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Epidemiology, Screening,
and Clinical Staging

Michael J. Lipsky, Christopher M. Deibert,
and James M. McKiernan

Epidemiology

Worldwide, kidney tumors account for 2 % of all
newly diagnosed malignancies with approxi-
mately 271,000 new cases diagnosed annually. In
addition, 116,000 deaths were attributed to kidney
cancer globally in 2008 [1]. There is a predomi-
nance of kidney cancers in more developed areas
with greater than four times the number of kidney
tumors diagnosed and greater than three times the
number of deaths attributed to renal malignancies
when compared to less developed areas. In fact,
kidney cancers are the sixth most common malig-
nancy among males in developed countries with
more than 110,000 new cases and about 43,000
deaths annually [2]. Within the United States,
tumors of the kidney and renal pelvis account for
about 4 % of all cancer diagnoses [3]. In 2012,
there will be an estimated 64,770 new cases
diagnosed with a male-to-female predominance
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of about 3:2 [4]. In fact, these are estimated to be
the sixth and eighth most commonly diagnosed
tumors in males and females, respectively. Based
on data from the SEER (Surveillance,
Epidemiology, and End Results) program, it has
been estimated that approximately 1 in 69 males
and 1 in 116 females will be diagnosed with a kid-
ney tumor in their lifetime [5]. Additionally, about
13,500 deaths in the United States alone will be
due to these cancers in 2012 [3].

The differential diagnosis of a renal mass is
given in Table 1.1 and includes benign and malig-
nant renal parenchymal tumors as well as tumors
of the upper urinary tract. Renal cell carcinoma
(RCC) accounts for about 85 % of all tumors of
the kidney, with benign renal tumors and other
malignant tumors occurring less commonly [6].
Renal cell carcinoma encompasses a variety of
different histologic subtypes, each of which por-
tends a different prognosis. Conventional or
clear-cell renal cell carcinoma is the most com-
mon form of RCC, accounting for 70-85 % of all
cases [7, 8]. There are reports that patients with
clear-cell RCC have an increased rate of metasta-
sis post-surgery compared to other histologic
subtypes such as papillary or chromophobe, even
after controlling for tumor stage [9]. This, how-
ever, is controversial, as other studies show no
prognostic significance of histological subtype
[8, 10]. Non-clear-cell histologic subtypes include
chromophobe, papillary, and collecting duct RCC
and occur in about 10-15 %, 5 %, and <1 % of all
RCC cases, respectively [7].

J.A. Libertino (ed.), Renal Cancer: Contemporary Management, 1
DOI 10.1007/978-1-4614-7236-0_1, © Springer Science+Business Media New York 2013



Table 1.1 The differential diagnosis of a renal mass
(Reproduced with permission from Thieme Medical:
Barbaric ZL. Principles of genitourinary radiology. 2nd
ed. New York, NY. Thieme Medical, 1994, pg. 154 and

M.J. Lipsky et al.

Elsevier Saunders: Wein A, Kavoussi L, Novick A, Partin
A, Peters C. Campbell-Walsh Urology, 10th ed.,
Philadelphia, PA Elsevier Saunders, 2012, pg. 141)

Malignant
Renal cell carcinoma
Clear cell
Papillary
Chromophobe
Collecting duct
Urothelium based
Transitional cell carcinoma
Squamous cell carcinoma
Adenocarcinoma
Sarcoma
Leiomyosarcoma
Liposarcoma
Angiosarcoma
Hemangiopericytoma

Benign Inflammatory

Simple cyst Abscess

Angiomyolipoma Focal pyelonephritis

Oncocytoma Xanthogranulomatous pyelonephritis

Renal adenoma

Metanephric adenoma

Cystic nephroma

Mixed epithelial/stromal tumor
Reninoma (JG cell tumor)
Leiomyoma

Fibroma

Infected renal cyst
Tuberculosis
Rheumatic granuloma

Hemangioma

Vascular
Renal artery aneurysm
Arteriovenous malformation

Malignant fibrous histiocytoma Pseudotumor
Synovial sarcoma
Osteogenic sarcoma
Clear cell sarcoma
Rhabdomyosarcoma

Wilms tumor

Primitive neuroectodermal tumor

Carcinoid

Lymphoma

Leukemia

Metastasis

Invasion by adjacent neoplasm

RCC Incidence over Time

From 1999 to 2008, there was a steady increase in
the incidence of malignancies of the kidney and
renal pelvis in the United States [11]. These rates
increased most dramatically for clinically local-
ized tumors, likely in part due to the increased use
of abdominal imaging [11]. This is supported by
the fact that the number of renal masses discovered
only at autopsy is decreasing, whereas the rate of
occult kidney cancers per 100 autopsies did not
change significantly over time in one study [12]. In
conjunction with the increase in overall incidence,
there has been a relative increase in stage I renal
tumors with a subsequent improvement in relative
survival [13]. However, other factors may be
involved in the increasing incidence of renal
tumors. While imaging has certainly contributed to

the increasing number of asymptomatic renal
tumors diagnosed, there has also been a rise in the
incidence of advanced renal tumors (tumors with
regional extension and distant metastases) and an
increase in the kidney cancer mortality rates [14].
As the incidence of RCC increases, its prevalence
is estimated to increase from 308,000 in 2010 to
426,000 in 2020 in the United States alone [15].

Demographic Factors in Renal Cell
Carcinoma

Renal cell carcinoma is predominantly a cancer of
the elderly. In fact, review of the SEER database
from 1996 to 2000 suggests that only about 10 %
of all kidney tumors are diagnosed <45 years of
age, with 75 % of renal tumor diagnosed in patients
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above the age of 55 [5]. Studying the age-related
trend of RCC, the mean age as well as the propor-
tion of patients diagnosed >65 years has increased
from 1982 to 1997 [16]. In review of the 1996—
2000 SEER database, the median age of diagnosis
was 64 and 67 years for males and females, respec-
tively [5]. While the reasons remain unclear, a
recent study suggests that RCC diagnosed at a
young age may in fact have different tumor biol-
ogy than those diagnosed in the elderly. In a retro-
spective review of greater than 4,000 patients with
RCC, RCC diagnosed in young patients tended to
have favorable stages, grades, as well as histologic
subtypes [17]. The true implications of RCC biol-
ogy and patient age remain to be elucidated.

There is a male predominance of RCC incidence
as well as mortality, with an approximate 3:2 ratio
[3, 18]. While the incidence rates have increased in
the past 40 years, the relative prevalence by gender
does not seem to have changed significantly over
time [19, 20]. The reasons for this discrepancy are
not well understood but may be explained in that
males tend to present with more aggressive forms
of RCC with higher grade and higher stage, leading
to a lower survival rate [18, 21].

Race is an important factor in the epidemiol-
ogy of RCC. Using SEER data between 1975 and
1995, the incidence of RCC increased by 3.9 %
among African American males whereas it only
increased by 2.3 % among Caucasian males.
Similarly, there was a 4.3 % increase in the inci-
dence of RCC among African American females
and by only 3.1 % among Caucasian females
[14]. While imaging may have been a factor in
the overall increase, it is only likely to have
caused the discrepant increase among African
Americans if an imaging bias exists in this popu-
lation. Similarly, expanding the SEER data to
include patients between 1975 and 1998, there
was a disproportionate rise in the estimated
annual percent change of RCC in the African
American population relative to the Caucasian
population (4.46 % vs. 2.87 % for patients
20-59 years and 4.35 % vs. 3.06 % for patients
60+ years). While the reasons for this discrep-
ancy remain unclear, it has been suggested that
perhaps it is due to exposure to RCC risk factors
or inherent biologic differences between popula-
tions [22]. A review of the California Cancer

Registry between 1998 and 2004 showed that
African Americans not only had an increased
incidence but also had a decreased survival rela-
tive to all other races. In contrast, Asians and
Pacific Islanders had a lower incidence rate and a
higher survival [23]. Other studies suggest that
there are racial differences in the RCC subtype
incidence, with African Americans more likely to
have papillary tumors and less likely to have
tumors of clear-cell histology [24].

In addition to the racial differences in RCC
incidence, there have been reports regarding dis-
crepancies in RCC survival. Controlling for stage
and age, African Americans have a lower median
disease-specific survival than Caucasians [22].
Reviewing treatment patterns of patients with RCC
by race, African Americans were less likely to
undergo nephrectomy (risk ratio = 0.93, p<0.001)
for local disease or receive IL-2 for metastatic dis-
ease [25, 26]. In addition, the overall survival was
worse for African American patients even after
controlling for cancer-specific factors. This differ-
ence in survival, however, was negated when con-
trolling for comorbidities as well as nephrectomy.
The authors concluded that the survival discrep-
ancy may be due to increased comorbidity rate as
well as the decreased rate of nephrectomy in the
African American population [25].

RCCin Children

Renal cell carcinoma is a rare entity in childhood
and accounts for only 2—5 % of all renal tumors in
children. The median age at diagnosis in this popu-
lation is 12 years, though there have been reports
of RCC occurring during infancy [27, 28]. A num-
ber of genetic abnormalities have been associated
with pediatric RCC, with translocation morpholo-
gies including Xp11 and 6p21 being the most com-
mon abnormalities [29, 30]. In addition, childhood
RCC has been associated with genetic syndromes
such as tuberous sclerosis and Beckwith-
Wiedemann syndrome [28, 31]. Prognostic vari-
ables in childhood RCC are similar to those in
adult RCC with tumor stage being the strongest
prognostic variable [32]. Younger patients with
sporadic RCC have better survival rates following
treatment when compared to adults [33].



Risk Factors for the Development
of RCC

A number of factors have been reported to
increase risk of the development of RCC. The
most commonly cited risk factors are smoking,
hypertension, and obesity, though other expo-
sures exist (or have been linked).

Smoking

Smoking has long been associated with RCC. In
one Italian case-control study, ex-smokers had a
relative risk of 1.7 of having RCC compared to
never-smokers. A dose-response relationship was
also observed with a RR of 1.1 for moderate smok-
ers and 2.3 for heavy smokers relative to never-
smokers. Further, there was a relationship between
duration of smoking, as well as age at starting to
smoke and time since quitting, and the risks of
RCC [34]. In a larger case-control series, Yuan
et al. found that patients with RCC had a 35 %
increased odds of having smoked cigarettes [35].
Further, risk increased with increasing smoking
habits and decreased with increasing time from
the last cigarette. In this study, they attributed
17 % of Los Angeles-based RCC to smoking.

To more directly assess the relationship
between smoking and the development of RCC,
McLaughlin et al. conducted a 26-year study on
the smoking habits of US veterans with develop-
ment of RCC as an outcome [36]. They found
that smokers had a 47 % increase in the relative
risk of the development of RCC compared to
nonsmokers. In addition, the risk increased with
the number of cigarettes smoked per day. In a
recent meta-analysis of the relationship between
smoking and RCC, the authors analyzed 19 case-
control studies as well as 5 cohort studies. They
found a 38 % increased risk in current or former
smokers versus never-smokers. They confirmed
the previously mentioned dose-response relation-
ship between cigarette use and RCC develop-
ment. In addition, longer time of smoking
cessation (>10 years vs. 1-10 years) reduced sub-
sequent risk of RCC [37].

M.J. Lipsky et al.

Obesity

A number of studies have been conducted to inves-
tigate an association between obesity and RCC.
In 1984, McLaughlin et al. conducted case-control
analyses and observed that BMI seemed to be
associated with RCC in women [38]. Since that
point, other studies have been performed which
suggested that increasing BMI puts one at an
increased risk for RCC, regardless of sex [39, 40].
In fact, a quantitative analysis of all studies regard-
ing obesity and RCC between 1966 and 1998 cal-
culated a relative risk of 1.07 per increase in unit
BMI. They conclude that 27 % of cases of RCC
among men and 29 % of cases among women can
be attributed to obesity [41]. A further analysis of
11 studies from 1966 to 2008 similarly concluded
that increasing BMI increases the risk of renal
cancer, with a stronger effect in females than males
[42]. While the mechanism remains to be eluci-
dated, there have been a number of proposed theo-
ries involving hyperinsulinemia, sex hormone
dysregulation, and impaired immune function [43,
44]. Not only has obesity been associated with risk
for the development of RCC, but it has also been
associated with histologic subtype. Higher BMI
was found to have an association with clear-cell
histology [45]. The increase in the obesity rate
must be considered when analyzing the increased
incidence of RCC [46]. While much of the
increased incidence has been attributed to increased
imaging use, the relative increase in RCC risk fac-
tors such as obesity may also play a role.

Hypertension

Hypertension, smoking, and obesity are the three
largest risk factors for the development of RCC.
Yuan et al. have previously demonstrated an asso-
ciation between RCC and hypertension [39]. They
found that patients with RCC had 2.2 times the
odds of having a diagnosis of hypertension than
the matched controls. In a prospective study from
1982 to 1989, an association was found between
the rate of fatal renal cancer and presence of
hypertension in females; however, this did not
hold true for males [47]. This is consistent with



1 Epidemiology, Screening, and Clinical Staging

the results of a case-control study performed by
Shapiro et al. [48]. Results from a prospective
study from 1971 to 1992 demonstrate that not
only is the presence of hypertension a risk factor
for the development of RCC, but both increasing
diastolic and/or systolic blood pressures are asso-
ciated with increasing relative risks of RCC [40].
In their analysis, patients with a diastolic blood
pressure 90-99 mmHg had more than double the
risk of developing RCC when compared to
patients with adiastolic blood pressure <70 mmHg.
This association was not found for tumors of the
renal pelvis. In another meta-analysis of 13 case-
control studies from 1966 to 2000, hypertensive
patients were found to have a pooled odds ratio of
1.75 of having RCC [49]. Further, there has been
evidence that RCC risk increases with increasing
time from hypertension diagnosis [50].

Medications

Antihypertensive Agents

As hypertension has been associated with RCC,
there have been numerous studies to determine if
drugs treating hypertension modulate RCC risk.
The results of a meta-analysis of 29 prospective
studies demonstrate a pooled OR of 1.54 between
diuretics and RCC [51]. No other antihyperten-
sive agents analyzed in this study, including beta-
blockers, calcium channel antagonists, and
angiotensin converting enzyme inhibitors, were
associated with increased risk of RCC.

Analgesics

Multiple studies implicate chronic use of analge-
sics in the development of RCC [52, 53]. Using
prospective data from the Nurses” Health Study
and the Health Professionals Follow-up Study, a
longer duration of non-aspirin nonsteroidal anti-
inflammatory drug use may increase the risk of
RCC [53]. This trend was not observed for aspi-
rin or acetaminophen. The authors suggest that
the analgesic-mediated RCC carcinogenesis is
due to inhibition of prostaglandin synthesis lead-
ing to chronic subacute renal injuries. This in
turn could lead to DNA damage and uncontrolled
cell proliferation.

Diet

Several theories regarding differential food intake
in relation to RCC risk have been posited.
Consumption of fruits and vegetables decreases
the risk of RCC [54]. This finding was confirmed
in a meta-analysis reviewing 13 prospective stud-
ies [55]. Similarly, there have been reports regard-
ing increased risk in patients with high-fat,
high-protein diets [56]. Benzo(a)pyrene, a poly-
cyclic aromatic hydrocarbon present in barbe-
cued red meats, was found to be associated with
RCC in one case-control study [57]. In a prospec-
tive analysis of meat intake with the outcome of
RCC, red meat consumption was found to be
associated with RCC development [58]. Further,
there was an association with meat intake and the
papillary histologic subtype of RCC. Alcohol has
been identified as a factor that decreases risk for
RCC. A pooled analysis of 12 prospective studies
demonstrated that those who drank slightly more
than one alcoholic drink per day had a RR of 0.72
compared to nondrinkers [59]. Furthermore, this
association with alcohol intake was not noted for
other liquids, implying that alcohol specifically is
the modifying factor [60]. While data exists
regarding risk of RCC based on diet profile,
mechanistic pathways must still be clarified.

Trichloroethylene Exposure

Trichloroethylene, a degreaser used for the clean-
ing of metal, has been identified as a risk factor for
RCC. In a case-control analysis of 134 patients
with RCC, trichloroethylene was found to be asso-
ciated with an increased risk of RCC (OR=5.57)
[61]. In an additional case-control study, exposure
to trichloroethylene was found to be associated
with RCC when controlling for age, obesity,
smoking, hypertension, and diuretic use [62].

Screening for Malignant Disease

Screening for the detection and treatment of
malignant renal disease is enticing. An ideal
screening program has several components.



The disease must have a significant impact on
public health, be detectable while asymptomatic,
and have improved outcomes if treated early. The
disease must also be of sufficiently high preva-
lence in the population of interest, and if detected,
patients must be willing to comply with further
evaluation and treatment [63]. RCC remains a
disease that is amenable to local therapy for cure,
especially when the disease is discovered at an
early stage.

The evolution and increased use of CT scan-
ning hasincreased RCCdetection. Serendipitously
discovered renal tumors are smaller, lower stage,
and have significantly better survival (94 % vs.
35 %) than those that present symptomatically
[64]. Reviewing available SEER data, Parsons
et al. discuss that early detection may not in fact
decrease mortality. Rather, it may only generate a
lead time bias [65]. RCC only occurs in about
1/10,000 people per year in the USA [21, 66].
With such a rare disease and the possibility of
detecting benign renal neoplasms, the sensitivity
and specificity of any screening test would need
to be nearly 100 %. This is likely not a cost-effec-
tive strategy for malignant renal disease.

Several screening strategies have been investi-
gated. The presence of asymptomatic micro-
scopic hematuria was associated with a urologic
malignancy, including bladder or renal cell carci-
noma in only 0.2-0.5 % of screened cohorts [67].
In a contemporary cohort, RCC invaded the col-
lecting system in only 14 % of patients. Therefore,
microscopic or gross hematuria from this disease
would be expected to be rare, despite the fact that
it has been described as part of the classic triad of
RCC presentation [64].

Renal ultrasonography (USG) has been pro-
posed for use as a screening device. It is noninva-
sive, delivers no radiation, and is relatively
inexpensive. With detection by CT scan as the
reference, USG detects greater than 82 % of
tumors larger than 2 cm [68]. In association with
the large Aneurysm Detection and Management
study, 6,678 adults age 50-79 self-referred for
abdominal and renal ultrasound. A solid renal
mass was detected in 0.33 % [69]. In the German
cities of Mainz and Wuppertal, a 2-year screen-
ing program for RCC recruited 9,959 volunteers.

M.J. Lipsky et al.

Physicians performed renal USG, and 79 % of
patients returned for a second exam a year later.
Thirteen cases of renal mass (0.1 %) were
detected, of which nine were RCC. In an even
larger study, 219,640 Japanese adults received
abdominal USG screening for any malignancy
[70]. Of the total, 638 (0.3 %) had a renal mass,
and RCC was identified in 192 people (0.09 %).
No persons had regional or distant metastatic dis-
ease, and 35 % had T1 lesions. In their analysis,
they found that USG would only be cost-effective
if applied to the entire abdomen, to detect any
abdominal malignancy.

Dialysis patients represent a large group of peo-
ple with known increased risk of RCC [71].
Ishikawa and colleagues examined patients on
dialysis who developed symptomatic renal masses
compared to dialysis patients detected by USG to
have a renal mass. Risk of death was reduced by
35 % in the USG-detected population [72]. For
patients on dialysis, Sarasin et al. performed a
decision analysis to evaluate a hypothetical screen-
ing program with USG or CT. They relate that
screening for renal malignancy would only be
beneficial to the youngest and healthiest patients,
as others are more likely to succumb to renal fail-
ure than to renal malignancy [73]. Following renal
transplantation, the risk of malignancy in the native
kidneys is about 1.1-3.2 %, which is 10 times
higher than the general population [66, 74, 75].
At the Brigham and Women’s Hospital in Boston,
transplant recipients generally undergo ipsilateral
native nephrectomy at the time of transplantation.
Four percent of these native kidneys contained
RCC [76]. Therefore, screening of the native
kidneys in both the pre- and post-renal transplant
settings may be beneficial in this group.

Computed tomography (CT) is another imag-
ing modality that can be used for screening.
Fenton and Weiss performed a meta-analysis of
CT screening programs [77]. These programs
included screening for coronary artery disease,
whole-body CT, lung carcinoma in former smok-
ers, and 2 colon cancer case series. The pooled
prevalence of preclinical renal carcinoma was 2.1
cases per 1,000 persons screened (0.21 %).

In addition to imaging modalities, urine and
serum biomarkers may also provide a means of
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screening or surveillance in RCC. This strategy
to date has not been substantiated via any large
population-based prospective trials. Recently, the
detection of aberrant hypermethylation of tumor
suppressor genes (including APC, p16, RAR-
beta2, ARF) has shown initial viability for renal
cancer detection with high sensitivity [78, 79].

Screening of Target Populations

A collaborative approach to care of the patient with
a known renal syndrome is invaluable. Screening
in these populations has been evaluated.

The von Hippel-Lindau gene, VHL, is a tumor
suppressor gene on chromosome 3p that is nor-
mally involved in the degradation of HIF,
hypoxia-inducible factor. When inactivated, VHL
causes overexpression of pro-growth and angio-
genic factors either directly or via loss of HIF
suppression. Loss of VHL is highly penetrant and
affects 1 in 36,000 live births [80]. Affected indi-
viduals may manifest disease with benign or
malignant tumors or cystic lesions of the kidney,
adrenal gland, pancreas, or central nervous sys-
tem [80]. Annual US screening in this population
for abdominal malignancy has been suggested to
begin at age 8 with a switch to annual CT at age
18 [80]. Hypermethylation of the VHL gene is
found in up to 80 % of RCC [81]. Choyke and
colleagues followed 28 patients with VHL by
yearly CT scan. With at least 1 year of follow-up,
they identified 228 total renal lesions and found
that they have a variable growth rate. While they
note that the transition from simple cyst to solid
mass is rare, complex cysts examined pathologi-
cally almost always contain RCC [82].

Tuberous sclerosis is an autosomal dominant
neurocutaneous syndrome which can manifest in
many organ systems [83]. While most affected
patients present with dermatologic changes
including hypopigmented macules, facial
angiofibromas (adenoma sebaceum), and lum-
bosacral angiofibromas, renal lesions are seen in
up to 58 % of affected patients. Angiomyolipoma
is the most common lesions, seen in 85 % of
cases, with cysts and RCC seen in 44 % and
4.2 % of cases, respectively [84]. Loss of the

tumor suppressor features of TSC2 is related to
an increase in RCC risk [83, 85]. Though no
screening trials in the disease have been con-
ducted, with the high frequency of renal involve-
ment, periodic ultrasonographic review will help
to follow the extent of renal disease.

Autosomal dominant polycystic kidney dis-
ease (ADPKD) is characterized by multifocal
renal cysts. There is no increased risk of RCC
[86]. Imaging is difficult to interpret given the
complexity of the cystic structures of the renal
parenchyma. Contrast-enhanced CT or MRI may
provide the enhanced resolution necessary to sep-
arate RCC from the other ubiquitous renal cysts,
but this has not been used in any formal screening
process [87, 88]. All patients with ADPKD dis-
play hemorrhagic renal cysts on imaging [87].
For children with a family history of ADPKD,
USG screening has a high rate of cystic detection
in a series of 420 children, but the ability to define
RCC in early lesions is not discussed [89].
Transformation from simple cyst to solid mass is
rare, though the solid components of complex
cysts nearly always have RCC at pathologic
review [82]. Given the minimal risk of RCC in
ADPKD and difficulty in detecting these lesions,
screening is not recommended in the population.

Families with hereditary papillary RCC may
carry mutations in the c-MET proto-oncogene.
Asymptomatic family members may be screened
with noninvasive USG, though this only detects a
small number of tumors [90].

The United States Preventive Services Task
Force does not have a position statement related
to kidney cancer screening. Screening for RCC in
the general population cannot be endorsed at this
time. However, indications to screen selected
subpopulations do exist.

Clinical Staging

Clinical staging systems are developed to classify
malignant diseases in a uniform manner with
prognostic capability. They are used to guide treat-
ment and planning decisions and manage expected
outcomes by stratifying the risk of cancer progres-
sion. Finally, uniform staging systems allow for



the comparison of patient outcomes worldwide
[91]. Flocks and Kadensky proposed one of the
earliest kidney cancer staging systems in 1958,
including organ confined, locally invasive, locally
metastatic, and distant metastatic disease [92].
The predominant TNM staging system used cur-
rently (Tumor, Nodes, Metastases) was developed
in 1974 by the American Joint Committee on
Cancer (AJCC) and the Union Internationale
Contre le Cancer, renamed the Union for
International Cancer Control (UICC) [93]. This
TNM staging system has had several major revi-
sions to improve prognostic accuracy, with the
most recent update published in 2010 after a struc-
tured review process with input from many experts
and professional groups (Table 1.2) [91, 94]. In
1987, T1 and T2 renal lesions were divided at
2.5 cm in largest dimension by imaging, which
did not differentiate well between survival for
these groups [95]. In 1997, T2 disease started at
7 cm for greater differentiation from T1 [96]. The
2002 AJCC update further subdivided T1 disease,
Tla: <4 cm and T1b: 4-7 cm [97]. Work done by
the Cleveland Clinic contributed to this develop-
ment [98, 99]. They described 485 patients who
underwent partial nephrectomy prior to 1997,
finding that 5-year cancer-specific survival was
better with tumor diameter <4 cm compared to
4-7 cm and >7 cm (Fig. 1.1). This was confirmed
in a multi-institutional study of more than 2,200
patients, showing a difference in disease-free sur-
vival (DFS) at 5 and 10 years between T1a (95.3 %
and 91.4 %), T1b (91.4 % and 83.4 %), and T2
(81.6 % and 75.2 %) tumors [99]. This outcome
difference has been further substantiated irrespec-
tive of the form of surgery performed. The con-
cept that tumor diameter greater than 4 cm leads to
an adverse outcome is true in radical nephrectomy
as well as partial nephrectomy [100].

