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Chapter 1
Epidemiology and Risk Factors  
of Renal Cell Carcinoma

Alexa R. Meyer, Mohamad E. Allaf, and Michael A. Gorin

 Introduction

Renal cell carcinoma (RCC) is the most common tumor of the kidney, accounting 
for 2–3% of all adult malignant neoplasms [1]. Although the majority of cases are 
clinically localized at the time of initial detection, RCC is considered the deadliest 
of the common urologic cancers, with the highest ratio of annual deaths to number 
of incident cases [1, 2]. In this chapter, the epidemiology of RCC will be reviewed. 
Additionally, risk factors including demographics, lifestyle, comorbidities, and 
genetics will be discussed.

 Incidence and Mortality

Worldwide, RCC is the 9th most common cancer in men and 14th most common in 
women [3]. The incidence of RCC varies globally, with the highest rates in Northern 
and Eastern Europe, North America, and Australia and the lowest rates in Africa and 
Southeast Asia [4]. In the United States, it is estimated that 63,990 new cases of 
RCC will be diagnosed in 2017 [5]. In 2012, there were approximately 84,000 new 
cases in the European Union and 338,000 worldwide [6, 7]. While increasing inci-
dence has been reported worldwide, there is evidence of stabilization in most devel-
oped countries [4].

Based on data from the Surveillance, Epidemiology, and End Results registry, 
65% of patients with renal tumors present with localized disease, 16% with regional 
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disease, 16% with metastatic disease, and 3% with an  unknown stage [8]. Over 
time, there has been a decrease in the size of newly diagnosed renal tumors, with the 
mean diameter of stage I tumors decreasing from 4.1 cm in 1993 to 3.6 in 2003 [9]. 
This has been attributed to an increasing number of incidentally detected renal 
tumors found on imaging performed for a wide variety of medical indications [10].

Despite the worldwide rise in the incidence of RCC, mortality rates have been 
more favorable. Mortality trends are stable in most countries and decreasing in 
Western Europe, the United States, Australia, and most Northern European coun-
tries [3]. It is estimated that the incidence of RCC has risen up to threefold higher 
than the mortality rate. Just as incidence varies globally, mortality varies as well. 
The highest mortality rates are in the Czech Republic and the Baltic countries [3]. 
In 2017, it is estimated that there will be 14,400 deaths from kidney cancer in the 
United States [5]. In 2008, the estimated kidney cancer-related deaths in the 
European Union were 39,3000, and globally this number reached 116,000 [6, 7].

 Demographics

The incidence of RCC in Europe and the United States increases with age, occur-
ring most commonly in the sixth to eighth decade of life, with a  median age  at 
diagnosis of 64 years and a plateau reached around age 70–75 [8, 11]. This lower 
incidence among the elderly has been attributed to less frequent use of diagnostic 
imaging [12]. RCC is infrequent in patients under 40 and rare in children [13].

The incidence of RCC is lower among Asians, both in the United States and 
within Asian countries [3, 11]. Interestingly, the incidence of RCC is low in African 
countries; however, within the United States, the incidence is highest among African 
Americans [11]. These racial disparities have been hypothesized to be due to a mul-
titude of factors including access to health care, frequency of imaging, lifestyle or 
environmental risk factors, and genetics [12].

RCC is 50% more common in males than females worldwide, with 2/3 of new 
cases of RCC in the United States occurring in males in 2017 [3, 5]. Worldwide, 
comparison of incidence/mortality ratios revealed a higher case fatality among men, 
with male mortality rates threefold higher than for females [3].

 Lifestyle

Lifestyle plays a significant role in development of RCC. For example, cigarette 
smoking is a well established risk factor for RCC [12], while the consumption of 
fruit, vegtables, and alcohol may have protective effects [14–16]. Additionally, the 
fact that RCC is more common in males than females may be related to lifestyle risk 
factors. Furthermore, the worldwide variation seen in incidence of RCC suggests 
that lifestyle plays a critical role in the development of this malignancy.

A. R. Meyer et al.
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Smoking

Smoking is a significant risk factor for the development of RCC [12]. Tobacco con-
tains a number of compounds (such as polycyclic aromatic hydrocarbons and aro-
matic amines) that promote DNA damage by bulky adduct formation, DNA breaks, 
and base modifications [17]. Furthermore, tobacco promotes the formation of oxy-
gen free radicals further leading to DNA damage and promoting oncogenesis [17].

A 2016 meta-analysis that included 24 studies assessed the association between 
smoking and RCC [17]. Outcomes were reported for 17,245 patients with RCC and 
12,501 controls. The pooled relative risk (RR) for developing RCC was signifi-
cantly higher for all smokers (RR 1.31, 95% CI 1.22–1.40), current smokers (RR 
1.36, 95% CI 1.19–1.56), and former smokers (RR 1.16, 95% CI 1.08–1.25) com-
pared to nonsmokers. Furthermore, disease-specific survival was lower among 
patients with tobacco exposure. The risk of death from RCC was elevated for all 
smokers (RR 1.23, 95% CI 1.08–1.40), current smokers (RR 1.37, 95% CI 1.19–
1.59), and former smokers (RR 1.02, 95% CI 0.90–1.15). A prior meta-analysis 
showed similar results, with a strong dose-dependent increase in risk and a higher 
risk among male smokers than female smokers [18]. Studies have shown that smok-
ing cessation is associated with a decrease in RCC risk compared with current 
smokers, even after adjusting for confounders such as pack years; however, the 
benefit may not be seen until >10 years of cessation [18, 19].

Diet

The impact of diet on the development of RCC is the subject of current debate. 
Several case-control studies suggest that high meat consumption is associated with 
an increased risk of renal cancer; however results are largely inconsistent [14, 15]. 
A pooled analysis of prospective studies was performed to examine the association 
between meat, fat, and protein intake and the risk of RCC [14]. When adjusting for 
body mass index (BMI), fruit and vegetable intake, and alcohol intake, there was no 
association between intakes of fat, protein, and their subtypes and risk of RCC. The 
same group performed another pooled analysis to assess the relationship between 
fruit and vegetable consumption and the risk of RCC [15]. They found that com-
pared to patients that consumed <200 g of fruits and vegetables a day, the pooled RR 
for patients that consumed ≥600 g of fruits and vegetables a day was 0.68 (95% CI 
0.54–0.87). There have been inconsistent results regarding intake of vitamins and 
minerals and RCC risk [15].

The inverse relationship between fruit and vegetable intake and RCC risk may be 
related to carotenoids found in these food groups. Carotenoids protect cells against 
cancer by inhibiting oxidative damage to DNA, mutagenesis, malignant transforma-
tion, and tumor growth [20]. However, as mentioned above, results have been mixed 
when looking at intake of vitamins and minerals alone and RCC risk.

1 Epidemiology and Risk Factors of Renal Cell Carcinoma
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Alcohol

Alcohol consumption is associated with a decreased risk of development of RCC. A 
meta-analysis of 20 studies revealed this protective effect of alcohol [16]. Any alco-
hol drinking was associated with significantly decreased risk of RCC (RR 0.85, 
95% CI 0.80–0.92). When assessing the dose-response relationship of alcohol, the 
RR was 0.90 (95% CI 0.83–0.97) for light drinking, 0.79 (95% CI 0.71–0.88) for 
moderate drinking, and 0.89 (95% CI 0.58–1.39) for heavy drinking. Results 
remained consistent when controlling for smoking, BMI, and hypertension.

Potential mechanisms of action that are hypothesized include the interplay 
between alcohol and insulin sensitivity, or the diuretic effect of alcohol, which 
increases urine volume and may reduce the time carcinogenic solutes are in contact 
with renal epithelium [21]. However, studies have shown that total fluid intake is not 
associated with RCC risk [22].

 Medical Comorbidities

Hypertension

Several large prospective studies have shown that hypertension and/or its treatment 
is associated with RCC. A 2017 meta-analysis of 18 prospective studies revealed 
that a history of hypertension was associated with a RR of 1.67 (95% CI 1.46–1.90) 
for the development of RCC [23]. Results were similar after adjusting for BMI, 
hypertension, and smoking. Furthermore, each 10-mmHg increase in systolic and 
diastolic blood pressure was associated with 10% and 22% increased risk of kidney 
cancer, respectively. Given that most studies are based on diagnosis of hypertension, 
which is inevitably linked to use of antihypertensive medications, the relationship 
between hypertension, antihypertensives, and RCC is controversial. In a prospective 
study evaluating the risk of blood pressure, antihypertensives, and RCC, blood pres-
sure was independently associated with RCC, and individuals taking antihyperten-
sive agents were not at a significantly increased risk unless blood pressure was 
poorly controlled [24]. This supports the hypothesis that hypertension rather than 
antihypertensives increases RCC risk.

Potential biologic mechanisms underlying the relationship between hypertension 
and RCC are thought to involve high blood pressure leading to increased levels of 
lipid peroxidation by-products, which can cause DNA adducts, as well as hyperten-
sion leading to renal tubular damage making the kidney more susceptible to circu-
lating carcinogens [25, 26].

A. R. Meyer et al.



5

Obesity

Several studies have shown that excess body weight is a risk factor for RCC. In a 
meta-analysis of prospective studies evaluating BMI and cancer incidence, the RR 
of developing renal cancer was 1.24 (95% CI 1.15–1.34) in men and 1.34 (95% 
1.25–1.42) in women [27]. Furthermore, a large prospective cohort study of over 
300,000 participants revealed that the risk for RCC increased with baseline BMI 
[28]. Compared to a reference group with a BMI of 18.5–22.5, the RR for men with 
a BMI of 25–27.5 was 1.43 (95% CI 1.07–1.92) and 1.57 (1.07–2.29) for women. 
Additionally, for patients with a BMI ≥35, the RR increased to 2.47 (95% CI 1.72–
3.53) for men and 2.59 (95% CI 1.70–3.96) for women. Weight gain in midlife has 
also been shown to be associated with increased RCC risk [28, 29]. Interestingly, 
while excess body weight is associated with increased risk of  developing RCC, it 
is also associated with higher overall and disease-specific survival in patients with 
newly diagnosed RCC, known as the obesity paradox [30]. This paradox may 
partly be explained by alterations in gene expression by obese patients. For instance, 
one genome-wide analysis performed in patients with RCC showed downregula-
tion of fatty acid synthase, which may be associated with decreased RCC tumor 
growth [31].

While the mechanism of BMI leading to increased risk of RCC is not fully under-
stood, it has been proposed that excess BMI can cause damage to the kidneys by a 
number of mechanisms that may predispose to RCC including oxidative stress (obe-
sity can lead to an increase in lipid peroxidation by-products that can cause DNA 
adducts), renal atherosclerosis, and hormonal alterations including levels of insulin-
like growth factor-1, vascular endothelial growth factor, and estrogen [32, 33].

Acquired renal cystic disease

Acquired renal cystic disease (ARCD) occurs in the setting of prolonged azotemia 
and therefore develops in patients with end-stage renal disease. ARCD is estimated 
to be present in 35–50% of patients on chronic dialysis [34]. There is up to 50-fold 
increased risk of RCC in ARCD than the general population [34]. There are several 
differences between renal cancers that develop in the setting of ARCD compared to 
the general population. ARCD patients are younger, predominantly male, and their 
tumors are often bilateral and multifocal. These tumors are also considered to be of 
low malignant potential [35]. Furthermore, the International Society of Urological 
Pathology Vancouver Classification of Renal Neoplasia recognizes ARCD-
associated RCC as a distinct epithelial tumor within the classification system [36]. 

1 Epidemiology and Risk Factors of Renal Cell Carcinoma
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Although transplantation and restoration of renal function are associated with 
regression of ARCD, the risk of RCC remains [37, 38].

While it is suggested that cysts in ARCD undergo malignant transformation, the 
mechanism of RCC development in patients with ARCD is largely unknown. 
Implicated factors include enhanced expression of growth factors and mutations in 
end-stage kidneys and the uremic milieu leading to immunosuppressive effects [39].

Kidney stones and urinary tract infections

There have been mixed data regarding the association between kidney stones and 
urinary tract infections and the development of RCC. To elucidate the relationship, 
a meta-analysis of seven observational studies was performed [40]. The pooled RR 
for RCC in patients with kidney stones compared to controls was 1.76 (95% CI 
1.24–2.49). Interestingly, the association was only significant in males. The study, 
however, has major limitations including not controlling for confounding factors 
such as smoking and dietary habits. Furthermore, patients with kidney stones are 
more likely to undergo additional imaging, increasing detection of RCC.  Other 
studies have shown a potential association between history of urinary tract infection 
and risk of RCC when confounders such as lifestyle and diet are controlled for; 
however, results of other studies are largely mixed [41].

The theorized mechanism for the potential increased risk of RCC in patients with 
kidney stones and urinary tract infections is related to the inflammatory response, 
which can promote the growth of neoplastic cells [42, 43].

Diabetes It is debated whether diabetes is an independent risk factor for develop-
ment of RCC. A large retrospective study showed a significantly increased risk of 
RCC in diabetics in both men (RR 1.3, 95% CI 1.1–1.6) and women (RR 1.7, 95% 
CI 1.4–2.0), as well as higher risk of cancer mortality [44]. Another large retrospec-
tive cohort study also showed elevated risk of RCC in diabetic patients; however, 
this elevated risk declined after controlling for obesity [45]. Other studies have 
shown no significantly increased risk of RCC in patients with a history of diabetes 
[46]. Overall, the increased risk of RCC in patients with a history of diabetes appears 
to be linked to associated risk factors such as obesity and hypertension.

Hepatitis C A large cohort study of over 67,000 patients in a cancer registry tested 
for hepatitis C virus (HCV) showed that RCC was diagnosed in 0.6% of HCV- 
positive patients versus 0.3% of HCV-negative patients, with a RR of 1.77 (95% 
CI 1.05–2.98) in HCV-positive patients [47]. Additionally, HCV-positive patients 
were diagnosed at a younger age than HCV-negative patients (p < 0.001). In con-
trast, other large retrospective studies have shown no association between HCV 
and RCC [48]. However, in a recent prospective study, adults with RCC or newly 
diagnosed colon cancer were screened for HCV antibody, and RCC patients had a 
higher rate of HCV antibody positivity (8%) than colon cancer patients (1%) 
(p < 0.01) [49].

A. R. Meyer et al.
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The mechanism for the potential association between HCV and RCC is not 
known. In HCV-mediated chronic kidney disease, HCV RNA and core protein have 
been isolated in kidney glomerulus and tubules [50]. Whether there is an oncogenic 
potential associated with these proteins is under exploration.

 Exposures

Occupational exposure

Exposure to toxic compounds has been linked to the development of RCC. An inter-
national multicenter population case-control study evaluated the relationship 
between occupational exposures and RCC [51]. A number of exposures were sig-
nificantly associated with RCC including employment in the blast furnace, coke 
oven, and iron and steel industries. Additionally exposure to asbestos, cadmium, dry 
cleaning solvents, gasoline, and other petroleum products was found to be associ-
ated with RCC. These analyses were adjusted for age, center, BMI, and cigarette 
use. Interestingly, for the majority of exposures, there was no clear dose-dependent 
increase in risk, except for other petroleum products. Overall, the literature on occu-
pational exposures and RCC risk is conflicting with difficult to parse out confound-
ing variables. Regardless, it is  recommended to prevent exposure to carcinogens 
such as asbestos and cadmium, which are known to cause DNA damage [12].

Analgesic exposure

Evidence regarding the association between analgesic use and RCC is largely 
mixed. Two large prospective studies investigated the relationship with conflicting 
results [52, 53]. One study included data from the Nurses’ Health Study and the 
Health Professionals Follow-up Study, which included 77,525 women and 49,403 
men, respectively, with long-term follow-up [52]. This study found that aspirin and 
acetaminophen use were not associated with RCC risk; however, regular use of 
nonaspirin nonsteroidal anti-inflammatory drugs (NSAIDs) was associated with 
increased RCC risk with a RR of 1.51 (95% CI 1.12–2.04), with a dose-response 
relationship between duration of nonaspirin NSAID use and RCC risk. This was 
consistent in both cohorts analyzed in the study. A multivariable model was used 
which adjusted for BMI, smoking, hypertension, physical activity, fruit and vegeta-
ble intake, alcohol use, and parity in women. Of note, the authors did not control for 
history of chronic kidney disease. The second study to evaluate the association of 
analgesic use and RCC included data from two large patient cohorts: the US Kidney 
Cancer Study and the Prostate Lung, Colorectal, and Ovarian Cancer Screening 
Trial (PLCO) [53]. The US Kidney Cancer Study included 1,217 RCC cases and 
1,235 controls, and PLCO consisted of 98,807 participants. In this study, 
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acetaminophen use was associated with significantly increased RCC risk (OR 1.35, 
CI 1.01–1.83 in the US Kidney Cancer Study, and HR 1.68, 95% CI 1.19–2.39 in 
PLCO). This was further supported by a meta-analysis performed by the authors. 
Interestingly, in the US Kidney Cancer Study cohort, RCC risk was not associated 
with prescription acetaminophen use, and in the PLCO cohort elevated risk was 
absent among long-term users. Neither aspirin nor NSAIDs were associated with 
RCC risk in this study.

Overall, it is unclear if aspirin, NSAIDs, or acetaminophens are associated with 
an increased risk of RCC, particularly outside of development of chronic kidney 
disease. Potential biologic mechanisms for association do exist for each class. 
NSAIDs inhibit cyclooxygenases 1 and 2, which are important regulators of homeo-
stasis. Renal damage with poor maintenance of homeostasis may contribute to car-
cinogenesis [54]. In the case of acetaminophen, the drug is converted to 
N-acetyl-p-benzoquinoneimine in the liver and kidney, which in excess levels can 
form protein adducts, bind to liver and kidney DNA, and disrupt homeostasis [55].

 Genetics

The majority of cases of RCC are sporadic, with hereditary syndromes accounting 
for <5% incident cases [12, 56]. Hereditary syndromes include von Hippel-Lindau 
syndrome, hereditary papillary renal cell carcinoma, hereditary leiomyomatosis 
renal cell carcinoma, and Birt-Hogg-Dube syndrome [57, 58]. Outside of hereditary 
syndromes, there is evidence that genetic factors impact susceptibility to RCC. For 
instance, the risk of RCC for a first-degree relative of a patient with RCC is increased 
twofold [12]. Furthermore, genome-wide association studies of RCC revealed that 
genetic variants increase the risk of sporadic RCC, including variants of genes 
encoding for hypoxia-inducible factor 2 alpha and telomere length [59, 60]. In 
patients with RCC, factors that favor hereditary contribution to RCC include patients 
with first-degree relatives with a renal tumor, early onset of disease (prior to age 40), 
and multifocal or bilateral disease [61].

 Conclusions

RCC incidence has been increasing worldwide, with recent stabilization in develop-
ing countries. Despite this rise in incidence, mortality rates have largely been stable. 
RCC incidence varies globally, by sex and race. At least part of these trends can be 
attributed to exposure to risk factors in certain parts of the world. Lifestyle, medical 
comorbidities, and chemical exposures all appear to be linked to RCC development. 
While part of the growing incidence of RCC may be linked to the increased use of 
medical imaging, efforts such as smoking reduction may be contributing to declin-
ing mortality rates. With continued identification of risk factors for the development 
of RCC, progress can be made in disease prevention.
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Chapter 2
Pathology of Renal Tumors

Tiffany M. Graham, Todd M. Stevens, and Jennifer B. Gordetsky

 Introduction

In this chapter we provide a brief overview of renal cortical neoplasms, including 
benign and malignant tumors. In the last several years, the International Society of 
Urological Pathology (ISUP) and the World Health Organization (WHO) have stan-
dardized the nomenclature and categorization of renal tumors (Table 2.1). In addi-
tion, the original classification of renal tumors has been revised to add several newly 
recognized morphologically and immunophenotypically distinct entities. 
Standardized reporting of histologic findings is performed according to the College 
of American Pathologists (CAP) Cancer Protocol Templates [1]. Renal cell carci-
noma (RCC) is staged using the 8th edition of the American Joint Committee on 
Cancer Staging Manual [2].

 Malignant Renal Tumors

 Clear Cell (Conventional) Renal Cell Carcinoma

Clear cell RCC is the most common malignant renal tumor, accounting for approxi-
mately 70% of all renal cancers [3–5]. Although most of these tumors occur spo-
radically, some cases are hereditary [6]. The majority of clear cell RCCs are 
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Table 2.1 World Health Organization (WHO) 2016 classification of kidney tumors

Renal cell tumors
Previously established tumors

  Clear cell renal cell carcinoma
  Papillary renal cell carcinoma
  Chromophobe renal cell carcinoma
  Collecting duct carcinoma
  Renal medullary carcinoma
  Mucinous tubular and spindle cell carcinoma
  Unclassified renal cell carcinoma
  Papillary adenoma
  Oncocytoma
Newly accepted tumors

  Multilocular cystic renal neoplasm of low malignant potential
  Hybrid oncocytic/chromophobe tumor
  MiT family translocation renal cell carcinomas
   Xp11 translocation renal cell carcinoma
   t(6;11) renal cell carcinoma
  Tubulocystic renal cell carcinoma
  Acquired cystic disease-associated renal cell carcinoma
  Succinate dehydrogenase-deficient renal cell carcinoma
  Clear cell papillary renal cell carcinoma
  Hereditary leiomyomatosis and renal cell carcinoma-associated renal cell carcinoma
Metanephric tumors
  Metanephric adenoma
  Metanephric adenofibroma
  Metanephric stromal tumor
Nephroblastic tumors
  Nephrogenic rests
  Nephroblastoma
  Cystic partially differentiated nephroblastoma
  Pediatric cystic nephroma
Mesenchymal tumors
Pediatric

  Clear cell sarcoma
  Rhabdoid tumor
  Congenital mesoblastic nephroma
  Ossifying renal tumor of infancy
Adult

  Leiomyosarcoma
  Angiosarcoma
  Rhabdomyosarcoma
  Osteosarcoma
  Synovial sarcoma
  Ewing sarcoma

T. M. Graham et al.
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  Angiomyolipoma
  Epithelioid angiomyolipoma
  Leiomyoma
  Hemangioma
  Lymphangioma
  Juxtaglomerular cell tumor
  Renomedullary interstitial cell tumor
  Schwannoma
  Solitary fibrous tumor
Mixed mesenchymal and epithelial tumors
  Adult cystic nephroma/mixed epithelial stromal tumor
Neuroendocrine tumors
  Well-differentiated neuroendocrine tumor
  Large cell neuroendocrine carcinoma
  Small cell neuroendocrine carcinoma
  Paraganglioma
Renal hematopoietic neoplasms
  Lymphoma
  Leukemia
  Plasmacytoma
Germ cell tumors
  Teratoma
  Choriocarcinoma
  Mixed germ cell tumors
Metastatic tumors

From Moch et al. [5], p 13, European Urology, with permission from Elsevier

discovered incidentally on imaging [7, 8]. However, larger tumors may be symp-
tomatic, causing flank pain and hematuria [7, 8]. Metastatic spread is typically via a 
hematogenous route, with a general predilection for the renal sinus veins, renal 
vein, and vena cava [9, 10]. The 5-year survival ranges from 43% to 89%, depend-
ing on the stage at presentation [11, 12]. Clear cell RCCs can have a large variability 
in size and typically occur as a solitary mass. Multifocal or bilateral disease presents 
in less than 5% of cases and can be associated with hereditary syndromes [13].

Clear cell RCC has a golden-yellow appearance due to the abundance of lipids 
within the cells. These tumors generally form a well-circumscribed mass with a 
pseudocapsule (Fig. 2.1). Areas of necrosis, hemorrhage, and/or cystic change are 
not uncommon. Clear cell RCC arises within the renal cortex and often has a push-
ing border. Sometimes gross involvement of the renal sinus or renal vein is appar-
ent. Microscopic examination shows diverse morphology. Tumor cells can appear in 
sheets, alveolar or acinar patterns (Fig. 2.2). Clear cell RCC has a characteristic 
network of thin vessels which creates a “lace-like” pattern. As the name suggests, 
tumor cells have clear cytoplasm due to the presence of lipids and glycogen that are 
dissolved during tissue processing. Higher-grade tumors may have more eosino-
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philic cytoplasm. Nucleoli range from absent to strikingly prominent, which deter-
mines the grade of the tumor per the ISUP nucleolar grading system [5]. Sarcomatoid 
or rhabdoid features may be present, which conveys a poor prognosis.

The majority of clear cell RCCs demonstrate mutations involving the tumor sup-
pressor gene von Hippel-Lindau (VHL) on the short arm of chromosome 3  (3p25-26) 
[14]. This mutation can arise in both sporadic clear cell RCC as well as in patients 
with the VHL syndrome [6]. The VHL gene produces a protein that interacts with an 
E3 ubiquitin ligase complex, which targets hypoxia-inducible factors (HIFs) for 
polyubiquitination and proteasomal degradation. HIFs are transcription factors that 

Fig. 2.2 H&E, high 
magnification, clear cell 
renal cell carcinoma

Fig. 2.1 Gross image of a 
large clear cell renal cell 
carcinoma with extension 
of tumor into the 
perinephric fat
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activate genes such as vascular endothelial growth factor (VEGF), a promoter of 
angiogenesis. The absence of functional VHL allows HIFs to escape degradation 
and thereby contribute to tumorigenesis. Promoter region methylation is a common 
mechanism by which the VHL gene is silenced [14]. Allelic losses on chromosome 
14q, loss of 4p, and loss of 9p have been associated with a poor prognosis [14]. In 
addition, genes involved in chromatin remodeling such as PBRM1, SETD2, and 
BAP1 have been shown to predict survival [14]. The tumor’s immunophenotype 
shows nuclear expression for PAX8, which is seen in nearly all renal epithelial 
tumors [15–17]. CAIX, vimentin, CD10, and pan-cytokeratin will also be positive 
in the majority of cases [16, 17].

 Papillary Renal Cell Carcinoma

Papillary RCC is the second most common malignant renal tumor, comprising 
approximately 15% of RCCs in adults [3, 4, 13]. The 5-year survival of papillary 
RCC is generally considered better than clear cell RCC, ranging from 57% to 85% 
[11, 12]. Multifocality is more common in papillary RCC compared to clear cell 
RCC [13]. The majority of papillary RCCs occur sporadically; however, these 
tumors can be seen in some hereditary syndromes, such as familial papillary RCC 
syndrome [6, 13]. Papillary RCC has several known predisposing factors including 
end-stage renal disease with scarring and acquired cystic kidney disease [18].

Papillary RCC usually appears well-circumscribed and friable on gross examina-
tion. These tumors range in color from tan to brown and may show areas of hemor-
rhage, necrosis, or cysts. Microscopically, papillary RCC is composed of numerous 
fibrovascular cores lined by malignant cells. Foamy macrophages and psammoma-
tous calcifications may be present. Spontaneous hemorrhage has been reported as a 
presenting feature in 8% of cases [3, 4]. In some cases with previous hemorrhage, 
hemosiderin can be found entrapped within the cytoplasm of tumor cells, which can 
be a helpful feature distinguishing these tumors on needle biopsy. The ISUP nucleo-
lar grading system has been validated for papillary RCC [19].

Classically, papillary RCC has been divided into two categories (type 1 and type 
2) based on specific morphologic features [18, 20]. Type 1 papillary RCC is defined 
by fibrovascular cores lined by a single layer of nuclei with scant cytoplasm (Fig. 2.3). 
These tumors tend to have a more basophilic appearance at low power due to the 
high nuclear/cytoplasmic (N:C) ratio. Type 2 papillary RCC is defined by fibrovas-
cular cores lined by more than one cell layer with pseudostratified nuclei and abun-
dant eosinophilic cytoplasm (Fig. 2.4). Due to the lower N:C ratio, these tumors tend 
to look more eosinophilic at low power. Type 2 RCC tends to be of higher grade than 
the type 1 tumors. It was thought in the past that type 1 papillary RCC had a better 
prognosis compared to type 2 tumors. However, this concept has been challenged in 
recent studies [21, 22]. In addition, several new molecularly distinct tumors with 
papillary features have been recognized since the original subtype classification of 
papillary RCCs [3, 4]. Assigning a particular subtype can also be challenging to 
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pathologists in that many tumors have features of both type 1 and type 2 morpholo-
gies. A recent analysis showed distinct molecular differences between type 1 and 
type 2 tumors; however, type 2 tumors were discovered to be heterogeneous [23]. 
This raises the question of whether there truly is a distinct type 2 tumor. As such, 
subtyping papillary RCC remains controversial. Regardless of subtype, it is recom-
mended that papillary RCC be given an ISUP nucleolar grade [3–5]. Oncocytic pap-
illary RCC should no longer be identified as a specific subtype.

Several mutations have been associated with papillary RCC including MET, 
SETD2, NF2, and BAP1 [23–25]. Gains of chromosomes 7 and 17 are common, 
especially in type 1 tumors [24, 25]. Type 2 tumors frequently have loss of chromo-
some 9p and alterations in CDKN2A [25]. Loss of the Y chromosome has also been 
frequently reported in papillary RCC [14]. Immunohistochemistry will typically 
show positivity in tumor cells for CK7, AE1/AE3, CAM5.2, EMA, AMACR, 
vimentin, and CD10 [15, 17].

Fig. 2.4 H&E, high 
magnification, papillary 
renal cell carcinoma, type 2

Fig. 2.3 H&E, high 
magnification, papillary 
renal cell carcinoma, type 1
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 Chromophobe Renal Cell Carcinoma

Chromophobe RCC accounts for approximately 5% of all cases of RCC [3, 
26–28]. Chromophobe RCC has a better prognosis than both clear cell RCC and 
papillary RCC. The 5-year cancer-specific survival has been reported from 78% 
to 100% [26–28]. Poor prognostic features include high pathologic stage, sarco-
matoid features, lymphovascular invasion, and necrosis [28]. Chromophobe 
RCC should not be graded, as the innate nuclear atypia does not portend to a 
worse prognosis. Patients with Birt-Hogg-Dubé syndrome have high incidence 
of chromophobe RCC as well as hybrid oncocytic/chromophobe tumors 
(HOCTs) [29]. Birt-Hogg-Dubé syndrome is associated with mutations in the 
folliculin (FLCN) gene and is inherited in an autosomal dominant manner. This 
syndrome is also associated with fibrofolliculomas, pulmonary cysts, and spon-
taneous pneumothorax.

Chromophobe RCCs are well-circumscribed, unencapsulated tumors that are 
classically tan-brown and homogenous. Chromophobe RCCs tend to be large at 
presentation, with one study reporting an average size of 8 cm [26]. Tumor cells 
grow in solid sheets with variable oncocytic cytoplasm and classic perinuclear 
halos (Fig.  2.5). Cells have thick plant-like cell membranes, irregular “rai-
sinoid” nuclei, and binucleation, which create a resemblance to koilocytes. 
Chromophobe RCCs show strong, diffuse positivity for CK7 and diffuse cyto-
plasmic staining for Hale colloidal iron, which can help distinguish them from 
oncocytomas [15, 30]. The genetic profile of chromophobe RCC is variable. 
Studies have reported losses of chromosomes Y, 1, 2, 6, 10, 13, 17, and 21. 
Mutations of TP53 and PTEN and rearrangements in the TERT promoter region 
have also been identified [31].

Fig. 2.5 H&E, high 
magnification, 
chromophobe renal cell 
carcinoma
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 Clear Cell Papillary Renal Cell Carcinoma

Clear cell papillary RCC is a low-grade renal tumor recently recognized by the 
World Health Organization [4, 32–40]. Previously this tumor was mistaken for con-
ventional clear cell RCC and is more common than once thought, with two studies 
finding it to be the fourth most common variant of RCC [38, 40]. Although clear cell 
papillary RCC has an indolent biologic behavior, some cases occur with other syn-
chronous malignant RCCs [32–35]. Clear cell papillary RCC is found in association 
with end-stage renal disease, and one study showed an association with African 
American race [37, 38].

Most tumors are small, encapsulated, and variably solid and cystic. Almost all 
cases are organ confined at presentation. As its name suggests, clear cell papillary 
RCC contains cells with clear cytoplasm as well as papillary and tubular structures. 
Clear cell papillary RCC has low-grade nuclei that show reverse polarity, with 
nuclei arranged in a linear fashion at the luminal surface (Fig. 2.6).

Tumor cells will show strong diffuse staining for PAX8 and CK7 and lack of 
staining for AMACR [41]. CAIX shows diffuse positivity with an absence of 
 membranous staining along the luminal surface of cells, creating a “cup-shaped” 
appearance [36]. VHL gene mutations and trisomy of chromosomes 7 and 17 are not 
seen in clear cell papillary RCC [39].

 Hybrid Oncocytic/Chromophobe Tumor

HOCTs are indolent renal tumors that have features of both chromophobe RCC and 
benign oncocytomas [29, 42–45]. It is thought that HOCTs are a distinct entity, 
rather than a malignant progression of oncocytoma to chromophobe RCC [42, 43, 
45]. These tumors are seen in adult patients and can arise sporadically or be seen in 

Fig. 2.6 H&E, high 
magnification, clear cell 
papillary renal cell 
carcinoma
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association with oncocytosis (Fig.  2.7) or in patients with Birt-Hogg-Dubé syn-
drome. Sporadic HOCTs tend to be solitary, while those associated with Birt-Hogg-
Dubé syndrome and oncocytosis are often multifocal and bilateral. Most of these 
tumors present at a low pathologic stage and have an indolent behavior [45].

Sporadic HOCTs form well-circumscribed, tan-brown masses that may have a 
central scar, similar to oncocytomas. Tumor cells have overlapping histologic fea-
tures seen in oncocytoma and chromophobe RCC. The cells have mild cytologic 
atypia and abundant eosinophilic cytoplasm. Binucleate cells and perinuclear cyto-
plasmic clearing are common; however raisinoid nuclei are absent. Tumor cells 
grow in sheets with occasional small tubules. HOCTs associated with Birt-Hogg-
Dubé syndrome will have areas of classic chromophobe RCC and oncocytoma 
within the same tumor. Chromophobe cells with wrinkled nuclei and perinuclear 
halos can be found within the fibromyxoid background typically associated with 
oncocytomas (Fig.  2.8). HOCTs will be positive for CK7 and CD117 [42, 43]. 
Sporadic HOCTs have been found to have abnormalities of chromosomes 1, 2, 6, 9, 

Fig. 2.7 Gross image of a 
kidney with oncocytosis 
showing numerous 
mahogany brown nodules

Fig. 2.8 H&E, high 
magnification, hybrid 
oncocytic/chromophobe 
tumor
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10, 13, 17, 20, 21, and 22 [43, 46]. Monosomy of chromosome 20 is the most com-
mon mutation, which is a rare finding in oncocytoma and chromophobe RCC [3]. 
Oncocytosis-associated HOCTs and those associated with Birt-Hogg-Dubé syn-
drome have a non-specific genetic phenotype.

 Collecting Duct Carcinoma

Collecting duct carcinoma (CDC) is a rare, aggressive, malignant renal tumor [47–
49]. Most patients with CDC are symptomatic and present with high stage and met-
astatic disease [49]. These tumors have a poor response to chemotherapy and 
immunotherapy [49].

CDC arises from the medulla and appears as a firm, gray-white mass. Hemorrhage 
and necrosis are a common finding. Unlike conventional RCC, which is typically 
well-circumscribed, CDCs have an irregular infiltrative border. Criteria for the diag-
nosis of CDC includes at least some involvement of the medulla, predominance of 
tubule formation, a desmoplastic stromal reaction, and exclusion of other RCC sub-
types as well as urothelial carcinoma [3]. CDCs should have significant cytologic 
atypia and a high mitotic rate with atypical mitotic figures. Lymphovascular and 
renal sinus invasion are common. CDCs have a morphologic overlap with renal 
medullary carcinoma, urothelial carcinoma, and metastatic carcinomas to the 
kidney.

Immunohistochemistry can be useful in confirming the diagnosis of CDC. Tumor 
cells should be positive for PAX8 and negative for GATA3 and p63 and show loss 
of INI1 [47, 48]. CDCs have a variable genetic profile. DNA losses and loss of het-
erozygosity have been reported on multiple chromosomes [50]. In addition, studies 
have shown amplifications of HER2/neu and mutations involving INI1 [50, 51].

 Renal Medullary Carcinoma

Renal medullary carcinoma (RMC) is an aggressive malignant renal tumor that is 
associated with sickle cell trait [41, 52–54]. Most patients present with metastatic 
disease and the prognosis is exceptionally poor [41, 52–54]. It is thought that RMC 
occurs in the medulla where the microenvironment is particularly susceptible to 
sickling of red blood cells and ischemic damage. Chronic reparative changes pro-
mote carcinogenesis, particularly via HIF-1α, TP53, and VEGF mutations [54].

RMC forms a poorly circumscribed mass centered in the renal medulla. Tumors 
are usually gray-white and firm. Areas of necrosis are common. Tumor cells form 
tubules and glands that are high-grade with marked cytologic atypia (Fig.  2.9). 
Tumor cells often produce mucin. The background shows a pronounced myxoid, 
desmoplastic reaction, and inflammation that is often predominated by 
neutrophils.
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Tumor cells show positivity for PAX8, CK7, and CAM5.2 and loss of INI1 [54]. 
The tumor’s genetic profile involves mutations in genes involved in the hypoxia-
induced signaling pathways, including HIF-1α [54]. Loss of heterozygosity involv-
ing INI1 has also been reported [54].

 MiT Family Translocation Renal Cell Carcinomas

The MiT group of transcription factors include, among others, TFE3 and TFEB. RCCs 
with either a TFE3 or TFEB gene aberrations are collectively known as the MiT family 
translocation renal cell carcinomas [55–59]. Among this group of RCCs, those with 
TFE3 (located at the Xp11.2 locus) alterations are the most common [59]. The ASPSCR1 
(ASPL) and PRCC genes are the most common fusion partners with TFE3, resulting in 
either the t(X;17)(p11;q25) or the t(X;1)(p11;q21) translocation, respectively [57]. The 
second, less common, group within the MiT family translocation RCCs are those that 
show fusions of the TFEB gene, located at chromosome 6p21, with the MALAT1 gene 
on chromosome 11q12, forming a t(6:11)(p21;q12) fusion [3].

MiT family translocation RCCs have a tendency to disproportionally affect 
younger patients, representing about 40% of pediatric RCCs [57, 59]. However, 
about 1–4% of RCCs in adults are MiT family translocation RCCs [56]. Given that 
RCCs are much more common in adults than children, the absolute numbers of MiT 
family translocation RCC are actually higher in adults [57]. MiT family translocation 
RCCs are associated with prior exposure to cytotoxic chemotherapy [55]. The prog-
nosis for these tumors appear to be similar to clear cell RCC but worse than papillary 
RCC [55]. While data is currently limited, the MiT family translocation RCCs with 
the TFEB-MALAT1 fusion appear to behave in a more indolent manner than those 
with TFE3 alterations [56]. Both the TFE3- and TFEB-associated MiT family trans-
location RCCs have the potential to recur many years after initial diagnosis [55].

Fig. 2.9 H&E, high 
magnification, renal 
medullary carcinoma
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MiT family translocation RCCs have no distinguishing gross characteristics and 
are often similar to the conventional type of RCC. While there can be considerable 
histologic overlap between the TFE3 and TFEB types, there are some differences. 
Those with TFE3 translocations often show mixtures of nested and papillary archi-
tecture with variable clear and eosinophilic cells with prominent nucleoli (Fig. 2.10). 
Psammoma bodies are often present [55, 57]. Those with TFEB translocations may 
show a biphasic tumor composed of small and large epithelial cells among base-
ment membrane material. Melanin pigment can be seen in some MiT family trans-
location RCCs.

MiT family translocation RCCs are positive for PAX8 and CD10 but are typi-
cally negative for CK7 [54]. Unlike other forms of RCC, MiT family transloca-
tion RCCs can express cathepsin K and often can express the melanocytic 
markers HMB-45 and Melan-A [59]. Unlike melanoma, MiT family transloca-
tion RCCs are negative for S100 protein and MITF. Both the TFE3 and TFEB 
fusion products target similar segments of DNA, resulting in transcription of 
similar downstream targets, such as cathepsin K, HMB-45, and Melan-A [59]. 
The activation of these targets also explains the presence of melanin pigment in 
some tumors.

 Multilocular Cystic Renal Neoplasm of Low Malignant Potential

Multilocular cystic renal neoplasm of low malignant potential (MCRNLMP) was 
formally known as multilocular cystic renal cell carcinoma [3, 4, 60–62]. 
MCRNLMP is a rare renal tumor that typically presents as a solitary mass. Most 
tumors are discovered incidentally on imaging and are considered to be of low 
malignant potential as there are no reports of metastatic disease or disease 
recurrence.

Fig. 2.10 H&E, high 
magnification, Xp11.2 
translocation renal cell 
carcinoma
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These tumors are entirely composed of multiple cystic spaces. The presence of a 
solid tumor component excludes the diagnosis of MCRNLMP. Cyst walls and septa 
are lined by low-grade, clear cells. Individual cells or small groups of clear cells 
should be present within the septa, but these foci should lack expansile growth. 
MCRNLMP should not have necrosis, vascular invasion, or sarcomatoid features. 
Clear cell RCC with cystic degeneration, cystic nephroma, and tubulocystic renal 
cell carcinoma can mimic MCRNLMP and needs to be excluded.

Tumor cells are positive for PAX8 and CAIX, similar to clear cell RCC [63]. 
Deletions of chromosome 3p are present in the majority of cases [64].

 Mucinous Tubular and Spindle Cell Carcinoma

Mucinous tubular and spindle cell carcinoma (MTSC) is a rare renal tumor typically 
seen in middle-aged women [3, 65, 66]. This tumor has an association with end-
stage renal disease and nephrolithiasis. Most patients present with organ-confined 
disease. Although these tumors are thought to have a good prognosis, there have 
been reported cases of metastatic disease [65, 66].

MTSC tends to be well-circumscribed and can grow to be large in size. Tumors 
are often homogenous tan-gray and have a mucoid appearance. Tumor cells are low-
grade and arranged in long, tightly packed tubules that can lie in parallel or show 
branching (Fig.  2.11a). The background stroma contains abundant extracellular 
mucin (Fig. 2.11b). Tubules classically transition into the spindle component, which 
is also low-grade (Fig. 2.11c). MTSC with high-grade features, necrosis, mitoses, or 
sarcomatoid change is rarely seen.

Tumor cells show positivity for PAX8, CK7, EMA, AMACR, and E-cadherin 
[65, 66]. These tumors have a variable genetic profile, with losses and gains of mul-
tiple chromosomes reported [65, 66]. Gains in chromosome 7 and 17 and loss of 
chromosome Y have not been described in MTSC, making this tumor distinct from 
papillary RCC [65, 66].

a b c

Fig. 2.11 H&E, high magnification, mucinous tubular and spindle cell carcinoma, (a) tubule com-
ponent, (b) mucinous component, and (c) spindle cell component
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 Tubulocystic Renal Cell Carcinoma

Tubulocystic RCC is a newly recognized renal tumor by the WHO [3, 4]. Tubulocystic 
RCC is thought to have an indolent biologic behavior with rare cases of metastases 
reported in the literature [67].

Tubulocystic RCC presents as a well-circumscribed mass composed of multiple 
cysts. These tumors are typically small (around 4  cm) and organ confined. The 
tubules are small to medium sized and are lined by a single layer of flat to cuboidal 
cells (Fig.  2.12). Hobnail cells are usually present. Tubulocystic RCC has high-
grade nuclear features with large nucleoli, which help distinguish it from benign 
tumors such as cystic nephroma. Similar to papillary RCC, tubulocystic carcinoma 
has gains in chromosome 7 and 17 and loss of chromosome Y [68, 69].

 Acquired Cystic Kidney Disease-Associated Renal Cell 
Carcinoma

Acquired cystic disease (ACD)-associated RCC is another newly recognized renal 
tumor by the WHO [3, 4]. This malignant tumor is the predominant subtype of RCC 
arising in the setting of end-stage renal disease and its associated acquired cystic 
kidney disease [70, 71]. As opposed to other tumors that can be seen in patients with 
end-stage renal disease and the general population, this tumor is only found in the 
setting of acquired cystic kidney disease. The incidence of the tumor increases with 
the time spent on dialysis [70, 71]. ACD-associated RCC is often multifocal and 
bilateral. Most tumors are small and are thought to have an indolent clinical out-
come. However, this is likely confounded by the early detection of these tumors due 
to frequent imaging in patients with chronic kidney disease. Sarcomatoid features 
and metastases have been reported in the literature [70, 71].

Fig. 2.12 H&E, high 
magnification, tubulocystic 
renal cell carcinoma
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ACD-associated RCC forms a well-circumscribed tan-yellow mass that can arise 
within a renal cyst or be associated with the renal parenchyma. Necrosis and hemor-
rhage can be present. The background kidney will be atrophic with multiple small 
cortical cysts. This tumor can have several morphologic patterns including papil-
lary, tubulocystic, and solid. The classic growth pattern shows a cribriform−/sieve-
like appearance with the presence of calcium oxalate crystals (Fig. 2.13). However, 
calcium oxalate crystals may not always be present and the lack of this finding does 
not exclude the diagnosis. Tumor cells are high-grade with prominent nucleoli and 
abundant eosinophilic cytoplasm.

On immunohistochemistry, ACD-associated RCC shows positivity for CD10, 
RCC marker, and AMACR [70]. CK7 is typically negative in contrast to papillary 
RCC [70]. This tumor has a variable genetic profile; however the most common 
abnormalities include gains in chromosomes 3, 7, and 16 [70]. Gains of the sex 
chromosomes have also been reported [70]. Mutations in the VHL gene have not 
been identified [70].

 Hereditary Leiomyomatosis and Renal Cell Carcinoma

Hereditary leiomyomatosis and RCC (HLRCC) is an autosomal dominant syn-
drome that arises in patients with a germline mutation of fumarate hydratase [72–
74]. The mutation causes an increase in fumarate, which impairs the function of HIF 
prolyl hydroxylase. This leads to increased levels of HIF1α. Patients develop cuta-
neous and uterine leiomyomas as well as RCC. This RCC subtype is a newly recog-
nized classification by the WHO [3, 4]. These tumors tend to be aggressive and have 
a poor prognosis.

RCCs associated with the hereditary leiomyomatosis and RCC syndrome can 
grow to a large size, and extrarenal extension is common. Both cystic and solid 

Fig. 2.13 H&E, high 
magnification, acquired 
cystic kidney disease-
associated renal cell 
carcinoma
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growth have been reported. Tumor cells can be arranged in tubular, solid, or papil-
lary patterns. Tumor cells are large with prominent nucleoli and abundant eosino-
philic cytoplasm. Previously, many of these tumors were classified as type 2 
papillary RCC due to the overlapping morphology. Classically, tumor cells have a 
large eosinophilic nucleolus with cytoplasmic clearing around the nucleolus, creat-
ing a cytomegalovirus viral inclusion look (Fig. 2.14). Immunohistochemistry will 
show loss of fumarate hydratase staining in tumor cells and overexpression of S-(2-
succino)cysteine [72–74].

 Succinate Dehydrogenase-Deficient Renal Cell Carcinoma

Succinate dehydrogenase (SDH)-deficient RCC is a newly recognized malignant renal 
tumor by the WHO [3, 4]. This is a rare tumor that comprises less than 1% of all RCCs. 
Most patients present in early adulthood with the mean age in the fourth decade of life. 
SDH-deficient RCC is typically hereditary, and the vast majority of cases arise in the 
setting of a germline mutation on one of the SDH genes [75, 76]. The most commonly 
involved gene is SDHB. Knockout of the SDH genes leads to dysfunction of mitochon-
drial complex II [75, 76]. Patients have an increased risk of paraganglioma, gastroin-
testinal stromal tumor, and pituitary adenoma. It is recommended that all patients with 
SDH-deficient RCC be offered genetic testing for a germline mutation.

Most tumors form a well-circumscribed mass that is organ confined on presenta-
tion. Multifocal and bilateral disease is found in up to 30% of patients [75, 76]. 
Tumor cells have eosinophilic cytoplasm and inconspicuous nucleoli. Solid, nested, 
and tubular growth patterns can be seen. The classic histologic feature of this tumor 
is cytoplasmic vacuoles or eosinophilic inclusions that can impart a bubbly appear-
ance to the cells. However, this finding can be found only focally in some tumors. 

Fig. 2.14 H&E, high 
magnification, hereditary 
leiomyomatosis and renal 
cell carcinoma-associated 
renal cell carcinoma
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Higher-grade nuclear features, sarcomatoid change, and necrosis have been reported 
and suggest a worse prognosis.

Tumor cells are positive for PAX8 and typically negative for CD117 and CK7 
[75, 76]. Neuroendocrine markers should be negative, and loss of staining for SDHB 
by immunohistochemistry is required for the diagnosis.

 Nephroblastoma (Wilms Tumor)

Nephroblastoma is the most common childhood renal malignancy [77–80]. It 
accounts for 90% of all newly diagnosed childhood renal tumors and is the fourth 
most common overall cancer in this age group. Nephroblastoma is thought to origi-
nate from remnants of metanephric tissue, known as nephrogenic blastemal rests. 
Most patients present at an average age of 2–4 years with a non-painful, palpable 
abdominal mass. Some children may be symptomatic with abdominal pain, hematu-
ria, fever, hypertension, or an acute abdomen. Most tumors are unilateral and organ 
confined at presentation, with approximately 5% occurring bilaterally. Advances in 
chemotherapy have greatly improved the prognosis for patients with nephroblas-
toma, with an overall survival >90%. Nephroblastoma is associated with a genetic 
syndrome in 10% of cases. WAGR (Wilms tumor, aniridia, genitourinary anomalies, 
and mental retardation) and Denys-Drash syndrome (Wilms tumor, pseudohermaph-
roditism, and mesangial sclerosis) have WT1 gene mutations. Beckwith-Wiedemann 
syndrome (asymmetric growth with hemihypertrophy, macroglossia, omphalocele, 
and visceromegaly) arises from mutations in the WT2 gene. Patients with a germline 
mutation present at an earlier age and are more likely to have bilateral disease.

Nephroblastoma presents as a well-circumscribed, encapsulated mass. The cut 
surface is soft, homogenous, and gray to tan-pink in color. The presence of hemor-
rhage, cystic change, and necrosis is common. Classically, tumor cells show 
 triphasic differentiation consisting of blastemal, stromal, and epithelial components 
(Fig. 2.15). The blastemal component is composed of small blue cells with closely 
packed nuclei, coarse chromatin, and scant cytoplasm. The epithelial component 
consists of primitive tubules with elongated nuclei. The stroma contains spindled 
cells, with some cases showing soft tissue differentiation. Nephroblastoma will 
have a high mitotic index. Many cases are associated with perilobar or intralobar 
nephrogenic rests. It is thought that nephrogenic rests are preneoplastic in nature 
and the risk of malignant transformation is higher for intralobar rests. Anaplasia is 
defined as markedly enlarged nuclei (3x the size of blastemal nuclei) with hyper-
chromasia and hyperdiploid (multipolar) mitotic figures. Diffuse anaplasia is asso-
ciated with TP53 gene mutations, resistance to chemotherapy, disease recurrence, 
metastases, and death.

On immunohistochemistry, tumor cells show staining for WT1 and CD56 [79, 
80]. The majority of tumors arise from sporadic mutations on the WT1 gene (chro-
mosome 11p13) or the WT2 gene (chromosome 11p15). Abnormalities in other 
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genes may also be seen including WTX, CTNNB1, and TP53 [79, 80]. 
Nephroblastomas with loss of heterozygosity at 1p and 16q are associated with a 
poor prognosis [79, 80].

 Benign Renal Tumors

 Oncocytoma

Oncocytoma is the most common benign renal tumors, accounting for approxi-
mately 9% of all renal cortical neoplasms [81–85]. Most oncocytomas are inci-
dentally discovered on imaging and are otherwise asymptomatic. While capable 
of local extension, oncocytomas are incapable of metastatic spread.

Oncocytomas present as solid, well-circumscribed masses that classically have a 
mahogany brown cut surface and the presence of a central stellate scar. A central 
scar is not diagnostic of oncocytoma, as this feature has been described in malig-
nant renal tumors. Oncocytomas can have foci of hemorrhage, but the finding of 
necrosis, clear cells, papillary structures, or mitoses excludes this diagnosis. Rare 
cases have been reported to invade the perinephric fat or the renal vein, a finding 
that should not be mistaken for malignancy [82]. Tumor cells are uniform with 
abundant eosinophilic cytoplasm. The tumor grows in small, solid nests within a 
fibromyxoid background (Fig. 2.16). Cases can also show tubular, cystic, or solid 
growth.

Oncocytomas will show positivity for CD117 on immunohistochemistry, and 
CK7 should be negative or only focally positive [83]. This is in contrast to chro-
mophobe RCC, a common diagnostic differential, which is diffusely positive for 
CK7 [81, 83]. Multifocal oncocytomas and oncocytosis are associated with Birt-

Fig. 2.15 H&E, high 
magnification, 
nephroblastoma
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Hogg-Dubé syndrome. Genetic mutations include loss of chromosomes Y, loss of 
chromosome 1, rearrangements of 11q13, and deletion of chromosome 14 [84].

 Angiomyolipoma

Angiomyolipoma (AML) is a renal tumor that is a member of the perivascular epithe-
lioid cell tumor family [86–89]. The majority of AMLs are benign; however, those with 
epithelioid features can have malignant behavior [87]. Most tumors are small and can 
be managed with active surveillance. However, larger tumors (>4 cm) can spontane-
ously bleed and cause significant morbidity [86]. AMLs are also capable of local inva-
sion. Pregnancy and hormonal therapy have been known to cause increased growth.

AMLs typically present as an unencapsulated, well-circumscribed mass. The color 
of the cut surface varies with the content of fat present in the lesion. Fat-poor tumors 
appear tan-white to pink, while those that are fat-rich are more yellow. As the name sug-
gests, AMLs are composed of three components: thick-walled vessels, smooth muscle, 
and adipose tissue (Fig. 2.17). The diagnosis of fat-poor lesions should be reserved for 
tumors that contain <25% fat. Hyalinization, cystic change, or calcifications have also 
been reported. Epithelioid cells may be present in a minority of cases. The presence of 
≥70% atypical epithelioid cells, ≥2 mitoses per 10 high power fields, atypical mitotic 
figures, and necrosis is associated with increased risk of malignant behavior.

Tumor cells will show positivity for SMA, desmin, HMB-45, and Melan-A [88]. 
Fat-poor tumors are typically negative for Melan-A [88]. Although the majority of 
AMLs occur sporadically, this tumor presents in up to 90% of patients with tuber-
ous sclerosis complex (TSC), an autosomal dominant syndrome caused by germline 
mutations of TSC1 on 9q34 and TSC2 on 16p13 [88]. Renal AMLs associated with 
TSC are often multifocal and bilateral. Mutations of TSC2 can also be seen in spo-
radic AML. AML is also associated with lymphangioleiomyomatosis.

Fig. 2.16 H&E, high 
magnification, oncocytoma
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 Metanephric Adenoma

Metanephric adenoma is a benign kidney tumor with morphologic resemblance to 
the fetal kidney [90–92]. It affects a wide age range of patients and is more common 
in women. Metanephric adenoma is typically an incidental finding but can be asso-
ciated with hematuria, flank pain, abdominal mass, or polycythemia [90, 92]. 
Metanephric adenoma is the kidney tumor most likely to cause polycythemia via 
secretion of erythropoietin [90].

Grossly, metanephric adenomas are solitary, well-circumscribed tan to gray 
tumors typically 3–6 cm in size. Microscopically, they resemble the fetal metaneph-
ric kidney. Tumor cells are arranged in tightly packed acini with inconspicuous 
lumens set in a scant loose stroma (Fig. 2.18). Acini can focally be elongated with 
intraluminal tufts forming glomeruloid and short papillary structures. Psammoma 

Fig. 2.18 H&E, high 
magnification, metanephric 
adenoma

Fig. 2.17 H&E, high 
magnification, 
angiomyolipoma
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bodies are common. The neoplastic cells are small with fine, evenly distributed 
chromatin, inconspicuous nucleoli and scant cytoplasm. Mitotic activity and necro-
sis should be absent.

By immunohistochemistry, the cells show characteristic expression of WT1 and 
CD57 [91]. They are negative for CK7 and racemase and are diploid for chromo-
somes 7 and 17 [91].

 Mixed Epithelial and Stromal Tumor Family

The mixed epithelial and stromal tumor (MEST) family includes the adult cystic 
nephroma (which is predominantly cystic) and the MEST (which has cystic and 
solid areas) [93–95]. Adult cystic nephromas are now recognized to be a separate 
entity from pediatric cystic nephromas, which have DICER1 mutations [95]. Most 
tumors are benign; however malignant transformation has been reported in the lit-
erature [93, 94].

These tumors are always solitary, unilateral masses with variable cystic and solid 
components. Most are well-circumscribed and unencapsulated. The cut surface 
shows thin-walled cysts with white, firm solid areas. The epithelial component con-
sists of cysts, glands, and tubules. Some glands may have an endometrioid or tubal 
appearance. Less commonly, intestinal and urothelial morphology has been reported. 
The cysts are lined by flat to cuboidal epithelium, with hobnail cells being a com-
mon finding (Fig. 2.19). Stromal cellularity is variable and in many cases stromal 
condensation is seen around the epithelial component. The stroma can be composed 
of blue, spindle cells, creating an ovarian-like appearance. Smooth muscle metapla-
sia is also a common finding. Cytologic atypia, mitotic activity, necrosis, and hem-
orrhage are rare.

Fig. 2.19 H&E, high 
magnification, mixed 
epithelial and stromal 
tumor
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Tumors of the MEST family show immunohistochemical staining for actin, des-
min, CD10, estrogen receptor, and progesterone receptor in the stromal component 
[95]. Inhibin and calretinin may be positive in cases with luteinized stroma [95].
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Chapter 3
Genetics of Renal Cell Carcinoma

Mark W. Ball and W. Marston Linehan

 Introduction

Renal cell carcinoma (RCC) is the most common primary tumor of the kidney, 
resulting in approximately 64,000 new diagnoses and 14,000 deaths each year in the 
United States [1]. Currently, the World Health Organization recognizes 16 subtypes 
of RCC [2], and up to 12 hereditary conditions have been identified with increased 
lifetime risk of developing renal tumors [3]. Each of the recognized subtypes of 
RCC is clinically, genetically, and morphologically distinct.

Advances in the understanding of kidney cancer genetics have been due in part 
to studying hereditary kidney cancer families. While hereditary kidney cancer is 
thought to represent only 5% of kidney cancer cases [2], the true incidence may be 
higher due in part to limitations in understanding the role of cancer susceptibility 
genes in RCC.  Upward of 25% of kidney cancer cases have multifocal tumor 
involvement [4, 5]. Furthermore, a multigenerational study of Icelandic people indi-
cated that 58% of RCC cases thought to be sporadic occur in patients with one or 
more family members with RCC, supporting the notion that far more cases of seem-
ingly sporadic RCC are actually hereditary in origin [6].

Understanding the genes and pathways altered in RCC directly translates to how 
patients are managed both with surgery [7] and systemic therapy [8] (Table 3.1). 
This chapter will review the genetics of kidney cancer and how these changes affect 
patient management.
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 Clear Cell RCC and von Hippel-Lindau Disease

Clear cell RCC is the most common form of sporadic RCC and accounts for 75% of 
all kidney cancers [9]. It is characterized by inactivation of the von Hippel-Lindau 
(VHL) gene, which is either mutated or epigenetically silenced in over 90% cases of 
sporadic clear cell RCC cases. This results in the loss of the VHL protein (pVHL), 
which is a member of an E3 ubiquitin ligase complex that includes elongins B and 
C, cullin-2, and Rbx1 [10]. The E3 ligase complex targets proteins, including 
hypoxia-inducible factor alpha (HIFα), for ubiquitin-mediated degradation by the 
proteasome. Under normoxic conditions, HIFα is hydroxylated by prolyl hydroxy-
lase (PHD), enabling pVHL within the E3 ligase complex to recognize and target 
HIFα for ubiquitination and degradation [10]. Under hypoxic conditions, PHD is 
unable to hydroxylate HIFα, evading recognition by pVHL and accumulates in the 
cell to drive transcription of HIF target genes. Similarly, when VHL is mutated, HIF 
accumulates and transcriptionally upregulates the expression of target genes includ-
ing VEGF, GLUT1, and PDGF-β, supporting tumor angiogenesis and growth 
[11–16].

The genetic basis of clear cell RCC was uncovered by studying patients with 
VHL disease. VHL is an autosomal dominant inherited multisystem disorder in 
which affected individuals are predisposed to develop clear cell RCC, renal cysts, 
pheochromocytomas, paragangliomas, pancreatic neuroendocrine tumors, pancre-
atic cysts, hemangioblastomas of the central nervous system and retina, endolym-
phatic sac tumors, and cystadenomas of the epididymis and broad ligament [17]. 
Linkage analysis of families with VHL led to the identification of a novel gene at 
chromosome 3p25 [18]. VHL was identified as a tumor suppressor gene in which 
both copies of the gene are inactivated to drive tumorigenesis. Nearly all VHL-
associated renal tumors demonstrate loss of chromosome 3p or somatic “second-
hit” VHL mutations [19, 20]. VHL patients inherit one mutant copy of the gene, and 
then the second functional copy is damaged or lost, leading to tumorigenesis. As a 
result of improved mutation detection methods, germline VHL mutations have been 
identified in over 900 families worldwide who present with >200 different muta-
tions [17, 21, 22].

