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Preface

Conceptual knowledge regarding kidney cancer has been undergoing a paradigm 
shift over the past few years. Significant advancements have been made in the devel-
opment of molecular targeted therapies with implications for the role of precise 
tumor subtyping by the pathologists, progress in molecular diagnostics with cytoge-
netic analysis, revisions of kidney tumor classification with incorporation of newly 
recognized and evolving entities, updates in cancer staging systems, and advances 
in imaging with applied theranostics.

This textbook provides a comprehensive overview of pathology of kidney 
tumors along with radiological features and up-to-date treatment strategies that 
enable the readers to avail this information in day-to-day pathology sign-out as 
well as interaction with clinical colleagues of different disciplines. It also serves 
as a referral resource for the current medical or surgical practice while prepar-
ing for examinations or maintenance of certification. The chapters contain an 
updated review of important pathologic parameters mandated for diagnosis and 
reporting with emphasis on updated information regarding new developments in 
this interesting field. Numerous high-resolution color images aptly illustrate the 
various pathologic entities and their features as outlined in the text section along 
with tables that highlight the differential diagnoses and salient ancillary 
features.

Each chapter is authored by experts with significant experience in the diagno-
sis and management of kidney cancers. The editors wish to acknowledge their 
contributions to this book as well as to the ongoing developments in the field of 
kidney cancers. The goal of this text is to provide up-to-date information on 
renal tumor pathology, radiology, and management that are required in daily 
practice. We hope that this book serves as a quick reference for all categories of 
readers alike.
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We are indebted to our colleagues and friends who contributed slides and images 
to this volume and to clinical colleagues who contribute interesting and challenging 
cases to our pathology service. As lifelong learners, we continue to be amazed with 
all the new developments in kidney cancer that prompt us to revisit old concepts and 
establish newer parameters, allowing our vast field to progress.

Houston, TX, USA Mukul K. Divatia, MD 
Istanbul, Turkey Ayhan Ozcan, MD 
Houston, TX, USA Charles C. Guo, MD, PhD 
Houston, TX, USA Jae Y. Ro, MD, PhD
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Chapter 1
Surgical Consideration in Renal Tumors

Dalsan You, Se Young Choi, Jeman Ryu, and Choung-Soo Kim

Renal cell carcinomas (RCCs) account for approximately 2–3% of adult malignan-
cies and 90–95% of kidney tumors [1, 2]. In 2012, there were approximately 
338,000 new cases of RCC, and 143,000 deaths occurred from kidney cancer world-
wide [3]. In 2017, there were approximately 64,000 new cases and 14,000 deaths in 
the United States [4]. As a result of increased utilization and availability of ultraso-
nography and cross-sectional imaging, more renal masses have been identified and 
stage migration has occurred; namely, renal masses are detected at much earlier 
stages. Of 236,975 RCC patients registered in the National Cancer Data Base, the 
percentage of patients with stage I disease significantly increased from 43.0% in 
1993 to 57.1% in 2004, and the proportion of stage IV disease decreased from 
27.4% to 18.7% over the 12-year period [5]. Traditionally, partial and radical 
nephrectomies are therapeutic surgical options for long-term cure in  localized 
RCC. Globally, 25% of patients with RCC have metastatic disease at diagnosis, and 
20–40% of patients develop metastatic disease after nephrectomy. The prognosis 
for patients with metastatic RCC was poor, with a median survival of 1 year and a 
2-year survival rate of 10–20% [6]. Since the inception of new systemic agents, the 
survival of patients with metastatic RCC has been prolonged [7]. However, these 
new agents rarely provide complete (less than 1%) or long-term responses [8–10]. 
Therefore, surgical resection of the primary tumor and metastases is considered 
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important for cure or long-term survival. In this chapter, we summarize the contem-
porary surgical management of localized, locally advanced, and metastatic RCC.

 Surgical Treatment of Localized Renal Cell Carcinoma

The incidence of localized renal mass detection has increased due to the widespread 
use of cross-sectional imaging [11]. Clinical T1 renal masses are heterogeneous; 
20% of them are benign and only about 20% exhibit potentially aggressive carci-
noma at diagnosis [12]. Multiple management options, including surgery, thermal 
ablation, and active surveillance, are now available [1, 13, 14]. Urologic/non- 
urologic morbidities of each option, the patient’s coexisting conditions, life expec-
tancy, and the treatment provider’s experience should be taken into consideration in 
tumor management [14, 15].

Renal mass biopsy can be used to assess tumor grade and histology, given that 
clinical and radiographic factors have very limited accuracy in predicting tumor 
aggressiveness [16, 17].

 Partial Nephrectomy

In 1890, Czerny described nephron-sparing surgery for RCC. However, high com-
plication rates were reported in the early years. Partial nephrectomy techniques 
were developed after taking into consideration detailed renal imaging, various tech-
niques preventing ischemic renal damage, renal vascular surgery expertise, deleteri-
ous effects of chronic kidney disease, a large number of incidentally detected 
low-stage RCCs during medical checkups, and good survival rates after this treat-
ment (Fig. 1.1) [18]. Table 1.1 summarizes the indications of partial nephrectomy 
(nephron-sparing surgery).