Several groups have attempted to further reclas-
sify T1 and T2 disease [101-103]. Investigators at
the Mayo Clinic proposed a cutoff of 5 cm for bet-
ter postoperative DFS prediction [102]. In a simi-
lar study, the group at UCLA suggested that
disease-specific patient survival was more accurate
if T2 started at4.5 cm [101]. Ficarra and colleagues
reported that a cut point of 5.5 cm improved
cancer-related outcome stratification [103].
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These same groups examined T2 patients with
tumors >7 cm to gain better prognostic ability.
This was supported by work by an international
collaboration finding that for T2 disease, tumors
larger than 11 cm have worse DFS [104]. Frank
and colleagues studied an additional 544 T2
patients and proposed a 10 cm cutoff point to
subclassify patients [105]. This was eventually
codified in the seventh edition TNM staging
update with subdivision of the T2 category into
7-10 cm and >10 cm (Fig. 1.2) [94]. The collec-
tive evidence from the multitude of these retro-
spective studies indicates that primary tumor size
plays an important role in predicting survival.

In the most recent seventh edition TNM stag-
ing update, the T3 category changed significantly
(Fig. 1.3). T3 had previously included invasion
of perinephric fat, adrenal gland, renal vein, or
different levels of the IVC [97]. Direct adrenal
gland invasion is now classified as T4 and will be
discussed subsequently. Invasion of perinephric
fat has been shown to have minimal impact on
prognosis. Murphy and colleagues reported on
their series of 717 patients at Columbia University
Medical Center and found that the absolute size
of T2 tumors was more predictive of DFS than
the presence of renal capsular invasion implying
that some T3a tumors may not fair as poorly as
larger T2 tumors [106]. Similarly, Lam et al.
described dividing patients with fat invasion only
(2002 TNM T3a disease) into greater than 7 cm
or <7 cm and found that smaller tumors behaved
more like T2 tumors and that larger tumors were
similar to those with renal vein involvement
(2002 TNM T3b) [107]. Siemer et al. reviewed
nearly 1,800 cases and found that perinephric fat
invasion did not play an independent prognostic
role though tumor size did [108]. Other studies
have found that the location or type of fat inva-
sion does play a prognostic role. Renal sinus fat
invasion has been shown to have worse 5-year
cancer-specific survival compared to perinephric
fat invasion (71 % vs. 45 %) [109, 110]. The
Mayo Clinic group also describes a group of
patients with 2002 TNM classification T3 or T4
disease that were reclassified based on the pres-
ence of perinephric fat invasion and level of
tumor thrombus. Patients with perinephric fat
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T2a

>7-=

Perinephric fat

T2b

Fig. 1.2 Stage T2a — limited to kidney and 7-10 cm; T2b tumors (>10 cm)

invasion alone were more likely to die of disease
than patients with renal vein thrombus alone
[111, 112]. In a slightly less complex system, the
group from M.D. Anderson reported on a cohort
of patients with pT3NO/NxMO disease and
found that presence but not extent of venous
thrombus correlated with survival. Unlike the
Mayo Clinic findings, they reported that patients

with extrarenal extension into fat, regardless of
location, had similar DFS as those with any
amount of venous thrombus alone. Subjects with
both were at a greater risk of death from RCC
[113]. This was confirmed by da Costa and col-
leagues in Brazil which also found equivalent
disease-specific survival for fat invasion or renal
vein thrombus alone [114].
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T3b

Adrenal gland

Renal vein

7~ Inferior
vena cava

Fig. 1.3 Stage T3a — tumor thrombus extends into renal vein or invades perirenal and/or renal sinus fat; stage T3b —
extends into IVC below the diaphragm; stage T3c — extends into IVC above diaphragm or invades wall of IVC

Renal Vein and IVC Involvement

The extent of tumor thrombus in the inferior vena
cava (IVC) has long been used in the TNM sys-
tem and occurs in 5-10 % of patients with RCC
[115, 116]. Examining the SEER database from
2000 to 2007, Whitson et al. demonstrated that
tumor thrombus extension above the diaphragm
did not correlate with survival [116]. Similarly,
neither renal vein nor IVC extension was associ-
ated with DFS in a cohort of 1,082 patients from
Memorial Sloan-Kettering Cancer Center [117].
Other prognostic factors such as tumor size, pres-
ence of nodal or distant metastases, and IVC inva-
sion may hold more prognostic value than level of
IVC thrombus extension [118]. However, there is
evidence that DFS is different between renal vein
thrombus and infradiaphragmatic IVC thrombus
(52 vs. 25 months) but not between infradiaphrag-
matic and supradiaphragmatic (25 vs. 18 months)
vena caval thrombi [118]. Kim et al. reported
that patients with a thrombus in the renal vein or
infradiaphragmatic IVC fared better than those
with supradiaphragmatic IVC thrombi [119].
Moinzadeh and Libertino compared 10-year sur-
vival of patients with renal vein involvement ver-
sus thrombus extending only 1-2 cm into the
subhepatic IVC (66 % vs. 29 %, p=0.0001) [120].
Compared to infrahepatic IVC tumor thrombus,

intra-/suprahepatic IVC tumor thrombus had
poorer survival (25 vs. 13 months, p=0.032)
[121]. A German group also confirmed this in
their series of 111 patients [122]. Hence, exten-
sion of tumor thrombus continues to play a role in
stratification of risk in the current TNM system.

T4

Previous versions of the TNM system treated
ipsilateral adrenal gland involvement similarly to
other T3a features. However, direct adrenal gland
invasion is rare, occurring only in about 2.5 % of
cases [123]. When compared to perinephric or
renal sinus fat invasion, direct adrenal gland
invasion has a worse 5-year cancer-specific sur-
vival (36 % vs. 0 %) [123]. Siemer et al. analyzed
the prognostic significance of direct adrenal gland
invasion controlling for tumor size and found
worse cancer-specific survival in this group, lead-
ing them to propose reclassifying direct adrenal
gland invasion as T4 (Fig. 1.4) [108]. Similarly,
Thompson et al. found that 2002 T3a or T3b
tumors with direct adrenal extension had similar
S-year cancer-specific survival to patients with
extension beyond Gerota’s fascia at 20 % and
14 %, respectively. These patients were
significantly more likely to die from RCC (HR
2.11, p=0.004) [124].
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Fig. 1.4 Stage T4 tumor extends beyond Gerota’s fascia
or contiguously into the ipsilateral adrenal gland (Used
with the permission of the American Joint Committee on
Cancer (AJCC), Chicago, Illinois. The original source for

Nodal Status

Prior versions of the TNM system included both
size and number of lymph nodes involved to strat-
ify lymph node disease in patients with renal cell
carcinoma. The current seventh edition simplifies
nodal involvement into a binary system, disease
absence or presence in any regional lymph nodes.
Terrone et al. from Torino, Italy, reviewed 618
cases that had regional lymphadenectomy at the
time of nephrectomy and found a node positive
rate of 14 %. Patients were stratified by the 2002
TNM node criteria (number of nodes involved),
and no difference was found between 1 positive
node and more than 1 positive node [125]. In a
similar study, 2,000 patients with RCC were
reviewed, and survival for the 69 with nodal
involvement was similar regardless of the number
of lymph nodes involved [126]. These authors
also suggest that poorer survival was associated
with extranodal extension of disease. The progno-
sis for patients with lymph node involvement may

this material is the AJCC Cancer Staging Manual, Seventh
Edition (2010) published by Springer-Verlag New York,
WWW.springer.com)

be similar to those with metastatic disease, though
their effect may be additive as having both nodal
and distant metastases confers worse survival
[127]. The therapeutic role of lymphadenectomy
is discussed further in Chap. 16.

Metastatic Disease

Patients with metastatic disease have uniformly
worse survival [128]. This group has been
stratified into three risk groups based on
Karnofsky performance status (<80 %), high lac-
tate dehydrogenase (>1.5 times upper limit or
normal), low serum hemoglobin, high correct
serum calcium (>10 mg/dL), and absence of
nephrectomy. Favorable risk had no risk factors,
intermediate risk had one to two, and poor risk
had three or more risk factors. Median survival
among all patients with metastatic disease was
10 months and for those with favorable risk was
20 months [129]. The role of surgery in meta-
static disease is discussed in Chap. 18.
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Other Staging Systems

Staging systems like the TNM system should be
continuously reviewed and updated as necessary.
Though the AJCC seventh edition improves upon
the 2002 edition, there may already be areas for
improvement. In a large collaboration from Italy,
authors found continued support for using pri-
mary tumor size to stratify 5,339 renal tumors.
Some groups, such as T2b and T3a or T3¢ and T4,
had similar disease-specific outcomes. Analyzing
only the 4,848 NO/NxMO patients, there were no
differences in survival between T'1a and T1b, T2b
and T3a, and T3c and T4 [128]. Furthermore, a
group of investigators from Korea compared the
prognostic ability of the sixth and seventh TNM
editions in 1,691 patients. They found a very sim-
ilar concordance index in both schemas (0.906
and 0.904 for version 6 and 7, respectively).
A concordance index this high suggests that both
do an excellent job separating patients with differ-
ent outcomes, though the seventh edition of the
AJCC TNM system does not offer improvement
over the sixth edition [130]. Surgeons at several
institutions have found that collecting system inva-
sion also carries prognostic strength. These tumors
are often high stage, high grade, and of non-clear-
cell histology. They are frequently symptomatic
[101, 131]. Even for T1 or T2 disease, collecting
system invasion is association with a significant
increase in the likelihood of nodal and distant
metastases and death [101, 132].

In an effort to further enhance staging, several
academic centers also advocate adding more
patient-related features to the TNM system.
Using symptoms at presentation of none, local,
or systemic symptoms, Patard et al. found that
symptom grading correlated with TNM stage
and that when included in a model with TNM,
age, ECOG performance status, and other fea-
tures, symptom grade was independently related
to cancer-specific survival [133]. An integrated
system was also proposed at UCLA [134].
This system includes TNM, grade, and ECOG
performance status and was superior to the 1997
TNM system alone and has been externally vali-
dated [135]. The stage, size, grade, and necrosis
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model has also been suggested and may offer
improved prognostic ability over the UCLA
model [136]. Though it may be augmented, the
TNM staging system remains the basis for most
prognostic systems. It will continue to undergo
periodic updates and refinements, so that it can
best serve the needs of patients and physicians.
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Introduction

Renal cell carcinoma (RCC) is the most common
type of cancer that arises within the adult kidney,
and several well-defined somatic DNA mutations
are associated with the development of sporadic
renal carcinomas. RCC subtypes have tradition-
ally been defined based on the morphology of the
tumor cells, and the different subtypes have dis-
tinct genetic abnormalities and gene expression
characteristics [1-5]. The gene expression differ-
ences likely reflect differences in the specific cell
type from which the tumor cells originate [6].
Therefore, the genetic mutations that occur may
require a specific cellular context in order to lead
to uncontrolled cell growth. Clear cell RCC is the
most common subtype, constituting 70-80 % of
renal tumors. Papillary RCC, which can be
divided into type 1 and type 2, is the next most
frequent subtype, representing 10-15 % of
tumors. Chromophobe RCC represents about 5 %
of renal tumors. Other renal cell carcinomas are
either unclassifiable by conventional means or
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represent rare subtypes. The latter include transi-
tional cell carcinoma of the renal pelvis, renal
medullary tumor, tubulocystic carcinoma, Xp11.2
translocation-associated tumor, collecting duct
tumor, adult Wilms’ tumor, mixed epithelial and
stromal tumor/cystic nephroma, and the usually
benign renal oncocytoma and angiomyolipoma.
Though the morphologic-based subtypes have
proven clinically valuable, the rapid advances in
genomic technologies have begun to make it
practical to classify tumors based on genetic char-
acteristics. Therefore, through the course of this
chapter, we will emphasize the molecular genetic
classification of renal tumors. While this view is
likely an oversimplified model of renal tumor
development, it is based on the concept that a
strong association of a particular genetic mutation
with the development of a renal tumor would
indicate a selective pressure to maintain this
particular mutation in the tumor cell population.

VHL Loss-of-Function Renal Tumors

One of the most common genetic defects found
in renal cell carcinomas occurs within the von
Hippel-Lindau (VHL) gene, located on the distal
tip of the short arm of chromosome 3 (3p25).
VHL mutations exist in the majority of clear cell
RCCs but are not common in other subtypes. In
sporadic cases, small mutations of approximately
one to three base pairs occur within one of the
VHL exons [7-14]. The DNA-altering mecha-
nisms that lead to these mutations are not clear
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Fig. 2.1 Chromosome 3 defects in renal cancers. An
idiogram of chromosome 3 shows the approximate loca-
tion of VHL, PBRM1, BAP1, SETD2, and the breakpoint

but environmental, developmental, or toxicologi-
cal events may be involved. Regardless of the
mechanism, the majority of VHL mutations lead
to a protein that is either partially or completely
inactive [15]. It is likely that both alleles of VHL
need to be inactivated for tumor development
because one wild-type allele may produce a func-
tional protein that compensates for the somatic
mutation. Loss of the second wild-type allele of
VHL via a chromosome deletion event is com-
monly observed in tumor cells. Specifically, a
loss of a large section of the p-arm of chromo-
some 3 removes the remaining wild-type VHL
allele along with numerous other genes (Fig. 2.1)
[11, 16-23]. Interestingly, the chromosome dele-
tion occurs at a region of the chromosome 3p that
is near, but seems to be distinct from, a region
that is susceptible to breakage [18, 24, 25]. As
with the formation of single base-pair mutations
within VHL, the mechanisms leading to chromo-
some breakage are not well understood. The
combined mutation/deletion occurs in approxi-
mately 70-80 % of clear cell renal tumors.
However, in some cases, VHL inactivation can
occur by hypermethylation of the VHL promoter,
and it is speculated that there are other mecha-
nisms that lead to functional inactivation of VHL
in most clear cell tumors [26-29].

The combined VHL mutation and deletion
events result in the elimination of VHL-mediated
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found in monosomy of 3p in clear cell RCC; monosomy is
usually associated with loss of the presumed wild-type
allele of these genes

signaling. VHL is the substrate-conferring com-
ponent of an E3 ubiquitin ligase complex [30,
31]. This complex polyubiquitinates proteins for
their subsequent destruction via the 26S protea-
some and thus posttranslationally regulates
diverse cellular functions [32]. The most-studied
VHL target proteins are the hypoxia inducible
transcription factors (HIFs) [33, 34]. The alpha
and beta subunits of an HIF protein heterodi-
merize to form a transcription factor complex
that coordinates the transcriptional response of
cells deprived of oxygen [35-38]. As oxygen lev-
els decrease, levels of the HIF heterodimer
increase and drive the transcription of several
pro-angiogenic and anaerobic metabolite genes
by binding to a cis-acting sequence motif, termed
the hypoxia-response element (HRE), in the gene
promoter [39, 40].

In contrast, at normal oxygen levels (normoxic
conditions), the HIF-alpha subunit undergoes
rapid ubiquitin-mediated degradation that is medi-
ated by the VHL protein and 26S proteasome [30,
31, 41, 42]. In this process, oxygen-sensitive pro-
lyl hydroxylases (EGLN1-3) add a hydroxyl group
to HIF proteins; this posttranslational hydroxyla-
tion is required for VHL binding [31, 43—47]. The
hydroxylation reaction occurs rapidly, VHL binds
and polyubiquitinates hydroxylated HIF, HIF is
degraded, and transcription of hypoxia-associated
genes is maintained at low levels. However, in
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renal cell carcinomas with dysfunctional VHL,
HIF is not properly degraded and HIF levels accu-
mulate, inducing inappropriate transcriptional
activation of metabolic and angiogenesis factors
such as pyruvate dehydrogenase kinase (PDK),
glucose transporter (GLUT1), erythropoietin
(EPO), lysyl oxidase (LOX), vascular endothelial
growth factor (VEGF), and platelet-derived
growth factor (PDGF). Molecular targeting of
pro-angiogenic pathways is currently the standard
of care for patients who are not surgery candi-
dates. This targeted therapy typically includes the
application of small-molecule inhibitors that tar-
get the kinase active sites of vascular endothelial
growth factor receptor (VEGFR) and delay tumor
progression for nearly a year [48-51].

Multiple HIF-alpha isoforms are produced
from different loci that encode HIF-alpha paral-
ogs [52]. The HIFIA gene is located on chromo-
some 14q23, the HIF2A gene is located on
chromosome 2p, and the HIF3A gene is located
on chromosome 10q. HIF2-alpha also dimerizes
with HIF-beta to produce a functional transcrip-
tion factor, but the transcriptional targets of HIF2-
alpha are different from those of HIF1-alpha [53].
The role of the HIF3-alpha product is less clear,
and it may function in a dominant-negative fash-
ion [54]. Current evidence suggests that while
HIF1-alpha expression is common in renal
tumors, expression of the HIF2-alpha subunit is
associated with aggressive renal tumor develop-
ment [55]. Further, genome-wide association
studies have found that a locus within the HIF2A
gene is associated with renal tumor development
[56, 57]. Inhibition of the HIF2-alpha isoform
prevents renal tumor formation in cell lines that
contain VHL loss-of-function mutations [58].
Taken together, these data suggest that HIF-
related signaling, particularly the HIF2-alpha
component, contributes in an important way to
renal tumor development.

NF2 Loss-of-Function Renal Tumors

A small percentage (about 2 %) of clear cell renal
tumors contain mutations within the exons of the
neurofibromin 2 (NF2) gene, which is located on
the long arm of chromosome 22 [29, 59].
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However, NF2 mutations are prevalent in cell
lines commonly used to model renal tumor cell
biology, and it is suspected that this mutation
may delineate an important subtype of renal can-
cer. As with VHL, inactivation of NF2 signaling
likely requires disruption of both alleles of NF2,
although bi-allelic inactivation in renal tumors
is not well described [60]. Missense mutations
in NF2 are thought to produce loss of function
of the protein product due to reduced protein
half-life [60].

The protein product of the NF2 gene is often
referred to as Merlin, an acronym for “moesin-
ezrin-radixin-like.” Moesin, ezrin, and radixin
possess highly similar protein sequences, and the
Merlin acronym reflects their similarity to NF2.
NF2/Merlin serves a scaffolding function that
links actin filaments to either the cell membrane
or membrane-associated glycoproteins [61, 62].
NF2/Merlin may be involved in regulating cell-
to-cell adhesion, cytoskeletal architecture, and
membrane protein organization. Preliminary
analysis of sporadic tumors suggests that the
mechanism of NF2-mediated tumor development
is distinct from that of VHL-mediated tumor
development. NF2 mutant cell lines and tumor
samples do not express high levels of the classi-
cal HIF target genes common to tumors with
inactivating VHL mutations [29]. Moreover, renal
tumor cells that arise in NF2 knockout mice acti-
vate signaling pathways (such as epidermal
growth factor receptor (EGFR) signaling) that
are not commonly reported in tumors with VHL
inactivation [63].

Germline mutations in the NF2 gene predis-
pose individuals to a disease known as
neurofibromatosis type 2. Interestingly, patients
afflicted with this disease develop various ner-
vous system tumors, including schwannomas,
meningiomas, ependymomas, and astrocytomas,
but they do not develop renal tumors [64-66].
Due to the distinct signaling mechanisms of
neurofibromatosis type 2-associated tumors, the
application of small-molecule inhibitors that tar-
get the VEGF family of receptor tyrosine kinases
(e.g., sunitinib, sorafinib, and pazopanib) may
not be effective. The identification of both NF2
and VHL mutations in the clear cell subtype of
renal tumors shows that these tumors can arise
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due to distinct genetic mechanisms. An interest-
ing and open question is whether these tumors
also contain distinct morphologic features when
subjected to sophisticated analysis.

MET Gain-of-Function Renal Tumors

Activation of the MET receptor tyrosine kinase
(RTK) is often associated with the development
of the papillary type 1 subtype of renal cancer.
Two types of genetic changes are thought to result
in abnormal MET signaling in papillary tumors.
In the first case, development of a single-nucle-
otide mutation within an exon of the MET gene
leads to the formation of a hyperactive protein.
Approximately 10 % of papillary type 1 tumors
(about 1 % of renal tumors overall) contain
somatic gain-of-function mutations in MET [67—
71]. Further supporting a role for MET activation
in renal tumor development are rare individuals
that develop hereditary papillary renal carcinoma
(HPRC). These individuals possess germline
missense mutations within the MET gene that are
associated with increased receptor signaling [69].
In the second case, the genetic change is an
increased DNA copy number of the MET locus.
A high proportion of papillary type 1 renal tumors
contain three or more copies of chromosome 7,
which contains the MET gene [71-75].
Amplification of chromosome 7 leads to increased
transcription of MET, and most papillary type 1
tumors display high expression of the MET tran-
script [4]. Although this expression pattern could
be an effect of the cell type in which papillary
type 1 tumors arise, the increased expression is
thought to be pathogenic. However, it is not clear
whether increased expression alone is sufficient
to hyperactivate MET signaling. Recent data has
suggested that a kinase located on chromosome
12, the leucine-rich repeat kinase 2 (LRRK2), is
associated with MET hyperactivation in papillary
type 1 cancers. In this model, both MET and
LRRK? are amplified and overexpressed in type 1
papillary tumors, and LRRK2 amplification
facilitates MET activation [76]. RTKs can be
activated by crosstalk between kinase signaling
pathways which physically intersect within
specific membrane microdomains such as focal
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Fig.2.2 Activating mutations in the MET receptor tyrosine
kinase. A schematic of the MET receptor tyrosine kinase in
which the semaphorin, IPT, and kinase domains are high-
lighted as grey bars, open ovals, and a black box, respec-
tively. Tyrosine residues that become phosphorylated (pY)
and proteins that bind to the C-terminal domain of MET
following receptor activation are also shown. The locations
of somatic mutations have been identified according to the
COSMIC mutation database (http://www.sanger.ac.uk/
genetics/CGP/cosmic/) — most are in the kinase domain
and are associated with sustained kinase activation

adhesions and lipid rafts to form key signaling
nodes [77]. LRRK2 associates with lipid rafts,
which are known to play important roles in cel-
lular functions such as signal transduction, mem-
brane trafficking, and cytoskeletal organization
[78]. In vitro studies suggest that co-expression
of LRRK2 with MET facilitates an activation of
MET that is independent of HGF stimulation.
MET contains an extracellular ligand-binding
region with semaphorin domains, a hydrophobic
membrane-spanning region near the IPT domain,
and an intracellular region that contains both a
tyrosine kinase domain and a C-terminal segment
that mediates interactions with several signal
transduction pathways upon receptor activation
[79] (Fig. 2.2). In normal tissues, the activation
of RTKSs results from binding a protein growth
factor. The growth factor that activates MET is
hepatocyte growth factor/scatter factor (HGF/
SF), which was identified independently as both
a growth factor for hepatocytes (HGF) and as a
fibroblast-derived cell motility/scatter factor
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(SF). HGF/SF-MET signaling can induce differ-
ent biological effects depending on the cell con-
text, including proliferation, motility, invasion,
chemotaxis, and morphogenic differentiation.
Normal MET activation by HGF/SF is believed
to occur through receptor dimerization and trans-
phosphorylation of tyrosine residues, which are
critical for growth factor-mediated signal trans-
duction. Phosphorylation of two tyrosine residues
located within the activation loop of the tyrosine
kinase domain greatly enhances the intrinsic
kinase activity of the receptor and generates a
multisubstrate docking site to which several
adaptor proteins, including Gabl, Grb2, Shp2,
and She, can bind (Fig. 2.2). In turn, these adap-
tors recruit numerous signal transduction proteins
— including phosphotidylinositol-3-OH kinase
(PI3K); phospholipase C-gamma (PLC-g); the
GTPases Ras, Rac1/Cdc42, and Rap1; and others
— that meditate cell proliferation, cell scattering,
and branching morphogenesis, depending on the
cell and tissue subtype. Unlike the case of VHL

where data implicates the activation of HIF as a
significant event in tumor development, it is not
clear which of the MET downstream signaling
events is required for tumor development [79].
However, the somatic MET mutation profile and
the high expression of the MET transcript provide
the motivation for using inhibitors of MET sig-
naling as treatments for papillary RCC [80] even
though type 1 papillary tumors are relatively
benign [71, 72, 81, 82].

NRF2 Gain-of-Function Renal Tumors

Emerging evidence indicates that activation of
the nuclear factor (erythroid-derived 2)-like 2
protein (NRF2/NFE2L2) is common in type 2
papillary RCC. The evidence is primarily based
on the high expression of downstream targets of
NREF2 that are prominent in the type 2 subtype
(Fig. 2.3). The genetic mechanisms that lead to
activation of NRF2 in papillary type 2 RCC are

Fig.2.3 Activation of
NRF2 in renal cancers.
Genes regulated by the
KEAPI-NRF2 complex
were isolated [200] and
examined in representative
clear cell RCCs, type 1
papillary RCCs, type 2
papillary RCCs that arose
in the general population
(sporadic), and type 2
papillary RCCs that arose
due to germline mutations
in the fumarate hydratase
gene (hereditary).

Each column represents an
individual tumor sample,
and each row represents a
KEAPI1-NRF2-regulated
gene. Red, white, and blue
indicate increased
expression, no apparent
change in expression, or

decreased expression,
respectively, relative to
non-diseased renal tissue.
Genes commonly reported
to be activated by NRF2
are labeled [118] -4 -2 0
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not as well described as those for MET activation
in papillary type 1 RCC.

The best described mechanism for NRF2 acti-
vation in papillary type 2 RCC involves a loss-of-
function mutation in the fumarate hydratase (FH)
gene. FH is located on the long arm of chromo-
some 1 and encodes a mitochondrial enzyme that
is crucial for the generation of ATP during the
citric acid cycle (oxidative phosphorylation).
Single base-pair mutations in the FH gene occur
in type 2 papillary renal tumors [83, 84]. The
presence of FH mutations prevents FH enzymatic
activity and results in a large increase in cellular
fumarate levels [85]. Fumarate is a reactive
chemical that covalently modifies a negative reg-
ulator of NRF2, the Kelch-like ECH-associated
protein 1 (KEAP1) [86-88]. When KEAPI no
longer degrades NRF2, NRF2 accumulates and
presumably activates cellular survival pathways
[89, 90]. Excessive fumarate can react with pro-
teins in addition to KEAPI and potentially
influence other signaling events as well [91-93].