Management of VHL-associated renal tumors is focused on preventing metasta-
sis while preserving the renal function. To that end, our institutional practice has 
been to perform active surveillance when tumors are less than 3 cm in diameter and 
resecting all ipsilateral tumors with a nephron-sparing approach once the largest 
tumor has reached 3 cm [23]. Considering the multiple small tumors and the need 
to preserve normal renal parenchyma, enucleation of tumors is used and has been 
demonstrated to be a safe surgical technique [24]. In general, the overarching goal 
of the surgeon is to “reset the clock,” meaning removal of as many lesions as pos-
sible in one surgery in an attempt to prolong the interval between ipsilateral renal 
surgeries. Toward that end, all solid and complex lesions are removed with frequent 
use of intraoperative ultrasound to localize and ensure complete removal of all 
tumors.
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Recently, efforts by The Cancer Genome Atlas have identified other recurrent 
somatic alterations in sporadic clear cell RCC, including the chromatin remodeling 
genes PBRM1 (32.9%), SETD2 (11.5%), and BAP1 (10.1%), PI3K/AKT pathway 
genes (such as MTOR, PTEN, and PIK3CA), loss of chromosome 14q, and gain of 
chromosome 5q [25]. In other cohorts, BAP1 was reported to be mutated in up to 
14% of sporadic clear cell RCC and is associated with more aggressive tumors and 
poor patient prognosis [26]. Poor overall survival has been correlated with BAP1 
mutations and evidence of a metabolic shift in high-stage tumors involving down-
regulation of the AMPK complex and Krebs cycle genes along with upregulation of 
the pentose phosphate pathway and fatty acid synthesis, a phenotype consistent with 
the Warburg effect [25, 27].

Recently, genomic analysis of multiple areas within large clear cell RCC tumors 
has demonstrated that these lesions display a large degree of genomic heterogeneity 
[28, 29]. While mutations in VHL are nearly ubiquitous in clear cell RCC and are 
thought to be “truncal” mutations, i.e., occurring early in oncogenesis, a subset of 
tumors also contain truncal BPRM1 mutations [29]. In contrast, other commonly 
mutated genes in clear cell RCC include the chromatin remodeling genes, SETD2, 
KDM5C, and BAP1, are thought to develop subsequent to VHL later in the tumor’s 
evolution, and they exhibit a branched evolutionary pattern, occurring at varying 
points in carcinogenesis [25].

Other recent efforts have sought to correlate the degree of genomic changes with 
pathologic features, survival, and response to therapy. Among genitourinary malig-
nancies, clear cell RCC had the fourth lowest level of somatic mutations and second 
lowest level of copy number alterations across the genome; yet, greater CNV was 
associated with higher Fuhrman and longer recurrence-free survival [30]. Because 
greater somatic alterations have been shown to correlate with response to immuno-
therapy [31–33], these data may have implications for systemic therapy options, 
although this hypothesis has yet to be confirmed in RCC.

 Familial Chromosome 3 Translocation RCC

The identification of a family with recurrent multifocal clear cell RCC without VHL 
identified a different genetic alteration involving chromosome 3: a balanced germ-
line (3;8)(p14;q24) translocation [34]. Subsequently, germline chromosome 3 trans-
locations have been identified involving chromosomes 1, 2, 4, 6, and 8 [35, 36]. 
Histologically, familial translocation tumors are similar to VHL-associated RCC 
tumors, and patients are at risk for the development of bilateral and multifocal 
RCC. The average age of onset is later than in VHL, in the fourth to fifth decade of 
life. Some clear cell kidney tumors in patients affected with chromosome 3 translo-
cations have been shown to have loss of the 3p derivative chromosome and mutation 
in the VHL gene. These findings led to the proposition of a “three-hit” hypothesis 
for the carcinogenesis of these tumors where the first hit is inheritance of the germ-
line chromosome 3 translocation, the second hit is loss of the derivative 
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chromosome, and somatic mutation of the remaining allele of a chromosome 3p 
(i.e., VHL or others) is the third hit.

Management of familial chromosome 3 translocation RCC is similar to VHL. The 
diagnosis is established by demonstrating an absence of germline VHL alterations, 
and a chromosome 3 translocation is made on germline karyotype. Patients should 
undergo regular cross-sectional imaging to identify kidney tumors that require sur-
gical resection. Nephron-sparing surgery should be utilized to preserve renal 
function.

 BAP1-Associated Renal Tumors

BRCA1-associated protein-1 (BAP1)-associated tumor predisposition syndrome is 
an autosomal dominant inherited disorder in which patients are at risk for the devel-
opment of a variety of tumors, including benign melanocytic tumors, malignant 
uveal and cutaneous melanoma, and malignant mesothelioma [37, 38]. RCCs, most 
frequently with clear cell histology and with a more aggressive clinical course, have 
been recently confirmed as part of the BAP1-associated clinical phenotype occur-
ring in about 10% of BAP1 mutation carriers [38]. Several families with BAP1 
germline mutations have been reported for which RCC is the only manifestation 
[37, 39]. Loss of chromosome 3p or somatic second-hit BAP1 mutations have been 
identified in BAP1-associated tumors supporting a tumor suppressor role for BAP1 
[37–39]. BAP1 interacts with multiple complexes to influence a variety of cell func-
tions including cell differentiation, cell death, and gluconeogenesis [40].

The potentially aggressive nature of BAP1-associated tumors requires individu-
alized management. It is recommended that patients with germline BAP1 alteration 
have annual abdominal imaging to evaluate for the presence of renal tumors. Unlike 
other types of genetically defined clear cell RCC, active surveillance is not recom-
mended in these patients. Patients affected by germline mutations of the BAP1 gene 
are at risk for the development of bilateral, multifocal, and recurrent renal tumors, 
and preservation of renal function is recommended whenever possible [7, 41, 42].

 Type 1 Papillary RCC and Hereditary Papillary Renal 
Carcinoma

Papillary RCC accounts for 15–20% of kidney cancers and is further subdivided 
into Type 1 papillary RCC and Type 2 papillary RCC [9]. Type 1 papillary RCC is 
characterized by papillae and tubular structures composed of small cells with baso-
philic cytoplasm and small, uniform nuclei and commonly presents as multifocal 
disease. Type 1 papillary RCC is associated with whole copy number gains of chro-
mosomes 7 and 17 in most cases and somatic mutation of the MET oncogene on 
chromosome 7 in ~15% of cases [43].
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Hereditary papillary renal carcinoma (HPRC) is an autosomal dominant inher-
ited disorder in which affected individuals are at risk to develop bilateral, multifocal 
Type 1 papillary RCC [44]. HPRC-associated renal tumors are characterized by 
“incipient lesions” in the apparently “normal” surrounding kidney parenchyma, 
with an estimation of >3000 of these microscopic papillary tumors in a single kid-
ney that suggest multiple, independent, early events [45, 46]. HPRC patients are at 
risk to develop renal tumors during the fifth and sixth decades of life [47, 48]; how-
ever, early-onset HPRC families have also been reported [49]. Age-dependent pen-
etrance has been estimated at 67% by the age of 60 years with complete penetrance 
by 80 years of age [48]. Fewer than 40 families with HPRC have been reported to 
date, underscoring the rarity of this inherited renal cancer syndrome.

The disease locus for HPRC was localized to chromosome 7q31 by genetic link-
age analysis in HPRC families [50]. Since papillary Type 1 renal tumors are charac-
terized by trisomy of chromosome 7 [51], an oncogene was considered a likely 
candidate. Indeed, mutations in the MET proto-oncogene located at 7q31 were iden-
tified in the germline of individuals affected with HPRC [50]. Missense mutations 
located in the intracellular tyrosine kinase domain of MET are predicted to activate 
Met kinase [48, 50, 52].

MET encodes the receptor for hepatocyte growth factor (HGF). Binding of HGF 
to MET through its extracellular domain leads to a conformational change, auto-
phosphorylation of critical tyrosines in the intracellular kinase domain, and recruit-
ment of second messenger molecules, triggering downstream signaling cascades 
that drive a number of cellular programs controlling motility, proliferation, differen-
tiation, and branching morphogenesis [53]. The missense MET mutations identified 
in the germline of individuals affected with HPRC are predicted by molecular mod-
eling to cause conformational changes of the protein that activate the Met kinase in 
the absence of HGF binding [54], which is also supported in in vitro and in vivo 
models [55, 56]. Since papillary RCC is characterized by trisomy of chromosome 7 
[51], the demonstration that nonrandom duplication of the chromosome 7 bearing 
the mutant MET allele occurs in HPRC-associated renal tumors [57] supports the 
concept that increased mutant MET copy number may provide a growth advantage 
to kidney tumor cells. It is unlikely that somatic MET mutations are the primary 
driver in sporadic Type 1 papillary renal cancer, since fewer than 15% of sporadic 
papillary renal tumors have been reported with MET mutations [43, 52].

Patients with HPRC are identified by family history or may be incidentally dis-
covered by cross-sectional imaging performed for another reason. Affected indi-
viduals do not uncommonly undergo their initial renal surgery at 50–60 years of 
age, which is later onset than many of the other hereditary renal cancer patients. The 
lesions are often hypoechoic to the renal parenchyma and may be poorly enhancing. 
Hypoenhancing CT lesions can be confused with hyperdense cysts, and therefore 
MRI may be more useful than CT scan for detecting and monitoring HPRC renal 
lesions.

Similar to the approach with patients affected with VHL, active surveillance 
until the largest renal tumors reaches the 3  cm threshold is recommended for 
patients affected with HPRC.  Nephron-sparing surgical approaches are recom-
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mended for HPRC-associated renal tumors as HPRC renal tumors tend to be bilat-
eral and multifocal and numerous surgical procedures may be required to treat 
recurrent tumors.

 Type 2 Papillary RCC and Hereditary Leiomyomatosis 
and Renal Cell Carcinoma

Hereditary leiomyomatosis and renal cell carcinoma (HLRCC) is a familial cancer 
syndrome associated with a predisposition to develop cutaneous and uterine leio-
myomas and a potentially aggressive form of papillary RCC [58–61]. Cutaneous 
leiomyomas are a common clinical feature that can occur on the arms or trunk. 
Affected females are at risk to develop early-onset uterine leiomyomas [62, 63]. 
Papillary RCCs, which present in approximately 10–15% of HLRCC patients, may 
be solitary, multifocal, and/or bilateral. These tumors have the potential to spread, 
even when they are small (0.5–2 cm) [59, 62, 63]. HLRCC-associated renal tumors 
demonstrate a distinct histologic staining pattern that is characterized by cells with 
abundant eosinophilic cytoplasm and a large nucleus containing prominent 
inclusion- like nucleoli surrounded by peri-nucleolar halos [59].

HLRCC is characterized by an autosomal dominant inheritance pattern and is 
associated with germline mutations of the chromosome 1p42.1 gene which encodes 
the Krebs cycle enzyme, fumarate hydratase (FH) [62–64]. A spectrum of germline 
mutations are associated with HLRCC with missense mutations being the most 
common. Currently, specific genotype/phenotype correlations have not been 
observed in HLRCC [62–64]. Somatic loss of the remaining functional wild-type 
copy of FH is observed within HLRCC renal tumors resulting in biallelic loss of FH 
activity. Inactivation of this enzyme leads to an alteration of metabolism of glucose 
through the Krebs cycle as well as increased levels of intracellular fumarate. The 
tumors undergo a metabolic shift to aerobic glycolysis with decreased oxidative 
phosphorylation. FH-deficient cells become more dependent upon glycolysis for 
energy production, have decreased levels of AMPK, and increased fatty acid synthe-
sis [65, 66]. The increased intracellular fumarate oncometabolite inhibits several 
α-ketoglutarate-dependent dioxygenases including the PHD enzymes leading to 
increased levels of HIF and activation of the HIF pathway [65, 67]. Additionally, 
increased intracellular fumarate functions as an oncometabolite that induces the 
succination of multiple proteins, such as KEAP1. Succination of KEAP1 impairs its 
ability to inhibit the NRF2 transcription factor and results in the upregulation of the 
antioxidant response pathway that can combat the increased levels of reactive oxy-
gen species associated with FH-deficient RCC [68, 69].

Our practice is to recommend lifelong annual abdominal screening by contrast- 
enhanced CT or MRI, beginning at age 8. Patients with HLRCC-associated renal 
cysts should be watched closely for tumor growth within the cysts. A cyst which is 
not simple is regarded as possibly malignant until proven otherwise. Because 
patients affected with HLRCC are at risk for the development of bilateral renal 
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tumors over their lifetime, nephron-sparing approaches are recommended when 
possible. HLRCC-associated renal tumors have an invasive growth pattern, and an 
open surgical procedure with intraoperative ultrasound, a wide surgical margin, and 
ipsilateral hilar lymphadenectomy is recommended. In contradistinction to the rec-
ommended management approach for VHL-, HPRC-, and Birt-Hogg-Dubé (BHD)-
associated renal tumors, active surveillance is not recommended for patients with 
HLRCC [7, 41].

 Chromophobe RCC and Birt-Hogg-Dubé

BHD is an autosomal dominant inherited cancer syndrome in which affected indi-
viduals are at risk for developing benign hair follicle hamartomas (fibrofolliculo-
mas), pulmonary cysts, spontaneous pneumothoraces, and renal tumors [70, 71]. 
BHD syndrome is phenotypically heterogeneous within and between families. The 
most common manifestations of BHD are fibrofolliculomas and lung cysts, occur-
ring in >83% of affected individuals and most commonly after puberty [71–73]. 
Approximately 24–38% of BHD-affected individuals will experience at least one 
spontaneous pneumothorax event during their lifetime with a median age of occur-
rence of 38 years [71–73].

BHD-affected individuals have a 6.9-fold greater risk for developing renal 
tumors compared to unaffected family members [71]. Bilateral, multifocal renal 
tumors have been reported to develop in 29–34% of BHD-affected patients [72, 73], 
but this rate may reflect ascertainment bias since the frequency of renal tumors was 
considerably lower in other BHD cohorts [74]. The median age of renal tumor diag-
nosis is 48–51 years [71, 72]. BHD-associated renal tumors may present with vari-
able histologies including hybrid oncocytic/chromophobe tumors (50%) that 
contain features of chromophobe RCC and oncocytoma, chromophobe RCC (34%), 
clear cell RCC (9%), and oncocytoma (5%) [75]. Renal tumors with different his-
tologies can arise even in a single kidney of a BHD patient. Microscopic oncocytic 
lesions (“oncocytosis”) can be seen scattered throughout the “normal” renal paren-
chyma of most patients and may represent precursors of BHD-associated renal 
tumors [75].

The genetic locus for BHD syndrome was mapped to chromosome 17p11 by 
genetic linkage analysis, and subsequently mutations in a novel gene, folliculin 
(FLCN), were identified in the germline of patients affected with BHD [76]. The 
majority of FLCN mutations are predicted to prematurely truncate the protein and 
result in loss of FLCN function. Additionally, mutations that result in amino acid 
substitutions and partial gene deletions have been reported, with a mutation detec-
tion rate approaching 90% [72–74]. Inactivation of the remaining wild-type FLCN 
allele by somatic mutation or chromosome 17p loss is found in BHD-associated 
renal tumors [77]. Demonstration of the tumorigenic potential of FLCN-deficient 
renal tumor cell lines in vivo supports a tumor suppressor function for FLCN [78].
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Patients with BHD should have imaging of their kidneys starting from the age of 
20 to 25 years [41]. Abdominal imaging every 3 years is recommended for affected 
individuals with no renal masses. In recommending the frequency of imaging for 
individuals with renal masses, the surgeon should take into consideration tumor 
size, location, and growth rate. Renal ultrasound is not recommended as the sole 
modality for screening. As with VHL and HPRC, it is recommended that BHD- 
associated tumors be monitored until the largest tumor reaches the 3 cm threshold, 
at which time surgical intervention is recommended [7, 41]. In our experience, 
patients with BHD will most often require only one surgical procedure per kidney. 
Occasionally multiple procedures will be required over a BHD patient’s lifetime to 
successfully manage the renal tumors. As BHD patients are at risk for the develop-
ment of bilateral, multifocal tumors, partial nephrectomy is recommended when-
ever possible.

 MITF Family Translocation RCC

The microphthalmia-associated transcription factor (MiTF) family of genes includes 
TFE3, TFEB, and MITF. Members of this transcription factor family share similar 
protein structures, recognize identical DNA sequences upon homo- and heterodi-
merization with each other, and drive the transcription of similar genes. While MITF 
mutations have been implicated in conferring a hereditary susceptibility to RCC, 
TFE3 and TFEB have been associated with chromosomal rearrangements, resulting 
in tumors that are termed MITF family translocation RCC. Translocation RCCs are 
defined as a histologically variable subtype of sporadic kidney cancer and make up 
approximately 1–5% of RCCs [79].

TFE3 is located on the X chromosome at Xp11, and TFE3 translocation accounts 
for 20–45% of renal tumors in children and young adults [80]. Xp11 translocation 
tumors can show a wide spectrum of morphology. Histologically, tumors frequently 
display a papillary architecture formed by clear cells with granular eosinophilic 
cytoplasm. Psammoma bodies can sometimes be found [80]. TFE3 translocation- 
associated RCC is most common in pediatric patients, females, and individuals with 
prior exposure to cytotoxic chemotherapy [80].

TFEB translocation RCC has similar clinical features to TFE3 RCC.  TFEB- 
fusion RCC is characterized by a chromosomal translocation involving TFEB, 
another member of the MITF transcription factor family, located on chromosome 
6p21. RCCs involving chromosome 6p21 translocations, which are less common 
than chromosome Xp11 translocation RCCs, can be found in children and adults 
and have been reported in patients with previous chemotherapy. Histologically, 
TFEB-fusion RCCs typically present with a biphasic microscopic architecture, 
characterized by large, epithelioid cells with clear and eosinophilic cytoplasm 
(mimicking clear cell RCC) and small, eosinophilic cells with hyperchromatic 
nuclei forming rosette-like structures [80].
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MITF is located at 3p13 and regulates a transcriptional program involved in the 
development and differentiation of melanocytes, osteoclasts, and mast cells [81]. 
Accordingly, germline mutations in MITF are responsible for the autosomal domi-
nant Waardenburg syndrome Type 2 and the more severe and rare Tietze syndrome, 
both characterized by hearing loss and hypopigmentation of the skin, hair, and eyes 
[81]. Somatic MITF amplification is common in melanoma, especially in the BRAF 
mutant subtype [82]. A germline mutation of MITF (p.E318K) has been shown to 
constitute a risk factor for the development of melanoma and RCC [81]. Compared 
to the general population, carriers of this variant have a >5-fold increased risk to 
develop RCC and co-occurrence of RCC and melanoma. The p.E318K mutant 
MITF protein is affected by impaired sumoylation, differentially regulates DNA 
binding, and drives enhanced transcriptional activity of genes involved in cell 
growth, proliferation, and inflammation. This may explain the oncogenic role of the 
MITF p.E318K mutation. TFE3 RCC can spread when the tumors are small (2 cm), 
and therefore we do not recommend active surveillance for MITF family transloca-
tion RCC.  TFE3-fusion RCCs have been seen with late-onset metastasis which 
makes long clinical follow-up necessary [80].

 Tuberous Sclerosis Complex

Tuberous sclerosis complex (TSC) is a multisystem, autosomal dominant inherited 
hamartomatous disorder affecting both adults and children. Affected individuals are 
predisposed to develop a variety of skin lesions including facial angiofibromas, 
hypopigmented macules, shagreen patches, and ungula fibromas. Pulmonary 
lymphangiomyomatosis characterized by proliferation of abnormal smooth muscle 
cells and cystic changes in the lung affects adolescent girls and women with 
TSC. Cerebral cortex tubers develop in >80% of TSC patients and can lead to a 
number of neurologic manifestations including epilepsy, cognitive disability, and 
neurobehavioral abnormalities. Bilateral, multifocal renal angiomyolipomas 
(AMLs), which are benign tumors of the kidney consisting of abnormal vessels, 
immature smooth muscle cells, and fat cells, develop in an estimated 55–75% of 
TSC patients occurring as early as 10 years of age [83]. Additionally, RCCs with a 
variety of histologies may develop in TSC-affected individuals. Although the life-
time risk is similar to the general population (2–3%), the age of onset of renal tumor 
in TSC patients is younger, an average age of 36 years [83, 84].

TSC1 and TSC2 proteins form a heterotrimer with TBC1 domain family mem-
ber 7 (TBC1D7) that negatively regulates the activity of mTORC1 through the 
conversion of the small GTPase RHEB from the active GTP-bound state to the 
inactive GDP-bound state through the action of the TSC2 GTPase-activating 
domain [85]. Mutations in either TSC1 or TSC2 in TSC-associated tumors cause 
hyperactivation of RAS homologue expressed in the brain (RHEB) which in turn 
activates mTORC1 leading to increased protein translation and extensive meta-
bolic reprograming [85].
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Efforts are underway to develop a systemic therapeutic approach for patients 
with TSC-associated renal masses, with a focus on mTOR inhibitors. In 2008, a 
clinical trial of sirolimus in patients with TSC-associated AML showed encourag-
ing results [86]. Everolimus, which is approved for TSC-associated central nervous 
lesions, is currently being evaluated in trials for renal manifestations of TSC [87].

Management of renal masses in patients with TSC is aimed at renal function 
preservation. AMLs greater than 4  cm may be at risk for spontaneous bleeding, 
although some studies suggest a bleeding risk for 3 cm lesions [88]. Historically 
embolization has been used; however recent advances in microwave ablation have 
also shown to be successful for the treatment of AMLs [89].

 Succinate Dehydrogenase-Deficient Kidney Cancer

Familial paraganglioma/pheochromocytoma is an inherited cancer syndrome asso-
ciated with an increased risk for pheochromocytoma, paraganglioma, gastrointesti-
nal stromal tumor, and RCC. This syndrome demonstrates an autosomal dominant 
pattern of inheritance and is associated with germline mutations within one of the 
four succinate dehydrogenase complex subunit genes, SDHA, SDHB, SDHC, and 
SDHD, or a succinate dehydrogenase complex assembly factor, SDHAF2 [90]. 
Germline mutations in all five genes have been associated with the development of 
bilateral or multifocal pheochromocytomas or paragangliomas, while succinate 
dehydrogenase-deficient RCC (SDH-RCC) has been associated with germline 
mutation of SDHB, SDHC, and SDHD. Somatic loss of the remaining functional 
copy of the germline mutated SHD complex subunit results in loss of enzyme 
activity in a “second-hit” fashion.

SDH-RCC can be aggressive, and patients have demonstrated locally advanced 
or disseminated disease when tumors are still relatively small (1–2 cm) [90]. These 
tumors demonstrate a variety of histologic staining patterns including clear cell and 
oncocytic neoplastic patterns [90, 91]. Our institutional practice involves annual 
imaging with contrast-enhanced CT or MRI. These patients are monitored and man-
aged in a similar fashion as patients with HLRCC since even small renal SDH-RCC 
masses have been known to metastasize [90]. As these tumors are considered 
aggressive, active surveillance is not recommended. Nephron-sparing approaches, 
with wide surgical margin, are recommended when possible [7, 41].

 Conclusion

The genetic and genomic characterization of kidney cancer has broad implications 
for disease management in both the localized and advanced setting. For genetically 
defined cancers, the decisions of when to perform surveillance, when to operate, 
and how much of a margin to resect are predicated on the tumor’s genetics. In 
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advanced disease, systemic therapy regimens are also tailored based on the patient’s 
genetics. Future work with a focus on gene discovery and the metabolic composi-
tion of kidney tumors will continue to refine treatment strategies.
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Chapter 4
Imaging of Renal Tumors

Steven P. Rowe, Yafu Yin, and Michael A. Gorin

 Introduction

The incidence of clinically localized renal tumors has gradually increased in recent 
decades, paralleling the growing use of cross-sectional imaging across the field of 
medicine [1, 2]. The most common primary tumor of the kidney is renal cell carci-
noma (RCC), representing up to 90% of all renal masses [3]. The International 
Society of Urologic Pathology now recognizes a number of histologic subtypes of 
RCC, each with their own molecular underpinnings and metastatic potential [4]. 
The most common of these are the clear cell (~75%), papillary (~15%), and chro-
mophobe (~5%) RCC subtypes. In general, clear cell RCC and type II papillary 
RCC are categorized as aggressive, whereas type I papillary RCC and chromophobe 
RCC are thought to behave in a more indolent manner. Less common RCC subtypes 
include clear cell papillary RCC, translocation-associated RCC, medullary RCC, 
and collecting duct RCC.  Benign renal tumor histologies include oncocytomas, 
angiomyolipomas (AMLs), and mixed epithelial stromal tumors (MESTs).

Anatomical imaging with X-ray computed tomography (CT), magnetic reso-
nance imaging (MRI), and ultrasound (US) plays an important role in the detection 
and characterization of renal masses. However, these conventional imaging 
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 techniques are often unable to provide specific information regarding the histology 
of a renal mass. This information is of clinical importance, as a significant portion 
of renal tumors will be a benign or indolent histology not requiring surgical inter-
vention [5]. To aid in minimizing the overtreatment of clinically insignificant renal 
tumors, investigational techniques such as molecular imaging are being evaluated 
for their ability to noninvasively determine the histology of renal tumors [6, 7]. In 
this chapter, we review the role of anatomical and molecular imaging in the evalua-
tion of renal masses.

 Imaging of Renal Tumors

 X-Ray Computed Tomography

The most commonly used modality for renal mass characterization is multiphase 
CT. CT is widely available and provides for high intrinsic spatial resolution. Initial 
evaluation of a renal mass with CT should be carried out in four phases with a non- 
contrast acquisition followed by post-contrast imaging in the arterial, venous, and 
delayed phases. This study is commonly referred to as a renal protocol CT. Of note, 
at least one of the post-contrast CT acquisitions can be extended beyond the kidney 
to cover the entire chest, abdomen, and pelvis in order to evaluate for the presence 
of metastatic disease.

When performing a renal protocol CT, a non-contrast phase is acquired just prior 
to contrast administration. This allows for differentiation between hyperdense renal 
cysts and true enhancing masses by providing a baseline attenuation that can be 
compared to subsequent contrast phases. More specifically, a cyst will remain the 
same density throughout all phases of the study (±10 Hounsfield units), whereas a 
solid mass will show increased attenuation following intravenous contrast adminis-
tration. Next, arterial or corticomedullary phase images are acquired 25–30 s fol-
lowing the administration of intravenous contrast. Many common renal tumors, 
most notably clear cell RCC and oncocytomas, are highly conspicuous at this imag-
ing time point owing to brisk arterial enhancement (Fig. 4.1) [8]. It should be noted, 
however, that the high level of enhancement of the cortex can obscure small and 
peripherally located masses.

A venous or nephrographic phase is next acquired. This is performed at approxi-
mately 80–90 s after contrast administration. This phase has particular utility in the 
identification of small renal masses and can aid in identifying tumor invasion of the 
ipsilateral main renal vein and/or inferior vena cava (Fig. 4.2) [9]. Finally, a delayed 
or urographic phase is performed 5–8  min following contrast administration in 
order to evaluate the renal collecting system, which can be useful for detecting co- 
existing pathologies such as transitional cell carcinoma.

Renal protocol CT can also provide other potentially important information 
regarding a renal mass. For example, any of the CT phases can be utilized to  examine 
for the presence of extension of tumor beyond the kidney capsule, albeit with lim-
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ited sensitivity [10]. Additionally, this study can be useful for determining the his-
tology of selected renal masses. Perhaps the best example of this is for AMLs, as the 
vast majority of these lesions contain macroscopic fat that is visualized as areas of 
negative Hounsfield units on CT (Fig. 4.3). Aside from AMLs, the ability of CT to 
characterize the histology of a given renal mass is limited, although some general 
trends are worth noting. For example, papillary RCC generally demonstrates a low 
and relatively homogeneous level of enhancement in comparison to clear cell RCC 
and oncocytomas, with chromophobe RCC most often having an intermediate 
enhancement level [8].

Cystic renal lesions are well-characterized by CT and are deserving of 
detailed discussion. The Bosniak classification of renal cysts has been in com-
mon use since its introduction in 1986 [11]. With this classification system, 
cystic lesions are divided into five categories (I, II, IIF, III, and IV) with an 

a b

Fig. 4.1 CT images of a clinically localized clear cell RCC. (a) Axial and (b) coronal, arterial 
phase images. Note the brisk arterial enhancement in this tumor (red arrowheads) particularly 
along the inferomedial aspects of the lesion. This enhancement pattern is typical for clear cell RCC

a b

Fig. 4.2 CT images of a clear cell RCC with venous invasion. (a) Axial, venous phase image 
shows a large heterogeneously enhancing left-sided renal mass (red arrowhead). (b) In a more 
superior axial, venous phase CT image, the left renal vein and inferior vena cava are enlarged with 
internal heterogeneous enhancement (red arrows), compatible with venous invasion of the tumor. 
Following imaging the mass was surgically resected and was found to be clear cell RCC
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increasing risk of  underlying malignancy in the higher numerical categories. 
Bosniak I lesions are simple epithelial cysts which are a common incidental 
finding on CT. These lesions are not true tumors of the kidney, as they lack any 
solid component and are universally benign. Bosniak I cysts are simple fluid 
attenuation on CT (generally taken to be ≤20 Hounsfield units) and do not have 
any visible septa or calcifications. The Bosniak II classification includes benign 
cystic lesions that are not pure simple epithelial cysts. These lesions can contain 
a few thin septations (without visible or measurable enhancement), minimal 
associated calcifications, or measure greater than simple fluid attenuation [12]. 
Both Bosniak I and II cysts should be well- circumscribed with easily definable 
boundaries with the adjacent normal renal parenchyma. Lesions in either of 
these categories do not require any specific follow- up or intervention except for 
in symptomatic individuals.

a b

c d

Fig. 4.3 CT and MRI images of a renal AML. (a) Axial, non-contrast CT image of a patient with 
a left-sided renal mass containing macroscopic fat (red arrowhead). Note that the attenuation of the 
fat in the mass is identical to the perinephric fat surrounding the kidney. (b) Axial, T1, fat- 
saturation, post-contrast MR image in the same patient delineates the borders of this relatively 
hypoenhancing tumor and also demonstrates the presence of macroscopic fat. Just as on CT, the 
crescentic area of fat within the AML appears identical to the perinephric fat. (c) Axial, in-phase 
and (d) axial, out-of-phase MR images show the area of macroscopic fat in the AML as bright/high 
signal on the in-phase image (c), whereas the periphery of the macroscopic fat becomes dark/low 
signal on the out-of-phase image. This finding is known as the India ink artifact
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Bosniak IIF cysts are often the most difficult to accurately categorize as many 
different features can place a cystic lesion in this category (Fig. 4.4). Characteristics 
of Bosniak IIF lesions include the presence of several thin septa, apparent visual but 
not measurable enhancement of a cyst wall or septum, non-enhancing smooth or 
nodular thickening of a wall or septum, and more-than-minimal associated calcifi-
cations. The risk of malignancy with these lesions is thought to be on the order of 
5%; thus follow-up but not immediate treatment is required [13].

Bosniak III (Fig. 4.5) and IV (Fig. 4.6) cystic lesions harbor a high likelihood of 
malignancy and should be managed with surgical resection. Bosniak III cysts dem-
onstrate measurably enhancing walls or septa, which can be smooth or irregular, and 
approximately 50% of these lesions are malignant [14]. Bosniak IV lesions contain 

a b

Fig. 4.4 CT images of a Bosniak IIF renal cyst. (a) Axial, venous phase image of a minimally 
complex right-sided renal cystic lesion. A thin septation (red arrowhead) is apparent within the 
cystic lesion. (b) On a more superior axial, venous phase image, a smooth thickening of the septa-
tion is apparent with visual enhancement, although the septation is too thin to reliably measure this 
enhancement (red arrowhead)

a b

Fig. 4.5 MRI images of a multi-lobulated Bosniak III cyst. (a) Axial, T1, fat-saturation, non- 
contrast image and (b) axial, T1, fat-saturation, post-contrast MR image. Note the thick, avidly 
enhancing septum in the lesion (red arrowheads)
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definitive, enhancing solid components and are true renal tumors. These lesions are 
most often cystic RCCs and should be treated as malignant, although some other 
rare renal neoplasms may present as Bosniak IV cysts [15].

 Magnetic Resonance Imaging

MRI of renal tumors parallels the evaluation that takes place with CT, with some 
important differences imposed by the longer scan acquisition time and other techni-
cal parameters. The American College of Radiology considers multiphase CT to be 
the best method by which to evaluate an indeterminate renal mass, although multi-
phase MRI is also considered appropriate [16]. MRI offers advantages in soft tissue 
characterization and functional imaging. Additionally, MRI lacks ionizing radia-
tion, which may be an important consideration in younger patients with renal malig-
nancies requiring multiple examinations for surveillance. Renal protocol MRI 
provides much of the same information as CT such as anatomic delineation of a 
renal tumor and its enhancement characteristics. Generally, renal protocol MRI 
should be carried out on a closed MRI operating at 1.5 T or 3.0 T field strength. 
Typically, the pulse sequences included in a renal protocol MRI include T1-weighted 
pre-contrast images (with both in-phase and opposed-phase acquisitions allowing 
for identification of fat and water within a single voxel), T2-weighted images, and 
post-contrast T1 imaging in multiple phases as is performed for CT [17]. The renal 
collecting system is best evaluated on delayed-phase post-contrast imaging with fat 
saturation. Modern renal protocol MRI often also includes diffusion-weighted 
imaging (DWI), which measures restriction in the motion of water and is often 
regarded as a surrogate for cellularity. DWI is interpreted in conjunction with an 
apparent diffusion coefficient (ADC) map that confirms that high signal on DWI is 

a b

Fig. 4.6 CT images of a Bosniak IV renal cyst. (a) Axial, non-contrast image of a predominantly 
low-density right renal lesion that does visually appear to be a simple cyst (red arrowhead). (b) 
Axial, venous phase CT demonstrates that much of the lesion does not enhance; however a nodu-
lar, enhancing component is present within the wall of this cystic lesion (red arrowhead)
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true diffusion restriction and is not a manifestation of high T2 signal in the tumor. 
True diffusion restriction will demonstrate low signal on an ADC map, whereas a 
falsely high DWI signal as the result of associated high T2 signal will also have high 
signal on an ADC map.

The determination of renal mass histology is somewhat limited with MRI, although 
there are some advantages relative to CT. As with CT, the most definitive diagnosis 
can often be made with AMLs, again through the identification of macroscopic fat 
within the tumor which will have high signal intensity on both T1- and T2-weighted 
images with signal drop-out with chemical shift fat saturation and India ink artifact at 
fat-soft tissue interfaces with opposed-phase imaging (Fig.  4.3). Interestingly, the 
presence of intracellular or microscopic fat can cause a more generalized loss of sig-
nal on opposed-phase imaging than what is seen with the India ink artifact, and this 
non-specific finding can be present with either clear cell RCC or AMLs [18].

As with CT, the general rule applies with contrast-enhanced MRI that clear cell 
RCC and oncocytomas are the most hyperenhancing renal masses, with papillary 
RCC being overall hypoenhancing and chromophobe RCC demonstrating interme-
diate levels of enhancement. However, the improved soft tissue characterization of 
MRI relative to CT and the inclusion of the functional information available from 
DWI may allow for relative confidence in the differentiation of some tumor types 
[19]. For example, although both clear cell RCC and AMLs can demonstrate signal 
drop on opposed-phase imaging, this finding in a solid renal mass that is homoge-
neous and demonstrates low signal on T2-weighted imaging is diagnostic of an 
AML [20]. DWI has shown promise in differentiating aggressive from benign 
tumors, with significantly lower ADC values present in RCCs in comparison to 
oncocytomas [21]. Among RCC subtypes, papillary RCC often demonstrates very 
low ADC values compatible with restricted diffusion, although other subtypes with 
high nucleolar grades can also be low signal on ADC maps [22].

Cystic renal lesions on MRI are also well-characterized, and the previously 
described Bosniak categories can still be used [23]. Most cystic renal lesions will 
have the same Bosniak classification whether imaged with CT or MRI, although 
MRI does appear to have a higher sensitivity for septa, wall and septal thickening, 
and subtle enhancement of the wall and septa. As such, some cystic lesions will 
have higher Bosniak classifications on MRI, which can affect the preferred manage-
ment strategy [23]. A pure, benign, Bosniak I epithelial cyst should appear on MRI 
as a very T2 bright and T1 dark lesion without any evidence of contrast enhance-
ment, following the signal characteristics of simple fluid. Calcifications in Bosniak 
II–IV cysts will show up as areas of low T1 and T2 signal. Any enhancing features 
in Bosniak II–IV cysts are evaluated on pre- and post-contrast T1 images and will 
show increased signal on the post-contrast acquisition (Fig. 4.5).

Imaging of the chest is often difficult to perform with MRI due to respiratory and 
cardiac motion. Although many pulse sequences can now acquire slices during sin-
gle breath-holds, slice selection can limit evaluation for subtle findings such as 
small pulmonary nodules. As a result, staging of RCC is often performed with a 
renal protocol MRI of the abdomen and pelvis along with dedicated chest imaging 
(preferably CT).
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 Ultrasound

US evaluation of renal masses is somewhat limited in comparison to CT and MRI, 
although the emergence of US-compatible intravenous contrast agents may result in 
evolving practice patterns in coming years. US lacks ionizing radiation and nephro-
toxic contrast; however, US can be limited by poor visualization of the kidneys in 
patients that have a large body habitus. Additionally, this imaging modality is highly 
operator dependent, a limitation that is not present with CT and MRI. Furthermore, 
the sensitivity of US for renal masses is lower than other cross-sectional modalities 
[24]. However, the lack of ionizing radiation of US makes it particularly well suited 
to following known renal masses for growth. For example, US is used heavily for 
follow-up in the Delayed Intervention and Surveillance for Small Renal Masses 
(DISSRM) Registry that aims to decrease overtreatment of small renal masses [25].

As with CT and MRI, the underlying histology of a solid renal mass is often 
unable to be characterized on US. Solid renal masses can demonstrate a variety of 
echoic properties, with RCCs potentially being hypoechoic, isoechoic, or hyper-
echoic relative to the background renal parenchyma. Classically, the macroscopic 
fat in AMLs causes them to be hyperechoic, but this finding can be subtle and is not 
nearly as definitive as the identification of fat on CT or MRI.

US has excellent discriminatory ability for solid versus cystic masses, particu-
larly when a relatively hypodense lesion is identified on CT that is not a definitive 
hyperdense cyst [26]. Additionally, US has a high sensitivity for septa, debris within 
cystic lesions, and calcifications. Other than definitive Bosniak I simple epithelial 
cysts, which appear completely anechoic on US and demonstrate increased through- 
transmission, other cystic lesions must be graded with renal protocol CT or MRI.

An exciting development in the field of US imaging has been the introduction of 
intravenous contrast agents. Although the use of US contrast for renal mass imaging 
is off-label in the United States, early data suggest that contrast agents provide use-
ful information in the characterization of renal tumors [27, 28]. The imaging mecha-
nism of intravenous microbubbles involves the reflection of sonographic signal off 
of many echogenic surfaces, thus increasing the signal of vascularized tissues. 
Contrast-enhanced US has shown promise in the characterization of cystic renal 
lesions [27] and may have improved sensitivity for subtle blood flow within solid 
renal tumors in comparison to CT [28]. The ultimate utility of contrast-enhanced 
US in renal tumor imaging does, however, require further exploration.

 Molecular Imaging of Renal Tumors

 General Background

Although the anatomic information available from conventional imaging is invalu-
able in the work-up of patients with renal tumors, in most circumstances a histo-
logic characterization of an enhancing renal mass is not readily feasible with these 
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modalities, as has been noted above. In particular, distinguishing hyperenhancing 
clear cell RCC from similarly hyperenhancing oncocytomas is particularly difficult. 
This is distinctly problematic given that these represent the most common malig-
nant and benign renal mass types, respectively. Investigational work has been done 
to derive additional information from available conventional imaging data, with par-
ticularly promising recent work demonstrating that CT texture analysis can some-
what successfully differentiate among different renal tumor histologies, including 
clear cell RCC and oncocytomas [29]. These methods, however, remain investiga-
tional, and larger volumes of data with advanced machine learning/artificial intelli-
gence algorithms are needed in order to utilize standard CT, MRI, and US datasets 
to adequately classify renal tumors.

The limitations of characterizing renal tumors with CT, MRI, and US have con-
tributed to an interest in developing molecular imaging approaches to better distin-
guish benign and indolent renal masses from those that are likely to behave in an 
aggressive manner. The Society of Nuclear Medicine and Molecular Imaging 
broadly defines the field of molecular imaging as “a type of medical imaging that 
provides detailed pictures of what is happening inside the body at the molecular and 
cellular level [30].” Thus, molecular imaging is able to provide functional informa-
tion about a tumor’s underlying biology that is not available from anatomical cross- 
sectional imaging.

The two most common modalities employed in molecular imaging are positron 
emission tomography (PET) and single-photon emission computed tomography 
(SPECT). Fundamentally, PET makes use of positron-emitting radionuclides 
(including 18F, 11C, 68Ga, 124I, and 89Zr) that are covalently or non-covalently bonded 
or conjugated to molecules that allow for localization of the radionuclide to a cel-
lular or molecular process of interest. The decay of such radionuclides produces a 
positron that interacts with surrounding matter, comes to rest, and then annihilates 
with a nearby electron. This annihilation process produces two 511-keV photons 
that are given off in opposite directions and are detected at nearly exactly the same 
time at opposite points around a ring of detectors that surrounds the patient. This 
process is often referred to as “coincidence detection.” The sophisticated electronics 
of the PET scanner are able to localize these coincidence detection events and 
record a line of response connecting the two detectors triggered coincidentally. 
Because the original positron decay event must have occurred along that line or 
response, the coincidence detection encodes spatial information on where the 
positron- emitting decay event occurred. Through the collection of many such 
 coincidence events, the system is able to reconstruct images that reflect the distribu-
tion of the radiotracer within the patient’s body.

SPECT makes use of a fundamentally different process than PET. SPECT relies 
on single-photon-emitting radionuclides (including 99mTc, 111In, and 123I), and the 
coincidence detection that underlies PET is not possible with these radioisotopes. 
Single-photon emission is an omnidirectional process, with emission of the photons 
from the radiotracer occurring in such a way that any direction of photon emission 
is equally likely as any other direction. As such, the imaging process places a col-
limator between the patient and the detector. A collimator allows only those photons 
that travel through its holes, which are positioned perpendicular to the patient, to 
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reach the detector thereby excluding photons that arrive at an angle to the collimator 
holes, thus imparting spatial information to the created image. A SPECT detector 
and its associated collimator are slowly rotated around the patient in either a step-
wise or continuous manner so that complete volumetric data can be acquired.

The data acquired from these imaging methods are usually reconstructed in a 
tomographic manner and then combined with anatomic information from CT or less 
commonly MRI. As such, most modern molecular imaging is actually a combina-
tion of molecular and anatomic information.

 Radiotracers and Their Targets

The most commonly used molecular imaging agent is the PET radiotracer and glu-
cose analog 2-deoxy-2-[18F]fluoro-D-glucose (18F-FDG). 18F-FDG is a profoundly 
important radiotracer that has revolutionized the imaging of many malignancies. 
This imaging agent, however, has not shown an ability to reliably identify or char-
acterize renal tumors [31]. As such, other radiotracers have been investigated for 
these purposes.

The best studied target for renal mass molecular imaging is carbonic anhydrase 
IX (CAIX), a cell surface enzyme with a role in maintaining extracellular pH [32]. 
While in many nonrenal malignancies, CAIX expression is inducible and related to 
the low oxygen tension of hypoxia, the vast majority of clear cell RCCs constitu-
tively overexpress CAIX as a result of loss of the von Hippel-Lindau tumor suppres-
sor gene [33, 34]. Further enhancing the appeal of CAIX as a target is that it is not 
found to any measurable extent in normal renal parenchyma or on renal masses 
other than the clear cell subtype [35–37]. An 124I-labeled monoclonal antibody 
against CAIX (124I-girentuximab) has proven particularly promising. A pilot study 
of 26 patients with renal tumors who underwent 124I-girentuximab PET/CT imaging 
prior to surgical resection found a sensitivity of 94% for the detection of clear cell 
RCC with no false-positive results [38]. A larger multicenter trial with 195 patients 
was also promising with a reported sensitivity of 86.2% and specificity of 85.9% for 
the identification of clear cell RCC [39]. Overall, 124I-girentuximab PET/CT was 
found to be significantly more sensitive and specific than conventional imaging with 
contrast-enhanced CT. Given these promising results, other CAIX-targeting agents, 
including small molecule radiotracers, are also being investigated [40, 41].

11C-acetate, a radiolabeled cholesterol and fatty acid precursor, has also been 
studied in the context of characterizing otherwise indeterminate renal masses. 
Imaging with this radiotracer has demonstrated an overall higher sensitivity for 
detecting RCCs in comparison to 18F-FDG. Additionally, this radiotracer may have 
a role in the identification of fat-poor AMLs, which have been shown to take up 
significant amounts of 11C-acetate [42].

Recently, there has been an interest in applying the widely available and inexpen-
sive single-photon-emitting radiotracer 99mTc-sestamibi for the characterization of 
anatomically indeterminate renal tumors (Fig. 4.7). 99mTc-sestamibi is a lipophilic 
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cation that has an intrinsic affinity for the high negative charge potential associated 
with mitochondrial membranes. Current common uses of 99mTc-sestamibi include 
myocardial perfusion imaging and localization of parathyroid adenomas. 
Interestingly, as early as 1996, Gormley and coworkers had the insight that 
mitochondria- rich oncocytomas might demonstrate differential uptake of 99mTc- 
sestamibi in comparison to other renal tumors [43]. Indeed, in a proof-of-principle 
study using non-tomographic imaging, the authors successfully identified an onco-
cytoma among several renal tumors [43]. Approximately 20 years later, Rowe et al. 
utilized the more detailed fusion of molecular and anatomic imaging available with 
SPECT/CT to further suggest the usefulness of 99mTc-sestamibi imaging in this 
 context [44]. In their study, the authors successfully utilized 99mTc-sestamibi SPECT/
CT to differentiate three oncocytomas apart from three aggressive RCCs. In a fol-
low- up study that included 50 patients, Gorin and coworkers reported a sensitivity 
of 87.5% and a specificity of 95.2% for preoperatively identifying oncocytomas and 
closely related hybrid oncocytic/chromophobe tumors from other renal tumor types 
[45]. Additionally, initial results of a large diagnostic trial taking place in Sweden 
supported the high accuracy of this method for characterizing renal tumors as 
benign/indolent [46].

Beyond aiding in the characterization of clinically localized renal masses, 
molecular imaging also has potential to assist in staging patients with RCC. More 
specifically, 18F-FDG PET/CT has proven to have a high degree of sensitivity for 
detecting sites of metastatic RCC [47]. It should be noted, however, that current 
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Fig. 4.7 Characterization of renal tumor histology using 99mTc-sestamibi SPECT/CT. (a) Axial, 
late arterial phase CT image from a patient with an indeterminate right renal mass (red arrowhead). 
(b) Axial 99mTc-sestamibi SPECT and (c) SPECT/CT images from the same patient show intense 
radiotracer uptake (red arrowheads), most compatible with a benign or indolent histology. This 
tumor was biopsied and found to be an oncocytic renal neoplasm. The patient is currently on active 
surveillance. (d) Axial, arterial phase CT from another patient with an indeterminate right renal 
mass (red arrowhead). (e) Axial 99mTc-sestamibi SPECT and (f) SPECT/CT images from the same 
patient demonstrate a lack of radiotracer uptake in the mass (red arrowheads), most compatible 
with an aggressive histology. This mass was resected and found to be a clear cell RCC
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guidelines from the National Comprehensive Cancer Network do not endorse the 
routine use of this imaging modality due to a relative paucity of data to suggest that 
this expensive imaging modality is superior to contrast-enhanced CT [48]. Additional 
investigational PET agents that show promise for the detection of RCC metastases 
include 89Zr-labeled bevacizumab (a monoclonal antibody against vascular endothe-
lial growth factor [49]) and 18F- and 68Ga-labeled small molecular radiotracers tar-
geted against prostate-specific membrane antigen [50, 51].

 Conclusions

A number of modalities exist for imaging renal tumors including conventional ana-
tomic methods (CT, MRI, and US) and molecular imaging approaches (PET and 
SPECT). Conventional imaging will most often be the means by which renal tumors 
are detected, either incidentally when a patient is being imaged for non- genitourinary 
complaints or when a patient is undergoing an evaluation for clinical signs and 
symptoms such as hematuria or flank pain. Conventional imaging provides impor-
tant information regarding a detected renal mass including its solid or cystic nature, 
size, and stage in cases of malignancy. However, anatomic imaging often fails to 
differentiate benign from malignant clinically localized renal masses. For this rea-
son, there is currently an increasing emphasis on using molecular imaging data to 
provide additional information on the underlying biology of renal masses. At the 
time of this writing, there is not a widely accepted molecular imaging test for char-
acterizing renal tumors; however, several promising agents are in various stages of 
preclinical or early clinical development. In the future, it seems quite likely that 
molecular imaging will play an important role in the noninvasive risk stratification 
of clinically localized renal masses.
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Chapter 5
Renal Mass Biopsy

Matthew D. Ingham and Adam S. Feldman

 Introduction

Within the United States, renal cell carcinoma represents the sixth and 10th most 
commonly diagnosed cancer in men and women, respectively [1]. Over the past 
number of decades, the incidence of renal cell carcinoma have been largely on the 
rise [2, 3]. Though some studies looking at European countries have suggested that 
this trend may be starting to slow, more recent studies from the United States tell a 
different story [4]. Using data from the National Program of Cancer Registries and 
the Surveillance, Epidemiology, and End Results registry, King and colleagues 
noted a continued trend toward an increasing incidence of renal cell carcinoma – 
rising from 10.6/100,000 in 2001 to 12.4/100,00 in 2010 [5]. Undoubtedly, much of 
this increase in incidence stems from the rapidly increasing utilization of cross-
sectional abdominal imaging [6, 7]. A majority of renal masses are found inciden-
tally, with 13–27% of all abdominal imaging having some form of incidental renal 
finding [8, 9]. As renal masses are increasingly discovered at an early stage where 
nearly 20% may be benign lesions, we are often faced with a need to further risk-
stratify before deciding on a management strategy [10, 11]. Percutaneous renal 
mass biopsy is a diagnostic option which can be utilized to help address this clinical 
dilemma. Interestingly, renal mass biopsy is utilized infrequently in the clinical 
evaluation of renal masses, with many stating a lack of influence on clinical man-
agement as rationale [12, 13]. The goals of this chapter are to discuss the clinical 
indications for percutaneous renal mass biopsy, the technique of the procedure, 
clinical outcomes, and potential complications.
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 Indications for Renal Mass Biopsy

When assessing the various indications to pursue renal mass biopsy, both well- 
established and emerging indications exist [14]. The main guiding principle behind 
these indications is that the renal mass biopsy should be performed in cases where 
the outcome will significantly change the clinical management strategy offered. 
One common indication is in the patient in whom another known malignancy 
exists. For these patients, the possibility of a renal mass representing a metastasis 
is real and must be further clarified before appropriate treatment may be offered. 
Although some cancers exhibit a significant predilection to metastasize to the kid-
ney, the risk of a new primary renal malignancy cannot be ignored. In one series, 
nearly 50% of biopsies confirmed a renal primary despite a concurrent diagnosis of 
lung cancer [15].

Similar to a diagnosis of a separate, non-renal malignancy, infectious processes 
may mimic a suspicious renal mass. Cases of pyelonephritis may result in small 
focal abscesses or lobar nephronia, which may make a clear radiologic diagnosis 
difficult [16]. Although infectious causes can often be differentiated clinically, there 
are cases in which the clinical picture is not as clear and biopsy can significantly 
help direct care.

Beyond simply needing to clarify a confusing lesion noted on imaging, renal 
mass biopsy may also play a role in those patients in whom the standard therapy of 
surgical extirpation is not an option. In cases of surgically unresectable disease, 
renal mass biopsy can provide a tissue diagnosis to help guide systemic medical 
therapy. Similarly, as the general population continues to live longer and, as such, 
often does so in the setting of increasing chronic disease burden, we commonly find 
ourselves faced with renal masses diagnosed in patients who pose significant opera-
tive risk. Pathologic clarification as facilitated by renal mass biopsy can be critical 
in appropriately risk-stratifying these patients. As noted earlier, radiographically 
suspicious renal masses still carry a significant risk of benign pathology or may 
represent a less-aggressive histology [7, 10]. In these cases, the risks of operative 
intervention may not warrant the potential benefit.

As the incidental discovery of small renal masses increases, so too does the expe-
rience with active surveillance as a primary management strategy. In a recently 
reported large study from the Delayed Intervention and Surveillance for Small 
Renal Masses (DISSRM) registry, active surveillance appears to offer cancer- 
specific survival rates which were non-inferior to primary intervention [17]. Many 
will argue that those patients being selected for active surveillance should only be 
eligible following a renal mass biopsy to ensure the absence of overly aggressive 
pathology [18]. Admittedly, this remains a debatable point, though studies have 
shown some benefit in quality of life when patients on watchful waiting have an 
increased certainty regarding their disease state [19, 20].

Similar to the rise of active surveillance as a management option for the small 
renal mass, the field has seen an increase in the utilization of ablative therapies. In 
these cases, it is imperative to perform a renal mass biopsy to both confirm the 
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 diagnosis and also to ensure a pathologic specimen is available to guide follow-up 
and additional therapy should any late recurrence or metastasis develop [21]. 
Although cystic lesions pose a significant risk of a nondiagnostic biopsy, in care-
fully selected patients with cystic masses containing a significant solid component, 
there may be a role for renal mass biopsy as radiologic diagnosis can be even more 
difficult than for a purely solid renal mass [14].

In patients with multiple or bilateral renal masses, renal mass biopsy offers a 
potential advantage in two respects. First, establishing a diagnosis of renal cell car-
cinoma can help direct decisions about testing for germline genetic mutations and 
thus guide planning for treatment versus observation based on tumor size. Second, 
assessing for a benign lesion may be prudent prior to intervening on both kidneys in 
patients with bilateral renal lesions. In patients with known genetic syndromes, 
decisions about a biopsy can be directed by the specific syndrome. In von Hippel- 
Lindau disease, a biopsy to confirm renal cell carcinoma is likely not necessary. 
However, in tuberous sclerosis complex, the risk of a lipid-poor angiomyolipoma is 
significant, and therefore treatment may be avoidable in many of these patients [22]. 
A listing of indications for performing renal mass biopsy is presented in Table 5.1.

 Clinical Guidelines

A number of societal guidelines have been updated to include guidance on the utili-
zation of renal mass biopsy. The 2017 Renal Mass and Localized Renal Cancer 
Guideline from the American Urological Association states that renal mass biopsy 
should be considered when a mass is suspected to be hematologic, metastatic, infec-
tious, or inflammatory and after a thorough discussion of the risks and benefits [23]. 
The National Comprehensive Cancer Network 2017 kidney cancer guidelines 
endorse similar indications for biopsy but go slightly further, noting that a biopsy 
may be considered in small masses to help guide decisions regarding active surveil-
lance and the various ablative techniques [24]. Similarly, the 2014 European 
Association of Urology guidelines on renal cell carcinoma suggest that renal mass 

Table 5.1 Indications for 
renal mass biopsy

Indications for biopsy
Planned renal mass ablationa

Increased operative risk/advanced age
Solitary kidney/significant renal insufficiency
Known non-renal malignancy and concern for metastasis
Multiple suspicious renal masses
Select genetic syndromes (e.g., tuberous sclerosis 
complex)
Surgically unresectable disease
Suspicion of an infectious process

aWe view biopsy in ablation cases as an absolute indication
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biopsy is reasonable prior to either surveillance or ablation but report only a grade 
C level of evidence [25].

Outlined in Fig. 5.1 is a simple decision algorithm for when to employ renal 
mass biopsy [19]. While this algorithm gives some helpful guidance, there remains 
significant room for subjectivity in determining the true “clinical benefit” of the 
procedure.

 Renal Mass Biopsy Techniques

A number of different technical aspects of renal mass biopsy must be considered to 
help maximize the diagnostic utility and minimize potential complications. These 
include imaging guidance, equipment and passage technique, and amount of speci-
men taken. In addition to these, one must ensure that a thorough pre-procedural 
evaluation has been completed. Specific attention must be paid to any known bleed-
ing disorders or pre-procedural use of anticoagulants and/or antiplatelet agents. We 
typically recommend stopping these 5–7  days before the planned procedure, 
although in patients with a known history of cardiovascular disease on daily 81 mg 
of aspirin, we do continue this medication through the procedure.

Renal mass

No biopsy

B
i
o
p
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y

Is Iymphoma, abscess or
metastasis suspected?

Is patient AS candidate?

Is patient/treatment team willing
to observe benign lesion?*

Is patient/
treatment

team
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accept
risks of
biopsy?

Is ablation planned?

No

Yes Is there a clinical
benefit to histologic
risk assessment?§

Yes Yes

Yes Yes

Yes Yes

Yes Yes

No

No

No
No No

Fig. 5.1 Algorithm for performing renal mass biopsy. (From Kutikov et al. [19], fig 1 with permis-
sion from Elsevier)
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 Imaging Guidance

Renal mass biopsy has traditionally been performed under guidance with either 
ultrasound or computed tomography (CT), although more recently use of magnetic 
resonance imaging (MRI) has gained some favor. To our knowledge, no significant 
head-to-head studies have been conducted to specifically address which imaging 
modality is most efficacious. Each, instead, offers its own set of benefits. In ultra-
sound guidance, the practitioner gains the advantage of real-time image acquisition 
and needle tracking – one can continually confirm that the needle is appropriately 
targeted. Additionally, ultrasound does not expose the patient to any ionizing radia-
tion. From a cost perspective, ultrasound remains an economical option for image 
guidance. In light of the relative ease of use and ubiquity in the urologic community, 
some have even advocated for the feasibility of office-based ultrasound-guided 
renal biopsy [26]. While these are all strong points in favor of ultrasound, one can-
not discount the fact that ultrasound may not demonstrate the renal lesion with 
appropriate accuracy and it is not suited for clearly highlighting surrounding struc-
tures at risk of injury.

In contrast to ultrasound, CT guidance offers an excellent modality for accu-
rately imaging the renal mass in question along with the surrounding structures of 
concern including the colon, pleural cavity, spleen, and liver. To help improve accu-
racy, a radiopaque skin grid is employed as imaging is not real-time as is the case 
with ultrasound. Exposure to ionizing radiation is a consideration for CT guidance 
but can be minimized using contemporary scanners with low- and ultra-low-dose 
imaging protocols. Lastly, MRI guidance has gained some prominence as many 
ablative techniques also utilize this imaging modality. While these techniques have 
been described for more than 20 years, recent refinements in equipment and tech-
nique have improved its adoption [27].

 Equipment and Technique

While many factors may affect the diagnostic accuracy of renal mass biopsy, per-
haps the most basic of these is the chosen needle size. At our center, an 18G needle 
is typically used [28]. Studies have shown that a lowest threshold of an 18G needle 
should be used, as diagnostic accuracy rates drop from the mid to high 90% range 
down to a less acceptable 81% with use of a smaller 20G needle [29].

Traditionally, fine-needle aspiration was the main technique utilized for sample 
acquisition but has been supplemented or supplanted by core biopsy in recent years. 
During fine-needle aspiration, the sample is often processed by the cytopathology 
lab as opposed to formal tissue pathology as in the case of the core sample. Reports 
have shown that sample adequacy, ability to determine tumor subtype, and overall 
diagnostic accuracy are significantly reduced in fine-needle aspiration as compared 
to core biopsy [30, 31]. While core biopsy outperforms fine-needle aspiration as a 
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stand-alone technique, combination of both methods shows yet further improve-
ment in diagnostic accuracy with improvements of up to 14% [31, 32]. At our cen-
ter, we advocate for this combined method and typically take six fine-needle aspirate 
samples along with three core biopsies [28].

Another important aspect to consider involves the number of percutaneous needle 
passes made. In a traditional non-coaxial technique, multiple passes of the needle are 
made percutaneously to obtain the various samples needed. In contrast, coaxial tech-
nique limits the number of percutaneous needle passes by using a common access 
needle that is placed into the tissue in question. Multiple passes of the sampling nee-
dle are then made through this initial needle such that only one percutaneous pass is 
made. In a randomized, prospective, head-to-head study of these two techniques, the 
coaxial approach yielded a significantly faster procedure time, lower complication 
rate, and improved diagnostic yield as compared to the non-coaxial approach [33].