Traditionally, partial nephrectomy is considered in cases where radical nephrectomy 
can be associated with high risk of chronic kidney disease or dialysis [18]. Patients with 
bilateral RCC or RCC in a solitary functioning kidney are relevant. Another indication 

Fig. 1.1 The concept of partial nephrectomy

D. You et al.
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of partial nephrectomy is unilateral carcinoma when the opposite kidney can potentially 
have decreased function due to another cause, such as renal artery stenosis [19]. Partial 
nephrectomy can also preserve functioning renal tissue in patients with bilateral syn-
chronous RCC. If the tumors are large, staged procedures can be performed. However, 
patients with RCC involving an anatomically or functionally solitary kidney should be 
warned about the risk of postoperative dialysis. In a previous study, 4.5% of patients 
were followed up for 3.6 years after surgery [20]. Renal function was preserved in the 
majority of patients who underwent partial nephrectomy, in accordance with the afore-
mentioned indications [1, 18]. Local recurrence rates of 3–5% were reported after partial 
nephrectomy, due to many challenges such as hilar tumors, minimized excision of func-
tional parenchyma, or multifocal tumors [1, 18].

Partial nephrectomy presently is the treatment of choice for the management of 
clinical T1 RCC in patients with a normal contralateral kidney [13, 21]. Several 
reports comparing partial with radical nephrectomy have showed comparable results 
in terms of oncologic and renal functional outcomes [1, 22–25]. Previous reports of 
partial nephrectomy for T1a RCC showed 1–2% local recurrence rates and over 
90% cancer-free survival [18]. In addition, similar promising results were reported 
in clinical T1b tumors [26–28].

To determine the possibility of partial nephrectomy in RCC, the exclusion of 
locally extensive or metastatic disease with preoperative testing and additional spe-
cific renal imaging, identifying the relationship of the tumor with the intrarenal vascu-
lar supply and collecting system, is necessary. Renal imaging methods include 
computed tomography (CT) and renal arteriography/venography, and presently, three-
dimensional volume-rendered CT is considered an accurate imaging modality [29].

The performance of partial nephrectomy by minimally invasive methods has 
recently evolved. Minimally invasive partial nephrectomy is a challenging proce-
dure because poor visualization due to suboptimal hemostasis and the absence of 
tactile sensation could result in positive resection margins at surgery. However, vari-
ous techniques, including the occlusion of renal vasculature and intracorporeal 
suture closing the collecting system and repairing the capsular defect, have been 
developed to resolve these problems [30, 31]. The oncological outcomes of laparo-

Table 1.1 Indications for 
partial nephrectomy 
(nephron-sparing surgery)

Absolute
  Bilateral tumors
  Tumor in single kidney
  Poorly functioning or nonfunctioning contralateral kidney
Relative
  Renal dysfunction
  Hereditary renal cell carcinoma
  Genetic predisposition to metachronous renal cell carcinoma
  Systemic threats to future renal function (e.g., diabetes mellitus, 

hypertension)
  Local threats to either kidney (e.g., obstructive uropathy, stone 

disease, renovascular disease)
Elective
  Small renal mass and normal contralateral kidney

1 Surgical Consideration in Renal Tumors
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scopic and open partial nephrectomies were excellent for clinical T1 renal cortical 
tumors in the previous 10-year follow-up reports of carefully selected patients with 
limited risk of recurrence [32]. Early unclamping maneuver immediately after run-
ning sutures in deep parenchyma across the defect reduced warm ischemic times 
and postoperative bleeding rates [33, 34].

The relatively small size of remnant renal parenchyma after partial nephrectomy 
can lead to long-term deterioration of renal function with hyperfiltration renal injury 
[35]. The occurrence of proteinuria is linearly correlated with the duration of fol-
low- up and depends inversely on the size of remnant renal tissue. Proteinuria should 
be evaluated annually in patients with a solitary remnant kidney to detect hyperfil-
tration nephropathy. Angiotensin-converting enzyme inhibitors and protein- 
restricted diet can improve long-term renal function in patients who underwent 
partial nephrectomy [36].

There are various partial nephrectomy techniques because it is technically chal-
lenging as compared to radical nephrectomy. The selection of the incision site is 
crucial to expose the tumor, kidney, and renal vasculature. Incision above the 11th 
rib and the retroperitoneal approach have been predominantly used. The incision 
level can be adjusted depending on kidney location and the position/size of tumor 
on preoperative CT. The thoracoabdominal approach is advantageous in upper pole 
tumors, whereas the subcostal incision is useful in lower pole tumors. After inci-
sion, the kidney should be dissected to allow tumor excision. The ureter is encircled 
with a vessel loop to prevent injury; subsequently, the ureter is dissected superiorly 
to renal pelvis, and renal pedicles are identified, dissected, and controlled with ves-
sel loops. Perirenal fat is dissected except when overlying the tumor.