NRF?2 is a key transcription factor that regu-
lates the cellular response following exposure to
reactive molecules that can damage cellular pro-
teins and lipids [94-103]. These reactive com-
pounds can either be exogenous (such as
compounds found in cigarette smoke) or endog-
enous (such as reactive intermediates found in
metabolic cycles). NRF2 binds to a cis-acting
element, termed the antioxidant response element
(ARE). NRF2 binding causes the transcriptional
upregulation of genes that code for aldose ketose
reductases (e.g., AKRIBI0), cytochrome P-450
mixed function oxidases (e.g., CYP4FII),
enzymes involved in glutathione synthesis (e.g.,
GCLM, GCLC), and enzymes involved in glu-
coronidation (e.g., UGTIA), among others. The
ARE consensus sequence also controls the
expression of a large number of genes that regu-
late cellular antioxidative molecules, including
the NAD(P)H dehydrogenase quinone 1 (NQO1I)
and thioredoxin reductase 1 (TXNRDI1) [104].

In the canonical model, NRF2 is sequestered
in the cytoplasm by the Kelch-like ECH-
associated protein 1 (KEAP1). KEAPI1 functions
as an electrophile sensor within cells: its exposed
cysteine residues, including Cys 151, are sensi-
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tive to oxidative and electrophilic modification.
Chemical adduction of Cys 151 (and other
cysteines) causes a conformational change that
prevents KEAP1 from binding to NRF2 [105-
109]. When released from KEAP1, NRF2 trans-
locates to the nucleus and increases expression of
NRF2 target genes. The NRF2-KEAP1 interac-
tions are highly dynamic and transient, and they
occur in multiple nuclear and cytoplasmic com-
partments [reviewed in 110]. KEAPI adduction
ultimately results in activation of NRF2-
associated pathways that confer protection
against cellular damage. This protection benefits
both cancer and normal cells [111]; NRF2 induc-
tion in normal cells has been reported to provide
longevity and anticancer properties, while in can-
cer cells it promotes cell survival and drug resis-
tance [112-115].

The contribution of NRF2 to cancer cell sur-
vival can be clearly seen in lung cancer, where
gain-of-function mutations in NRF2 and loss-of-
function mutations in KEAP1 are frequent [113,
116-118]. For example, NRF2 mutations are
found in about 16 % of squamous cell lung carci-
nomas, most of which occur within exon 2, the
region of the gene that encodes the DLG and
ETGE motifs that interact with KEAP1 [119].
These mutations suggest that chronic activation
of NRF?2 provides a selective advantage to tumor
cells. However, it remains to be seen whether tar-
geted therapies that modulate NRF2 activity can
prevent or limit papillary type 2 tumor growth.

CCND1 Gain-of-Function Renal
Tumors

Beyond small nucleotide mutations, several other
classes of somatic aberrations can affect protein
functions. Chromosomal translocations were
once thought to be rare in solid tumors, but they
have been known to occur in renal tumors for
several years [120]. A translocation involving
chromosome 11q13 is found in approximately
50 % of renal oncocytomas [121], which are
largely benign renal neoplasias composed of
oncocytes, cells that possess mitochondria-rich
cytoplasm [122]. The cyclin D1 (CCNDI) gene
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is located proximal to the 11ql13 breakpoint and
was thus identified as a candidate gene contribut-
ing to the oncocytoma etiology. Consistent with
this finding, a subgroup of renal oncocytomas
shows high levels of CCNDI mRNA [123].
Whole-genome sequencing of renal oncocytomas
has confirmed that high levels of CCNDI1 are
associated with 11q13 translocations and earlier
cytogenetic studies that mapped the breakpoint
near the CCNDI gene (B.T. and K.F., unpub-
lished data). These translocations are analogous
to those reported in B-cell lymphomas and leuke-
mias [124-126].

The cyclin family of proteins is synthesized
and degraded in a cyclical pattern closely track-
ing the phases of the mitotic cell cycle. Following
synthesis of a cyclin protein, it binds to a cyclin-
dependent kinase (CDK). Sequential binding of
cyclins to cyclin-dependent kinases coordinates
the completion of DNA replication and cell divi-
sion. Thus, CDK activation serves as an impor-
tant point of regulation, allowing cell cycle
progression to proceed regardless of defects in
DNA replication or mitotic spindle assembly.
Although cyclin D1 activation has been associ-
ated with several diverse functions, one of its
well-known effects is to promote cell prolifera-
tion through activation of CDK4 or CDK6 [127].
In renal oncocytomas, one compelling model
posits that the presence of sustained levels of
cyclin D1 due to the translocation event drives
CDK4-/CDK6-dependent proliferation. While
renal oncocytomas are mostly benign, a potential
strategy to manage these tumors independent of
surgery is the application of CDK inhibitors that
have been tested in other tumor subtypes [127].

MITF-TFE3 Gain-of-Function Renal
Tumors

A subtype of renal tumors that occurs in pediatric
patients shows a papillary histology [128, 129].
These early-onset tumors were initially described
as aggressive tumors displaying papillary or alve-
olar patterns. Subsequent cytogenetic studies
showed that the tumors contained translocations
involving the X chromosome at the breakpoint

25

Xpl1.2. Now recognized as a distinct subtype of
RCC, Xpl11.2-translocation renal cell carcinomas
often possess a rearrangement of the TFE3 gene
on the X chromosome with the PRCC gene on
chromosome 1 [130]; TFE3 can also be involved
in chromosomal rearrangements involving other
genes [130-135]. The TFE3 gene encodes a
member of the helix-loop-helix transcription fac-
tor family. Many, if not all, of the TFE3 gene
fusions result in the formation of a chimeric tran-
scription factor with deregulated transcriptional
activity. In the same gene family as TFE3 is
TFEB, and analogous TFEB translocations have
been described in tumors having a papillary phe-
notype. In either case, inappropriate regulation of
the TFE3 or TFEB protein is likely involved in
tumor development. A third member of helix-
loop-helix transcription factor family is encoded
by the MITF gene. Germline mutations within
the MITF gene, located on chromosome 3pl4,
predispose individuals to develop renal tumors
and melanomas, further supporting a tumorigenic
role for this gene family [136].

Renal Tumors with Inactivation
of Chromatin-Modifying Proteins

The associations of VHL, MET, NRF2, CCND1,
and TFE3 with the various subtypes of renal can-
cer, while important, represent an overly
simplified model of renal tumor development.
Early genetic mapping studies performed to iden-
tify tumor susceptibility loci indicated that
regions in addition to the VHL locus on chromo-
some 3p were involved in renal tumor develop-
ment. Further, both low- and high-resolution
cytogenetic studies have indicated there is not a
clearly defined minimal region of loss of chro-
mosome 3p (Fig. 2.1). Rather, large sections of
the chromosome 3p arm are frequently deleted in
clear cell RCC tumor cells, suggesting the pres-
ence of additional tumor suppressor genes and
also that mutations in VHL are necessary but not
sufficient for development of such tumors.
Resequencing approaches have uncovered new
classes of mutations related to the development
of clear cell RCC; one such mutation is in the
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polybromo-1 gene (PBRMI) [137]. Approxi-
mately 35 % of clear cell RCC cases harbor
PBRM | mutations, most of which are insertion/
deletion or nonsense mutations. The identification
of these somatic variants implicates PBRM1 as a
tumor suppressor lost in renal tumor develop-
ment. Similar to VHL, loss of the p-arm of chro-
mosome 3 is consistent with a two-hit mutation
model for PBRM1 alleles.

PBRM1 encodes a 180-kDa subunit of the
SWI/SNF chromatin-remodeling complex [138].
This complex was first described in independent
genetic screens that discovered yeast mutants
incapable of switching between mating types
(SWI) or incapable of shifting between high- and
low-glucose media for growth (SNF). Decades of
subsequent studies have shown that the SWI/SNF
complexes are conserved in humans and that
multiple, distinct SWI/SNF complexes can be
formed. The SWI/SNF protein subunits fit into
three categories: enzymatic, core, and accessory.
SWI/SNF complexes are formed from a central
ATP-dependent DNA helicase enzyme with core
subunits and a set of accessory proteins. PBRM1
was co-purified with the BRG1 helicase and is
also known as BAF180, for “BRG1-associated
protein of 180 kDa” [139]. BRG1 is the enzy-
matic component of this particular SWI/SNF
complex, and PBRM1 is an accessory protein.

It is thought that the accessory proteins dictate
the specificity of the SWI/SNF nucleosome
remodeling and of tissue-specific regulation of
cellular development and differentiation [140—
142]. Increasing evidence suggests that the SWI/
SNF chromatin-remodeling components have an
important role in tumor formation and various
subunits have been implicated in modulation of
the cell cycle and DNA repair [143-149]. PBRM 1
has been associated with inhibition of the cell
cycle by activation of the p21 cyclin-dependent
kinase inhibitor and by induction of G(1) arrest
following radiation exposure [150]. PBRMI also
regulates p53 activity and activates cellular senes-
cence following exposure to activated RAS (i.e.,
oncogenic stress) [151]. These activities are com-
parable to mutations in SMARCBI (also termed
BAF47) that are found in rhabdoid tumors and
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lead to inactivation of the cyclin-dependent
kinase inhibitors p21 and p16 [149, 152]. Another
accessory protein, ARIDIA (also termed
BAF250), was recently found mutated in a large
fraction of clear cell ovarian carcinomas [153,
154], and an imbalance of other subunits has been
observed in human cancers [155, 156]. Functional
studies of PBRMI mutations are ongoing in an
attempt to identify its role in clear cell RCC ini-
tiation and progression [157].

Another mutation that may affect chromatin
structure occurs within the BAPI gene. BAPI
(BRCAT-associated protein-1) is located on the
short arm of chromosome 3 very near the PBRM 1
gene; as such, most clear cell renal tumor cells are
haploinsufficient at this locus. Putative loss-of-
function mutations in this gene were identified in
several cases of renal cell carcinoma [158]. BAP1
is a deubiquitinating enzyme that removes ubiq-
uitin marks on nuclear proteins, and both germline
and somatic mutations in this gene are associated
with tumor development [159-162]. Like VHL,
this enzyme activity can affect multiple cellular
processes. Some of the best-studied roles of BAP1
in tumor development are through its regulation
of the chromatin-associated human factor HCF1
[163], which is a dimer that regulates transcrip-
tion through the modulation of chromatin struc-
ture and is required for the recruitment of the
methyltransferases Setl and MLL1 to histones
[164, 165]. This activity has been associated with
deregulation of multiple aspects of the cell cycle,
including entry into G1 and later in cytokinesis
[166]. This is associated with, but distinct from,
the role of PBRM1 in regulating the cell cycle.

Several genes associated with histone
modification — including the histone methylases
SETD2, MLL, MLL2, and MLL4 and the histone
demethylases JARIDIC, JARIDID, and UTX —
have also been implicated in the development of
clear cell RCC, although the frequency of these
mutations (1-4 % of tumors) is much lower than
that of PBRM 1 or VHL mutations [29, 167, 168].
The MLL, MLL2, and MLL4 gene loci are large,
and it is possible that mutations in these genes are
“passenger” mutations that arise due to random
background mutation. On the other hand, the
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family of MLL genes is frequently mutated in
other tumor subtypes [169], including ARIDIA
mutations in ovarian clear cell carcinoma [153,
154, 170]. Interestingly, SETD2 encodes a his-
tone H3 lysine methyltransferase that maps to
chromosome 3p21.3, a region noted in loss-of-
heterozygosity studies as associated with devel-
opment of clear cell RCC. However, the role of
SETD2 and other histone-modifying genes in
promoting tumor development remains unclear
[168, 171].

Renal Tumors with Inactivation
of Electron Transport Proteins

In addition to the nuclear genome, each mito-
chondrion of a cell contains DNA (mtDNA) that
codes for several proteins that are part of the
electron transport pathway (Fig. 2.4). Mutations
in mitochondrial DNA have a particularly strong
association with mitochondria-rich tumors,
termed oncocytic tumors. Mitochondria-rich cells
also occur in a small subset of clear cell RCCs,
termed granular clear cell RCC. Gene expression
studies have revealed high expression of electron
transport-related genes in these tumors [172—174].
Somatic defects in the mitochondrial genome are
also strongly associated with the development of
renal neoplasias, although this is complicated by
the fact that renal tumor cells contain hundreds of
copies of the mitochondrial genome [175].
Oncocytic tumors have been characterized by
granular, eosinophilic cytoplasm due to an over-
abundance of defective mitochondria. Sporadic
oncocytic tumors, renal oncocytomas in particu-
lar, have been shown to accumulate mutations
within the mitochondrial genome [172, 173]. Two
types of mtDNA mutations have been identified.
The first type is somatic mtDNA mutations that
inactivate subunits of the mitochondrial complex I
[172—-174,176, 177]. Inrenal oncocytomas, frame-
shift mutations in the genes of either subunit ND1,
ND4, or ND5 of complex I occur at high fre-
quency, and the activity of complex I is undetect-
able or greatly reduced in renal oncocytomas.
Somatic mutations found in chromophobe RCC
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Fig.2.4 Somatic mitochondrial mutations in renal onco-
cytoma. Mitochondrial gene organization and the location
of the somatic mutations that have been reported in renal
oncocytoma. The majority of mutations affect genes
encoding proteins that are part of complex I

also tend to be associated with mitochondrial
mutations, including complex I mutations [178].
In chromophobe renal cancer, mtDNA mutations
in the D-loop and in the mitochondrially encoded
ribosomal RNA have also been reported [178].
The role of these mutations in regulating mito-
chondrial function is not clear.

Both sporadic renal oncocytoma and chromo-
phobe RCC have mitochondria-dense cytoplasm
and high expression of genes associated with oxi-
dative phosphorylation [172, 174, 179]. The gene
expression and cellular phenotypes observed are
thought to represent feedback mechanisms to
compensate for mitochondrial impairment by
increasing the number of mitochondria. Further
work is required to understand how the defects in
mitochondria are associated with renal tumor
development [180].
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Cytogenetic Variants Within
Renal Tumors

In addition to small mutations and specific struc-
tural variants, some of the most dramatic genetic
abnormalities in sporadic RCC are defects in
chromosome number [181]. The chromosome
content of renal cell carcinomas has been well
scrutinized using comparative genomic hybrid-
ization (CGH) and fluorescence in situ hybridiza-
tion (FISH) [17,21, 71, 182-188]. Just as specific
single-nucleotide defects are associated with dif-
ferent histological subtypes of RCC, the common
subtypes also have characteristic sets of chromo-
somal abnormalities [3], and quantification of
these chromosomal defects can assist in
classification of the tumors [11, 19, 23, 72].
Sixty to seventy percent of clear cell RCCs are
characterized by loss of chromosome 3p. Losses
of chromosomes 14q, 8p, 6q, or 9p occur at fre-
quencies ranging from 15 % to 25 %. A gain of
chromosome 5q occurs in about 50 % of renal
tumors and a gain of chromosome 7 in approxi-
mately 15 % [21]. An unbalanced chromosomal
translocation between the p-arm of chromosome
3 and another chromosome is fairly common.
One early insight into the genetic regulator on
chromosome 3p and its link to clear cell RCC
was based on finding a translocation between
chromosome 3 and chromosome 8 [16].
Subsequent studies have revealed that the most
common translocation partner of chromosome 3p
is the g-arm of chromosome 5. The formation of
the t(3;5) derivative chromosome results in a net
loss of one copy of chromosome 3p and a net
gain of one copy of chromosome 5q [21]. While
gain of chromosome 5q is the second most com-
mon cytogenetic abnormality in ccRCC, tumor
cells that harbor this abnormality tend to be less
aggressive than tumor cells that lack it [9, 21].
One interpretation of the frequent appearance
of specific cytogenetic abnormalities is that
tumor-modifying genes located within a region
of frequent amplification or deletion become
deregulated. Many genes within that region of
chromosome 5q become overexpressed [74]; the
colony-stimulating factor 1 receptor (CSFIR)
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gene on chromosome 5q32 is an example of a
candidate mediator of tumor formation [11, 48,
189, 190]. Signaling through CSFIR prevents
cellular apoptosis, and CSFIR is part of a com-
plex signaling interaction between the tumor cells
and the tumor microenvironment. CSFIR is also
inhibited by the RTK inhibitor sunitinib, although
the dose required for CSFIR inhibition is five to
ten times higher than the dose required to inhibit
the VEGF receptor [191]. How CSF1R and other
genes in its region contribute to renal tumor for-
mation remains an active area of investigation.
In clear cell RCC, several chromosomal abnor-
malities are associated with increased renal tumor
cell aggressiveness. For nearly 15 years, dele-
tions of chromosome 14q have been associated
with aggressive tumors [2, 11, 23, 192, 193].
Emerging data suggests that shifts within the iso-
forms of the HIF transcription factor may be one
of the biochemical mechanisms for loss of 14q
[194, 195]. The HIFIA gene is located on chro-
mosome 14q23. Given the dramatic upregulation
of the HIF transcription factor complex as a result
of VHL mutation in clear cell RCC and the
influence of activation of angiogenic pathways in
tumor development, it was somewhat surprising
that a somatic mutation screen revealed loss-of-
function mutations in the HIF1A isoform in this
tumor subtype [29, 195]. In addition, expression
of the HIF2A isoform, which is located on chro-
mosome 2p, has been strongly linked to renal
tumor development and aggressive renal tumors
[55, 58, 196]. Loss of chromosome 14q is associ-
ated with decreased expression of HIF1A mRNA
and decreased HIF1A protein levels in clear cell
RCC. A compelling model is that loss of the
HIFIA gene locus disrupts the balance of HIF1A
and HIF2A isoform expression within the cell,
leading to disproportional expression of HIF2A
and the formation of HIF2A-driven tumors.
Another region of chromosome loss that is
frequently associated with more aggressive renal
tumors is on chromosome 9 [21, 188, 197].
Recent high-resolution mapping studies have
highlighted a minimal region of deletion and pre-
dict that cyclin-dependent kinase inhibitors
(CDKIs) are likely candidate tumor suppressor
genes from that chromosome 9q region [22].
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The cyclin-dependent kinases are regulated by a
family of CDKIs, which are expressed in a highly
regulated manner to prevent inappropriate activa-
tion of CDKs. Two related CDKIs, CDKN2A
and CDKN2B, both inhibitors of CDK4, reside
in the 9q deletion region. However, more robust
analysis of the region suggests that other genes
proximal to the CDKIs are also associated with
the 9q deletion [198].

In addition to histological distinctions between
clear cell and papillary renal tumors, there are also
distinctions in chromosomal abnormalities. For
instance, loss of chromosome 3p and gain of chro-
mosome 5q are uncommon in papillary RCC.
Type 1 papillary RCCs are instead characterized
by gains of chromosomes 3q, 7, 12, 16, 17, and 20
[71-74] in about 70-80 % of cases. As previously
mentioned, MET and LRRK? are located on chro-
mosomes 7 and 12, respectively, but many other
candidate genes map to these chromosomes as
well. Although type 2 papillary RCCs share some
abnormalities with papillary type 1, gains of chro-
mosome 7, 12, and 17p are less frequent, and
losses of chromosome 9/9p and gains of chromo-
some 8q are more frequent in type 2 papillary
RCC. Moreover, the amount of cytogenetic vari-
ability also differs between type 1 and type 2
tumors. In type 1 papillary RCC, the tumor cells
are cytogenetically homogenous, and it is rare to
find cells that contain abnormalities other than the
common ones described above. Type 2 tumor cells
often contain additional cytogenetic abnormali-
ties involving a more chaotic assortment of chro-
mosomes that do not seem to follow a particular
pattern [71-75]. This increased complexity may
be a reflection of the advanced stage that is typi-
cally associated with type 2 tumors. Interestingly,
gains of chromosome 17 were found in a large
fraction of type 1 and type 2 papillary tumors.
When taken as a whole, it seems as though a
tumor-modifying gene that maps to chromosome
17 is a common occurrence in papillary tumors.

Chromophobe renal cell carcinomas contain
different chromosomal abnormalities than either
clear cell or papillary RCC. Chromophobe RCCs
contain frequent losses of chromosomes 1, 2, 6,
10, 13, and 17; the tumor cells have lost so much
genetic material that they are considered severely
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hypoploid. There are two variants of chromo-
phobe RCC, typical and eosinophilic [187], and
genetic differences between these variants have
not yet been reported. While renal oncocytoma
and chromophobe RCC share gene expression
and morphological characteristics, these tumors
differ in their cytogenetic abnormalities [123].
Renal oncocytoma cells are either karyotypically
normal or contain a limited number of abnormali-
ties that may include loss of chromosome Y
[199], loss of chromosome 1 [186, 199], or trans-
locations involving chromosome 11. Interestingly,
tumor cells that harbor loss of chromosome 1 are
mutually exclusive to tumor cells that contain
translocations of chromosome 11, suggesting two
genetically distinct subtypes of renal oncocy-
toma. The fact that loss of chromosome 1p is
shared between renal oncocytoma and chromo-
phobe RCC suggests that a tumor-modifying
gene is located in this interval. However, nearly
1,500 genes are thought to map to this region, so
identifying the candidate gene(s) by traditional
mapping studies is daunting.

Summary

The developments of rapid sequencing and high-
resolution cytogenetic approaches have led to a
continued reexamination of the genetic defects
that occur in RCC. In many cases, these new
studies have confirmed a variety of small nucle-
otide mutations, structural mutations, and large
chromosomal abnormalities. However, applica-
tion of these new technologies has also identified
new molecular pathways that were previously
unappreciated in RCC, such as mutations in genes
that interact with chromatin structure and the
activation of NRF2 in type 2 papillary RCC.
Between 5 and 70 small somatic mutations can be
found in individual tumor cells of the clear cell
histology [137, 158] and several other histologies
(B.T. and K.F, data not shown), in addition to
large and small cytogenetic abnormalities reported
in this chapter. How these mutations interact with
and modify the HIF, NRF2, MET, and CCNDI1
signaling pathways will be an important area of
study in order to develop a more complete picture
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of the molecular pathways that are deregulated in
RCC. Moreover, continued study of the molecu-
lar genetic defects may also provide opportunities
for new targeted therapies that may prevent tumor
cell growth.
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Familial and Hereditary Syndromes

Brian Shuch and Peter Pinto

Introduction

While most cancers are believed to occur sporadi-
cally, there is increasing recognition that cancers
can cluster in families [1]. Currently it is believed
that up to 10 % of cancers have a hereditary cause,
and several dozen cancer susceptibility syndromes
are now recognized [2]. Of the 60,000 new cases of
RCC diagnosed in the United States each year,
hereditary RCC is estimated to account up to 4 %
of these cases [3, 4]. As with other cancers, famil-
ial clustering has been observed with RCC, and the
risk nearly doubles when a parent or sibling has a
history of RCC [4]. Previous studies suggest over
half of kidney cancers could have a hereditary pre-
disposition with RCC segregating in specific lin-
eages [5]. Many of these hereditary syndromes are
related to a single alteration in a tumor suppressor
gene or a proto-oncogene and therefore are testable
with genetic testing. However, many presumed
hereditary cancers are currently impossible to diag-
nose with existing technology. In these cases, risk
can be associated with inherited predisposition loci
rather than specific gene alterations [6, 7].

The study of hereditary kidney cancer has led
to much of the current understanding of kidney
cancer. Efforts to better understand the genes
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responsible for hereditary RCC and their function
are expected to lead to the development of novel
therapeutic agents [3]. Similar cytogenetic and
molecular alterations are shared between spo-
radic and hereditary forms of kidney cancer. The
study of the molecular biology of clear hereditary
RCC has lead to the development and the approval
of seven new targeted cancer agents. Other thera-
peutic strategies developed from the study of
hereditary papillary kidney cancers and now form
the basis of current clinical trials for sporadic
forms of kidney cancer.

Several kidney cancer syndromes are related to
metabolic alterations converging on similar path-
ways involved in dysregulated oxygen sensing, iron
metabolism, and energy/nutrient sensing [8]. While
well-characterized RCC syndromes exist including
von Hippel-Lindau (VHL), hereditary papillary
RCC (HPRC), hereditary leiomyomatosis and RCC
(HLRCC), and Birt-Hogg-Dubé¢ (BHD), less com-
mon syndromes have also been described in recent
years. While many of the RCC syndromes share
common dysregulated metabolic pathways, there
are variations associated with tumor histology,
aggressiveness, and renal penetrance.

Clinicians treating patients must recognize the
hereditary syndromes as their management can
differ from those with sporadic kidney cancer.
Specific management strategies have been devel-
oped to provide oncologic control and maximize
kidney function in this population. It is not
uncommon that patients have clear signs of a
known hereditary syndrome and are managed
similarly to sporadically occurring cancers. While
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some management strategies are similar, often
they are not and patients can be managed inap-
propriately. While many urologic oncology phy-
sicians recognize the existence of familial cancer
syndromes, incomplete penetrance, poor family
history, and the development of de novo muta-
tions often mislead clinicians with limited expe-
rience with these syndromes.

In this chapter, we will discuss the multiple
hereditary RCC syndromes. The specific features
and guidelines that should trigger referral for
genetic testing will also be reviewed. The genet-
ics and management strategies for the individual
syndromes will be outlined.

Clinical Features of Hereditary
RCC and Genetic Testing

All physicians involved in the treatment of
patients with cancer have the responsibility to
consider if a patient may benefit from genetic
counseling and initiate the referral process. Some
individuals may present with a known family his-
tory of a hereditary syndrome, which may sim-
plify the genetic workup. These individuals still
benefit from appropriate counseling to ensure
they are appropriately diagnosed. A provider can-
not assume that a cancer in an affected organ
means that individual is affected. For these indi-
viduals, knowledge of the family mutation can
greatly limit the costs of genetic testing. Rather
than test multiple genes and do whole exon
sequencing, a genetic counselor can perform an
analysis of the region of interest.