Finally, one must consider how much tissue is needed to obtain an accurate diag-
nosis. As stated, our institution prefers to do six fine-needle aspirates in addition to 
three core biopsies [28]. When looking at an ex vivo model, Lane and colleagues 
demonstrated that use of three cores significantly improves diagnostic rates, finding 
85% accuracy in comparison to only 59% for a single core [34]. Similar improve-
ments in three versus one core were noted in the ability to subtype the samples, with 
rates rising from 44% to 67% [34]. While multiple cores are needed, it may also 
prove beneficial to specifically obtain these cores from distinct regions of the mass, 
especially in cases of larger masses, due to tumor heterogeneity. Abel and col-
leagues described a novel method utilizing a multi-quadrant strategy wherein at 
least four separate tumor regions are sampled [35]. Using this technique, the authors 
were able to lower their nondiagnostic rate from 10.9% to 0%.

 Diagnostic Accuracy and Histologic Subtyping

 Adequacy of Sample and Overall Diagnostic Accuracy

In early series, the ability to arrive at a diagnosis from biopsy was somewhat poor. 
For patients with a renal mass ≤3 cm, the nondiagnostic rate was 16% with a nega-
tive predictive value of 60% [15]. In more contemporary series, the nondiagnostic 
rates range from 7.7% to 19.4% on initial biopsy [36–40]. These rates tend to 
improve when repeat biopsy is utilized, which typically carries a roughly 80% diag-
nostic rate [36–40]. This trend was also shown by Lane et al. in a meta-analysis that 
found that, when looking pre- vs post-2001, the nondiagnostic rate improved from 
9% to 5% [41]. A number of features have been shown to contribute to higher non-
diagnostic rates, namely, cystic and non-enhancing lesions, very small masses, and 
a skin-to-tumor distance ≥13 cm [42]. Our series demonstrated a high nondiagnos-
tic rate of 64% in cystic renal masses as compared to 12% in solid masses. In regard 
to tumor size, we identified an inflection point in the nondiagnostic rate at 1.5 cm, 
such that tumors <1.5 cm in diameter had a significantly greater risk of a nondiag-
nostic biopsy than larger tumors [43].
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Among those biopsies that are adequate for histologic diagnosis, the rates of 
concordance for determining the presence or absence of malignancy when com-
pared against resected tumor specimens are quite good. Multiple studies have 
reported concordance rates in the range of 91–98% [36, 38, 39, 44]. These results 
are echoed in a recent meta-analysis from Patel et al. that reported values of sensi-
tivity and specificity of 96% [36]. Similarly, a meta-analysis by Marconi et al. dem-
onstrated an overall diagnostic rate of 92% among 5200 patients [45].

 Histologic Subtyping and Grading

Beyond simply determining when a malignancy is or is not present, renal mass 
biopsy can play a role in assessing the tumor type and grade. Many feel that this is, 
in actuality, the more important information gleaned from the biopsy as it can help 
to determine tumor aggressiveness. Concordance rates of 91–96% were reported in 
the meta-analysis of Patel et  al. [36]. Similarly, a rate of 90.3% was noted by 
Marconi and coworkers [45].

When looking at the ability to accurately assess tumor-grade concordance between 
biopsy and resected tumor specimens, far greater variability between series can be 
seen. Rates range from 52% to 94%, with a fairly even distribution throughout that 
range [37, 39, 40, 44]. In the meta-analysis by Patel et al., concordance rates for tumor 
grade ranged from 51.5% to 75.9% [36]. Marconi et  al. reported a similar rate of 
62.5% [45]. When dichotomized into low (I–II) versus high grade (III–IV), the accu-
racy improved to 87% [45]. This is an important dichotomy to make, as many series 
showed very high levels of upgrading from low to high Fuhrman grade on final pathol-
ogy. Rates for this upgrading ranged from 16% to 32% [36, 38].

 Complications

Any discussion of renal mass biopsy would not be complete without addressing the 
potential procedural complications. With improvements in imaging and biopsy tech-
nique, the overall morbidity of renal mass biopsy has significantly improved. Today, 
only 0.1% of patients experience some form of life-threatening complication, and 
even minor complications arise <2% of the time [46, 47]. The most commonly 
encountered complications include bleeding and injury to adjacent structures.

 Tract Seeding

Concern over the possibility of seeding the biopsy tract was traditionally viewed as 
a significant reason to avoid ever performing percutaneous renal biopsy in the set-
ting of presumed malignancy. This view, however, has largely changed as relatively 
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few historical cases of tract seeding can be found in the world literature [48]. It is 
felt with the use of modern biopsy techniques, including the use of a coaxial sheath, 
the risk of tract seeding is nearly zero [28, 37]. We would, however, continue to 
recommend counseling patients on the negligible risk of seeding associated with 
biopsy using a contemporary technique.

 Bleeding

Renal mass biopsy carries with it a risk of bleeding in the form of perinephric hema-
toma or gross hematuria. However, these events are most often clinically insignifi-
cant. Uncommonly, they can lead to hospital admission for observation, transfusion, 
or even the need for intervention. These risks can be minimized by a thorough pre-
procedural assessment of any potential factors that may predispose the patient to 
bleeding. It is important to note that an uncorrected coagulopathy is an absolute 
contraindication to percutaneous renal biopsy. Use of smaller needles can help to 
minimize bleeding risk. A study of renal biopsies performed for medical renal dis-
ease showed that use of a 14G needle led to a 2.1% transfusion rate as opposed to 
only 0.5% for smaller needles [49]. Similarly low rates were noted in a large recent 
meta-analysis, with transfusion being needed in 0.7% of cases [45]. Of note, one 
study in which a CT scan was routinely performed after performing of renal biop-
sies showed that the rate of perinephric hematoma to be as high as 90.8% [50]. This 
study, however, is now some 30 years old and did not employ modern techniques 
described earlier. More recent studies, where imaging was not obligatory but more 
symptom driven, have shown hematoma rates closer to 5% [45]. Following the pro-
cedure, bleeding complications may be minimized by laying supine to help with 
local compression of the biopsy site. Complications have been shown to largely 
occur early on, with 42% apparent by 4 h, 85% apparent by 12 h, and 89% apparent 
by 24 h [51]. At our institution, biopsies are performed under CT guidance and a 
post-biopsy scan is performed to assess for hematoma. Those patients who have 
either a visible hematoma on CT or gross hematuria are observed.

In addition to bleeding complications, there is the potential to injure intrarenal or 
perirenal vascular structures which may lead to pseudoaneurysm or arteriovenous 
fistula formation. Luckily, these complications are exceedingly rare with only one 
patient identified by Marconi et al. in their large meta-analysis [45]. Should this 
occur, treatment with embolization is typically warranted. A case of a post-biopsy 
arteriovenous fistula that was corrected by embolizastion of a segmental artery is 
illustrated in Fig. 5.2.

 Injury to Surrounding Structures

Continuous attention and care must be paid to the fact that the kidneys have a number 
of closely associated structures, which may be at risk during renal mass biopsy. These 
structures include the pleura, colon, liver, spleen, stomach, and even pancreas. 
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Luckily, with improved imaging and biopsy techniques, injury rates are minimal. 
Typically, upper pole lesions are the most technically demanding and often require a 
prone, intercostal approach. Stable respiration is essential, as biopsy under full inspi-
ration will minimize risk to the organs but does lead to higher rates of pneumothorax 
[52]. Luckily, more recent studies seem to suggest that intercostal access is much 
safer than previously believed, with no pneumothoraces identified in one series [53].

 Economic Implications

In the current healthcare environment, economic considerations must be taken into 
account when considering the role of renal mass biopsy. Two cost-effectiveness 
analyses have evaluated renal mass biopsy and demonstrated favorable economics 
associated with this procedure [54, 55]. Pandharipande and colleagues utilized a 
decision-analytic Markov model for patients with renal masses ≤4 cm and found 
that renal mass biopsy was economically superior to immediate intervention with a 
lifetime cost benefit of nearly $3500 [54]. Similarly, Heilbrun and colleagues found 

a
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Fig. 5.2 (a) CT-guided right renal mass biopsy. (b) Post-procedure CT scan showing a very mild 
anterior subcapsular hematoma. (c) Early filling of the right renal vein on arteriogram suggestive 
of an arteriovenous fistula. (d) Successful fistula coil embolization
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that renal mass biopsy resulted in a cost of $33,840 for every quality-adjusted life- 
year gained, proving to be the most cost-effective diagnostic strategy [55].

 Conclusions

Renal mass biopsy can help guide treatment recommendations in appropriately 
selected patients. Advances in imaging and biopsy techniques have led to a nondi-
agnostic rate consistently below 15%. Similarly, procedural safety has been greatly 
improved with minimal morbidity now commonplace. While further study and criti-
cal appraisal are needed, we feel that renal mass biopsy is, and will continue to be, 
a valuable adjunct in our care of patients with a renal mass.
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Chapter 6
Imaging-Based Scoring Systems 
for the Risk Stratification of Renal Tumors

Andrew G. McIntosh, Shreyas Joshi, Robert G. Uzzo, and Alexander Kutikov

 Introduction

Patients presenting with a renal mass pose a unique and often complex set of chal-
lenges to the clinician. Individualizing an optimal treatment strategy requires the 
evaluation of a broad array of considerations and competing risks. Factors that can 
help match disease risk to treatment intensity can be patient-related and/or tumor-
related. Patient-related risks such as age and comorbidity are well-established [1, 2], 
while tumor-related risks are the subject of ongoing clinical [3–5] and basic science 
research [6, 7]. To better describe and classify tumors, imaging-based scoring sys-
tems have been developed that can standardize reporting and guide management 
[8–14].

Higher utilization of cross-sectional imaging has led to an increase in identifica-
tion of early stage renal masses [5]. In parallel, management strategies for renal 
masses have expanded from radical nephrectomy in all-comers to individualized 
application of nephron-sparing surgery, tumor ablation, and active surveillance [3, 
15, 16]. To better objectify patient selection for these various management 
approaches, effective communication of tumor anatomic characteristics has become 
increasingly necessary. To this end, the first standardized system for objective 
reporting of renal mass anatomic complexity, the R.E.N.A.L. nephrometry score, 
was introduced in 2009 by Kutikov and Uzzo [8]. This scoring system allows for 
renal tumor size, location, and depth to be quantified in a standardized fashion. 
Subsequently, a variety of other scoring systems were developed to similarly 
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standardize the assessment and reporting of renal masses. These include the 
PADUA [9], C-index [10], ABC [12], DAP [11], Zonal NePhRO [13], and CSA 
scores [14].

The value of renal scoring systems has been extensively evaluated in the litera-
ture, primarily using retrospective cohorts, to examine the utility and explore vari-
ous applications of these scoring systems [17–20]. Initially described to standardize 
communication regarding choice of operative approach [21–23], association 
between renal scoring systems and intraoperative variables such as operative times 
[24] and warm ischemia time [17, 19, 25–30] has been extensively explored. 
Furthermore, R.E.N.A.L. nephrometry score appears to be associated with postop-
erative outcomes such as complications [18] and functional [28] and oncologic out-
comes [31]. This chapter reviews the various renal scoring systems and highlights 
their utility for academic reporting and critical decision-making in clinical 
practice.

 Renal Mass Anatomic Complexity Scoring Systems

A number of renal scoring systems have been introduced since 2009 [8]. Some, like 
the R.E.N.A.L. nephrometry score, have been comprehensively investigated and 
harnessed for reporting in the urologic literature, while others have seen more mod-
est adoption and/or validation (Reviewed in [32]). The fundamental premise of all 
of the systems is to allow the clinician to objectively assign a reproducible alphanu-
meric metric to a renal mass’s salient characteristics as they relate to anatomic 
location.

 R.E.N.A.L. Nephrometry

The R.E.N.A.L. nephrometry scoring system was the first presented at the 2009 
American Urological Meeting in Chicago, IL, and soon thereafter published in 
The Journal of Urology [8]. The premise was to introduce a “standardized descrip-
tive construct” to communicate renal tumor anatomic complexity assessed from 
cross-sectional imaging. The score that was introduced is comprised of five com-
ponents: tumor size (R), endo/exophycity (E), nearness to the renal sinus (N), 
anterior/posterior position (A), and location relative to the polar lines (L). Table 6.1 
summarizes the components and the corresponding point values used to calculate 
the score. An additional modifier, “h,” is added to the score if the mass is hilar 
in location and abuts the main renal artery or vein. These scores can be grouped 
into ranges that correspond to the complexity of the renal mass. Scores of 4–6 
represent masses with relatively “simple complexity” (Fig. 6.1), scores of 7–9 are 
of “moderate complexity” (Fig. 6.2), and scores of 9–12 are of “high complexity” 
(Fig. 6.3).
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A growing body of literature has evaluated the utility of the R.E.N.A.L. neph-
rometry scoring system in the management of renal masses and in prediction of 
clinical outcomes (Table 6.2). The R.E.N.A.L. nephrometry scoring system appears 
to have high intra- and interobserver reproducibility [29, 60], and clinicians across 
multiple levels of training can be readily taught to score the anatomic complexity of 
renal masses with a high level of fidelity [58].

A central feature of the R.E.N.A.L. nephrometry scoring system is its ability to 
stratify masses by complication risk following partial nephrectomy. In a seminal 

Table 6.1 The R.E.N.A.L. nephrometry scoring system

1 pt 2 pts 3 pts

(R)adius (maximal 
diameter in cm)

≤4 >4 but <7 ≥7

(E)xophytic/
endophytic properties

≥50% <50% 100% endophytic

(N)earness of the 
tumor to the 
collecting system or 
sinus (in mm)

≥7 >4 but <7 ≤4

(A)nterior/posterior Mass assigned a, p, or x descriptor based on location relative to plane 
created by renal hilum. Those masses assigned x cross plane

(L)ocation relative to 
the polar lines

Entirely above the 
upper or below the 
lower polar line

Lesion 
crosses 
polar line

>50% of mass is across polar line 
(a) or mass crosses the axial renal 
midline (b) or mass is entirely 
between the polar lines (c)

Suffix:
(H)ilar

Assigned if the tumor touches the main renal artery or vein

From Kutikov et al. [8], with permission of Elsevier

a b

Fig. 6.1 (a) axial and (b) coronal computed tomography images of a “simple-complexity” lesion. 
R.E.N.A.L nephrometry score = 1 + 2 + 1 + p + 1 = 5p
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study, Simhan et al. [18] demonstrated that as tumor complexity increases, so do the 
rates of major complications following partial nephrectomy (6.4% vs. 11.1% vs. 
21.9% for low, moderate, and high complexity score grouping, respectively, 
p = 0.009). Subsequent investigators have confirmed these findings in cohorts of 
patients undergoing both open and minimally invasive partial nephrectomy [22, 44]. 
Moreover, various reports have specifically investigated the correlation between 
tumor anatomic complexity, as objectified by the R.E.N.A.L. nephrometry scoring 
system, and postoperative urine leak [23, 30, 45]. For example, in a cohort of nearly 
300 partial nephrectomies, Stroup et  al. [23] found that higher R.E.N.A.L. 

a b

Fig. 6.2 (a) axial and (b) coronal computed tomography images of a “moderate-complexity” 
lesion. R.E.N.A.L. nephrometry score = 2 + 2 + 2 + x + 2 = 8x

a b

Fig. 6.3 (a) axial and (b) coronal computed tomography images of a “high-complexity” lesion. 
R.E.N.A.L. nephrometry score = 3 + 2 + 3 + x + 2h = 10xh
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Table 6.2 Summary of studies evaluating the predictive utility of the R.E.N.A.L. nephrometry 
scoring systema

References

Descriptive utility

Correlation with treatment type and/or approach Canter et al. [21]
Broughton et al. [33]
Rosevear et al. [22]
Stroup et al. [23]
Tobert et al. [34]
Esen et al. [35]
Tomaszewski et al. [36]

Correlation with operative and ischemia times Okhunov et al. [29]
Hayn et al. [17]
Hew et al. [37]
Mayer et al. [38]
Bylund et al. [28]
Kruck et al. [24]
Ellison et al. [25]
Lavallee et al. [39]
Altunrende et al. [40]
Liu et al. [41]
Png et al. [26]
Kobayashi et al. [42]
Tomaszewski et al. [30]
Borgmann et al. [43]

Correlation with complication rates Simhan et al. [18]
Rosevear et al. [22]
Tanagho et al. [44]
Borgmann et al. [43]

Complications after NSS (MIS or open) Hayn et al. [17]
Hew et al. [37]
Liu et al. [41]
Ellison et al. [25]

  Urine leak Bruner et al. [45]
Stroup et al. [23]
Tomaszewski et al. [46]

  Hemorrhage Kruck et al. [24]
Jung et al. [47]

  Conversion to nephrectomy Kobayashi et al. [42]
Post-RFA complications Schmit et al. [48]

Reyes et al. [49]
Chang et al. [50]

Post-cryotherapy complications Okhunov et al. [51]
Sisul et al. [52]
Schmit et al. [48]
Lagerveld et al. [53]

Predictive utility

Length of stay Kruck et al. [24]
Ellison et al. [25]

(continued)
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nephrometry score was associated with increased odds of urine leak (OR, 1.56; 
p = 0.002). In a smaller cohort, each point increase in the R.E.N.A.L. nephrometry 
score was associated with a 35% increased risk of urine leak [45]. Other authors 
have also identified an association between R.E.N.A.L. nephrometry score and peri-
operative blood loss, demonstrating a significantly higher bleeding risk for tumors 
with scores of greater than 7 [24]. Finally, the correlation between R.E.N.A.L. 
nephrometry score and warm ischemia time during nephron-sparing surgery is well 
documented. Tomaszewski et  al., in a cohort of 375 patients undergoing robotic 
partial nephrectomy, observed that significant differences in ischemia time were 
noted between low, intermediate, and high complexity masses [30]. Other investiga-
tors have also noted a significant trend toward longer warm ischemia time in patients 
with higher-complexity tumors [40].

R.E.N.A.L. nephrometry score can be used to predict both postoperative renal 
functional decline [61] and progression-free/overall survival [31] following surgery. 
Kopp et  al. observed that radical nephrectomy is independently associated with 
decreased renal function compared to partial nephrectomy for T2 renal masses with 
scores ≤10 but not for scores >10 [61]. Further, the authors noted an increasing 
decline in glomerular filtration rate for every point decrease in R.E.N.A.L. nephrom-
etry score. These data suggest that this scoring system may help guide the decision 
to perform a radical nephrectomy in patients with large masses. In another study, the 
same investigators demonstrated improved progression-free survival for R.E.N.A.L. 
nephrometry scores <10 vs. ≥10 (p < 0.001) and that patients with a score of ≥10 
were more likely to die of renal cell carcinoma (p < 0.001) or any cause (p < 0.001) 
[31]. Such findings are thought provoking and can help inform the decision-making 
process regarding surgical approach for complex renal masses [62].

As was demonstrated in the original manuscript, R.E.N.A.L. nephrometry score 
correlates with treatment type [1]. Anatomically complex masses, regardless of size, 
are more likely to be treated with radical nephrectomy or open partial nephrectomy 
than with minimally invasive nephron-sparing surgery [21]. Meanwhile, patients 
with masses placed on active surveillance were more likely to have lower individual 
R.E.N.A.L. component scores [36]. Indeed, it appears clinicians are more likely to 

Table 6.2 (continued)

References

Pathology Kutikov et al. [54]
Satasivam et al. [55]
Wang et al. [56]
Gorin et al. [57]

Surgical margins Borgmann et al. [43]
Survival Weight et al. [58]

Kopp et al. [31]
Tumor growth rate Matsumoto et al. [59]
Renal function Bylund et al. [28]

Kruck et al. [24]

Adapted from Joshi et al. [32]
NSS nephron-sparing surgery, MIS minimally invasive surgery, RFA radio-frequency ablation
aAll cited studies are observational in nature (Grade C) and represent level 3 evidence
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place low-complexity tumors on active surveillance, likely because these are felt to 
be less biologically aggressive [36]. R.E.N.A.L nephrometry score also appears to 
strongly correlate with case selection for both low- and high-volume surgeons in the 
community setting [34].

A number of investigators have explored the role of R.E.N.A.L nephrometry 
score for predicting surgical pathology [54–57]. Gorin et al. noted on multivariate 
analysis that higher scores were associated with tumor upstaging from cT1 to pT3a 
upon resection (OR 2.97, 95% CI 1.20–7.35, p = 0.02) [57]. Tumor anatomic com-
plexity as captured by R.E.N.A.L. nephrometry score also appears to be predictive 
of tumor grade and histology [54]. A nomogram that demonstrated the predictive 
ability of anatomic complexity for pathologic assessment, albeit imperfect, has been 
subsequently validated in other cohorts [56]. Other investigators, nevertheless, 
reported that R.E.N.A.L. nephrometry score was suboptimal in distinguishing 
benign from malignant tumors [63] or in accurately predicting histology [64]. 
Table 6.2 summarizes publications analyzing the descriptive and predictive utility 
of the R.E.N.A.L. nephrometry score and their corresponding levels of evidence for 
its descriptive and predictive utility.

 PADUA Score

Preoperative Aspects and Dimensions Used for an Anatomical (PADUA) clasifica-
tion system was introduced by Ficarra et  al. soon after the publication of the 
R.E.N.A.L. nephrometry system and is similar in its descriptive characteristics [9]. 
The PADUA score also incorporates tumor size and includes the following anatomi-
cal elements: anterior or posterior face, longitudinal and rim tumor location, tumor 
relationships with the renal sinus or collecting system, and percentage of tumor 
deepening into the kidney. While the PADUA score similarly incorporates tumor 
radius and exo/endophycity, the two scores describe slightly different spatial rela-
tionships, such as the relation to polar lines or the renal rim.

The PADUA score has not been as widely utilized in the literature as the 
R.E.N.A.L. nephrometry score, although it appears to have similar utility in tumor 
risk stratification. Tyritzis et al. [65] found PADUA score to be an independent pre-
dictor of postoperative complications following partial nephrectomy. Other studies 
attempting to assess the utility of PADUA scores have confirmed its association 
with postoperative complications and have identified longer warm ischemia times 
with higher PADUA scores [19, 37].

 Centrality Index (C-Index)

Introduced in 2010, the Centrality Index (C-index) utilizes the spatial relationship 
between the center of the tumor and the center of the kidney [10]. The C-index is the 
ratio of the calculated value “c” and the tumor radius. “c” represents the hypotenuse of 
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a right triangle with sides formed by two anatomical distance relationships (x2 + y2 = c2). 
“x” is the “horizontal” (medial to lateral) distance from the renal hilum to the center of 
the tumor, and “y” is the “height” (cranio-caudal) in cm from hilar center to level of 
maximum tumor diameter. The C-index is unique in that it relies on objective mea-
surements rather than incorporating points based on the qualitative components of the 
R.E.N.A.L. nephrometry and PADUA scores. A higher C-index score is indicative of 
a relatively lower level of mass complexity. For example, a C-index of “0” is indicative 
of a tumor that is concentric with the center of the kidney, while a C-index of >1 
denotes a peripheral tumor increasingly distant from the kidney center.

The C-index has not been widely adopted and is less broadly validated in the 
literature. It may be that it is conceptually more complex than other descriptive 
scores, which may limit its clinical utility; however, high interobserver agreement 
between urologists (0.98) has been demonstrated [60]. Furthermore, the C-index 
has been associated with renal functional outcomes. A C-index of less than 2.5 cor-
related with a 2.2-fold increased risk of 30% loss of estimated glomerular filtration 
rate [20] and was significantly correlated with percent change in creatinine level 
(p = −0.33) [29] following laparoscopic partial nephrectomy. Additionally, C-index 
has been found to be associated with warm ischemia time [10, 28, 29], which is a 
surrogate for technical complexity.

 DAP Score

The Diameter-Axial-Polar (DAP) scoring system was developed to simplify the pre-
viously developed R.E.N.A.L nephrometry and C-index scores by combining their 
optimized attributes [11]. As the name suggests, the score is tabulated utilizing three 
components: (1) the largest axial tumor diameter, (2) the axial distance between the 
edge of the tumor and center of the kidney, and (3) the distance from the tumor edge 
to the equatorial plane of the kidney.

The DAP score was conceived to combine established concepts into a relatively 
straightforward system, and the establishing authors demonstrated improved 
interobserver agreement relative to R.E.N.A.L. nephrometry and C-index scores 
[11]. Subsequent studies have shown DAP score to be a good predictor of warm 
ischemia time and renal functional decline following partial nephrectomy [27, 66]. 
More recent evidence, however, suggests that the R.E.N.A.L. nephrometry score 
may outperform the DAP score in predicting perioperative outcomes [43].

 ABC Score

The Arterial Based Complexity (ABC) score was introduced in 2016 and was 
designed to assess the morbidity profile of partial nephrectomy [12]. The system 
analyzes renal masses by the branching order vessels that need to be transected dur-
ing partial nephrectomy. Variable scores are assigned to each vessel category. Scores 
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of 1, 2, 3S, or 3H are assigned to interlobular or arcuate arteries, interlobar arteries, 
segmental arteries, or those in proximity to the renal hilum, respectively. Higher 
scores designate higher mass anatomic complexity.

External validation of this score is limited, but one study found association with 
the ABC score with on-clamp excision and opening of the collecting system on 
multivariate analysis [67]. Additionally, when modified to combine invasiveness 

and tumor diameter, it was an independent predictor of complications.

 Zonal NePhRO Scoring System

The Zonal NePhRO scoring system was conceived to simplify the existing renal scor-
ing systems into four anatomical components: nearness to collecting system, physical 
location of the tumor in the kidney, radius of the tumor, and organization of the tumor 
[13]. Each component receives a score of 1, 2, or 3, and these scores are added together 
to obtain a renal mass complexity score. Zonal NePhRO score has been found to have 
high interobserver reproducibility [60]. While the scoring system has shown promise 
in predicting perioperative renal functional decline, complications, and warm isch-
emia times [68], further validation is needed before this can be widely adopted.

 Contact Surface Area

The main purpose for the development of the Contact Surface Area (CSA) score was 
to create a metric that best predicts perioperative nephron-sparing surgery outcomes 
[14]. CSA is calculated using image-rendering software that quantifies the CSA of 
the tumor with the surrounding renal parenchyma. A higher CSA corresponds to 
higher complexity, and investigators found CSA to be an independent predictor of 
operative time, complications, and renal functional outcomes. The requirement to 
utilize software-based computation is a major barrier to the widespread adoptability 
of CSA. However, a recent study demonstrated similar predictive value utilizing a 
computational formula rather than a software-based approach to calculate CSA 
[69]. Additionally, Haifler et al. validated this formula’s utility for estimated CSA as 
an independent predictor of change in renal function following surgery [70].

 Non-tumor Related Objective Scoring Systems

As the collective experience of using renal mass nephrometry continues to grow, 
efforts have been made to introduce scoring systems that objectify surgical anatomy 
not immediately related to the renal mass itself. The MAP score and renal pelvic 
score are two unique systems that have been introduced to describe some of these 
non-mass features.
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 MAP Score

For many surgeons performing partial nephrectomy, the presence of abundant and 
adherent perinephric fat can be one of the most challenging aspects of this opera-
tion. This so-called “sticky” or “bad” perinephric fat often results in a tedious and 
time-consuming dissection.

The Mayo Adhesive Probability (MAP) score was developed to predict the pres-
ence of adherent perinephric fat [71]. The investigators evaluated axial imaging 
from 100 consecutive patients undergoing robot-assisted partial nephrectomy and 
demonstrated that perinephric fat thickness at the level of the renal vein along with 
grade of perinephric stranding (Fig. 6.4) accurately predicted the presence of adher-
ent perinephric fat. A follow-up external validation study confirmed the predictive 
value of the MAP score [72]. Intriguingly, evidence also suggests that higher MAP 
scores may be associated with decreased progression-free survival following surgi-
cal treatment of clinically localized disease [73].

 The Renal Pelvic Score

Relationship of the renal tumor to the renal collecting system, specifically whether 
a collecting system repair was performed, has been shown to predict urine leak [74] 
and appears to predict perioperative outcomes [38]. Recently, the renal pelvis anat-
omy itself has been shown as a possible independent predictor post-partial nephrec-
tomy urine leak. The Renal Pelvic Score was conceived to evaluate whether renal 
pelvic anatomy could independently predict urine leak [46]. An objective method to 
classify renal pelvic anatomy was developed based on the percentage of renal pelvis 
contained within the renal parenchyma. Indeed, those patients with intraparenchy-
mal renal pelvic anatomy were found to have a markedly increased risk for urine 
leak, prolonged duration of leak, and need for intervention to stop the leak. This 
novel tool can help with case selection, inform decisions to take extra intraoperative 
precaution, such as ureteral stenting, and direct patient counseling.

a b c

Fig. 6.4 Mayo Adhesive Probability (MAP) score grading perinephric stranding. (a) No strand-
ing: 0 points. The tissue surrounding the kidney is uniformly black. (b) Type 1: 2 points. There is 
mild/moderate image-dense stranding, but no thick bars of inflamed tissue. (c) Type 2: 3 points. 
There is severe image-dense stranding with thick bars of inflammation
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 Comparisons of Renal Scoring Systems

Systematic comparisons of the various renal scoring systems are somewhat limited. 
In one study, R.E.N.A.L. nephrometry and PADUA scores were found to have simi-
larly high intra- and interobserver reproducibility [37]. Additionally, these scoring 
systems were found to have comparable ability to predict perioperative complica-
tions. Another study found that R.E.N.A.L. nephrometry, PADUA, and C-index 
scores all had a significant correlation with ischemia time (p < 0.001), with C-index 
having the strongest correlation [28]. The authors also observed that all three scor-
ing systems outperformed simply measuring tumor size and location.

Esen et al. [35] investigated the association of the R.E.N.A.L., PADUA, and C-index 
scores with surgical case selection and approach. The authors observed that both 
R.E.N.A.L. nephrometry and PADUA scores were associated with treatment choice, 
surgical approach, and open conversion. R.E.N.A.L. nephrometry score appeared to 
outperform the others in this analysis. Investigators have commonly noted R.E.N.A.L. 
nephrometry and PADUA scores to be useful in predicting perioperative outcomes [42].

Kriegmair et al. reported on 305 patients with renal masses whose tumors were 
prospectively evaluated using the R.E.N.A.L., PADUA, C-index, and NePhRO 
scores [60]. High interobserver agreement was noted for all scoring systems. 
Moreover, all of the scoring correlated well with surgical outcomes. The C-index, 
however, appeared to have less fidelity relative to R.E.N.A.L. nephrometry, PADUA, 
and NePhRO scores. Specifically, all scores but C-index were independent predic-
tors of severe complications.

In another recent analysis, investigators retrospectively evaluated the cross-sec-
tional imaging of 188 patients undergoing nephron-sparing surgery and indexed 
anatomic complexity using the R.E.N.A.L., PADUA, C-index, and DAP scores 
[43]. The study evaluated quantitative perioperative outcomes (operative time, esti-
mated blood loss, warm ischemia time, and hospital stay) in addition to tumor mar-
gin status and complications. R.E.N.A.L. nephrometry score was found to correlate 
best with margin, ischemia, and complications (MIC) score optimization and quan-
titative perioperative outcomes. In general, although further prospective systematic 
comparison of various scores would be revealing, R.E.N.A.L. nephrometry score – 
and to a lesser degree PADUA – appears to be reproducible, widely adopted, and 
clinically useful.

 Conclusions

The appropriate management of patients presenting with a renal mass pivots on tak-
ing into account both patient and tumor-related factors. Since 2009, investigators 
have used a variety of strategies to objectify reporting of radiographic features of 
renal masses along with variations in renal anatomy. These conceptual constructs 
now provide objective and reproducible tools for communication of patient selec-
tion and afford meaningful comparisons of outcomes and risks.
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Chapter 7
Active Surveillance of Renal Tumors

Hiten D. Patel and Phillip M. Pierorazio

Abbreviations

CT Computed tomography
DISSRM Delayed intervention and surveillance for small renal masses
ECOG Eastern Cooperative Oncology Group performance status
MRI Magnetic resonance imaging
SRM Small renal mass

 Introduction

Solid renal tumors have been increasingly diagnosed in recent decades, largely 
attributable to incidental findings on cross-sectional imaging [1–5]. The growing 
incidence has led to stage migration where newly diagnosed tumors are more often 
asymptomatic and almost 50% are localized small renal masses (SRMs) ≤4 cm in 
size (clinical stage T1a) [1–5]. A significant proportion of these lesions may have 
low metastatic potential with about 20–30% of localized tumors found to have 
benign pathology after surgery [6]. Given concerns about potential overtreatment of 
patients that may not benefit from intervention, active surveillance has emerged as 
a management option for well-selected patients based on risk stratification and 
shared decision-making [7]. Recent evidence has demonstrated favorable outcomes 
in both retrospective and prospective cohorts for patients with localized renal tumors 
placed on active surveillance that minimizes risk of metastatic progression and 
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death due to kidney cancer. While the 2014 update of the European Association of 
Urology Guidelines [2] recommends active surveillance as an option only for 
elderly or comorbid patients with cT1a tumors, the 2017 American Urological 
Association Guidelines [3] indicate that it may be considered as an initial manage-
ment option for any patient with a localized SRM based on the growing body of 
evidence.

The intent of active surveillance is twofold. First, it aims to avoid the morbidity 
of intervention, in the form of surgery or ablation, for localized renal tumors that 
would otherwise remain localized and asymptomatic during the remainder of a 
patient’s life span. Second, for patients exhibiting signs for potential progression of 
disease, it aims to provide a window of opportunity for prompt intervention. While 
the first goal tries to reduce overtreatment by initial patient selection, the second 
goal attempts to reduce risks of under treatment with triggers for intervention. 
Appropriate time intervals for follow-up, methods of imaging and diagnostics, and 
absolute triggers for intervention remain points of debate.

 Epidemiology

It is estimated that a total of 64,000 newly diagnosed cases and over 14,000 deaths 
due to kidney or renal pelvic cancer were expected in 2017 with a twofold greater 
incidence for men than women [8]. The incidence has more than doubled in the last 
20  years, largely due to incidental diagnoses, but the overall death rate remains 
unchanged from 1980 to 2014 at 4.6 deaths per 100,000 of the United States popula-
tion [9]. In contrast, prostate cancer mortality decreased by 21.7% during the same 
time frame.

The paradoxical observation that death rates have not improved despite increas-
ing diagnosis of early stage renal tumors has a few potential explanations. One 
interpretation is that the increased incidence is truly due to increased development 
of kidney cancer in the United States rather than greater detection of incidental 
tumors, with stable outcomes after available management options (no improvement 
or detriment to survival over time). However, a more likely explanation is that the 
increase is due to incidental diagnoses of tumors with low metastatic potential that 
would have minimally contributed to the death rate had they remained 
undiagnosed.

While radical nephrectomy is the traditional gold standard for the management 
of localized kidney cancer, nephron-sparing surgery in the form of partial nephrec-
tomy or ablation has increasingly been utilized for SRMs and has outpaced the use 
of radical nephrectomy, partially attributable to increased utilization of robotic 
assistance for laparoscopic surgery [10–12]. The prevalence of the use of active 
surveillance for localized renal tumors is uncertain, but data from the Surveillance, 
Epidemiology, and End Results Program suggests up to 10% of patients with SRMs 
do not undergo intervention for at least 6 months after diagnosis [10, 11]. The pro-
portion of these patients followed on a regimented active surveillance protocol, 
rather than watchful waiting or no follow-up, is unknown.
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 Natural History

Active surveillance for renal tumors is inherently tied to the expected natural history 
of kidney cancer including development and progression of disease. The proportion 
of SRMs found to be benign after surgical resection is inversely related to tumor 
diameter [6]. Prognostic nomograms generally suggest >90% probability of free-
dom from metastasis for incidentally diagnosed SRMs (>98% for tumors ≤2 cm) at 
up to 12 years follow-up after surgical resection [13]. Importantly, for all patients 
with clinically localized disease, deaths from competing comorbidities outweigh 
the number of deaths from kidney cancer when stratified by tumor size, treatment 
strategy, age, or comorbidity status [14, 15]. However, all available nomograms, 
regardless of whether they utilize preoperative or postoperative characteristics, can 
only predict outcomes after surgery [13, 16]. No currently available nomograms 
provide a prognosis in the setting of active surveillance.

Tumor volume and growth is often used as a marker of aggressiveness for various 
cancers. However, renal tumors can include a heterogeneous mix of benign and malig-
nant histologies without a definitive diagnosis until surgical resection. A number of 
reports and pooled analyses have suggested SRMs have a linear growth rate of about 
0.3 cm/year, which includes a proportion of tumors that may remain completely static 
[17–19]. For tumors with known histologies, one review suggested that the mean linear 
growth rate for benign (0.3 cm/year) and malignant (0.35 cm/year) renal tumors were 
similar and unable to aid in differentiation [17]. While the overall rates may be similar, 
another analysis comprised of 18 surveillance series noted that the minority of patients 
progressing to metastasis (2% at 3–4 years) generally had a higher linear growth rate 
(0.8 cm/year vs. 0.3 cm/year) compared to patients who did not progress [18].

 Patient Selection

Patient selection is the first of two critical components of active surveillance, with the 
second being appropriate triggers for intervention. Appropriate risk stratification will 
select out patients who may benefit most from immediate intervention and optimize out-
comes for those electing to pursue active surveillance. While traditional “hard” outcomes 
include metastasis and cancer-specific survival, it is also important to consider decisions 
at the patient-level with an additional focus on shared decision- making and quality of 
life. No set objective criteria exist for selection, but general considerations include 
increased age, number of comorbidities and life expectancy, and tumor characteristics.

 Age and Comorbidities

Increased patient age is often cited as an important criterion for active surveillance 
but also serves as a surrogate for other selection criteria. Older age is associated 
with decreased performance status, which may be measured on a number of scales 

7 Active Surveillance of Renal Tumors



104

including the Eastern Cooperative Oncology Group (ECOG) performance [20] sta-
tus or Karnofsky Performance Scale [21]. The elderly may also experience a greater 
number of chronic, comorbid conditions. Most elderly patients, despite an increased 
comorbidity burden, can safely undergo surgical intervention with partial or radical 
nephrectomy. The available literature suggests a somewhat increased but acceptable 
rate of postoperative complications [22, 23]. Therefore, active surveillance with the 
option for delayed intervention is often a feasible option for many elderly patients 
with SRMs. Patients that are not candidates for surgery may still be candidates for 
active surveillance if they can receive renal mass ablation as a delayed intervention. 
Otherwise, watchful waiting may be the most appropriate management strategy for 
patients that are not candidates for an intervention.

Patients with multiple comorbidities may have significant competing risk of 
death that outweighs the risk imparted by a localized renal tumor. Cardiovascular 
disease is the leading cause of death in the world and slightly outpaces malignancies 
in the United States [24, 25]. Specific comorbidities have been suggested as selec-
tion criteria for active surveillance with a focus on cardiovascular comorbidities for 
both selection and potential postoperative risks given its relationship to renal func-
tion [15, 26]. Patients with cardiovascular risk factors who deferred surgery were 
found to have similar cancer survival to those undergoing partial or radical nephrec-
tomy [15]. Furthermore, a cardiovascular index specific to the SRM population, 
incorporating both congestive heart failure and chronic kidney disease, was shown 
to risk-stratify patients as well or better than the Charlson comorbidity index [14]. 
Notably, patients with chronic kidney disease or a solitary kidney may deserve spe-
cial consideration for active surveillance as it provides a management strategy that 
maximizes renal preservation.

Patient age and comorbidity burden may most effectively be considered in con-
cert, through a composite score or calculation, to better estimate the trade-off 
between life expectancy and risk of cancer progression. Comorbidity-adjusted life 
expectancy, although intended to assist with decision about cancer screening, could 
also be used in the context of shared decision-making [27]. The prospective delayed 
intervention and surveillance for small renal masses (DISSRM) registry includes 
objective criteria such as age, ECOG performance status, and a modified cardiovas-
cular index to develop a score specific to patients on active surveillance and may 
assist with selection if validated [28].

 Tumor Characteristics Based on Imaging

Active surveillance is most often considered for SRMs, although some patients with 
limited life expectancies may be offered surveillance for larger tumors. Accurate 
tumor characterization on imaging is necessary to assign a patient’s clinical stage. 
Computed tomography (CT) scan with intravenous contrast remains the mainstay 
for diagnosis and differentiates the clinical stage of localized tumors by determining 
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tumor size and helps identify potential venous or perinephric extension suggesting 
higher-risk disease not suitable for active surveillance [1–3]. While both CT and 
magnetic resonance imaging (MRI) have high sensitivity in identifying venous 
invasion, they are more limited in identifying perinephric fat invasion with 45–50% 
sensitivity for CT and up to 60–70% for MRI [29]. For localized tumors, absolute 
size, and hence clinical stage, may be the most important parameter as it is associ-
ated with increased risk of metastatic progression [18]. Larger tumors have also 
been shown to exhibit greater potential for growth [19].

Several methods to measure tumor complexitybeyond tumor size have been 
used clinically including the R.E.N.A.L. nephrometry score [30]. While nephrom-
etry score may be a reasonable measure of tumor complexity, based on associa-
tions with perioperative outcomes and postoperative complications, it has not 
been proven to aid in differentiating benign from malignant lesions or predict 
outcomes on active surveillance [31–33]. One analysis demonstrated the associa-
tion of tumor complexity and growth rate, a potential surrogate for progression 
and aggressiveness, but the magnitude of the association was small [32]. A sys-
tematic review of the literature indicated only increasing tumor size and male sex 
were predictive of malignancy for localized renal tumors based on the available 
evidence base [33]. Because of this, active surveillance is mostly limited to 
patients with SRMs in modern series, and patients with larger tumors require the 
presence of other strong selection factors or patient preference to consider 
surveillance.

 Tumor Characteristics Based on Renal Mass Biopsy

Renal mass sampling, via fine needle aspiration or core biopsy, is not routinely 
employed for most patients with newly diagnosed renal tumors or those comfortable 
with the decision to pursue active surveillance [34]. However, renal mass biopsy has 
the potential to alter management decisions in some situations. Younger patients 
hesitant about pursuing surgical intervention may be comfortable pursuing active 
surveillance if a biopsy reveals benign or favorable pathology. Additionally, women 
may be more likely to have benign tumors [33]. Biopsy has the potential to provide 
adjunct data for risk stratification, and some groups have suggested incorporating it 
into management algorithms [35].

While a biopsy positive for malignancy has a >99% positive predictive value, the 
negative predictive value appears to be on the order of 65–70% [36]. Therefore, a 
negative biopsy result or findings of a low grade or chromophobe renal cell carci-
noma on biopsy can increase confidence in placing a patient on active surveillance. 
Still, the possibility of a false-negative result and the potential for grade discordance 
[37] suggests continued follow-up on an active surveillance protocol is prudent. In 
general, the use of renal mass biopsy for patient selection into active surveillance 
remains a decision through shared decision-making.
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 Outcomes for Active Surveillance and Delayed Intervention

While active surveillance has become more widely practiced and incorporated into 
updated guidelines statements [2, 3] as an option for small solid or complex cystic 
renal masses, no randomized data has compared it to other management options 
[1–3, 7]. Randomized data may be difficult to obtain, as selection is a core compo-
nent with surveillance often reserved for elderly or sick patients. Enrolling a suffi-
cient number of patients meeting inclusion criteria for randomization and obtaining 
sufficient follow-up presents a challenge. Fortunately, a number of retrospective 
series have been reported in the past 15 years, and two prospective experiences have 
recently matured, providing insight on patient outcomes and indications for cross-
over to delayed intervention.

 Early and Retrospective Experiences

A review of the literature identified a number of retrospective series reporting out-
comes for active surveillance of renal masses [38]. Notably, among identified series, 
11 reported no metastases for any patients on surveillance during follow-up and 8 
reported variable but generally low rates. The highest rates, as may be expected, are 
from the smallest and oldest series. One series of 13 patients with mean tumor size 
of 5 cm and no set inclusion criteria, allowing inclusion of patients unfit for surgery 
along with T2 and T3 disease, reported 1 (7.7%) patient with metastasis [39]. 
Another series of 35 patients retrospectively assembled during a 14-year period 
(with 4-year mean follow-up) reported 2 (5.7%) metastases [40]. However, one of 
these patients was lost to follow-up for a period of 40 months where a 2.7 cm mass 
grew to 5.8 cm when he returned with a diagnosis of spinal cord compression from 
metastasis. The second patient, diagnosed with a 2.7 cm mass, elected to continue 
surveillance despite an elevated growth rate but ultimately agreed to radical nephrec-
tomy after 26 months and developed lung metastasis 3 months after surgery.

More recent reports have included larger cohorts with greater attention to growth 
rates, albeit in the absence of a regimented active surveillance protocol. Currently, 
the largest retrospective series included 223 lesions in 212 patients and reported a 
total of 4 (1.9%) metastatic events, 1 death from renal cell carcinoma (0.5%), and 
11 (5.2%) patients undergoing delayed intervention at a median follow-up of 
35 months [41]. They included all patients who deferred surgery with a wide range 
of tumor sizes (up to 13.7  cm). Patients progressing to metastasis had a median 
growth rate >1 cm/year, and the patient dying of cancer had 3 cm of tumor growth 
over 13  months. When limited to patients with SRMs, 2 (1.2%) of 173 patients 
experienced metastasis. Another large series of 173 tumors in 154 patients reported 
2 (1.3%) patients with metastatic disease and 39% of tumors eventually receiving 
treatment at a median of 24 months [42]. Retrospective experiences have suggested 
acceptable outcomes for patients placed on active surveillance for renal tumors, but 

H. D. Patel and P. M. Pierorazio



107

the absence of set selection criteria and variable triggers to consider intervention 
make them difficult to compare head to head.

 Renal Cell Carcinoma Consortium of Canada

The first regimented, prospective active surveillance protocol was initiated at eight 
centers comprising the Renal Cell Carcinoma Consortium of Canada, enrolling 178 
patients with 209 SRMs between 2004 and 2009 [43]. This phase 2 clinical trial 
included a single-arm cohort of patients with SRMs deemed to be “unfit for surgery 
due to advanced age, comorbidity, or refusal of other treatment” with exclusion of 
patients with less than 2 years of life expectancy. Tumor progression was defined as 
growth to 4 cm or larger diameter, doubled tumor volume, or metastatic disease. A 
total of 27 (15.2%) patients progressed, 33 (18.5%) electively withdrew within 
48 months, and 2 (1.1%) experienced metastases leading to 1 (0.6%) kidney cancer 
death. For patients that were on active surveillance for at least 12 months, growth 
rates were similar for malignant and benign tumors based on biopsy pathology at a 
mean of 28 months.

The Canadian experience verified several important principles of active surveil-
lance for renal tumors in a prospective setting but also raised a few pertinent ques-
tions. It confirmed that appropriately surveyed SRMs with serial imaging and a 
definition for progression leading to consideration of intervention had a low rate of 
metastasis in the short term. Absolute growth rate did not differentiate malignant 
and benign tumors determined by biopsy, and a follow-up analysis noted no statisti-
cally significant predictors among the limited variables they captured [44]. 
Additionally, for patients opting for renal mass biopsy at trial entry, the nondiagnos-
tic rate was found to be 33%. The rate is over twice the modern tabulated estimates 
for all localized renal tumors and likely driven by the relative predominance of 
small SRMs [36]. With limited follow-up, the management and decision-making 
implications for biopsy pathology at enrollment are not yet clear. Longer follow-up 
is necessary, and the ability to evaluate additional selection criteria (e.g., tumor 
complexity, patient comorbidities) and outcomes (e.g., quality of life, renal func-
tion) has been suggested.

 Delayed Intervention and Surveillance for Small Renal Masses 
(DISSRM) Registry

Beginning in 2009, the DISSRM registry was initiated as a multi-institutional pro-
spective, non-inferiority trial to evaluate selection criteria, predictors of progres-
sion, and outcomes of active surveillance relative to a contemporaneous cohort of 
patients receiving primary intervention [45]. Intervention was recommended for 
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renal tumors progressing to greater than 4 cm or growth rate >0.5 cm/year; metas-
tasis or delayed intervention also counted toward an a priori definition for progres-
sion. Recently updated results have reported on >600 patients with a median 
follow-up of 3 years [46–48]. Of 317 patients on active surveillance, 45 (14.2%) 
underwent delayed intervention, the majority being elective, with no metastatic 
events or kidney cancer deaths in the cohort. Importantly, overall survival, as 
expected, was worse for active surveillance compared to primary intervention with 
surgery or ablation, but cancer outcomes were not significantly different; 2 (0.7%) 
of 298 patients receiving primary intervention died due to kidney cancer. The 45 
patients under going delayed intervention experienced similar pathologic and recur-
rence-free survival as patients receiving primary intervention.

The DISSRM registry verified prior retrospective series and the Canadian experi-
ence while comparing surveillance patients to a modern cohort of treated patients. 
The similar distribution of surgical pathologies for patients undergoing delayed or 
primary intervention is an important observation. While risk stratification and renal 
mass biopsy may have helped enrich the active surveillance cohort for benign and 
low-risk pathologies, this data is not available for most patients and may not be 
necessary given the favorable outcomes. Delayed intervention for patients followed 
on the DISSRM protocol did not compromise outcomes. Notably, grade on biopsy 
was only concordant with surgical pathology in 52% of cases found to have renal 
cell carcinoma, suggesting renal mass biopsy may only be helpful in determining 
whether a patient harbors a malignancy rather than knowing the exact tumor grade. 
Active surveillance for patients with negative biopsies is still necessary given the 
reported negative predictive value of 68.8%.

While continued follow-up will be enlightening, early results suggest mental 
quality of life is not adversely affected for patients receiving surveillance compared 
to primary intervention [49]. Renal function has also been shown to be similar for 
active surveillance, partial nephrectomy, and ablation but decreased for patients 
receiving radical nephrectomy [50, 51]. Despite the favorable outcomes thus far, 
active surveillance remains a calculated risk requiring appropriate risk stratification. 
The goal may not be to prevent all cancer deaths, as two deaths were observed even 
in the primary intervention cohort but to balance the advantages and risks of surveil-
lance through shared decision-making for appropriately selected patients with set 
thresholds to recommend intervention.

 Triggers for Intervention

A growing body of literature has suggested several selection criteria for patients 
considering active surveillance, but less data are available on appropriate triggers 
for intervention. Both prospective experiences [43, 45] have utilized absolute size as 
an indication of progression because size is a known predictor of cancer outcomes 
for renal tumors [18]. The benefit of including size is that it allows an objective 
assessment that can be tracked over time with serial imaging, and intervention can 
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be recommended, while disease remains clinically localized. However, it provides 
minimal space for growth or variability in measurements for tumors that are already 
near 4 cm in size. Repeat imaging is generally recommended within 6 months of 
initial diagnosis and at least annually thereafter, although prospective protocols 
have performed more frequent imaging for the first few years [52]. Overall, absolute 
size may be one of the most valid measures of progression as it is related to both 
cancer prognosis and likelihood of harboring malignancy with the caveat that inclu-
sion criteria would be limited to SRMs [33].

As previously discussed, growth rate measured by linear or volumetric rate of 
change in observational series is not associated with likelihood of malignancy and 
has a slight, but small, association with progression to metastasis [18]. The associa-
tion has not been confirmed in prospective cohorts, but this may be due to preven-
tion of some events by early recommended intervention and a low overall rate of 
metastasis. Tumor growth rate is commonly associated with prognosis for various 
cancers, and it is likely to remain a consideration for SRMs on active surveillance 
[53]. The question remains as to what threshold for growth should be used, possibly 
relative to absolute tumor size, as growth kinetics can be highly variable early on 
before stabilizing [54]. Renal mass biopsy should be a consideration to aid manage-
ment decisions for patients with elevated growth rates. Development of metastatic 
disease is an appropriate criterion for progression and need for therapy, but the ideal 
triggers for intervention would occur, while the tumor remains localized. Some 
emerging modalities and recommendations to address research gaps in the diagno-
sis and management of localized renal tumors may improve outcomes for patients 
on active surveillance and safely reduce overtreatment [55].

 Emerging Modalities

Improvements in renal mass biopsy as well as emerging biomarkers and imaging 
techniques could help improve selection and monitoring for patients with renal 
tumors on active surveillance. Currently, a number of serum markers have been 
explored, but none are able to accurately diagnose renal cell carcinoma [56]. Two 
urinary markers that may hold the greatest promise currently are aquaporin-1 and 
perilipin-2, which have been shown to be associated with renal cell carcinoma, not 
affected by common kidney diseases, and to increase with tumor size [56–58]. A 
validated urinary marker may help distinguish benign and malignant lesions with-
out requiring renal mass biopsy and can be repeated noninvasively over time. No 
association with prognosis has been established, and one potential limitation may 
be that the markers do not measure progression to distant metastasis if dependent on 
glomerular filtration from local tumor shedding.

A recent evaluation of 99mTc-sestamibi SPECT/CT demonstrated high sensitivity 
and specificity in differentiating tumors with low likelihood of metastasis such as 
renal oncocytomas and hybrid oncocytic/chromophobe tumors from renal cell car-
cinoma [59]. A noninvasive imaging modality identifying oncocytic neoplasms 
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could provide reassurance for some patients to pursue active surveillance, espe-
cially given that the only false positives were chromophobe renal cell carcinoma, 
which are recommended for active surveillance by biopsy-based algorithms [35]. 
One small external validation study has confirmed similar performance characteris-
tics [60]. While direct comparisons to renal mass biopsy are lacking, 99mTc- sestamibi 
SPECT/CT may be able to serve as an adjunct or replacement to biopsy in some 
cases if validated in further studies.

 Conclusions

Solid renal tumors have been increasingly diagnosed with stage migration increas-
ing the proportion of asymptomatic and localized SRMs with low metastatic poten-
tial. Active surveillance has emerged as a management option for well-selected 
patients with a number of studies supporting acceptable rates of metastasis for 
elderly patients with competing risks of death. Prospective cohorts with defined 
inclusion criteria and triggers to consider delayed intervention have shown SRMs 
can be safely managed on active surveillance based on survival outcomes, renal 
function, and quality of life compared to primary intervention. Expanding inclusion 
criteria for active surveillance will depend on better initial risk stratification, based 
on tumor and patient characteristics, emerging diagnostic modalities, and shared 
decision-making with patients showing signs of progression. Active surveillance 
may currently be underutilized, but long-term follow-up will solidify its role in the 
management of renal tumors.
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Chapter 8
Contemporary Surgical Approaches  
for Small Renal Tumors

Pascal Mouracade, Juan Garisto, and Jihad Kaouk

 Introduction

Current guidelines on the management of renal tumors recommend the use of neph-
ron-sparing approaches, such as thermoablation and partial nephrectomy, for 
patients presenting with a small renal tumor in need of treatment [1, 2]. These 
guidelines aim to avoid the sequelae of surgically induced chronic kidney disease, 
the risk of which is directly related to the amount of resected or treated normal renal 
parenchyma [3–5]. The most definitive method of nephron-sparing surgery is partial 
nephrectomy. First described using an open approach [6, 7], partial nephrectomy for 
small renal tumors is now most commonly performed by minimally invasive tech-
niques including laparoscopic and robotic surgery [8]. When compared to the con-
ventional open surgical technique, minimally invasive partial nephrectomy has 
resulted in significantly less postoperative pain, shorter hospital stays, earlier return 
to work and daily activities, and a more favorable cosmetic result [9, 10]. 
Additionally, oncologic outcomes appear to be equivalent to that of open surgery 
[11–13].
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 Laparoscopic Partial Nephrectomy

The first reports on the feasibility of laparoscopic renal surgery were published in 
the 1990s [14, 15]. Laparoscopic partial nephrectomy is now commonly performed 
worldwide. Two basic approaches for laparoscopic partial nephrectomy have been 
described: transperitoneal and retroperitoneal approach.

Transperitoneal Approach When performing transperitoneal laparoscopic partial 
nephrectomy, the patient is typically placed in modified flank position with 60° of 
flexion (Fig. 8.1). A four- or five-port approach may be used. A primary port 10 or 
12 mm is placed lateral to the rectus muscle at the level of the umbilicus. The next 
port is placed lateral to the rectus muscle and just inferior to the costochondral mar-
gin, and the other port is inserted at the midaxillary line near the tip of the 11th rib. 
A 5-mm trocar is placed between the two working trocars in the posterior axillary 
line for the assistant. For right-sided procedures, a 5-mm trocar is often placed in 
the upper midline near the xiphoid process to accommodate a traumatic locking 
grasper forceps that can grasp the diaphragm and hold the liver up exposing the 
upper pole of the kidney. After obtaining pneumoperitoneum, the pressure is main-
tained at 15–20 mmHg.

Once the colon is mobilized, the ureter and gonadal vein are identified. On the 
left side, the ureter and the gonadal vein are retracted laterally. While on the right 
side, the gonadal vein is kept medially, and only the ureter is retracted laterally. The 
dissection is carried cephalad along the psoas muscle, and the renal hilum is dis-
sected. The renal artery and vein are dissected to facilitate further application of 
laparoscopic bulldog clamps to each vessel (Fig. 8.2). Prior to incising beyond the 

Fig. 8.1 Patient positioning for the transperitoneal approach to minimally invasive partial nephrec-
tomy. (Reprinted with permission, Cleveland Clinic Center for Medical Art & Photography © 
1999–2018. All Rights Reserved)
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renal capsule, all necessary materials, including sutures and instruments, should be 
confirmed to be at hand before proceeding.

Gerota’s fascia is dissected off the kidney, preserving the perirenal fat in contact 
with the tumor. Intraoperatively, a flexible laparoscopic color Doppler ultrasound 
probe can be introduced through a 10- or 12-mm port and positioned in direct con-
tact with the surface of the kidney. Information regarding tumor size, depth of intra-
parenchymal extension, and distance from the collecting system is obtained. The 
renal capsule is scored circumferentially with monopolar scissors. Regional hypo-
thermia may be employed with ice slush only when prolonged ischemic times are 
anticipated (technique below). Bulldog clamps are then inserted. The renal artery, 
and if necessary the vein, is then clamped in the event that both vessels require 
clamping. The renal artery is clamped prior to the vein. The tumor is then excised 
with cold scissors, and the resection is carried deep to the tumor so that an adequate 
resection margin is achieved. This commonly requires entry into the renal collecting 
system.

The closure of the renal defect proceeds in two layers. The first layer includes the 
tumor bed and, if opened, the collected system. A single running suture is used for 
this deep layer and secured on both ends by Hem-O-Lock clip (Teleflex, Wayne, 
PA). The second suture layer includes the remaining kidney parenchyma. For this 
layer we use the sliding-clip technique [16]. A 0 or number 1-polyglactin suture is 
prepared on the back table by cutting to a length of 15 cm. A knot is tied at the end 
of the suture, and a Hem-O-Lock clip is placed proximal to the knot so that the clip 
will not slide off of the suture when pulled tight. The capsular stitches are then 
placed, after which the assistant places a Hem-O-Lock clip on the loose end, a few 
centimeters from the capsule. The Hem-O-Lock clip is then slid into place using the 
needle driver, providing tension that is under complete control of the surgeon. Once 
the defect is closed, the bulldog clamps are released. The defect can be covered with 
oxidized cellulose (Surgicel, Ethicon Inc., Somerville, NJ, USA) and/or a fibrin 

Fig. 8.2 Clamping of the 
renal hilum during 
minimally invasive partial 
nephrectomy using bulldog 
clamps. (Reprinted with 
permission, Cleveland 
Clinic Center for Medical 
Art & Photography © 
1999–2018. All Rights 
Reserved)
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sealant (Evicel, Ethicon, Inc., or Vitagel, Orthovita, Malvern, PA, USA). Gerota’s 
fascia may be closed by using Hem-o-Lok clips.

The specimen is next removed with the aid of a laparoscopic entrapment sac that 
is introduced by the assistant. Care must be taken to make the extraction incision 
large enough to avoid fracturing the specimen, possibly preventing accurate histo-
pathologic examination for margin status and staging. All 12-mm incisions are 
closed with 0-Vicryl suture by using the Carter-Thomason device (Inlet Medical 
Inc., Eden Prairie, MN, USA). Finally, a surgical drain may be placed at the discre-
tion for the surgeon. We find a drain is helpful for screening for a urine leak, a 
complication that is known to occur in 1% to 3% of minimally invasive partial 
nephrectomies [17, 18].

Retroperitoneal Approach Surgical approach (transperitoneal or retroperitoneal)  is 
determined by surgical goals, patient medical and surgical history, and surgeon 
experience. In performing the retroperitoneal approach, a major benefit is avoidance 
of intra-abdominal organs and adhesions. An understanding of the retroperitoneal 
anatomy is crucial when attempting this surgical approach, since the retroperitoneal 
space provides fewer landmarks than the intraperitoneal space. This approach can 
be particularly convenient for perihilar and posterior upper pole tumors. It had been 
associated with reduction in operative time and hospital stay [19].

With the retroperitoneal approach, the patient is placed in a full flank position 
(Fig.  8.3). The flank should be directly over the table break. The table is flexed 
adequately to open the space between the 12th rib and the iliac crest. The retroperi-
toneum is then balloon dilated (Fig. 8.4), and three 12-mm ports are placed (Fig. 8.5). 
The renal artery and vein are dissected to facilitate application of laparoscopic 
 bulldog clamps to each vessel. Similar to the transperitoneal approach, the tumor is 
excised and the renal parenchyma is repaired.

