Metastasis in regional lymph node(s) 
  Distant metastasis (M)  
 M0  No distant metastasis 
 MI  Distant metastasis 
  Anatomic stage/prognostic groups  
 Stage I  T1  N0  M0 
 Stage 
II 

 T2  N0  M0 

 Stage 
III 

 T1 or T2  N1  M0 
 T3  N0 or N1  M0 

 Stage 
IV 

 T4  Any N  M0 
 Any T  Any N  M1 
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sion. The most widely accepted histologic 
prognostic factor is Fuhrman nuclear grade 
developed in 1982 by Fuhrman et al. [ 43 ]. Four 
nuclear grades (1–4) were defi ned in order of 
increasing nuclear size, irregularity, and nucleo-
lar prominence. Nuclear grade was more effec-
tive than each of the other parameters in 
predicting development of distant metastasis fol-
lowing nephrectomy. The value of Fuhrman 
grade in histological subtypes other than clear 
cell RCC has been disputed. The simplifi ed ver-
sion was as accurate as the classical four grades 
scheme when the grade was integrated into a 
prognostic nomogram [ 44 ]. 

 Many studies have observed a signifi cant 
association between histologic subtype and 
disease- specifi c survival in univariate analysis, 
with clear cell being the most aggressive tumor 
followed by papillary and chromophobe 
RCC. This prognostic value disappears in multi-
variable analysis suggesting that stage and grade 
have a higher impact on prognosis than the his-
tology [ 45 ,  46 ]. RCC with sarcomatoid features 
have a dismal prognosis. Papillary tumors are 
divided into two groups with very different prog-
nosis. Type I papillary tumors are low grade and 
multifocal and display a very favorable outcome, 
and type II are usually high grade and have an 
increased metastatic potential. 

 The presence of tumor necrosis is also a well- 
established independent indicator of poor prog-
nosis for localized disease. Invasion of the 
collecting system is relatively rare but is associ-
ated with a worse prognosis, especially in lower 
stage disease. 

  Clinical prognostic features  include perfor-
mance status, local symptoms, cachexia, and ane-
mia. The University of Michigan found that the 
mode of presentation (symptomatic vs. inciden-
tal) was an independent prognostic factor in the 
multivariate analysis for both disease-free and 
disease-specifi c survival [ 47 ]. Thrombocytosis is 
an independent prognostic marker, and it refl ects 
a cascade of biological events correlated with 
tumor aggressiveness. 

 Several molecular and genetic tissue markers 
are investigated for prognostic signifi cance. The 
prognostic role of von Hippel-Lindau (VHL) 

gene alterations and of hypoxia-induced factor 
1alpha is controversial [ 48 ,  49 ]. VEGF is associ-
ated with more aggressive tumor phenotype. 
High carbonic anhydrase 9 (CA IX) levels have 
been associated with improved prognosis in 
advanced clear cell RCC [ 50 ]. Ki-67 has been 
found to be an independent prognostic factor in a 
multivariate analysis [ 50 ,  51 ], with high levels 
associated with poorer outcomes. Molecular 
markers have the potential to be used for screen-
ing, diagnosis, and follow-up, but at present have 
not been validated in well-designed multicenter 
prospective studies, hence limiting their clinical 
utility. Chapter   4     provides a more detailed 
description of molecular biomarkers in RCC. 

 A single prognostic feature does not yield suf-
fi cient predictive accuracy. Thus, investigators 
have combined different established parameters 
into algorithms or nomograms in order to improve 
prognostic accuracy. These tools are simple to 
use and are superior over standard multivariate 
regression models since they provide an estimate 
of the individual probability of outcome in a spe-
cifi c patient.  

7.4.2     Prognostic Nomograms 
in Localized Disease 

 The fi rst prognostic model was developed by 
Elson et al. in 1988, in 610 patients with recur-
rent or metastatic renal cell carcinoma to predict 
cancer-specifi c mortality. In 2001, investigators 
from Memorial Sloan-Kettering Cancer Center 
(MSKCC) introduced a postoperative nomogram 
for patients with localized RCC, which assigned 
points based on a combination of variables that 
included histology, tumor size, 1997 T stage, and 
symptoms at presentation. The aim was to predict 
the probability of RCC recurrence after nephrec-
tomy in 601 patients. The predictive accuracy 
was 74 %, which however is no different from the 
TNM staging [ 52 ]. External validation was car-
ried out in a European series and showed variable 
results [ 53 ]. The Kattan nomogram was updated 
by Sorbellini in 2005 [ 54 ]. These achieved 82 % 
accuracy in external validation but only in clear 
cell subtype (Fig.  7.4 ).  
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 The Mayo Clinic introduced a prediction 
model to assess cancer-specifi c survival, in 
patients with clear cell RCC who underwent 
 radical nephrectomy. In multivariable analysis 
TNM stage, tumor size, nuclear grade, and tumor 
necrosis are found to be signifi cant. The predic-
tive accuracy of the SSIGN was 81–88 % in 
external validation [ 55 ]. 