Many patients may present with a previously
undiagnosed hereditary RCC syndrome. While
they may represent a de novo mutation, other fac-
tors may have limited prior diagnosis in affected
first-degree relatives including poor family his-
tory, incomplete penetrance, and unrecognized
features. Specific features should raise the suspi-
cion of a clinician for a hereditary syndrome
(Table 3.1). Bilateral, multifocal tumors that
occur at early age of onset are key features of the
hereditary RCC syndromes. Dermatologic mani-
festations are common to several of the cancer
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Table 3.1 Features suggestive of hereditary kidney cancer

Features suggestive of hereditary RCC syndrome
Bilateral renal tumors

Multifocal renal tumors

Associated renal cysts

Early age of onset

Strong family RCC history

Unusual histologic types

Related malignant cancers

Dermatologic manifestations

Benign clinical features

syndromes. Evaluation by an experienced derma-
tologist can often aid genetic testing. Detailed
family history on both the maternal and paternal
side should note which family members had a
history of RCC and denote the age of onset. Prior
personal and family past medical history should
note the presence of benign and malignant tumors
in organs such as the brain, spine, pancreas, small
and large bowel, adrenal, uterus, breast, and eyes.
A perceptive clinician with knowledge of the
various hereditary conditions can be critical to a
successful diagnosis. Besides assisting with the
case of the individual patient, a family diagnosis
can help all members of that lineage.

Description of Hereditary Syndromes
Von Hippel-Lindau

Von Hippel-Lindau (VHL) was first described in
the early twentieth century when two physicians
von Hippel and Lindau described manifestations
of the disease. The syndrome is characterized by
the development of multiple highly vascular
tumors including clear cell RCC, retinal angiomas,
hemangioblastomas of the spine and cerebellum,
pancreatic cysts and neuroendocrine tumors,
pheochromocytomas, and cystadenomas of the
ovary and epididymis (Fig. 3.1). The disease
affects 1:35,000 individuals and is inherited in an
autosomal dominant pattern.

Determination that a single gene was respon-
sible VHL came from the study of RCC where
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Fig. 3.1 Cerebellar hemangioblastoma in a patient with
VHL (red arrow showing lesion)

loss of 3p was consistently observed [9, 10].
Affected individuals were believed to have sec-
ondary somatic events leading to the loss of the
wild-type allele. Further linkage analyses of
affected individuals confirmed the gene to be
located around 3p25 [11].

Later work at the National Cancer Institute
located the VHL gene to 3p25.1 and determined it
behaved like a classic tumor suppressor gene [12].
Different mutation types have been described
which divide the disease into two types based on
the occurrence of pheochromocytoma [13]. Type
I VHL is not associated with pheochromocytoma
and is caused by germline deletions, insertions,
and nonsense mutations. Type II VHL is cause by
missense mutations and can further be divided by
the development of RCC and hemangioblastoma.

Approximately 25-60 % of patients with VHL
develop bilateral, multifocal renal lesions con-
sisting of cysts and clear cell RCC [14]. While
cysts are considered benign in sporadically occur-
ring patients, they are often lined with malignant
tissue in patients with VHL and should be

a

removed at the time of surgery [15]. Prior to the
current management recommendations, a third of
patients died of metastatic RCC [14, 16]. With
proper screening, recommended with ultrasounds
beginning in childhood, renal lesions are
identified early and treatment can prevent the
development of metastatic disease [14]. The his-
toric management of those with multifocal RCC
included bilateral radical nephrectomy with
hemodialysis. The past two decades have seen
the emergence of patients having been managed
with repeat partial nephrectomy.

Hereditary Papillary Renal Cell

Hereditary papillary renal cell carcinoma (HPRC)
is a very rare syndrome with approximately a
dozen families reported in the literature. HPRC
was the second hereditary RCC syndrome
described, first defined in 1994 in a lineage dem-
onstrating papillary renal cell cancer in three
generations. Analysis of affected individuals
found no evidence of linkage to the VHL loci,
and tumors consistently did not show loss of 3p
[17]. The germline mutation associated with
HPRC was linked to chromosome 7q31 and
identified as MET [18]. MET is an important
tyrosine kinase receptor with hepatocyte growth
factor as its ligand [19]. As this proto-oncogene
is present in every cell in the body, highly activat-
ing mutations are not observed except in sporadi-
cally occurring tumors with somatic MET
alterations [20]. While the MET activation alone
may be insufficient for transformation, trisomy 7
is common in HPRC and it preferentially
amplifies the mutant copy [21].

Unlike the other hereditary RCC syndromes,
the only manifestation of this disease is kidney
cancer. The syndrome behaves in an autosomal
dominant fashion and is highly penetrant with
67 % of individuals developing RCC by age 60
[22]. Renal tumors associated with papillary RCC
generally appear after the age of 30; however,
an early-onset genotype has been described [22,
23]. Tumors associated with HPRC routinely
demonstrate a papillary type I pattern [24].



Fig. 3.2 Lung cysts in a patient with BHD (red arrows
showing cysts)

Several thousand small papillary tumors are
estimated to be present in the normal parenchyma
of patients with HPRC [25].

Birt-Hogg-Dubé

Birt-Hogg-Dubé syndrome (BHD) is hereditary
cancer syndrome first discovered by a team of
Canadian dermatologists whom described a large
family with dermatologic lesions demonstrating
abnormal hair follicles associated with fibrous tis-
sue. Associated skin manifestations also included
trichodiscomas and acrochordons [26]. Patients
with BHD were later found to have a 50-fold
increased incidence of pneumothoraces (Fig. 3.2)
[27]. The final manifestation of BHD is bilateral,
multifocal solid renal neoplasms [28-30].

The incidence of BHD is believed to be around
1:200,000 and is passed in an autosomal domi-
nant manner. Linkage analysis of kindreds with
BHD located the gene to chromosome 17p11.2
[31]. Later, the gene for BHD was determined to
be folliculin (FLCN), which behaves like a clas-
sic tumor suppressor syndrome [32]. FLCN is
part of a complex that is believed to be a down-
stream effector of AMPK and mTOR [33].
Preclinical models demonstrate that both
mTORCI1 and mTORC2 become activated with
loss of FLCN [34].

Renal tumors occur in approximately 20 % of
patients affected with BHD with mean age around
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Fig. 3.3 Large uterine fibroids in a 24-year-old female
with HLRCC

50 years of age [28-30]. The renal prognosis is
favorable with <5 % of affected individuals
developing metastatic disease [35]. Those that
have proceeded to develop metastatic had large
primary tumors that were not managed with mod-
ern screening practices [35]. Renal tumor histol-
ogy is variable with hybrid oncocytic (mixture of
oncocytoma and chromophobe RCC) and chro-
mophobe tumors occurring in 50 % and 35 %,
respectively [36]. Both clear cell and papillary
RCC rarely occur in BHD, but when they do,
tumors can behave very aggressively [35].

Hereditary Leiomyomatosis
and Renal Cell

Hereditary cutaneous leiomyomas were first
noted in the dermatology literature in 1958 [37].
This condition was associated with early-onset
uterine fibroids and renal cell carcinoma, leading
to the new name, hereditary leiomyomatosis and
renal cell cancer (HLRCC) (Fig. 3.3) [38-40].
Recently, a fourth manifestation of HLRCC,
macronodular adrenal hyperplasia, has also been
described [41]. Genetic linkage localized the
chromosomal region to 1p42.3-43 and later
identified the gene as fumarate hydratase (FH)
[42, 43]. FH is a key Krebs cycle enzyme respon-
sible for the conversion of fumarate to malate.
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HLRCC-associated tumors demonstrate loss of
heterozygosity of wild-type FH, leading to an
impairment in the Krebs cycle shifting metabo-
lism towards aerobic glycolysis [43-45].
Approximately 15-30 % of patients with HLRCC
develop renal tumors [39, 46]. While these tumors
were initially described as papillary type II, other
morphologies can be observed [47]. The unifying
features are eosinophilic nucleoli with a clear,
perinuclear halo [44]. The initial experience with
these tumors was much different than the other
hereditary RCC syndromes with patients having
an extremely aggressive disease. Over half the
patients in the initial series demonstrated regional
or distant disease even when associated with
small renal primaries [46]. Peripheral renal cysts
or lesions too small to characterize are common
in these patients. When not observed closely, we
have observed individuals develop disseminated
disease when not closely monitored.

Succinate Dehydrogenase
Deficiency B,C,and D

Classically, only 10 % of pheochromocytomas
have been considered to have a hereditary com-
ponent. However, in recent years, multiple genes
have been identified that predispose to the devel-
opment of pheochromocytoma and paragan-
glioma, and now, over 25 % of non-syndromic
cases are believed hereditary [48]. Several of
these syndromes are associated with germline
mutations in different members of the succinate
dehydrogenase (SDH) complex, an inner mito-
chondrial enzyme critical to the electron trans-
port system and the Krebs cycle. The inheritance
patterns of these syndromes behave in an auto-
somal dominant pattern. The development of kid-
ney cancer was first linked to SDHB nearly in
2004 with approximately 10 % of individuals
affected with RCC [49]. Subsequent studies dem-
onstrate that nearly 5 % of familial RCC cases
with no associated manifestations are associated
with SDHB germline mutation [49, 50]. The other
SDH subunits have been suspected of increasing
risk of kidney cancer, and recently, several indi-
viduals with SDHC and SDHD have been found
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to have RCC [51, 52]. Besides RCC and pheo-
chromocytoma, recent evidence suggests that
patients with SDH mutations may be at risk for
gastrointestinal stromal tumors [53].

Little is known about the SDH family of renal
tumors except they can present with an early-
onset disease and appear to have an aggressive
phenotype. Similar to HLRCC, the loss of SDH
function leads to failure of the Krebs cycle, aero-
bic glycolysis, and upregulation in hypoxia path-
ways [54]. As many patients may present without
a family history of a pheochromocytoma, early-
onset and pathologic features may be the only
suggestion of SDHB. A recent report describes
SDHB tumors as having characteristic features
including indistinct cell borders and eosinophilic
cytoplasm [55].

Bilateral, Multifocal, and Familial
Renal Oncocytoma

Oncocytomas are the most common benign renal
neoplasms and represent approximately 5 % of
overall kidney tumors. Oncocytomas have an
enhancement pattern similar to malignant tumors
on imaging, and renal mass biopsy often cannot
distinguish them from other eosinophilic tumors.
These tumors look similar to chromophobe
tumors and have a nested pattern with abundant
mitochondria. As with malignant neoplasms,
oncocytomas can grow during periods of obser-
vation [56]. Tumors are generally small and
asymptomatic, but large tumors can produce local
symptoms.

Oncocytomas are found in roughly 1 in 1,000
autopsy cases, and approximately 10 % of onco-
cytomas are bilateral [57-59]. Pathologic concor-
dance of a contralateral renal tumor in a patient
with a known oncocytoma is over 70 % [60, 61].
Patients with bilateral, multifocal oncocytomas
should have genetic testing for BHD. When
negative, these patients are considered bilateral,
multifocal oncocytoma (BMF-0O). A familial form
has been named familial renal oncocytoma (FRO)
with affected individuals developing bilateral and
multifocal oncocytomas [62]. While several fam-
ilies in the initial series were later found to have
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intron mutations in the FLCN gene, the remaining
families are still considered to have FRO.
Generally patients can be observed with imaging
studies, and if a lesion demonstrates rapid growth,
it can be biopsied to confirm histology. Reasons
for intervention include palliation of local symp-
toms or if a tumor is demonstrating rapid growth,
allowing surgery while still amenable to partial
nephrectomy. The etiology of this tumors in
unknown; however, sporadic forms demonstrate
loss of chromosome 1p, and Y occurs in approxi-
mately 50 % of tumors [63]. Patients with BMF-O
and FRO have been undergoing whole genome
sequencing to determine if there is a common
gene responsible for this syndrome.

A specific group of individuals have a variant
syndrome, called renal oncocytosis. Diffuse
oncocytic nodules are dispersed throughout the
renal parenchyma [64]. Specific care must be per-
formed to maintain renal function as progression
towards chronic kidney disease is believed related
to the disease process. As metastatic progression
has not been demonstrated, patients should be
managed conservatively when possible.

Cowden’s Syndrome

Cowden’s syndrome is an autosomal dominant
hereditary cancer syndrome recently linked to the
development of kidney cancer. The prevalence of
Cowden’s syndrome is believed to be around
1:200,000 individuals; however, many experts
believe this is an underestimation [65]. The gene
for Cowden’s was first localized to 10q22 by
linkage analyses and later identified as the tumor
suppressor gene PTEN [66, 67].

Cowden’s is characterized by multiple
cutaneous and mucocutaneous hamartomas.
Trichilemmomas are benign hair follicle tumors
considered a pathognomonic characteristic and
were first recognized 50 years ago in the derma-
tologic literature [68]. Benign characteristics
include macrocephaly and central nervous sys-
tem hamartomas, called Lhermitte-Duclos dis-
ease. The neurologic manifestations can include
ataxia, tremor, and mental retardation. Epithelial
neoplasms are a hallmark of Cowden’s syndrome
with breast, uterine, thyroid, colon, and prostate
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cancers the most frequent malignancies. Recently
a large cohort of Cowden’s patients was analyzed,
and there was a 4 % incidence of papillary and
chromophobe renal neoplasms. This represented
nearly a 30-fold increase in the risk of developing
kidney cancer. There is an estimated 34 % life-
time risk of developing kidney cancer and there-
fore screening for kidney cancer is suggested [69].

Microphthalmia-Associated
Transcription Factor RCC

Approximately half of young individuals (age
<20) with RCC have a specific type of kidney
cancer called “translocation renal cell carci-
noma.” This papillary tumor behaves extremely
aggressively, and when metastatic, patients have
poor prognosis. Most forms of this tumor type
occur sporadically and are associated with unbal-
anced chromosomal translocations similar to that
observed with alveolar soft part sarcoma [70].
Translocations of t(X;11) and t(6;11) lead to dys-
regulation of TFE3 and TFEB, respectively, both
members of the microphthalmia-associated tran-
scription factor (MITF) family [70, 71]. A third
member of the family, MITF, has no fusion part-
ner leading to renal malignancy. However, a ger-
mline mutation in this gene has been identified
affecting posttranslational modification and tran-
scription factor activation. This germline MITF
mutation leads to dysregulated cell signaling and
is associated with the development of melanoma
and renal cell carcinoma [72].

Tuberous Sclerosis 1 and 2 (TSC1 and 2)

Tuberous sclerosis complex (TSC) is an auto-
somal dominant condition characterized by
tumors in the brain, eye, and kidney. Dermatologic
manifestations include both ash leaf and sha-
green patches. Neurologic conditions are quite
common and include epilepsy and mental retar-
dation. Germline mutations can be found in two
tumor suppressor genes, 7SC/ (hamartin) and
TSC2 (tuberin) [73, 74]. Renal manifestations are
highly penetrant and include angiomyolipomas,
cysts, and clear cell RCC (Fig. 3.4). Chronic kid-
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Fig.3.4 Bilateral, multifocal angiomyolipoma in a patient with TSC

ney disease is also common in these patients, but
the etiology is unknown. Clear cell RCC is not
common, but when it occurs, it can behave
aggressively [75]. Angiomyolipomas can become
quite large and cause local symptoms. The risk of
hemorrhage increases with size and can be life-
threatening. Loss of TSC2 in animal models has
demonstrated upregulation of HIF and mTORCI,
similar to VHL-related clear cell RCC [76, 77].

Chromosome 3 Translocation
Kidney Cancer

In 1979, Cohen and colleagues reported a family
with hereditary kidney cancer demonstrating an
abnormal karyotype, a balanced translocation
involving chromosome 3. Since that time, a dozen
chromosome 3 translocations have been associ-
ated with hereditary clear cell RCC, each involv-
ing different break points on various chromosomes
[78]. These individuals do not have other nonre-
nal manifestations and appear to develop kidney
cancer at a later age than patients affected with
VHL. Patients with this entity appear to have a
three-hit model of renal carcinogenesis (Fig. 3.5).
First, they are born with an abnormal karyotype

with translocation of chromosome 3p to a differ-
ent chromosome. Second, they have loss of the
derivative 3p fusion chromosome. Finally, the
remaining VHL allele undergoes a somatic muta-
tion [79, 80].

Familial Renal Cancer (FRC)
of Unknown Etiology

Our institution considers affected individuals
with a first- or second-degree relative with kid-
ney cancer to have familial renal cancer (FRC).
Many patients with FRC will present with bilat-
eral and multifocal RCC. Frequently despite
genetic counseling, a germline mutation may not
be identified. In the future, these individuals may
be identified with a cancer syndrome as each year
additional syndromes are characterized. Currently
around 50 cancer syndromes are recognized and
are related to monogenic germline mutations [2].
As cancer susceptibility may be more compli-
cated than a single gene, failure to identify a
hereditary syndrome with the current testing
modalities cannot rule out a more complex
genetic component involved in familial
predisposition.
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Fig.3.5 Mechanism of the three-hit model for chromosome 3 translocation RCC

Management of Hereditary Cancer
Syndromes

The principles of therapy in patients with heredi-
tary cancer are to prevent cancer dissemination,
maximize kidney function, limit the number of
renal interventions, and minimize surgical mor-
bidity. The following approaches have been
developed in this patient population.

Surveillance

Patients with hereditary kidney cancer syndromes
such as HPRC and VHL may never be completely
disease-free as their kidneys can contain hundreds
if not thousands of incipient lesions. Patients
treated with radical nephrectomy may cure the
individual of cancer but places patients at risk to
the complications of renal insufficiency. Partial
nephrectomy in patients with hereditary cancer
syndromes was first advocated in patients with
VHL [81]. While over half of patients frequently
had disease recurrence, almost all patients dem-

onstrated excellent cancer-specific survival [81].
As patients are predisposed to tumors throughout
their life, it is not feasible to remove all lesions at
the first sign of emergence. Such an approach
would lead to cumulative renal damage from fre-
quent surgery. Our institution was the first to
assess a strict cut point for renal intervention in
patients with VHL and HPRC. Prior to tumors
reaching 3 cm, all patients were closely observed.
With this approach, no patients developed meta-
static disease and all patients were able to avoid
end-stage renal disease [82]. When tumors
approached this size threshold, patients would
undergo partial nephrectomy and removal of all
solid lesions when feasible. Besides VHL and
HPRC, other hereditary cancer syndromes such as
BHD and FRC have been managed successfully
with close surveillance of small renal masses and
intervention with a 3 cm rule [35].

Individuals with FRO and BMF-O are predis-
posed to the development of multiple bilateral,
multifocal oncocytomas. In an individual with a
prior oncocytoma, the pathologic concordance of
metachronous lesions may be between 70 % and
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100 % [60, 83]. In someone with known or sus-
pected FRO or BMF-O, close surveillance may
be warranted to avoid unnecessary surgery. In
individuals with rapidly growing lesions, it may
be beneficial to perform a renal biopsy to exclude
other histologic types that may need intervention.
For tumors that are found to be oncocytoma, we
recommend close observation with intervention
if tumors become symptomatic.

Surveillance is not recommended for individ-
uals with HLRCC as small lesions have shown
the propensity for locoregional and distant spread
[46]. As SDH and HLRCC share similar biology,
we also do not recommend surveillance for this
patient population. Other syndromes such as TSC
can also be associated with aggressive malig-
nancy, and observation should be cautioned in
these individuals [75, 84]. More clinical experi-
ence is needed to evaluate the aggressiveness of
kidney cancer associated with Cowden’s or MITF
prior to recommending a surveillance strategy.

Surgery

The traditional management of bilateral, multifo-
cal RCC was bilateral nephrectomy and initiation
of dialysis. Those individuals who did not dem-
onstrate disease recurrence could be candidates
for future renal transplantation [85-87]. Due to
the significant cardiovascular morbidity associ-
ated with dialysis, partial nephrectomy in these
patients has been considered imperative rather
than elective. Various studies have demonstrated
the safety of partial nephrectomy even in the set-
ting of over a dozen renal tumors [88, 89].

The resection of multiple lesions requires
specific surgical considerations over ischemia and
margin status. Removing multiple lesions can lead
to prolonged ischemia, placing the remaining nor-
mal parenchyma at risk. Therefore, when feasible,
tumor removal without ischemia should be con-
sidered. While this leads to increased blood loss,
performing tumor removal in a coordinated,
step-wide fashion, from easiest to most challeng-
ing tumor minimizes ischemic time if clamping
becomes necessary. This approach maximizes the
number of lesions removed and allows the anes-
thesiologist to maintain hemodynamic stability.
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After each resection, hemostatic agents and pres-
sure to the defect can control much of the venous
bleeding. After several minutes, arterial and per-
sistent venous bleeding can be oversewn.

Performing a wide margin on multiple lesions
would lead to significant loss of adjacent paren-
chyma. Tumor enucleation has emerged as the
preferred method of resection in most hereditary
cancer syndromes [90]. This approach has had
much success in patients with VHL, BHD, and
HPRC [91]. For HLRCC and SDH renal tumors,
our approach has been a wide surgical excision as
we have observed an infiltrating pattern outside
the pseudocapsule. The role of enucleative sur-
gery in the remaining hereditary cancer syn-
dromes is unclear; however, as this approach has
proven safe with sporadic tumors, it likely is safe
in these syndromes [90].

Systemic Therapy

Due to the multifocal nature of hereditary kidney
cancer, many patients face the potential morbid-
ity of repetitive kidney cancer surgery. With each
renal intervention due to scarring, the complexity
and the rate of complications increase.
Understanding the specific gene alterations asso-
ciated with the various hereditary syndromes led
to insights into therapeutic strategies aimed at
exploiting the disease biology [92]. A systemic
therapy approach may be useful in patients with
localized disease and is the subject of various tri-
als at the NCI. For patients with VHL, an approach
using ZD6474/vandetanib (a dual VEGFR/EGFR
tyrosine kinase inhibitor) is ongoing at the NCI.
Patients with measurable renal lesions that would
like to delay or avoid surgery are offered enroll-
ment (NCT00566995). Similarly, a targeted strat-
egy aimed at the biology of HPRC has been
attempted. A multi-site trial assessed XL880/
foretinib, a dual C-Met/VEGFR-2 tyrosine kinase
inhibitor, in patients with papillary RCC
(NCT00726323). Patients with HPRC with local-
ized, solid tumors were enrolled at the NCI.
A trial involving patients with localized BHD
kidney cancer is planned similar to the studies
with the other hereditary syndromes and will tar-
get the highly active AKT pathway [34].
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Conclusions

Patients with bilateral, multifocal, and early-
onset kidney cancer frequently have a hereditary
kidney cancer syndrome. Genetic testing in those
suspected of these syndromes is recommended. If
a known syndrome is identified, family members
should be tested in order to begin appropriate
screening protocols. The management of several
of the kidney cancer syndromes has been refined
over the past few decades to prevent cancer
dissemination, maximize kidney function, and
minimize surgical morbidity. The molecular
characterization of these syndromes may lead to
exploitation of these aberrant pathways with a
systemic therapy approach.
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Pathology of Renal Cell Carcinoma
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Introduction

Many histological parameters obtained from
routine pathological examination of renal tumor
provide invaluable prognostic values. In the cur-
rent WHO classification, the major histologic
variants of RCC, namely, clear cell, papillary,
chromophobe, and collecting duct renal cell car-
cinoma, account for 90-95 % of renal carcinoma.
The classification also includes some less com-
monly encountered types and the “unclassified
type.” These tumor types represent the most
common RCC subtypes encountered clinically.
However, many other less common subtypes of
RCC have been described with distinct clinical,
pathological, and genetic features, and it is likely
that additional ones will be identified in the
future. As the molecular mechanisms of renal
tumors have been increasingly elucidated,
molecular classification may eventually replace
morphological classification. The clinical, path-
ological, and genetic features in combination
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will eventually enable urologists to predict
individual tumor behavior and stratify patients
into more sophisticated risk groups, ultimately
rendering individualized management and treat-
ment options.

According to the World Health Organization
(WHO), more than 270,000 new cases and
116,500 deaths from kidney cancer occurred
worldwide in 2008 [1]. Arising from the renal
tubular epithelial cells, renal cell carcinoma
(RCC) accounts for more than 90 % of primary
kidney tumors in adults. It encompasses a group
of heterogeneous tumors with diverse clinical,
pathological, and molecular characteristics as
well as varied prognostic implications and dis-
tinct therapeutic options and responses. It is
therefore of paramount importance to accurately
classify renal tumors. In this chapter, we review
the pathological and molecular characteristics of
major histological subtypes of RCC that are rec-
ognized in the current WHO 2004 classification
of renal tumors [2]. We also discuss several newly
described subtypes of RCC and RCC associated
with inherited cancer syndromes. The prognostic
significance of various histological parameters
will also be highlighted [3-5].

Pathological Classification of RCC

In addition to rendering an accurate diagnosis,
pathological classification of RCC also provides
relevant prognostic information and guidance
to therapy.
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Table 4.1 2004 World Health Organization classification
of renal cell carcinoma [2]

Renal cell carcinoma

Clear cell renal cell carcinoma

Multilocular clear cell renal cell carcinoma
Papillary renal cell carcinoma

Chromophobe renal cell carcinoma
Carcinoma of the collecting ducts of Bellini
Renal medullary carcinoma

Xpl1 translocation carcinomas

Carcinoma associated with neuroblastoma
Mucinous tubular and spindle cell carcinoma
Renal cell carcinoma, unclassified

The current 2004 WHO Classification of RCC
[2] follows on earlier Heidelberg [6] and
Rochester classifications, [7] which in turn repre-
sent expansions of the Mainz Classification [8].
The current classification emphasizes the hetero-
geneity of RCC and defines distinct types of RCC
based on unique morphologic and genetic char-
acteristics. This represents a major change from
the earlier classifications of RCC where tumors
were considered as a single relatively uniform
group and, in a pioneering fashion, incorporates
genetic characteristics into the classification.