Fig. 8.3 Patient positioning for the retroperitoneal approach to minimally invasive partial nephrec-
tomy. (Reprinted with permission, Cleveland Clinic Center for Medical Art & Photography © 
1999–2018. All Rights Reserved)
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Fig. 8.4 Blunt and balloon dissection of the retroperitoneal space. (Reprinted with permission, 
Cleveland Clinic Center for Medical Art & Photography © 1999–2018. All Rights Reserved)

Fig. 8.5 Trocar position and bulldog clamp placement during laparoscopic retroperitoneal partial 
nephrectomy. (Reprinted with permission, Cleveland Clinic Center for Medical Art & Photography 
© 1999–2018. All Rights Reserved)
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 Robotic-Assisted Laparoscopic Partial Nephrectomy

Robotic-assisted laparoscopic partial nephrectomy was initially reported by Gettman 
et al. in 2004 [20]. The robot offers two main advantages over conventional laparos-
copy. First, the binocular camera allows for a three-dimensional view of the operat-
ing field leading to improved depth perception by the surgeon. Second, the “wrist” of 
the robotic arms has 7 degrees of freedom, which allows the surgeon improved con-
trol over certain aspects of the operation, most importantly precise suturing with 
minimal tissue manipulation. The technological advantages of robotic-assisted par-
tial nephrectomy over conventional laparoscopy have allowed a shorter learning 
curve [21–24] and have in turn led to the wider use of partial nephrectomy for the 
treatment of renal tumors [8]. As with laparoscopy, robotic partial nephrectomy can 
be performed with either a transperitoneal or retroperitoneal approach. Regardless of 
surgical approach, the procedure is commonly performed using a three-arm configu-
ration with a 30° down scope, ProGrasp forceps, hot monopolar curved scissors, 
hook cautery, and large needle drivers.

Concerning differences between surgical platforms (da vinci Si vs Xi from 
Intuitive Surgical Inc., Sunnyvale, CA, USA), there is no evidence to suggest the 
superiority of one system over the other. Kallingal et al. were the first to describe 
their operative technique with the newer Xi system [25]. They found that the 
procedure with the Xi system could be safely performed with acceptable periopera-
tive and pathologic outcomes. Abdel Raheem et al. compared the Si and Xi surgical 
platforms [26]. The authors observed shorter docking times with the Xi robot but no 
differences in terms of significant intraoperative advantage, perioperative complica-
tions, or short-term functional outcomes between the two robotic systems. From the 
oncological and renal function point of view, all tumors were excised successfully 
with negative surgical margins.

Transperitoneal Approach The patient is positioned in a modified flank position at 
approximately 60°. Pressure points are carefully padded with pillows and foam 
pads, and the patient is secured to the table with tape. The surgical table is mildly 
flexed and positioned in slight Trendelenburg position.

A similar port configuration is used for both right and left sides, as illustrated in 
Fig. 8.1. The abdomen is insufflated to 15 mmHg with a Veress needle at the lateral 
border of the rectus muscle across from the 12th rib. This serves later as the site for 
a 12-mm port through which the robot scope is inserted. An 8-mm robot port is 
placed at the lateral border of the ipsilateral rectus muscle, about 3 cm below the 
costal margin. A second 8-mm robot port is placed approximately 5–7 cm cephalad 
to the anterior superior iliac spine. An assistant 12-mm port is placed along the lat-
eral border of the rectus muscle in the lower abdominal quadrant. On the right side, 
an additional 5-mm port is placed in the subxiphoid area to retract the liver (Fig. 8.6). 
Port configuration can vary based on tumor location to optimize the working angles. 
For upper pole tumors, all the ports can be shifted 1–2 cm cephalad. Moreover, an 
extra 5-mm assistant port between the camera and the right robot port can be placed 
to allow the assistant better access to the operative field. For posterior tumors, all the 
ports can be shifted medially, as the kidney needs to be mobilized to allow access to 
its posterior aspect. The robot is positioned over the patient’s shoulder so that its 
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axis makes an obtuse angle in relation to the patient’s axis to have the camera 
oriented in line with the kidney (Fig. 8.7). The bedside assistant stands next to the 
abdomen.

a

b

Fig. 8.6 Port configuration 
used during robot-assisted 
laparoscopic partial 
nephrectomy. (a) 
Right-side port placement. 
(b) Left-side port 
placement. 12-mm port for 
the robotic scope, 8-mm 
ports for the robotic 
instruments, 12-mm port 
for the assistant, and 5-mm 
port for liver retraction. 
(Reprinted with 
permission, Cleveland 
Clinic Center for Medical 
Art & Photography © 
1999–2018. All Rights 
Reserved)

Fig. 8.7 Operating room setup and robot docking for transperitoneal partial nephrectomy. 
(Reprinted with permission, Cleveland Clinic Center for Medical Art & Photography © 1999–
2018. All Rights Reserved)
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On the right side, liver retraction is achieved by introducing a locking Allis clamp 
through the 5-mm subxiphoid port. With a monopolar curved scissors in the sur-
geons’ right hand and a ProGrasp forceps in the left hand, the peritoneum is sharply 
incised along with the white line of Toldt. The bowel is mobilized medially, devel-
oping a plane anterior to Gerota’s fascia and posterior to the mesocolon by using 
both sharp and blunt dissection. Attachments to the spleen or liver are released as 
necessary. It is important to remain outside Gerota’s fascia during bowel mobiliza-
tion. On the right side, there is no need for extensive mobilization of the bowel to 
expose the renal hilum. During the mobilization of the duodenum medially, the use 
of cautery is minimized. The gonadal vein is an important anatomic landmark when 
proceeding toward the renal hilum. On the right side, the gonadal vein is kept 
 medially toward the vena cava, whereas on the left side, the gonadal vein is lifted 
along with the left ureter to expose the lower margin of the left renal hilum.

Dissection proceeds along the psoas muscle with anterior elevation of the ureter 
and/or gonadal vein to identify the renal hilum (Fig. 8.8). The renal vein can be identi-
fied by tracing the gonadal vein proximally to its insertion in the renal vein on the left 
side or to its insertion in the inferior vena cava just caudal to the hilum on the right 
side. A flexible robotic Doppler probe (Vascular Technology Inc., Nashua, NH, USA) 
can be used to identify hilar vessels before clamping, especially in cases involving 

Fig. 8.8 Surgical landmarks during transperitoneal robot-assisted partial nephrectomy. (Reprinted 
with permission, Cleveland Clinic Center for Medical Art & Photography © 1999–2018. All 
Rights Reserved)
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multiple renal arteries or early branching. The main hilar vessels are circumferentially 
dissected to allow adequate placement of bulldog clamps. It is important not to miss 
early arterial branching that is more common on the right side, especially if occlusion 
of the renal vein is planned, as this may lead to kidney congestion and may result in 
more bleeding. Once the main landmarks are identified, manipulation of the ureter 
should be avoided to minimize risk of injury or devascularization. If an early branch-
ing or bifurcation is suggested by the CT scan, the dissection should be carried medi-
ally. While dissecting the hilum, the assistant can provide countertraction by using 
suction. In our experience, we have found the hook cautery to be particularly useful at 
this step of the operation and can be used according to the surgeon’s preference.

Once the hilum is dissected, Gerota’s fascia is opened in an area far from the tumor 
to find the capsule, and dissection is performed along the renal capsule until the mass 
is exposed. A clue that one is approaching the tumor area is the presence of adhesions. 
The fat is then cleared circumferentially around the mass, allowing for visualization 
of 1–2 cm of normal parenchyma for future renal reconstruction. Gerota’s fascia atop 
the mass should be preserved to assist in histopathologic staging and also to use as a 
handle for retraction. A laparoscopic ultrasound probe is used to plan the excision 
margins by allowing accurate identification of the location, depth, and borders of the 
tumor (Fig. 8.9). A recently introduced, drop-in, flexible, ultrasound probe (ProART 

Fig. 8.9 Flexible ultrasound probe being used during robotic partial nephrectomy. (Reprinted with 
permission, Cleveland Clinic Center for Medical Art & Photography © 1999–2018. All Rights 
Reserved)
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Robotic Drop-In Transducer 8826; BK Medical, Peabody, MA, USA) was specifi-
cally developed for robotic surgery and can be directly controlled by the console 
surgeon by grasping a notch on its ventral aspect. Live intraoperative images are 
shown as a picture on picture display on the console screen using the TilePro func-
tionality of the da vinci surgical system. To define the border of the tumor, the ultra-
sound probe is oriented parallel to the tumor border. Margins of resection of the renal 
capsule are scored with cautery to delineate the resection boundaries.

Renal vasculature clamping is achieved using bulldog clamps. In selected cases, 
resection may be performed by clamping the renal artery only. Recently, robotic 
bulldog clamps (Scanlan International, St. Paul, MN, USA), applied by the console 
surgeon using the robotic ProGrasp, have also become available. As with the lapa-
roscopic approach, the renal hilum is clamped and the tumor resected along the 
previously scored margin using cold scissors (Fig. 8.10). The bedside assistant can 
use suction to clear the resection bed, enabling improved visualization while apply-
ing slight counter retraction, as needed.

Renorrhaphy is performed in two layers with robotic needle drivers and the slid-
ing-clip technique [16]. A 20-cm 2-0 Vicryl suture on an SH-1 needle (Ethicon 
Endo-Surgery, Somerville, NJ, USA) with a knot and Hem-o-Lok clip applied to the 
free end is used as a running suture of the tumor excision bed to oversew larger ves-
sels and entries into the collecting system. The suture is brought through the renal 
capsule with the final throw and secured with two sliding Hem-o-Lok clips. The 
renal capsule is reapproximated using a continuous, horizontal mattress 0-Vicryl 
suture on a CT-1 needle with a sliding Hem-o-Lok clip placed after each suture is 
passed through the capsule (Fig. 8.11). After completion of the renorrhaphy, the 
hilum is unclamped, and the resection bed is inspected for hemostasis with 
 pneumoperitoneum pressure lowered to 6 mm Hg. Hem-o-Lok clips may be cinched 
down further to secure hemostasis. Whenever possible, the hilum is unclamped 
before capsular suturing in an early unclamping technique to minimize warm isch-
emia time. Further steps for specimen retrieval, Gerota’s fascia approximation, 
Jackson-Pratt placement, and incision closure are similar to the techniques described 
in the laparoscopic section above.

Retroperitoneal Approach The patient is placed in the full flank position and the 
table fully flexed to increase the space between the 12th rib and iliac crest. Low-
profile supports, e.g., rolled blankets, are preferred to bulky padding to avoid clash-
ing with the robotic arms. The spine and hip must be positioned in a straight line and 
the spine fully exposed to allow space for placement of the lateral robotic arm. The 
dependent arm is padded and secured to an arm board, which is tilted toward the 
head as much as possible. After positioning, the table is rotated, so that the patient 
side-cart can be docked straight over the patient’s head. The patient is then draped 
and the bed-side assistant stands beside the abdomen.

A 12- to 15-mm length incision for the camera port is made in the midaxillary 
line, 2 cm above the iliac crest. The external oblique muscles are separated using 
retractors to expose the lumbodorsal fascia. Access to the retroperitoneum is gained 
by perforating the dorsal lumbar fascia. Blunt finger dissection is useful to create 
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Fig. 8.10 Resection of the tumor during robotic partial nephrectomy. (Reprinted with permission, 
Cleveland Clinic Center for Medical Art & Photography © 1999–2018. All Rights Reserved)

a b

c

d

Fig. 8.11 Renorrhaphy following tumor excision during robotic partial nephrectomy. The recon-
struction is performed in two layers using the sliding-clip technique. a) 2-0 Vicryl 6-inches suture 
on a SH-1 needle with a knot and Hem-o-Lok clip applied to the free end is used as a running 
suture to oversew the collecting system as well larger vessels from the tumor excision bed; b) 
sutures are brought through the renal capsule with the final throw and secured with two sliding 
Hem-o-Lok clips; c and d) a continuos horizontal mattreess is used for reapproximation the renal 
capsule with a 0-Vicryl suture on a CT-1 needle and a sliding Hem-o-Lok clip placed after each 
suture is passed through the capsule. (Reprinted with permission, Cleveland Clinic Center for 
Medical Art & Photography © 1999–2018. All Rights Reserved)
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the working space anterior to the psoas. Caution is taken to avoid entry to the peri-
toneal cavity. The operative space in the retroperitoneum is then developed with a 
balloon dilator (Fig. 8.4). By generating this space, intraperitoneal structures such 
as liver, spleen, and colon are deflected medially. The camera is then placed to 
inspect the retroperitoneal space. Two 8-mm incisions for the robotic working arms 
are made medial (along the lateral border of the paraspinous muscle) and lateral 
(inferior to the 11th rib), to the camera port. In case of obese patients, ports need to 
be shifted laterally and cephalad. The assistant 12-mm trocar is placed inferior and 
medially to the anterior robotic port and should be no closer than 6 cm to avoid 
conflict with the anterior robotic arm (Fig. 8.12). The robot is docked directly over 
the patient’s head parallel to the spine.

The first step in exposing the kidney is the management of paranephric fat. This 
fat is carefully dissected off of Gerota’s fascia and placed in the lower retroperito-
neum. Care is taken medially and anteriorly where the peritoneum can be easily 
entered. Great attention must be taken to identify the peritoneal reflection anteriorly 
to avoid blind trocar passage into the peritoneal cavity. Next, Gerota’s fascia is 
incised just above the psoas muscle exposing the perinephric fat and kidney. 
Dissection is then carried along the psoas muscle elevating the kidney and perineph-
ric fat. The ureter is typically encountered first medial to the incision in Gerota’s 

Fig. 8.12 Positioning and trocar placement for retroperitoneal robotic partial nephrectomy. 
(Reprinted with permission, Cleveland Clinic Center for Medical Art & Photography © 1999–
2018. All Rights Reserved)
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fascia and then followed up toward the hilum. The renal artery is typically encoun-
tered first, unlike the transperitoneal approach.

Next, the renal artery is exposed to allow a bulldog clamp on the artery. The renal 
vein is rarely clamped and only if the tumor is large or centrally located. A 5-mm 
margin is then scored circumferentially around the tumor. The tumor is excised 
under warm ischemic conditions, and judicious suctioning is used to maintain a 
clear operative field allowing the identification of tumor if encountered. Aggressive 
suctioning in the retroperitoneal space can lead to rapid desufflation and should be 
avoided. The renal defect is reconstructed in two layers as described above.

 Modifications to Robotic Partial Nephrectomy

Robotic Partial Nephrectomy with Intracorporeal Renal Hypothermia There is 
general consensus in the literature that when performing a partial nephrectomy, 
warm ischemia time should be limited to 20–25 min [27, 28]. When a longer isch-
emia time is expected, the use of renal cooling is encouraged as it is known to 
improve renal tolerance for ischemia up to 45 min [29]. It has been shown that cold 
ischemia decreases oxidative harm to the kidney secondary to direct hypoxia and 
subsequent reperfusion [30–32]. During open surgery, ice slush cooling is routinely 
used. However, renal cooling during minimally invasive partial nephrectomy is 
more challenging. Different techniques such as endoscopic retrograde ureteric cool-
ing [33], arterial infusion [34], and cooling via renal surface irrigation [35] have 
been described. The use of intracorporeal ice slush to obtain renal hypothermia dur-
ing robotic partial nephrectomy was first described by Rogers and colleague with 
direct instillation of ice slush onto the surface of the kidney [36]. Thereafter, Kaouk 
and coworkers described a simplified modification of that technique that will be 
detailed below [37, 38].

Patient positioning, port placement, and docking of the robot are similar to the 
previously described technique for transperitoneal partial nephrectomy. An addi-
tional 12-mm laparoscopic port is placed along the midaxillary line and the costal 
margin. This port is used for introduction of the temperature probe and ice slush 
during cooling phase of the procedure.

Sterile ice slush is created in an ice slush machine (Hush Slush System; Ecolab 
Inc., St. Paul, MN) and constantly stirred manually to keep ice consistency uniform. 
Five 20- or 30-mL syringes are modified by cutting off the nozzle ends of the barrels 
with a scalpel. The rubber on the ends of the plungers are also removed. The modi-
fied syringes are then prefilled with ice slush in preparation for instillation. A lateral 
12-mm accessory port is placed directly above the kidney. The port is removed, and 
the needle temperature thermocouple (Mon-a-Therm; Covidien, Mansfield, MA) is 
introduced via the port site using a laparoscopic grasper and placed in the renal 
parenchyma away from area of planned excision. The 12-mm accessory port is rein-
troduced alongside the thermocouple wire following the positioning of the 
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thermocouple. Renal and core body temperatures (via esophageal probe) are moni-
tored during the procedure. A 4- × 18-cm laparoscopic sponge is then placed sur-
rounding the kidney, creating a barrier between the kidneys and neighboring bowel. 
The mobilized kidney is overturned medially, and ice slush is introduced through 
the 12-mm port posterior to the kidney and packed on top of the psoas muscle and 
on the renal parenchyma (Fig. 8.13). The kidney is allowed to cool for several min-
utes before clamping the renal hilum. The hilum is clamped with bulldog clamps 
placed on the renal artery and vein sequentially. More ice slush is introduced, and 
the kidney is allowed to cool further, until parenchymal temperatures are <20 °C. Of 
note, it is imperative to clamp both the artery and the vein to achieve renal paren-
chymal cooling (Fig. 8.14).

Using a suction or irrigation device, ice slush is then cleared from the renal tumor 
and surrounding renal capsule. The tumor is then resected along the previously 
scored margin using cold scissors. Renorrhaphy is performed as previously 
described. The renal parenchymal temperature is monitored in real time, and further 
ice slush is introduced as needed to keep kidney temperature under 20 °C and to 
provide a constant coverage of ice over the kidney beyond area of resection. The 

a b

c d

Fig. 8.13 (a) Patient positioning and port placement for intracorporeal hypothermia during mini-
mally invasive partial nephrectomy. (b) A 20- or 30-mL syringe is modified by cutting off the 
nozzle end of the barrel with scalpel. (c) The modified syringes are then prefilled with ice slush in 
preparation for instillation. (d) The ice is instilled through the accessory 12-mm port. (Reprinted 
with permission, Cleveland Clinic Center for Medical Art & Photography © 1999–2018. All 
Rights Reserved)
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hilum is unclamped and the renorrhaphy is inspected for hemostasis. Any additional 
remaining ice can be removed by suction or by transfer into the entrapment sac. A 
Jackson-Pratt drain is placed through a lower lateral port to also aid with the evacu-
ation of melted ice slush.

Fluorescence Image-Guided Robotic Surgery Robotic surgery utilizing near-infra-
red fluorescence imaging is a technology with emerging applications in urologic 
surgery [39]. During partial nephrectomy this technology has the potential to 
enhance discrimination between normal renal parenchyma and tumor allowing for 
a more accurate dissection. Furthermore, this technology has the potential to aid 
in  the visualization of the renal vasculature allowing for selective arterial 
clamping [40].

Injected indocyanine green (ICG, Akorn, Lake Forest, IL) is a fluorescent tricar-
bocyanine dye that emits light in the near-infrared wavelength (700–850 nm) after 
activation by a light-emitting diode [41]. ICG binds to albumin when intravenously 
injected and therefore remains primarily in the vasculature. The light emitted is not 
visible to the human eye and requires use of a charge-coupled device camera which 
has been integrated into the da vinci surgical system. Using what is known as the 

Fig. 8.14 Illustration of a kidney following placement of ice slush just prior to tumor resection. A 
thermocouple is used to measure the temperature of the renal parenchyma. (Reprinted with permis-
sion, Cleveland Clinic Center for Medical Art & Photography © 1999–2018. All Rights Reserved)
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Firefly imaging system, the surgeon can switch between standard (white) light and 
fluorescence-enhanced views in real time [42].

ICG is diluted to a 2.5-mg/mL solution immediately before each case and admin-
istered in discrete boluses intravenously by the anesthesia team as directed by the 
surgeon. After scoring of the parenchyma surrounding the tumor, ICG is adminis-
tered at a dose of 5–10 mg intravenously. The maximum dosage is 2 mg/kg, and it 
must be given within 6 h of reconstitution. The intravenous injection is given imme-
diately before clamping the renal artery. The initial pass of the dye is seen as 
 fluorescence of the artery and then the renal vein, followed by the renal paren-
chyma. The tumor generally has a lower level of fluorescence than the normal sur-
rounding kidney tissue. Tumor excision is started along the prescored area on the 
kidney surface and deepened down into the renal parenchyma. The console view 
can be switched between the standard white light vision and near-infrared vision at 
the discretion of the operating surgeon to confirm the plane of excision between 
tumor and parenchyma to avoid entry into the tumor [43].

Near-infrared fluorescence imaging with ICG can also be used to facilitate selec-
tive arterial clamping. In this setting, local ischemia to the tumor and immediate 
surrounding renal segment is induced by applying mini-bulldog clamps (Scanlan 
International, St. Paul, MN, USA) to secondary-, tertiary-, or quaternary-level arte-
rial branches. Well-perfused renal parenchyma appears fluorescent green under 
near-infrared fluorescence imaging. Ischemic tissue will not fluoresce, verifying the 
correct arterial branch has been controlled. If peritumoral arterial flow continues 
despite selective arterial clamping, either additional arterial branches may be sought 
and selectively clamped or complete arterial clamping may be utilized.

Robotic Laparoendoscopic Single-Site Partial Nephrectomy Laparoendoscopic 
single-site surgery (LESS) has been developed to further minimize the morbidity 
associated with multiport minimally invasive surgery. The single-site approach to 
LESS surgery requires only one entry point to the body. By reducing the number 
and length of skin and fascial incisions, it is hypothesized that patients will experi-
ence less pain, faster convalescence, and improved cosmesis following surgery 
[44–47]. In recent years, the advantages offered by robotic technology have been 
combined with those of LESS (Fig. 8.15). The majority of surgical steps for pre-
forming partial nephrectomy with robotic LESS are similar to what has been 
described earlier. However, several modifications are required in order to accom-
modate the limited available working space of LESS.

Subtle differences exist when comparing traditional robotic docking with dock-
ing used for robotic LESS procedures. In regard to the robotic platform, the da vinci 
Si or Xi models are preferred over the S model secondary to enhanced visualization, 
improved ergonomic control at the surgeon console, and, most importantly, a more-
compact, sleeker bedside profile which assists with minimizing external clashing of 
the robotic arms [48, 49]. For robotic LESS procedures, typically only two robotic 
instrument arms are used due to limited working space.

A number of technical modifications have been described in order to minimize 
external clashing of instrument arms during LESS. For example, the “chopstick” 
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technique popularized by Joseph et al. minimizes external instrument clashing by 
crossing the instruments at the level of the fascia in order to create more space 
between the robotic arms outside of the body [50]. This technique was previously 
employed during traditional LESS but has proven to be very challenging secondary 
to the crossing of instruments resulting in “reverse handedness.” This benefit of 
using the robotic platform is that the robotic instruments are controlled electroni-
cally, allowing the left and right hand joystick hand effectors to be interchanged, 
thus removing this challenge (Fig. 8.16).

In addition to these technical modifications, a variety of multichannel access 
ports have been described for use during robotic LESS [51]. Additionally, an inno-
vative device precisely designed for robotic LESS has been developed by da vinci 
surgical, known as the SP999 single-port system [52]. This system uses the same 
base of the patient side cart as the da vinci Xi robotic system and has been adopted 
for use with a single arm that controls an articulating endoscopic camera and three 
double-jointed articulating endoscopic instruments which enter the patient through 
a multichannel robotic port (25-mm cannula) (Fig. 8.17).

Fig. 8.15 Robotic laparoendoscopic single-site surgery. (Reprinted with permission, Cleveland 
Clinic Center for Medical Art & Photography © 1999–2018. All Rights Reserved)
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A newer da vinci single-port surgical system has recently been developed 
(SP1098) and includes upgraded technology designed specifically for extraperito-
neal single-site surgery [53–56]. Similar to the SP999, the SP1098 consists of three 
main components: a surgeon console, a patient side cart, and a vision cart. As before, 
four robotic manipulators, or instrument drives, that control the camera and instru-
ments are mounted on an instrument arm that is attached to the patient side cart. The 
surgeon console is identical to the second-generation robotic system (SP999) with a 
foot pedal that allows control of the instrument arm. Unique to this robotic system 
is the ability to clutch and pivot the instrument arm about its remote center without 
moving each individual instrument. In effect, an instrument can be stationed at one 
location in the surgical field (e.g., for retraction), while the instrument arm is 
clutched and reoriented to a separate site, where the remaining instruments can be 
deployed without disturbing the stationary instrument. This improvement over-
comes the constraint of multiple instruments entering the body through a fixed 
point, effectively expanding the workspace and improving maneuverability. The 
new vision cart is similar to the previous generation with upgraded resolution to 
accommodate the improved camera optics (Fig. 8.18).

These new single-port robotic technologies represent a step forward in mini-
mally invasive surgery. It is unique as it allows for intracorporeal triangulation while 
eliminating instrument clashing seen with other methods of performing single-site 
surgery.

Because of space limitations and the size of the robot at the patient side, the 
standard approach to robotic kidney and adrenal surgery has been transperitoneal. 
However, posteriorly located kidney tumors are sometimes difficult to approach 
transperitoneally and require the kidney to be completely mobilized and flipped 
medially. The retroperitoneal approach has emerged as an alternative to 

Fig. 8.16 da vinci curved 
cannula system for robotic 
laparoendoscopic 
single-site surgery. 
(Reprinted with 
permission, Cleveland 
Clinic Center for Medical 
Art & Photography © 
1999–2018. All Rights 
Reserved)
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Fig. 8.17 The da vinci SP999 single-port platform. (Reprinted with permission, Cleveland Clinic 
Center for Medical Art & Photography © 1999–2018. All Rights Reserved)
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 transabdominal robotic adrenal and kidney surgery for posterior tumors. With the 
SP1098 system, approaching posterior and anterior tumors is feasible using a retro-
peritoneal access [56].

For transperitoneal renal surgery using the da vinci single-port system, the 
patient is positioned in a modified flank position at approximately 60°. A transum-
bilical incision or pararectal incision is made to allow the insertion of the 2.5-cm 
robotic port (Fig. 8.19). One 12-mm assistant port is placed through the same skin 
incision alongside the single robotic port.

For the retroperitoneal approach, the patient is placed in the full flank position 
and the table fully flexed to increase the space between the 12th rib and iliac crest. 
The port is placed at any point between the anterior axillary line and the paraspinous 
muscle (according to the location of the tumor, anterior or posterior), 2 cm above 
the iliac crest. The dissection and exposure are also the same for standard robotic 
partial nephrectomy.

Fig. 8.18 Operating room setup and robot docking for laparoendoscopic single-site renal surgery. 
(Reprinted with permission, Cleveland Clinic Center for Medical Art & Photography © 1999–
2018. All Rights Reserved)
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 Conclusion

With the advancement of new technologies, the surgical management of small renal 
masses has dramatically changed over the last several decades. Minimally invasive 
partial nephrectomy is now the standard of care and is most commonly performed 
using a robotic approach. Recent technological advancements aim to further 
improve visualization, decrease the impact of renal surgery on kidney function, and 
minimize the size and number of surgical incisions. There is no doubt that in the 
coming years, technical advancements will continue to improve the care and out-
comes of patients presenting with a renal mass in need of surgical extirpation.

Fig. 8.19 The da vinci SP1098 single-port cannula. (Reprinted with permission, Cleveland Clinic 
Center for Medical Art & Photography © 1999–2018. All Rights Reserved)
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Chapter 9
Approach to the Management of Large 
and Advanced Renal Tumors

Bimal Bhindi and Bradley C. Leibovich

 Introduction

Since the 1990s, the increasing use of abdominal imaging has led to a stage migra-
tion, with a marked rise in the incidental detection of small renal masses [1–6]. 
However, approximately 30% of renal cell carcinomas (RCCs) are still diagnosed as 
stage II (organ confined larger than 7 cm in size) or stage III (tumor extends into 
major veins or perinephric tissues and/or regional lymph node involvement), and 
approximately 10% are still diagnosed at stage IV (adjacent organ invasion or dis-
tant metastatic disease) [6].

The oncologic outcomes for large and advanced RCC are very different from 
pT1a tumors, where the 10-year cancer-specific survival is 90–96% [7, 8]. The 
10-year cancer-specific survival for large organ-confined tumors decreases gradu-
ally with increasing tumor size and ranges from 85% for 4–5 cm tumors to 49% for 
>15 cm tumors [9]. Meanwhile, the 10-year cancer-specific survival among those 
treated for pT3a, pT3b, pT3c, and pT4 RCC is 36%, 26%, 25%, and 12% at 5 years, 
respectively.

There are many facets that warrant attention in the surgical management of large 
and advanced renal tumors. In this chapter, we describe the anatomic consider-
ations, preoperative evaluation and preparation, perioperative considerations, surgi-
cal principles, and outcomes of the surgical management of large and advanced 
renal tumors.
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 Anatomic Considerations

Surgeons who operate on large and advanced renal tumors must be well-versed in 
retroperitoneal anatomy. While this is not meant to be a comprehensive description 
of surgical anatomy, several key points are highlighted.

 Anatomic Relationships

The kidneys are retroperitoneal structures with their hila at the level of the L1 ver-
tebral body and are surrounded by Gerota’s fascia. They are related posteriorly to 
the diaphragm, quadratus lumborum, and psoas muscles. The left kidney is typically 
positioned slightly more cranially and is bordered by the spleen superolaterally, the 
adrenal gland superomedially, and the tail of the pancreas anteriorly. The left colonic 
flexure, descending colon, and the colonic mesentery are in turn anterior to the 
lower pole of the left kidney and the tail of the pancreas. The right kidney is usually 
slightly more inferior compared to the left and is bordered superiorly by the liver, 
superomedially by the adrenal gland, and medially by the duodenum. The ascend-
ing colon, right colonic flexure, and the colonic mesentery are in turn anterior to the 
lower pole of the right kidney and duodenum. These anatomic relationships must be 
considered, especially when normal anatomy is distorted by large renal tumors.

 Vascular Anatomy and Variants

The renal artery is normally positioned posterior to the vein and is anterior to the 
renal pelvis. The right renal artery courses posterior to the inferior vena cava (IVC). 
Understanding the path of the right renal artery can be valuable when a locally 
advanced right renal tumor renders the approach to the right renal hilum difficult. 
An often preferable and easier option is identification and ligation at its origin in the 
interaortocaval space. The left renal vein crosses anterior to the aorta, inferior to the 
superior mesenteric artery, and posterior to the small bowel mesentery. On the left, 
the adrenal and gonadal veins drain into the left renal vein, while on the right, these 
veins each drain directly into the IVC. The other branches of the abdominal aorta 
include the paired inferior phrenic branches, the celiac trunk, the paired adrenal 
arteries, the superior mesenteric artery, the paired gonadal arteries, the inferior mes-
enteric artery, the paired common iliac arteries, and the paired lumbar arteries. 
Additional arterial supply to the adrenal can be provided via the inferior phrenic and 
renal arteries. The second, third, and fourth paired lumbar arteries are infrarenal and 
somewhat variable in position. The additional tributaries of the abdominal IVC 
include the hepatic veins, the minor hepatic veins, the right inferior phrenic vein, the 
right adrenal vein, the right gonadal vein, the paired common iliac veins, and the 
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lumbar veins. In the setting of an IVC thrombus, the azygos and hemiazygos venous 
systems may provide collateral drainage. The identification of relevant venous 
branches is essential to ensure a bloodless field at the time of cavotomy during IVC 
tumor thrombectomy (Fig. 9.1).

Fig. 9.1 Relevant vascular anatomy of the retroperitoneum. (By permission of Mayo Foundation 
for Medical Education and Research. All rights reserved)
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Arterial anatomic variants are not uncommon. In cadaver studies, approximately 
80% of kidneys have a single artery [10]. In contrast, the reported probabilities of a 
single renal artery are higher in studies relying solely on imaging (88–95%). This 
suggests that preoperative imaging may not detect all clinically relevant accessory 
vessels and intraoperative vigilance is necessary. Accessory upper or lower pole 
renal arteries can arise from the aorta or branch early off the main renal artery.

Venous anatomic variants also warrant attention. For example, a lumbar vein 
drains into the left renal vein in approximately 40% of individuals [11]. Persistence 
of the left supracardinal vein can lead to a left-sided IVC, which crosses at the level 
of the renal vein and returns to the right side once suprarenal. Persistence of both 
supracardinal veins can lead to a duplicated IVC.  It is possible to have multiple 
renal veins, most commonly on the right. A retroaortic left renal vein is present in 
3% of individuals [12]. A circumaortic left renal vein is also possible. Persistence of 
the posterior cardinal vein can lead to a retrocaval right ureter [12]. These must be 
recognized in order to avoid intraoperative vascular disasters.

 Preoperative Evaluation and Preparation

 Basic Evaluation

For patients presenting with a renal mass, a focused history and physical exam 
should routinely be performed regardless of the presentation and radiographic find-
ings. While most small renal masses are asymptomatic, large and locally advanced 
renal tumors may present with gross hematuria, flank pain, or palpable mass or may 
even present with a spontaneous retroperitoneal bleed [13–15]. Signs and symptoms 
indicating the presence of a paraneoplastic syndrome should be noted. Resting 
blood pressure should be measured. Symptoms and signs of distant disease, such as 
pulmonary symptoms, bone pain, constitutional symptoms, weight loss, and cervi-
cal adenopathy, should be fully evaluated. Potential symptoms and signs of IVC 
obstruction from thrombus, such as bilateral leg swelling, weight gain, caput 
medusa, and nonreducing or right-sided varicocele, should not be missed. Although 
rare, symptoms and signs of hepatic vein obstruction (Budd-Chiari syndrome) may 
also be present [16]. Finally, a family history of renal tumor syndromes and per-
sonal history of associated findings of these syndromes should be considered, as 
these may warrant referral for genetic counselling [17–19].

Laboratory evaluation should be tailored to the history and physical exam and 
should generally include, at a minimum, a complete blood count, serum electro-
lytes, serum creatinine, coagulation profile, serum calcium (with correction for 
hypoalbuminemia as needed), liver enzymes, and urinalysis [20].

Cross-sectional imaging is central in the evaluation of a renal mass [21]. As it 
pertains to large and advanced renal tumors, the images should be personally 
reviewed by the surgeon to anticipate intraoperative challenges. The number and 
position of renal vessels should be confirmed. The relationship of the tumor to adja-
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cent structures should be assessed and potential for local invasion considered. 
Neovascularity and aberrant parasitic vessels should be noted. The renal vein and 
IVC should be inspected for the presence of tumor thrombus, and attempts should 
be made to differentiate tumor and bland thrombus. Retroperitoneal lymphadenopa-
thy should be noted, and other intra-abdominal organs should be assessed for poten-
tial metastases. The contralateral kidney and adrenal gland should be inspected.

For staging, a chest X-ray should be performed at minimum. A CT scan of the 
chest may be worth considering in patients with high-risk tumors. For example, in a 
large study of patients undergoing nephrectomy who had a CT scan of the chest, a 
strategy of performing a CT scan of the chest for ≥cT1b, cN1, systemic symptoms, 
or anemia and thrombocytopenia would spare 37% of patients from this test while 
missing only 0.2% of intrathoracic metastases [22]. A bone scan or brain imaging 
should be performed as indicated based on symptoms, signs, and extent of disease 
on other imaging studies. Additionally, brain imaging may be worth considering if 
perioperative systemic anticoagulation is being considered in the setting of venous 
tumor thrombus (VTT) to avert potentially catastrophic intracranial bleeding related 
to an occult metastasis. If present, hematuria should be evaluated via cystourethros-
copy and urine cytology, along with upper tract imaging to rule out a concurrent 
urothelial tumor.

 Renal Mass Biopsy

In contrast to small renal masses, the role of renal mass biopsy is limited in the set-
ting of a large or locally advanced nonmetastatic renal tumor and should only be 
performed if it will alter clinical management [23]. For example, renal mass biopsy 
may be considered if the tumor is central in location or if other features lead to the 
suspicion of urothelial carcinoma, as this will alter operative approach. Biopsy may 
also be helpful in establishing a tissue diagnosis for unresectable tumors prior to 
initiation of systemic therapy. Otherwise, for patients with large and locally 
advanced tumors destined for surgery, the risk of malignant histology [24] and 
cancer- specific mortality [9] is sufficiently high that biopsy will not alter manage-
ment and will only delay definitive therapy.

 Imaging for Venous Tumor Thrombus

Multiple VTT classification systems have been described (Table 9.1) [30]. In this 
chapter we use the Neves and Zincke classification [26], since it offers the greatest 
degree of granularity, which in turn directly relates to management.

VTT can present with a wide array of symptoms, while approximately 19% are 
found incidentally on imaging [31]. Cephalad extension of the tumor thrombus 
between the time of imaging and operative date can radically change the operative 
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approach (Fig. 9.2). Contrast-enhanced magnetic resonance imaging (MRI) is the 
preferred modality to characterize an IVC tumor thrombus, and this should ideally 
be performed within 7–10 days of the surgical date [32–34]. Although multidetector 
CT scan will identify 79–100% of venous tumor thrombi, MRI appears to be supe-
rior in delineating the cephalad extent of the thrombus, in identifying whether there 
is flow around the thrombus, and in differentiating bland (non-enhancing) and tumor 
thrombus (enhancing) [32, 35–37] (Fig. 9.3).

The possibility of IVC wall invasion and the potential need for vascular resection 
must be considered preoperatively. One study considered several clinical and 
 radiologic variables and developed a parsimonious multivariable model to predict 

Table 9.1 VTT classification systems

Landmark

Staging classification

AJCC- 
TNM [25]

Neves and 
Zincke 1987 
[26]

Novick et al. 
1989 [27]

Hinman 
1998 [28]

Robson 
1982 [29]

Renal vein T3a 0 I I IIIa

IVC <2 cm from 
renal vein ostium

T3b I II

IVC >2 cm from 
renal vein ostium

II

IVC at/above major 
hepatic veins

III III II

Above diaphragm T3c IV IV III

Summary of surgical and prognostic VTT classifications for renal cell carcinoma. Adapted from 
Pouliot et al. [30]

a b

Fig. 9.2 Potential for rapid venous tumor thrombus progression. Images (a) and (b) were taken 
20 days apart in a patient with a right renal mass and venous tumor thrombus prior to surgery. A 
contrast-enhanced MRI is recommended within 7–10 days of surgery. (By permission of Mayo 
Foundation for Medical Education and Research. All rights reserved)
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the need for vascular resection in patients with an IVC tumor thrombus [14]. The 
authors found that right-sided tumor location (OR  =  3.30; 95%CI 1.24–8.81), 
anterior- posterior diameter of the IVC ≥24 mm at the renal vein ostium (OR = 4.35; 
95%CI 1.31–14.53), and radiographic identification of complete occlusion of the 
IVC at the level of the renal vein ostium (defined by the absence of contrast passing 
around the thrombus within the IVC on preoperative MRI; OR = 4.90; 95%CI 1.96–
12.26) were the most important predictors of needing vascular reconstruction at the 
time of tumor thrombectomy (c-index = 0.81).

 Assessment of Retroperitoneal Lymph Nodes

In patients with advanced renal tumors, it is important to consider the potential for 
retroperitoneal lymph node metastasis. Several predictors of lymph node involve-
ment have been described [38–42]. One study found that the two most important 
radiographic predictors of pN1 disease are the maximum short axis diameter and 
perinephric/sinus fat invasion [38]. The probabilities of pN1 disease are 28.9%, 
66.1%, and 90.4%, for lymph nodes measuring 10, 20, and 30 mm on short axis, 
respectively. Pathologic features associated with nodal involvement include high 
nucleolar grade (grades 3 and 4), pT3–4 tumor stage, tumor size ≥10 cm, histologic 
tumor necrosis, and sarcomatoid component [39]. There is a progressive increase in 
the risk of pathologic nodal involvement with increasing number of these features. 

Fig. 9.3 MRI 
differentiation of bland and 
tumor thrombus. (By 
permission of Mayo 
Foundation for Medical 
Education and Research. 
All rights reserved)
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With 0–1, 2–4, and 5 of these features, the risk of pathologic node positivity was 
0.6%, 10%, and 53%, respectively. However, it should be noted that in order to 
apply this risk stratification scheme, intraoperative pathologic assessment is required 
[40]. One group reported a preoperative nomogram to predict the probability of 
nodal metastasis using age, presence of symptoms, and tumor size (AUC = 0.784) 
[41]. Similarly, Capitanio et al. reported a prediction model for pathologic nodal 
involvement with an AUC of 0.869, using clinical T-stage, clinical node status (cN1 
versus cN0), metastases at diagnosis, and tumor size [42].

 Preoperative Consultations

Preoperative cardiology evaluation may be warranted if considering cardiopulmo-
nary bypass for a level III–IV IVC tumor thrombus in order to assess coronary risk 
and the need for coronary angiography. If significant coronary artery disease is pres-
ent, performance of concurrent coronary artery bypass grafting at the time of radical 
nephrectomy may be considered [30].

Preoperative cardiothoracic surgery consultation should be considered if cardio-
pulmonary bypass is potentially necessary. Hepatobiliary surgeon involvement may 
be helpful if liver mobilization is needed, particularly in patients with liver conges-
tion secondary to IVC obstruction. Additionally, involvement by a vascular surgeon 
may be helpful if IVC graft reconstruction is necessary. All efforts should be made 
to ensure the appropriate personnel are available for the critical stages of the 
procedure.

 Perioperative Considerations

 Preoperative Angioembolization

There is insufficient evidence to support the routine use of preoperative arterial 
embolization (PAE). PAE using absolute ethanol, polyvinyl alcohol particles, 
acrylic microspheres, or water-insoluble gelatin is considered by some surgeons for 
patients with large renal tumors and/or VTT [43]. PAE can provide arterial control 
in instances when intraoperative arterial identification is anticipated to be challeng-
ing, such as a bulky hilum, and may allow for the vein to be addressed directly. It 
may also be associated with reduced blood loss and transfusion requirement [44, 
45]. Following PAE, a postinfarction syndrome is anticipated, which includes flank 
pain, nausea, and fever [46].

The utility of PAE, however, has been contested. In most cases, early arterial 
control can be achieved intraoperatively, which will reduce the size and turgor of the 
primary tumor, and even of the tumor thrombus, if present, in the same way as 
PAE. Second, a survival benefit of PAE has not been demonstrated in the literature 
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[45, 47]. In fact, one large institutional series evaluating PAE in patients with IVC 
tumor thrombi found no associated benefit in complication risk or length of hospital 
stay and even found an associated increased risk of perioperative mortality on mul-
tivariable analysis (OR = 5.5, 95%CI 1.2–25.6; p = 0.029) [47]. While unmeasured 
selection bias and confounding cannot be ruled out, these data certainly urge for 
caution in the liberal use of PAE.

 Perioperative Management of Venous Thromboembolic Risk

Although there is no consensus [30, 48], we feel that symptomatic pulmonary 
embolism should be considered an absolute indication for anticoagulation, while 
asymptomatic pulmonary embolism, presence of bland IVC thrombus, complete or 
near complete IVC occlusion, and atrial tumor thrombus (level 4) should be consid-
ered relative indications. Anticoagulation can be administered preoperatively, held 
the day before the procedure, and resumed postoperatively when the bleeding risk 
is felt to be sufficiently low relative to the thromboembolic risk, usually by postop-
erative days 2–3. Conventional venous thromboembolism (VTE) prophylaxis 
should be considered while the patient is not on therapeutic-dose anticoagulation.

Although intraoperative placement of an IVC filter may have a role in some 
patients presenting with a large or locally advanced renal mass, preoperative percu-
taneous placement of an IVC filter should be avoided in patients with VTT. One 
reason to avoid preoperative filter placement in patients with VTT is that insertion 
of the device can dislodge clot or tumor thrombus leading to pulmonary embolus. 
Additionally, the presence of a filter can make dissection of the IVC more compli-
cated due to reactive fibrosis. Finally, tumor incorporation into the filter has been 
described, which complicates the ensuing operation [49].

 Neoadjuvant and Adjuvant Systemic Therapy

Neoadjuvant tyrosine kinase inhibitor (TKI) use may facilitate the resection of a 
locally advanced renal tumor or may facilitate nephron-sparing surgery for large 
tumors in a solitary kidney that would have otherwise required radical nephrectomy 
[50–52]. There are also reports where neoadjuvant TKI use reduced the level of a 
VTT to the extent that it altered the operative approach [53–55]. However, for the 
majority of patients, the impact of preoperative TKI use is limited. In a study of 
patients with clinical stage II or higher renal masses who received preoperative 
sorafenib, the median decrease in tumor size was only 9.6% [50]. Meanwhile, in 
another study of patients with VTT, a change in thrombus level was observed in 3 of 
25 patients (12%) [56]. Therefore, the data are insufficient to support the routine use 
of neoadjuvant TKIs. Trials evaluating neoadjuvant immunotherapy are ongoing at 
this time.
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TKI use in the adjuvant setting is controversial. The ASSURE randomized trial 
found no survival benefit with adjuvant sunitinib or sorafenib compared to placebo 
in 1943 patients with high-grade T1b or greater, completely resected, nonmetastatic 
renal cell carcinoma (RCC) [57]. Similar results were observed when looking at a 
high-risk subset of this trial [58]. In contrast, the S-TRAC trial found that adjuvant 
sunitinib resulted in improved disease-free survival compared to placebo (median 
6.8 vs. 5.6 years, HR = 0.76, p = 0.03) in patients with higher-risk clear cell RCC, 
defined as tumor stage 3 or higher, regional nodal metastasis, or both [59]. At this 
time, S-TRAC is not sufficiently mature to assess differences in overall survival. 
Finally, the PROTECT trial comparing pazopanib to placebo in the adjuvant setting 
found no disease-free survival benefit [60]. Based on the S-TRAC trial, the United 
States Food and Drug Administration granted approval for sunitinib in the adjuvant 
setting, although in the absence of an overall survival benefit, its use in this setting 
remains controversial for now.

 Perioperative Medical Management

Appropriate physician consultations should be made for medical optimization prior 
to major surgery. In all patients, diuretics and angiotensin-converting enzyme inhib-
itors should be held the day of surgery. In diabetic patients, perioperative glucose 
management should be directed by the severity of diabetes.

Following anesthetic induction, placement of an arterial line for continuous 
blood pressure monitoring and a central venous line for central venous pressure 
monitoring are helpful. The urethral catheter drainage bag should be accessible to 
the anesthesiologist to allow for monitoring of urine output. Efforts should be made 
to ensure ample hydration, particularly in anticipation of IVC clamping. In patients 
with a patent IVC despite tumor thrombus, IVC clamping may meaningfully reduce 
venous return and cardiac output. Active communication between the surgeons and 
anesthesiologists is crucial.

 Operative Management

 Surgical Approach

Large renal tumors including those with IVC tumor thrombi have traditionally been 
managed using an open approach. However, there is increasing experience at certain 
centers with minimally invasive approaches. The surgeon should use whichever 
approach allows for a safe and oncologically sound operation.

Although technically challenging, laparoscopic radical nephrectomy can be per-
formed for large and locally advanced renal masses [61, 62]. Hand-assisted laparos-
copy may also be an option, given that these tumors will require a large incision for 
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extraction [63]. Robotic-assisted laparoscopic radical nephrectomy is also increas-
ingly being utilized, although it is unclear whether this offers a meaningful advan-
tage over conventional laparoscopy [64]. One study of the Nationwide Inpatient 
Sample found that 32% of radical nephrectomies were done robotically between 
2009 and 2011 [65]. In this study there were no differences in perioperative compli-
cations or mortality between robotic-assisted and conventional laparoscopic 
approaches, yet the robotic cases were associated with a $4565 more in-hospital 
costs and $11,267 more in-hospital charges.

Recently, cases of pure laparoscopic [66] and robotic IVC tumor thrombectomy 
[67] have been reported. These procedures are currently only being performed in 
highly selected patients at experienced centers. A full description of the nuances of 
these procedures is beyond the scope of this chapter.

 Positioning, Incision, and Retroperitoneal Exposure

Regardless of approach, these procedures require excellent exposure and visualiza-
tion. Therefore, the choice of incision for an open procedure is crucial (Fig. 9.4). 
The decision can be influenced by the location and size of the tumor, the presence 
and level of VTT, body habitus, costal flare, any anatomic abnormalities, and sur-
geon preference.

We have found that a midline incision can be used to approach virtually any renal 
tumor, and this is currently our preferred incision for open renal surgery. Adequate 
access to the entire abdomen including the lateral aspects of the tumor can be 

a b c

Fig. 9.4 Common surgical incisions used during radical nephrectomy. (a) Midline, (b) bilateral 
subcostal (chevron), and (c) thoracoabdominal. (By permission of Mayo Foundation for Medical 
Education and Research. All rights reserved)
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obtained with appropriate use of a self-retaining retractor. The incision can be con-
tinued cranially into a sternotomy when cardiopulmonary bypass (CPB) is needed.

An anterior bilateral subcostal (chevron) incision can be performed two finger-
breadths below the costal margin. It offers improved access to the lateral aspect of 
the tumor and allows for easier liver mobilization. This incision can also be joined 
with a sternotomy when required. In a randomized trial of midline versus transverse 
abdominal incisions, there were no differences in analgesic requirement, length of 
stay, pulmonary complications, median time to tolerance of solid food, or incision 
hernia risk at 1 year, although there were more wound infections in the transverse 
incision group [68]. Interestingly, one study found that Chevron incisions are asso-
ciated with seven times more rectus abdominis atrophy than midline incisions [69].

A flank incision may also be used, which is typically made above the 11th or 
12th rib. While this approach avoids anterior adiposity, hilar access can sometimes 
be difficult. For larger upper pole tumors, a thoracoabdominal approach using a 
higher rib level with the patient in a modified flank position may be useful; however, 
a postoperative chest drain will be necessary. The thoracoabdominal incision can 
also transition anteriorly to a midline incision, resulting in a hockey stick incision.

Following obtaining intraperitoneal access, a thorough exploration of the abdo-
men and retroperitoneum should be performed. Subsequently, the retroperitoneum 
should be accessed upon incision along the peritoneal reflection lateral to the ascend-
ing or descending colon for right and left renal masses, respectively. Following the 
avascular plane, the ipsilateral colon and its mesentery should be mobilized off from 
Gerota’s fascia to expose the retroperitoneum. If IVC exposure for tumor thrombec-
tomy is needed, the root of the small bowel mesentery can also be mobilized. For a 
right renal mass with tumor thrombus, the small and large bowel can all be displaced 
to the left to allow all relevant structures to be visualized in a single operative field. 
In contrast, for a left renal mass with IVC tumor thrombus, the IVC tumor thrombec-
tomy is performed in the right hemi-abdomen, while the radical nephrectomy is per-
formed in the left hemi-abdomen. Finally, for level III–IV tumor thrombi, the liver 
may need to be mobilized medially to gain exposure to the retrohepatic and suprahe-
patic IVC (Fig. 9.5). This is achieved by dividing the triangular and coronary liga-
ments, as well as ligating the short hepatic veins draining the caudate lobe of the liver.

 Principles Radical Nephrectomy

Adjacent organ injury can be avoided by careful identification of structures and 
mobilization using the appropriate surgical planes. For a right-sided renal tumor, the 
duodenum should be reflected medially (Kocher maneuver), which will expose the 
IVC and renal hilum. On the left, the lateral peritoneal attachments of the spleen 
may require division to facilitate exposure of the upper pole. The tail of the pan-
creas, along with the splenic hilum, can be mobilized off from Gerota’s fascia fol-
lowing an avascular plane. With this maneuver, the left renal vein should be apparent. 
If there is any difficulty in identifying the renal vein, the gonadal vein can be identi-
fied and traced upward.
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The ureter can be divided where convenient, as long as there is no concern for 
urothelial carcinoma. For both right- and left-sided renal tumors, we typically ligate 
the gonadal veins during the dissection.

Although surgeon preference and anatomic considerations vary significantly, our 
preferred approach is to dissect the hilar structures first and mobilize the kidney 
after ligation and division of the artery and vein. Early arterial control may be espe-
cially beneficial for large tumors, for those with parasitic vessels, and in the setting 
of an IVC thrombus. For bulky hilar tumors, consideration can be given to identify-
ing the renal artery at its origin. For right-sided tumors, this can include identifica-
tion of the renal artery in the interaortocaval space [34, 70]. Supernumerary veins 
can be divided prior to addressing arterial control in order to facilitate exposure, but 
all arteries should be controlled prior to dividing the main renal vein.

 Adrenalectomy

The ipsilateral adrenal need not be routinely removed with the kidney if it is not 
involved by tumor. The preoperative CT scan is highly accurate in detecting ipsilat-
eral adrenal gland involvement by kidney cancer, with a sensitivity of 100%, a 

a b

Fig. 9.5 Liver mobilization to gain access to retrohepatic and suprahepatic inferior vena cava. (a) 
The liver is retracted cranially, and the short hepatic veins draining the caudate lobe are divided in 
order to gain greater access to the infrahepatic IVC. (b) The right triangular and coronary liga-
ments of the liver have been divided, allowing for the liver to be rotated toward the patient’s left in 
order to access the retrohepatic IVC. (By permission of Mayo Foundation for Medical Education 
and Research. All rights reserved)
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specificity of 95.2%, and a negative predictive value of 100% [71]. Thus, adrenal 
involvement can be accurately ruled out preoperatively, and upon intraoperative 
confirmation, adrenal sparing is usually feasible.

The risk of synchronous ipsilateral adrenal involvement is 2.2%, while the risk of 
developing a subsequent adrenal metastasis is 3.7% [72]. Moreover, this risk is simi-
lar in the ipsilateral and contralateral adrenal glands. As such, there is potential for 
harm with routine removal of the ipsilateral adrenal gland upon nephrectomy for a 
renal tumor if contralateral adrenal metastasis occurs. Meanwhile, no survival advan-
tage has been demonstrated with adrenalectomy at the time of nephrectomy [72, 73], 
and in fact one study suggested worse survival with ipsilateral adrenalectomy [74].

 Inferior Vena Cava Tumor Thrombectomy

The surgical management of a VTT is among the most technically challenging oper-
ative procedures in urologic surgery. The experience of the surgeon and the team is 
paramount. Involvement of vascular, hepatobiliary, and cardiac surgeons, as indi-
cated, can be beneficial [15].

 Vascular Bypass

The use of vascular bypass should be considered and anticipated ahead of time so 
that the appropriate personnel and equipment are available. For patients with a 
supradiaphragmatic (level IV) VTT, CPB with or without hypothermic circulatory 
arrest (HCA) is commonly utilized and affords a brief period with a bloodless field 
for complex tumor thrombus extraction and potential reconstruction. Vascular 
bypass may also be required for certain patients with a subdiaphragmatic IVC tumor 
thrombus if they are dependent on venous return from the IVC (i.e., collateral 
venous return is limited) and if a prolonged clamp time is anticipated due to the 
complexity of the thrombectomy and/or venous reconstruction. For such patients, 
either CPB and HCA or veno-venous bypass (VVB; e.g., from the infrarenal IVC to 
the right brachial vein) can be used [70]. However, VVB may not be possible in 
some instances when there are no acceptable areas to place the IVC cannula, for 
example, due to bland infrarenal IVC thrombus.

 General Principles

Following retroperitoneal exposure, the key steps of the operation include (1) con-
trol of the renal artery or arteries, (2) venous tumor thrombectomy, and (3) radical 
nephrectomy. These steps should be performed in order. Early renal artery ligation 
reduces blood loss from venous collaterals. In some cases, whereby the risk of dis-
turbing the tumor thrombus is felt to be low and bleeding from collateral vessels is 
limited, the kidney can be mobilized early.
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The approach to VTT is dependent on many factors, but general principles are 
similar based on the level of the thrombus and the presence or absence of clot in 
addition to tumor thrombus.

 Level 0–I VTT

The approach to the management of a VTT depends on its level (Fig. 9.6). For a 
level 0 VTT and minimal level I thrombus that can be gently milked into the renal 
vein, control can be achieved by renal vein ligation or by placing a vascular clamp 
at the level of the renal vein ostium. If using renal vein ligation, then the procedure 
does not meaningfully deviate from a radical nephrectomy without tumor thrombus. 
If using a vascular clamp, a venotomy can be made on the specimen side of the 
vascular clamp (Fig. 9.6a). Upon confirming a satisfactory margin, the venotomy 
can then be continued circumferentially to complete the venous resection.

 Level I–II VTT

For many level I tumor thrombi and essentially all level II tumor thrombi, no attempt 
should be made to milk the thrombus into the renal vein. In these instances, it is 
necessary to obtain exposure and circumferential control of the infrahepatic 
IVC. The cranial extent of the tumor thrombus should be assessed by gentle palpa-
tion and/or ultrasound to guide the extent of IVC dissection. Lumbar veins may 
require ligation, and in some cases, short hepatic veins from the caudate lobe of the 
liver inserting into the anterior IVC need to be sacrificed to allow exposure of the 
IVC superior to the thrombus.

In the absence of bland thrombus inferior to the thrombus, a trial of IVC clamp-
ing inferior to the thrombus to confirm hemodynamic tolerability is often worth-
while [34, 70]. If clamping cannot be tolerated despite satisfactory hydration, or if 
a complex vascular reconstruction is anticipated, then vascular bypass may be nec-
essary prior to clamping [70]. Conversely, if a trial of vascular clamping is tolerated, 
then vascular clamps should be sequentially placed on the infrarenal IVC, contralat-
eral renal vein, and infrahepatic IVC (Fig.  9.6b). This is followed by cavotomy 
starting from the renal venal vein ostium and proceeding along the anterolateral 
aspect of the IVC.  Upon extraction of the tumor thrombus and excision of the 
 ipsilateral renal vein, the caval lumen should be inspected to ensure removal of all 
tumors and clot prior to venous reconstruction.

 Level III VTT

For a level III thrombus (at or above the level of the major hepatic veins), trans-
esophageal ultrasound is helpful to assess the proximal extent of the thrombus both 
prior to incision and following renal artery control. Additionally transesophageal 
ultrasound can be used to assess for residual tumor following tumor thrombectomy 
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and for flow around the tumor thrombus, which will aid in the decision of whether 
to perform IVC reconstruction or ligation following tumor thrombectomy.

In addition to the steps in managing a level II thrombus, we would additionally 
recommend liver mobilization to allow for exposure and mobilization of the retro-
hepatic and suprahepatic IVC (Fig. 9.5). For a level III tumor thrombus, vascular 
clamps should be sequentially placed on the infrarenal IVC, the contralateral renal 
vein, the hepatoduodenal ligament containing the portal vein and hepatic artery 

a b

c d

Fig. 9.6 Approach to the intraoperative management of a venous tumor thrombus according to its 
level. Shown are (a) level 0–I, (b) level II, (c) level III, and (d) level IV venous tumor thrombi with 
appropriate vascular clamps applied and cavotomies performed. (By permission of Mayo 
Foundation for Medical Education and Research. All rights reserved)
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(Pringle maneuver), and the suprahepatic IVC (Fig. 9.6c). Occasionally, clamping 
of the hepatic veins is also necessary. This is followed by cavotomy and extraction 
of the tumor thrombus, as described above. If the cavotomy does not extend to the 
hepatic veins, then an infrahepatic IVC clamp can be placed following tumor throm-
bectomy, so that the suprahepatic and Pringle clamps can be released, allowing for 
liver perfusion during vascular reconstruction of the IVC.

 Level IV VTT

For a level IV thrombus, the standard approach includes sternotomy, CPB and 
HCA. Deep HCA is essential, as its use is associated with reduced in-hospital mor-
tality and improved survival [75]. A total intra-abdominal approach has been 
described, whereby the right atrium was approached upon dissection through the 
central tendon of the diaphragm [76]. The use of VVB instead of CPB and HCA has 
also been reported; however, these cases were performed at highly experienced cen-
ters in well-selected patients [70].

The cardiothoracic and intra-abdominal components of the operation can pro-
ceed concurrently. The intra-abdominal approach is similar to that of a subdiaphrag-
matic tumor thrombus. Transesophageal ultrasound is recommended. An appropriate 
length of vena cava should be exposed and controlled. Liver mobilization may be 
required depending on hepatic vein involvement of the thrombus. Infrarenal and 
contralateral renal vein clamps should be placed. The thrombectomy should then be 
approached from above and below (Fig. 9.6d), ensuring completing removal of all 
tumor.

 Venous Reconstruction Versus Inferior Vena Cava Ligation

The key factors in guiding the management of the IVC after tumor thrombectomy 
are whether the IVC has been completely occluded and whether collateral venous 
drainage has developed.

If the patient is dependent on the IVC for venous return, then the IVC must be 
reconstructed following caval thrombectomy. This can be accomplished by primary 
closure if there was minimal caval wall resection and the luminal diameter is rela-
tively preserved. If the luminal diameter has been narrowed significantly (most sur-
geons set the threshold at 50%), then biologic or synthetic patch graft (Fig. 9.7) or 
tube interposition graft placement should be performed [77]. If there is bland 
 thrombus in the pelvic veins that has not yet propagated to the IVC, consideration 
can be given to deploying a filter in the infrarenal IVC prior to reconstruction, pend-
ing initiation of postoperative anticoagulation [49].