 In 2003, Leibovich et al. developed an algo-
rithm to predict progression to metastases after 
radical nephrectomy in clinically localized 
clear cell RCC. Tumor stage, size, grade, necro-
sis, and regional lymph node status were statis-
tically signifi cantly associated with progression 
to metastases. The metastases-free survival 
rates were 86.9 % at 1 year and 74.1 % at 
5 years [ 56 ]. 

 Another prognostic model has been the UCLA 
Integrated Staging System (UISS). The UISS 
was developed using the kidney cancer database 
from the University of California Los Angeles 
Kidney Cancer Program with the goal of provid-
ing a simple and accurate algorithm for predict-
ing survival using variables that are available in 
any modern medical practice. In the initial study 
by Zisman et al. [ 57 ], patients were grouped 

based on TNM stage, Fuhrman grade, and ECOG 
performance status. This algorithm differed from 
the MSKCC nomogram, as it is limited to patients 
with clear cell histology and included other fac-
tors like nuclear grade and histologic tumor 
necrosis. The presence of symptoms at presenta-
tion, which was a prominent feature in the 
Kattan’s nomogram, was not signifi cant in this 
analysis after adjusting tumor stage, size, regional 
lymph node status, nuclear grade, and necrosis. 
In this study it was found that tumors measuring 
>10 cm were 48 % more likely to metastasize 
when compared to tumors <10 cm, after adjust-
ing for other statistically signifi cant pathologic 
features (see Fig.  7.5 ). The purpose was mainly 
to defi ne subgroups with different risks of death 
following nephrectomy (Fig.  7.6 ).   

 In an international multicenter study by Patard 
et al., UISS was used to stratify both localized 
and metastatic RCC into three different risk 
groups. For localized disease, the 5-year survival 
rates were 92 %, 67 %, and 44 % for low-, 
 intermediate-, and high-risk groups, respectively. 
A trend toward a higher risk of death was 
observed with increasing UISS risk category. 
This study confi rmed the general applicability 
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and accuracy of the UISS for predicting survival 
in localized RCC. The predictive accuracy was 
86 % at 2 years, which is signifi cantly superior to 
that of the TNM system alone. The high predic-
tive accuracy combined with its validity and 
robustness across different populations made it a 
reliable and useful tool for clinical practice [ 58 ]. 

 In 2007, Karakiewicz et al. [ 59 ] proposed a 
nomogram for prediction of RCC-specifi c sur-
vival. This is similar to the UISS, but tumor size 
is used as a continuous variable and the ECOG 
performance status is replaced by symptoms that 
distinguish asymptomatic and local and systemic 
symptoms. The predictive accuracy at 10 years 
was 89 % in the external cohort validation and 
had the highest predictive accuracy.  

7.4.3     Prognostic Factors 
in Metastatic Disease 

 In metastatic setting, the prognostic impact of the 
primary tumor characteristics disappears. The 
classic anatomic factors (stage, size, perinephric 
fat, venous or adrenal invasion) have very limited 
prognostic role. The location, multiplicity, and 
resectability of the  metastasis  play a signifi cant 
role in prognosis. Presence of multiple lung and 
brain metastasis and involvement of bone espe-
cially spinal location indicate worse prognosis. 
Presence of sarcomatoid differentiation is associ-
ated with very poor prognosis. However, the most 
important  clinical prognosticator  appears to be 
performance status. 
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  Biological   prognostic factors  include low 
hemoglobin, elevated lactate dehydrogenase, and 
high corrected serum calcium and infl ammatory 
markers. Several of these pretreatment clinical 
features have been associated with shorter sur-
vival, and thus identifi cation of these prognostic 
factors has led to the development of risk stratifi -
cation models. 

 In the metastatic setting, the combination of 
several variables has higher predictive accuracy 
than independent variables. The two most 
adopted are classifi cation systems of the  French 
group of immunotherapy  and the  MSKCC 
model(s) . 

 The Groupe Franc¸ais d’immunotherapie 
enrolled 782 mRCC patients over a 6-year period. 
This group developed and validated a prognostic 
model based on performance status, number and 
location of metastases, interval between diagno-
sis and systemic treatment, hemoglobin level, 
neutrophil count, and other biological signs of 
infl ammation. This was designed to predict pro-
gression and survival following cytokine-based 
immunotherapy and stratifi ed patients according 
to the number of adverse prognostic factors into 
three prognostic groups—good, intermediate, 
and poor risk—with median survival rates of 42, 
15, and 6 months, respectively. The four indepen-
dent factors predictive of rapid progression under 
treatment were: presence of hepatic metastases, 
short interval from renal tumor to metastases 
(<1 year), more than one metastatic site, and ele-
vated neutrophil counts. Patients with at least 
three of these factors have over 80 % probability 
of rapid progression despite treatment [ 60 ]. 