In the current WHO classification, the major
histologic RCC subtypes, namely, clear cell, pap-
illary, and chromophobe RCC, account for
90-95 % of renal carcinoma (Table 4.1). This
classification also includes some less commonly
encountered types, which are multilocular cystic
clear cell carcinoma, collecting duct carcinoma,
renal medullary carcinoma, Xpll translocation
carcinoma, carcinoma associated with neuroblas-
toma, and mucinous tubular and spindle cell car-
cinoma. An important category retained in this
classification is the “unclassified type” which is
assigned when a tumor does not readily fit into
any of the recognized subtypes. This unclassified
group is useful to define a group of renal cancer
whose clinicopathological and molecular charac-
teristics are not well defined yet clearly different
from other histological subtypes. These ten
tumors represent the most common RCC sub-
types encountered clinically. However, other
renal cancers have been recently described with

F.-M. Deng et al.

clinical, pathological, and genetic features dis-
tinct from these ten tumors, and it is likely that
additional ones will be identified in the future.
As the molecular mechanisms of renal tumors are
increasingly elucidated, molecular classification
will supplement and may eventually replace the
morphological classification.

Pathologic and Molecular
Characteristics of Subtypes of RCC

Renal Cell Carcinoma, Clear Cell Type
(CCRCC)

Clinical Features

CCRCC is the most common histological subtype
and accounts for 60-70 % of all RCCs. Although
it may occur in all age groups, it most commonly
affects patients in their sixth to seventh decades of
life with a male to female ratio of approximately
2:1 [9]. Most CCRCCs arise sporadically; how-
ever, 24 % of the cases present as part of an
inherited cancer syndrome, which include von
Hippel-Lindau syndrome, Birt-Hogg-Dube syn-
drome, and constitutional chromosomal 3 translo-
cation syndrome [10, 11]. As a general rule,
familial CCRCC presents at a younger age and is
much more likely to be multifocal and bilateral.

Pathology

Grossly, CCRCC usually presents as a unilateral
and unicentric, round, and well-demarcated mass
with a fibrous capsule. The mean diameter is
6.2 cm; however, smaller lesions are increasingly
detected due to the wide use of radiologic imag-
ing techniques. The cut surface often has a char-
acteristic golden yellow color with a variable
degree of hemorrhage, necrosis, cystic degenera-
tion, and calcification (Fig. 4.1a). Bilaterality
and/or multicentricity occur in <5 % of sporadic
CCRCC cases but are more common in inherited
cancer syndromes.

Microscopically, the tumor cells are arranged
in compact nests, sheets, alveolar, or acinar struc-
tures separated by thin-walled blood vessels.
Tumor cells have clear cytoplasm (Fig. 4.1b) due
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Fig. 4.1 Clear cell renal cell carcinoma. (a) Grossly
the tumor is a well-circumscribed solid mass with charac-
teristic bright golden yellow color. (b) Clear cell RCC

to rich cytoplasmic lipid and glycogen content
that is lost during tissue processing and slide
preparation imparting an empty or clear appear-
ance. In high-grade and poorly differentiated
tumors, cells no longer show cytoplasmic clear-
ing but instead acquire a granular eosinophilic
cytoplasm. In high-grade areas, loss of typical
alveolar or acinar growth pattern is quite com-
mon, and solid and sometimes sarcomatoid his-
tology may be found. Sarcomatoid differentiation
occurs in about 5 % cases and is regarded as high-
grade tumor with ominous prognosis.

Molecular Genetics

Seventy to ninety percent of CCRCCs harbor
chromosome 3p alterations which comprise dele-
tion, mutation, or promoter methylation of sev-
eralimportant genes, including von Hippel-Lindau
(VHL) gene on chromosome 3p25-26, RASSFIA
on 3p21, and FHIT on 3pl4.2. Duplication of
522 is the second most common cytogenetic
finding and may be associated with a better prog-
nosis. Other cytogenetic alterations involve loss
of chromosomes 6q, 8p12, 9p21, 9922, 10q, 17p,
and 14q [4, 12, 13].

Somatic mutations in VHL gene have been
found in 18-82 % of sporadic CCRCC cases.
Loss of heterozygosity at the VHL locus has been
reported in up to 98 % of cases [14-16].
Hypermethylation of the VHL gene promoter
resulting in gene inactivation has been detected
in 5-20 % of patients without gene alteration.

is composed of compact nests of tumor cells with
clear cytoplasm separated by delicate arborizing
vasculature

The vast majority of CCRCC showing somatic
VHL mutations also exhibit allelic loss or LOH at
the second VHL locus, consistent with Knudson’s
two-hit model of tumorigenesis.

VHL protein plays a critical role in the cellular
response to hypoxia. Hypoxia-inducible factor
(HIF) is a transcriptional factor whose cellular
level is regulated by VHL. Under normoxic con-
dition, HIF is hydroxylated, and the wild-type
VHL protein binds to and targets this form of HIF
for degradation in proteasomes. Consequently,
HIF levels are kept low within normal cells under
normoxic conditions. Under hypoxic condition,
however, HIF is not hydroxylated and cannot be
recognized by VHL and therefore accumulates.
This in turn activates many downstream hypoxia-
driven genes, including genes that promote angio-
genesis (vascular endothelial growth factor
[VEGF] and platelet-derived growth factor-3
[PDGF-B]), cell growth or survival (transforming
growth factor-o [TGF-a]), anaerobic metabolism
(Glut-1), acid-base balance (CA IX), and red cell
production (erythropoietin). Along the way,
numerous intracellular signal transduction path-
ways are activated, including PI3 kinase-Akt-
mTOR pathway and Ras-Raf-ERK-MEK
pathway, which are involved in various cellular
processes, including cell proliferation, survival,
and differentiation [16, 17]. These signal trans-
duction pathways serve a beneficial role to tum-
origenesis by stimulating angiogenesis and
compensatory metabolic changes in normal cells



54

coping with hypoxia. When VHL gene is inacti-
vated by mutation or promoter hypermethylation,
no functional VHL is produced. The end result is
activation of the aforementioned cellular pro-
cesses which are no longer controlled by normal
physiological mechanisms and therefore contrib-
ute to the tumorigenesis and many of the clinical
manifestations of CCRCC. The elucidation of
these mechanisms has allowed development of
several candidate targeted therapies that
specifically act within these pathways. These
agents that target the critical components of these
pathways are under investigation in clinical trials
for patients with advanced-stage CCRCC and
target VEGF using neutralizing antibody beva-
cizumab; VEGFR and PDGFR using small-
molecule inhibitors of tyrosine kinase, such as
sorafenib and sunitinib; EGFR using erlotinib;
and mTOR using temsirolimus [18, 19].

Prognosis

In CCRCC, about 50 % are stage I and II, 45 %
are stage III, and less than 5 % stage I'V. Prognosis
of patients with CCRCC is most accurately deter-
mined by stage. Within stages, grade (nuclear
grade) has strong predictive power. Sarcomatoid
transformation, which was once considered a his-
tologic type, is now recognized as a reflection of
high-grade evolution and, when present, has a
significant adverse impact on survival with few
patients surviving to 5 years.

Renal Cell Carcinoma, Papillary Type
(Papillary RCC, PRCC)

Clinical Features

PRCC is the second most common type of RCC
and accounts for 10-15 % of RCCs. While the
gender and age distribution are similar to those of
CCRCC, the morphologic appearance and prog-
nosis are quite different. Papillary RCC has a bet-
ter prognosis with a 5-year survival approaching
90 % [9]. The vast majority of tumors occur spo-
radically, but some develop in members of fami-
lies with hereditary papillary renal carcinoma
(HPRCC) [20] or rarely in hereditary leiomyo-
matosis and renal cell cancer (HLRCC) [21].

F.-M. Deng et al.

Pathology

Grossly, PRCC typically presents as a well-cir-
cumscribed mass enclosed within a pseudocap-
sule. Some tumors appear entirely necrotic and
friable (Fig. 4.2a). PRCC is more likely to be
bilateral and multifocal than the other types of
RCC.

Microscopically, PRCC is composed of vary-
ing proportions of papillae, tubulopapillae, and
tubules (Fig. 4.2b). Occasionally, it has tightly
packed tubules or papillae and imparts a solid
appearance. The papillae characteristically con-
tain delicate fibrovascular cores infiltrated by
foamy histiocytes. Necrosis, hemorrhage, acute
and chronic inflammation, hemosiderin deposi-
tion, and psammoma bodies are common.

PRCC is further divided into two morphologi-
cal variants based on the histology [22].
Accounting for about two third of PRCC, type 1
tumor contains papillae that are delicate and
short, lined with single layer of tumor cells with
scant cytoplasm and low-grade nuclei (Fig. 4.2b).
In contrast, papillae in type 2 PRCC are large and
lined with cells having abundant eosinophilic
cytoplasm and large pseudostratified nuclei with
prominent nucleoli (Fig. 4.2¢).

Molecular Genetics

Trisomy or tetrasomy 7, trisomy 17, and loss of Y
chromosome (in men) are the most common
cytogenetic changes in PRCC [23]. Type 1 and 2
PRCC:s have distinct genetic features. For exam-
ple, gain of 7p and 17p is more common in type
1 tumors [24]. Deletion of 9p is present in approx-
imately 20 % of PRCC, and loss of heterozygos-
ity at 9p13, limited to type 2 tumors in recent
studies, has been linked to shorter survival [25].

Prognosis

Papillary RCC has an overall low risk of tumor
recurrence and cancer death after nephrectomy.
Patients with type 1 PRCC have a better progno-
sis than those with type 2 tumor. However, pre-
dictors of outcome appear to relate to stage and
nuclear grade whereas morphological subdivi-
sion of papillary RCC itself does not appear
to provide predictive potential. Nevertheless, rec-
ognition of the diversity, especially the genetic



4 Pathology of Renal Cell Carcinoma

55

Fig. 4.2 Papillary renal cell carcinoma. (a) Grossly the
tumor has a thick fibrous capsule with variegated dull
color and is extensively necrotic. (b) Type 1 PRCC is
composed of papillae covered by a single layer of tumor

differences, within RCC with papillary architec-
ture [15] may allow a better understanding of
this subtype and lead to a better classification
system.

Renal Cell Carcinoma, Chromophobe
Type (Chromophobe RCC, ChRCC)

Clinical Features

ChRCC accounts for approximately 5 % of RCCs
and is believed to arise from the intercalated cells
of the collecting ducts [26]. ChRCC can occur in
patients of wide age range. Males and females
are affected almost equally. The prognosis is
significantly better than that of CCRCC, with dis-
ease recurrence in <5 % of patients [9]. Most
cases arise sporadically, while some familial
cases are associated with Birt-Hogg-Dube syn-
drome [27, 28].

cells with scant cytoplasm and low-grade nuclei. (c)
Type 2 tumor cells have abundant eosinophilic cyto-
plasm and large pseudostratified nuclei with prominent
nucleoli

Pathology
ChRCC is typically a solitary, well-circum-
scribed, and non-encapsulated mass with homog-
enous light-brown solid cut surface. Hemorrhage
and/or necrosis is uncommon. A central stellate
scar can be seen in large tumors (Fig. 4.3a).
Microscopically, the tumor cells are usually
arranged in solid sheets with tubulocystic archi-
tecture in some cases. The classic ChRCC tumor
consists of large and polygonal cells with finely
reticulated cytoplasm due to numerous cytoplas-
mic microvesicles and prominent “plant cell-
like” cell membrane. The nuclei are typically
irregular, hyperchromatic, and wrinkled with
perinuclear haloes (Fig. 4.3b). Not infrequently,
the tumor consists predominantly of cells with
intensely eosinophilic cytoplasm, termed eosino-
philic variant [29]. However, there is no substan-
tial difference in the clinical characteristics
between the two variants.
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Fig.4.3 Chromophobe renal cell carcinoma. (a) Grossly
it is a circumscribed, non-encapsulated mass with a
homogenous light-brown cut surface. (b) Large and

Molecular Genetics

ChRCC harbors extensive chromosomal loss, most
commonly involving chromosomes Y, 1, 2, 6, 10,
13, 17, and 21 [30]. Occasionally, ChRCC occurs
in Birt-Hogg-Dube syndrome, characterized by
mutations in Birt-Hogg-Dube (BHD) gene on
17p11.2, which encodes the protein folliculin [31].
However, BHD mutations are rarely found in spo-
radic ChRCC. It has been suggested that ChRCC
may evolve from oncocytoma after acquiring addi-
tional cytogenetic abnormality [32].

Prognosis

The prognosis of these tumors is generally
accepted as favorable except in the cases with
sarcomatoid transformation which is associated
with aggressive biological behavior and metasta-
sis. The subset with an adverse outcome varies in
series (in part related to case selection) with death
of disease ranging from none to 15 %.

Other Uncommon Subtypes
of Renal Cell Carcinoma

Other subtypes of RCC are uncommon and col-
lectively account for <5 % of RCC cases in the
kidney. However, they have clinical, pathological,
and genetic characteristics distinct from the more
common types discussed previously. The clinical,
pathological, and genetic features of these uncom-
mon RCC subtypes are summarized in Table 4.2.

polygonal tumor cells have finely reticulated cytoplasm,
prominent cell border, and irregular nuclei with perinu-
clear clearing

There are several other entities that have been
identified only recently and therefore not included
in the 2004 WHO classification. Several of these
entities are reviewed in Table 4.3.

Renal Cell Carcinoma,
Unclassified Type

RCC, unclassified type, is a term for the designa-
tion of RCC that does not fit into any of the
accepted RCC categories. It is important to
understand that this is a diagnostic category rather
than a true biological entity. These tumors repre-
sent a heterogeneous group of malignancies with
poorly defined clinical, morphological, or genetic
features and therefore cannot be classified using
the current criteria. Most unclassified tumors are
poorly differentiated and are associated with a
poor prognosis. As our understanding of RCC
improves, this category is destined to diminish
and perhaps eventually disappear.

Renal Cell Carcinomas in Inherited
Cancer Syndromes

Less than 5 % of RCC occur in the setting of
inherited cancer syndromes, including von
Hippel-Lindau disease (VHLD), hereditary
papillary renal cell carcinoma (HPRCC), heredi-
tary leiomyomatosis and renal cell carcinoma
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4 Pathology of Renal Cell Carcinoma

(HLRCC), and Birt-Hogg-Dube (BHD) syn-
drome [10]. Each inherited cancer syndrome pre-
disposes patients to distinct subtypes of RCC
which often occur at a younger age and have a
higher incidence of bilaterality and multifocality
than sporadic cases [59].

von Hippel-Lindau Disease (VHLD)

VHLD is an autosomal dominant hereditary con-
dition with stigmata including CCRCCs, central
nervous system hemangioblastomas, pheochro-
mocytomas, pancreatic cysts, and endolymphatic
sac tumors of the inner ear [17]. It is caused by
germline mutations in VHL gene. VHLD patients
are born with a germline defect in one of the
alleles, and the second allele is inactivated by
somatic mutations. Renal lesions in VHLD are
always CCRCC and tend to be bilateral and mul-
tifocal. Dozens or even hundreds of microscopic
tumor foci can be identified in resected kidney
specimens. VHLD-related RCC develops early
with a mean age of onset of 37 years as compared
with 61 years for sporadic CCRCC. Although
metastasis typically only occurs when tumors are
greater than 3 cm, RCC is nevertheless the lead-
ing cause of death in this syndrome. However,
VHLD patients with renal involvement fare bet-
ter in 10-year survival than their sporadic coun-
terparts [10].

Hereditary Papillary Renal Cell
Carcinoma (HPRCC)

HPRCC is an inherited renal cancer characterized
by a predisposition to multiple bilateral papillary
renal tumors of type 1 histology. To date, kidney
is the only organ to be affected in these patients
[20]. HPRCC is associated with a germline muta-
tion in the tyrosine kinase domain of the c-met
proto-oncogene on chromosome 7q31. c-met
gene encodes a cell surface receptor protein for
hepatocyte growth factor (HGF) and has tyrosine
kinase activity [60]. Gain-of-function mutations
result in activated cellular processes that contrib-
ute to carcinogenesis, including angiogenesis,
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cell motility, proliferation, and morphogenic
differentiation. The tyrosine kinase domain of
MET is a promising therapeutic target [61].

Hereditary Leiomyomatosis
and Renal Cell Carcinoma (HLRCC)

HLRCC is an autosomal dominant disease and
predisposes patients to cutaneous leiomyomas,
uterine leiomyomas in women, and PRCC of type
2 histology. The renal tumors are often solitary,
unilateral, and aggressive and lethal. Only
20-35 % of patients develop RCC. Germline
mutations are identified in the fumarate hydratase
(FH) gene on chromosome 1 (1q42.3-43) [62], an
essential regulator of the Krebs cycle. Inactivation
of FH impairs the Krebs cycle, thereby activating
anaerobic metabolism and upregulation of HIF
and hypoxia-inducible genes.

Birt-Hogg-Dube Syndrome (BHD)

RCC is also part of the Birt-Hogg-Dube syn-
drome, an autosomal dominant disorder charac-
terized by benign skin tumors (fibrofolliculomas,
trichodiscomas of hair follicles, and skin tag),
renal epithelial neoplasms, lung cysts, and spon-
taneous pneumothorax [28]. Renal neoplasms are
often multifocal and bilateral, the most common
being hybrid oncocytic tumors (50 %) with fea-
tures of both ChRCC and oncocytoma [63]. Renal
tumors can also include ChRCC (33 %), oncocy-
tomas (5 %), and occasionally CCRCC or PRCC.
BHD, the gene implicated in the syndrome on
17p11.2, is a potential tumor suppressor gene and
encodes the protein folliculin.

Common Benign Renal Tumors
Papillary Adenoma

By WHO definition, papillary adenoma consti-
tutes epithelial neoplasms <5 mm in size with

papillary and/or tubular architecture lined with
tumor cells with low-grade nuclei.
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Fig. 4.4 Renal oncocytoma. (a) Grossly it is a solitary,
well-circumscribed, non-encapsulated mass with homo-
geneous dark-brown cut surface. (b) It consists of bright

Clinical Features

Adenoma is the most common renal cell neo-
plasm, frequently as incidental findings in neph-
rectomy specimens or at autopsy. In one autopsy
study, papillary adenomas were found in up to
40 % of patients older than 70 years of age. Its
incidence increases with age and also in patients
on long-term dialysis.

Pathology

Papillary adenomas appear as small (<5 mm),
well-circumscribed, yellow or white nodules in
the renal cortex. They have papillary, tubular, or
tubulopapillary architecture similar to papillary
RCC [64]. The tumor cells have uniform small
nuclei and inconspicuous nucleoli equivalent to
Fuhrman grade 1 or 2 nuclei.

Molecular Genetics

Papillary adenomas share many genetic altera-
tions with PRCC. Both have combined gains of
chromosomes 7 and 17 and loss of the Y chromo-
some in men. PRCCs acquire additional genetic
alterations, including trisomy 12, 16, or 20. The
cytogenetic findings support the hypothesis that
papillary adenoma is a precursor of PRCC [65].

Renal Oncocytoma
Clinical Features

Renal oncocytoma accounts for 5 % of surgically
resected non-urothelial renal neoplasms. Patients

eosinophilic cells nested in a loose stroma. The tumor
cells are uniform, round to polygonal with granular
eosinophilic cytoplasm and regular round nuclei

vary greatly in age with a peak incidence in the
seventh decade of life. The male to female ratio is
1.7:1. Most cases are sporadic, although familial
cases have been reported in association with Birt-
Hogg-Dube syndrome and familial renal oncocy-
toma syndrome.

Pathology
Oncocytoma is typically solitary and well-cir-
cumscribed and has varying degrees of encapsu-
lation. The cut surface exhibits a characteristic
homogeneous mahogany-brown color (Fig. 4.4a).
A central stellate scar can be seen in one third of
the cases, more commonly in larger tumors. More
than 10 % of cases are multifocal or bilateral.
Microscopically, oncocytoma is characterized
by bright eosinophilic cells, termed oncocytes,
arranged in nested, acinar, or microcystic pattern
associated with a loose hypocellular and
hyalinized stroma (Fig. 4.4b). Extension of onco-
cytoma into the perinephric fat, or rarely into vas-
cular space, can be found sometimes and does
not adversely affect the benign prognosis of the
lesion.

Molecular Genetics

Most oncocytomas are composed of a mixed
population of cells with normal and abnormal
karyotypes [66]. Combined loss of chromosomes
1 and X/Y is the most frequent chromosome
abnormality. Translocations involving chromo-
some 11, with a breakpoint at 11q12-13, have
also been reported. Other rare chromosome
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Fig. 4.5 (a) Collecting duct carcinoma consists of high-
grade tumor cells forming complex tubules or tubulopap-
illary structures embedded in a remarkably desmoplastic
stroma. (b) Mucinous tubular and spindle cell carcinoma
is composed of elongated cords and collapsed tubules
with slit-like spaces embedded in a lightly basophilic
myxoid background. The tumor cells have low-grade
nuclear features. (¢) Xp11.2/TFE3 translocation renal cell

rearrangements have been reported, such as
t(1;12)(p36;q13), loss of chromosome 14, and
gain of chromosome 12 [67]. Oncocytoma can be
a manifestation of Birt-Hogg-Dube syndrome.

Whether oncocytoma and ChRCC are related
is still controversial. They not only have overlap-
ping morphological features but also share some
cytogenetic changes, such as the loss of heterozy-
gosity at chromosome 1 [68]. However, mono-
somy of chromosomes 2, 10, 13, 17, and 21
occurred exclusively in ChRCC [69].

Angiomyolipoma

Clinical Features

Angiomyolipoma (AML) is a renal mesenchymal
tumor comprising variable proportions of adi-
pose tissue, smooth muscle bundles, and blood

carcinoma with characteristic papillary structure lined
with tumor cells with abundant partly clear, partly eosino-
philic cytoplasm and high-grade nuclei. Psammomatous
calcification is also present. (d) Tubulocystic renal cell
carcinoma is composed of closely packed tubules and
cysts separated by thin, fibrous septae. The lining tumor
cells have a hobnail appearance and prominent nucleoli
(Insert, high magnification)

vessels. The prevalence in autopsies is 0.3 % and
0.1 % in ultrasound screened patients. It accounts
for 0.3-3 % of all renal tumors in surgically
resected renal neoplasms. AMLs are strongly
associated with tuberous sclerosis (TS), in which
most individuals will have multiple angiomyoli-
pomas affecting both kidneys. Patients with TS
develop AML earlier (mean age at diagnosis at
25-35 years with TS vs. 40-45 years without
TS). The male to female ratio is 4:1. AMLs, par-
ticular those associated with TS, are usually
asymptomatic and detected by imaging studies.
Intra-abdominal bleeding owing to rupture may
be an uncommon presentation initially or during
follow-up.

Pathology
AML is typically well-circumscribed non-capsu-
lated mass with or without lobulation and
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sometimes with subtle infiltrative edges. The cut
surface depends on the relative amount of three
tissue components.

As its name implies, AML consists of thick-
walled blood vessels, spindle cells with smooth
muscle features, and mature adipose tissue in
variable proportions. Blood vessels typically
have an eccentrically thickened wall with spindle
cells spun off the wall. Spindle cells range
from mature-appearing smooth muscle cells to
immature spindle cells, epithelioid cells, and
even bizarre cells with atypical nuclear features.
Mature adipose tissue may have cytologic atypia.
Classical AMLs are benign; however, one fourth
to one third of epithelioid AML are malignant
with local and distant metastasis. Pathological
features that correlate with adverse outcomes
include large size, tumor necrosis, atypical mito-
sis, and diffuse atypical nuclei. Melanocytic
markers, including Melan-A and HBM-45, are
positive in AMLs and are often used to confirm
the diagnosis.

Molecular Genetics

The origin and genetic basis of AMLs is uncer-
tain. AMLs in TSC show evidence of bi-allelic
inactivation of the TSC1 or TSC2 gene, corre-
sponding to the germline mutation present in
such individuals. Loss of heterozygosity for the
TSC2 region, TSC2 inactivation by mutation, is
likely a necessary genetic event in the pathogen-
esis of most sporadic AMLs [70-72].

Pathological Prognosis Parameters for
Renal Cell Carcinoma

Stage

The role of staging as defined in the AJCC/UICC
tumor-lymph node and metastasis (TNM)
classification has been well validated and is
widely accepted as a key prognostic parameter in
RCC. With higher stage, lymph node invasion
and metastasis to other organs, there is a progres-
sively worse prognosis and shorter survival. A
key to the TNM classification is the tumor size.
Recent studies found that risk of malignancy
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increases with the size of mass lesions. In an
analysis of over 2,700 patients undergoing neph-
rectomy for renal tumors, Frank et al. found that
whereas nearly half of all tumors <1 cm were
benign, only 6 % of those >7 cm were benign.
For each 1 cm increase in size, the likelihood of
malignancy in renal tumors increased by 17 %
[73]. More recently, size was shown to corre-
spond with higher grade such that each 1 cm
increase in size increased the likelihood of hav-
ing a tumor of high grade by 25 %. This trans-
lated into a 0 % incidence of high-grade features
in tumors <1 cm to 59 % in tumors >7 cm [74].

The 2010_ENREF_6 (Table 4.4) [75] TNM
staging differs from the earlier 2002 version in
reexamining size thresholds in T stage, specifically
by dividing T2 based on a size cutoff of less than
or greater than 10 cm, reclassifying renal vein
invasion as T3a instead of T3b, and classifying
adrenal involvement as T4 when contiguous
invasion and M 1when not contiguous. It also has
simplified N classification into NO and N1. The
newly adopted 2010 TNM classification has also
been validated as a robust predictor of cancer-
specific survival and shown to provide modest
improvement in predictive ability compared with
the 2002 version.