If the infrarenal IVC is occluded with bland thrombus, consideration should be 
given to IVC ligation using ties or a vascular stapler [49]. This should be performed 
immediately below the level of the contralateral renal vein, with care to avoid leav-
ing a blind-ending stump where stasis may develop, leading to new bland thrombus 
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formation. Segmental IVC resection should be performed as necessary, for exam-
ple, if there is infrarenal extension of the IVC thrombus. Importantly, if the IVC is 
ligated, every effort must be made to preserve collateral venous drainage, such as 
lumbar veins, gonadal veins, and aberrant collateral veins in the contralateral retro-
peritoneum, colonic mesentery, and pelvis.

Once the vascular reconstruction or caval ligation is complete, the radical 
nephrectomy should be completed, ideally yielding a single en bloc specimen with 
the tumor thrombus.

Fig. 9.7 Patch graft reconstruction of the inferior vena cava. (By permission of Mayo Foundation 
for Medical Education and Research. All rights reserved)
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 Role of Lymphadenectomy

The relatively unpredictable nature of the lymphatic drainage of the kidney has made 
it difficult to define the appropriate template for lymphadenectomy for RCC. The pri-
mary lymphatic landing zone for RCC is the retroperitoneal lymph nodes between the 
first and fifth lumbar vertebrae. Lymph from the left kidney tends to drain into the 
paraaortic and preaortic nodes, while lymph from the right kidney tends to drain into 
the paracaval, precaval, retrocaval, and interaortocaval nodes. Lymph connections 
thereafter are unpredictable, with eventual drainage in the thoracic duct [78]. Moreover, 
direct drainage from the kidney into the thoracic duct is not uncommon [79].

Although lymphadenectomy can inform staging, there presently has no estab-
lished role for lymph node resection in patients with nonmetastatic RCC [80]. This 
is primary driven by the findings of a randomized trial evaluating lymphadenectomy 
that failed to show a therapeutic benefit among patients with clinically localized 
RCC (EORTC 30881) [81]. Of note, most patients in this study were considered low 
risk, with approximately 70% of patients being clinical T1 as per modern staging 
[80]. With a pN0 rate of 96% among those who underwent lymphadenectomy, it is 
not surprising that no survival benefit was observed. There are, however, retrospec-
tive studies suggesting a benefit associated with lymphadenectomy for large and 
advanced tumors or those with high-risk pathologic features [82, 83]. Still other 
retrospective studies have found no difference [84, 85].

Isolated pN1M0 RCC carries a poor prognosis. In one study, median time to 
distant metastasis was 4.2  months, and estimated 5-year metastasis-free survival 
was only 16%, while cancer-specific and overall survival were 25% [86]. Although 
there is retrospective data to suggest that extent of lymphadenectomy, as evidenced 
by lymph node yield, is associated with better survival [82, 87], caution should be 
applied in using these fidnings to support extensive lymphadenectomy, as the 
robustness of these data has been questioned [88]. Moreover, it is possible that 
extent of lymphadenectomy and lymph node yield may merely be an indirect indi-
cator of surgical quality and ability. Therefore, although resection of clinically posi-
tive nodes may be reasonable when technically feasible, these patients likely have 
micrometastatic disease elsewhere and extensive lymphadenectomy is unlikely to 
be curative. Finally, there is no evidence of survival benefit of added lymphadenec-
tomy for patients undergoing cytoreductive nephrectomy for metastatic RCC [89].

 Resection of Adjacent Organs with Tumor Invasion

Nonmetastatic locally advanced RCC with adjacent organ invasion is not a contra-
indication to surgery. Aggressive en bloc resection can be safely performed, includ-
ing in the setting large bowel, small bowel, mesentery, adrenal, liver, pancreas, 
spleen, diaphragm, and/or retroperitoneal muscle invasion [90, 91]. Such cases 
should be performed at an experienced center in conjunction with the appropriate 
consulting services.
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 Outcomes of Nonmetastatic Advanced Renal Cell Carcinoma

 Complications and Morbidity

Potential early complications of radical nephrectomy for large and locally advanced 
RCC can be classified as cardiac (myocardial infarction, postoperative cardiac 
arrest), respiratory (atelectasis, pneumonia, need for reintubation or prolonged ven-
tilator support), neurologic (stroke, prolonged coma), thromboembolic (deep vein 
thrombosis, pulmonary embolism), renal/urinary (urinary tract infection, acute 
renal failure, need for renal replacement therapy), wound related (superficial or 
deep surgical site infection, wound dehiscence), hemorrhagic, and septic [92]. In 
addition, there is a risk of intraoperative injury to adjacent organs that may result in 
bowel leak, pancreatic leak, bile leak, or pneumothorax. Long-term effects can 
include chronic kidney disease, incisional hernia, and lower extremity edema in 
some cases if patent venous return is not restored and insufficient venous collaterals 
existed prior to surgery.

Based on data from the American College of Surgeons National Surgery Quality 
Improvement Program (ACS-NSQIP), the overall rate of complications following 
nephrectomy is 13% in-hospital and 17% overall [92]. The median length of hospi-
tal stay is 4 days, and the 30-day mortality rate is 0.7%. These complication and 
mortality rates, as well as this length of stay estimate, may be higher for patients 
undergoing surgical management of large and advanced renal tumors. Most major 
complications (88.1%) tend to occur in hospital, while the majority of minor com-
plications (70.7%) tend to occur after hospital discharge.

Nephrectomy with IVC tumor thrombectomy is associated with significant peri-
operative risk. The risk of major complications is approximately 34%, in-hospital 
mortality rate is approximately 7%, and 90-day mortality rate is 10% [93, 94]. 
These risks depend heavily on surgeon experience. In one study, 75% of the deaths 
occurred in the first two cases of the surgeon’s experience [94].

There is significant potential for VTE postoperatively following cavotomy and 
IVC reconstruction. The incidence of VTE in this setting is estimated to be 22%, 
diagnosed at a median of 6 days postoperatively [95]. Common presenting symp-
toms include lower extremity edema, hemodynamic compromise, and acute desatu-
ration. There is an increased risk with tube interposition graft reconstruction versus 
primary repair and patch graft reconstruction [95]. Although uncommon, there is 
also potential for tube graft thrombosis [77, 95]. Nonetheless, while routine antico-
agulation is not warranted beyond conventional postoperative prophylaxis, a high 
clinical suspicion and diagnostic vigilance is necessary.

The literature is mixed on whether CPB is associated with an increased risk of 
complications and inhospital mortality [93, 94]. However, if CPB is deemed neces-
sary, it is essential to concurrently use deep HCA, as it is associated with reduced 
perioperative mortality (8.3% versus 37.5%) and longer median overall survival 
(15.8 months versus 7.7 months) [75].

B. Bhindi and B. C. Leibovich



159

Concurrent hepatic resection for locally advanced or metastatic disease is associ-
ated with acceptable morbidity. The estimated risk of Clavien grade 3–4 complica-
tions is 12%, and the estimated risk of perioperative mortality is 3% [90]. These risks 
are similar for patients undergoing non-hepatic resections for locally advanced RCC, 
although hepatic resections carry a slightly higher risk of VTE by comparison.

 Oncologic Outcomes and Prognostic Factors

Various prognostic models have been developed for the preoperative and postopera-
tive prediction of recurrence and survival [96, 97]. A comprehensive review of out-
comes is beyond the scope of this chapter, but key points as they pertain to large and 
advanced RCC will be highlighted.

The oncologic outcomes for large and advanced RCC demonstrate a dramatic con-
trast to pT1a tumors, where the 10-year cancer-specific survival is 90–96% [7, 8]. In 
contrast, the 10-year cancer-specific survival for large organ-confined tumors decreases 
gradually with increasing tumor size and ranges from 85% for 4–5 cm tumors to 49% 
for >15 cm tumors [9]. Meanwhile, the 10-year cancer-specific survival among those 
treated for pT3a, pT3b, and pT3c RCC is 36%, 26%, and 25%, respectively. Oncologic 
outcomes for pT4 RCC are poor, with an estimated survival of 12% at 5 years [7].

Surgical treatment is particularly impactful in patients with a VTT. The median 
survival in those with RCC and VTT without treatment is 5–7 months [98, 99]. In 
contrast, if treated surgically, the 5-year survival is 40–65% [99–103]. Unfortunately, 
not all patients are good surgical candidates. Patients with poor performance status, 
acute or fulminant Budd-Chiari syndrome, or critical metastatic disease will likely 
have poor outcomes with upfront surgery and may be best managed with systemic 
therapy.

In addition to stage and tumor size, histologic subtype, grade, coagulative necro-
sis, and sarcomatoid differentiation are all important prognostic factors in RCC [9, 
104–106]. Recent data also suggest that rhabdoid differentiation warrants classifica-
tion as grade 4 but should not be grouped together with sarcomatoid differentiation, 
which is independently associated with worse cancer survival even among patients 
with grade 4 RCC [107].

 Conclusion

The safe and efficacious surgical management of large and advanced renal tumors, 
particularly those with VTT, requires careful preoperative evaluation and prepara-
tion, a thoughtful surgical approach, and meticulous perioperative care. Appropriately 
managing all of these aspects of the patient’s care is essential to maximize the 
chances of achieving satisfactory perioperative and oncologic outcomes.
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Chapter 10
Pediatric Renal Tumors

Matthew Kasprenski and Heather Di Carlo

 Wilms Tumor

Wilms tumor is the most common primary renal malignancy in the pediatric popula-
tion [1, 2]. Also known as nephroblastoma, Wilms tumor is comprised on the histo-
logical level of a classic pattern of three different cell types including blastemal, 
stromal, and epithelial elements [3]. Histopathology of Wilms tumor has important 
implications on outcomes and treatment as those tumors with unfavorable histo-
logic features and anaplasia carry a poor prognosis even at low-stage disease and are 
more resistant to chemotherapy [4]. Outcomes for Wilms tumor have dramatically 
improved with survival rates approaching 90% in part due to multimodal therapy 
[5–7].

 Epidemiology

Each year approximately 500 new cases of Wilms tumor are diagnosed in the United 
States, with roughly 7.1 cases per one million patients younger than 15 years old 
and an equal distribution between male and female patients in unilateral cases [2]. 
The median age of onset for unilateral Wilms is 38 months; however, patients with 
bilateral disease typically present earlier in life (median 17–27 months) [2].
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 Syndromes and Conditions Associated with Wilms Tumor

Wilms tumor is typically sporadic; however, approximately 10% of children have an 
associated congenital anomaly [8]. Congenital syndromes associated with Wilms 
tumor can be separated into those with and without somatic overgrowth.

WAGR syndrome is characterized by Wilms tumor, aniridia, genitourinary 
anomalies, and mental retardation. This syndrome is associated with chromosomal 
deletions at 11p13 which contains the WT1 gene [9]. Denys-Drash syndrome is 
another congenital disorder that is associated with mutations in the WT1 gene and 
the development of Wilms tumor. Denys-Drash syndrome is otherwise character-
ized by male pseudohermaphroditism and renal failure [10]. The risk of developing 
Wilms tumor in Denys-Drash is approximately 90% [10].

Beckwith-Wiedemann is a somatic outgrowth syndrome that carries an increased 
risk of Wilms tumor in up to 10% of cases [11]. This syndrome is characterized by 
macroglossia, macrosomia, midline defects, skin creases near the ears, and neonatal 
hypoglycemia. Beckwith-Wiedemann syndrome is associated with abnormalities at 
chromosome 11p15 [11]. 9q22.3 microdeletion syndrome also carries an increased 
risk of developing Wilms tumor [12] and is characterized by metopic craniosynos-
tosis, hydrocephalus, macrosomia, and developmental delay [13].

It is recommended that children at high risk of developing Wilms tumor be 
screened with an abdominal ultrasound every 3 months until 8 years of age [14, 15]. 
These syndromes that carry an increased risk of tumor development have helped gain 
important insight and greater understanding of the genetic cause of Wilms tumor.

A complete list of syndromes and conditions with associated cancer risk can be 
found in Table 10.1.

 Genetics

The WT1 gene is located on the short arm of chromosome 11p13, and it is essential 
for normal genitourinary development [16, 17]. WT1 mutations are identified in only 
10–20% of cases of sporadic Wilms tumor [16, 18, 19]. Mutations in WT1 have been 
found in WAGR syndrome, Denys-Drash syndrome, and Frasier syndrome [10, 20]. 
Somatic activation of the CTNNB1 gene occurs in up to 15% of patients with Wilms 
tumor and is frequently found in association with WT1 mutations [21, 22].

The WTX gene is located on the X chromosome at Xq11.1 and is altered in 
15–20% of Wilms tumors [23, 24]. However, patients with germline mutations in 
WTX leading to osteopathia striata congenital with cranial sclerosis are not at 
increased risk of tumor development [25].

Loss of heterozygosity of 11p15.5, the WT2 locus, is also frequently found in 
Wilms tumors, and approximately 80% of patients with Beckwith-Wiedemann 
 syndrome have an abnormality of the 11p15 domain [26]. Children with sporadic 
Wilms tumor have been found to have 11p15 defects in 3% of cases without features 
of overgrowth with an increased risk of bilateral tumors [27].
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Gain of chromosome 1q is found in approximately 30% of Wilms tumors and is 
associated with worse outcomes. In an analysis from the Children’s Oncology 
Group of 1114 patients enrolled in NWTS-5, gain of 1q was associated with event- 
free survival across all stages of the disease [28]. With inferior survival, gain of 1q 
could potentially be incorporated into risk stratification and direct treatment inten-
sity in the future. Additionally, loss of heterozygosity at chromosome 16q and 1p 
significantly increased the risk of relapse and death [29].

 Diagnosis

Wilms tumor typically presents as an asymptomatic abdominal mass found by the 
parents or primary care physician during routine exam [30]. However, abdominal 
pain may be present in approximately 40% of children [3]. Additionally, gross 
hematuria occurs in 18% of children, and microscopic hematuria is seen in 24% 

Table 10.1 Conditions and syndromes associated with Wilms tumor

Syndrome or condition

Risk of 
Wilms tumor 
(%) Clinical features

Associated with overgrowth

Beckwith-Wiedemann 10% Macroglossia, omphalocele, ear skin creases
Isolated hemihypertrophy 6% Overgrowth of one or more body part
Perlman 40% Fetal gigantism, renal dysplasia, 

nephroblastomatosis
Simpson-Golabi-Behmel 10% Macrosomia, macroglossia, diaphragmatic hernia
Sotos 2–3% Macrocephaly, central nervous system anomalies, 

developmental delay
9q22.3 Unknown Craniofacial abnormalities, hydrocephalus, 

developmental delay
Non-overgrowth associated

Denys-Drash 90% Disorder of sexual differentiation, 
glomerulopathy

WAGR >30% Aniridia, genitourinary anomaly, mental 
retardation

Sporadic aniridia 5% Partial or complete absence of the iris
Bohring-Opitz 7% Distinctive facial features, microcephaly, 

hypertrichosis, severe myopia, nevus flammeus, 
unusual posture, intellectual disabilities

Familial Wilms 2% Genitourinary malformations
Bloom syndrome Unknown Short stature, sun-sensitive skin
Trisomy 18 Unknown Congenital heart disease
Fanconi anemia with 
biallelic mutations in 
BRCA2 or PALB2

Unknown Growth retardation, congenital anomalies, bone 
marrow failure, cancer predisposition

Li-Fraumeni Unknown Early-onset sarcomas
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[30]. Hypertension may also be a presenting symptom resulting from activation of 
the renin-angiotensin-aldosterone system which is seen in up to 25% of patients 
with Wilms [31].

Work-up following a diagnosis of Wilms tumor should include complete physi-
cal exam with a focus on identifying aniridia, hemihypertrophy, or other clues to an 
underlying syndrome. A panel of labs should be drawn including complete blood 
count, liver function test, renal panel, and urinalysis. Coagulation studies should be 
considered as 1–8% of patients with Wilms tumor will have acquired von Willebrand 
disease [32]. Surgical findings in conjunction with pathologic review are used to 
stage the tumor and are key components of risk stratification and placement into 
Children’s Oncology Group (COG) protocols. The staging system for Wilms tumor 
is found in Table 10.2. An ultrasound is often the initial imaging modality obtained 
in these patients and should prompt further axial imaging. Computed tomography 
scan (CT) or magnetic resonance imaging (MRI) should be obtained of the chest, 
abdomen and pelvis. Identifying the extent of the tumor in regard to size, location, 
and presence of tumor thrombus and evaluation of the contralateral kidney are cru-
cial in staging and management of Wilms tumor. Identification of a contralateral 
tumor on imaging studies increases the clinical stage and changes the initial man-
agement from immediate surgery to potential chemotherapy and nephron-sparing 
surgery. CT scan can accurately identify presence or absence of tumor thrombus 
which eliminates the need for Doppler ultrasound (Fig. 10.1) [33]. Biopsy prior to 
surgery is controversial in stage I and II Wilms as it will upstage a patient to stage 
III and may cause local tumor spread [34].

 Pathology

Wilms tumor consists of elements of the developing kidney including blastemal, epi-
thelial, and stromal cell types [3]. Histologically Wilms tumor can be separated into 
two groups that have important prognostic implications: favorable histology and ana-
plastic histology. Anaplastic histology is found in approximately 10% of patients 
with Wilms tumor and is the most important histologic predictor of response and 
survival in patients with Wilms tumor [4, 35]. Tumors that harbor anaplasia are typi-
cally more resistant to chemotherapy. Patients aged 10–16 years with Wilms have a 
higher incidence of anaplastic histology [36]. Additionally, mutations in the TP53 
gene have been identified in anaplastic Wilms tumors [37]. This can serve as a molec-
ular marker for anaplastic Wilms and have subsequent implications in treatment.

Nephrogenic rests are retained embryonic kidney cells that are arranged in clus-
ters and are precursors to Wilms tumor [38]. Microscopic nephrogenic rests are 
found in about 1% of pediatric autopsies, and it is estimated that fewer than 1% of 
infants with microscopic rests will develop a Wilms tumor [39, 40]. There are two 
categories of rests currently recognized [38]. Perilobar nephrogenic rests are con-
fined to the periphery of the kidney and frequently found in fetal overgrowth and 
overgrowth syndromes, whereas intralobar nephrogenic rests occur anywhere 
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Table 10.2 Wilms tumor staging

Stage Criteria

I Tumor limited to the kidney and completely excised
Intact renal capsule
No intraoperative rupture or prior biopsy
No vascular extension
Negative lymph nodes
~40% of patients

II Tumor extends beyond the kidney but was completely excised
Vascular extension may be present but was completely removed en bloc
No evidence at or beyond margin of resection
Negative lymph nodes
~20% of patients

III Residual tumor present and limited to the abdomen
Lymph node involvement in the abdomen or pelvis
Tumor implants present on or through the peritoneal surface
Incomplete tumor resection due to infiltration into adjacent structures
Gross or microscopic tumor present at surgical margins
Tumor rupture prior to or during surgery
Renal biopsy prior to resection
~20% of patients

IV Metastasis to the lungs, liver, or bones
Lymph node involvement outside the abdomen and pelvis
~10% of patients

V Bilateral tumors present at diagnosis
~5% of patients

Adapted from www.childrensoncologygroup.org

a b

Fig. 10.1 Wilms tumor in a 2-year-old male with WAGR syndrome. (a) Axial CT scan prior to 
chemotherapy. (b) CT scan following chemotherapy with no significant change in tumor size
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within the renal lobe and renal collecting system. Intralobar nephrogenic rests con-
tain multiple cell types and have an indistinct border. Additionally, intralobar neph-
rogenic rests are frequently associated with deletions or mutations in WT1 [41]. 
Diffuse hyperplastic perilobar nephroblastomatosis represents a unique category 
with multiple perilobar nephrogenic rests in the hyperplastic phase. It is considered 
a pre-neoplastic condition where the renal unit is enlarged due to the rind of thick 
nephroblastic tissue oftentimes making difficult to distinguish on a biopsy this 
entity from Wilms tumor [42].

 Treatment

The initial treatment in the majority of unilateral Wilms tumors is radical nephrec-
tomy with renal lymph node sampling using a transabdominal or thoracoabdominal 
incision [43]. Use of a flank incision is not typically recommended. Surgeons must 
be aware of the risk of intraoperative tumor rupture and through these approaches 
hopefully mitigate this risk and subsequent upstaging of the tumor.

The contralateral kidney does not need to be explored if preoperative imaging 
does not indicate a contralateral tumor. Preoperative or intraoperative biopsy should 
not be performed in the setting of unilateral resectable tumors as it would upstage 
the tumor [44]. There is a risk of ureteral involvement in Wilms tumors, and if pres-
ent, the ureter should be taken en bloc to avoid tumor spill [45]. If preoperative 
gross hematuria is present, cystoscopy is recommended. Assessment of vascular 
extension into the inferior vena cava and renal vein should be conducted by palpa-
tion to check for tumor thrombus.

Treatment of patients with Wilms tumor should involve a multidisciplinary team 
that is well versed in pediatric malignancies. Additionally, patients with Wilms 
tumor should be considered for entry into a clinical trial. Risk stratification based on 
stage and pathologic findings dictates which treatment protocol patients are assigned. 
In the United States, the treatment of Wilms tumor is based on the results of clinical 
trials completed by the National Wilms Tumor Study (NWTS) group which has 
been incorporated into the Children’s Oncology Group (COG) [4, 29, 46–48]. 
Results from NWTS and COG trials with rates of survival are provided in Table 10.3.

Bilateral Wilms tumors have had historically poor survival in comparison to uni-
lateral favorable histology Wilms tumor [49]. A recent report from the COG inves-
tigated treatment of bilateral Wilms tumor in an effort to improve survival and 
preserve renal function [48]. Preoperative chemotherapy was intensified with the 
goal of performing bilateral partial nephrectomies and response was assessed on 
imaging after 6 weeks of treatment. Patients who did not respond received another 
two cycles of chemotherapy and open bilateral renal biopsies were performed in 
those who showed no evidence of response to asses for anaplasia. Postoperative 
chemotherapy and radiation were based on the kidney with the highest-stage local 
disease. Results of this trial are encouraging with bilateral favorable histology 
4-year event-free survival and overall survival 84.2% and 97.3%, respectively.
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Table 10.3 Treatment of Wilms tumor

Stage Histology Treatment
4-year 
survival

I FH <24mo, tumor 
weight < 550 g

Surgery with lymph node biopsy 90% EFS, 
100% OSa

FH >24mo, tumor 
weight > 550 g

Nephrectomy + lymph node sampling followed by 
regimen EE-4A

94% RFS, 
98% OSb

FA Nephrectomy + lymph node sampling followed by 
regimen EE-4A and XRT

Data not 
available

DA Nephrectomy + lymph node sampling followed by 
regimen EE-4A and XRT

Data not 
available

II FH Nephrectomy + lymph node sampling followed by 
regimen EE-4A

86% EFS, 
98% OSc

FA Nephrectomy + lymph node sampling followed by 
abdominal XRT and regimen DD-4A

80% EFS, 
80% OSd

DA Nephrectomy + lymph node sampling followed by 
abdominal XRT and regimen I

83% EFS, 
82% OSd

III FH Nephrectomy + lymph node sampling followed by 
abdominal XRT and regimen DD-4A

87% RFS, 
94% OSc

FA Nephrectomy + lymph node sampling followed by 
abdominal XRT and regimen DD-4A

88% RFS, 
100% OSd

FA (preoperative) Preoperative treatment with DD-4A followed by 
nephrectomy +lymph node sampling and abdominal 
XRT

71% RFS, 
71% OSd

DA (preoperative) Preoperative treatment with regimen I followed by 
nephrectomy +lymph node sampling and abdominal 
XRT

46% EFS, 
53% OSd

DA Immediate nephrectomy +lymph node sampling 
followed by abdominal XRT and regimen I

65% EFS, 
67% OSd

IV FH Nephrectomy + lymph node sampling, followed by 
abdominal XRT, radiation to sites of metastases, 
bilateral pulmonary XRT, and regimen DD-4A

76% RFS, 
86% OSc

FA Nephrectomy + lymph node sampling, followed by 
abdominal XRT, radiation to sites of metastases, 
bilateral pulmonary XRT, and regimen DD-4A

61% EFS, 
72% OSd

DA Immediate nephrectomy +lymph node sampling 
followed by abdominal XRT, radiation to sites of 
metastases, whole-lung XRT, and regimen I

33% EFS, 
33% OSd

DA (preoperative) Preoperative treatment with regimen I followed by 
nephrectomy + lymph node sampling, followed by 
abdominal XRT, radiation to sites of metastases, and 
whole-lung XRT

31% EFS, 
44% OSd

V Preoperative 
chemotherapy

Vincristine, dactinomycin, and doxorubicin for 6 or 
12 weeks based on radiographic response followed by 
surgery. Further chemotherapy dictated by histology. 
Radiation dictated by the postchemotherapy stage

82% EFS, 
95% OSe,f

(continued)
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 Late Effects of Therapy

Children treated for Wilms tumor are at risk of developing sequelae of their treat-
ment. Secondary malignancies in the form of digestive and breast cancers have been 
reported with radiation therapy identified as a risk factor [50, 51]. There is also an 
increased risk of congestive heart failure resulting from doxorubicin as well as radi-
ation [52, 53]. Although Wilms tumor survivors are thought to have a low risk of 
end-stage renal disease, a recent study reported impaired glomerular renal function 
in a majority of patients emphasizing the need for long-term follow-through to 
adulthood [54].

 Renal Cell Carcinoma

Renal cell carcinoma (RCC) accounts for 2–5% of malignant renal masses found in 
children [55] and occurs most frequently in the second decade of life with an annual 
incidence of 0.01 per 100,000 [56]. Children and adolescents with RCC present 
with more advanced disease than those 20 to 30 years of age [57].

 Diagnosis

RCC is found incidentally in the pediatric population in only 12% of patients [58]. 
Children typically present with fevers, abdominal mass, pain, hematuria, and weight 
loss. Unlike for RCC in adults, pediatric RCC has not experienced a downward 
stage in recent years [57, 59]. This may be explained in part by less abdominal 
imaging in children in efforts to reduce radiation exposure.

Imaging findings of RCC in pediatric patients may help to distinguish this entity 
from the more frequently found Wilms tumor (Fig. 10.2). Miniati and colleagues 
analyzed CT scans of 92 pediatric patients and reported an accuracy of 82% for 

Table 10.3 (continued)
Adapted from https://www.cancer.gov/types/kidney/hp/wilms-treatment-pdq
FH favorable histology, FA focal anaplasia, DA diffuse anaplasia, RFS recurrence-free survival, 
EFS event-free survival, OS overall survival
Regimen EE-4A = vincristine, dactinomycin for 18 weeks after nephrectomy
Regimen DD-4A = vincristine, dactinomycin, doxorubicin for 24 weeks
Regimen I = vincristine, doxorubicin, cyclophosphamide, etoposide for 24 weeks after  nephrectomy
aSource: Fernandez et al. [47]
bSource: Shamberger et al. [46]
cSource: Grundy et al. [29]
dSource: Dome et al. [4]
eSource: Ehrlich et al. [48]
fIn bilateral favorable histology
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predicting tumor histology [60]. Calcifications on imaging are more frequent in 
RCC compared to Wilms tumor [61]. Preoperative identification of RCC, however, 
is essential in the pediatric population as neoadjuvant chemotherapy is typically 
administered for advanced Wilms and delay to surgery as first-line treatment for 
RCC is associated with increased mortality [57].

 Pathology

RCC in pediatric patients does not follow the typical distribution of tumor histolo-
gies observed in adults. More specifically, approximately 25% of pediatric RCCs 
demonstrate heterogeneous histologic features and cannot be classified as one of the 
common RCC subtypes [62]. Furthermore, papillary RCC is more common than the 
clear cell subtype and is frequently associated with aggressive disease [63, 64]. 
While histological features are used to classify pediatric RCC, another method cur-
rently being employed is molecular characterization. Specific genetic translocations 
can be identified in the majority of pediatric RCCs and can be used to classy tumors 
into distinct molecular subtypes [65].

 Genetics

Translocation-associated RCC is the most common form of pediatric and adoles-
cent RCC [66]. The most frequently found translocation involves the TFE3 tran-
scription factor found on chromosome Xp11.2. Upon translocation, the TFE3 gene 
can fuse with a number of other genes. To date, a total of five fusion partners of 
TFE3 have been identified [67]. These include PRCC, ASPSCR1, SFPQ, NONO, 
and CLTC [3, 68, 69]. Grossly, Xp11.2 translocation RCCs resemble clear cell 
RCC, and all of the Xp11.2 translocation RCCs demonstrate expression of TFE3 

a b

Fig. 10.2 Renal cell carcinoma in a 13-year-old female. (a) Sagittal CT image shows a mass with 
heterogeneous appearance and tumor thrombus in the inferior vena cava. (b) The tumor can be 
seen invading the renal sinus
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[58, 67]. Other immunohistochemical expression patterns include low expression of 
cytokeratin and vimentin [67]. Another less common translocation subtype is the 
t(6;11)(p21;q12) [70, 71]. Few cases have been reported, and the clinical course is 
typically less aggressive than Xp11.2 translocation tumors.

 Treatment

The primary treatment for localized pediatric RCC is radical nephrectomy. There 
remains some debate over the utility of lymph node dissection during nephrectomy 
for pediatric RCC. Geller et  al. reported on their experience with node-positive 
disease in combination with a review of the literature [72]. These authors found a 
72.4% disease-free survival in node-positive patients and no improvement in 
disease- free or overall survival with adjuvant chemotherapy or radiation. They 
concluded that in the absence of clinical or radiographic evidence of disease, 
lymph node dissection does not confer any benefit. In contrast, Indolfi and col-
leagues reviewed their experience with 16 patients with RCC and node-positive 
disease and found that those who underwent a limited node dissection at the time 
of nephrectomy had significantly higher rate of relapse and mortality than those 
who underwent formal lymph node dissection [73]. Partial nephrectomy may be 
considered in select cases. In the setting of low-volume disease, well-selected 
patients have been found to have equivalent outcomes to those who had radical 
nephrectomies [74].

There is no standard treatment for unresectable metastatic RCC. Given the resis-
tance of RCC to chemotherapy and radiation, metastatic disease remains difficult to 
treat. Despite this, there have been reports of advance disease treated with recombi-
nant interleukin-2 [75, 76]. Additionally, the role of tyrosine kinase inhibitors con-
tinues to be defined in the pediatric population [77, 78].

 Clear Cell Sarcoma of the Kidney

Clear cell sarcoma of the kidney (CCSK) is a rare renal tumor which accounts for 
approximately 3% of malignant pediatric renal tumors [79]. The mean age of pre-
sentation is 3 years. CCSK has a high propensity to metastasize to bone as noted in 
several series [80, 81]. On imaging, CCSK appears as a heterogeneous mass with 
decreased enhancement compared to the contralateral kidney with internal hemor-
rhage and necrosis (Fig. 10.3). Additionally, the outcome of relapses of CCSK is 
poor with a frequent site of recurrence being the brain. It is postulated that the brain 
may be a sanctuary site for cells protecting them from chemotherapy [82]. Late 
relapses have decreased with longer duration of chemotherapy including 
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vincristine, doxorubicin, and dactinomycin; however, long-term survival is 
unchanged [83]. Important predictors of survival are low stage, older age at diagno-
sis, treatment with doxorubicin, and the absence of tumor necrosis [79].

 Genetics

Recent studies have identified several genetic changes associated with CCSK. The 
most frequently found are internal tandem duplications of the BCOR gene [84, 
85]. In a recent series from Wong and colleagues, 10 of 11 tumors had BCOR exon 
15 internal tandem duplications, and one had a fusion of the BCOR and CCNB3 
genes [86]. O’Meara et al. described the YWHAE-NUTM2 fusion in 12% of cases 
[87]. This gene fusion was found to be mutually exclusive of the BCOR internal 
tandem duplicates [88].

 Treatment

Patients with CCSK should be considered for entry into a clinical trial given the 
rarity of this tumor. Nephrectomy followed by chemotherapy and radiation therapy 
is the typical treatment course in this group of patients. A variety of 

Fig. 10.3 Clear cell 
sarcoma with a 
heterogeneous appearance 
on CT with areas of 
hemorrhage and necrosis
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chemotherapeutic regimens in combination with radiation have been described for 
the treatment of CCSK [79, 83, 89].

 Rhabdoid Tumor of the Kidney

Rhabdoid tumors most commonly occur in the kidney and the central nervous sys-
tem. Malignant rhabdoid tumor of the kidney (MRTK) is a rare highly aggressive 
malignancy. It accounts for about 2% of pediatric renal tumors [90]. The mean age at 
diagnosis is 11 months. In addition to young age of presentation, fever, hematuria, 
and advanced tumor stage suggest a diagnosis of MRTK [90]. MRTK has a propen-
sity to metastasize to the lungs and the brain, with 10–15% of patients having lesions 
of the central nervous system [91]. This emphasizes the need for intracranial imaging 
and neurological monitoring for these patients. MRTK has a poor prognosis. Younger 
age at diagnosis and advanced stage significantly impact overall survival [91].

 Genetics

The majority of MRTK are characterized by loss of function of the SMARCB1/INI1/
SNF5/BAF47 gene located in chromosome 22q11.2 [92]. SMARCB1 is a member 
of the SWI/INF chromosome remodeling complex and has an important role in 
controlling gene transcription [92]. Inactivation of both alleles of SMARCB1 leads 
to tumorigenesis, and it has been proposed as a novel tumor suppressor gene [93]. 
While the majority of cases are sporadic, a recent study found 35% of cases to have 
germline mutations of SMARCB1 [92]. Therefore, genetic counseling should be 
involved in the treatment of these patients.

 Treatment

A multidisciplinary team well versed in treating renal tumors should dictate the 
treatment plan for patients with this rare tumor. Entry into a clinical trial should be 
strongly considered. Although preoperative chemotherapy especially with doxoru-
bicin has been shown to decrease tumor volume, this may not translate to improved 
survival [94]. A recent report from the International Society of Pediatric Oncology 
renal tumor study group examined their experience with 107 patients with various 
stages of MRTK and varying pre- and postoperative chemotherapy regimens. They 
noted that although preoperative chemotherapy did decrease tumor volume signifi-
cantly indicating chemosensitivity, overall survival was not improved [95]. Event- 
free survival was found to be 22% and overall survival was noted to be 26%.
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 Congenital Mesoblastic Nephroma

Congenital mesoblastic nephroma accounts for approximately 5% of pediatric renal 
tumors and is generally considered to be a benign tumor occurring most commonly 
in the first year of life [96]. It is the most common tumor found in the newborn with 
a median age at diagnosis of 1–2 months. Mesoblastic nephroma occurs twice as 
often in males than females. The 5-year event-free survival rate is 94%, and overall 
survival is 96% when diagnosed in the first 7 months of age [5]. In a recent review 
of 276 patients with available outcome data, there were only 12 (4%) deaths found, 
7 of which were related to treatment [97].

Mesoblastic nephroma can be divided into three histologic subtypes: classic, cel-
lular, and mixed [98, 99]. In the cellular subtype, two genetic variants have been 
identified including translocation t(12;15) (p13;q25) resulting in fusion of ETV6 
and NTRK3 as well as trisomy 11 [100].

 Treatment

Although congenital mesoblastic nephroma enjoys a high survival rate, the young 
age of these patients and potential adverse outcomes of treatment options cause 
some pause when deciding on timing and type of intervention. Nephrectomy is typi-
cally curative; however, the inherent risks of operating on an infant need to be taken 
into consideration. Patients with the cellular variant and stage III disease have a 
higher risk of recurrence and adjuvant chemotherapy is recommended for those 
greater than 3 months of age [98].

 Multilocular Cystic Nephroma

Multilocular cystic nephroma (MLCN) has a bimodal age distribution occurring in 
children less than 2 years old and adults 40–69 years old [101]. MLCN is a benign 
neoplasm of the kidney containing both mesenchymal and epithelial elements. 
Imaging typically demonstrates a unilateral mass with irregular cysts and septa of 
variable thickness. It must be noted, however, that it is not possible to distinguish 
MLCN from other cystic renal tumors. In a recent study by Doros and colleagues, 
loss of function of DICER1 was identified as the key genetic event in cystic 
nephroma [102].

Treatment of MLCN is typically total nephrectomy. Partial nephrectomy can be 
accomplished in select cases with masses of appropriate size and location. 
Intraoperative biopsies should be considered in these instances to rule out malig-
nancy that would prompt total nephrectomy.
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 Angiomyolipoma

Angiomyolipomas (AMLs) are hamartomatous lesions of the kidney that are associ-
ated with the tuberous sclerosis complex (TSC). AMLs are benign tumors com-
posed of blood vessels, smooth muscle, and adipose tissue developing in up to 80% 
of TSC patients [103]. Mutations in the TSC1 or TSC2 gene are present in the 
majority of patients with TSC [104]. AMLs grow over time and lesions greater than 
4 cm are at increased risk of hemorrhage (Fig. 10.4). In children with TSC, nephron- 
sparing approaches are necessary to preserve renal function due to the risk of devel-
opment of new lesions. A recent study from Warncke and colleagues highlighted the 
often rapid and unpredictable growth of AMLs in children and emphasized the need 
for yearly ultrasounds for monitoring in hopes of identifying those at risk for future 
intervention [105].

 Conclusions

Pediatric renal tumors can demonstrate a broad range of pathologic behaviors from 
benign to locally invasive to metastatic. As we have explored, modifications to sur-
gical approach and tailoring of chemoradiation protocols have led to improved out-
comes for pediatric patients with renal tumors. With these improved outcomes, the 
focus of many in the field has now shifted toward preservation of renal function in 
these young patients, as well as enhanced quality of life and survivorship efforts.

Fig. 10.4 Angiomyolipoma 
of the right kidney in a 
patient with tuberous 
sclerosis complex
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Chapter 11
Thermoablation of Renal Tumors

Roshan M. Patel, Kamaljot S. Kaler, Zhamshid Okhunov, 
and Jaime Landman

 Introduction

There has been a significant rise in the incidental detection of renal cortical neo-
plasms (RCNs) measuring ≤4 cm secondary to the increased use of cross-sectional 
abdominal imaging [1]. Historically, these tumors, also known as small renal masses 
(SRMs), were managed with open radical nephrectomy. In the 1990s, however, the 
first laparoscopic radical nephrectomy was performed by Clayman and colleagues, 
and with this, the treatment paradigm shifted toward more minimally invasive 
approaches for the treatment of SRMs [2].

As techniques in laparoscopy were further refined, a nephron-sparing approach 
became a feasible alternative for treating SRMs. The aim of nephron-sparing sur-
gery is to prevent loss of renal function which is known to correlate with poor car-
diovascular outcomes and decreased overall survival [3–5]. In 1996, Winfield and 
colleagues described the first laparoscopic partial nephrectomy [6], and in 2004, 
Gettman and colleagues described their experience using a robotic-assisted approach 
[7]. With well-documented outcomes, partial nephrectomy became the treatment of 
choice for the management of SRMs by the American Urological Association and 
European Association of Urology [8, 9].

The drive to advance minimally invasive techniques and provide a less-invasive 
alternative to surgical intervention has allowed thermoablation to emerge as a viable 
treatment alternative to partial nephrectomy. Two of the best-studied thermoablation 
modalities are cryoablation (CA) and radiofrequency ablation (RFA), which can be 
performed percutaneously or laparoscopically. These treatment modalities aim to 
decrease treatment-related morbidity while respecting oncological principals. 
Thermoablation therapy is often offered to patients that are poor surgical candidates 
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and have a solitary kidney or those with bilateral tumors. However, as long-term 
data regarding the efficacy of thermoablation emerges, its role in the management 
of patients with RCNs will undoubtedly continue to expand. In this chapter, we 
review patient selection, surgical techniques, and perioperative outcomes of renal 
thermoablation using CA and RFA.

 The Small Renal Mass Conundrum

Current guidelines from the American Urological Association and European 
Association of Urology consider active surveillance, thermoablation, and partial 
nephrectomy, all viable treatment options for T1a tumors [8, 9]. While partial 
nephrectomy remains the gold standard, factors such as patient age, patient prefer-
ence, tumor size, and renal health all influence treatment decisions. Additionally, 
while large masses (>4 cm) are often removed by either partial nephrectomy or radi-
cal nephrectomy, the decision on management options for a <4 cm mass is more 
complex.

Almost 20% of SRMs are benign at the time of final pathology, and more 
than 6000 benign lesions undergo surgical excision, by either partial or radical 
nephrectomy, each year in the United States [10]. Additionally, given that 
50–60% of small renal masses display low-grade features, surgical intervention 
may be delayed or entirely avoided following appropriate diagnostic workup 
[11, 12].

In older patients with a SRM, active surveillance may be a feasible alternative 
given that the growth rate for a small renal mass is 0.34 cm/year and the metastatic 
rate is 1.9% [13]. Additionally, active surveillance may provide equivalent onco-
logical efficacy as compared to both ablative and extirpative surgery in both the 
short- and intermediate-term management of a SRM [14]. Growth rates for larger 
T1b and T2 RCNs were found to be 0.58 cm/year, similar to a SRM, and would 
allow for active surveillance to be a viable treatment option for patients with signifi-
cant comorbidities and a larger tumor burden [15, 16].

While partial nephrectomy remains the gold standard treatment of SRMs, emerg-
ing studies involving active surveillance and long-term follow-up data on CA and 
RFA may warrant reassessment of treatment indications. The treatment algorithm 
directing immediate nephron-sparing surgery may continue to be amended to sup-
port increase use of surveillance and ablative therapy. These treatment alternatives 
should also be considered in patients seeking to avoid surgical resection, as long- 
term data supporting the routine use is promising. The emerging role of renal biopsy 
is expanding, and given the heterogeneity in the biological aggressiveness of RCNs, 
it may be seen as an initial option when providers encounter a SRM. This may allow 
for patients with nonaggressive forms of renal cell carcinoma to consider active 
surveillance or ablative therapy in both the initial management and in the case of a 
small recurrence.
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 Historical Perspective

While percutaneous RFA and CA are relatively new, the basic techniques for both 
have been described for over a century. In 1850, the English physician James Arnott 
demonstrated that freezing temperatures could be applied to cause tissue destruction 
[17]. The cryogen was applied topically and was used early on to treat tumors of the 
cervix and breast. The utility of liquid nitrogen was popularized in the 1950s when 
cotton swabs were first dipped in liquid nitrogen to treat skin lesions, and this was 
followed by the development of handheld sprays to improve the depth of penetra-
tion. In 1963, the Cooper device was one of the first instruments that utilized a self- 
contained cryoprobe to treat inoperable brain tumors and Parkinson’s disease [18]. 
The development of the cryoprobe and its fusion with real-time image guidance was 
instrumental in ushering in the modern area of CA and increased the number and 
variety of applications. In the 1980s, liver tumors were the first cancer to be 
approached by this method. With the discovery of the sonographically visible ice-
ball as well as the characterization of the “ablation” and “indeterminate” zones, 
surgeons now had the ability to monitor in real time the effects of CA to ensure 
accurate targeting and minimize surrounding injuries [19]. The most recent major 
breakthrough that has facilitated performance of thermoablation of SMRs was the 
development of an argon gas-based system for CA [20]. Based on the Joule- 
Thomson principle, argon gas allows for decreased procedure time while utilizing 
smaller probes. In 1995, CA of a renal tumor was first described by Uchida and 
colleagues, and it is currently the most studied form of renal ablation [21].

Radiofrequency ablation was first described in 1891, when D’Arsonval demon-
strated that radiofrequency waves passed through tissue increased its temperature 
[22]. This technique was later popularized for medical applications in 1928 by 
Cushing and Bovie, whose instrument either cut or cauterized tissue by varying the 
RFA current [23]. In 1976, Organ demonstrated that RFA works by causing ionic 
agitation of the tissues causing coagulation and cellular necrosis with local tissue 
charring inhibiting further ionic agitation [24]. Later in 1990, McGahan and Rossi 
described a modification to RFA that allowed for this energy source to be applied 
via the percutaneous route [25, 26]. In 1993, the first liver tumors were treated in 
humans using RFA [27, 28], and in 1997, RFA was first performed by Zlotta and 
colleagues to treat exophytic renal masses [29].

 Principles of Ablation

 Cryoablation

Modern systems for CA utilize highly pressurized liquid state argon gas that is 
allowed to expand into the gaseous state near the tip of the probe. This expansion 
and phase change results in iceball formation secondary to an extreme drop in 
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pressure. Local tissue properties and probe design affect iceball dimension and 
ablation zones. Importantly, the iceball expands radially and proximally along the 
shaft of the probe rather than beyond the tip (Fig. 11.1).

Uniform cellular death within the ablation zone occurs by direct, vascular, and 
delayed mechanisms [30]. Falling temperatures result in progressive structural and 
cellular metabolic failure. Freezing results first in extracellular ice crystal formation 
creating a hyperosmotic environment, which causes cell shrinkage and membrane 
damage. With further rapid cooling, intracellular ice crystals form, and drastic 
changes in intracellular pH result in protein denaturation. Vascular changes include 
microcirculatory failure that causes thrombosis, coagulation necrosis, and cellular 
apoptosis [31].

The optimal temperature needed to produce predictable and reliable tissue 
destruction has been demonstrated in animal models [32–34]. This is an important 
concept as cell damage depends on the cooling rate and number of freeze-thaw 
cycles [35]. The iceball that forms has a temperature gradient that comprises three 
distinct zones (Fig. 11.1). The central zone extends from the cryoprobe tip to sur-
rounding areas that are consistently below −40  °C, which is characterized by 
 uniform cellular necrosis. The intermediate zone comprises the area where 

Fig. 11.1 Schematic representation of cryotherapy probe and thermoablation zones. The iceball 
extends radially along the shaft of the probe and less appreciably beyond the tip. Central zone  
corresponds to temperatures consistently below −40  °C, intermediate zone corresponds to  
temperatures between −40 and −20 °C, and the outer zone corresponds to temperatures between 
−20 and 0 °C
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 temperatures range between −40 and −20 °C, which has cellular elements that are 
both necrotic and viable. The outer zone extends from −20 °C to the warmer iceball 
edge, which is characterized by mostly viable tissue. The practice in CA of extend-
ing the iceball to 1 cm beyond the tumor edge is based on the fact that temperatures 
greater than −20 °C can be measured within 3.1 mm of the iceball edge [36]. The 
phenomenon known as freezing point depression results in a temperature below 
0 °C at the edge of the iceball. When solutes are added to a solvent, in this case tis-
sue, the ions in this saline environment interfere with ice formation requiring a 
temperature below freezing in the periphery. This critical property of the iceball is 
the main determinant in CA success or failure.

 Radiofrequency Ablation

RFA relies on a transmission of a high-frequency electrical current through an elec-
trode placed directly into a RCN. The alternating electrical current, with a wavelength 
of 460–500 kHz, causes ions in the surrounding tissues to vibrate causing frictional 
heat that results in tissue damage [37–40]. The two main types of RFA generators are 
either temperature or impedance based. On the molecular level, the electrical current 
causes tissue destruction in three phases [41]. The first phase, immediately post-abla-
tion, is marked by protein denaturation and cellular destruction seconadary to molec-
ular friction. The second phase, occuring days after ablation, results in tumor 
destruction secondary to coagulation necrosis as surrounding areas of cellular edema 
and inflammation are evident. The last phase is reabsorption of the necrotic foci 
resulting in the fibrotic scar as seen on contrast- enhanced imaging [42].

Cellular injury and death occur optimally at temperatures between 60 and 
100 °C. Cellular injury does not occur until temperatures reach 50 °C for 4–6 min, 
and instantaneous coagulative necrosis occurs as temperatures rise over 60 °C [43]. 
While new generators can deliver upward of 200 W and temperatures consistently 
above 100 °C, this may lead to ineffective ablation, as temperatures over 105 °C 
induce tissue vaporization and boiling of tissue, which leads to gas bubbles, tissue 
carbonization, and eschar formation at the electrode. This cumulative effect 
increases impedance and reduces the extent of tissue ablation [44]. To ensure ade-
quate treatment, similar to CA, the ablation zone is extended to 1 cm beyond the 
tumor periphery, and temperature or impedance probes are placed near the area of 
interest to determine the extent of the effect.

 Indications and Contraindications of Thermoablation

Per the 2017 AUA guidelines on localized renal cancer, physicians should offer 
thermoablation as an alternate approach for the management of T1a renal masses 
<3 cm in size [8]. Further, a renal mass biopsy should also be performed prior to 
ablation to provide pathologic diagnosis and provide direction on subsequent 
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surveillance. The current rationale to treat a SRM with thermoablation is in patients 
who have a high surgical risk, renal transplant recipients, and those with renal insuf-
ficiency, solitary kidney, and multiple or bilateral renal masses with the potential to 
reduce morbidity of treatment. In these patient settings, the percutaneous approach 
is preferred, and it can be performed in the outpatient setting using image guidance. 
This less-invasive approach, which can be performed without general anesthesia, is 
an attractive option for patients with significant medical comorbidities and those 
averse to surgical extirpation.

Contraindications to thermoablation are tumor size and location. The chance for 
successful treatment decreases with increasing size of tumor greater than 3 cm [45]. 
Thermoablation relies on obtaining an adequate ablation zone, and the larger the 
lesion, the more difficult it is to completely cover the lesion. For CA, large lesions are 
at risk of tumor cracking and bleeding and thus should be avoided. Tumor location is 
another important factor, as posterior and lateral tumors are more amenable to a percu-
taneous approach. Anterior tumors can be treated laparoscopically or even in an open 
fashion, while hilar tumors, those close to the ureter or collecting system, should be 
avoided due to risk of major complication and increased risk of treatment failure [46].

 Patient Preparation

The goal of proper preoperative patient preparation is to identify obstacles that may 
affect treatment. All patients should undergo a thorough history, physical examina-
tion, and investigations including bloodwork and imaging. Findings of advanced 
disease through these initial investigations may limit the role of local treatment. 
Thermoablation is contraindicated in patients actively on anticoagulants, including 
aspirin, and management should be coordinated with a medical team.

Recent contrast-enhanced abdominal imaging (CT or MRI) is critical to charac-
terize the mass and is a key component to every preoperative workup. Imaging 
should be evaluated to understand the renal morphology of the affected and unaf-
fected kidney. Special attention should be paid to the size of the tumor, its location 
in relation to the hilum and collecting system, and whether the mass is exophytic, 
mesophytic, or cystic in nature. The R.E.N.A.L. nephrometry score can aid in stan-
dardizing the preoperative approach as its use has been shown as a capable predictor 
of complication rates and outcomes of minimally invasive approaches for RCN 
including partial nephrectomy and both laparoscopic cryoablation (LCA) and 
 percutaneous cryoablation (PCA) [47–50]. Okhunov and colleagues demonstrated 
that tumors with a R.E.N.A.L. nephrometry greater than 8 were associated with 
higher risks of complications and local tumor recurrences following LCA [49]. 
Blute and colleagues corroborated these findings in PCA patients and found that 
with each increase in R.E.N.A.L. score, the risk of complication and recurrence 
increases 1.5- fold [51]. Skin to tumor (STT) distance is an important factor for con-
sideration as well (Fig. 11.2). Vernez and colleagues demonstrated that a STT dis-
tance greater than 10 cm had a fourfold increased risk of tumor treatment failure 
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following PCA [52]. While the R.E.N.A.L. nephrometry score has not been found 
predicative of complications in RFA [53, 54], a modified R.E.N.A.L. score may 
allow more accurate predication and stratification of outcomes [55].

 Surgical Approach

Both CA and RFA can be performed percutaneously or laparoscopically, and the 
approach is largely dependent on the location of the tumor. When the RCN is located 
posteriorly and laterally, it is best approached either percutaneously or via a retro-
peritoneal laparoscopic technique. Tumors that are located on the anterior aspect of 
the kidney are best approached via a laparoscopic transperitoneal approach. CA has 
been extensively studied both percutaneously and laparoscopically, while the major-
ity of RFA is performed via a percutaneous approach. If the tumor can be treated via 
a percutaneous approach, this is preferred given the decrease in morbidity. A good 
working relationship with interventional radiologists is key as their expertise in 
image-guided ablation can be vital for optimizing treatment outcomes.

 Cryoablation Techniques

Successful CA involves appropriate patient selection, precise probe placement, 
accurate iceball management, and a willingness to make intraoperative adjustments 
to ensure complete tumor coverage (Fig. 11.3). The ideal patient has a RCN that is 
<3  cm, a STT distance <10  cm, and a R.E.N.A.L. nephrometry score  <  8. It is 
important to obtain high-quality preoperative imaging to accurately characterize the 
RCN. Next, liberal use of imaging throughout the procedure is critical for tumor 

Fig. 11.2 Determination 
of skin to tumor distance 
when performing 
thermoablation. The 
average of the three 
measurements at 0° 
posteriorly, 45°, and 90° 
laterally from the skin to 
the center of the tumor is 
recorded as skin to tumor 
distance
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evaluation and probe placement. During the laparoscopic approach, drop-in ultra-
sound (US) can be utilized, and during a percutaneous approach, US and computed 
tomography (CT) or a combination of both can be used. Lastly, careful iceball mon-
itoring during freeze-thaw cycles to ensure that the iceball encompasses the entire 
tumor is critical, as the optimal outcome is achieved when the iceball extends 
beyond the mass. Initial probe placement is important as it cannot be repositioned 
once the iceball begins to form. The expanding iceball can create a large acoustic 
shadow that makes targeting of deep tissues difficult. Additionally, if the iceball 
fails to completely ablate the tumor, the probes should be allowed to thaw and then 
repositioned for a repeat cycle to ensure entire tumor coverage. The use of needle 
temperature probes during CA also allows for accurate and reproducible thermom-
etry during ablation and has been shown to improve oncological outcomes [56].

 Laparoscopic Cryoablation

When performing LCA, the patient is typically positioned in a 70- or 90-degree 
(full) flank position, and trocars are placed in a standard nephrectomy template after 
appropriate prepping and draping. The duodenum is Kocherized, and if on the right, 

a b

c d

Fig. 11.3 Example of a small renal mass treated with percutaneous cryoablation. (a) Preoperative 
CT scan with enhancing right-sided small renal mass, (b) placement of cryoprobes, (c) hypodense 
ablation zone corresponding to iceball, and (d) follow-up CT scan showing no residual disease as 
there is no enhancement
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the colon is reflected medially. The psoas muscle is identified, and a laparoscopic 
retractor is placed through a 5  mm port positioned in the midaxillary line. This 
allows for the kidney to be elevated for the remainder of the dissection and stabilizes 
the renal mass position during ablation.

There is an increased risk of iceball cracking and bleeding in renal masses greater 
than 3.5 cm. If such a concern exists, the kidney is prepared as if a partial nephrec-
tomy is to be performed with Gerota’s fascia dissected away from the mass, and the 
renal hilum is completely exposed. If excessive bleeding were to occur, it would 
allow for prompt clamping of the renal artery, and performing a partial nephrectomy 
would be indicated.

The cryoprobes should be placed perpendicular to the mass, as tangentially 
placed probes are difficult to accurately position and may not allow for complete 
iceball coverage. Once the renal mass is exposed, a spinal needle is passed percuta-
neously in order to identify the appropriate trajectory. Next, a skin incision is made 
adjacent to the finder needle, and several biopsies of the mass are taken. Once 
biopsy is complete, the cryoprobes are placed to sit at right angles to the mass as 
predefined by the finder needle. The IceRod Plus or IceEDGE cryoprobes (Galil 
Medical, Minneapolis, MN) are preferred at our institution; however, there are a 
variety of commercially available cryoprobes.

Several principles of cryoprobe positioning must be maintained to optimize 
tumor ablation. First, to avoid a deep tumor recurrence, the cryoprobe distal tip 
should be placed 5 mm beyond the tumor when feasible. For lesions with cystic 
components, the cryoprobes are commonly placed just outside the margins of the 
tumor (freeze out to in) to avoid rupture and tumor spillage. For solid lesions, the 
probes are placed within the tumor’s margin. It is critical for initial probe placement 
to be as precisely as possible, as once the freeze cycle begins cryoprobe reposition-
ing is difficult.

A laparoscopic ultrasound probe should be used for tumor identification, during 
probe deployment, and to monitor the iceball to ensure the iceball extends 1 cm 
beyond the margins. A double freeze-thaw cycle is utilized for optimal results. 
Freeze cycles should be approximately 10 min with either an active or passive thaw 
cycle, although freeze time should largely be determined by the time it takes for the 
iceball to extend to the 1 cm margin beyond the tumor. The probes are then removed 
atraumatically and the tumor site is observed for bleeding. Hemostatic agents can be 
applied if necessary.

 Percutaneous Cryoablation

A percutaneous approach is ideal for posterior and lateral tumors, as an anterior 
mass would require traversing a large portion of the kidney and is not recommended. 
A close partnership with interventional radiology is critical for optimizing success-
ful outcomes of PCA.

When performing PCA, the patient is placed in prone or modified flank position 
depending on tumor location. In CT-guided cases, ultrasound is initially used to 
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localize the tumor and for initial probe placement. A non-contrast-axial image is 
then obtained and compared to the preoperative contrast image, and if the tumor 
margins are not clearly seen, then a repeat scan with a half bolus of intravenous 
contrast can be performed. Additional cryoprobes (up to three total) are placed one 
at a time ensuring that the tips extend at least 5 mm past the deep margin. Similar to 
the LCA, two freeze-thaw cycles are utilized with the goal of extending the iceball 
1  cm beyond the tumor margins in all directions. Limited axial CT images are 
obtained at the end of the first freeze and again at the midpoint of the second freeze 
cycle to assess iceball geometry. At the conclusion of the freeze-thaw cycles, a 
repeat half-dose contrast-enhanced limited CT is obtained to confirm complete 
ablation. Residual tumor will demonstrate enhancement, and at this point, redeploy-
ment of additional cryoprobes with repeat ablation can be performed.

 Radiofrequency Ablation Technique

The majority of RFA is performed via the percutaneous approach. Laparoscopic 
RFA is similar to LCA and also affords the same benefit of being able to observe the 
tumor following treatment and having the ability to apply hemostatic agents if 
needed. However, unlike LCA where intraoperative ultrasound can be used to visu-
alize treatment progress, success during RFA relies on generator feedback and accu-
rate placement of probes [57].

Percutaneous RFA is performed in the prone position, and the patient is prepped 
and draped in the standard sterile fashion. Several grounding pads are placed on the 
upper thigh. Vital structures such as nearby organs are displaced using carbon diox-
ide or water if needed. Next, under image guidance, the ablation probes are placed 
in the RCN. Once probes are placed, tumor biopsy can be performed. Ablation with 
a 5–10 mm margin with cycles of 5, 7, and 8 min is performed with a 30-second 
cooldown. Impedance is measured using single multilined probes or multiple single- 
shaft probes to ensure complete tumor coverage. The probe tract may be ablated on 
removal and CT is performed to assess for completion and to monitor for 
complications.

 Complications

When comparing complications between CA and RFA, studies are limited by their 
retrospective nature and differences in reporting tumor complexity, surgeon experi-
ence, and differences between patient cohorts. In one of the largest available series, 
Atwell and colleagues retrospectively reviewed the records of 385 patients and 
found that major complication rates were 4.3% and 4.5% for PCA and RFA, respec-
tively [58]. In a recent meta-analysis, Pierorazio and colleagues found that partial 
nephrectomy comparatively had higher rates of acute kidney injury and 
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cardiovascular, hematological, and respiratory harm but lower rates of infectious 
disease and wound complications [59].

 Costs

A cost analysis performed by Bhan and colleagues found that active surveillance 
with later CA, if needed, was the most cost-effective approach for the management 
of patients presenting with a SRM [60]. Notably, PCA was more cost-effective than 
percutaneous RFA. Immediate CA had a cost of $3101 more with similar quality- 
adjusted life expectancies than active surveillance and delayed ablation. RFA, on 
the other hand, had costs of $3231–$6398 and reduced quality-adjusted life expec-
tancy compared to active surveillance plus CA. Not surprisingly, active surveillance 
was the most cost-effective, and their data suggested a slight preference for CA.

 Outcomes

Contrast-enhanced CT imaging can be used to evaluate for treatment success of 
thermoablated tumors. Following CA, treated RCNs demonstrate significant shrink-
age and loss of contrast enhancement [61]. On the other hand, RFA-treated RCNs 
demonstrate minimal shrinkage on CT with loss of contrast enhancement [62]. MRI 
may also be used to gauge treatment success, and on gadolinium-enhanced imaging, 
successfully treated RCNs will display no enhancement. Occasionally on early 
post-procedural MRI following thermoablation, there may be rim enhancement but 
that resolves over time.

A recent meta-analysis from Pierorazio and colleagues aimed to identify the 
comparative effectiveness of active surveillance, thermoablation (both CA and 
RFA), and radical and partial nephrectomy of clinically localized RCNs [59]. 
Cancer-specific survival among all management strategies was 95% to 100%. There 
was no difference in metastasis-free survival between partial nephrectomy and ther-
moablation with a median follow-up of 39.3 and 42.3 months, respectively. Rates of 
local recurrence-free survival were worse for thermoablation compared to partial 
nephrectomy, but after salvage CA, this difference was no longer significant with 
efficacy ranging from 97 to 100%. Renal functional outcomes between thermoabla-
tion and PN were also similar.