 The MSKCC model was developed by Motzer 
et al. and used data from patients with RCC who 
received treatment with IFN-alpha. The database 
was a retrospective study of 670 advanced renal 
cancer patients treated in successive clinical trials 
at MSKCC to defi ne pretreatment features pre-
dictive of survival. The fi ve risk factors associ-
ated with shorter survival were low Karnofsky 
performance status (<80 %), high lactate dehy-
drogenase (>1.5 times upper limit of normal), 
low serum hemoglobin (< lower limit of normal), 
high corrected serum calcium (>10 mg/dL), and 
interval from diagnosis to treatment of less than 

1 year. Three-year survival for the favorable-risk 
(0), intermediate-risk (1–2), and poor-risk (>/=3) 
groups were 31 %, 7 %, and 0 %, respectively. 
The median survival rates in the three risk groups 
were 20, 10 and 4 months [ 61 ], respectively. 

 The MSKCC criteria were validated and addi-
tionally elaborated by an independent group at 
the Cleveland Clinic in a cohort of 308 untreated 
mRCC patients. In addition to the MSKCC 
 criteria, prior radiotherapy and the presence of 
more than one site of metastases also had nega-
tive prognostic value [ 62 ]. 

 MSKCC investigators then developed another 
prognostic model for patients who have failed 
cytokine therapy. Factors associated with shorter 
survival were low Karnofsky performance status, 
low hemoglobin level, and high corrected serum 
calcium. The median survival times with 0, 
1,>/=2 risk factors were 22, 11.9, and 5.4 months, 
respectively [ 63 ]. 

 These prognostic risk profi les are derived from 
the era of immunotherapy, and it is unclear if these 
prognostic factors are relevant to contemporary 
patients predominantly treated with VEGF-
targeted therapy. It was essential to validate these 
prognostic models in the era of targeted therapy. In 
the study by Motzer et al., treatment-naïve mRCC 
patients were randomized to either sunitinib or 
INF. The predefi ned MSKCC risk factors pre-
dicted longer PFS with sunitinib [ 64 ]. In a recent 
multicenter, retrospective study led by Heng et al. 
in metastatic RCC patients, treated with VEGF-
targeted therapies, four out of the fi ve MSKCC 
adverse prognostic factors (anemia, hypercalce-
mia, poor performance status, shorter time from 
diagnosis to initiation of therapy) were identifi ed 
as independent determinants of OS outcome. 
Additionally, presence of bone metastases, neutro-
philic leukocytosis, and thrombocytosis were 
noted to be independent adverse prognostic fac-
tors. Patients were segregated into three prognostic 
groups depending on these six factors. Two-year 
survival rates for the favorable-risk (0), intermedi-
ate-risk (1–2), and poor-risk (3–6) groups were 
75 %, 53 %, and 7 %, respectively (Fig.  7.7 ). This 
study established a contemporary prognostic 
model that is clinically applicable to determine OS 
outcomes in the targeted therapy era [ 65 ].  
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 Majority of the targeted therapies in mRCC 
were approved based on PFS benefi t; however, it 
was not clear if PFS is an adequate surrogate of 
OS in advanced RCC. In a retrospective study 
evaluating 1158 RCC patients who received tar-
geted therapy, median OS for patients who pro-
gressed at 3 months was 7.8 months, compared 
with 23.6 months for patients who did not prog-
ress at the 3-month time point ( P  < 0.0001). 
Similarly, using a 6-month cutoff instead of 
3 months, progressing patients had a median OS 
of 8.6 months compared with 26 months for 
patients who did not progress ( P  < 0.0001). This 
study concluded that patients with advanced RCC 
who progressed on contemporary targeted ther-
apy had an approximately three times increased 
risk of death compared to patients who are pro-
gression free at the same time point. This study 
suggested that PFS may be a meaningful interme-
diate endpoint for OS in patients with mRCC who 
receive treatment with novel agents [ 66 ]. 

 SWOG 8949 prospectively evaluated the role 
of debulking nephrectomy in advanced 
RCC. Patients on the nephrectomy arm continued 
to have survival benefi t at 9 years of follow-up, 
with risk reduction by 26 %. This benefi t was 
seen across all predefi ned strata, including per-
formance status and the presence or absence of 

lung metastasis and measurable disease. The role 
of cytoreductive nephrectomy (CN) in this new 
era of VEGF-targeted therapy was retrospec-
tively evaluated by Choueiri et al. After adjusting 
for established prognostic risk factors, CN 
reduced the risk of death by 32 % (95 % CI: 
0.46–0.99,  P  = 0.04). In the subgroup analysis, 
marginal survival benefi t is seen in patients in the 
poor-risk group ( p  = 0.06) and Karnofsky perfor-
mance status <80 % ( p  = 0.08) [ 67 ]. 
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 Case Vignette 

 A 58-year-old man presented with fl ank 
pain and left hip discomfort. He has no other 
medical problems, never smoked, and only 
takes a statin for hyperlipidemia. His uri-
nalysis showed microscopic hematuria. A 
complete blood count showed anemia with a 
hemoglobin concentration of 10 g/dL. His 
kidney and liver function tests were normal. 
Computed tomography (CT) scans revealed 
a large 12 cm solid right renal mass. 
Regional lymph nodes were not enlarged 
(Fig.  7.8a ). A plain radiograph of the pelvis 
demonstrated a sclerotic lesion in the left 
femoral head (Fig.  7.8b ). There was no other 
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