Fuhrman Nuclear Grading

Currently, the four-tiered Fuhrman scheme, first
described in 1982, remains the most commonly
used grading system for RCC [76]. Fuhrman
grade, based on the nuclear size and shape, chro-
matin, and nucleolar prominence, is categorized
into G1-4 (Table 4.5). Most studies have confirmed
that Fuhrman nuclear grade is an independent
prognostic predictor for CCRCC [77]. Simplified
two-tiered (G1-2 vs. G3-4) or three-tiered (G1-2
vs. G3 vs. G4) Fuhrman systems have been pro-
posed to improve interobserver agreement and
still preserve its prognostic significance [78].
Grade 1 and 2 may be grouped together as low
grade since the two are not prognostically differ-
ent in multivariate analysis. However, studies
have shown that grade 3 and grade 4 tumors should
not be grouped together as grade 3 tumors have
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Table 4.4 Pathology stage of primary renal cell carcinoma (AJCC 2010) [75]

Primary tumor (T)

X Primary tumor cannot be assessed

TO No evidence of primary tumor

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

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

Tlb Tumor more than 4 cm but not more than 7 cm in greatest admission, 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 and renal 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

Regional lymph nodes (N)

Nx Regional lymph nodes cannot be assessed
NO No regional lymph node metastasis
N1 Metastasis in regional lymph node(s)

Distant metastasis (M)
MO
Ml

No distinct metastasis
Distant metastases

Table 4.5 Fuhrman nuclear grading system [76]

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

Nuclear
Grade size (um) Nuclear shape Chromatin Nucleoli
1 <10 Round Dense Inconspicuous
2 15 Round Finely granular Small, not visible at 10x magnification
3 20 Round/oval Coarsely granular Prominent, visible at 10x magnification
4 >20 Pleomorphic, multilobated ~ Open, hyperchromatic =~ Macronucleoli

better 5-year cancer-specific survival than grade 4
tumors (45—65 % in grade 3 cancers vs. 2540 %
in grade 4 cancers). A recent study showed that the
three-tiered Fuhrman grading system is an appro-
priate option for the prognostication of CCRCC in
both univariate analysis and multivariate model
setting [79]. The use of a simplified Fuhrman
nuclear grading system in clinical practice requires
further clarification and preferably a consensus
between pathologists and urologists.

The prognostic value of Fuhrman grading for
non-clear cell RCC, however, remains controver-
sial. For papillary RCC, it is significantly associ-
ated with survival in univariate analysis, but this
significance is lost in multivariate models. One

recent study demonstrated that only nucleolar
prominence is significantly associated with sur-
vival in both univariate and multivariate analyses
[80]. Another study showed that Fuhrman grade,
not the nucleolar grade, is an independent prog-
nostic factor and should be used as the standard
grading system for PRCC [81]. Only a few stud-
ies addressed the prognostic significance of
Fuhrman grading system for ChRCC using uni-
variate analysis. A recent study found that
Fuhrman grading does not correlate with sur-
vival, therefore is not appropriate for ChRCC
[82]. A new grading system was recently pro-
posed for ChRCC based on the assessment of
geographic nuclear crowding and anaplasia.
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This grading scheme was shown to be an inde-
pendent predictor of clinical outcomes for
ChRCC [83].

Sarcomatoid and Rhabdoid
Differentiation

Sarcomatoid differentiation is present in about
5 % of RCCs and can be observed in any RCC
subtype [84]. Therefore, sarcomatoid RCC is not
considered a distinct subtype of RCC by 2004
WHO classification; rather, it is thought to repre-
sent a high-grade and poorly differentiated
component.

RCC with sarcomatoid differentiation typi-
cally has other adverse pathological features,
including large tumor size, extension into
perinephric fat and vessels, and presence of hem-
orrhage and necrosis. It is also significantly asso-
ciated with an increased likelihood of distant
metastasis and cancer-specific death. It is an
adverse independent prognostic indicator in both
univariate and multivariate analyses [85]. Any
RCC with sarcomatoid differentiation is assigned
a Fuhrman grade 4.

Sarcomatoid components usually appear as
bulging, lobulated areas with white to gray, firm
and fibrous cut surface within a tumor.
Histologically, the sarcomatoid component ranges
from malignant spindle cells to those resembling
leiomyosarcoma, fibrosarcoma, angiosarcoma,
rhabdomyosarcoma, and other sarcomas. The
coexisting RCC component, including clear cell,
papillary, chromophobe RCC, and sometimes
collecting duct RCC, can often be identified and
is used to subtype the RCC with sarcomatoid dif-
ferentiation. Rarely, such subtyping may not be
possible when the sarcomatoid component over-
runs RCC epithelial components.

Rhabdoid differentiation can be identified in
approximately 5 % of RCCs with tumor cells hav-
ing large eccentric nuclei, macronucleoli, and
prominent acidophilic globular cytoplasm. The
presence of rthabdoid component is also associated
with high grade and high stage with frequent
extrarenal extension. The rhabdoid foci may
account for 5-90 % of the tumor area. It is a marker
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of high risk for metastasis and poor prognosis even
when the rhabdoid component is limited [86].

Tumor Necrosis

For CCRCC, tumor necrosis, identified either
macroscopically or microscopically, is an adverse
pathological factor and is associated with worse
clinical outcomes in both univariate and multi-
variate analyses. Studies from Mayo Clinic
clearly showed that histological necrosis is asso-
ciated with twice the cancer-specific death rate
compared to those without necrosis [9]. The pres-
ence and extent of histological necrosis in
CCRCC are independent predictors of survival in
localized but not metastatic cases, although one
recent study showed limited prognostic value
[87]. Two outcome prediction models, SSIGN
(stage, size, grade, and necrosis) from Mayo
Clinic and the postoperative outcome nomogram
from Memorial Sloan Kettering Cancer Center,
both incorporate tumor necrosis in their models
[88, 89]. A few recent studies also report that the
proportional extent of necrosis correlates with a
worse outcome and cancer-specific death in clear
cell RCC [90, 91]. The data on the prognostic
role of tumor necrosis in non-clear cell RCC is
limited.

Microvascular Invasion

Microvascular invasion (MVI), defined as neo-
plastic cells invading the vessel wall or neoplastic
emboli in the intratumoral vessel detected micro-
scopically, is present in 13.6-44.6 % of RCC. It
is more common in RCC of high stage and grade
and large size. As an important prognostic factor
in other malignancies including liver, testis, blad-
der, and upper tract urothelial carcinoma, its
prognostic role in RCC is however controversial.
Several studies have demonstrated that MVI may
have an independent predictive role for either
disease recurrence or cancer-specific mortality
after adjusting for other clinical and pathologic
covariates [92, 93]. Further studies are needed to
better define its prognostic significance.
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Histologic Subtyping in Localized
and Metastatic RCC

The issue on prognostic utility of histologic sub-
types remains debated with some convinced of
the independent prognostic acceptance of sub-
type, while others are not. However, over the last
decades, based on series and cumulative reports
on RCC subtypes, the prognostic value of histo-
logic typing of RCC has been widely accepted. In
general, chromophobe RCC is considered an
indolent, low-stage tumor with low risk of recur-
rence. Papillary RCC is presented as having a
slightly higher risk of recurrence but less than in
clear cell type. Additionally, collecting duct renal
cell carcinoma is recognized as a highly aggres-
sive tumor with an expectation for a more adverse
outcome than CCRCC. It should be mentioned
that, while distinct biologic differences between
histologic types are accepted, proof of prognostic
importance is required from evaluation of large
cohort studies where other associated clinical
data are concurrently examined [94].

The biologic and genetic differences in RCC
types suggest that histologic subtyping has prog-
nostic and therapeutic potential in metastatic
RCC. In most studies, metastatic papillary and
chromophobe RCC appear to have a worse prog-
nosis as compared to clear cell RCC. In a series of
metastatic RCC [95], 64 patients (less than 10 %)
were non-clear cell type. These were found to be
resistant to systemic cytokine and conventional
therapy (particularly immunotherapy) and poor
survival (overall survival of 9.4 months with
29 months for those with chromophobe, 11 months
for those with collecting duct, 5.5 months for
those with papillary RCC). In a study on IL-2
evaluating the influence of histologic types on
response to treatment, non-clear cell type showed
a poor response to therapy [96].

As the treatment of metastatic RCC moves
from cytokines to targeted agents that inhibit
angiogenic growth factors, the evaluation of his-
tologic type is expected to play an increasingly
important role in determination of therapy. Earlier
trials restricted treatment with targeted agents to
clear cell type; however, subsequent studies have
shown response of metastatic papillary or chro-
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mophobe RCC to sorafenib or sunitinib [97].
Further studies are awaited to determine most
appropriate therapeutic strategy related to histo-
logic types. Prospective controlled studies may
enable data for predictive models to incorporate
histologic type in nomograms for treatment of
metastatic disease.

Each histologic type of RCC shows differ-
ences in pathologic and clinical parameters
including prognostic relevance; however, the
extent of type in outcome prediction remains
controversial. Most studies show relevance for
outcome of each histologic type when correlated
with survival by univariate analysis; however,
only few studies are able to show differences in
outcome once other key prognostic attributes
such as stage and grade are taken into account
(using multivariate analysis). These studies with
disparate results highlight the challenges to prove
outcome relevance, such as the requirement for
large cohort size to allow sufficient statistical
strength and the importance of standardized
pathology review, often missing in pooled multi-
institution datasets. Evidence of this is seen in
single institution large cohort series which have
shown independent value of subtype, while
pooled studies have not. As greater knowledge is
gleaned on RCC, newer entities are emerging
which may shift distribution of cases, such as
from papillary RCC and unclassified RCC to
other subtypes, potentially strengthening the
prognostic value in separation of entities. Despite
the contested independent value of subtype for
outcome prediction, separation of RCC into types
is well accepted and substantiated on clinical,
biologic, and molecular differences [94].

Summary

Renal cell carcinoma encompasses a group
of heterogeneous tumors with diverse clinical,
pathological, and molecular characteristics as
well as distinct prognosis and therapeutic
responses. The current classification is based pri-
marily on morphology, but genetic features of
renal tumors have been increasingly incorporated
into the classification scheme. Many histological
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parameters obtained from routine pathological
examination of renal tumor provide invaluable
prognostic values. The clinical, pathological, and
genetic features in combination will eventually
enable urologists to predict individual tumor
behavior and stratify patients into more sophisti-
cated risk groups, ultimately rendering individu-
alized management and treatment options.
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Renal Imaging

The most recent data for adult renal cancer has
identified almost 65,000 new cases annually
within the United States [1]. The annual inci-
dence of the predominant type, renal cell carci-
noma (RCC), is associated with multifactorial
etiologies [2, 3] and continues to rise at least in
part due to an increase in overall imaging utiliza-
tion in the USA which has been observed in the
inpatient as well as outpatient setting [4, 5].
Despite earlier reports of approximately 50 %
mortality at 5 years, the larger number of cancers
detected at an earlier stage and often organ-
confined disease is leading to a more favorable
overall prognosis [6] most likely associated with
a lead time bias, permitting earlier and possibly
definitive treatment.

Renal cancer is detected either during evalua-
tion of genitourinary tract-related symptoms such
as flank pain and hematuria or during workup
of unrelated medical issues for a variety of
abdominopelvic conditions or for instance during
colon cancer screening with CT colonography. It
should be noted that many computed tomography
(CT) examinations of the chest also include at
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least a portion of the kidneys. Therefore, future
potential risk population screening for lung can-
cer may lead to a further increase in incidental
renal cancer discovery. Certain groups of patients
such as those with von Hippel-Lindau (VHL) and
other hereditary renal cancer syndromes may
undergo surveillance [7].

A variety of imaging techniques and modali-
ties are at the clinician’s disposal, to appropri-
ately characterize and stage a renal tumor and
subsequently use in disease surveillance. These
range from basic grayscale ultrasound to
advanced cross-sectional imaging, including CT
and magnetic resonance imaging (MRI). The
various modalities will be considered, together
with the refinements necessary to maximize their
respective strengths. Imaging may also play a
central role in treatment of renal cancer, such as
focused ultrasound ablation [8] and image-guided
percutaneous ablation [9, 10]. These techniques
and the functional radionuclide analyses will be
reviewed separately.

Intravenous Pyelogram (IVP)

Intravenous pyelography or excretory urography is
a noninvasive, sequential fluoroscopic evaluation
of the kidneys, ureters, and urinary bladder before
and after administration of iodinated contrast. An
initial X-ray may identify an area of altered density
(suggesting a mass), with irregular margins, or
calcifications, that is intrinsic to the kidneys or
resulting in local mass effect (Fig. 5.1).
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Fig. 5.1 Sequential frontal abdominal radiographs from
an intravenous pyelogram (IVP), performed for hematu-
ria, with no apparent abnormalities. Blurring of adjacent
intra-abdominal structures while keeping the collecting
system in focus is deliberately achieved with controlled

tube-table translation during image acquisition. Distinct
phases of contrast excretion typically evaluated are renal
cortical phase (a), calyceal opacification with early (b),
and excretory phase (c)

Fig.5.2 KUB images in late excretory phase, to further delineate the ureters and bladder. Prone imaging may be help-
ful to show ureters to advantage. Post micturition images are subsequently acquired

However, soft tissue contrast resolution of
plain radiography and fluoroscopy is limited, and
the resulting images are a two-dimensional repre-
sentation of a three-dimensional object inherently
subject to superimposition of anatomical struc-
tures interfering with detection and precise local-
ization of structures of interest. Following
administration of an intravenous contrast agent,
usually an iodine-based dye, additional serial
X-rays are used to evaluate the same structures
during excretory phase imaging (Fig. 5.2).

Sometimes, conventional tomography is
employed to focus the examination on intrinsic
abnormalities of the collecting system or portions
of the bladder. As a result of these limitations, IVP

is of limited value in context of renal cancer detec-
tion (especially of early-stage, treatable disease)
which is reflected in the low reported sensitivity
and specificity of 60 % and 48 %, respectively
[11]. As such, in current practice, an IVP alone
cannot be considered sufficient for renal mass
evaluation and will likely be complemented by an
ultrasound or dedicated cross-sectional imaging.
Even in terms of evaluating renal function and fur-
ther characterizing the renal tract, CT or MR urog-
raphy or radionuclide-based tests are now more
commonly performed in most practices. Finally,
the use of ionizing radiation, albeit at low dose,
and the use of an intravenous contrast agent are
additional considerations when utilizing this test.
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Fig. 5.3 Normal ultrasound images of the kidney, in
sagittal and transverse planes. Grayscale ultrasound
images were acquired with a 4.0-MHz curvilinear probe

Ultrasound (US)

Since its introduction into the medical arena in
the 1950s, ultrasound has distinguished itself as a
readily available, cost-effective imaging modal-
ity relying on the differential penetrance and
reflectivity of sound waves and notably being
performed without the use of ionizing radiation.
Ultrasonic waves are generated by mechanical
oscillation of certain crystals and ceramics, typi-
cally generating frequencies in the range of
2—-15 MHz. The ultrasound beam is focused either
mechanically or electronically. The ultrasound
wave is subjected to attenuation, reflection, scat-
tering, refraction, and diffraction within human
tissues due to the inherent differences in the
acoustic impedance of the tissue components.
Analysis of the reflected wave generates a pre-
dictable 2D or 3D grayscale image with informa-
tion about the constituent elements of a lesion, its
distance from the transducer, and degree of vas-
cularity if Doppler is utilized (Fig. 5.3).

Certain processing techniques such as har-
monic imaging may be employed to reduce back-
ground echoes, which can be helpful, for instance,
when attempting to clarify borderline echogenic
signal within a suspected (simple) cyst.

Ultrasound readily differentiates cystic from
solid lesions, often the first step in assessing
whether a renal lesion is likely benign or malig-
nant. A typical benign renal cystic lesion is well
circumscribed and anechoic on US. The back
wall of the lesion should appear sharp and smooth,

and demonstrate typical central echogenic structures of
the renal sinus and overlying hypoechoic cortex

and positive “through transmission” or unattenu-
ated ultrasound waves should be observed beyond
the lesion, from which the simple nature of the
fluid within the lesion is inferred (Fig. 5.4).

Complex features include debris indicative of
proteinaceous content or prior hemorrhage and
necrosis, thickened irregular septations, soft tis-
sue mural nodularity, and the presence of
calcifications (Fig. 5.5).

Renal cell carcinoma (RCC) may exhibit a
variety of characteristics on grayscale ultrasound,
usually hyperechoic or isoechoic to surrounding
renal cortex with a hypoechoic rim or pseudocap-
sule. It is typically hypervascular around the
periphery of the mass, although papillary-type
RCC is hypovascular and less locally invasive.
Color Doppler may also evaluate renal vein and
IVC patency or the presence of tumor thrombus.
Larger lesions often exhibit hypoechoic areas of
central necrosis on ultrasound. Although renal
cell carcinoma may be fat containing, a typical
solid, fat-containing renal mass is most likely a
benign angiomyolipoma. Occasionally renal car-
cinomas can exhibit predominantly cystic fea-
tures [12] (Fig. 5.6).

Recent studies have matched ultrasound
against CT and MRI in the evaluation of renal
masses prior to surgical resection and found it to
be equivalent in determining tumor size [13].
In another study of the ultrasound features of
renal tumors, with the use of ultrasound contrast
agents, it was possible to distinguish between
clear cell carcinoma and non-clear cell renal
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Fig.5.4 Well-circumscribed, partially exophytic, anechoic,
and thin-walled cortical cyst evident on grayscale ultra-
sound image on the /eft. Color Doppler evaluation (inside
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vellow-framed region of interest) confirms absence of
abnormal blood flow in the cyst; findings are typical for
simple renal cortical cyst

Fig.5.5 Grayscale ultrasound images demonstrate a pre-
dominantly hypoechoic renal cortical lesion, containing a
well-defined linear echogenic septation. There is no evi-

tumors, based on grayscale heterogeneity, lesion
washout, grade of contrast enhancement, and
quantitative measure of peak intensity [14]. It
should be noted that US contrast agents are cur-
rently not FDA approved and therefore not rou-
tinely available in the United States.

Small renal lesions defined as geographic and
less than 3 cm in size are more difficult to identify
and characterize by ultrasound, with an approxi-
mate sensitivity of 79 % [15]. The majority of
such small renal masses are statistically likely to
be benign [16]. Furthermore, analysis of a large
prospectively collected population-based registry
identified that small renal cell cancer less than
3 cm is likely to be organ-confined disease with a
limited malignant potential around 5 % [17].

Although ultrasound may identify a variety of
specific morphologic characteristics to aid diag-

dence of vascular flow within the septation and no associ-
ated soft tissue mass or mural nodule. Findings are
consistent with a minimally complex, septated cyst

nosis, it is incapable of categorizing tumor biol-
ogy that may ultimately play a more significant
role in predicting disease progression.

Ultrasound is also utilized to guide local ther-
mal coagulation and cryoablation of renal lesions,
both techniques requiring percutaneous puncture
and direct placement of probes within the target
tumor. A separate role for high-intensity focused
ultrasound (HIFU) is well described, whereby
energy absorbed by biologic tissue in the path of
a wave of ultrasound energy focused on a specific
location results in temperatures exceeding the
threshold level of protein denaturation, effecting
coagulative necrosis [18]. The intraoperative use
of ultrasound to assist with guidance of nephron-
sparing partial nephrectomy has become standard
of care at Lahey Clinic and many other institu-
tions (Fig. 5.7).
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Fig. 5.6 Well-circumscribed mass of heterogeneous consistent with a complex renal mass; multiphasic cross-
echogenicity is centered in the renal cortex. Trace vascu-  sectional imaging would typically be recommended for
lar flow is seen on color Doppler images. Findings are  further evaluation

Fig. 5.7 Intraoperative photograph on the left, demon- ultrasound image on the right is used routinely to identify
strating open, partial nephrectomy for renal mass within ~ tumor and evaluate extent of local invasion during
the upper pole of the kidney. Intraoperative real-time nephron-sparing surgery
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Ultrasound is therefore most commonly uti-
lized as a screening tool for RCC to document
stability of known lesions over time and may be
considered for ongoing surveillance following
tumor resection. If a lesion is identified, initial
further characterization and staging of disease by
contrast-enhanced multiphasic cross-sectional
imaging with either CT or MRI is recommended.

Computed Tomography (CT)

Itis estimated that in 13—27 % of abdominal imag-
ing studies at least one renal lesion is identified
incidentally, unrelated to the patient’s presenting
illness or the known medical history [19, 20].
Furthermore, it is estimated that more than half of
patients over 50 years of age will have at least one
renal mass [19]. Since CT has become a widely
utilized means of urgent assessment of abdominal
and pelvic conditions, as well as a screening tool
for colon cancer and lately lung cancer, many
renal tumors will therefore come to light as an
incidental finding during evaluation of a separate
clinical issue. Such incidental findings invariably
present a diagnostic dilemma, not least because
the findings are rarely found on studies with pro-
tocols optimized for evaluation of a renal mass.
Furthermore, the clinical relevance of any asymp-
tomatic, incidental small renal mass must be criti-
cally considered in the global clinical context for
a given patient to temper any potential down-
stream diagnostic or therapeutic activity.
Guidelines are therefore necessary to strengthen
confidence in identification of features concern-
ing for a malignant versus benign process [21].

An optimized renal CT study is a multiphasic
examination of the abdomen and pelvis, utilizing
a precontrast and at least one postcontrast phase,
often during the excretory or nephrogenic phase
(80-100 s post injection). An arterial phase
(between 20 and 30 s) may be considered,
although this is usually not necessary to make a
diagnosis of a renal mass but rather aids depic-
tion of the renal vasculature (Fig. 5.8a, b).

Thin section axial imaging sufficient to dis-
criminate between lesions less than 3 mm in size
should be employed on a multidetector CT,
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equipped to modulate patient dose and, better
yet, capable of acquiring low-dose images of
quality comparable to full-dose images through
use of newer iterative image reconstruction tech-
niques. Low KV imaging should also be consid-
ered in follow-up CT studies when a lesion has
already been characterized. Studies have demon-
strated that 1 mm thick axial images in multi-
phase acquisition have the capability of diagnosing
stage I renal cell cancer with 96 % sensitivity and
93 % specificity in detection of perirenal fat
infiltration, with 100 % positive predictive value
[22] (Figs. 5.9-5.11).

However, the benefit of multiphasic imaging
data (requiring multiple imaging acquisitions)
should be weighed against the associated
increase in radiation dose to the patient. Post-
processing technology should be available to
construct dedicated 3-D models of the kidneys,
identify tumor foci, and further characterize the
renal hilar vasculature. Although not essential to
diagnosis, additional information is provided for
treatment planning, including operative approach
(Figs. 5.12-5.14). To complete disease staging, a
CT scan of the chest and contrast-enhanced MRI
of the brain may each be considered.

Staging for renal cell cancer was first intro-
duced in 1958 [23] and revised in 1963 [24].
Following the introduction of the TNM system in
1978, and its subsequent iterations, the most
recent American Joint Committee on Cancer
(AJCC) guidelines on renal cancer staging from
2010 incorporate recent advances in survival
characteristics between different groups. The
framework allows for standardization of treat-
ment, appropriate inclusion into research trials,
and utilization of experimental therapies and pro-
vides more accurate prognostic indicators, all of
which depend upon imaging.

The relative radiodensity of a region of inter-
est on a CT image is defined according to the
Hounsfield reference scale that measures the lin-
ear attenuation coefficient against that of water.
Fluid and solid tissues are thereby given a rela-
tive positive numerical designation; fat and air
are defined with relative negative values. The
majority of adult renal cancers appear as a solid,
enhancing, cortically based mass. An increase of
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Fig.5.8 (a) Precontrast and nephrogenic phase axial CT
images of the left renal lower pole demonstrate moder-
ately enhancing lesion, quantified in Hounsfield units
(HU), evaluated by manually placing a region of interest
(ROI) on the target. Mean HU increased from 31 to 50,

Fig.5.9 Multiphasic CT study demonstrates precontrast (a),
arterial phase (b), and nephrogenic phase (c) axial images of
a well-circumscribed, exophytic renal cortical mass in the

at least 15 Hounsfield units (HU) measured
within a representative region of interest (ROI)
represents significant enhancement on a CT
scan [25]. Enhancement of less than 10 HU
strongly suggests a benign process, well-estab-
lished criteria [26].

suspicious for neoplasm. (b) Coronal reformat from the
same study, in nephrogenic phase, re-demonstrates the
exophytic, well-circumscribed left lower pole mass, 51
HU. Incidental note of several benign appearing, non-
enhancing upper pole renal cortical cysts

posterior left kidney. Septations seen on precontrast imaging
demonstrate enhancement, a suspicious feature. The mass
corresponded to a clear cell-type renal cell carcinoma

On precontrast imaging, and also on ultra-
sound, a simple cystic renal lesion that is almost
certainly benign will demonstrate simple fluid
density, Hounsfield units between 0 and 20, the
upper end of this spectrum indicating proteina-
ceous or possibly hemorrhagic content. Cystic
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M: 6.76 HU

Fig.5.10 (a) Grayscale ultrasound images in sagittal and
transverse planes, of the left kidney, demonstrate a well-
circumscribed, hypoechoic cortical lesion, no apparent
vascularity. (b) Precontrast and late arterial phase axial
CT images demonstrate a lobulated, hypodense lesion in

M: 190 HU _—

the left posterior interpolar region, without significant
enhancement (6 HU to 12 HU). The lesion was resected
due to associated hematuria and pain; pathology demon-
strated a renal cell carcinoma, clear cell type. Imaging
features are atypical

Fig.5.11 Precontrast (left), nephrogenic phase (middle),
and coronal reformat (right) demonstrate a hypodense,
enhancing cortical lesion, abutting the collecting system.

lesions are well characterized by the Bosniak
classification system that has evolved particularly
in the categorization of complex lesions, in large
part due to outcomes since its initial introduction
in 1986 [27, 28] (Table 5.1).