Studies comparing CA and RFA are often retrospective and have small sample 
size, discrepancies in tumor size and location, poorly defined end-points, and lim-
ited follow-up. Among contemporary publications, Pirasteh and colleagues noted a 
similar recurrence rate on imaging of ~10% among patients treated with RFA and 
CA [63]. Similarly, Atwell and colleagues retrospectively reviewed 256 tumors 
treated with RFA and 189 tumors treated with CA that were less than 3 cm and 
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found no significant difference in terms of local recurrence-free survival among 
cases of biopsy-proven RCC between the two treatment modalities [58].

 Cryoablation Outcomes

Long-term follow-up data assessing the efficacy of CA demonstrates that this tech-
nique provides excellent oncological outcomes [64]. For LCA, Caputo and col-
leagues demonstrated 10-year disease-free survival, cancer-specific survival, and 
overall survival of 86.5%, 92.6%, and 53.8%, respectively [46]. Similarly, Johnson 
and colleagues determined that after a median of 97.9  months following LCA, 
progression- free survival, cancer-specific survival, and overall survival were 91%, 
98.5%, and 98.5%, respectively [65].

CA was historically performed laparoscopically, and now an increasing number 
of patients receive treatment via a percutaneous approach. Studies comparing LCA 
versus PCA have found no difference in overall mortality or recurrence rates. Kim 
and colleagues compared 145 LCA and 118 PCA cases with a mean follow-up of 
71.4 months for LCA and 38.6 months for PCA. The reported 5-year overall sur-
vival and recurrence-free survival were 79.3% and 85.5% for LCA and 86.3% and 
86.3% for PCA [66].

 Radiofrequency Ablation Outcomes

RFA provides durable oncological outcomes comparable to partial nephrectomy. 
Olweny and colleagues compared patients treated with percutaneous RFA to partial 
nephrectomy with a median follow-up of 6.5 years [67]. No statistical difference 
was found in overall survival (97.2% versus 100%), cancer-specific survival (97.2% 
versus 100%), disease-free survival (89.2% versus 89.2%), local recurrence-free 
survival (91.7% versus 94.6%), and metastasis-free survival (97.2% and 91.8%). 
Similarly, Chang and colleagues compared a propensity-matched cohort of patients 
treated with RFA and laparoscopic partial nephrectomy and found no differences in 
oncological outcomes at a median follow-up of 67.6 months [53]. In a recent study 
by Thompson and colleagues, 1424 patients with SRMs were treated with partial 
nephrectomy, CA, or RFA.  While RFS was similar among the three treatments, 
metastasis-free survival was superior for PN and CA when compared to RFA [68].

 Salvage Cryoablation

The management of recurrent disease after thermoablation represents a technical 
challenge as local fibrosis and distortion of anatomical surgical planes make extir-
pation exceedingly difficult [69]. Given this, salvage CA has emerged as a common 
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treatment modality following failure of primary CA with approximately 66–73% of 
patients being managed with repeat focal therapy [70]. Hegg and colleagues reported 
a major complication rate of 5.7% in patients who underwent repeat PCA after local 
recurrence following partial nephrectomy [71]. In a multicenter study, Okhunov and 
colleagues evaluated 250 patients who underwent PCA for a SRM [72]. In this 
series, 8% developed a recurrence, and, of these, 86% were treated successfully fol-
lowing salvage CA at a median follow-up of 30 months without any documented 
complications. Salvage CA for a local recurrence is technically feasible, has a low 
complication rate, and demonstrates acceptable short-term oncological outcomes.

 Conclusions

Thermoablation plays an important role in the treatment of patients with a 
SRM. In light of promising recent long-term follow-up data, thermoablation is 
likely to gain more popularity in the future. This treatment approach should be 
discussed with patients presenting with a SRM, in particular with those patients 
for whom there are concerns regarding the potential morbidity associated with 
surgical extirpation.
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Chapter 12
Novel Ablative Therapies for Renal Tumors

Maria del Pilar Laguna Pes and Jean J.M.C.H. de la Rosette

 Introduction

Ablative therapies are used in the treatment of 7–10% of all kidney tumors [1, 2]. 
Renal tumor ablation is most commonly performed with either cryoablation (CA) or 
radiofrequency ablation (RFA). Recent versions of major guidelines consider abla-
tion as alternative to surgery in the elderly and patients at high surgical risk due to 
pre-existing medical comorbidities [3–5]. These guidelines, however, remain cau-
tious regarding the use of ablation in young and healthy individuals despite recent 
encouraging data.

Compared to partial nephrectomy, thermal ablation with CA and RFA is associ-
ated with a slightly higher risk of local recurrence but a lower rate of complications 
[6]. The outcomes of thermal ablation in the treatment of renal tumors are well 
described, although frequently retrospectively [6–8]. Limitations of CA and RFA 
include possible damage to vital structures in the vicinity of the ablation zone, 
unpredictable results because of difficult procedural monitoring of the target zone, 
and the “thermal sink” effect which reduces treatment efficacy. New ablative tech-
nologies that aim to overcome these limitations are in various stages of develop-
ment. This chapter summarizes the current evidence for investigational ablation 
methods for the treatment of primary renal tumors, including irreversible electro-
poration (IRE), microwave (MWA), stereotactic ablative radiation therapy (SABR), 
high-intensity focused ultrasound (HIFU), and photodynamic therapy (PDT).
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 Irreversible Electroporation (IRE)

Technology Electroporation is an ablative technology in which high-voltage ultra-
short (microseconds) electrical current pulses travel between electrodes and across 
the tissue to create nanoscale defects (“nanopores”) in the phospholipid bilayer of 
the cell membrane [9–11]. The process can be reversible or permanent. Above a 
certain electrical threshold, the nanopores become permanent, and cell death occurs 
due to the inability to maintain cellular homeostasis [12–14].

Although the presence of nanopores following delivery of electrical pulses has 
been visualized by electron microscopy [9, 10], it remains unclear if these pores are 
the true mechanism of IRE-induced cell death [15, 16]. IRE appears to offer two main 
advantages over existing technologies for renal mass ablation. First, IRE is not depen-
dent on thermal energy and therefore is not influenced by thermal sink. Second, IRE 
damages only the membranes of cells within its field of treatment thereby minimizing 
damage to adjacent blood vessels, nerves, and the renal collecting system [17].

Device and Procedure At the present time, only one IRE platform has specific 
clearance for the ablation of soft tissue, the NanoKnife IRE console (AngioDynamics 
Inc., Queensbury, New  York), also registered as the HVP-01 Electroporation 
System. This platform consists of a low-energy direct current generator capable of 
connecting up to six 16-gauge monopolar needle electrodes [11–14, 18, 19].

Procedural parameters used for IRE ablation of kidney tumors have been extrap-
olated from experience in other organs [19]. The parameters that can be adjusted 
during IRE procedures include voltage, pulse number, pulse length, electrode num-
ber, and electrode spacing. Common settings used for IRE of renal tumors are 
depicted in Fig. 12.1. Due to the fast repetition and microsecond pulse length of IRE 
treatment (pulse cycle), this procedure takes only 5–10 min to complete.

IRE should be performed under general anesthesia with muscle relaxation in 
order to prevent severe muscle contractions as a result of the electrical pulses [20]. 
Because IRE pulses have the potential of causing cardiac arrhythmia, synchroniza-
tion of the IRE pulses with the cardiac rhythm is advised (Fig. 12.2). IRE electrodes 
are placed in a similar fashion to probes used for CA or RFA. Parallel insertion of 

Fig. 12.1 Standard 
settings for irreversible 
electroporation kidney 
tumor ablation
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the probes is important to guarantee an equal distribution of the electrical field. The 
needles are visible under ultrasound or CT guidance. Target ablation zone sizes can 
be tailored by changing the length of the applicator between 1 and 2 cm. When treat-
ing tumors with a diameter of >2 cm, a double pass with retraction of the probe is 
performed. The distance between the tips of the probes should not exceed 2 cm.

Animal Studies The first animal study of IRE was performed on rat livers and 
showed ablation of the parenchyma with a sharp definition between treated and 
untreated tissue [21]. Preservation of blood vessels and ductal structures was also 
observed. IRE has additionally been performed on porcine kidneys and has demon-
strated acceptable acute, short-term, and mid-term safety [13, 22–24]. Of note, 
 compared to monopolar IRE, bipolar IRE has been found to result in smaller abla-
tion volumes, more frequent urothelial erosion, and a greater degree tissue necrosis 
[22]. Thus, monopolar IRE is preferred by most investigators.

A comparison of ablation boundaries in porcine kidneys treated with CA, RFA, 
IRE, and MWA demonstrated that the treatment effect from each of these technolo-
gies conforms to a similar radial distribution with three distinct histologic zones 
[25]. At the center of the ablation volume necrosis and hemorrhage are observed. 
Surrounding this zone there is a second circumferential zone of coagulative, necrotic 
nonviable tissue, and more peripherally a third transition zone is encountered com-
posed by a mixture of healthy and necrotic tissue. Notably, the widths and unifor-
mity of the ablation zones vary among the techniques, with lobular and less uniform 
margins observed with IRE and RFA. Using transferase dUTP nick end labeling 
vitality staining (TUNEL), IRE was found to have the widest transition zone. This 
suggests that wider procedural safety margins may be necessary for this procedure.

Acute and subacute monopolar IRE of porcine kidneys shows complete cortical 
necrosis without intervening live cells [23, 24]. Although damage of the urothelium 
exists, the pelvic collagen extracellular matrix and the basement membrane and 
fibroblasts remain intact [23, 26, 27]. After 14–27  days, histological evaluation 
shows cortical fibrosis and onset of cellular repair and repopulation [13, 22, 23, 27]. 
These results support the theory that IRE could spare vital structures within the 
ablation zone.

Fig. 12.2 Interface for the 
synchronization of the 
irreversible electroporation 
pulses with the refractory 
period of the cardiac 
rhythm
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The repetitive high-intensity electric pulses used in IRE have the potential of 
causing resistive heating. Changes consistent with thermal injury within 0.5 mm of 
the needle tract (applicator edges) have been found [23]. Temperature variation and 
distribution during monopolar IRE has been studied using porcine kidneys [20]. 
Using standard settings and a three-needle template for kidney ablation, a peak 
temperature of 57 °C was observed in the core of the ablation zone [28]. Additionally, 
at 1 cm outside of the ablation zone, a peak temperature of 40 °C was observed. 
With a four-needle configuration, peak temperatures of 70 and 42 °C were found 
within the core and 1 cm outside the ablation zone, respectively (Fig. 12.3). These 
temperatures lead to thermal damage warranting the consideration of safety mea-
sures, such as temperature monitoring.

Imaging with CT scan 24 h after ablation will generally reveal a sharp transition 
to contrast-enhancing tissue outside the ablation zone irrespective of the ablation 
technique used. However, subtle differences in the CT appearance of ablation zones 
can be seen depending on the ablation technique. More specifically, attenuation on 
CT within the ablation zone is lowest after IRE and CA, whereas lobulated boundar-
ies are characteristic of RFA [25]. In general, CT features are not adequate to esti-
mate ablation boundaries at 24 h, as mid-term CT imaging shows cortical retraction 
and urothelial regeneration [23]. Dynamic contrast-enhanced MRI shows 
 inhomogeneous necrosis with small perifocal edema at short-term follow-up and 
sharp identifiable scars at mid-term follow-up [24].

Human Studies The safety and feasibility of IRE for treating renal tumors were first 
explored in a study of six patients undergoing open resection of RCC [14]. In this study, 
IRE was performed under general anesthesia immediately prior to tumor resection.  
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Fig. 12.3 Peak temperatures registered in an animal study during kidney irreversible electropora-
tion with (a) a three-needle template and (b) a four-needle template. T1 central ablation core in 
black line, T3 in blue line, [1 cm outside the ablation zone]. (From Wagstaff et al. [28], with per-
mission of Elsevier)
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So as to avoid induction of cardiac arrhythmias, the investigators synchronized IRE 
pulses with the refractory period of the cardiac rhythm. Analysis of ST waveforms and 
axis deviation on 12-lead electrocardiogram showed the absence of relevant changes. 
Only one patient developed transient supraventricular systole during the procedure, 
without any further cardiac abnormalities in the postoperative period. There were no 
changes in central hemodynamics during or 5 min after IRE or in hematological and 
serum biochemical variables. Notably, no changes were observed in serum creatine 
kinase MB, troponin T, lactate, or lactate dehydrogenase levels indicating the absence 
of ischemia or cell death. On histopathological examination of the resection specimens, 
the tumor cells displayed a mismatch between plasma and nuclear volume consistent 
with cell swelling but not actual cell death. It is likely that a longer time interval between 
treatment and tissue resection is required in order to see a more substantial treatment 
effect, as IRE is thought to predominantly cause cell death by induction of apoptosis 
secondary to disruption of cellular membranes.

Safety and clinical outcomes of IRE were next reported in a prospective single- 
center study of volunteers with advanced malignancy of the liver, kidney, and lung 
[29]. In total, seven patients underwent treatment of a renal tumor. CT follow-up at 
3 months confirmed successful tumor ablation in five of the seven treated patients, 
with two patients requiring a second IRE procedure. In terms of complications, one 
patient developed obstruction of the ureter, and two patients developed transient 
hematuria following IRE treatment extending into the central portion of the kidney.

Trimmer et  al. next evaluated percutaneous IRE in the treatment of 20 small 
masses [30]. Follow-up imaging was performed at 6 weeks showing residual tumor 
in two cases. Both were treated with salvage RFA. Six- and 12-month follow-up 
was available for 15 and 6 cases, respectively. Only one radiological recurrence was 
diagnosed at 1 year and this was successfully treated with partial nephrectomy. No 
major complications were observed. More recently, a larger series from the same 
group has been published that included 42 tumors (median size 2 cm) treated by 
percutaneous IRE [31]. Same-day discharge occurred in 71% of patients without 
major perioperative complications. The initial treatment success rate in this series 
was 93%. At a mean follow-up of 22 months, the 2-year actuarial local recurrence- 
free survival was 83% in patients with RCC confirmed in the biopsy. Regarding 
preservation of renal function, a small report on IRE in solitary kidney tumors (five 
patients) showed no significant decrease in glomerular filtration rate over 3 months 
following this procedure [32].

An ongoing phase 2a trial (IRENE) aims to explore the efficacy of IRE for the 
treatment of clinical T1a renal tumors [33]. In this study, partial nephrectomy will 
be performed 28 days after percutaneous IRE, with MRI imaging preformed prior 
to resection. Detailed histopathological data on three resection specimens is already 
available [34]. Histological evaluation with hematoxylin and eosin staining as well 
as immunohistochemistry with the proliferation marker Mib1 was performed to 
determine cell viability. IRE leads to a high degree of damage in the three small 
tumors (size range 1.5–1.7 cm) with a zonal structuring of the ablation zone and 
negative margins. The foci of tumor in the center of the lesion showed coagulation 

12 Novel Ablative Therapies for Renal Tumors



208

necrosis in all cases. Radially a zone of necrosis of variable width with chronic 
inflammation and giant cells followed, where ghost-like structures could still be 
discerned. Within the necrotic zone, small foci of preserved tumor accounting for 
2.8–62.4% of the total tissue were found without signs of proliferative activity. 
Necrosis and urothelial sloughing were observed in those sections. Adjacent to the 
outer borders of the lesion, there was a gradual transition to a zone of granulation 
tissue with a width of 1–5 mm followed externally by unaffected renal parenchyma.

Another clinical trial evaluating percutaneous IRE in the treatment of small renal 
tumors is ongoing in the Netherlands [19]. Additionally a third study on IRE in 
unresectable kidney tumors is ongoing in China (ClinicalTrials.gov identifier 
NCT02335827).

An example of a patient treated with IRE is displayed in Fig. 12.4.

a

b

c

d

Fig. 12.4 Initial and follow-up imaging after irreversible electroporation of a kidney tumor. (a) 
Small renal mass in the anterior kidney. MRI T2-weighted imaging and CT scan show enhance-
ment of the mass clearly depicted in the gray-scale ultrasound and with vascularity present on 
contrast-enhanced ultrasound (CEUS). (b) One week after irreversible electroporation, there is no 
enhancement in T2 contrast-weighted MRI, and there is a slight increase in the size of the ablated 
lesion and absence of vascularity on CEUS. (c) Three months after IRE, MRI and CT show con-
traction of the ablated lesion without enhancement. Additionally, there is absence of contrast dif-
fusion on CEUS. (d) At 6  months there is absence of contrast enhancement on MRI and CT, 
hyperechogenicity on gray-scale ultrasound which is a possible indirect sign of fibrosis, and an 
absence of vascularity on CEUS
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 Microwave Ablation (MWA)

Technology and Devices MWA is a heat-based needle ablation technology that is 
currently used in treatment of lesions of the breast, liver and lung. MWA uses alter-
nating electrical current to generate electromagnetic microwaves in the frequency 
range of 900–2.450 MHz. Oscillating microwaves agitate water molecules causing 
friction and increased tissue temperatures [35]. Similar to RFA, the high tempera-
ture caused by MWA induces cellular death by coagulative necrosis. However, 
MWA does not require grounding pads and is not limited by tissue impedance. 
MWA also offers more consistent and larger ablation volumes than RFA in a shorter 
time [36–38]. Additionally, the minimal thermal dispersion reduces “heat sinking” 
and MWA seems to be less sensitive to tissue type [36, 39–43].

The electromagnetic field induced depends on antenna design and this drives the 
size and shape of the ablated zone. To date, three generations of MWA systems have 
been developed. The first-generation MWA system lacked active antenna cooling 
and was unpowered to reach high temperatures [44]. The second-generation system 
included antenna cooling but still offered only limited generator power. The third 
generation integrates shaft antenna cooling (water, saline, or CO2) and a high gen-
erator power delivering increased energy to the target and minimizing injury to 
surrounding tissue [35, 43]. Overall fluid-based cooling systems require larger 
antenna diameters, while gas-cooled antennas maintain a 17-guage diameter.

New antenna designs aim to produce a round and forward-weighted heating zone 
that at least theoretically should conform to the shape of renal masses. The higher 
temperature is reached within 1 cm of the antenna tip and the effect of multiple 
antennas is synergistic [45]. CO2 cooled systems permit creation of an early small 
ice ball that stabilizes the position of the antenna. Frequencies of 915 MHz and 
2.45  GHz create large ablation zones, with the longer wavelength of 915 MHZ 
resulting in the largest treatment volumes [46–48]. System performance varies 
depending on a combination of antenna diameter, number of antennas, power gener-
ated, frequency, and power lost between the generator and the tip of the antenna. 
Understanding the characteristics of the system used is critical to properly select 
patients and evaluate outcomes [39, 49].

Animal Studies A considerable number of studies evaluating MWA of the liver, 
lung, and kidney have been conducted. These studies utilize a range of different 
ablation protocols in terms of generator power, number of antennas, and ablation 
time but show consistent ablation zones between 2 and 4.2 cm using a single antenna 
[50–56].

The first generation of MWA systems showed inconsistent and asymmetric abla-
tion zones, denuded urothelium, antenna charring, and damage to the collecting 
system of porcine kidneys in vivo [50]. Advanced systems assessed the effect of 
different MWA powers (60–180 W) and times of application (2–6 min) for a 1.8 mm 
antenna with a 2.45 GHz system in bovine liver and porcine muscle and kidney 
[51]. Increased power setting (up to 140  W) and time significantly increased  
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ablation volume in the three tissues. Optimal efficiency of this novel probe/system 
was found at settings < 140 W for 6 min. Furthermore, lesions created at 50 W over 
10 min seem to be predictable in the porcine kidney [51, 52].

Ex vivo studies show that after MWA, the degree of contraction of the ablated 
lesion is higher in the liver and lung than in the kidney, and it is proportional to tis-
sue vascularization and desiccation [53, 54]. In an ex vivo porcine kidney study, 
significant variations in post-interventional volumes (− 3.8% to −7.2%) were found 
depending on application time although dehydration rates were similar [55]. The 
coagulation zone was underestimated by visualization, and the greater the deployed 
energy, the larger the coagulation volume.

At equal number of antennas, larger ablation zones in the kidney are achieved 
with MWA as compared to RFA [43]. Novel refrigerated antennas (Amica, StenlØse, 
DK) showed mean diameter ablations of 1.2–4.2 cm depending on power time and 
exposure [56]. Fifty watts of power resulted in optimal lesion size and spherical 
index. Pathological evaluation with NADH staining did not show skip lesion in any 
of the ablated tissues.

Animal kidney studies have failed to show the protective effect on the collecting 
system using antegrade pyeloperfusion (cooled 5% glucose) MWA [57]. 
Consequently, MWA of central lesions abutting the collecting systems should be 
carefully considered. Lastly, comparison of temperature- or power-controlled MW 
systems in a porcine kidney model showed no differences in ablation zone geometry 
[55]. System failures occurred less frequently with a temperature control system 
(0% vs 13%).

Attempts to establish treatment guidelines in terms of power and time have been 
performed in vivo with a porcine model [58]. Diameter of ablated tissue varies sig-
nificantly by time and power applied and their interaction. In fact, those studies 
show that the optimal MWA protocol is highly dependent on the system character-
istics and the technical procedure should be adapted to the desired targeted ablation 
zone.

Human Studies Three phase I studies have evaluated the safety and feasibility of 
kidney tumor MWA prior to surgical resection [59–61]. Despite the implementation 
of different protocols and probes used, all showed presence of coagulative necrosis, 
uniform and reproducible ablation lesions, and absence of vital tumor cells inside 
the induced lesion. The use of three probes resulted in larger mean ablative lesions. 
Importantly, the surrounding healthy tissue was preserved. Complications were 
negligible in these studies.

A meta-analysis comparing CA to MWA for the treatment of small renal masses 
was published in 2013 [62]. This analysis included data from 7 studies with 164 
patients treated by MWA [44, 60, 63–66]. At a mean follow-up of 18 months, the 
primary effectiveness was 91.3%, and the cancer-specific survival was 96.8%. 
Local tumor progression was described in 2.54% of patients without any metastatic 
progression. The results of several other series on MWA have been reported since 
the publication of the meta-analysis [67–73]. These series support the previously 
reported outcomes with emphasis in dependence on tumor size and complexity.  
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Of note, all systems delivered high power through cooled antennas and mostly 
included small renal masses of low/intermediate complexity. One study, however, 
did include sinusal tumors [71]. Treatment was performed percutaneously, mostly 
under general anesthesia, and when necessary hydrodisplacement of neighbor 
organs was used.

Special mention is deserved for the randomized control trial by Guan et al. com-
paring partial nephrectomy to MWA (open/ laparoscopically assisted) in the treat-
ment of small renal masses [64]. With a minimum follow-up of 2 years (median 32 
and 36 months for MW and partial nephrectomy, respectively), operative and hospi-
talization times were similar in both arms. The estimated blood loss and complica-
tion rate were significantly lower in the MWA group. Of note, one patient treated 
with MWA developed a urinary leak. Decline in postoperative renal function was 
significantly lower in the MWA group although at last follow-up, renal functional 
decreases were similar. Recurrence-free survival in cases of RCC were 90.4% and 
96.6% for MWA and partial nephrectomy (p = 0.46), respectively [64].

 High-Intensity Focused Ultrasound (HIFU)

HIFU is an ablative method that utilizes ultrasound to cause tissue damage through 
heat and cavitation [74]. Heat is produced as the ultrasound beam propagates 
through the tissue reaching 80 °C in the target [75, 76]. Acoustic cavitation also 
results in cell necrosis by combination of mechanical stress and thermal injury. 
Cavitation depends on pulse length, frequency, and intensity [77].

HIFU can be delivered extracorporeally without tumor puncture, preventing risk 
of hemorrhage and avoiding tumor spillage [78]. Additionally, HIFU can be deliv-
ered laparoscopically. Animal studies of extracorporeal HIFU have shown problems 
with skin damage and unpredictable tissue ablation [74, 79]. At present, research 
focuses on the development of laparoscopic probes able to optimize the ablation 
zone dimensions [80] and on noninvasive approaches such as respiratory-gated 
magnetic resonance imaging-guided HIFU [81].

Initial phase 1b and 2a trials on the safety and feasibility of extracorporeal HIFU 
have resulted in variable rates of ablation success depending on the assessment 
modality [78–82]. More specifically, only 25% of ablations were judged to be suc-
cessful on the basis of histopathological evaluation [82], whereas two thirds of 
ablations were found to be successful on the basis of posttreatment imaging [83]. 
Some authors suggest that ablation is impeded by subcutaneous and perinephric fat 
as well as intervening ribs [84]. High acoustic outputs are therefore needed to com-
pensate for the loss of intensity, leading to an increased risk of peritumor tissue 
damage [74].

Similar results have been seen in other studies. For example, histological evalu-
ation of resected kidney tumors treated with HIFU revealed limited signs of tissue 
ablation in 80% of 19 treated patients [85]. Additionally, in another study of 14 
small renal masses removed after HIFU, ablated tissue was found in only 15–35% 
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of the targeted volume [86]. In another study of 17 renal tumors (mean size 2.5 cm), 
radiological evidence of treatment effect was seen in 47% of patients 12 days after 
procedure [87]. Repeat imaging was available for 14 patients of which 6 (43%) 
showed a mean decrease in the tumor area of 12%.

Problems with respiratory movement and anatomical interphases can be avoided 
when an intracorporeal probe is brought directly to the target [80]. A phase I trial of 
laparoscopic-assisted HIFU and immediate surgical resection investigated the his-
tology of the treated tumors [88]. Among the seven treated patients with small renal 
masses (mean tumor size 2.2 cm), four (51.7%) showed complete tumor ablation, 
two (28.6%) tumors had a 1–3 mm peripheral rim of cancer viable tissue, and one 
(14.3%) tumor showed a central area with vital tumor [86]. Similar results were 
described in a proof-of-concept trial in which the ablated zones were within the 
targeted area in all patients and amounted for 90% to 100% of target zones [89]. No 
intra-lesion skipping was seen although small areas of subcapsular skipping at the 
tumor surface were observed in two patients. At present, there are no data regarding 
the oncological efficacy of laparoscopic HIFU with the tumor left in situ after 
ablation.

 Stereotactic Ablative Radiation Therapy (SABR)

RCC has long been considered a radioresistant tumor [90]. This is premised on 
historical data evaluating conventionally fractionated radiation, i.e., radiation deliv-
ered in small doses over multiple treatment sessions. More recent data, however, 
now suggests a role for radiotherapy in the treatment of RCC when delivered in rela-
tively few high-dose fractions [91]. SABR, also known as stereotactic body radio-
therapy, uses an external coordinate system to deliver a safe and single dose of 
radiation up to 25 Gy [92]. These techniques may potentially be curative for pri-
mary renal tumors. SABR does not require anesthesia and can be performed as an 
outpatient. A wide range of devices, doses, and dose fractionation schedules have 
been recently reviewed [93].

A specific challenge for the treatment of the kidney is respiratory-synchronous 
organ movement. The CyberKnife system (Accuray, Sunnyvale, CA, USA) uses a 
true robotic manipulator, which corrects for the kidney and tumor movement 
throughout the respiratory cycle. In vivo studies have shown that the effect of 
CyberKnife is focal and that surrounding renal parenchyma remains unaffected 
[94]. Percutaneous insertion of gold fiducials in the renal parenchyma or the tumor 
is usually necessary to facilitate tumor tracking.

Several noncontrolled prospective case series of CyberKnife for primary renal 
tumors have been published [91, 95–97]. A phase I dose-escalation trial of SABR in 
19 poor surgical candidates with nonmetastatic cT1-3 renal tumors (median volume 
58 cm3) explored several dose levels delivered in 4 fractions [91]. With 3–6 patients 
treated per dose cohort, none of the 15 evaluable patients developed local progres-
sion (12 stable and 3 partial response). Acute treatment-related toxicity was observed 
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in two patients (10.5%, one grade 2 fatigue and one grade 4 duodenal ulcer). Chronic 
treatment-related toxicity occurred in four patients – two grade 3 renal toxicities, 
one grade 2 urinary incontinence, and one grade 4 ulcus duodenal in the same 
patient that presented it acutely. This low toxicity was supported by small series on 
inoperable patients or patients with severe comorbidity [95, 96]. Doses of 39Gy in 
three fractions or 40Gy in three fractions are able to achieve tumor local control 
(stable or partial response) at 1 year with mild and self-limited toxicity [95, 96].

The largest series in the literature includes the outcomes of 40 patients (30 RCCs 
and 15 urothelial tumors) treated with SABR [97]. At a dose of 25 Gy in a single 
fraction, the local control rate at 9 months was 98%. However, from the 42% of 
tumors that achieved complete response, most were urothelial tumors, while the 
complete response in RCC reached only 20%. Renal function was preserved and 
only minor toxicity was present in six patients. Currently a phase II trial is recruiting 
patients with results expected in 2019 (ClinicalTrials.gov NCT01890590).

 Photodynamic Therapy (PDT)

PDT has been investigated as an ablation method for primary renal tumors. PDT 
requires administration of a photosensitizer that accumulates in the target tissue. 
The tissue is then illuminated percutaneously or interstitially leading to tissue abla-
tion. Using mTHPC as a sensitizer, complete loss of cell viability has been reported 
in a mouse renal tumor model [98]. More recently, vascular-targeted PDT with the 
water-soluble photosensitizer WST-11 has shown promising clinical results in a 
porcine model [99]. Following ablation with this agent, normal renal tissue, blood 
vessels, and the collecting system were completely spared, supporting its clinical 
evaluation for tumors close to sensitive structures such as the renal hilum or renal 
pelvis. A phase I/II trial of PDT for the treatment of renal tumors is currently under-
way (ClinicalTrials.gov NCT01573156).

 Conclusion

IRE ablation of kidney tumors is safe when performed under general anesthesia and 
provided that IRE pulses are synchronized with the refractory period of the cardiac 
rhythm. Because the temperature delivered during the procedure is low and the 
extracellular matrix is preserved, IRE has the unique feature of allowing for preser-
vation of vital tissue. Short-term outcomes with IRE are favorable, but information 
on longer-term oncological outcomes are scarce. For MWA there is evidence on 
procedural safety when using the high-powered cooled devices. Retrospective stud-
ies have shown the effectiveness of MWA and the potential for minimal complica-
tions. While clinical data exists for both IRE and MWA, large prospective studies as 
well as comparative studies to both tumor resection and ablation with CA and RFA 
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are lacking. HIFU, SABR, and PDT are other novel ablation techniques that have 
been evaluated for the primary treatment of renal tumors. Data with these tech-
niques, however, are less mature than IRE and MWA, and additional human data is 
needed at this time.
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Chapter 13
The Impact of Renal Tumor Surgery 
on Kidney Function

Sudhir Isharwal, Chalairat Suk-Ouichai, Joseph Zabell, Jitao Wu, Wen Dong, 
Elvis Radhames Caraballo Antonio, and Steven C. Campbell

 Introduction

The American Cancer Society estimated that more than 63,000 new cases of kidney 
cancer would be diagnosed in the United States in 2017, representing the ninth most 
common malignancy [1]. Surgical excision is the most frequently used treatment for 
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localized disease [2–4]. Historically, radical nephrectomy (RN) was the treatment 
of choice in such patients, and partial nephrectomy (PN) was reserved for impera-
tive indications such as solitary kidney or bilateral renal tumors. Once the potential 
association of chronic kidney disease (CKD) with increased cardiovascular events 
and reduced survival was understood [5], the role of PN was expanded for small 
renal masses even in patients with bilateral kidneys to preserve maximum renal 
function [4].

In addition to oncologic outcomes, renal function preservation has become an 
important objective in renal cancer survivors [6–9]. Accordingly, most treatment 
guidelines recommend PN as the standard of care for small renal masses, while RN is 
favored for large or anatomically complex masses not amenable to PN [3, 4]. However, 
these advances in the field of renal surgery have been controversial. The validity of 
the hypothesis that improved functional outcomes after PN translates into better sur-
vival has been questioned [10, 11]. Additionally, the notion that CKD primarily due 
to surgery has similar implications as CKD due to medical comorbidities has been 
challenged [12–14]. Moreover, there is ongoing debate about the important predictors 
of functional outcomes after PN [6, 7]. These issues are of great importance as they 
can affect surgical approach and intraoperative management and can have important 
implications for cancer survivorship. In this chapter, we review the evidence that 
addresses these issues and provide an update on recent advances in the field.

 Chronic Kidney Disease

The Kidney Disease: Improving Global Outcomes (KDIGO) foundation defines 
CKD as glomerular filtration rate (GFR) <60 ml/min/1.73 m2 or presence of mark-
ers of kidney damage, such as proteinuria, for greater than 3 months [15]. The over-
all prevalence of CKD in the general population in the United States is approximately 
14% [16]. Although the association of end stage renal disease with higher mortality 
rates has long been appreciated, the importance of even mild to moderate CKD was 
not well understood until the landmark study published in 2006 by Go and col-
leagues [5]. In a large population-based study including more than a million sub-
jects, Go reported that increasing degrees of CKD were associated with increased 
cardiovascular events, hospitalization, and mortality, even after adjusting for medi-
cal comorbidities. The hazard ratio (HR) of mortality increased in a dose-dependent 
fashion from 1.2 in subjects with GFR 45–59 ml/min/1.73 m2 to 5.9 in subjects with 
GFR <15 ml/min/1.73 m2.

After the significance of CKD was highlighted in terms of increased all-cause 
mortality, Huang and colleagues studied the prevalence of CKD in patients with 
renal masses presenting for surgical resection and the impact of surgical removal of 
nephrons on the development or progression of CKD [17, 18]. In their cohort, 
25–30% of patients with a localized renal mass had CKD, and after surgery the 
3-year probability of freedom from new-onset CKD (GFR < 60 ml/min/1.73 m2) 
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was 80% after PN but only 35% after RN. Studies from other centers have con-
firmed these findings with similar prevalence of CKD noted in patients undergoing 
surgery for renal tumors (Reviewed in [9]).

With increased recognition of CKD prevalence and its potential long-term dele-
terious effects, renal function preservation has become an important objective in the 
management of patients with kidney cancer. For patients with small renal masses, 
RN represents gross overtreatment, and the trend has shifted toward nephron- 
sparing approaches. Recognizing that there are many ongoing controversies in this 
field, the American Urologic Association (AUA) recently updated their evidence- 
based guidelines for the management of patients with localized kidney cancer, with 
particular focus on the roles of PN and RN and functional preservation related to 
renal surgery [4].

 PN Versus RN

Historically, nephron-sparing surgery using PN was reserved for imperative indica-
tions such as a renal tumor in a solitary kidney or bilateral renal tumors. Long-term 
studies from Cleveland Clinic and Memorial Sloan Kettering confirmed overall sur-
vival of greater than 90% after PN for early-stage kidney cancer [19, 20]. However, 
adoption of PN was slow in the urologic community due to higher risk of bleeding 
and urinary fistula formation and uncertainty about the management of such com-
plications [8].

PN gained greater acceptance after several studies demonstrated strong local 
control and metastasis-free survival in appropriately selected patients with localized 
kidney cancer [9, 21, 22]. With further understanding of association of CKD with 
future cardiovascular events and increased mortality in the general population, 
application of PN beyond the conventional indications was explored. Eventually, it 
was recognized that RN represents therapeutic overkill for many patients with local-
ized kidney cancer, particularly those with small renal masses [9]. Based on devel-
opments in the field as of 2009, the AUA guidelines recommended PN as the 
standard of care for the clinical T1a renal tumor [3]. Upon further understanding of 
the functional advantages of PN and increased comfort level with the surgical tech-
niques and management of complications, PN has been widely adopted in academic 
centers and to some degree in community settings as well. Various groups have 
expanded the role of PN to larger renal masses and tumors with increased complex-
ity [23, 24]. However, a fundamental question persists, particularly when a normal 
contralateral kidney is present, does PN provide a survival advantage over RN?

Data from several observational studies confirm a functional advantage for PN 
even in the most challenging of circumstances and many also suggest an overall 
survival advantage (Table 13.1a) [25–27]. However, these studies are potentially 
contaminated by both measured and unmeasured biases. A large meta-analysis by 
Kim and colleagues of 36 retrospective studies comprising more than 40,000 

13 The Impact of Renal Tumor Surgery on Kidney Function



224

patients showed a 61% risk reduction in the development of CKD (p < 0.001) and a 
19% risk reduction in all-cause mortality (p < 0.001) for PN when compared to RN 
[25]. However, a 29% risk reduction for cancer-specific mortality in favor of PN 
was also reported (p = 0.002). This finding can only be explained by the selection 
biases that may reside within the included studies – it is difficult to understand how 
PN can provide an oncologic advantage over RN based on the basic tenets of surgi-
cal oncology.

Subsequent studies have used advanced statistical methods such as propensity 
scores and instrumental variables to control for the selection bias in these studies 
and to facilitate a more sophisticated comparison of the PN and RN cohorts 
(Table 13.1a) [26, 27]. Using a propensity score-based model, Weight et al. reported 
that patients undergoing RN for T1b renal tumors with a normal contralateral kid-
ney were at higher risk of postoperative CKD and reduced survival [27]. Similarly, 
Tan et al., studying a cohort of Medicare beneficiaries with early-stage kidney can-
cer with an instrumental variable approach, reported increased survival with PN 
when compared with RN [26]. However, propensity score methods only account for 
measured biases and imbalance from unrecognized confounders may still persist. 

Table 13.1 Selective studies comparing the outcomes of partial and radical nephrectomy

Study Design
Main 
outcomes Findings Limitations/perspective

(a) Retrospective studies comparing PN vs. RN outcomes
Kim SP, 
et al.,  
2012 [25]

Meta-analysis: 
36 studies

ACM
CSM
CKD

PN correlated with 19% 
risk reduction for ACM, 
29% risk reduction in 
CSM, and 61% risk 
reduction for CKD

Potential selection and 
publication biases
Perspective: Lower 
CSM in PN cohort 
likely due to selection 
bias, as PN is not a 
stronger oncologic 
intervention

Tan HJ, 
et al.,  
2012 [26]

Study of 
Medicare 
beneficiaries 
with cT1a 
renal tumors, 
instrumental 
variable 
approach

OS
CSS

Improved OS with PN
No significant difference 
in CSS between PN and 
RN

Only cT1a included, 
instrument variable 
assumptions cannot be 
verified, and cannot 
control for unrecognized 
confounders
Perspective: Selection 
bias remains a concern

Weight 
CJ, et al.,  
2010 [27]

Retrospective 
series using 
propensity 
score method 
for cT1b renal 
masses

OS,CSS, 
and 
cardiac- 
specific 
survival

PN associated with 
increased 5-year OS (85% 
vs. 78%, p = 0.01) and 
equivalent CSS (94% vs. 
89%). Postoperative renal 
insufficiency independent 
predictor of OS and 
cardiac-specific survival

Single center, 
retrospective with 
concern about potential 
selection bias, hidden 
bias not tested, and 
cannot control for 
unrecognized 
confounders
Perspective: Selection 
bias remains a concern
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Table 13.1 (continued)

(continued)

Study Design
Main 
outcomes Findings Limitations/perspective

Shuch B, 
et al., 
2013 [28]

Matched 
cohort study 
using SEER 
Medicare 
dataset

OS OS was similar between 
RN and controls 
(low-grade bladder cancer 
and noncancer controls)
However, PN had 
improved survival 
compared to controls 
(HR; 1.25, p < 0.001)

Retrospective design, 
dataset has limitations
Perspective: RN had 
similar survival to age 
and comorbidity 
matched controls with 
no cancer or nonlife- 
threatening cancer 
suggesting that reduced 
renal function did not 
impact survival. PN 
patients fared better 
suggesting selection bias

(b) Randomized trial comparing PN vs. RN
Poppel 
HV, et al., 
2011,
Scosyrev 
E, et al., 
2013
(EORTC 
30904) 
[11, 29]

Randomized 
trial of PN vs. 
RN for renal 
mass < 5 cm 
and normal 
contralateral 
kidney

OS
Incidence 
CKD

10-year OS for RN vs. PN 
(81% vs. 75%, HR 1.5, 
p = 0.03)
At median follow-up of 
6.7 years
RN vs. PN, eGFR<60: 
86% vs. 64%
RN vs. PN, eGFR <30: 
10% vs. 6.3%
RN vs. PN, eGFR <15: 
1.5% vs.1.6%

Suboptimal accrual, 
underpowered, crossover 
between treatment arms, 
normal function defined 
by serum creatinine 
level, not GFR
Perspective: Despite 
flaws, results are 
provocative, suggesting 
that survival advantage 
related to PN may not be 
as large as previously 
thought

(c) Impact of CKD primarily due to surgical nephron loss (CKD-S)
Lane BR, 
et al., 
2013 [12]

Large cohort 
study of 
patients 
undergoing 
RCS

Progression 
of renal 
function 
decline

Annual renal function 
decline was 4.7% for 
CKD-M and 0.7% for 
CKD-S
Annual renal function 
decline >4% associated 
with 43% increase in 
mortality (p < 0.0001).

Single tertiary center 
retrospective study
Perspective: CKD-M 
had decreased survival 
and less stable renal 
function. Decline of 
function for CKD-S 
approximates normal 
aging process

Zabell J, 
et al., 
2017 [30]

Analysis of 
>4000 patients 
undergoing 
RCS

Predictors of 
5-year CKD 
and 10-year 
nonrenal 
cancer 
mortality

Preoperative GFR and 
GFR loss related to 
surgery correlate with 
5-year risk of 
CKD. Preoperative GFR, 
new baseline GFR, and 
age correlated with 
10-year nonrenal cancer 
mortality
GFR loss with typical PN 
vs. RN only changed 
absolute mortality risk by 
1–3%

Validation of the 
predictors needed
Perspective: Age and 
preoperative GFR 
strongly associated with 
nonrenal cancer 
mortality. Although 
choice of PN versus RN 
influences risk of 
developing CKD, it has 
less impact on survival
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Table 13.1 (continued)

Study Design
Main 
outcomes Findings Limitations/perspective

Gor R, 
et al., 
2015 [14]

Analysis of 
>1400 patients 
from renal 
tumor registry 
to study 
impact of 
CKD subtypes

Impact of 
CKD-M and 
CKD-S on 
risk of 
mortality

CKD-M associated with 
higher risk of mortality 
compared to CKD- 
S. CKD-S had similar 
mortality as no CKD 
cohort

Tertiary center 
retrospective study
Perspective: Validated 
the findings that CKD-S 
has mortality risk 
similar to no CKD 
patients

Capitanio 
U, et al., 
2015 [31]

Multicenter 
analysis of 
1189 patients: 
RN or PN for 
≤cT1b renal 
mass and 
preoperative 
GFR≥60

CKD and 
other-cause 
mortality

On multivariable analysis, 
PN associated with lower 
risk of CKD, but there 
was no significant 
difference in other-cause 
mortality (HR 0.8, CI 
0.67–1.40)

Retrospective study
Perspective: PN 
associated with better 
preservation of renal 
function compared to 
RN, but this did not 
translate into a survival 
benefit

Lane BR; 
et al., 
2015 [13]

Large cohort 
study of 
patients 
undergoing 
RCS with long 
follow-up

Impact of 
new baseline 
eGFR

CKD-M/S had higher 
rates of GFR decline, 
all-cause mortality, and 
nonrenal cancer mortality
CKD-S survival and 
stability of renal function 
approximated the no CKD 
cohort

Tertiary center 
retrospective study
Perspective: CKD-S has 
good prognosis as long 
as new baseline GFR is 
>45 ml/min/1.73 m2

(d) Collaborative review of literature comparing PN and RN
Kim SP, 
et al., 
2016 [9]

Critical review 
of available 
literature 
comparing 
outcomes of 
PN and RN for 
anatomically 
complex 
tumors

Risks and 
benefits of 
PN over RN

For anatomically complex 
tumors, PN preserves 
renal parenchyma, 
although PN has increased 
perioperative risk
Prospective randomized 
trial is needed to provide 
better data about the 
merits of PN versus RN

Comparison of 
retrospective studies 
with selection bias and 
one imperfect 
randomized clinical trial
Perspective: Available 
literature unable to 
establish the superiority 
of PN over RN in 
complex renal tumors 
and a randomized trial is 
needed

ACM all-cause mortality, CKD chronic kidney disease, CKD-M chronic kidney disease due to 
medical diseases, CKD-S chronic kidney disease primarily due to surgical removal of nephrons, 
CSM cancer-specific mortality, CSS cancer-specific survival, eGFR estimated glomerular filtration 
rate, GFR glomerular filtration rate, HR hazard ratio, OS overall survival, PN partial nephrectomy, 
RN radical nephrectomy, RCS renal cancer surgery, SEER surveillance, epidemiology, and end 
results

Furthermore, Shuch et  al. demonstrated potential selection bias in this literature 
using the Surveillance, Epidemiology, and End Results Medicare dataset [28]. In 
their matched cohort study, subjects with PN had better overall survival even when 
compared to noncancer controls, suggesting that the PN population had advantages 
with respect to unrecognized confounders. Patients selected for PN may just be 
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healthier on average than patients in other cohorts and manipulation of the  identified 
covariates may not be able to control for this reality. Conclusions drawn from these 
retrospective studies showing an overall survival advantage associated with PN may 
therefore be unreliable [10, 28].

The best study design to avoid selection bias and thus allow for more reliable 
conclusions is, of course, a randomized controlled trial. There is, however, only one 
such trial in this domain, namely, EORTC 30904 (Table 13.1b) [11, 29]. Patients 
with a single, clinically localized tumor up to 5 cm with a normal contralateral kid-
ney were randomized to either PN (n = 268) or RN (n = 273). As expected PN pro-
vided better functional outcomes, while surgical morbidity was less with 
RN. Surprisingly, PN was not associated with better overall survival. At a median 
follow-up of 9.3 years, the intention to treat analysis showed 10-year overall sur-
vival of 81% for RN compared to 76% for PN (p = 0.03). A follow-up analysis of 
functional outcomes confirmed the advantage of PN over RN in terms of preserva-
tion of renal function; however, this did not translate into a survival advantage in 
subjects with a normal contralateral kidney [29].

EORTC 30904 thus raised the possibility that CKD due to surgical loss of neph-
rons (CKD-S) may not have same adverse implications as CKD due to medical dis-
eases (CKD-M). Lane and colleagues explored this hypothesis in over 4000 patients 
managed with PN or RN [12]. Their population included over 1000 patients with 
preexisting CKD-M who required surgery for a renal mass (thus designated CKD-
M/S) compared to a similar number of patients with CKD primarily due to surgical 
removal of nephrons (CKD-S). The control group comprised almost 2000 patients 
with no CKD even after renal surgery. The prevalence of CKD-M/S and CKD-S in 
this series were 28% and 22% of all patients, respectively (Table 13.1c, Fig. 13.1). 
Several important observations were gleaned from this study. First, GFR decline per 
year was substantially increased in the CKD-M/S cohort compared to CKD-S (4.7% 
vs. 0.7%, p < 0.05). Furthermore, an annual decline of renal function of >4% was 
associated with a substantial increase (43%) in mortality (p < 0.0001). In a follow-up 
study, patients with CKD-M/S had the highest rate of GFR decline, nonrenal cancer-
related mortality, and all-cause mortality on multivariable analysis [13]. In contrast, 
the CKD-S cohort had GFR stability and nonrenal cancer mortality rates that were 
similar to the no CKD group. Gor et  al. validated these findings, reporting that 
CKD-S has similar mortality rates as patients with no CKD even after surgery for a 
renal mass [14]. Thus etiology of CKD appears to play an important role in the out-
comes of patients undergoing surgery. Patients with CKD due to medical etiology by 
definition have comorbidities that are impactful, and most, such as diabetes, are 
longstanding. Thus their renal function will typically continue to decline and eventu-
ally this leads to increased mortality rates. Patients with CKD primarily due to surgi-
cal removal of nephrons typically do not require further surgery, and their renal 
function can thus stabilize, leaving them in a better position for long-term survival.

Although PN is associated with better preservation of renal function compared 
to RN, this functional advantage may not always translate into a substantial sur-
vival benefit, at least for patients with a normal contralateral kidney. This hypoth-
esis was recently explored by developing predictive models from our population of 
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over 4000 patients who underwent surgical removal of a renal tumor with almost 
10 years of median follow-up [30]. In these models, age, demographic factors, and 
important comorbidities were incorporated, in addition to relevant functional 
parameters, including preoperative GFR, GFR loss with surgery, and new baseline 
GFR. However, PN versus RN status was not utilized, because it carries too much 
potential bias related to selection processes, and there is often substantial overlap 
in the amount of function lost with these procedures. More specifically, challeng-
ing PNs can occasionally lead to considerable loss of GFR, while some RN for 
poorly functioning kidneys can be associated with minimal loss of function. 
Predictive algorithms were then developed for 5-year incidence of CKD or 10-year 
nonrenal cancer-related survival. As expected, the models confirm that a surgical 
intervention associated with about 10% loss of global function (as seen with a 
prototypical PN) correlated with substantially lower incidence of CKD when com-
pared to an intervention associated with about 40% loss of global renal function 
(i.e., prototypical RN). However, the predictive models suggest that absolute dif-
ferences in 10-year survival for these two interventions should be relatively small, 
in the range of 1–3%. For instance, for a 54-year-old with a preoperative GFR of 
80 ml/min/1.73 m2, 10-year survival was predicted to be 90% if prototypical PN 
was performed (loss of 10% of global function) versus 88% if a prototypical RN 
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Fig. 13.1 Nonrenal cancer-related survival stratified by etiology of chronic kidney disease (CKD) 
in patients requiring renal cancer surgery. a) Patients with preexisting CKD due to medical comor-
bidities who then required surgery (CKD-M/S, n = 1113) experienced significantly reduced survival 
when compared to patients with CKD primarily due to surgical removal of nephrons (CKD-S, 
n = 931). Patients with CKD-S by definition only developed GFR < 60 ml/min/1.73 m2 after surgical 
intervention. The survival of patients with CKD-S approximates that of patients with no CKD even 
after surgery (n = 2202). b) Patients with CKD-S are heterogenous to some degree as those with new 
baseline GFR < 45 ml/min/1.73m2 have reduced survival when compared to those with new baseline 
GFR > 45 ml/min/1.73 m2. (From Wu et al. [32], Fig. 1, with permission oF John Wiley and Sons)
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was performed. In contrast, age and preoperative GFR were much stronger predic-
tors of 10-year survival in this patient population. Preoperative GFR is a strong 
indicator of health status, as it reflects important comorbidities and their physio-
logic impact. This study suggests that interventions that on average save 90% ver-
sus 60% of the global renal function (i.e., PN versus RN) may not impact survival 
in a substantially divergent manner, at least in patients with relatively good preop-
erative renal function.

Similarly, Capitanio et al. in a large multicenter analysis of patients without pre-
existing CKD noted that even though PN is associated with lower risk of developing 
CKD (HR = 0.65, 95% CI 0.47–0.92), there was no significant difference in other-
cause mortality on multivariable analysis (HR 0.8, 95% CI 0.67–1.40) during 
extended follow- up of 10–15 years [31]. These findings raise the possibility that 
optimal preservation of GFR may not be critically important in all patients. Stated 
another way, the more robust survival advantages of PN may be primarily limited to 
patients with preexisting CKD.

It is important to emphasize that while most patients with CKD-S have a good 
prognosis, there may be heterogeneity in this patient population that could affect 
management decisions. In particular, a recent study suggests that CKD-S patients 
with new baseline GFR < 45 ml/min/1.73 m2 have significantly worse survival com-
pared to those with GFR of 45–60 ml/min/1.73 m2 [32]. In addition, survival of the 
latter group appeared to be very similar to patients who did not have CKD even after 
surgery. This suggests that if renal mass surgery is going to lead to new-onset CKD, 
it is best to avoid dropping the GFR below this critical threshold, and PN should 
thus be considered in some such patients.

In summary, the decision to perform PN versus RN in patients with a normal 
contralateral kidney remains complex and challenging [8]. A functional advantage 
for PN is clear and not subject to debate. However, the evidence suggesting a poten-
tial survival benefit of PN over RN in this setting is primarily driven by retrospective 
studies plagued with inherent selection biases. The single prospective randomized 
trial in this space failed to confirm a survival benefit of elective PN over RN [33]. A 
recent collaborative review of PN versus RN demonstrated increased perioperative 
morbidity and better renal function with PN, but a survival advantage again proved 
elusive when strict principles were applied, at least in the elective setting 
(Table 13.1d) [9].

Recent AUA guidelines address this issue in detail, recognizing ongoing over-
utilization of RN in the community setting and substantial controversies regard-
ing the issue of PN versus RN [4]. The guidelines recommend consideration for 
RN whenever increased oncologic potential is suggested by increased tumor 
size, high tumor grade or unfavorable histology (if renal mass biopsy has been 
performed), or infiltrative or locally invasive appearance on imaging. Beyond 
this, the guidelines suggest that RN is then preferred if the following three crite-
ria are all also satisfied: (1) high tumor complexity, such that PN would be chal-
lenging even in experienced hands, (2) there is no preexisting CKD or proteinuria, 
and (3) presence of a normal contralateral kidney that is likely to provide 
GFR > 45 ml/min/1.73 m2 after intervention. If these specific criteria are not met, 
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then PN should be considered if feasible [4]. It is hoped that these guidelines will 
prove useful for the practicing urologist and will stimulate further research in 
this field.

 Determinants of Functional Recovery After PN

In addition to the choice of PN versus RN, there are several factors that may affect 
the recovery of renal function after surgery for a renal tumor (Fig. 13.2). Preoperative 
factors are often related to patient or tumor characteristics and are usually non- 
modifiable. As already discussed, PN is preferred in imperative indications such as 
patients with preexisting CKD or a solitary kidney, and in these settings optimal 
functional recovery is of paramount importance. However, recovery of function 
after PN can be variable, and much work has been done to understand the determi-
nants of functional recovery after this procedure. In this section we will focus on the 
roles of parenchymal mass preservation and ischemia type and duration as well as 
recent advances in this field.

Due to the highly vascular nature of the kidney, PN has traditionally required 
clamping of the renal vasculature to prevent blood loss and maintain a clear field of 
visualization during tumor resection. Several investigators have considered the 
potential impact that renal ischemia may have on the recovery of renal function, 
both short and long-term. Ischemia may impact the recovery process through  

Factors affecting functional outcomes after renal cancer surgery
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•     Age •     Radical nephrectomy •     Percent vascularized •     Hydration status
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Fig. 13.2 Factors affecting functional outcomes after renal cancer surgery
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several hypothesized mechanisms such as ischemia-reperfusion injury, constriction 
of renal arterioles, and renal tubular injury [6–8].

 Cold Ischemia vs. Warm Ischemia

Hypothermia, typically through the use of ice slush, decreases cellular metabolism 
and has been proven to have a strongly protective effect with respect to ischemic 
renal injury. Previous experience with renal transplantation established that most 
kidneys recovery strongly and durably even after several hours of ischemia as long 
as hypothermia is utilized [6]. Hypothermia has traditionally been used for most 
cases of open PN and is now also being applied for minimally invasive cases at 
many centers. In a cohort of 662 patients, Yossepowitch and colleagues evaluated 
the impact of cold ischemia time on the percent change in GFR after surgery [34]. 
Longer duration of hypothermia was associated with increased risk of acute kidney 
injury (AKI) in the early postoperative period; however it was not a significant pre-
dictor of functional outcomes 1 year after surgery. Zhang and colleagues evaluated 
the impact of hypothermia in a more refined manner, including normalizing for 
parenchymal mass loss [35]. In a series of 277 PNs, a median recovery of 99% was 
noted when cold ischemia was used, suggesting that most nephrons make a com-
plete recovery from the ischemic insult. Several other studies have confirmed these 
findings [6–8]. The general consensus is that the duration of hypothermia can be 
extended out 1–2 h if necessary, although in the short-term postoperative care can 
be complicated by AKI, as discussed below [6, 8].

Recovery from warm ischemia, while somewhat more variable, also appears to 
be relatively strong as long as prolonged durations of ischemia are avoided. In the 
series by Zhang [35], median functional recovery to level predicted by nephron 
mass loss was 91% for cases managed with warm ischemia, although limited dura-
tions of ischemia (<25–30 min) predominated in this series. Recovery from extended 
durations of warm ischemia has not been well studied and the threshold at which 
irreversible ischemic injury begins to occur remains controversial [6–8].

 Impact of Parenchymal Mass Preservation  
and Ischemia Duration

One important early study in this domain evaluated a retrospective cohort of 362 
patients undergoing PN in a solitary kidney with warm ischemia and reported that 
longer ischemia duration is associated with increased risk of AKI, need for dialysis, 
and new-onset CKD (Table 13.2a) [36]. Every minute increase in ischemia duration 
was associated with a 5% increased risk of AKI and a 6% increased risk of new- 
onset CKD. These findings popularized the concept that “every minute counts when 

13 The Impact of Renal Tumor Surgery on Kidney Function



232

Table 13.2 Selective studies on determinants of renal function after partial nephrectomy

Study Design
Main 
outcomes Findings

Limitations/
perspective

(a) Studies without consideration of parenchymal mass preserved
Yossepowitch 
O, et al., 2006 
[34]

Retrospective 
review of 
patients 
undergoing PN 
with solitary 
kidney (n = 70) 
or bilateral 
functioning 
kidneys 
(n = 592)

Percentage 
change of 
GFR related 
to surgery

Longer hypothermia 
time associated with 
poor GFR recovery in 
early postoperative 
period but was not a 
significant predictor 
1 year after PN

Parenchymal mass 
preserved not 
considered in 
multivariable analysis
Perspective: Ischemia 
can lead to AKI, but 
ischemia duration did 
not impact ultimate 
GFR recovery in 
setting of 
hypothermia

Thompson 
RH, et al., 
2010 [36]

Retrospective 
review of 
patients with 
solitary kidney 
(n = 362) 
undergoing PN 
with warm 
ischemia

ARF, 
acute- onset 
GFR <15, or 
new-onset 
GFR <30

Risk of new-onset 
CKD increased 6% 
with each minute of 
WIT, and risk of AKI 
increased 5% with 
each minute. Hence, 
“every minute counts”

Parenchymal mass 
preserved not 
incorporated into the 
analysis.
Perspective: Findings 
about WIT potentially 
misleading because 
primary confounder 
(nephron mass loss) 
not incorporated

(b) Studies with subjective estimation of parenchymal mass preserved
Lane BR, 
et al., 2011 
[37]

Multicenter 
comparative 
study of PN in 
solitary kidney 
(n = 660) with 
warm or cold 
ischemia

AKI
CKD

Preoperative GFR 
(quality) and % 
parenchyma preserved 
(quantity) associated 
with functional 
outcomes. Ischemia 
time did not correlate

Retrospective studies 
with subjective 
estimation of 
parenchymal mass 
preserved
Perspective: Quantity 
and quality of 
parenchyma 
preserved are strong 
predictors of the 
functional outcomes 
after PN. Suggests 
that most nephrons 
recover from 
ischemia as long as 
hypothermia or 
limited warm is 
applied

Thompson 
RH, et al., 
2012 [38]

Retrospective: 
solitary kidney 
(n = 362) 
undergoing PN 
with 
WIT. Repeat 
analysis: now 
incorporating 
subjective 
estimate of 
“quantity” factor

CKD Percentage nephron 
mass preserved and 
preoperative GFR 
significantly 
associated with 
new-onset stage IV 
CKD. WIT lost 
statistical significance 
unless >25 min
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(continued)

Table 13.2 (continued)

Study Design
Main 
outcomes Findings

Limitations/
perspective

(c) Studies with direct measurement of parenchymal mass preserved
Song C, et al., 
2011 [39]

Prospective:116 
patients with 2 
kidneys 
undergoing PN
Ipsilateral renal 
function 
determined by 
DTPA scan

Determine 
course and 
factors 
affecting 
ipsilateral 
GFR 
recovery

Preoperative GFR, 
parenchymal mass 
loss, and collecting 
system repair 
associated with 
functional outcomes

Retrospective studies 
limited to only 
patients with data 
available for detailed 
functional analysis
Perspective: 
Preoperative renal 
function (quality) and 
percent parenchyma 
preserved (quantity) 
are the primary 
predictors of ultimate 
renal function. 
Recovery from cold 
ischemia is very 
reliable and remains 
near complete even 
with prolonged cold 
ischemia. Recovery 
from warm ischemia 
is also relatively 
strong even out to 
35 min (>90% when 
normalized by 
nephron mass 
preserved). The 
impact of more 
prolonged warm 
ischemia is not well 
studied

Mir C, et al., 
2014 [40]

155 patients 
undergoing PN
Renal volume 
determination by 
CT scan, MAG3 
scan to estimated 
ipsilateral 
function

Recovery 
from 
ischemia: 
percent 
function 
saved/percent 
parenchyma 
saved

Parenchymal mass 
preserved is key 
factor for functional 
recovery. Recovery 
from ischemia most 
reliable with 
hypothermia

Ginzburg S, 
et al., 2015 
[42]

179 patients 
with bilateral 
kidneys 
underwent 
PN. CT 
estimated 
parenchymal 
volume 
preservation

Percent GFR 
preserved 
after surgery

Preoperative GFR and 
parenchymal mass 
preserved associated 
with functional 
outcomes 6 months 
after surgery

Zhang Z., 
et al., 2016 
[35]

Bilateral (194) 
and solitary (83) 
kidneys. Renal 
mass 
determination by 
CT, MAG3 for 
split renal 
function

Evaluate 
impact of 
type and 
duration of 
ischemia on 
functional 
recovery after 
PN

Recovery from 
hypothermia is near 
complete and remains 
strong (>96%) with 
prolonged 
hypothermia. 
Recovery from warm 
ischemia is also 
relatively strong to 
35 min (>90%)
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Table 13.2 (continued)

Study Design
Main 
outcomes Findings

Limitations/
perspective

(d) Studies with limited or zero ischemia during PN
Thompson 
RH, et al., 
2010 [44]

Retrospective: 
solitary kidneys 
having PN with 
no ischemia or 
warm ischemia

New-onset 
stage IV 
CKD

Warm ischemia 
associated with 
significantly increased 
risk of developing 
stage IV CKD

Potential selection 
bias, parenchymal 
mass preservation not 
taken into account
Perspective: Reduced 
ischemia associated 
with better functional 
outcomes. However, 
minimal or zero 
ischemia cases may 
have been easier and 
thus associated with 
less parenchymal 
mass loss

Smith GL, 
et al., 2011 
[45]

Single-center 
retrospective 
study comparing 
renal vascular 
clamping group 
with non-
clamped group

Percent 
change in 
GFR at 
1 year
Complication 
rates

Non-clamped group 
had lower decrease in 
eGFR compared to 
vascular clamping 
group but had higher 
transfusion rates

Desai MM, 
et al., 2014 
[46]

Retrospective 
comparison 
(n = 121) of 
superselective 
PN versus main 
artery clamping

Perioperative 
complications
Percent 
decrease in 
GFR

Superselective 
clamping had less 
decrease in percent 
GFR after PN and 
similar parenchymal 
volume preservation 
but had longer 
operative time and 
more need for 
transfusion

Potential selection 
bias, measurement of 
function early in the 
postoperative period 
when new baseline 
GFR not well 
defined
Perspective: zero 
ischemia PN can be 
associated with 
higher blood loss 
although generally 
appears to be 
feasible. Current data 
suggests that zero 
ischemia PN may not 
provide significantly 
improved functional 
outcomes compared 
to clamped PN

Satkunasivam 
R, et al., 2015 
[47]

Comparison of 
superselective 
clamping to 
non-clamped PN

Percent 
reduction in 
GFR and 
new-onset 
CKD stage 
>3 at 1 month

Percent GFR 
reduction was similar, 
however, new-onset 
CKD stage >3 
occurred less 
frequently in 
non-clamped group
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Table 13.2 (continued)

Study Design
Main 
outcomes Findings

Limitations/
perspective

(e) Study evaluating histology and markers of renal tubular damage during renal ischemia
Parekh D, 
et al., 2013 
[48]

Prospective 
evaluation: renal 
histology and 
biomarkers 
before/during/
after renal 
ischemia. 
Included cases 
with prolonged 
ischemia

Renal 
histological 
changes, AKI 
biomarkers, 
and 
functional 
changes

Histologic changes 
less severe than 
animal models of 
renal ischemia
Functional changes 
did not correlate with 
ischemia duration. 
Biomarkers did not 
suggest substantial 
ischemic damage

Biomarkers chosen 
may not have been 
optimal for this 
purpose. The 
implications of acute 
structural findings are 
not clear
Perspective: Extended 
warm ischemia may 
not be as deleterious 
as previously thought 
although further 
studies are needed

(f) Review articles about factors associated with decline in renal function after PN
Mir MC, 
et al., 2015 
[6]

Review of 
evidence from 
71 studies 
evaluating renal 
function after 
PN

Factors 
associated 
with loss of 
renal function 
after PN

Renal function 
decline after PN 
averages about 20% 
in the operated 
kidney. Preservation 
of nephron mass 
appears to be the main 
factor affecting 
functional recovery

Evidence synthesized 
primarily from 
retrospective studies
Perspective: Amount 
of parenchymal mass 
preserved is primary 
determinant of renal 
function recovery 
after PN
Available data 
suggest a potential 
benefit of keeping 
WIT<25 min, 
although the level of 
evidence to support 
this threshold is 
limited. Cold 
ischemia safely 
facilitates longer 
durations of ischemia

Volpe A, 
et al., 2015 
[7]

Collaborative 
review of 91 
studies about the 
impact of renal 
ischemia on 
functional 
recovery after 
PN

Impact of 
renal 
ischemia on 
functional 
recovery after 
PN

Functional recovery 
after PN strongly 
correlates with 
nephron mass 
preserved. WIT is 
modifiable. Prolonged 
WIT can lead to 
reduced functional 
recovery

AKI acute kidney injury, ARF acute renal failure, CKD chronic kidney disease, CT computed 
tomography, DPM devascularized parenchymal mass, DTPA diethylenetriaminepentacetate, EPM 
excised parenchymal mass, GFR glomerular filtration rate, MAG3 mercaptoacetyltriglycine, PN 
partial nephrectomy, WIT warm ischemia time

the renal hilum is clamped.” However, this study did not incorporate the amount of 
parenchymal mass preserved into the analyses, thus potentially compromising the 
conclusions that could be drawn from this data.

Subsequently, in a nonrandomized comparative study, Lane and colleagues evalu-
ated 660 PN performed in solitary kidneys where cold ischemia and warm  ischemia 
were used in 300 and 360 cases, respectively [37]. At 3 months after PN, no signifi-
cant difference in percent GFR decline was noted between the groups despite longer 
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ischemia times in the cold ischemia cohort. On initial multivariable analysis, preop-
erative GFR, increasing age, larger tumor size, and longer ischemia time were all 
significantly associated with functional recovery. However, when subjectively esti-
mated amount of parenchyma preserved was incorporated into the analysis, it proved 
to be a very strong predictor of functional outcomes, and ischemia duration lost sta-
tistical significance. In the final analysis, only preoperative GFR (i.e., quality) and 
amount of parenchymal mass preserved (i.e., quantity) were significantly associated 
with the ultimate functional recovery after PN (Table 13.2b). This prompted a repeat 
analysis of the previous study of 362 solitary kidneys managed exclusively with 
warm ischemia, which suggested that “every minute counts” [38]. With updated anal-
ysis, percent of nephron mass preserved and preoperative GFR were significantly 
associated with functional outcomes, while ischemia duration proved to be insignifi-
cant, unless it was extended beyond 25 min [38]. In the process, nephron mass pres-
ervation was identified as the strongest predictor of functional outcomes after PN.

The findings of the above mentioned studies were further augmented with more 
accurate and direct estimation of parenchymal mass preserved using imaging stud-
ies (Table 13.2c) [35, 39–42]. In these studies the amount of vascularized paren-
chyma within the operated kidney was estimated from preoperative and postoperative 
CT scans using software or free-hand scripting with summation, and the percent of 
parenchyma preserved by the procedure was thus directly measured. Functional cor-
relates were also obtained based on preoperative and postoperative serum creatinine- 
based estimates of global GFR complimented by split renal function from nuclear 
renal scans, when necessary [40]. As summarized in Table 13.2c, all such studies 
confirm a strong relationship between parenchymal mass saved and function saved 
in the operated kidney, confirming the primary importance of nephron mass preser-
vation. Furthermore, these studies also support the importance of preoperative GFR 
for functional outcomes, because it defines the ceiling for recovery.

A more refined analysis of functional recovery after PN was recently reported by 
Dong and colleagues in a robust cohort of 401 patients, all of whom had detailed 
analysis of parenchymal mass and function saved specifically in the kidney exposed 
to ischemia [43]. Consistent with previous studies, function saved correlated 
strongly with parenchymal mass preservation. On multivariable analysis, ischemia 
type (warm) and duration both correlated significantly with functional recovery 
after controlling for nephron mass loss, while in many previous studies ischemia 
characteristics had not correlated in this manner. This study included substantially 
more patients with warm ischemia, and also more with prolonged duration of isch-
emia (>25–35 min), and thus facilitated a more refined perspective about the poten-
tial impact of ischemia. However, it is important to note that while ischemia 
correlated significantly with functional outcomes, the effects were rather marginal. 
On average, choice of warm rather than cold ischemia reduced the functional recov-
ery only 7%, and each additional 10-min interval of warm ischemia reduced the 
functional recovery by only an additional 2.5%. Hence, a 40-min interval of warm 
ischemia would, on average, reduce the functional recovery in the ipsilateral kidney 
by only 17% [43]. By placing this field on a more scientific basis, these recent stud-
ies further support the importance of both quality and quantity with respect to 
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 functional recovery after PN, and they also demonstrate real effects of ischemia, 
albeit marginal in impact.

 Limited or Zero Ischemia PN: Real-world Test  
of Importance of Ischemia

Despite evidence showing that ischemia plays a limited role in the recovery of func-
tion after PN, several technical modifications have been made to reduce or eliminate 
exposure to ischemia. These modifications include early unclamping, selective vas-
cular clamping, and zero ischemia approaches, and their feasibility and impact on 
functional recovery has been evaluated in several retrospective studies (Table 13.2d) 
[44–47]. In a cohort of patients with solitary kidneys, Thompson et al. compared the 
outcomes of off-clamp PN with clamped PN with warm ischemia [44]. Warm isch-
emia (median = 21 min) was associated with increased risk of developing new-onset 
stage IV CKD compared to off-clamp PN (HR 2.3, 95% CI 1.3–5.8). Other retro-
spective studies have reported similar findings; however, selection bias may be a 
contributing factor [6, 8]. Patients undergoing off-clamp PN are more likely to have 
small, peripheral tumors, and parenchymal mass loss is typically less in this setting. 
However, nephron mass preservation was not incorporated into these analyses, so 
definitive conclusions are difficult to draw.

Gill and colleagues have pushed forward with a variety of innovative approaches 
to reduce or eliminate ischemia [46, 47]. These techniques are feasible in hands of 
experienced surgeons and may provide benefit in the setting of severe preexisting 
CKD, where a patient may be on the verge of dialysis. However, zero or superselec-
tive clamping can be associated with increased blood loss and transfusion rates. 
Furthermore, these modifications are technically challenging and diffusion can be 
limited due to a steep learning curve [6, 7]. Beyond this, the logical question arises 
as to whether these technically complex modifications provide a significant func-
tional advantage over the traditional clamped PN? Comparison of functional out-
comes has failed to establish superiority of reduced ischemia approaches over 
traditional clamped PN. Global GFR preservation noted with zero/selective clamp-
ing has been in range of 86–92% (Table 13.2d), which is not substantially improved 
when compared to clamped PN [6–8, 43, 46].

 Studies Evaluating Biomarkers and Histologic 
Changes During PN

A study by Parekh and colleagues also suggests that ischemia may not be as delete-
rious as previously thought [48]. This group studied a limited cohort of 40 patients 
and prospectively evaluated the renal histological and functional changes associated 
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with ischemia with duration up to 60 min during minimally invasive PN (Table 13.2e). 
Renal histological changes were less pronounced than previously noted in analo-
gous animal studies and renal functional changes did not correlate with duration of 
ischemia. Furthermore, biomarkers of renal tubular injury also failed to correlate 
with functional outcomes [48]. This study suggests that the human kidney may tol-
erate prolonged ischemia better than previously thought; however, given the limita-
tions of the analysis, further studies will be needed in this area.

 Functional Recovery in Poorly Functioning Kidneys

Patients with poorly functioning kidneys pose a major challenge in the management 
of renal masses. Some have proposed that such kidneys may be more frail and thus 
less likely to recover from the ischemic insult. Mir and colleagues addressed this by 
evaluating four tiers of functional status within the operated kidney, namely, ipsilat-
eral kidneys with GFR > 60 ml/min/1.73 m2, GFR 45–60 ml/min/1.73 m2, GFR 
30–45 ml/min/1.73 m2, or GFR < 30 ml/min/1.73 m2 [41]. Recovery from ischemia 
was defined as percentage of GFR saved in the operated kidney normalized by per-
centage of parenchymal mass saved and would be 100% if all nephrons recovered 
completely from the ischemic insult. In a cohort of 155 patients, preoperative GFR 
status was not associated with recovery from ischemia, as it remained high (90–
100%) in all of the cohorts. Kidneys with preoperative GFR < 30 ml/min/1.73 m2 
had median recovery from ischemia of 99% suggesting that even poorly functioning 
kidneys recover well from the ischemic insult, i.e., proportional to nephron mass 
preserved, as long as cold ischemia or limited warm ischemia is utilized [41].

 Acute Kidney Injury After PN

Most studies in the literature have predominantly focused on new baseline GFR that 
is defined a few to several months after PN. However, acute changes in renal func-
tion within the immediate postoperative period could also be important and may 
play a role in establishing the new baseline GFR. In the general population, AKI due 
to medical etiologies, such as congestive heart failure, can predispose to CKD, but it 
is unknown if AKI due to surgical exposure to ischemia also predispose to CKD [8].

Zhang and colleagues addressed this by evaluating a cohort of patients with a 
solitary kidney undergoing PN to assess the incidence of AKI, risk factors for AKI, 
and impact of AKI on subsequent functional recovery [49]. One of the fundamental 
findings was that AKI as defined by conventional criteria (peak serum creatinine 
level (SCr)  normalized by preoperative SCr) typically overestimated the incidence 
and degree of AKI, because it does not take into account nephron mass loss, which 
is the other major source of increased SCr in the early postoperative period. In this 
study the authors proposed a novel criteria for AKI after PN, whereby the peak SCr 
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is normalized by the projected peak SCr taking into account loss of nephron mass. 
In this manner the degree of AKI more accurately reflects the true impact of isch-
emia. On multivariable analysis, ischemia time correlated with increased degree of 
AKI.  While increased degree of AKI by the proposed criteria correlated with 
reduced functional recovery, even patients with grade 3 AKI ultimately reached 
functional recovery levels of 88–90% [49].

Further work by Zhang and colleagues focused on studying AKI in patients with 
two kidneys, which is more complex because the contralateral kidney can mask 
functional events within the operated kidney [50]. To address this they developed a 
novel “spectrum score” whereby the peak postoperative SCr level is placed on a 
spectrum between two extreme scenarios. In the worst-case scenario, the operated 
kidney completely shuts down temporarily due to ischemic injury and renal func-
tion is entirely dependent on the contralateral kidney. Based on preoperative renal 
scans with split renal function, the projected worst-case peak SCr can be estimated. 
In the best-case scenario, the operated kidney does not experience or exhibit any 
ischemic injury, and changes in postoperative SCr levels are only influenced by 
nephron mass loss related to the surgery. Again, a projected peak SCr related to this 
best-case scenario can be estimated. The observed peak SCr level can then be placed 
on the spectrum between these two extreme values, on a scale from 0 to 100%, with 
the latter corresponding to the worst-case scenario. Four quartiles of spectrum score 
were defined as 0–25%, 26–50%, 51–75%, and 76–100%, and increased spectrum 
score correlated with ischemia type (warm worse than cold) and duration of isch-
emia. While increased spectrum score, analogous to increased degree of AKI, cor-
related significantly with reduced functional recovery, even patients with high 
spectrum score still ultimately demonstrated relative strong functional recovery 
(median = 83%) [50]. Further work is needed to understand the implications of AKI 
with respect to stability of renal function on a longitudinal basis.

 Vascularized Nephron Mass: The Key to Functional  
Outcomes with PN

As outlined above, the quantity of vascularized parenchymal mass preserved has 
been established as the most important determinant of functional outcomes after 
PN, presuming that extended warm ischemia has been avoided [6–8]. Loss of vas-
cularized nephron mass can be due to two primary sources (Fig. 13.3): (1) healthy 
parenchyma that is excised along with the mass (excised parenchymal mass, EPM) 
and (2) parenchyma that is devascularized during the reconstructive phase of the 
procedure (devascularized parenchymal mass, DPM).

Several studies have focused on technical modifications, such as “minimal- 
margin” PN or tumor enucleation (TE), to limit EPM [47, 51]. During TE blunt 
dissection is performed within the hypovascular plane along the pseudocapsule, 
potentially preserving more vascularized nephron mass. Current perspective 
about the role of TE in the management of localized kidney cancer is provided in 
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the recent AUA guidelines (see section on principles related to PN). In a recent 
study, median ipsilateral vascularized parenchymal mass preserved was 95% for 
TE and 84% for standard PN (p < 0.001), and median estimated global GFR pre-
served was 101% and 89% for TE and standard PN, respectively (p < 0.001). This 
study suggests that TE may provide marginally better functional outcomes than 
standard PN [51].

Another concept to minimize EPM is a minimal-margin approach to PN whereby 
wedge resection is prioritized rather than heminephrectomy, and this has been 
adopted at many centers. Dong and colleagues recently studied the impact of EPM 
and DPM in a cohort of 168 patients resected with a minimal-margin approach to 
PN [52]. Median EPM was 9 cm3, representing only 5% of the preoperative ipsilat-
eral parenchymal mass. In contrast, median DPM was 16 cm3, representing 9% of 
the preoperative ipsilateral parenchymal mass. As expected, total loss of vascular-
ized parenchymal mass correlated strongly with functional outcomes (r  =  0.64, 
p  <  0.001). DPM also correlated strongly with functional outcomes (r  =  0.55, 
p < 0.001), while EPM failed to correlate. This suggests that loss of vascularized 
parenchymal mass predominantly occurs during the reconstructive phase of PN, 
and in this era of minimal-margin PN, the amount of nephron mass excised along 
with the tumor is of secondary importance. This emphasizes the need for precise 
ligation of transected vessels within the parenchymal defect, taking care to avoid 
inadvertent occlusion of adjacent branch arteries. Capsular closure should also be 
performed carefully to minimize devascularization, or this step can be omitted in 
some circumstances. TE may facilitate reduced DPM by precluding the need for 
capsular closure and reducing the need for parenchymal suturing [51].

Excised Parenchymal
Mass (EPM)

Devascularized
Parenchymal Mass

(DPM)

Standard
Partial Nephrectomy

Renal Reconstruction

a b

Fig. 13.3 Loss of nephron mass during partial nephrectomy (PN) is primarily due to excised 
parenchymal mass (EPM) or devascularized parenchymal mass (DPM), as illustrated in a and b, 
respectively. Renal reconstruction typically includes sutures placed into the base of the defect to 
address transected vessels and capsular re-approximation to reduce the risk of postoperative hem-
orrhage and urine leak. In the process a modest amount of parenchyma is devascularized. (From 
Dong et al. [52], with permission of Elsevier)
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 Additional Surgical Considerations to Optimize  
Renal Function Preservation

Mir [6] and Volpe [7] comprehensively reviewed the factors associated with func-
tional recovery after PN (Table 13.2f) and outline a number of practical measures or 
intraoperative maneuvers to minimize loss of function associated with the proce-
dure. The most important modifiable factors associated with the decline in function 
after PN are suboptimal preservation of vascularized nephron mass and incomplete 
recovery from renal ischemia (Fig. 13.4).

In Fig.  13.4a, preventive measures to avoid irreversible ischemic injury are 
detailed. Among these, the most substantial experience has been with cold isch-
emia and the clinical experience in favor of hypothermia as a protective factor is 
robust. Surgical modifications to reduce exposure to global ischemia within the 
operated kidney have also shown promise, although further research is needed. In 
particular, it will be important to define which cohorts of patients should be con-
sidered for these approaches. Patients with severe preexisting CKD might benefit 
most from a zero ischemia approach, because any form of ischemia, even hypo-
thermia, can increase the risk of AKI and potential need for dialysis in the early 
postoperative period [35]. Also, even with hypothermia, there can be some vari-
ability in recovery from ischemia, and in this setting complete avoidance of isch-
emia may be worth the increased complexity and possible risks of the procedure 
[35]. Several pharmacological agents have been investigated in an effort to prophy-
lactically ameliorate the effects of ischemia. Mannitol has been used for this pur-
pose for the past three to four decades, but a recent randomized trial of mannitol 
versus placebo failed to show any significant differences in functional recovery, 

• Optimal preservation of
parenchymal mass
• Poor recovery from
ischemia

• Poor preservation of
parenchymal mass
• Good recovery from ischemia

• ↑↑ Excised Parenchymal Mass
(EPM)
• ↑↑ Devasuclarized
Parenchymal Mass (DPM) during
Reconstruction

Ischemic injury with
incomplete recovery

Preventive measures
•   Hypothermia
•   Zero/segmental ischemia
•   Limited warm ischemia
•   Early unclamping
•   Pharmacologic
    prophylaxis

Preventive Measures
•   Minimize EPM
       •   Tumor enucleation
       •   NIR fluorescence
       •   Intraoperative ultrasound
       •   3-dimensional modeling
•   Minimize DPM
       •   Avoid collateral damage to
           adjacent branch arteries
       •   Precise suture placement
       •   NIR fluorescence
       •   Selective capsular closure
       •   3-dimensional modeling

a b

Fig. 13.4 Etiology of decline in renal function following partial nephrectomy and potential pre-
ventive measures. (a) Decline in function due to poor recovery from ischemia in the setting of 
optimal preservation of nephron mass. (b) Decline in function due to poor preservation of nephron 
mass in the setting of good recovery from ischemia. (From Mir et al. [6], Figs. 2, 3, with permis-
sion of Elsevier)
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either short or long term [53]. Dopamine and fenoldopam have also been used in 
high-risk situations, such as solitary kidneys, to decrease the risk of AKI [54, 55]. 
However, randomized trials again failed to substantiate a benefit over placebo. 
Antioxidants including vitamins C and E have also been studied yet have not 
proven to be renoprotective [6]. In summary, the pharmacological agents investi-
gated to date have not shown a protective effect against ischemic injury, and further 
research is needed [6].

As previously discussed, parenchymal mass preservation is of paramount 
importance for functional recovery from PN. Parenchymal mass preservation can 
be optimized by decreasing EPM and DPM and the practical measures to accom-
plish this are reviewed in Fig. 13.4b. The potential importance of TE or minimal-
margin PN for reducing EPM was discussed above and such approaches may also 
minimize DPM by facilitating a more manageable reconstruction. Beyond this, 
advanced preoperative or intraoperative imaging, such as intraoperative ultra-
sound, near-infrared fluorescence, or three-dimensional modeling, may also be of 
use [56–58]. Information derived from such studies may help guide the resection 
allowing for more precise excision and strategic avoidance of branch arteries dur-
ing reconstruction. For instance, adjacent branch arteries can be readily visual-
ized with near- infrared fluorescence and by defining the edge of the tumor a more 
precise resection can be accomplished while still obtaining negative surgical mar-
gins. These imaging modalities are most useful for hilar or other endophytic 
tumors, but further research will be needed to explore their potential functional 
benefits.

 Future Directions

Most studies on the implications of functional loss after renal mass surgery have 
follow-up that is limited to a decade or less. Studies with longer follow-up will 
be needed to determine the ultimate effect of functional loss on survival, which 
will be particularly important when managing younger patients. Also needed is a 
randomized trial of PN versus RN for larger renal masses, or other situations 
where oncologic potential is increased, such as infiltrative appearance on imag-
ing or unfavorable histology on renal mass biopsy. In these settings optimal man-
agement is still controversial, in part related to concerns about selection biases 
[10]. Ideally such a trial would use overall survival as the primary endpoint and 
secondary outcomes could include functional stability, cardiovascular events, 
and cancer-related survival. The long-term implications of AKI after PN will 
also require further study, as some have hypothesized that nephrons that have 
been exposed to ischemic injury may be more frail during longitudinal follow-up 
[8]. Well-designed prospective studies will also be required to more fully under-
stand the effects of EPM and DPM on functional outcomes after PN and to define 
procedural considerations to optimize outcomes with respect to both of these 
parameters [52].
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Chapter 14
Pre-surgical Treatment of Renal Cell 
Carcinoma

Shivashankar Damodaran and E. Jason Abel

 Introduction

Pre-surgical therapy is a general term referring to any treatment administered prior 
to surgery. In contrast, neoadjuvant therapy refers to the use of pre-surgical treat-
ments in patients for whom surgical management may be curative. Since patients 
with metastatic renal cell carcinoma (RCC) are unlikely to be cured, the term pre- 
surgical therapy is most appropriate when discussing the treatment of patients with 
locally advanced or metastatic RCC.

Multiple rationales exist for the use of pre-surgical therapy in patients with 
RCC. These include:

• To enable surgery of unresectable tumors
• To downsize tumors such that partial nephrectomy can be performed instead of 

radical nephrectomy
• To facilitate minimally invasive surgery
• To decrease the extent of tumor thrombus, thereby enabling a less complex surgi-

cal approach
• To treat micrometastatic disease
• To theoretically "prime" the immune system
• To use tumor response to pre-surgical treatment as a litmus test to select patients 

who may benefit from surgery
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Among these rationales, the use of pre-surgical therapies to reduce the size and 
complexity of primary tumors is perhaps the most straightforward. However, for this 
approach to be advantageous, pre-surgical treatments must produce substantial and 
reliable primary tumor responses with acceptable toxicity. For healthy patients with 
small localized tumors, contemporary series of nephrectomy and partial nephrec-
tomy report minimal morbidity and mortality [1, 2]. As such, pre-surgical therapies 
are unlikely to improve outcomes for patients with localized tumors who can already 
be treated surgically with low morbidity. However, one third of RCC patients have 
locally advanced or metastatic disease at presentation [3], and more extensive sur-
gery is typically required, thus increasing the risk for surgical morbidity. It is in this 
patient population where pre-surgical therapy has been most extensively studied.

One group of RCC patients who potentially stand to benefit from pre-surgical 
therapy are those with venous tumor invasion, as surgical morbidity for nephrectomy 
with tumor thrombectomy is considerably higher than a typical nephrectomy and 
morbidity substantially increases with the level of inferior vena cava (IVC) thrombus 
[4–6]. In a contemporary multi-institutional series of patients with RCC and IVC 
invasion, the perioperative mortality and major complication rate was reported to be 
10% and 34%, respectively [7]. Tumors that invade directly into adjacent structures 
also require more extensive surgical resection including occasional removal of other 
organs, increasing the risk for perioperative complications. Nephrectomy for tumors 
invading adjacent organs is associated with substantial morbidity and poor survival 
in patients with positive surgical margins or metastatic disease [8–11]. Similarly, for 
the 15–20% of patients who present with metastatic RCC [12], cytoreductive sur-
gery may improve survival, but patient selection remains critical [13]. Patients with 
metastatic RCC have a limited life expectancy [14] and a rationale for pre-surgical 
therapy exists if morbidity can be decreased or selection for surgery can be improved.

 Historical Pre-surgical Therapies

 Pre-surgical Chemotherapy

Data from phase I and phase II trials revealed early on that only a small minority of 
patients with metastatic RCC will be responsive to cytotoxic chemotherapy [15]. In 
light of this, investigations into the potential benefits of pre-surgical chemotherapy 
for RCC are scarce.

 Radiation Therapy

Preoperative radiation therapy (RT) has been investigated in patients with high-risk 
RCC [16–20]. In a single-center study of patients with recurrent or residual kidney 
cancer following nephrectomy, preoperative RT of 4.5–5.0 Gy was given followed 
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by aggressive surgical de-bulking and intraoperative irradiation (1.0–2.5 Gy) [16]. 
Four of 8 patients (50%) with clear cell RCC were free of disease at 29 months. 
Prospective randomized studies, however, have failed to show a survival advantage 
with RT in the pre-surgical setting [17–20]. More specifically, in a randomized trial 
of 88 patients comparing pre-surgical RT plus nephrectomy versus nephrectomy 
alone, 5-year survival rates of 47% and 63% were observed, respectively [18]. 
Similarly, in a prospective study from Rotterdam, there was no overall survival 
advantage to preoperative RT versus upfront surgery [19]. RT dose in this study was 
30 Gy in 15 sessions and a follow-up study using a higher dose of RT showed no 
additional benefit [20].

 Cytokine Therapy

Prior to the development of modern targeted therapeutic agents, the cytokines inter-
leukin- 2 (IL-2) and interferon-α (INF-α) were commonly used for the treatment of 
metastatic RCC. Although effective at prolonging survival in a subset of patients 
with metastatic disease, these agents have been found to have little impact on the 
primary tumors of patients treated prior to cytoreductive nephrectomy [21–24]. 
Because of this, interest in the use of preoperative cytokine therapy has waned. 
Additionally, with the publication of two randomized phase III trials that reported 
improved overall survival with upfront cytoreductive nephrectomy followed by 
INF-α, the standard treatment sequence of upfront surgery followed by systemic 
therapy was established [25, 26].

 Pre-surgical Renal Artery Embolization

Selective occlusion of the renal artery prior to surgery may reduce neovascularity 
from large tumors or shrink tumor thrombus, potentially facilitating surgery and 
potentially result in less perioperative blood loss. From an immunological view-
point, angioinfarction also releases tumor antigens stimulating a potentially bene-
ficial immune response [27, 28]. In a retrospective analysis of 100 cases, 
preoperative angioembolization was found to reduce operative time and need for 
blood transfusion [29]. In a retrospective study that compared 118 patients matched 
for sex, age, stage, tumor size, and tumor grade to 116 patients who underwent 
surgery alone, a 5- and 10-year survival benefit was seen (62% and 47% versus 
35% and 23%) [30]. However, a large series of 225 patients treated with preopera-
tive angioembolization before radical nephrectomy and tumor thrombectomy 
demonstrated deleterious effects of angioembolization with increased operative 
time, transfusion requirements, and increased perioperative mortality [31]. 
Collectively, these potential risks outweigh benefits of routine angioembolization 
for most patients.
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 Use of Targeted Therapies in the Pre-surgical Setting

Since 2005, the United States Food and Drug Administration has approved a multi-
tude of agents for the treatment of metastatic RCC. This includes the multitarget 
tyrosine kinase inhibitors sorafenib, sunitinib, pazopanib, axitinib, and cabozan-
tinib, as well as the anti-VEGF-A antibody bevacizumab [32–37]. These agents 
work to slow tumor progression by inhibiting angiogenesis. Other targeted agents 
approved for the treatment of metastatic RCC include temsirolimus and everolimus, 
which are inhibitors of the mammalian target of rapamycin (mTOR) [38, 39]. 
Additionally the immune checkpoint inhibitor nivolumab, a monoclonal antibody 
targeted against programmed death receptor-1 (PD-1), was recently approved for 
the second-line treatment of metastatic RCC [40].

In 2008, van der Veldt et al. reported a series of 22 patients who were treated pre-
surgically with the tyrosine kinase inhibitor sunitinib [41]. In 17 patients who had 
imaging available for response evaluation, 12 (70.6%) patients had stable disease, 4 
(23.5%) had a partial response, and 1 (5.9%) had disease progression. A larger ret-
rospective study evaluated 168 patients with metastatic RCC with the primary tumor 
in situ treated with targeted therapies including sunitinib, sorafenib, bevacizumab, 
erlotinib, pazopanib, bevacizumab + erlotinib, and bevacizumab + chemotherapy 
[42]. The authors found a median reduction in tumor diameter of 7.1% (interquartile 
range from –14% to –0.11%), with partial responses in 6% of patients.

Multiple small prospective clinical trials have been conducted to investigate the 
potential benefits of pre-surgical therapy in patients with RCC (summarized in 
Table 14.1). In a phase II trial to assess the feasibility of pre-surgical bevacizumab, 
23 patients were treated with a combination of bevacizumab + erlotinib and 27 were 
treated with bevacizumab alone for 8 weeks [43]. Nephrectomy was performed for 
42 patients (84%) and deferred for patients with disease progression or worsening 
performance status. Pre-surgical treatment demonstrated similar efficacy to postsur-
gical treatment with median overall survival of 25.4 months; however, there was a 
higher rate of delayed wound healing in pre-surgical treatment group.

In a phase II trial evaluating the utility of preoperative sorafenib in stage II or 
higher RCC, 93% of patients had stable disease, 6% patients had a partial response, 
and none progressed during preoperative treatment [44]. In a multicenter retrospec-
tive review to assess feasibility of sunitinib therapy prior to nephron-sparing surgery 
involving 14 tumors in 12 patients with clear cell RCC, 4 (35%) had a partial 
response and 10 (71%) had stable disease [45]. In another study aimed to evaluate 
safety and clinical response to sunitinib administered prior to nephrectomy, 1 (5%) 
patient had a partial response and 16 (80%) patients had stable disease [46]. In a 
 combined analysis of two phase II trials to assess safety and efficacy of sunitinib 
prior to planned nephrectomy in patients with metastatic clear cell RCC, 5 of 52 
(10%) patients achieved a partial response, while 12 (24%) had progression of dis-
ease at the time of surgery [47]. In a phase II trial of 28 patients with unresectable 
RCC treated with sunitinib, 7 (25%) had a partial response and 13 (45%) underwent 
subsequent nephrectomy [48].

S. Damodaran and E. J. Abel



251

Prospective phase II studies with newer generation targeted therapies have sug-
gested slightly higher response rates in primary tumors. Pre-surgical pazopanib 
demonstrated partial responses in 36% of patients with localized clear cell RCC 
[49]. Similarly, another clinical trial evaluating pre-surgical axitinib in patients with 
locally advanced nonmetastatic clear cell RCC demonstrated partial responses and 
stable disease in 46% and 54% of patients, respectively [50]. Lower response rates 
were observed for patients with metastatic RCC treated with pazopanib, with only 
13% of patients demonstrating a partial response with the primary tumor in situ [51].

For patients with metastatic RCC, the optimal timing of cytoreductive surgery 
relative to administration of targeted agents remains in question [52]. The 
SURTIME trial (ClinicalTrials.gov identifier NCT01099423) is an international 
phase III randomized study that was designed to address this question by compar-
ing the survival of patients with metastatic RCC treated with upfront cytoreductive 
nephrectomy followed by sunitinib versus pre-surgical sunitinib followed by 
nephrectomy. This study was closed with an accrual of 99 patients with results 
expected to be reported in 2018. The Clinical Trial to Assess the Importance of 

Table 14.1 Summary of primary tumor responses from clinical trials evaluating pre-surgical 
therapy for renal cell carcinoma

Study Agent
No. of 
patients

M1 
(%)

ccRCC 
(%)

Median diameter 
reduction (%)

PR+ 
CR (%)

Jonasch et al. 
(2009) [43]

Bevacizumab 50 100 100 NR 0

Cowey et al. (2010) 
[44]

Sorafenib 30 44 70 9.6 7

Zhang et al. (2015) 
[83]

Sorafenib 18 39 83 20a 22

Van der Veldt et al. 
(2008) [41]

Sunitinib 22 100 95 31 18

Silberstein et al. 
(2010) [45]

Sunitinib 12 42 100 21a 28

Hellenthal et al. 
(2010) [46]

Sunitinib 20 20 100 12a 5

Powles et al. (2011) 
[47]

Sunitinib 66 100 100 12 6

Rini et al. (2012) 
[48]

Sunitinib 28 66 76 22 37

Lane et al. (2015) 
[93]

Sunitinib 72 40 89 18 19

Rini et al. (2015) 
[49]

Pazopanib 25 0 100 26 36

Powles et al. (2016) 
[51]

Pazopanib 104 100 100 14 13

Karam et al. (2014) 
[50]

Axitinib 24 0 100 28 46

M1 metastatic, PR partial response, CR complete response
aIndicates mean reduction in diameter
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Nephrectomy or CARMENA trial (ClinicalTrials.gov identifier NCT00930033) is 
a French randomized phase III trial that will compare overall survival in patients 
treated with cytoreductive nephrectomy followed by sunitinib versus patients 
treated nonsurgically with sunitinib alone. Enrollment began in 2009 with a target 
accrual of 576 patients and a study completion date of 2020. Data from this trial 
may lend further insights into the optimal use of surgery and systemic therapy in 
patients with metastatic RCC.

In the future, pre-surgical administration of immune checkpoint inhibitors may 
have a role in the treatment of RCC, although data is still lacking for these agents. 
A phase I study is currently underway to analyze the safety and feasibility of preop-
erative nivolumab in patients with nonmetastatic stage II–IV clear cell RCC 
(ClinicalTrials.gov identifier NCT02575222). Results from this study are expected 
in 2019. Looking beyond safety and feasibility, the PROSPER trial is a phase III 
study designed to examine if the addition of perioperative nivolumab to radical or 
partial nephrectomy can prolong recurrence-free survival in patients with locally 
advanced RCC (ClinicalTrials.gov identifier: NCT03055013). Patients in the inter-
vention arm of this trial will receive a combination of pre-surgical and adjuvant 
nivolumab. Results for this study are expected in 2022.

 Discussion of RCC Patients Most Likely to Benefit  
from Pre- surgical Therapy

 Unresectable Primary Tumor

Surgery for primary tumors that invade adjacent organs can be morbid and out-
comes are poor unless negative surgical margins can be achieved [8–11]. The use 
of systemic therapy to facilitate surgery for unresectable tumors is a primary advan-
tage for pre-surgical treatment and this approach has been reported by several 
authors [48, 53–56]. In a retrospective analysis of 19 unresectable RCC primary 
tumors with adjacent organ or vascular invasion treated with sunitinib, 4 (21%) 
were felt to have had achieved adequate cytoreduction to be deemed resectable 
[55]. In a similar series of tumors invading adjacent organs or in close proximity to 
vital structures, 3 out of 10 (33%) tumors were judged to be resectable after therapy 
[54]. In a phase II study involving 30 patients with unresectable RCC, 13 (45%) 
patients underwent nephrectomy following treatment with sunitinib [48]. Similar 
findings were demonstrated in a multi-institutional study of 14 unresectable patients 
with metastatic RCC, with 4 (28%) patients judged to be operable after targeted 
therapy [56].

Multiple explanations exist for the variability seen among studies using pre- 
surgical therapy to enable surgery in otherwise unresectable tumors. First, the defi-
nition of “unresectable” varies considerably among surgeons, and therefore 
conversion from unresectable to resectable is a difficult endpoint to rigorously study 
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in a clinical trial. In addition, truly dramatic responses to therapy are rare [42] and 
the choice of agent may impact outcomes [50]. Similarly, the overall disease burden 
may affect primary tumor response. Although there are limitations to these data, the 
potential benefit is considerable for pre-surgical therapy in otherwise inoperable 
renal tumors with invasion of adjacent organs.

 RCC with Tumor Thrombus

Approximately 10% of cases of RCC will present with invasion of the renal vein or 
inferior vena cava (IVC) [4]. The extent or level of venous invasion greatly increases 
surgical complexity and risk for complications [6, 7]. Thus, it stands to reason that 
pre-surgical therapies capable of reducing the level of a tumor thombus would 
decrease perioperative morbidity from tumor thrombectomy, especially if cardio-
pulmonary bypass is no longer necessary [57]. In several case reports, targeted 
therapies have produced dramatic responses in this manner, increasing enthusiasm 
for pre-surgical approaches in the management of locally advanced RCC [58–62]. 
However, the responses that were demonstrated in cases reports were not repro-
duced in larger series [63, 64]. More specifically, a study of 25 patients with level 2 
or higher IVC tumor thrombi treated with pre-surgical targeted therapy demon-
strated that dramatic responses are rare [64]. Height, diameter, and level of throm-
bus were measured radiographically and used as endpoints for the study. Patients 
were treated with sunitinib (n = 12), bevacizumab (n = 9), temsirolimus (n = 3), and 
sorafenib (n = 1). Only three patients (12%) had a decrease in thrombus level, while 
1 (4%) patient had an increase in thrombus level, and 21 (84%) did not have any 
change in the thrombus level. None of the patients had a modification of surgical 
approach as a result of the response to the targeted therapy.

Bigot et al. [63] reported another retrospective series of 14 patients with tumor 
thrombus who were treated with pre-surgical sunitinib or sorafenib. After therapy, 
six patients (43%) had a measurable decrease in the thrombus size, six (42%) had 
no change in size, and two cases (14%) progressed. The authors concluded that 
preoperative use of tyrosine kinase inhibitors produced a minimal reduction in the 
thrombus size, which did not modify subsequent surgical therapy. Kwon et al. [65], 
however, did find slightly more encouraging results in a retrospective study of 
patients with RCC and thrombus treated with pre-surgical targeted therapy. In their 
cohort of 22 patients, 18 (82%) received sunitinib and 4 (18%) received sorafenib as 
neoadjuvant targeted therapy. The authors used the Choi criteria [66] to evaluate 
tumor response, which defines partial response as >10% decrease in one- dimensional 
tumor size or >15% decrease in the maximal attenuation on X-ray computed tomog-
raphy (CT). Nine patients (40.9%) demonstrated a partial response and had a longer 
survival than patients who had stable disease. In a multivariate analysis, response by 
the Choi criteria was the only significant predictor of overall survival.

Given that rarity of responses in tumor thrombus well as the risk of progression 
during therapy [67], pre-surgical treatment with currently available agents is 
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unlikely to benefit otherwise healthy patients without metastatic disease. However, 
certain patients with metastatic RCC and tumor thrombus may have very poor 
expectations for overall survival despite treatment with upfront nephrectomy and 
systemic therapy. In a multi-institutional study that looked at overall survival in 
metastatic RCC with venous tumor thrombus treated with cytoreductive nephrec-
tomy, IVC thrombus above the diaphragm, poor risk group, systemic symptoms, 
and sarcomatoid dedifferentiation were associated with poor overall survival [68]. 
Patients with very limited life expectancy may benefit from pre-surgical clinical tri-
als if the benefit of future systemic agents outweighs the risk of deferring surgery.

 Metastatic Renal Cell Carcinoma

The prognosis of patients with metastatic RCC remains poor, with a median overall 
survival of slightly less than 2  years [69, 70]. Although upfront cytoreductive 
nephrectomy remains part of the standard treatment paradigm, the selection of 
patients for surgery is critical [71]. Contemporary population-based studies have 
estimated that only 36–46% of patients with metastatic RCC are treated with cyto-
reductive nephrectomy [72, 73]. Clinical and pathological variables [13] as well as 
prognostic risk stratification tools [74] are currently used to identify patients who 
are most likely to benefit from cytoreductive nephrectomy. Response to systemic 
therapy, however, may also enable selection of patients, providing a “litmus test” for 
patients likely to benefit cytoreductive nephrectomy [43, 75].

Survival from metastatic RCC is exceptionally variable and a subset of patients 
will rapidly progress despite maximum therapy [14, 76]. Proponents of upfront sys-
temic therapy for metastatic RCC argue that patient selection for surgery will be 
improved if therapeutic response is used as a selection criterion for cytoreductive 
nephrectomy [52]. Using this approach, surgery can be avoided in the subset of 
patients who progress and quickly succumb to their disease despite targeted therapy. 
Disease prognosis could then be estimated based on initial treatment response. Of 
note, Heng et al. [77] found in an analysis of 1056 patients treated with anti-VEGF 
agents for RCC that 26% of patients had progressive disease as their best response 
to therapy. The median overall survival of these patients was 6.8 months compared 
to 29 months in patients who had either stable disease or responded to systemic 
therapy. Importantly, the poor overall survival in this subset was not predicted by 
known risk stratification systems, with only 39% of patients being considered poor 
risk by the widely used International Metastatic Renal Cell Carcinoma Database 
Criteria.

The potential for selecting patients for cytoreductive nephrectomy based on 
response to upfront systemic therapy was demonstrated in a phase II clinical trial of 
patients with metastatic RCC treated with upfront bevacizumab prior to surgery 
[43]. Of the 50 patients in the final analysis, 42 (84%) were treated with cytoreduc-
tive surgery after restaging following 8 weeks of systemic therapy and 8 patients did 
not undergo cytoreductive nephrectomy, with 6 (12%) patients showing clinical or 
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radiographic progression. In another study of 75 patients with metastatic RCC who 
were treated with sunitinib with the primary tumor in situ, it was found that patients 
who had a ≥10% response in their primary tumor within the first 60 days of treat-
ment had a median overall survival of 30 months as compared to 16 months for less 
favorable responders [75]. In a single-arm phase II trial involving 104 metastatic 
RCC patients treated with 12–14 weeks of pre-surgical pazopanib therapy, 63 (61%) 
patients underwent subsequent nephrectomy and 13 patients progressed on pazo-
panib therapy. These patients had poor overall and progression-free survival imply-
ing pre-surgical systemic therapy can be used as a litmus test for choosing patients 
for subsequent surgery.

 Enabling Partial Nephrectomy for Complex Tumors

For patients with small renal tumors, partial nephrectomy is the preferred treat-
ment option because of the importance of preserving renal function [78, 79]. Thus, 
there is a potential benefit for pre-surgical therapy if treatment increases the feasi-
bility of partial nephrectomy by shrinking tumors and enabling nephron preserva-
tion. This benefit can be potentially most impactful in patients who have a solitary 
functioning kidney.

In a multicenter retrospective analysis of 12 patients with 14 biopsy proven clear 
cell RCCs who were preoperatively treated with sunitinib, the authors observed that 
all tumors had a decrease in size, with a mean reduction in maximum diameter of 
1.5 cm (21.1%) [45]. Additionally, nephron-sparing surgery was achievable in all 14 
kidneys. In a phase II trial of nonmetastatic RCC patients treated with preoperative 
axitinib, Karam et al. observed partial responses in 11 (46%) patients with a median 
reduction in tumor diameter of 28% [50]. The authors subsequently performed a 
retrospective analysis of data from this trial in which five urological surgeons were 
independently surveyed as to whether pre-surgical systemic treatment facilitated per-
formance of partial nephrectomy [80]. The authors observed a decrease in the median 
R.E.N.A.L. nephrometry score from 11 to 10 following treatment with axitinib. In 
addition, all five reviewers agreed that only five patients required treatment with a 
radical nephrectomy following treatment. In comparison, the five reviewers felt that 
eight patients required a radical nephrectomy prior to treatment, suggesting a change 
in surgical approach to partial nephrectomy was possible in a subset of patients.

 Enabling Minimally Invasive Surgery

Reducing morbidity by utilizing minimally invasive approaches is another possibil-
ity for patients following pre-surgical therapy. However, like unresectable tumors, 
the ability to perform minimally invasive approaches is a poor endpoint for clinical 
trials since this definition varies widely among surgeons [81]. As such, the ability to 
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facilitate minimally invasive surgery has not been studied as a primary endpoint and 
few data are available to analyze. In the phase II trial of pre-surgical axitinib for 
patients with T2–T3b tumors, 5 out of 24 (21%) had minimally invasive surgery 
following treatment [50]. If reliable and dramatic responses are demonstrated with 
newer systemic agents, this approach may be studied further as a method to decease 
perioperative morbidity.

 Safety of Pre-surgical Targeted Therapy

Since many targeted therapies also inhibit pathways that are involved in wound 
healing, the safety of pre-surgical therapy remains a concern. An early clinical trial 
evaluating pre-surgical treatment with bevacizumab in patients with colorectal can-
cer reported higher complication rates with pre-surgical treatment [82]. Similarly, a 
pre-surgical study of bevacizumab in patients with metastatic RCC demonstrated 
higher rates of wound dehiscence and delayed wound healing compared to histori-
cal controls (20.9% versus 2%; p < 0.001) [43]. However, data with tyrosine kinase 
inhibitors appears to be more favorable. For example, patients treated with sorafenib 
have not shown associated complications with delayed wound healing, dehiscence, 
or excessive bleeding [83]. Likewise, a pre-surgical clinical trial with axitinib 
reported only one patient (4.2%) with a superficial wound healing complication 
[50]. In a study of 173 patients with metastatic RCC comparing pre-surgical sys-
temic treatment to upfront cytoreductive surgery, 90 days complication rate, multi-
ple complications, and wound complications were higher, but major complication 
rates (≥Clavien 3) were not increased with pre-surgical therapy [84]. Many of the 
patients with wound complications were treated with pre-surgical bevacizumab, 
which has a significantly longer half- life (17 days) as compared to sunitinib (4 days) 
[85] and pazopanib (31 h) [86]. Current recommendations are to discontinue beva-
cizumab for 30 days prior to surgery and not restart for at least 30 days postopera-
tively [87].

 Duration of Therapy

The optimal duration of pre-surgical treatment is unknown but depends on several 
factors including the rationale for treatment and strength of response to an individ-
ual agent. In order to shrink tumors to facilitate surgery, pre-surgical treatment 
should maximize responses in the shortest possible time. Tumors that respond to 
pre-surgical therapy undergo extensive vascular remodeling that decreases tumor 
size, which generally has been observed within the first two cycles of therapy [88]. 
The median duration of therapy in contemporary studies of sunitinib was two cycles, 
with each cycle including 4 weeks of therapy with 50 mg daily followed by 2 weeks 
off [89, 90]. The duration of sorafenib therapy ranged from 33 to 96 days, and for 
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pazopanib it was from 8 to 14 weeks [90]. Therefore, a short course of therapy with 
radiological monitoring of tumor response is critical for timing of surgery following 
pre-surgical therapy. After treatment, patients should be scheduled for surgery as 
soon as possible because the risk of rapid tumor regrowth and progression after 
stopping therapy [91, 92].

 Conclusions

Although there are no large randomized clinical trials demonstrating benefit of pre- 
surgical therapy for patients with RCC, there is a potential for benefit in well- 
selected patients treated with targeted agents. Large complex tumors that are judged 
to be unresectable may shrink during pre-surgical treatment and facilitate surgery. 
Additionally, response to pre-surgical therapy may facilitate nephron-sparing sur-
gery or conversion from an open to minimally invasive surgical approach. Likewise, 
patients with metastatic RCC may benefit from upfront systemic therapy as a litmus 
test to judge the potential benefit from cytoreductive nephrectomy. Most studies 
with pre-surgical targeted agents have demonstrated the safety of this approach, 
with slightly increased risk for wound complications. However, dramatic responses 
are uncommon, and the possibility of progression while on therapy must be consid-
ered. Clinical use of pre-surgical therapy should continue to be investigated espe-
cially in RCC patients who have the strongest rationale for treatment including 
unresectable primary tumors and metastatic disease. Ultimately, additional clinical 
trials are needed in this arena.
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Chapter 15
Adjuvant Therapy for High-Risk Renal Cell 
Carcinoma

James L. Liu, Mohamad E. Allaf, and Michael A. Gorin

 Introduction

Renal cell carcinoma (RCC) is the 13th most common malignancy worldwide, 
contributing to more than 129,000 annual deaths [1, 2]. At initial presentation, 
75% of patients will be diagnosed with localized disease [3]. While stage I tumors 
are largely curable with surgical resection alone, up to 40% of patients with stage 
II–III RCC who undergo surgical extirpation will progress to metastatic disease 
[4, 5]. Additionally, the 5-year survival rate of patients with locoregional lymph 
node involvement at the time of nephrectomy is quite poor at <30% [6, 7]. A num-
ber of pre- and postoperative nomograms have been developed to identify indi-
viduals with localized or locally advanced RCC who are at high risk for disease 
recurrence [7–9].

In an effort to improve the outcomes of patients with RCC, there has been con-
siderable interest in exploring the use of postoperative adjuvant therapies in patients 
with high-risk localized or locally advanced RCC. In this chapter, we summarize the 
history and development of adjuvant therapies for RCC. These therapies have been 
categorized by subtype of intervention.

 Cytokines and Other Historic Forms of Immunotherapy

The cytokines interleukin-2 (IL-2) and interferon alpha (IFN-α) have long been 
used for the treatment of metastatic RCC, with 5–10% of appropriately selected 
patients showing a complete response to therapy [10]. However, these agents come 
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with significant side effects including capillary leak and cytokine release syndromes 
[11]. To date, trials evaluating IL-2 and IFN-α in the adjuvant setting have not 
showed any survival benefit [12–14]. More specifically, a study by Pizzocaro et al. 
that randomized 247 patients with high-risk localized or locally advanced RCC to 
adjuvant IFN-α versus observation found no difference in disease-free survival 
(DFS) or overall survival (OS) [12]. Additionally, a study by the Eastern Cooperative 
Oncology Group that randomized 283 patients to IFN-α versus observation failed to 
meet its primary end point of improving 5-year OS [13]. Looking to improve upon 
outcomes of trials with IFN-α monotherapy, the German Cooperative Renal 
Carcinoma Chemo-immunotherapy Group initiated a randomized trial to evaluate 
the efficacy of the combination of IL-2, IFN-α, and 5-fluorouracil versus observa-
tion [14]. In this study, the investigators found no improvement in DFS with the 
combination regiment and similar to the Eastern Cooperative Oncology Group 
study [13] found that OS was favored in controls. In light of the significant side 
effects associated with cytokine therapy, as well as the lack of oncologic benefit 
observed across trials, IL-2 and IFN-α have been abandoned as adjuvant therapies 
for patients with RCC.

Other immune-based approaches have also been studied in the adjuvant setting. 
For example, Galligioni et al. randomized 120 patients with stage I to III RCC to 
receive autologous irradiated tumor cells mixed with bacillus Calmette-Guerin 
(BCG) following surgical resection [15]. The authors found that after  a median 
follow-up of 61 months, 5-year DFS was 63% for the treated patients and 72% for 
control with no statistical difference in 5-year OS (69% and 78%, respectively). 
Another study by Jocham et al. explored the efficacy of Reniale, a autologous vac-
cine of tumor cells incubated with IFN-γ [16]. In this study, 558 patients with pT2-
3b N0-3 M0 tumors were randomized to either vaccine or standard of care treatment. 
Initial findings were promising with 5-year progression-free survival of 77.4% in 
the vaccine group and 67.8% in the control (p = 0.02). However, there were several 
notable concerns regarding the trial including a non-blinded design, large post-ran-
domization dropout, and an unbalanced distribution of patient with non-clear cell 
histology. A follow-up report by the same group in 2006 failed to show any OS 
benefit [17]. Another autologous vaccine known as Vitespen has been studied as an 
adjuvant treatment for RCC [18]. In a phase 3 randomized trial, 728 patients 
received either adjuvant Vitespen, comprised of the tumor-derived heat shock pro-
tein gp96 peptide complex, or observation only. At a median follow-up of 1.9 years, 
the vaccine showed no difference in the recurrence rate between the groups. A meta-
analysis by Scherr et al. considered all three adjuvant vaccine-based therapies and 
did not find any improvement in DFS [19].

One final study worthy of mention is the recently reported ARISER trial [20]. In 
this study investigators explored the efficacy of the monoclonal antibody girentux-
imab in patients with high-risk localized or node-positive RCC following surgical 
resection. Unique to this drug is the mechanism of cell kill, which is based on anti-
body-dependent cellular cytotoxicity against cells expressing the RCC marker car-
bonic anhydrase IX. In this phase 3 trial of 864 patients stratified by risk groups, the 
authors found that there was no clear benefit of adjuvant girentuximab versus pla-
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cebo for DFS (HR 0.97 85% Cl 0.79–1.18) or OS (HR 0.99 95% Cl 0.74–1.32) [20]. 
It should be noted that further examination of the data showed that patients with 
higher CAIX expression had an improvement in DFS of 21 months; however, this 
observation did not reach the conventional level of statistical significance (HR 0.75 
95% Cl 0.55–1.04 p = 0.08). This detail, though, may become important especially 
as future biomarkers and molecular criteria become a focal point for patient 
selection.

In summary, conventional immunotherapeutic approaches including IL-2, IFN-
α, cancer vaccines, and monoclonal antibodies have been largely unsuccessful as 
forms of adjuvant therapy for RCC.

 Hormonal and Radiation Therapy

Studies have shown significant expression of the estrogen and androgen receptors in 
RCC tissue specimens [21]. This has prompted some to explore the use of hormone-
directed therapies for the treatment of  RCC.  This approach, however, has been 
unsuccessful in the adjuvant setting. More specifically, in a prospective randomized 
multicenter study comparing adjuvant medroxyprogesterone acetate as treatment 
for 1 year versus observation alone in 136 patients following radical nephrectomy, 
the authors found no significant difference in relapse rate after a median follow-up 
of 5 years [22]. Additionally, the authors observed an unacceptably high complica-
tion rate with this approach.

Radiotherapy plays an important role in the palliation of patients with locally 
advanced or metastatic RCC, specifically for treating hematuria and painful bony 
metastases [23]. However, the use of radiation for the primary treatment of RCC is 
not routinely performed due to the radioresistant nature of this malignancy when 
treated with conventional fractionation [24]. Despite this, radiation therapy has been 
evaluated in the adjuvant setting for treatment of RCC. In one prospective random-
ized study, 72 patients underwent either observation or treatment with 50 Gy in 20 
fractions to the kidney and bilateral lymph nodes [25]. The authors observed no 
difference in the rate of cancer relapse; however, they found a significant rate of 
adverse events, with radiation-related complications resulting in the deaths of 19% 
of treated patients.

 Modern Vascular-Targeted Therapies

The role of vascular-targeted therapies in RCC traces back to the discovery of the 
von Hippel-Lindau tumor suppressor gene (VHL) – a gene that is near universally 
lost in cases of clear cell RCC – and its integral role in the pathophysiology of tumor 
angiogenesis [26]. A number of vascular-targeted therapies have since been 
approved for the treatment of metastatic RCC. First-line agents include the tyrosine 
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kinase inhibitors (TKIs), which bind to and inhibit the vascular endothelial growth 
factor (VEGF) receptor and platelet-derived growth factor receptors, thereby reduc-
ing the tumor-driven angiogenesis needed for growth. Likewise, inhibitors of mam-
malian target of rapamycin, a related but different class of drug, have showed 
efficacy in the second-line setting [27].

This newer class of targeted agents has quickly supplanted cytokines as the 
mainstay of treatment for patients with metastatic RCC. As such, these agents have 
been explored in the adjuvant setting for patients with high-risk localized RCC. The 
first study to be published evaluating vascular-targeted therapies in this context was 
the ASSURE trial [28]. In brief, ASSURE randomized 1,943 patients with interme-
diate- to high-risk localized RCC defined by the Integrated Staging System [8] in a 
1:1:1 fashion to adjuvant sunitinib, sorafenib, or placebo. This study showed no 
differences in terms of DFS or OS for either treatment arm. Of note, the authors did 
observe a high rate of treatment discontinuation (26%) due to excessive toxicity, 
despite allowing for treatment dose reductions.

A second study evaluating adjuvant TKI therapy for patients with high-risk RCC 
was the S-TRAC trial [29]. In this study 615 patients with intermediate- to high-risk 
RCC were randomized 1:1 to adjuvant sunitinib or placebo. Unlike ASSURE, this 
trial showed a significant improvement in DFS in the sunitinib arm (median 
6.8 years versus 5.6 years, HR 0.76 95% CI 0.59–0.98, p = 0.03). The authors did 
note, however, that these benefits were at the cost of a higher rate of toxic events 
from the TKI.

The discordant findings of the ASSURE and S-TRAC trials have garnered con-
siderable attention with many pointing to differences in trial design and conduct to 
explain the differences in findings [30, 31]. For example, one frequently cited area 
of discrepancy between the two trials lies in the baseline characteristics of enrolled 
patients. More specifically, S-TRAC enrolled patients with a minimum of pT3a 
disease, whereas ASSURE allowed for patients with pT1b tumors as well as high-
grade pT1a RCC. Additionally, the S-TRAC study only enrolled patients with clear 
cell RCC, while ASSURE had no restriction based on tumor histology. This differ-
ence is of considerable importance because non-clear cell RCCs are not typi-
cally driven by derangements in the VHL gene and therefore are less responsive to 
therapies targeting angiogenesis [32]. Likewise, the two studies employed different 
dose reduction strategies, with the S-TRAC trail allowing reductions only to 
37.5 mg/day for sunitinib versus a lower 25 mg/day dose reduction in the ASSURE 
trial. With these differences in mind, the authors of the ASSURE trial performed a 
secondary analysis of their study with a subset of patients that more closely 
approximated the population enrolled in S-TRAC [33]. This analysis, which was 
restricted to patients with clear cell histology and pT3-4, or node-positive disease, 
found no improvement in DFS or OS. Although this study does provide a better 
comparison to the S-TRAC results, it was not powered to detect differences in this 
subgroup and violates the tenants of randomized trial design and so must be inter-
preted with caution.

In addition to ASSURE and S-TRAC, there are other ongoing trials investigating 
targeted therapies in patients with RCC in the adjuvant therapy. These include the 
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SORCE trial (sorafenib vs. placebo, ClinicalTrials.gov identifier NCT00492258), 
the ATLAS trial (axitinib vs. placebo, ClinicalTrials.gov identifier NCT01599754), 
and the EVEREST trial (everolimus vs. placebo, Clinical Trials.gov identifier 
NCT01120249). Notably, another trial known as PROTECT (ClinicalTrials.gov 
identifier NCT01235962) which evaluated adjuvant pazopanib has been completed 
and reported in abstract form to not meet its primary end point [34].

 Checkpoint Inhibitor Therapy

Perhaps the most exciting class of cancer therapeutic agents are drugs targeting 
immune checkpoint molecules such as the programmed cell death 1 (PD-1) receptor 
and its ligand PDL-1 [35, 36]. For patients with metastatic RCC, the monoclonal 
antibody targeting PDL-1 known as nivolumab was recently approved in the sec-
ond-line setting. In a randomized trial this drug was compared to everolimus and 
demonstrated an improved OS by 5.4 months with significantly fewer side effects 
[36]. Naturally, checkpoint inhibitors are being evaluated as adjuvant therapies for 
high-risk localized RCC. While no trial in the adjuvant setting has been completed 
with these agents, two are ongoing and are worthy of mention: the PROSPER trial 
evaluating nivolumab (ClinicalTrials.gov identifier NCT03055013) and the 
IMmotion010 trial evaluating atezolizumab (an antibody against PDL-1; 
ClinicalTrials.gov identifier NCT03024996). Simply beyond receiving different 
drugs targeting the PD-1-PDL-1 axis, it is important to highlight several important 
factors regarding study designs between these two trials. More specifically, in the 
PROSPER trial patients will receive both neoadjuvant and adjuvant nivolumab, 
whereas INmotion010 is purely an adjuvant design. The authors of PROSPER argue 
that checkpoint inhibitors require high level of tumor antigen to be present before 
surgery in order to prime the immune system and therefore a neoadjuvant adminis-
tration of drug is required to see an effect on the primary outcome of OS. We look 
forward to the results of these novel trials that will undoubtedly provide crucial 
information regarding the efficacy of checkpoint inhibitors in the perioperative set-
ting for patients with high-risk localized RCC.