Although definitive subtyping of renal cell
cancer is not currently achievable by CT, certain
characteristic features may be exhibited. Clear
cell type tends to enhance avidly and heteroge-
neously, typically an increase of more than 80

Significant differential enhancement of 21 HU is noted;
pathology confirmed renal cell carcinoma, papillary type

HU on postcontrast imaging, differentiating this
from non-clear cell-type renal cell cancer, with a
sensitivity of 74 % and specificity of 100 % [29].
Homogeneous enhancement and lower tumor to
parenchyma enhancement ratio are noted in non-
papillary-type renal cell carcinoma, particularly
in smaller tumors less than 3 cm [30].
Additional features include a peripheral
enhancement pattern and decreased vascularity
that has been noted in chromophobe tumors,



Fig. 5.12 Multiphasic axial CT images in precontrast peripherally nodular in appearance. Coronal reformat
(upper left), arterial (upper middle), and nephrogenic  (lower left) and volume-rendered subtracted image (lower
phases (upper right), demonstrate a large, heterogeneous  right) provide further information about the blood supply
mass arising from the left kidney, centrally cystic and

Fig. 5.13 Precontrast (left) and arterial phase (middle) tumor and vascular supply are well demonstrated on the
CT images demonstrate a heterogeneous, right lower pole ~ volume-rendered subtracted image (right), useful for
cortical tumor with avid enhancement of 61 HU. The operative planning

A: 1968 4mm
P

Fig. 5.14 Sagittal and transverse ultrasound images of the right kidney, with superimposed Doppler, demonstrate a
well-circumscribed, heterogeneous slightly hyperechoic lesion. There is no significant vascularity
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Table 5.1 The Bosniak renal cyst classification.
A classification system used worldwide, to evaluate and
categorize cystic renal masses into one of five groups.

It is not a pathologic classification system rather an imaging
and clinical management system [48]

Category Criteria and management

1 A benign simple cyst with a hairline-thin wall that does not contain septa, calcifications, or solid
components; it has water attenuation and does not enhance; no intervention is needed

1I A benign cystic lesion that may contain a few hairline-thin septa in which perceived (not measurable)
enhancement may be appreciated; fine calcification or a short segment of slightly thickened calcification
may be present in the wall or septa; uniformly high-attenuating lesions (<3 cm) that are sharply
marginated and do not enhance are included in this group; no intervention is needed®

IIF® Cysts may contain multiple hairline-thin septa; perceived (not measurable) enhancement of a hairline-

thin smooth septum or wall can be identified; there may be minimal thickening of wall or septa, which
may contain calcification that may be thick and nodular, but no measurable contrast enhancement is
present [45]; there are no enhancing soft-tissue components; totally intrarenal nonenhancing high-atten-
uating renal lesions (>3 cm) are also included in this category; these lesions are generally well
marginated; they are thought to be benign but need follow-up to prove their benignity by showing
stability [46]*

11 Cystic masses with thickened irregular or smooth walls or septa and in which measurable enhancement
is present; these masses need surgical intervention in most cases, as neoplasm cannot be excluded; this
category includes complicated hemorrhagic or infected cysts, multilocular cystic nephroma, and cystic
neoplasms; these lesions need histologic diagnosis, as even gross observation by the urologist at surgery
or the pathologist at gross pathologic evaluation is frequently indeterminate

v Clearly malignant cystic masses that can have all of the criteria of category III but also contain distinct
enhancing soft-tissue components independent of the wall or septa; these masses are clearly malignant
and need to be removed

“Perceived enhancement refers to enhancement of hairline-thin or minimally thickened walls or septa that can be visually
appreciated when comparing unenhanced and contrast-enhanced CT images side-by-side and on subtracted MR imaging
datasets. This “enhancement” occurs in hairline-thin or smooth minimally thickened septa/walls and, therefore, cannot be
measured or quantified. The authors believe tiny capillaries supply blood (and contrast material) to these septa/walls,
which are appreciated because of higher doses of intravenous contrast material and thinner CT and MR imaging sections

*‘F” indicates follow-up needed

although these characteristics are not always
seen. Medullary renal cell cancer is usually cen-
tral in location and exhibits a variable enhance-
ment pattern but is seen in young patients with
concomitant sickle cell disease. Oncocytomas,
although benign, cannot be readily differentiated
from chromophobe renal cell cancer or necrotic
clear cell tumors, the latter subtype mimicking
the central scar sometimes associated with
oncocytomas. Treatment is thus usually surgical
(Fig. 5.15).

Increasing awareness of radiation dose associ-
ated with CT is reflected in the principles of
ALARA enshrined in the American College of
Radiology Appropriateness Criteria ensuring that
minimum standards are established at all accred-
ited imaging centers. Advances in dose modula-
tion on contemporary CT scanners and
individualization of the kilovoltage to patient
body habitus afford significantly lower doses of
radiation administered with CT studies and the

possibility of more focused examinations of the
upper abdomen with decreased dose in follow-up
studies. Furthermore, new model-based iterative
reconstruction (MBIR) algorithms are being
established, in contrast to the existing adaptive
statistical iterative reconstruction (ASIR) algo-
rithm, that will permit even lower radiation doses
without sacrificing image quality. The utilization
of CT in the US has dramatically risen in recent
years [31]. It remains a mainstay of imaging in
both the elective and emergent setting, generating
images of high quality that guide diagnosis, ther-
apy, and surveillance (Table 5.2).

Posttreatment imaging remains an integral
component of surveillance due to the risk of local
or metastatic recurrent disease. The highest recur-
rence rate occurs in those with an initial tumor
greater than 5 cm in size and higher Fuhrman
grade and stage at presentation. T1 tumors recur
between 38 and 45 months, while T3 tumors
recur between 17 and 28 months following initial
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Fig. 5.15 Multiphasic axial CT images, including pre-
contrast (upper left), arterial phase (upper right), coronal,
and sagittal reformatted images (middle row) demonstrate
a large, heterogeneously enhancing mass in the upper pole
of the left kidney. There is a “spokewheel” pattern noted

nephrectomy [32]. Metastatic recurrence corre-
lates directly with tumor stage and has been
reported as 7.1 % in stage T1 disease, 26.5 % in
stage T2 disease, and 39.4 % in stage T3 disease
[33]. Although the recurrence rate is close to
85 % within the first three postoperative years,
recurrence continues to occur up to and beyond
10 years posttreatment [34]. As such, surveil-

on axial imaging. Imaging findings are typical for oncocy-
toma, a benign solid renal tumor, confirmed by pathology.
However, this diagnosis is often rendered at time of sur-
gery due to the common close resemblance of oncocy-
toma and renal carcinoma

lance for metastatic disease is suggested at
6-month intervals for the first 3 years, followed
by annual surveillance. Recurrent renal cell car-
cinoma is typically seen as hypervascular lesions
within the lung, liver, bone, and brain and is more
commonly multifocal [35]. Surveillance strate-
gies following surgery are considered in more
detail in another chapter (Fig. 5.16).
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Table 5.2 The TNM staging system of the American Joint Committee on Cancer (AJCC). The staging system permits
stratification of treatment options and assessment of prognostic and survival characteristics [49]

X
TO
T1
Tla
Tlb
T2
T2a
T2b
T3

T3a

T3b
T3c
T4
NX
NO
N1
MO
Ml

Primary tumor cannot be assessed

No evidence of primary tumor

Tumor <7 cm in greatest dimension, limited to the kidney

Tumor <4 cm in greatest dimension, limited to the kidney

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

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

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

Tumor >10 cm, limited to the kidney

Tumor extends into major veins or perinephric tissues but not into the ipsilateral adrenal gland and not beyond
Gerota fascia

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 fascia

Tumor grossly extends into the vena cava below the diaphragm

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

Tumor invades beyond Gerota fascia (including contiguous extension into the ipsilateral adrenal gland)
Regional lymph nodes cannot be assessed

No regional lymph node metastasis

Metastases in regional lymph node(s)

No distant metastasis

Distant metastasis

Fig. 5.16 Multiple contrast-enhanced axial CT images the primary tumor. Metastases to both adrenal glands are
demonstrate evidence of numerous metastatic lesions evident (middle left) and a hypervascular metastasis to the
from a renal cell carcinoma primary. The large, heteroge-  liver (lower left). Numerous large, hypervascular metasta-
neous enhancing mass in the right kidney (upper left) was  ses are noted within the lungs
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Thermal ablation with either radiofrequency
ablation (RFA) or cryoablation is an alternative
treatment to partial nephrectomy in a patient pop-
ulation with comorbid conditions that preclude
surgery or in those who elect to undergo a mini-
mally invasive procedure [36]. It is of paramount
importance to correctly interpret the images of a
renal tumor that has been subjected to thermal
ablation and recognize its variable appearance.
Immediately following thermal ablation, and up
to 2 months later, an ablation cavity larger than
the original tumor forms, particularly if the mass
was less than 3 cm? in volume [37]. Between 12
and 24 months after thermal ablation, the ablation
cavity reduces to less than half the original vol-
ume. The ablation cavity is typically higher in
density than surrounding normal parenchyma,
like residual blood products. Postcontrast images
demonstrate lower attenuation cavities due to lack
of viable tissue. Perinephric stranding may persist
indefinitely associated with the intense heat dur-
ing RFA, resulting in a localized inflammatory
response. The stranding is partially replaced by a
halo of fibrous tissue within 1-2 months. Finally,
later fat invagination particularly with exophytic
lesions is seen [38] (Fig. 5.17a, b).

In cases where contrast-enhanced CT (or MR)
imaging raises the suspicion for recurrent tumor
but fails to unequivocally demonstrate its pres-
ence, examination with 18F FDG PET/CT or
even combination thereof with a blood flow agent
such as rubidium PET/CT may provide clues to
the diagnosis.

Magnetic Resonance Imaging (MRI)

MRI offers an increasingly attractive alternative
to ultrasonography and CT in the detection, char-
acterization, and staging of renal masses. The
intrinsic properties of MRI allows multiplanar
soft tissue characterization, without ionizing
radiation, and the available variety of imaging
sequences is continually evolving to address
specific questions.

A complete abdominal MR examination con-
sists of many individual short component exams,
often termed sequences which are named after the
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radiofrequency pulse schemas which drive each
interrogation of the target tissue. Each sequence is
designed to produce images which are optimized
for the characterization of one or several tissue
types of interest. MRI has a much higher intrinsic
soft tissue contrast resolution, which means it is
better suited to visualize subtle differences between
tissue types. Furthermore, some MR sequences are
exquisitely sensitive to the detection of blood prod-
ucts or fluid. Typical sequences used in renal imag-
inginclude T1, T2, in- and opposed-phase imaging,
and postcontrast T1 sequences employing breath-
hold technique. MRI signal characteristics of sim-
ple renal cysts are homogeneously T2 bright, with
thin walls, while proteinaceous or hemorrhagic
cysts will appear heterogeneous to low signal
intensity. Septa and mural nodules are quickly
identified against the fluid background. Precontrast
images of proteinaceous or hemorrhagic cysts are
intrinsically T1 bright. Chemical shift imaging is
utilized to identify tumoral fat content and inciden-
tal findings such as hepatic steatosis and fat con-
taining adrenal lesions such as adenoma.
Postcontrast imaging, typically following intrave-
nous administration of an extracellular contrast
agent such as gadopentetate dimeglumine, is
acquired dynamically in corticomedullary, nephro-
graphic, and excretory phases. Subtraction imag-
ing may assist with identification of small lesions
(Figs. 5.18 and 5.19).

The most common renal cell cancer subtype is
clear cell, comprising up to 80 % of all RCC, and
associated with a poorer prognosis than papillary
or chromophobe [39, 40]. Typical MR character-
istics of clear cell include T1 isointense and T2
hyperintense with surrounding parenchyma and
signal drop on opposed-phase imaging consistent
with cytoplasmic fat seen in 60 % of clear cell
tumors. Central necrosis and intratumoral hemor-
rhage are common and may appear different on
T1- and T2-weighted images depending on the
age of the hemorrhage. Subacute hemorrhage is
T1 and T2 hyperintense, while chronic hemor-
rhage is T1 and T2 hypointense from hemosid-
erin. Postcontrast images demonstrate a
hypervascular tumor. A surrounding T1 and T2
pseudocapsule is often identified and if inter-
rupted may indicate capsular extension.
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Fig. 5.17 (a) Axial precontrast (A) and postcontrast (B) and coronal (F) plane demonstrate infracted tissue, no
CT images demonstrate a hypervascular upper pole lesion,  definite evidence of recurrence. (b) Dynamic phase
better seen on coronal reformat (C). This was provenrenal ~ T1-weighted, subtracted precontrast (leff) and post con-
cell cancer by biopsy and treated with cryoablation (D). trast (middle and right) MR images demonstrate no evi-
Post ablation contrast-enhanced CT images in axial (E£) dence of recurrent disease



Fig.5.18 Prominent exophytic left lower pole hypodense
lesion seen on precontrast CT (a). Lesion is measured at
28 HU, more than would be expected for simple fluid.
There is no significant enhancement on nephrogenic phase
axial (b) or coronal (c¢) images. T1-weighted, fat-sup-
pressed coronal MRI (d) confirms bright signal, likely
proteinaceous rather than hemorrhagic content, given the

A4mm*
T4mm

SD: 15.89 HU

CT appearance. Fluid-sensitive T2-weighted sequence (e)
demonstrates isointense left lower pole lesion and more
typical simple fluid-density cyst in the right kidney
(arrowhead). Interpretation of images from different
modalities by an expert radiologist often yields the most
specific lesion characterization

Fig.5.19 Coronal T2-weighted sequence (a) demonstrates
hypointense lesion in the left lower pole. This appears to be
heterogeneously enhancing on T1-weighted, fat-suppressed
precontrast (b) and postcontrast (¢) coronal images. Note is

made of a filling defect within the suprarenal IVC
(arrowhead), better seen on the postcontrast, T1-weighted
fat-suppressed axial image (d ), with enlargement and appar-
ent occlusion of the left renal vein, through to the IVC



86

J. Afnan and C. Wald

Fig. 5.20 Multiphasic CT images, including axial pre-
contrast (a), nephrogenic phase (b), and coronal postcon-
trast (c), demonstrating a lobular, hypointense mass with
heterogeneous enhancement. Axial T2-weighted (d),
T1-weighted precontrast (e) and postcontrast (f) images
confirm the left interpolar mass with heterogeneous

The second group of RCC is papillary type,
comprising up to 15 % of all RCC, and may
appear necrotic and hemorrhagic (type 1) or more
heterogeneous (type 2). Enhancing papillary pro-
jections at the periphery of a cystic, hemorrhagic
mass are noted, together with a fibrous capsule.

The third main type of RCC is chromophobe,
which appears as a solid mass with central cystic
areas. Certain macroscopic features may be simi-
lar to clear cell RCC, although it carries a more
favorable prognosis. In addition, chromophobe-
type RCC may appear very similar to an oncocy-
toma, as mentioned in the description of CT
imaging (Fig. 5.20).

Benign entities within the kidneys include
angiomyolipoma (AML) and oncocytoma. AML
is the most common benign renal lesion and is a
hamartomatous mass that can be associated with
life-threatening hemorrhage if greater than 4 cm in

enhancement. Coronal precontrast T1-weighted (g), early
(h) and late T1-weighted postcontrast images demonstrate
heterogeneous enhancement with delayed washout.
Imaging findings are similar to those of an oncocytoma,
pathologically proven chromophobe type, renal cell
carcinoma

size. Fat suppression pulse sequences are based on
a technique which nulls signal arising from tissue
areas composed of macroscopic fat, and opposed-
phase imaging demonstrates classic “India-ink”
artifact surrounding the kidney, indicating a fat-
water interface. Since RCC may rarely be fat con-
taining [41], the presence of macroscopic fat is not
entirely pathognomonic for AML. It is suggested
that central necrosis is a feature of RCC and not
AML [42] (Figs. 5.21-5.24).

Renal oncocytoma is the second most com-
mon benign renal neoplasm, after angiomyoli-
poma, and is found in up to 7 % of solid renal
masses. Morphologically, these typically appear
spherical and well defined, often peripheral in
location, with mildly decreased signal on
T1-weighted sequences, slightly T2 hyperintense
in comparison with surrounding parenchyma.
These lesions may be heterogeneous although
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Fig.5.21 Grayscale (a) and Doppler (d) images demon-  left kidney. T1-weighted axial MR image (¢) demonstrates
strate an echogenic renal mass without vascular flow. T1 hyperintense left renal mass, which loses signal on fat-
Axial (b) and coronal (e) CT images demonstrate multiple  suppressed image (f), consistent with angiomyolipoma
fat-density lesions (between —40 and —70 HU) within the

Fig.5.22 Multiphasic axial CT images, precontrast (a), the left kidney with extension to the IVC, consistent with
arterial phase (b), and nephrogenic phase (c), demonstrate  a large renal AML
a homogeneous, non-enhancing, fat-density mass within
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Fig.5.23 Axial (a, b) and coronal (d) postcontrast images
demonstrate multiple fat-density lesions within both kid-
neys. Corresponding lucent masses are seen on the volume-
rendered image (e). Evaluation of the lung parenchyma

(¢, f) demonstrates innumerable thin-walled cysts and
small pleural effusions. The unifying diagnosis is tuberous
sclerosis, associated with multiple renal angiomyolipomas
(AML), and lymphangioleiomyomatosis (LAM)

Fig. 5.24 Multiple well-circumscribed, anechoic, avas-
cular cysts are seen within both kidneys on grayscale and
Doppler ultrasound (a—c). Axial CT images in arterial
phase demonstrate multiple non-enhancing, thin-walled

less likely to contain cysts, subacute hemorrhage,
hemosiderin, and microscopic fat. There is often
a stellate, central scar that enhances on delayed
postcontrast imaging. These various imaging fea-
tures are shared with chromophobe-type renal
cell cancer, the third most common subtype, both
lesions sharing a common origin renal progenitor

renal and pancreatic cysts of varying sizes. These findings
are also seen on T2-weighted axial and coronal images.
The underlying condition is von Hippel-Lindau disease

cell. Another distinctive feature of an oncocy-
toma is termed ‘“segmental enhancement inver-
sion” in reference to areas of hyalinized stroma
resulting in relative hypovascularity in compari-
son with the renal cortex at the start of each phase
of imaging. This may also be seen in chromo-
phobe RCC. Although a capsule is seen in up to
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50 % of oncocytomas, it is also seen in an equiva-
lent number of renal cell cancers [43].

Diffusion-weighted imaging (DWI) is an
increasingly utilized sequence in abdominal
imaging to evaluate inflammatory and neoplastic
processes. Malignant tumors often cause relative
impedance to unrestricted diffusion and transit
of water molecules, normally seen as a function
of Brownian motion. Apparent diffusion
coefficient (ADC) values are derived as a mea-
sure of diffusion, and ranges can be established
that may be used to evaluate for benign versus
malignant mass. ADC values typically range
from 1.0 to 4.0x 10~ mm?s, lower values indic-
ative of higher-grade tumors [44]. The ADC
value should be independent of MR scanner field
strength but may be affected by field inhomoge-
neities, such that a lower ADC value will be
recorded in a 3 Tesla MRI scanner, as compared
with a 1.5 Tesla scanner.

Differentiation between solid and cystic renal
masses has been demonstrated based on ADC
values. Mean ADC values of 2.18x 10 mm?/s
were obtained for normal renal parenchyma.
Solid renal tumors demonstrate significantly
lower ADC values, with a median of
1.16 x 10 mm?/s, compared with a median of
2.73 x 10~ mm?/s for cystic tumors. Bosniak cat-
egory I simple cysts had a mean ADC value of
3.09x 10~ mm?/s. Furthermore, different histo-
logic subtypes exhibited significantly different
ADC values, chromophobe cell carcinoma
1.41x10 mm?%s, clear cell carcinoma
1.23x 107 mm?s, and papillary cell carcinoma
0.90x 107* mm?/s [44].

In a different study, analysis of a variety of
renal masses prior to surgical resection with sub-
sequent pathologic, histologic correlate noted
that in clear cell-type RCC, ADC values greater
than 2.12 x 10~ mm?s indicated low-grade tumor,
less than 1.50x 10~ mm?s indicating high-grade
cancer. An ADC value of 1.87x10 mm?/s or
less corresponded to high-grade, clear cell-type
renal cell cancer, with a sensitivity and specificity
of 90 % and 71 %, respectively [45].

Further refinement and standardization in the
acquisition of DWI sequences and generation of
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ADC maps may provide information of the histo-
logic subtype and degree of differentiation of a
renal tumor.

Future Directions

Functional or molecular imaging represents the
next big frontier of imaging, targeting a physio-
logic pathway or mechanism. As a bridge to that
point, antibody-mediated molecular imaging has
been shown to provide the potential to character-
ize biologic events at a cellular level. Novel phar-
maceutical agents may be used in conjunction
with positron emission tomography (PET), com-
bining the highly sensitive and specific antigen-
antibody reaction (that may be further tailored by
altering the Fc-binding domain), with the high
resolution of PET imaging [46]. Although
Bfluorine is the most commonly utilized meta-
bolic tracer, its short half-life limits its role in
immunoPET. Alternative PET isotopes include
12%jodine, *strontium, and ¥*zirconium.

An example of immunoPET is G-250, an
24jodine-labeled chimeric antibody (girentux-
imab) that reacts against carbonic anhydrase-IX
(CAIX), known to be overexpressed in clear cell-
type RCC, the predominant subtype of renal cell
cancer, and not expressed in benign renal tumors
[47]. In a recent, unpublished multicenter phase
IIT trial that enrolled greater than 220 patients,
G-250 was capable of differentiating clear cell
RCC from non-clear cell RCC, with a sensitivity
and specificity of 86 % and 87 %, respectively
(personal communication with John Libertino,
M.D., August 2012).

Nanobodies and affibodies are small in size,
demonstrate high affinity for targeting agents,
and are utilized in HER-2 receptor positive breast
cancers. However, the renal excretion of nano-
bodies and their nonspecific activity in the uri-
nary tract preclude their utility as renal imaging
agents.

Although largely in the research domain at the
current time, optical imaging via fluorescence or
bioluminescence may have a utility during intrap-
rocedural detection of tumor. Following resection
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of a primary renal mass, the necessary enzymatic
reaction such as between a luciferase enzyme and
its substrate will elicit photons, which may pin-
point additional foci of disease ensuring clear
surgical margins.

Also within the research field but approaching
on the imaging horizon are quantum dots (QD),
or semiconductor nanocrystals, essentially light-
emitting colloidal nanocrystals, with a broad
excitation spectrum and narrow range of emis-
sion wavelengths. QD’s may be linked to anti-
bodies, or antibody fragments, and based on their
unique spectral properties and enhanced stability
may offer significant advantages in the realm of
bioimaging agents.

Consideration may also be given to a class of
drug delivery agents, antibody-targeted nanopar-
ticles, that may be utilized both for imaging pur-
poses and delivery of chemotherapeutic agent
directly to the primary tumor and foci of meta-
static disease. Appropriate imaging remains inte-
gral to the accurate diagnosis of renal cancer
and will continue to develop in quantum steps,
driven relentlessly by perpetual technological
advancements.
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Molecular Imaging for Renal Cell

Carcinoma

Jian Q. Yu and Yamin Dou

Introduction

Molecular imaging is the visualization, character-
ization, and measurement of biological processes
at the molecular and cellular levels in humans and
other living systems defined by the Society of
Nuclear Medicine. Molecular imaging includes
nuclear medicine and expands the tracer principle
to include the use of molecules that report on bio-
logical function using light or other detectable
signals. In the following, we will mainly discuss
applications of positron emission tomography
(PET) imaging for renal cell carcinoma (RCC).
PET is an imaging technique used by obtain-
ing a three-dimensional display of functional
processes in the body. The state-of-the-art PET/
CT scanner combines physiological/pathological
distribution of the tracer from PET with anatomi-
cal information from CT. Most clinical services
in the United States use dedicated, integrated/
hybrid  PET/CT  technology.  Currently,
18F-labeled fluorodeoxyglucose (FDG) is the
only PET tracer approved for routine clinical use.
The principle of the FDG-PET imaging is that
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tumor cells utilize more glucose for metabolism
than normal cells and produce higher signals than
the normal tissues or the background. One of the
major strengths for FDG-PET is to detect meta-
static disease. However, inflammation and infec-
tion are the major confounding factors for
FDG-PET in oncologic images.

Renal cell carcinoma (RCC) accounts for
about 3 % of all adult cancers and 85-90 % of all
primary renal tumors. The incidence of RCC
is rising, partially attributable to the success
of modern imaging technologies. Choudhary
and colleagues estimated 50-60 % of RCCs are
found incidentally when diagnostic imaging is
performed for an unrelated indication [1].
Characterization of a small renal mass can be
done through tissue biopsy, which is invasive
with known procedural complications, potential
sampling errors, and concern of track metastasis.
It is not commonly performed due to inaccuracy
and ineffectiveness in clinical management.
Noninvasive imaging modalities are useful in
diagnosing, staging, and monitoring therapy. To
date, the role of FDG-PET in the initial detection
and diagnosis of RCC is limited. However, FDG-
PET seems to show some promise for the detec-
tion of distant metastases and local recurrence
and may be complementary to other cross-
sectional imaging techniques.

Targeted therapies have become standard for
metastatic RCC (mRCC). The most successful
molecular target therapies are VEGF receptor
tyrosine kinase inhibitor (TKI) such as sunitinib
and sorafenib. Those drugs are aimed at specific
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biological molecules or processes to modify
response or signal transduction. These drugs are
cytostatic and inhibit growth rather than induce
tumor regression. Conventional imaging tech-
niques such as CT and MRI are structure and size
based and are not optimal in evaluating early
changes after therapy. Molecular imaging has
become more important in evaluating response
for these cytostatic agents.

In this chapter, we will examine the current
application of FDG-PET (PET/CT) for detecting
primary RCC, locoregional metastasis evalua-
tion, and distant metastasis assessment including
liver, lung, and bone. We will also discuss the
prognostic value of FDG-PET (PET/CT) for
RCC and the utility of FDG-PET/CT for moni-
toring therapeutic response for mRCC.

Primary Renal Cell Carcinoma
Diagnosis

Kidney cancer used to be considered a single dis-
ease many years ago; it is now known that there
are different types of cancers of the kidney with
different histological patterns and different clini-
cal courses that appear to respond differently to
therapy [2]. The Heidelberg classification identifies
five distinct malignant subtypes: clear cell, papil-
lary, chromophobe, collecting duct, and RCC
unclassified. Benigntumorshave been subclassified
into metanephric adenoma and adenofibroma,
papillary renal cell adenoma, and renal oncocy-
toma [3]. Approximately 54 % of renal masses are
more aggressive clear cell carcinoma [2].