 Conclusions

Despite a great clinical need for effective adjuvant therapies for patients with high-
risk localized RCC, there is currently a paucity of data to support the routine use of 
available agents such as cytokines and TKIs following surgical resection. Although 
the S-TRAC trial does suggest potential benefit for the use of adjuvant sunitinib in 
patients with high-risk tumors, conflicting results from the ASSURE and PROTECT 
trials have called the use of TKIs in the adjuvant setting into question. Ongoing tri-
als evaluating other targeted agents may provide further clarity on the role of 
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targeted agents in the adjuvant setting. Additionally, trials evaluating checkpoint 
inhibitors are of particularly promising given the activity of nivolumab in the meta-
static setting.
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Chapter 16
Posttreatment Surveillance for Renal Cell 
Carcinoma

Karan Arora and Sarah P. Psutka

 Introduction

Following the treatment of renal cell carcinoma (RCC), 20–38% of patients with 
localized tumors will experience disease progression [1, 2]. The most common sites 
of recurrence are pulmonary (52–64%) and osseous (9–15%), in addition to the 
pancreas (3–7%), liver (5–11%), distant lymph nodes (4–7%), brain (7%), adrenal 
gland (10%), and other sites (3–33%) [3]. Local recurrences to the renal fossa, ipsi-
lateral adrenal gland, and regional lymph nodes are relatively rare, occurring in 
0.8–3.6% of patients [4–7]. Prompt recognition of recurrence and progression of 
RCC is proposed to be of benefit in cases of local recurrence, as the most effective 
treatment appears to include locally directed therapy (i.e., cytoreductive surgery or 
ablation) which is more easily administered to less extensive foci of disease [4]. It 
is worth noting, however, that although early detection of asymptomatic metastatic 
RCC is thought to be worthwhile, the degree of clinical benefit remains to be 
determined.

Overall the 5-year recurrence-free survival for RCC ranges from 41.9% to 97.8% 
[3]. While the highest degree of risk for recurrence appears to be within the first 
5 years following treatment, this risk varies substantially according to both disease 
characteristics such as stage and grade and treatment-related factors including sur-
gical approach, utilization of nephron-sparing strategies, and surgical margin status 
[8, 9]. Additionally, time to recurrence varies between different anatomical  
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locations. For example, the median time to pulmonary, osseous, and brain metasta-
ses for a pT2 RCC are 31, 24, and 11 months, respectively [8].

Posttreatment surveillance for recurrences is a cornerstone of the management of 
patients with RCC and is based on the premise that identification of both local and 
distant asymptomatic recurrences can permit the prompt initiation of treatment of 
relapses, with the goal of improving cancer-specific survival. Furthermore, post-
treatment surveillance permits early detection of renal function deterioration and 
timely referral to nephrology as indicated. The rationale for surveillance for RCC 
relapse after initial definitive treatment is therefore to permit timely initiation of 
treatment, with the goal of extending survival.

In this chapter, we review published risk stratification tools for patients with 
RCC who have undergone surgical treatment. In addition, we summarize and com-
pare contemporary posttreatment surveillance guidelines. Finally, we evaluate the 
limitations of contemporary guidelines as well as identify challenges in optimizing 
posttreatment surveillance.

 Risk Prognostication: Assessing Risk of Relapse  
at the Time of Treatment

As noted, the risk of relapse following treatment varies considerably according to 
tumor biology, patient-specific, and treatment-related factors. Recommendations 
regarding the intensity of posttreatment surveillance vary according to risk prognos-
tication, underscoring the importance of accurately characterizing a patient’s risk 
for relapse at the time when a surveillance strategy is undertaken.

 Tumor-specific Prognostic Factors

 Tumor Size

Among patients with small renal masses (i.e., <4 cm in diameter), there is conflict-
ing evidence regarding whether tumor size is associated with malignant versus 
benign histology [10, 11]. However, there is a strong association between increasing 
tumor size and risk of RCC recurrence. Among patients with localized RCC who 
have undergone extirpation, local recurrence-free survival and metastasis-free sur-
vival decreases significantly with each 1 cm in size of the tumor [12].

 Tumor Stage

The American Joint Commission on Cancer tumor-node-metastasis (TNM) staging 
system is the universally accepted system utilized to describe RCC, incorporating 
tumor size as well as the extent of local infiltration and distant lymphatic and meta-
static involvement to characterize the anatomic extent of the disease [13]. Validation 
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studies of earlier versions of the TNM system for kidney tumors [14, 15] have 
resulted in refinements of prior version, leading to the current iteration which 
includes a subclassification within T2 cancers based on a tumor size cutoff of 10 cm 
(T2a ≤ 10 cm and T2b > 10 cm), inclusion of both perirenal fat involvement and 
renal vein tumor thrombus in the T3a stratum, and classification of patients with 
ipsilateral adrenal disease T4 cancer. Independent validation of this system has been 
performed in large retrospective single- and multi-institutional cohorts [16, 17]. The 
estimated 10-year cancer-specific survival for patients treated with either radical or 
partial nephrectomy according to the primary tumor classifications using the 
updated TNM staging system was 96%, 80%, 66%, 55%, 36%, 26%, 25%, and 12% 
for pT1a, pT1b, pT2a, pT2b, pT3a, pT3b, pT3c, and pT4, respectively [17].

 Collecting System Invasion

Invasion of the renal collecting system by RCC is independently associated with an 
increased risk of RCC recurrence [18]. A meta-analysis of 17 pooled studies demon-
strated a 2.3-fold increased risk of RCC in patients with collecting system invasion 
and increased risk of cancer-specific mortality, especially in patients with stage T1-2 
cancers, leading the authors to suggest that RCC patients with urinary collecting 
system invasion may warrant more intense surveillance following treatment [18].

 Tumor Grade

The Fuhrman nuclear grading system was first described in 1982 and up until 
recently was widely used for the grading of RCC [19]. In this system, a nuclear 
grade of 1 to 4 is assigned according to a combination of nuclear size, irregularity, 
and nucleolar prominence. Fuhrman nuclear grade is independently associated with 
increased risk of recurrence [20–22]. There are, however, several limitations to the 
Fuhrman grading system including challenges related to incorporating the three 
scored components into a single grade and the fact that nuclear atypia is frequently 
noted in indolent chromophobe tumors. In light of these limitations, the International 
Society of Urological Pathology (ISUP)  now recommends that grading should be 
based solely on nucleolar prominence and only be applied to cases of clear cell and 
papillary RCC [23].

 Histologic Subtypes of Renal Cell Carcinoma

As mentioned in earlier chapters in this book, RCC is comprised of multiple distinct 
histologic variants, each of which is associated with variable metastatic potential 
and oncologic outcomes. The most common subtype is clear cell RCC (75%), fol-
lowed by papillary RCC (10%), chromophobe RCC (5%), clear cell papillary RCC 
(1–4%), collecting duct RCC (1%), and rare variants such as Xp11 translocation 
tumors and mucinous tubular and spindle cell tumors [24]. In a contemporary 
population- based series of 17,605 surgically treated RCC patients, Keegan et  al. 

16 Posttreatment Surveillance for Renal Cell Carcinoma



274

observed that the prevalence of advance disease at diagnosis (pT3/pT4, N1, or M1) 
varied considerably between the histologic variants: 28% of patients with clear cell 
RCC compared to 82.8% of patients with sarcomatoid, 55.7% of collecting duct, 
17.6% of papillary, and 16.9% of patients with chromophobe RCC. On multivari-
able analysis, compared to clear cell RCC, chromophobe histology was associated 
with decreased all-cause mortality, while collecting duct and sarcomatoid histology 
were independently associated with increased mortality (HR 2.97 and 2.26, respec-
tively) [25].

 Other Histologic Features Associated with Increased Risk  
of Posttreatment Relapse

Microvascular invasion (MVI) is another pathologic feature that is associated with 
risk of RCC recurrence [23, 26, 27]. Dall’Oglio and colleagues demonstrated that the 
5-year disease-free survival was 27.2% (95% confidence interval [CI] 14.9–50.3%) 
for patients with MVI compared to 87.1% (95% CI 79–95%) for patients without 
MVI in a retrospective series of 230 patients [28]. In a large meta-analysis including 
nearly 15,000 patients, MVI was found to be independently associated with a 2.7-
fold increased risk of local recurrence (HR = 2.75, 95% CI 1.97–3.83), a 1.6-fold 
increase in the risk of metastasis (HR = 1.62, 95% CI 1.095–2.40), and 2.1- fold 
increase in the risk of cancer-specific mortality (HR = 2.09, 95% CI 1.53–2.86) [27].

Sarcomatoid differentiation describes an aggressive and highly lethal variant of 
RCC [29]. These tumors are characterized by spindle-like cells with high cellularity 
and cellular atypia and comprise approximately 5% of cases of RCC [30]. In a series 
of 206 patients with sarcomatoid RCC, nearly half of patients presented with syn-
chronous metastatic disease and 70% of those without metastases at the time of 
surgery developed distant relapse [31].

Lymphovascular invasion (LVI) is identified in 5–20% of patients with RCC, 
with a higher prevalence among cases of locally advanced disease (pT3–pT4) [32]. 
Patients with organ-confined RCC found to have LVI has been observed to have 
similar oncologic outcomes to patients with locally advanced tumors [32].

Coagulative tumor necrosis is associated with adverse clinicopathologic and 
molecular features in RCC [23, 33] and is associated with increased risk of disease 
recurrence and cancer-specific death [22, 34, 35]. The most recent ISUP 
 recommendations included the statement that, for clear cell RCC, the presence or 
absence of tumor necrosis should be included in routine pathology reports given its 
association with oncologic outcomes [23]. Conversely, there is conflicting evidence 
regarding the prognostic utility of necrosis in nonclear cell histologies; thus this 
recommendation is not applied to all RCC morphotypes [36].
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 Prognostic Nomograms and Risk Scores

Several risk models incorporating a variety of prognostic factors have been 
 developed to further improve the postsurgical risk stratification of patients with 
RCC [21, 33, 35–41].

One example of a risk stratification tool is the Cindolo Recurrence Risk Formula 
[37], which generates a risk of tumor recurrence on the basis of tumor size at the 
time of treatment and the presence or absence of symptoms related to the tumor at 
diagnosis. A score is generated according to the formula [1.28 × presentation 
(asymptomatic, 0; symptomatic, 1)  +  0.13 × clinical size]. For scores ≤1.2, the 
5-year disease-free survival was 93% compared to 68% for a score > 1.2 [37].

Another risk stratification tool is the Kattan nomogram which incorporates his-
tologic subtype, tumor size, 2002 TNM classification, and the presence or absence 
of symptoms [38]. The predictive accuracy of this nomogram has subsequently been 
validated in contemporary practice using the 2010 TNM staging system [39].

The Leibovich prognosis score (PROG score) [40] estimates the risk of progres-
sion to metastatic RCC after radical nephrectomy. This algorithm utilizes pathologi-
cal T stage (pT1–pT4), regional lymph node spread (pNx-pN2; 2002 TNM criteria), 
tumor size (<10 or ≥10 cm), nuclear grade (1–4), and presence of histological tumor 
necrosis (yes or no). After scoring, patients can be stratified into three risk groups: 
low (0–2), intermediate (3–5), and high (≥6), with a 5-year metastasis-free survival 
rates of 97.1%, 73.8%, and 31.2%, respectively.

The Mayo Clinic SSIGN score [22] is another validated prognostication sys-
tem that predicts cancer-specific survival for patients with clear cell RCC after 
radical nephrectomy. This system utilizes the same features as the Leibovich 
algorithm to assess survival except for the inclusion of metastasis: the pathologi-
cal T stage (pT1- pT4), regional lymph node spread (pNx-pN2), M stage (pM0 or 
pM1; 2002 TNM criteria), tumor size (<5 or ≥5 cm), nuclear grade (1–4), and 
presence of histological tumor necrosis (yes or no). Patients with a SSIGN score 
of 0–1, 5, and ≥10 have 5-year cancer-specific survivals of 99.4%, 65.4%, and 
7.4%, respectively. Zigeuner and colleagues provided evidence for the external 
validation of the SSIGN score through a retrospective multivariate analysis of 
1862 patients [41]. Recently, Parker and colleagues validated the SSIGN score in 
a contemporary cohort of surgically treated RCC patients, confirming that the 
c-index was preserved across 3600 patients treated with radical nephrectomy 
from 1970 to 1998 (the development cohort) and those treated with either radical 
or partial nephrectomy from 1999 to 2010 [35]. The authors observed that the 
c-index was preserved across the three cohorts (c-index = 0.82, 0.84, and 0.82, 
respectively) [35].
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The Karakiewicz nomogram [42] was developed using data from 2530 patients 
treated with either radical or partial nephrectomy for renal cortical tumors. The 
nomogram incorporates the 2002 TNM stages, tumor size, Fuhrman grade, histo-
logic subtype, local symptoms, age, and sex to generate predictions for cancer- 
specific survival. This nomogram was externally validated in an additional 1422 
patients, demonstrating 88.8% accuracy at 10 years [42].

The University of California Los Angeles Integrated Staging System (UISS) [41] 
is a prognostication system that predicts overall survival in patients with any histo-
logical subtype of kidney cancer after surgical resection. Patients are stratified into 
five categories (I–V) based upon the TNM staging system (1997 TNM criteria), 
Eastern Cooperative Oncology Group (ECOG) performance status, and Fuhrman 
grade. Risk groups are further differentiated based upon local versus metastatic dis-
ease. Patients categorized as UISS I, II, III, IV, and V have a 5-year overall survival 
rate of 94%, 67%, 39%, 23%, and 0%, respectively. The UISS algorithm can be 
broadly used to assess treatment outcomes, determine the need for adjuvant therapy, 
and assess eligibility for future clinical trials [1, 43, 44].

 Treatment-Associated Factors

 Oncologic Outcomes Following Partial vs. Radical Nephrectomy vs. 
Thermal Ablation

For pT1a renal cortical tumors (<4 cm, confined to the kidney), management strate-
gies include partial nephrectomy (PN), radical nephrectomy (RN), thermal ablation, 
or active surveillance [44, 45]. The comparative effectiveness of definitive treat-
ments has focused predominantly on cancer-specific survival, renal function preser-
vation, and comparison of complications rates [46], while, at this time, there is 
relatively limited data available regarding patient-reported quality of life outcomes. 
A recent meta-analysis regarding the management of localized kidney cancer con-
cluded that, regarding oncologic outcomes, comparisons of RN versus PN demon-
strated relatively equivalent oncologic outcomes for T1a, T1b, and T2 tumors [46]. 
In contrast, when comparing PN to thermal ablation, this analysis found a higher 
local recurrence rate with ablation. However, when repeat treatment for residual 
tumor following initial thermal ablation was taken into account, there was no sig-
nificant difference in recurrence risks between PN and thermal ablation.

 Positive Surgical Margins

Among patients treated with PN, the prognostic implications of positive surgical mar-
gins are a subject of debate. Following PN, positive surgical margins are detected in 
1.7–10% of patients [47–49]. In a population-based sample, positive surgical margins 
have been associated with increased all-cause mortality following PN (HR = 1.34, 
95% CI 1.01, 1.78) [49]. Similarly, in a large multi-institutional cohort of 1240 
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patients with a median follow-up of only 33 months, positive surgical margins were 
associated with a twofold increase in the risk of local recurrence [48]. However, when 
these results were stratified into high risk (pT2–pT3; Fuhrman grades III–IV) versus 
low-risk disease (pT1, Fuhrman grades I–II), positive surgical margins were associ-
ated with increased risk of local relapse among high-risk patients, but not those with 
low-risk disease on multivariable analysis (HR  =  7.48, 95% CI 2.75–20.34 vs. 
HR = 0.62, 95% CI 0.08–4.7). Conversely, a multicenter Korean study of 1831 patients 
with a median follow-up of 32.5 months did not identify any difference in local recur-
rence-free survival on the basis of positive margin status [47].

Positive surgical margins following RN are reported in 0.8–2.3% of cases [22, 
50, 51] and are associated with a risk of local recurrence of 3.5–6.3% [52]. 
Approximately 4% of patients with positive surgical margins have been observed to 
ultimately develop metastases; however, surgical margin status has not been found 
to be independently associated with metastasis-free survival or cancer-specific sur-
vival after adjusting for other relevant confounding factors [53, 54].

At this time, guidelines from both the American Urological Association (AUA) 
[45] and Eastern Association of Urology (EAU) [44] acknowledge the potential for 
increased risk of RCC relapse in the setting of positive margins and recommend that 
these patients be surveilled according to the high-risk protocols.

With respect to vascular margin status, while gross tumor at the vein margin may 
be identified in up to 32% of patients treated with RN [52, 55], microscopic disease 
at the vascular margin is reported in 18.4% of cases with venous tumor thrombus 
[55, 56]. Abel and colleagues reviewed a series of 256 patients with RCC and 
venous tumor thrombus and identified local recurrence in only 2 patients (0.8%) 
[55]. On multivariable analysis, the authors reported that positive vascular margins 
were independently associated with an increased risk of local recurrence, but not 
with systemic recurrence or cancer-specific mortality. Similar findings have been 
reported by Liu and colleagues who noted that, among patients with venous tumor 
thrombus, the risk of relapse following nephrectomy is most strongly associated 
with the degree of the tumor thrombus extent, while the positive vascular margins 
were not associated with either disease progression or survival [56].

 Summary of Established Surveillance Guideline Statements

Posttreatment surveillance is a fundamental component in the treatment and care of 
patients with RCC. Appropriate surveillance allows urologists to assess for local or 
distant recurrence, postoperative complications, and renal function. Established 
guidelines from the AUA [45], Canadian Urological Association (CUA) [57], EAU 
[44], and National Comprehensive Cancer Network (NCCN) [58] all emphasize the 
importance of posttreatment surveillance but with minor variations (i.e., imaging 
modalities, surveillance timeline, risk stratification, etc.). What follows is a summary 
of the most current recommendations for posttreatment surveillance of RCC from 
each governing body as of the writing of this text. Table 16.1 provides a summary of 
the various schedules of examinations recommended by each guideline committee.
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 American Urological Association (AUA)

The AUA guidelines regarding follow-up for clinically localized renal neoplasms 
were most recently updated in 2013 [45]. These guidelines provide recommenda-
tions for follow-up stratified according disease stage and the treatment modality 
undertaken. Each individual guideline is graded according to the strength of under-
lying evidence (from highest to lowest) as a standard, recommendation, option, 
clinical principle, or expert opinion.

The AUA specifies that patients undergoing follow-up for treated or observed 
renal cortical tumors should be followed with a history and physical examination 
that is directed toward identifying signs and symptoms of metastatic spread or local 
recurrence. Standard laboratories recommended include blood urea nitrogen and 
creatinine to assess renal function as well as urine analysis. The guidelines specify 
that additional laboratory evaluations such as a complete blood count, lactate dehy-
drogenase, liver function tests, and calcium level should also be considered and 
utilized at the discretion of the treating physician. In terms of optimal imaging for 
relapses in the chest, the AUA preferentially recommends chest X-ray (CXR) rather 
than X-ray computed tomography (CT) due to a lower rate of false-positive and 
benign findings that may result in unnecessary invasive evaluation.

The AUA makes the recommendation that patients with progression of renal 
insufficiency on follow-up evaluations should be referred for consultation by nephrol-
ogy. Adjunct studies including bone scan and neurologic cross-sectional imaging 
(i.e., CT or magnetic resonance imaging [MRI]) are only recommended in the setting 
of symptoms suggestive of metastases to the bone (e.g., elevated alkaline phospha-
tase, bone pain, and/or findings of bony neoplasm on other surveillance studies) or 
central nervous system (e.g., acute neurological signs or symptoms), respectively. 
Additionally, it is the expert opinion of the AUA guideline panel that positron emis-
sion tomography should not be utilized in the follow-up of RCC at this time due to 
lacking data regarding the sensitivity and specificity of this imaging modality in this 
setting. Finally, the AUA currently recommends against the routine use of molecular 
biomarkers in posttreatment RCC surveillance due to a lack of clear clinical benefit 
at this time.

 Canadian Urologic Association (CUA)

The CUA guidelines were last published in 2008 for surveillance following PN or 
RN for RCC, with an expected update pending at the time of this writing [57]. 
Follow-up according to the CUA guidelines is stratified by pathologic tumor stage. 
The guidelines specify that CXR should be the standard imaging modality for eval-
uation of pulmonary relapse. The authors stipulate that chest CT may be performed 
instead; however, they cite insufficient evidence to suggest a benefit for universal 
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preferential use of chest CT over CXR. With respect to abdominal imaging, the 
panel recommends utilization of CT of the abdomen, however, patients with pT1 or 
pT2 RCC may also be followed with abdominal ultrasound (US). As recommended 
by the AUA guidelines, CT of the head and bone scan are only reserved for situa-
tions where symptoms are suggestive of brain or osseous relapse. The routine labo-
ratory panel recommended by the CUA includes a complete blood count, serum 
chemistry panel, and liver function tests. Finally, the CUA panel recommends sur-
veillance out to 6 years following definitive treatment.

 European Association of Urology (EAU)

The EAU guidelines [44] differ from the prior guideline statements in that they rec-
ommend risk stratification into low-, intermediate-, and high-risk disease according to 
available clinical risk stratification models such as those detailed earlier. No prefer-
ence, however, is given to any specific model. Contrary to the other guideline state-
ments, the EAU cite evidence regarding the poor sensitivity of CXR for detecting 
small pulmonary metastases [44, 59] and therefore specify CT as the preferred imag-
ing modality for relapse in the chest. MRI of the chest is recommended as an alterna-
tive to minimize radiation exposure. Similar to the recommendations put forth by the 
AUA panel, the EAU guidelines advise against the routine use of positron emission 
tomography and bone scintigraphy due to limited sensitivity and specificity. In terms 
of duration of follow-up, the EAU recommends that low-risk patients may be dis-
charged from surveillance at 5  years after definitive treatment, whereas patients 
with intermediate- and high-risk disease, or any patient treated with thermal abla-
tion, are recommended to undergo continued surveillance on a biennial basis.

 National Cancer Control Network (NCCN)

The NCCN guidelines are stratified by disease stage and treatment modality [58], 
with a surveillance framework that is similar to the recommendations proposed by the 
AUA. The NCCN reiterates that no single follow-up plan is appropriate for every 
patient and therefore recommends modification of follow-up according to the treating 
physician’s judgment. Recommendations are made up to 5 years following treatment; 
however, due to the potential for relapse after 5 years [60], the NCCN recommends 
consideration of follow-up after 5 years according to clinician discretion.

With respect to which imaging studies are recommended, the NCCN guidelines 
state that CT of the abdomen with or without pelvic CT and CXR are considered 
essential baseline studies [58]. In terms of screening for metastases, pulmonary 
imaging is mandated. While the panel acknowledges that chest CT is more accurate 
than CXR for the assessment of pulmonary metastases, the guidelines do not give 
preference to one modality over the other.
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 Review of Guidelines, Stratified by Tumor Stage/Risk Category 
and Treatment Modality

 Low-Risk Patients (pT1 N0/x) Following Surgical Resection (RN or PN)

For clinically localized disease, the majority of the guidelines recommend less 
intensive postoperative surveillance due to the decreased risk of recurrence [44, 45, 
57, 58]. The AUA guidelines [45] specify that for low-risk patients (pT1, N0, Nx) 
treated with PN or RN, an initial physical examination with basic laboratory studies 
should be performed at 6  months posttreatment and then annually for 3  years. 
Baseline abdominal imaging (CT or MRI) is recommended within 3–12 months 
after surgery. While patients treated with PN are recommended to undergo further 
abdominal imaging (US, CT, or MRI) annually for 3 years, additional abdominal 
imaging after RN is recommended at the discretion of the physician. Chest imaging 
is recommended annually for 3 years to assess for pulmonary metastases.

The CUA [57] specifies that surveillance following PN or RN for T1 RCC should 
include a history and physical exam and labs including complete blood count, 
chemistries, liver function tests, and CXR on an annual basis. For pT1 lesions 
treated with RN, abdominal imaging in the form of either CT or abdominal ultra-
sound, with consideration for alternating the two, is recommended at 2 years and 
5 years. For pT1 lesions treated with PN, the panel gives the option of obtaining a 
CT at 3 months to assess the residual disease and gives consideration to the option 
of annual abdominal US.

For patients with low-risk disease treated surgically with PN or RN, the EAU 
[44] recommendations include US of the kidneys and renal fossa at 6 months, fol-
lowed by alternating CT of the chest, abdomen, and pelvis with US on an annual 
basis until 5 years following treatment, at which time the patients are discharged 
from further surveillance.

The NCCN [58] recommendations following surgery for T1 RCC are similar, 
including a history and physical and comprehensive metabolic panel every 6 months 
for the first 2 years and then annually through year 5. Abdominal imaging using US, 
CT, or MRI is recommended within 3–12 months of PN and annually for 3 years.

 Intermediate to High Risk (pT2-pT4, N0, Nx or any Stage, N1)  
Following Surgical Resection

For intermediate- to high-risk patients treated with RN, more intensive surveillance 
is recommended due to the increased risk of both local recurrence and development 
of systemic metastases [44, 45, 57, 58]. The AUA [45] and NCCN [58] recommend 
a postoperative history and physical exam and basic laboratories every 6 months for 
3 years and then yearly for years 4 and 5 after surgery. Baseline chest and abdominal 
cross-sectional imaging (CT or MRI) is recommended within the first 3–6 months. 
Surveillance imaging (US, CXR, CT, or MRI of the abdomen) is obtained every 
6 months for 3 years and then annually until year 5. After 5 years, further imaging 
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may be performed at the discretion of the physician and should be performed if 
symptoms are suggestive of recurrence or metastatic spread.

The CUA guidelines [57] similarly recommend a CXR every 6 months, extend-
ing out to 6 years, but recommend lower-intensity abdominal surveillance, recom-
mending either CT or abdominal US at 1, 3, and 5 years for T2 tumors. For T3 
tumors, cross-sectional imaging (CT or MRI) is favored and recommended every 
6 months through year 2 and then at years 4 and 6. Finally, for patients with node-
positive disease, CXR and CT of the abdomen are recommended every 6 months 
through 6 years following surgery.

For patients with clinically risk-stratified high-risk disease, the EAU recom-
mends CT of the chest/abdomen and pelvis at 6 months and 12 months, then yearly 
until 5 years, and every other year thereafter [44]. Among patients with intermediate- 
risk disease, the panel cites the option of ultrasound rather than CT at year 3.

 Follow-Up After Thermal Ablation

Relapse following thermal ablation is reported in 2–10% of patients [45, 46, 61]. 
The AUA guideline panel [45] adopted a standardized definition of post-thermal 
ablation “treatment failure or local recurrence.” This is defined as a visually 
enlarging neoplasm or new nodularity in the same area of prior treatment and may 
be identified by enhancement of the renal mass on posttreatment imaging with 
contrast or failure of the renal mass to regress in size over time, as well as by new 
satellite, nodules along the port-site or needle track, or a biopsy-proven 
recurrence.

Follow-up after thermal ablation otherwise follows a similar schedule to that 
recommended for after PN for low-risk disease, extended out to 5 years. Specifically, 
the panel recommends a history and physical exam, labs, and cross-sectional 
abdominal imaging (CT or MRI) at 3 and 6 months to determine treatment success 
and then annually for surveillance for 5 years and thereafter according to the clini-
cian’s assessment of individualized patient risk.

Importantly, it is a central tenant of the AUA recommendations that all patients 
under consideration for ablation undergo a biopsy prior to treatment to confirm that 
the renal cortical mass represents an RCC [45]. However, for patients who were 
treated with thermal ablation for a pathologically confirmed benign tumor, with 
radiographic evidence of treatment success without evidence of treatment compli-
cations, no further radiologic assessment is recommended. The panel provided 
expert opinion that patients with treatment failure within 6 months should be offered 
the alternatives of observation, repeat treatment, or definitive surgical extirpation 
and that any evidence of recurrence within an ablated neoplasm should prompt con-
sideration of biopsy.

The EAU guidelines specify that patients with RCC treated with thermal ablation 
should be followed according to the regimens specified for either intermediate- or 
high-risk disease [44]. According to these guidelines, high-risk patients should be 
surveilled with CT or MRI of the chest, abdomen, and pelvis at 6 months and then 
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yearly for 5 years, while intermediate-risk patients may substitute US for cross- 
sectional imaging at year 3. After 5 years, patients are recommended to undergo CT 
or MRI of the chest, abdomen, and pelvis every 2 years, indefinitely.

 Evaluation of the Available Guidelines for Surveillance  
After Definitive Treatment for RCC

 Limitations of the Available Guideline Statements

In the guideline statements from the AUA, CUA, EAU, and NCCN, it is acknowl-
edged that no single follow-up regimen can be considered universally appropriate. 
This is echoed by the European Society for Medical Oncology (ESMO) which 
advocates for a follow-up strategy that incorporates both patient- and disease- 
specific risk factors and possible treatment options that may be employed in the 
setting of potential relapse [62].

In 2014, Stewart and colleagues evaluated the ability of the available AUA and 
NCCN surveillance guidelines to identify local and systemic relapse following 
 surgical treatment for M0 RCC in 3651 patients from a single center [60]. With a 
median follow-up of 9  years, the authors observed recurrences in 1088 (29.8%) 
patients. The 2014 NCCN recommendations had recently been updated prior to the 
study, adopting a similar risk-adapted surveillance strategy, similar to the 2013 AUA 
recommendations. If the then-contemporary 2014 NCCN guidelines were followed, 
742 recurrences (68.2%) would have been detected. Similarly, the 2013 AUA guide-
lines would have identified 728 (66.9%) of recurrences (Fig.  16.1). In the same 
paper, the authors presented a comparison of the relative costs of the two guideline- 
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Stewart et al. [60]. Reprinted with permission. ©(2018) American Society of Clinical Oncology. 
All rights reserved)
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based surveillance strategies compared to a continued surveillance strategy that 
would have captured 95% of all recurrences. For example, for a patient with a pT1 
renal mass treated with PN, complete surveillance as recommended by the NCCN 
in 2014 would have resulted in 2014 Medicare costs totaling $2131.52 compared to 
$1738.31 if the 2013 AUA guidelines were followed. However, to capture 95% of 
all recurrences, surveillance costs would be estimated to total $9856.82. Importantly, 
these costs did not include indirect costs such as clinic visits, lost wages related to 
time away from work for the patient or their family members. These findings led the 
authors to call for improved surveillance algorithms, balancing both patient benefit 
and health-care costs.

 Radiation-Related Harms with Surveillance

In addition to taking the health-care costs into consideration when evaluating sur-
veillance protocols, the potential harms of more intensive surveillance must also be 
considered. While intensive surveillance may capture more recurrences over time, 
the potential harm of the cumulative radiation dose incurred must be considered and 
should be discussed with patients as part of the shared decision-making around 
recommending an optimal surveillance strategy. As discussed in the 2013 AUA 
guidelines [45], the carcinogenic potential of relative low-dose (<100 mSv) radia-
tion is extrapolated from analysis of the survival of Japanese survivors of the atomic 
bomb exposed to intermediate (>100 mSv). These extrapolations rely on the linear 
no-threshold model, which assumes that there is risk for biological damage (increase 
in the risk of carcinogenesis) at any dose of radiation [63]. For reference, the aver-
age CXR is associated with an estimated radiation dose of <0.1 mSv, compared to 
1–10  mSv for abdominal CT without contrast or abdominal radiograph and 
10–100 mSv for abdominal CT scans with and without contrast. At this point, there 
is indirect evidence demonstrating increased risk of developing cancer following 
exposure to low levels of radiation at doses that would be expected with the surveil-
lance CT scans recommended in the guidelines discussed herein [64]. This increas-
ing understanding of the potential risks associated with CT scanning has generated 
new low radiation dose scanning protocols and increasing reliance on imaging 
modalities that do not utilize ionizing radiation [65]. As stated in the 2013 AUA 
guidelines, “it is prudent to limit the use of CT to clinical indications in which the 
benefit is felt to outweigh the risks” [45].

In addition to radiation exposure, both CT and MRIs administered with contrast 
involve risks related to hypersensitivity and allergies, as well as potential complica-
tions in patients with renal insufficiency. Capogrosso and colleagues demonstrated 
a lacking consensus regarding surveillance due to clinician heterogeneity in post-
treatment follow-up and imaging modalities [66]. The authors recommend that a 
standardized evidence-based protocol is still needed with a goal of limiting radia-
tion exposure, minimizing unnecessary costs, and ensuring early detection of tumor 
recurrence.
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 The Guidelines in Practice

When real-world evaluations of surveillance patterns and uptake of the various 
guideline strategies are undertaken considerable variation is noted. For example, 
Sohn and colleagues identified 7603 patients treated for RCC in the Surveillance, 
Epidemiology, and End Results database and reported on both adherence to the 
AUA surveillance guidelines as well as the association between more intensive sur-
veillance and oncologic outcomes [67]. Dividing patients into relatively abbreviated 
follow-up periods of only 15 (short) and 30 (intermediate) months, the authors 
noted that more than 40% of the patients in the short follow-up cohort did not 
undergo any chest imaging. Similarly, more than 50% of the intermediate interval 
cohort did not undergo chest imaging and over 30% of all patients did not undergo 
any surveillance imaging following definitive treatment. The authors also assessed 
whether compliance with the AUA guidelines was associated with cancer-specific 
survival and noted that adherence to imaging follow-up per the AUA guidelines was 
not associated with improved outcomes compared to no imaging at all.

 Alternative Surveillance Strategies

Indeed, it is challenging to demonstrate a survival benefit related to the intensity of 
post-RCC surveillance. As noted above, survival is ultimately the product of disease- 
specific, patient-specific, and both initial and salvage treatment-related factors, 
which may manifest differently within a single patient. Furthermore, lead-time bias, 
which results in a lengthening of apparent survival simply related to earlier detec-
tion of recurrences, confounds assessment of the relative benefit of more intensive 
surveillance strategies.

As such, no one follow-up strategy can be recommended over any other due to 
the paucity of comparative studies pitting surveillance strategies against one another. 
Furthermore, and perhaps more importantly, there are limited data to support the 
fact that treatment of asymptomatic recurrences captured on surveillance confers a 
survival benefit compared to treatment of recurrences detected related to symptoms 
alone. In some patients, metastatic RCC may be asymptomatic with a relatively 
indolent course. Park and colleagues reported on outcomes in 58 patients in whom 
first-line systemic therapy for metastatic RCC was deliberately deferred, with a 
median time to progression in 12.4 months [68]. Systemic therapy was ultimately 
initiated at the time of progression after a period of active surveillance, with objec-
tive response rates to systemic therapy that were similar to historical controls. 
Additionally, in a prospective phase 2 trial, Rini and colleagues demonstrated that 
treatment-naïve, asymptomatic patients with metastatic RCC can undergo active 
surveillance prior to beginning system therapy in 48 patients [69]. The authors 
found that increasing numbers of the International Metastatic Database Consortium 
adverse risk factors and a greater number of metastatic sites were associated with a 
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shorter period of surveillance. Conversely, in an assessment of RCC retroperitoneal 
recurrence size after surgical treatment, Thomas and colleagues observed that the 
maximal diameter of the retroperitoneal recurrence was independently associated 
with risk of cancer mortality, suggesting the potential benefit of earlier detection of 
relapse among patients who were candidates for cytoreductive surgery [70].

Alternative surveillance strategies have been proposed to meet the objective of 
improving the efficiency and efficacy of posttreatment surveillance, incorporating 
different risk-stratifying algorithms including factors such as DNA ploidy, tumor 
size, and stage [71]. Lam and colleagues proposed an alternate strategy using the 
UISS nomogram for risk stratification, including stage, Fuhrman grade, and perfor-
mance status [72]. Alternatively, Siddiqui and colleagues recommended incorpora-
tion of histologic subtype in risk stratification [73].

Williamson and colleagues proposed a surveillance protocol that unifies recom-
mendations from the existing guideline statements from the AUA, CUA, EAU, and 
NCCN [74]. Briefly, the authors recommend that following treatment (RN, PN, or 
thermal ablation) for low-risk/T1 renal tumors, follow-up should be initiated at 
3 months with a history and physical exam, CT, and labs. Then patients may be fol-
lowed by yearly US or CT through 3 years with a final US or CT at 5 years. For 
chest surveillance, the authors recommend annual CXR with a chest CT at 3 and 
5  years. For intermediate- and high-risk disease, the authors propose a baseline 
abdominal CT at 3 months, and then alternating abdominal US with CT at 6 months, 
and then every 6 months for 3 years, and annually for years 4 and 5. For chest sur-
veillance, it was proposed that CXR and chest CT could be alternated at the same 
intervals as the abdominal imaging.

Ultimately, however, these strategies and the available existing guidelines might 
be considered to fall short in that they do not account for patient-specific risk strati-
fication and the competing risks of noncancer morbidity. Specifically, there are no 
recommendations for how clinical guidelines should be modified for a specific 
patient according to his or her comorbidity burden, age, or other patient-specific 
factors that a physician might wish to weigh when considering how to personalize a 
surveillance strategy.

To address this knowledge gap, Stewart-Merrill and colleagues developed a 
novel surveillance schedule incorporating the changing risk of site- specific cancer 
relapse over time stratified by disease stage, age, and comorbidity [9]. According to 
this strategy, a patient’s risk of RCC recurrence, stratified by pathologic stage, and 
relapse site is presented graphically in the context of their risk of non-RCC death 
stratified by age and Charlson comorbidity index (Fig.  16.2). This methodology 
permits assessment of the individualized point at which a patient’s competing risks 
of non-RCC death exceed the risk of recurrence, at which point, further surveillance 
may be considered to have relatively limited benefit. Table 16.2 presents compari-
sons of the durations of the variable risk-stratified individualized surveillance dura-
tions. To date, however, this protocol has yet to be externally validated or compared 
to the current recommended guidelines.
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Fig. 16.2 Weibull models illustrating the time points at which the risk of non-RCC death exceeds 
the risk of recurrence. Decreasing hazard rates of recurrence over time are stratified by stage and 
relapse location (solid lines; [a] abdomen, [b] chest, [c] bone, and [d] other sites) . These are com-
pared to increasing hazard rates of non-RCC death over time stratified by age and Charlson 
Comorbidity Index (CCI) groups (circles; 1 or 2). Age-, CCI-, stage-, and relapse location-specific 
time points (in years) were estimated when risk of non-RCC death exceeded the risk of recurrence. 
(From Stewart-Merrill et al. [9]. Reprinted with permission. ©(2018) American Society of Clinical 
Oncology. All rights reserved)
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Chest recurrence (solid lines) versus
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 Conclusions

At the present time, there are multiple guidelines available to direct posttreatment 
surveillance of RCC. However, considerable variation exists between these recom-
mendations. A patient’s posttreatment risk of relapse may vary considerably with fac-
tors related to tumor biology, the individual patient, and mode of treatment. Prognostic 
multivariable nomograms and models may be helpful in assessing a patient’s indi-
vidual risk of local relapse and oncologic outcomes, which can then guide a physician 
in defining the most appropriate surveillance strategy for a patient. Contemporary 
surveillance guidelines proposed by the AUA, CUA, EAU, and NCCN are consistent 
in their goal of ensuring early relapse recognition; however, they differ regarding 
patient risk stratification methodology, surveillance frequency, and imaging modali-
ties utilized. At the time of writing this chapter, there is no consensus in terms of rec-
ommending one strategy for posttreatment surveillance over another. While more 
intense surveillance may permit earlier identification of relapses, increased frequency 
and duration of surveillance may be associated with greater harm from cumulative 
radiation exposure, potential direct and indirect health-care costs, and quality of life 
impact for the patient. Ultimately, optimization of posttreatment surveillance requires 

Fig. 16.2 (continued)
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shared decision-making between the patient and the physician. Future work is needed 
to improve risk stratification strategies and to better understand the risks and benefits 
of varying approaches to posttreatment surveillance.
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Chapter 17
Cytoreductive Nephrectomy 
and Metastasectomy for Renal Cell Carcinoma

Timothy N. Clinton, Laura-Maria Krabbe, Solomon L. Woldu, Oner Sanli, 
and Vitaly Margulis

 Introduction

Renal cell carcinoma (RCC) is one of the most common cancers in the United States 
with an estimated 63,000 new cases diagnosed in 2017 [1]. Over the last several 
decades, there has been a rise in the incidence of RCC, and this is largely attribut-
able to an increase in the incidental detection of localized tumors on cross-sectional 
imaging [2]. Despite this migration toward lower stage disease, nearly 30% of 
patients present with metastases at the time of initial diagnosis [3]. Historically, 
patients with disseminated disease have a poor prognosis with an estimated 5-year 
survival rate of less than 8% [4].

Surgery remains the cornerstone of treatment for patients with clinically local-
ized RCC; however, up to 25% of those undergoing nephrectomy for localized dis-
ease will develop metastases [5]. Primary landing sites for metastatic RCC (mRCC) 
are the lung, lymph nodes, bone, liver, adrenal glands, and brain [3]. RCC is resis-
tant to treatment with conventional chemotherapy, and until the last decade, sys-
temic treatment was limited to cytokine immunotherapy [6]. Based on the results of 
two prospective randomized trials, cytoreductive nephrectomy (CN) prior to immu-
notherapy had been the accepted treatment paradigm for mRCC [7, 8]. The advent 
of targeted molecular therapies (TMT) has rapidly changed the treatment of this 
disease over the last decade. Additionally, more recently there has been a resurgence 
of interest in immunotherapy that has led to the development of novel immune 
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checkpoint inhibitors such as nivolumab, which is now approved as a second-line 
therapy for mRCC [9]. With the rapidly changing landscape of systemic therapies 
for mRCC, the question remains as to the role and timing of CN and metastasec-
tomy in combination with newer agents. In this chapter, we aim to provide historical 
context as well as clinical evidence for the use of CN and metastasectomy in the 
treatment of mRCC.

 Rationale for Cytoreductive Nephrectomy

While the management of mRCC requires a multidisciplinary approach, the surgi-
cal removal of the renal primary tumor, known as a CN, remains one of the corner-
stones of treatment. Historically, CN had been reserved for the palliation of those 
with severe bleeding or intractable pain. However, following the publication of sev-
eral cases of spontaneous resolution of metastatic disease after CN, the routine use 
of nephrectomy in patients with mRCC began to take hold [10–12]. The rare spon-
taneous regression of metastatic sites following CN was generally attributed to the 
immunogenic properties of RCC, which manipulates the function of the immune 
system to suppress its antitumor defense mechanisms. RCC tumor cells are thought 
to resist exogenous growth-inhibitory signals, evade apoptosis, and acquire vascula-
ture to proliferate, invade, and metastasize [13]. It has been proposed that CN 
removes these pro-angiogenic and mitogenic factors as well as relives immunologi-
cal suppression by the primary tumor resulting in a positive effect on residual dis-
ease [14]. Another hypothesis is that the surgical loss of nephrons with CN results 
in a postoperative azotemia that acts to disrupt the tumor microenvironment and halt 
metastatic growth [15]. In fact, analysis of a prospective trial evaluating CN demon-
strated that those with a postoperative azotemia had an increased overall survival 
(OS) of 17 months compared to 4 months in those without postoperative azotemia 
(P = 0.0007) [7, 15]. Despite the proposed hypotheses, the exact mechanisms for the 
observed effect of CN on survival remain unknown.

 Cytoreductive Nephrectomy in the Pre-targeted  
Molecular Therapy Era

Early immunotherapy agents used for the treatment of mRCC included interferon- 
alpha (IFN-α) and interleukin-2 (IL-2). In retrospective studies of patients with 
mRCC treated with these agents, it was noted that those undergoing CN prior to 
immunotherapy administration fared better [16, 17]. Subsequently, the results of 
two prospective randomized controlled trials demonstrated an OS advantage in 
patients who underwent CN prior to IFN-α administration [7, 8].
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The first of these two trials was SWOG 8949, which randomized 246 patients to 
upfront CN followed by IFN-α or immediate IFN-α without surgery [7]. The pri-
mary endpoint of OS was met demonstrating 11.1 months for CN plus IFN-α versus 
8.1 months for IFN-α alone (P = 0.05). This survival advantage held true regardless 
of type of metastases or presence of disease measurability. The second trial was 
EORTC 30947, which randomized 85 patients in a manner similar to the SWOG 
trial [8]. This study found an improved OS of 17 months with CN plus IFN-α versus 
7 months for the IFN-α only group (HR 0.54, 95% CI 0.31–0.94, P = 0.03). A com-
bined analysis of these trials was performed and demonstrated an improved OS of 
13.6 months versus 7.8 months in favor of those undergoing CN followed by IFN-α 
(P = 0.002) [18]. When the combined analysis was reviewed in depth, there was no 
difference seen in survival when stratified based on site of metastasis or disease 
measurability. There was, however, a survival advantage in those with improved 
performance status (ECOG 0 vs 1, P < 0.0001). In an updated analysis of SWOG 
8949, independent predictors of worse survival included performance status, 
 presence of metastatic sites other than the lung, elevated alkaline phosphatase, and 
anemia [19].

Beyond the survival advantage, these trials also demonstrated that CN is clini-
cally feasible and safe. As compared to the prior retrospective series, mortality and 
complications associated with CN in both trials were acceptably low [7]. The com-
bined mortality rate in both trials was 1.4%, and only 5.2% experienced a grade IV 
complication [18]. Moreover, there was no evidence to suggest that CN delays ini-
tiation of systemic therapy adversely, as nearly all patients were initiated on INF-α 
by 1 month postoperatively and only 5.6% of those who underwent CN were unable 
to receive INF-α. Even more importantly the response rates to INF-α between the 
two groups were not significantly different, but the observed response rates for both 
arms in these trials were exceptionally low with both less than 6.9%. Typical 
response rates for INF-α range from 10% to 15% in most series [6, 20, 21].

The other major immunotherapy agent in the pre-targeted therapy era was IL-2. 
There is less available evidence for CN prior to IL-2 administration mainly due to 
the significant toxicity from this agent, thereby limiting the ability to accrue enough 
participants to power a trial appropriately. Given the significant benefit seen in the 
trials for INF-α with CN, and owing to the similar immunologic antitumor effects 
between INF-α and IL-2, it is reasonable to infer a survival benefit with CN prior to 
IL-2 as well. While the response rates to INF-α range from 10% to 15% [21], the 
objective response rates to IL-2 have been significantly higher and therefore may 
demonstrate even better survival with CN [22–24]. Pantuck et  al. identified 89 
patients treated with IL-2 after undergoing CN and compared the survival of these 
patients to both arms of the SWOG 8949 trial [25]. The median OS for CN followed 
by IL-2 was 16.2 months, which was significantly greater than both the surgery plus 
IFN-α (11.1 months) and IFN-α only (8.1 months) cohorts (P < 0.05). Further ret-
rospective studies suggest that CN improves response to IL-2. A comparison of a 
study of IL-2 with the renal primary in situ compared to those with CN followed by 

17 Cytoreductive Nephrectomy and Metastasectomy for Renal Cell Carcinoma



302

IL-2 demonstrated a response rate improvement of 6% to 18% by removal of the 
primary tumor [17, 26]. However, as these are retrospective studies, the potential of 
selection bias should be kept in mind when interpreting these results.

 Cytoreductive Nephrectomy in the Targeted  
Molecular Therapy Era

In the past 10 years, TMTs have largely replaced INF-α and IL-2 in the initial treat-
ment of mRCC. TMTs include drugs targeting vascular endothelial growth factor 
(VEGF) and its receptors, mTOR inhibitors, and most recently immune checkpoint 
inhibitors. These drugs have demonstrated improved clinical outcomes with more 
favorable side effect profiles than INF-α and IL-2 [9, 27–32]. This shift in the first- 
line treatment of mRCC has created an unclear role for CN.

Unlike cytokine therapy, where a durable complete response can be seen in up to 
6% of patients, TMTs commonly produce partial responses, with rare durable com-
plete responses [33–36]. Given the numerous options for systemic treatment after 
initial treatment failure, practitioners have questioned whether CN is still necessary. 
While no high-level evidence exists in the TMT era, guidelines and experts still rely 
on the two randomized trials from the cytokine immunotherapy era [9, 37]. In fact, 
the majority (67–100%) of patients included in trials leading to the approval of the 
various TMTs underwent CN prior to receiving systemic therapy [27, 28, 31, 32].

At the present time, the evidence of benefit for CN in the TMT era is based 
entirely on retrospective studies [38–46]. A recent meta-analysis included data from 
11 of these studies [47]. A total of 39,983 patients were included in the analysis 
which demonstrated a 54% reduced risk mortality for those undergoing CN prior to 
systemic therapy (HR 0.46, 95% CI 0.32–0.64, P < 0.01). In an expanded-access 
trial, Gore et al. reviewed 4543 patients who underwent treatment with sunitinib of 
whom 89% underwent CN [48]. In a sub-analysis, this trial demonstrated that CN 
prior to sunitinib compared to sunitinib alone was associated with increased 
progression- free survival (PFS; 12 vs 6.5 months, P = 0.021). Despite the benefit 
seen in these studies, a recent Cochran review of 13 TMT trials did not show any 
risk reduction in death with CN [49]. The difficulty in interpreting the results of 
these retrospective analyses is due to inherent selection bias, as those who have 
undergone CN are most likely to have favorable characteristics contributing to 
improved survival.

Two randomized controlled trials have been designed to assess the role of CN in 
the TMT era: the CARMENA (ClinicalTrials.gov identifier NCT0093033) and 
SURTIME (ClinicalTrials.gov identifier NCT01099423) trials. CARMENA is a 
French-led non-inferiority trial randomizing patients to CN followed by sunitinib 
compared to sunitinib alone. This trial opened in 2009, however, due to slow accrual 
it is 6 years behind schedule and likely to complete recruitment at the end of 2017 
[50]. SURTIME was designed to address the timing of CN by randomizing patients 
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to sunitinib followed by CN as compared to those who underwent upfront CN 
 followed by sunitinib. Unfortunately this trial also faced significant accrual difficul-
ties and closed prematurely making it underpowered for its primary endpoints of 
PFS and OS [50]. Data from this trial was recently presented, and since only 99 
patients were randomized, a revised statistical design was applied with the primary 
endpoint of PFS at 28 weeks [51]. The trial ultimately found that the sequence of 
CN and sunitinib did not affect the PFS at 28 weeks, with 42% of patients in both 
arms being free of disease progression. It is worth noting, however, that there 
seemed to be a signal for improved OS with deferred CN in the intention-to-treat 
population. This finding supports the potential use of TMTs prior to CN to aid with 
singling out patients with resistance to systemic treatment who might not benefit 
from CN in the first place.

Despite the evidence supporting continued use of CN in the TMT era, utilization 
of CN has seen a decrease in the past decade. Prior to the approval of sunitinib in 
2005, review of a private insurance database found that the use of CN had peaked at 
31.3%, but then declined to 14.8% by 2010 (P = 0.045) [52] . An evaluation of the 
Surveillance, Epidemiology, and End Results registry saw a decrease in CN from 
50% in 2005 to 38% in 2008 [53]. With this decline in CN usage contrasting with 
the perceived benefit based on retrospective studies, there is a continued need for 
high-level evidence to determine the utility of CN in the TMT era.

 Risk Stratification of Patients with Metastatic RCC

Despite the evidence that CN increases OS in patients with mRCC prior to admin-
istration of cytokine immunotherapy or TMTs, there remains a subset of patients 
who will not benefit from CN.  Although morbidity and mortality rates have 
decreased for CN in modern series [7], there are always risks associated with sur-
gery, and it has been shown that CN compared to nephrectomy for localized RCC 
has an increased mortality rate [54]. Besides the risk of surgery, if the patient has a 
disease process that does not benefit from CN, then there is an opportunity for dis-
ease progression in the postoperative period or potentially eliminating the ability to 
receive needed systemic therapy [55]. Therefore in order to safely and properly 
select candidates for CN, it is important to identify the prognostic indicators of 
survival in these patients.

Using data from the pre-TMT era, multiple models have been developed for the 
prognostication of patients with mRCC. Perhaps the most widely utilized risk strati-
fication tool is one from Motzer et al. at Memorial Sloan-Kettering Cancer Center 
(MSKCC, Table 17.1) [6, 56]. After retrospectively evaluating patients with mRCC, 
five significant prognostic indicators were identified that could be modeled to strat-
ify patients into three risk groups. Heng et al. subsequently developed a similar risk 
model using data from the TMT era [57]. This risk model, known as the International 
Metastatic Renal Cell Carcinoma Database Consortium (IMDC) model, uses six 
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prognostic indicators (four of which were included in the prior MSKCC model) to 
stratify patients into three risk groups. Having been externally validated [58], the 
IMDC model is now widely utilized for the risk stratification of patients with mRCC 
undergoing treatment with TMTs [59].

 Patient Selection for Cytoreductive Nephrectomy

The MSKCC and IMDC models provided an ability to risk-stratify patients with 
mRCC but fail to aid in identifying the subset of patients who will not benefit from 
CN.  There have been numerous retrospective analyses of cohorts attempting to 
identify predictive factors of those not likely to benefit from CN with worse OS [60, 
61]. One predictor identified from these reviews was percentage of tumor volume 
that could be removed by CN. It was found that a reduction in >75% tumor burden 
was shown in the cytokine immunotherapy era to result in increased survival [60]. 
This has been shown to still be a predictive factor in the TMT era with some studies 
reporting that increased survival is seen with >90% tumor debulking [62]. As 
expected, the patients that benefit most from CN are those without central nervous 
system, bone, or liver metastasis and those with good performance status [60, 61].

One retrospective study examined 576 patients undergoing CN and identified 
seven preoperative factors independently associated with decreased survival 

Table 17.1 Prognostic 
models for patients with 
mRCC

Model (year)
Prognostic indicators of decreased 
survival

MSKCC (2002) [6] Low Karnofsky performance status 
(<80%)
High LDH (>1.5× ULN)
Low serum hemoglobin (<LLN)
High corrected serum calcium 
(>10 mg/dL or >ULN)
Time from initial diagnosis to 
systemic treatment <1 yr

IMDC (2009) [57] Low Karnofsky performance status 
(<80%)
Time from initial diagnosis to IFN-a 
<1 yr
Low serum hemoglobin (<LLN)
High corrected serum calcium 
(>10 mg/dL or >ULN)
High neutrophil count (>ULN)
High platelet count (>ULN)

Abbreviations: ULN upper limit of normal, LLN lower limit of 
normal
Low risk = 0 factors, intermediate risk = 1–2 factors, high risk = 
>3 factors
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 associated with the use of CN [63]. These factors included serum albumin less 
than the lower limit of normal, serum lactate dehydrogenase greater than the 
upper limit of normal, clinical T3 or T4, symptoms from metastases (e.g., bone 
pain, neurologic symptoms, etc.), presence of liver metastases, radiographic evi-
dence of >1  cm of retroperitoneal adenopathy, and radiographic evidence of 
>1  cm of supradiaphragmatic adenopathy [63]. Using these findings, pre- and 
postoperative nomograms were created for prognostication of cancer-specific sur-
vival at 6 and 12 months after CN [64]. The discriminative accuracy of the pre- 
and postoperative nomograms were 0.76 and 0.74, respectively. A recent attempt 
at external validation of these nomograms found that only 5 of the 7 criteria are 
prognostic indicators for OS [65]. This demonstrates a continued need for updated 
and validated prognostic nomograms, especially as the systemic therapy regimens 
are rapidly changing.

 Timing of Cytoreductive Nephrectomy

At the present time, there is no clear evidence as to the optimal timing for CN with 
respect to TMT. In clinical practice, however, CN is typically employed prior to 
TMT administration. The disadvantage to this approach is that this may result in 
a delay in the initiation of systemic therapy, potentially resulting in disease pro-
gression. The reverse sequence is not without risks as TMT administration may 
result in increased perioperative complications. There is, however, a case to be 
made for the performance of CN following initiating systemic therapy, as modern 
TMT agents have the ability to downsize the primary tumor increasing the feasi-
bility of surgical extirpation. However, the rate of response of the primary tumor 
to TMT is somewhat limited [66]. For example, in patients with IVC tumor throm-
bus treated with TMT, 44% had a decrease in thrombus size, but only few patients 
had a change in thrombus level classification and therefore change of operative 
approach [67].

A recent phase II trial with upfront pazopanib prior to CN demonstrated the 
safety and efficacy of this treatment sequence; however, only a 14% mean reduction 
of primary tumor size was observed [68]. The agent currently demonstrating the 
highest rates of shrinkage of the primary tumor is axitinib with over 28% tumor 
diameter reduction [69]. This sequence allows for practitioners to use the TMT as a 
litmus test for overall treatment response. Indeed, early primary tumor response was 
identified in one study as an independent predictor of increased OS [70]. Ultimately 
a randomized clinical trial like SURTIME will better clarify the sequencing and 
timing of CN and TMT for mRCC and provide more information regarding 
 perioperative complications.
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 Future of Cytoreductive Nephrectomy

Recently a new era of immunotherapy has emerged in the treatment of mRCC. The 
first novel immune checkpoint inhibitor, nivolumab, was approved in 2015 as a 
second-line agent for mRCC [71]. As with prior TMT trials, over 90% of the patients 
had undergone CN; thus questions remain regarding the benefit of CN in the mod-
ern era. This new checkpoint inhibitor is an antibody against programmed cell death 
protein 1 (PD-1) present on T cells and acts to prevent T-cell tolerance and the abil-
ity of tumor cells to escape immune destruction. There is a thought that checkpoint 
inhibitors may be more effective while the primary tumor is in place due to an 
increase in circulating tumor antigen that can be recognized by the unbound T cells, 
which would increase the immune response [72, 73]. There are ongoing trials evalu-
ating presurgical systemic therapy with checkpoint inhibitors while the primary 
tumor is in place (ClinicalTrials.gov identifiers NCT02210117 & NCT0257522), 
and the results of these studies will better inform the role of CN when using this new 
class of therapeutic agents.

In the future we believe that the performance of CN will likely be driven by 
molecular biomarkers. Although these markers have yet to be identified, a recent 
study has begun sequencing the primary tumors of patients with mRCC in order to 
find genomic alterations that are predictors of OS in those undergoing CN [74]. Just 
as prognostic nomograms currently provide for risk stratification of patients with 
mRCC, the use of biomarkers may one day allow for the more precise identification 
of patients who stand to benefit from CN.

 Metastasectomy

In the TMT era overall objective response rates to systemic therapy range from 20% 
to 40% with complete responses observed in less than 3% of patients [32, 35, 36]. 
Therefore, with the exception of the rare durable response to IL-2, removal of all 
synchronous or metachronous metastatic lesions provides the only potentially cur-
able treatment alternative. Metastases from RCC are most common in the lung, 
lymph nodes, bone, liver, adrenal, and brain [3] . The evidence in favor of metasta-
sectomy for oligometastatic mRCC is limited to restrospective studies which are 
cofounded by selection bias and typically lack of a comparator group [75–85]. 
Although limited, these studies do support that complete metastasectomy when fea-
sible can improve cancer-specific survival and OS in those with mRCC.

One study in favor of metastasectomy was conducted by Alt et al. and observed 
that complete surgical resection of multiple RCC metastases was associated with 
significantly improved cancer-specific survival of 49.9% compared to only 13.9% 
in those without metastasectomy [76]. Additionally, Eggener et  al. found that 
patients who underwent a complete metastasectomy demonstrated clinical benefit 
in all three MSKCC risk groups [77]. A thorough systematic review of 18 studies 
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was recently published and confirmed that a majority of published reports demon-
strated a survival benefit with complete metastasectomy as compared to a partial or 
no resection [75]. Due to the heterogeneity between studies, a meta-analysis could 
not be conducted, but a review of all studies demonstrates that those with lung-only 
metastases and those that underwent complete metastasectomy had improved sur-
vival outcomes.

 Conclusions

As the systemic therapies for mRCC are rapidly evolving, the use of CN will need 
to be continuously refined. Given the high level of evidence from prospective trials 
in favor of CN prior to cytokine immunotherapy as well as favorable data from ret-
rospective studies performed in the TMT era, CN remains part of the standard treat-
ment paradigm for patients with mRCC. We currently await the results of pending 
prospective trials that will hopefully yield answers as to the appropriateness and 
ideal timing of CN relative to the administration of TMTs. Additionally, for patients 
with a limited number of metastatic sites, metastasectomy should be considered, as 
the available data supports improved oncologic outcomes with complete surgical 
resection of metastatic sites. As with CN, questions remain regarding the role of 
metastasectomy given the availability of new TMTs such as immune checkpoint 
inhibitors.
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