The initial diagnosis of renal mass is usually
made with ultrasound, CT, or MRI. Most cases
(up to 70 %) are discovered incidentally during
procedures for other indications [1, 4].

CT is currently the imaging modality of choice
to stage and detect metastases in patients with
RCC. It provides important information about
size, tumor extension, vascular invasion, and
regional metastasis. This information is essential
for prognostic evaluation and surgical planning.

FDG-PET provides unique information about
molecular pathways of disease. It has gained
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increasing acceptance for the diagnosis of cancer.
Early studies using FDG-PET reported a broad
range of accuracy rates for primary RCC.
Ramdave et al. [5] studied 17 patients with known
or suspected primary tumors and found true posi-
tive in 15, true negative in one, and false negative
in one. The accuracy of FDG-PET and CT was
similar (94 %). Similar results were also reported
by Goldberg et al. [6]. However, two other stud-
ies with larger samples of 53 and 66 patients
showed different results. Aide et al. [7] reported a
sensitivity, specificity, and accuracy of 47 %,
80 %, and 51 %, respectively. Kang et al. [§]
reported a sensitivity of 60 % and specificity of
100 % for primary RCC for PET versus 91.7 %
sensitivity and 100 % specificity for CT. Kang
and colleagues concluded that the role of FDG-
PET in the detection of RCC is limited by low
sensitivity. However, the superior specificity of
the PET may have a complementary role as a
problem solving tool in equivocal cases on con-
ventional imaging [8]. Several factors may
explain the large ranges of variation of sensitiv-
ity. First, due to the heterogeneity of RCC, some
have low FDG uptake due to low glucose trans-
porter-1 expression [9]. In a study with 44 pri-
mary clear cell RCC, SUVmax (maximum
standardized uptake value) ranged from 2.5 to
18.4, with average SUVmax 6.8 [10]. Second,
the kidney and collecting system are the route for
radiotracer FDG excretion; this makes the diag-
nosis of small parenchymal mass difficult, even
with hydration and diuretics [11]. Third, due to
the limited resolution and the lack of anatomical
correlation of the old generation PET scanner,
small lesions are very difficult to detect. The
main disadvantage of FDG-PET for RCC is the
relatively high false-negative results. Another
drawback of the FDG-PET is the lower spatial
resolution of the PET camera when compared to
CT scanner. There is known false-positive uptake
in infection and inflammation for PET as well. It
is worth noting that most articles published
regarding RCC were based on PET only scan-
ners, which may lower the sensitivity and
specificity by about 5-10 %. The newer genera-
tion of hybrid PET/CT scanner with improved
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Fig. 6.1 Clear cell renal carcinoma. FDG-PET/CT
appearance of clear cell renal carcinoma. (a) Non-contrast
CT shows a 5-cm right renal mass. (b) FDG-PET demon-

Fig. 6.2 Oncocytoma. FDG-PET/CT appearance of
renal oncocytoma. (a) CT with IV contrast shows a well-
defined 5-cm mass with mild heterogeneous enhance-

resolution has markedly improved the localiza-
tion of lesions and diagnostic accuracy compared
to either CT or PET stand-alone applications. A
more recent study with FDG-PET/CT by Kayani
et al. detected 41/43 of primary RCCs with the
smallest tumor measuring less than 2.5 cm [10].

There is limited data regarding the ability to
predict the histological diagnosis based on ana-
tomical imaging findings [12]. Clear cell RCC is
the most common type of renal malignancy. It
can be hypodense, isodense, or hyperdense on
pre-contrast CT studies. Post-contrast CT usually
enhances significantly and can be heterogeneous
due to necrosis [13]. No correlation of FDG
uptake has been found between benign and malig-
nant renal tumors. Most of the clear cell RCCs
demonstrate increased FDG uptake to a certain
degree (Fig. 6.1). SUVmax (maximum standard-
ized uptake value) has reported ranging from 2.5
to 18.4 with average of 6.5 [10].

strates heterogeneous increased uptake in right renal
mass. SUVmax 5.7. (¢) Fused PET/CT image

ment. (b) FDG-PET shows mild increased uptake,
SUVmax 2.9. (¢) Fused PET/CT image

Oncocytoma is considered a benign tumor. On
unenhanced CT, it usually appears isodense or
hypodense to the renal parenchyma and shows
enhancement on post-contrast imaging. On PET,
oncocytoma normally shows no appreciable FDG
uptake as previously reported [14]. However, a
case report described intense uptake in a renal
oncocytoma [15]. A typical appearance of onco-
cytoma is shown in Fig. 6.2.

Angiomyolipoma is the most common benign
tumor of the kidney. These lesions characteristi-
cally contain variable amounts of abnormal blood
vessels, adipose tissue, and smooth muscle ele-
ments. The majority of angiomyolipomas can be
accurately diagnosed on unenhanced CT as the
lesions contain macroscopic fat (Fig. 6.3). There
is limited literature on the role of FDG-PET in
the diagnosis of angiomyolipoma. Kochhar et al.
[14] showed a renal angiomyolipoma without
significant FDG uptake as in our case in Fig. 6.3.
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Fig. 6.3 Angiomyolipoma of the kidney. FDG-PET/CT
appearance of a benign renal neoplasm, angiomyoli-
poma. (a) FDG-PET shows focal mild uptake in right
lower kidney (arrow), equal to or less than background

Locoregional Metastasis

Metastasis to regional lymph nodes is found in
10-20 % of patients with RCC [16]. CT and MRI
are currently the study of choice to provide impor-
tant information about tumor extension, vascular
invasion, and regional metastasis. MRI has a spe-
cial role to assess thrombus extension [17].
Lymphadenopathy remains a major challenge to
cross-sectional imaging of patients with RCC.
Current cross-sectional imaging criteria for sus-
picious lymph nodes include a short-axis diame-
ter of 1 cm or more and loss of kidney shape with
a lymph node hilum that includes fat. Yet, some
of the enlarged lymph nodes were related to
hyperplastic and inflammatory change. FDG-PET
provides an alternative to contrast-enhanced CT
by showing the metabolic activity of the disease.
In RCC, both CT and PET data for local exten-
sion and regional nodal metastases are limited at
the current time and believed to be similar [18].
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renal parenchymal activity. SUVmax, 1.9. (b) A well-
marginated tumor with fatty attenuation seen on CT scan
(arrow), highly suggestive of angiomyolipoma. (c¢) Fused
PET/CT

FDG-PET helps detect small metastatic nodes
(Fig. 6.4). Kang et al. [8] reported 75 % sensitiv-
ity and 100 % specificity for retroperitoneal
lymph node metastases and/or local recurrence
by PET while abdominal CT showed 92.6 % sen-
sitivity and 98.1 % specificity. Aide et al. [7]
reported two patients with local nodal metastasis.
FDG-PET detected 1/2 patients; in contrast, CT
correctly identified both. Kocher et al. [19] com-
pared the results of FDG-PET with histology in
patients with suspected RCC. They found true
regional lymph node metastasis in three patients
and true negative in seven. Ramdave et al. [5]
reported two cases of locoregional lymph node
metastasis detected on FDG-PET but not on CT.

Although some publications have suggested
that only tumor and infected thrombi show
increased FDG uptake, a few reports showed that
bland thrombus may have this appearance as
well, a finding consistent with the acute
inflammatory phase of aseptic deep venous
thrombosis [20]. It seems that FDG-PET is not
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Fig. 6.4 Papillary renal cell carcinoma with local small
nodal metastasis and tumor invading renal vein and IVC.
(a) Staging FDG-PET/CT demonstrates a large left renal
mass and a 10-mm left para-aortic node (arrow) on
non-contrast CT. (b) There is a markedly dilated /left
renal vein and IVC (arrows). (¢) Fused FDG-PET/CT

useful in recognizing the cause of the thrombus,
because FDG uptake relies on the degree of reac-
tive inflammation, which is variable and does not
correlate with bland or tumor thrombus. A case
with tumor thrombosis is shown in Fig. 6.4.

The incidence of local recurrence ranges from
1.8 % to 27 % after nephrectomy [21]. CT inter-
pretation of the renal bed is difficult because of
migration of the adjacent normal organs into the

images demonstrate heterogeneous uptake in the left
renal mass, SUVmax 11, and corresponding uptake in a
10-mm left para-aortic lymph node (arrow), suggesting
metastatic disease. (d) There is intense FDG uptake in left
renal vein and IVC (arrows), consistent with tumor
extension

renal fossa, postoperative scar, and artifacts from
surgical clips. In addition, the patient is more
likely to develop renal failure after nephrectomy
which makes contrast injection relatively con-
traindicated. The metabolic activity of tumor is
not altered by these factors. Therefore, FDG-PET
may be superior for evaluation of renal bed recur-
rence (Fig. 6.5). Ramdave et al. [5] showed that
in the eight patients referred for this condition,
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Fig. 6.5 Chromophobic renal cell cancer with local
recurrence. (a) Re-staging FDG-PET/CT demonstrates a
left retroperitoneal soft-tissue mass on non-contrast CT,
question of postsurgical change vs local recurrence.

PET was able to clearly differentiate tumor recur-
rence from fibrosis or necrosis. The diagnostic
accuracy of FDG-PET was calculated to be
100 %. In comparison, the diagnostic accuracy of
CT was 88 %.

Distant Metastasis

FDG-PET/CT is very useful in evaluating distant
metastases, partially attributable to the whole
body (routine skull base to mid thigh) nature of
the scan. It has shown promising results with
RCC, with sensitivity range from low 60-100 %
and the specificity close to 100 % for the majority
of cases [7, 18, 22-26]. Majhail et al. reported
two cases of unsuspected distant metastasis
detected by FDG-PET not seen by CT in 17
patients evaluated for primary RCC [22]. In
another study [27], FDG-PET detected 77/112 of
the metastatic lesions. Of those, 32 lesions had
not been detected by any other anatomical imag-
ing. The results of CT and FDG-PET for detect-
ing distant metastases from RCC were
comparable, with sensitivities of 70 % and 69 %,
respectively. Safaei et al. [28] reported a study of
20 patients with 25 lesions biopsied. FDG-PET
accurately identified 21/25 metastases and dem-
onstrated a sensitivity of 87 % and specificity of
100 %. Park et al. [18] evaluated FDG-PET/CT
for the postoperative surveillance of advanced
RCC and found that it has 89.5 % sensitivity,
83.3 % specificity, 77.3 % PPV, 92.6 % NPV, and
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(b) FDG-PET demonstrates focally increased uptake,
SUVmax 2.5, consistent with recurrent disease. (¢) Fused
FDG-PET/CT image

85.7 % accuracy in detecting local recurrent and
distant metastasis. A study by Aide et al. [7]
showed no metastases detected by CT that were
missed by FDG-PET. In fact, FDG-PET was able
to detect additional metastatic sites, leading to a
better accuracy compared with CT.

Liver Metastasis

Liver is the third most common site of metastasis
for RCC after lung and bone and accounts for
15-20 % of metastasis in RCC [29-31]. Liver
metastasis is associated with poor prognosis [32].
CT is the mainstay of imaging in the detection of
intra-abdominal metastases. On CT, liver metas-
tases can appear as ill-defined low-attenuation
lesions that may show peripheral enhancement or
appear as hypervascular masses with or without
central necrosis [33]. There are limited studies
which describe the appearance of liver metastasis
on FDG-PET [34-38]. On a non-contrast FDG-
PET/CT scan, lesions on the CT component can
be subtle. In general, there is high target to back-
ground ratio of uptake seen on FDG-PET, which
makes it easier to detect (Fig. 6.6). Study by Kang
et al. [8] showed FDG-PET has a sensitivity of
61.5 % and specificity of 100 % for liver metas-
tases. In contrast, CT has a sensitivity of 76.9 %
and specificity of 94.1 %. FDG-PET detected
2/13 metastases that were negative on CT. In the
study by Park et al. [20], FDG-PET/CT has a sen-
sitivity of 100 % for liver metastasis.
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Fig. 6.6 Clear cell renal cancer with liver metastases.
Staging FDG-PET/CT in a 72-year-old male with a large
right renal mass. (a) CT shows a large right renal mass
and subtle livers lesions (arrows). (b) FDG-PET shows

Lung Metastasis

Lung is the most common site of mRCC and
accounts for 50-60 % of metastasis [29-31].
Patients with lung-only metastases have a better
survival rate than patients with other sites of
metastases [32]. Pulmonary metastases usually
appear as well-defined round or ovoid nodules on
both chest radiography and CT. They can be soli-
tary or multiple and typically range in size from
0.5 to 2 cm in diameter. They are one of the well-
known causes of “cannonball” metastases [33].
CT with contrast is the current study of choice to
evaluate lung metastases with high sensitivity.
However, there is a limitation of CT due to its
low specificity for pulmonary nodules. CT is
unreliable to differentiate benign from malignant
nodules. FDG-PET assesses the metabolic pro-
cess of the lesions and is useful in evaluating
malignant potential. A large study of 585 patients
by Bryant and colleagues showed the higher the
SUV, the higher the likelihood of malignancy
[39]. Fortes et al. [40] evaluated 83 patients with
metastatic pulmonary nodules from different pri-
maries and found that FDG-PET is positive in
only 67.5 % of them. Nodule size and grade affect
the sensitivity of FDG-PET. For nodules ranging
from 1 to 5 mm, the sensitivity of FDGPET was
23.5 % (4/17); however, for nodules greater than
25 mm in diameter, the sensitivity of FDG-PET
was 88.5 % (23/26).

intense heterogeneous uptake in the right renal mass
(arrow head) and clearly multiple foci of liver uptake
(arrows). (¢) Fused FDG-PET/CT

With FDG-PET, Majhail et al. [22] reported a
sensitivity of 63.2 % and 100 % PPV in detecting
pulmonary metastasis from RCC. The mean size
of lung metastases in patients with true-positive
FDG-PET was 2.0 cm (95 % CI, 1.3-2.7 cm)
compared with 0.8 cm (95 % CI, 0.5-1.2 cm) in
patients with false-negative FDG-PET. In another
study [8], FDG-PET demonstrated a sensitivity
of 75.0 % and specificity of 97.1 % in detecting
metastases to lung compared to 91.1 % and
73.1 %, respectively, for chest CT.

A dual-modality hybrid PET/CT scanner takes
advantage of the high sensitivity from CT and the
greater specificity of FDG-PET and results in
increasing accuracy as compared to either modal-
ity alone. Small pulmonary metastasis from RCC
even without significant metabolic activity can
be seen by CT (Fig. 6.7). A pulmonary nodule
with corresponding FDG uptake is highly suspi-
cious for metastasis in a patient with history of
RCC (Fig. 6.8). Due to overlapping FDG uptake
between inflammatory cells and cancer cells,
false-positive metastasis is not uncommonly seen
on FDG-PET/CT (Fig. 6.9).

Bone Metastasis

Osseous metastasis accounts for 30—40 % of dis-
tant metastasis in RCC [41]. Bone metastases
classically appear as large expansile lytic lesions
on plain radiography, most commonly in the axial
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Fig. 6.7 Clear cell renal cancer with lung metastasis.

Staging FDG-PET/CT in a 60-year-old male with right
kidney clear cell carcinoma. (a) CT component of FDG-

b

Fig. 6.8 Metabolic negative lung metastases from clear cell
renal cancer. FDG-PET/CT in a 63-year-old female with clear
cell renal cancer and biopsy-proven pulmonary metastases.

Pl

PET/CT scan shows a 2-cm solitary right lower lobe pul-
monary nodule. (b) FDG-PET demonstrates intense
uptake. SUVmax 6.4. (¢) Fused FDG-PET/CT

(a) Multiple lung nodules, largest measuring 10 mm (arrows)
on CT. (b) No significant FDG uptake corresponding to these
small nodules on PET. (¢) Fused image

-

Fig. 6.9 False-positive lung metastasis from clear cell
renal carcinoma. Staging FDG-PET/CT in a 54-year-old
male with clear cell renal carcinoma. (a) CT component
shows several lung nodules, largest measuring 2.7 x 1.7 cm

skeleton [33]. Contrast-enhanced CT shows bone
destruction with or without the presence of an
enhancing soft-tissue mass. Bone scan is not rou-
tinely performed for RCC patients due to mainly
lytic nature of the bone metastasis, which is com-
monly negative in conventional bone scan. The
general consensus is to order a bone scan only for
patients with symptomatic bone pain and elevated
serum alkaline phosphatase [28, 42].

(arrow). (b) FDG-PET demonstrates increased uptake
corresponding to the largest nodule, SUVmax 2.7. (c)
Fused image. Biopsy of this nodule shows inflammation
and necrotic tissue

FDG-PET has been reported to be very accurate
to stage bone metastasis in breast and lung cancer
[43, 44]. FDG-PET may offer improved specificity
over bone scintigraphy in the detection of bone
metastases (Fig. 6.10). Another advantage of PET
over bone scan is the evaluation of both bone and
soft tissue in one setting. Solitary bone metastasis
from RCC is not uncommon, and a subtle bone
lesion is not easy to see on CT scan (Fig. 6.11).
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Fig.6.10 Multiple bone metastases from clear cell renal
carcinoma. FDG-PET/CT in 71-year-old male with his-
tory of clear cell renal carcinoma. (a) and (b) Re-staging
scan demonstrates destructive and lytic bone lesions on

CT component (arrows). (¢) and (d) PET/CT fused images
demonstrate moderate increased uptake corresponding to
these bone lesions

Fig. 6.11 Solitary bone metastasis from clear cell renal
carcinoma. (a) Re-staging FDG-PET/CT in a 63-year-old
male with clear cell renal carcinoma. PET demonstrates a
focal moderate uptake in right humerus. (b) On the cor-

responding CT, there is an easy-to-miss lesion with subtle
cortex thinning. (¢) Fused imaging clearly demonstrates
abnormal uptake in the bone and marrow. (d) Follow-up
plain film shows lytic lesion in the right humerus
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Wu et al. [45] showed that for detecting bone
metastasis, FDG-PET had both a sensitivity and
accuracy of 100 % compared with 77.5 % and
59.6 %, respectively, for bone scintigraphy. Kang
et al. [8] showed that positive predictive value and
negative predictive value for bony metastases were
99 % and 93.2 % and indicate that FDG-PET is the
most sensitive test for bony metastasis of RCC.

A recent review showed that NaF-18 PET is
more accurate than 99mTc-diphosphonate SPECT
for identifying both malignant and benign lesions
of the skeleton [46]. Combining the NaF-18 PET
with CT using a PET/CT scanner can improve the
specificity and overall accuracy of detecting skel-
etal metastasis. NaF-18 PET may become the rou-
tine clinical practice for detecting bone metastasis.
Center for Medicare and Medicaid Services is cur-
rently covering the NaF-18 PET scan under the
mechanism of Cover for Evidence Development
for all Medicare recipients.

Surveillance

Chae et al. found that after resection of RCC, the
mean time of tumor recurrence was 17 months,
and 83 % of recurrence occurred within 2 years
[30]. Thus, they recommend follow-up imaging
should be performed intensively within 2 years
after surgery. Most guidelines use anatomical and
conventional imaging to monitor relapse and
recurrence. FDG-PET has been shown to identify
relapse and/or recurrence more readily than con-
ventional imaging with higher sensitivity and
specificity [18]. One advantage of FDG-PET/CT
imaging is that IV contrast is not essential to per-
form the study, thus avoiding potential renal
damage, which is very important for renal preser-
vation for RCC patients. Nakatani and coworkers
[47] reviewed 28 scans in 23 patients who had
undergone FDG-PET scans after surgery for
RCC. They correlated the PET findings with
other imaging, histology, or by clinical follow-up
at least 6 months. They reported overall sensitiv-
ity, specificity, and diagnostic accuracy of 81 %,
71 %, and 79 %, respectively. PET
correctly detected local recurrence and metasta-
ses in all cases in the peritoneum, bone, muscle,
and adrenal gland. Their experience suggested
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FDG-PET would be useful for postoperative
surveillance in patients with RCC.

Prognostic Values of FDG-PET for RCC

A prognostic model has been developed by
Motzer et al. [48]. Patients were categorized into
favorable, intermediate, or poor prognostic
groups based on five risk factors: Karnofsky per-
formance status, elevated lactate dehydrogenase
(>1.5 times the upper limit of normal), low hemo-
globin (less than normal), high corrected calcium,
and absence of prior nephrectomy. Patients with
no risk factors (favorable risk) had a median sur-
vival of 20 months; with one to two risk factors
(intermediate risk), 10 months; and with three or
more risk factors (poor risk), 4 months.
Furthermore, Motzer et al. [49] performed a ret-
rospective study to identify prognostic factors for
survival in previously treated patients with
advanced RCC. They found risk factors for
shorter survival were low Karnofsky performance
status, low hemoglobin level, and high corrected
serum calcium. The median time to death in
patients with zero risk factors was 22 months.
The median survival in patients with one of these
prognostic factors was 11.9 months. Patients with
two or three risk factors had a median survival of
5.4 months.

Studies have shown the metabolic tumor bur-
den (MTB) on FDG-PET/CT is an independent
prognostic factor in lung, head and neck, and
esophageal cancer [50-52]. Other studies showed
that SUVmax (maximum standardized uptake
value) of FDG predicts prognosis in various can-
cers [53-55]. The role of FDG uptake such as
SUVmax or MTB as a prognostic factor has not
been fully established in RCC. One study showed
that RCC patients with SUVmax equal or above
8.8 demonstrated poor prognosis [56]. Kayani
et al. [10] showed a SUVmax of 7.1 was the most
significant level to predict overall survival. In
another study, Revheim et al. [57] found that
patients with relatively low FDG uptake before
treatment (defined as a SUVmax <5) had
significantly longer progression-free survival than
those with relatively high initial 18F-FDG uptake
(SUVmax >5). These findings are important and
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SUVmax should be considered as a criterion for
incorporation in future prognostic models.

Monitoring Therapeutic Response

The treatment of metastatic RCC is rapidly evolv-
ing. Emerging therapies include TKIs such as
sorafenib and sunitinib, inhibitors of mammalian
target of rapamycin (mTOR) such as temsirolimus
and everolimus, and other biological agents such
as bevacizumab. Currently, TKIs are the agents of
choice for patients with relapsed or metastatic
RCC. These agents block cell signaling through
various mechanisms and demonstrate better out-
comes in patients with advanced clear cell RCC
compared with standard therapies [58]. Most of
these new agents can induce stabilization of RCC.
Decrease in primary tumor diameter >30 % while
on targeted therapy is rare [59]. Since these thera-
pies induce tumor necrosis with little tumor
shrinkage, an unchanged residual mass does not
necessary imply poor therapeutic responses. This
makes anatomical imaging less suitable for moni-

o

Fig. 6.12 Good response to therapy. FDG-PET/CT in a
61-year-old male with bilateral renal cell cancer and liver
metastasis. Top row: (a) pre-therapy staging scan shows
large focus of abnormal uptake in the right hepatic lobe
(arrow). SUVmax 6.5. (b) Subtle hypodense lesion noted
on non-contrast CT. (¢) Fused PET/CT. Bottom row:
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toring treatment response for mRCC. In addition,
differentiation between vital tumor and fibrosis or
necrosis is difficult using anatomical imaging.
Thus, molecular imaging such as FDG-PET can
be an attractive alternative to morphological imag-
ing for this purpose. The new RECIST 1.1 now
adds functional imaging in the response assess-
ment [60, 61]. New data is now available on mon-
itoring the therapeutic response of mRCC using
FDG-PET and FDG-PET/CT [62-64]. A recent
study [57] demonstrated that in patients with met-
astatic RCC, a high baseline 18F-FDG uptake
indicates aggressive disease, and patients with a
partial metabolic response or stable metabolic dis-
ease after two courses of sunitinib had improved
prognosis as compared with those with progres-
sive metabolic disease. They concluded that the
inclusion of the PET results seems to improve the
clinical counseling of patients with advanced
disease.

Early response is possible with molecular
imaging since the signal change in the cellular
level will take quite some time to translate into
size change (Fig. 6.12). Interestingly, in a

(d) 6 months after sorafenib treatment, there is marked
improvement of uptake in liver metastasis. (e) Large
lesion in the liver is now easily seen on CT with contrast
(arrow). (f) Fused PET/CT image. Patient’s disease is
still under control with sorafenib 4 years after initial
diagnosis
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Fig. 6.13 Progression of metastatic disease. FDG-PET/
CT scans in a 70-year-old male with metastatic clear cell
renal ca. (a) Pre-therapy FDG-PET/CT scan shows disease
in paraspinal soft tissue and left thigh (arrows). There is
postsurgical/radiation uptake in right humeral metastasis.

multicenter phase II study, Kayani et al. [10]
found that after 4 weeks of sunitinib, metabolic
response occurred in 24/42 (57 %) patients, but
this did not correlate with progression-free sur-
vival (PFS) or overall survival (OS). After
16 weeks of treatment, disease progression on
FDG-PET/CT occurred in 28 % of patients which
correlated with a decreased OS and PFS.

FDG-PET might be useful to identify nonre-
sponders early in the treatment phase (Fig. 6.13).
This can guide a personalized treatment plan
and avoid unnecessary therapy; the benefits
to patients, the medical community, and the
economy could be enormous.

Influence on Management

It is very important to know whether FDG-PET
has an impact on patient management in terms of
clinical decision making. Studies have shown
that FDG-PET altered management of patients
with mRCC. In one study [5], FDG-PET was car-
ried out in 25 patients with known or suspected

7
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(b) Post-therapy with sunitinib FDG-PET/CT scan shows
interval increased in size and intensity of FDG uptake in
paraspinal mass and left thigh soft-tissue mass (arrows).
There are multiple new pulmonary and mediastinal metas-
tases (arrow head), indicating progression of the disease

primary RCC and/or metastasis and the results
compared with those of conventional imaging
techniques. All patients would normally go to
surgery with conventional imaging, PET scan
altered treatment plan for six (35 %); three could
be treated with partial nephrectomy rather than
radical surgery, and three avoided surgery owing
to confirmation of benign pathology or detection
of unsuspected metastasis leading to sy