Clamping of the renal artery and/or vein is essential to control bleeding during 
tumor excision. However, the procedure may induce decreased long-term renal 
function postoperatively [37]. Ischemic time is the most important surgical risk fac-
tor affecting decreased renal function after partial nephrectomy, and measures to 
limit ischemic time and injury should be taken [38]. The non-clamping method can 
preserve long-term renal function. In non-clamping method, enucleation of tumor 
can be associated with reduced blood loss and parenchymal damage compared to 
conventional tumor excision. If abrupt bleeding occurs during tumor excision with 
non-clamping method, compression of the renal parenchyma near the cut surface 
with Monocryl sutures into the transected vessels facilitates easy hemostasis.

The conventional process of partial nephrectomy includes the occlusion of the 
renal artery during tumor excision. The clamping method is advantageous in bleed-
ing control, improved visualization, and decreased expansion of renal tissue [39]. 
Hypothermia of the kidney with ice slush is often used to prevent ischemic renal 
injury [40]. Cooling of the entire kidney should begin immediately after the occlu-
sion of the renal artery and before tumor excision. Warm ischemia for ≥25 min 
caused long-lasting diffuse damage throughout the kidney, whereas cold ischemia 
for up to 58 min prevented ischemic injury to the kidney [41].

Tumor excision with negative resection margin is crucial for oncological out-
comes. However, adjacent parenchyma should be maximally preserved for long- 
term renal function; the width of tumor-free resection margin is not associated with 

D. You et al.
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prognosis [42]. Various techniques of proper resection, such as enucleation, wedge 
resection, and polar segmental nephrectomy, have been developed. After tumor 
excision, 4-0 monocryl suture is performed for hemostasis of transected blood ves-
sels, and the argon beam coagulator can also be used. If the collecting system is 
opened, interrupted or running 4-0 monocryl suture is useful for closure. When 
leakage of urine is suspected despite suturing collecting system, retrograde ureteral 
stent insertion should be considered. After closure of the blood vessels and collect-
ing system, hemostatic bolster, composed of Surgicel and Floseal hemostatic matrix, 
is applied to the defect of the renal tissue. The approximation of cortical edges with 
a bolster and interrupted 2-0 polyglactin sutures in a tension-free manner is per-
formed. Nephropexy to the posterior muscle can be useful in preventing kidney 
migration. Jackson-Pratt drain is retroperitoneally placed to drain blood and iden-
tify urine leakage by checking creatinine levels.

 Thermal Ablative Therapies

Alternative nephron-sparing procedures for patients with localized RCC, thermal 
ablative therapies, such as radiofrequency ablation and renal cryosurgery, have also 
emerged (Fig. 1.2) [43–46]. Thermal ablative therapies are useful in old patients or 
patients with life-threatening comorbidities who are not candidates for partial 
nephrectomy, patients with local recurrence after prior partial nephrectomy, and 
multifocal hereditary RCC, where it is not possible to perform multiple partial 
nephrectomies [12]. Thermal ablative therapies have been associated with decreased 

Fig. 1.2 The concept of 
thermal ablative therapy

1 Surgical Consideration in Renal Tumors
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morbidity and faster recovery compared to partial nephrectomy, although long-term 
oncological outcomes have not been evaluated, and higher local recurrence rates 
were reported in preliminary studies [12, 45, 47]. Indications for thermal ablative 
therapy are listed in Table 1.2.

 Active Surveillance

Active surveillance is acceptable for localized RCC and should be the first management 
option for small renal masses <4 cm in unfit patients or those with limited life expec-
tancy [48]. Patients should be counseled in regard to slow and variable rates of tumor 
progression during observation period. Patients with active surveillance can lose the 
opportunity for partial nephrectomy and risk metastasis. Active surveillance is not usu-
ally recommended in patients with large renal tumors (>3 cm) and a young age or healthy 
patients with small tumors [12]. Due to lack of long-term data on surveillance, further 
research is required to define the preferred group of patients for active surveillance.

 Surgical Treatment of Locally Advanced Renal Cell 
Carcinoma

 Radical Nephrectomy

Simple nephrectomy was performed for several decades, but Robson et al. intro-
duced radical nephrectomy as the golden standard to eradicate localized RCC [49]. 
The authors reported 66% and 64% overall survival for stage I and II tumors, respec-
tively. Nowadays, radical nephrectomy is still the first choice for patients with local-
ized RCC, such as large size (mostly T2 stage) or unsuitable location for 
nephron-sparing surgery. The major concern with radical nephrectomy is decreased 
renal function and the possibility of chronic kidney disease, which is correlated with 
increased mortality [50]. Go et al. reported increased rates of cardiovascular events 
and deaths in correlation with the progression of chronic kidney disease [51]. Proper 
selection of patients for radical nephrectomy is important, and radical nephrectomy 
should only be conducted when necessary.

Table 1.2 Indications for thermal ablation therapy

Small tumor (≤3 cm) in elderly, high-risk patients who opt against active surveillance and 
prefer intervention
Severe renal dysfunction
Previous abdominal surgery
Recurrent small renal mass in a postoperative renal remnant after prior partial nephrectomy

D. You et al.
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Radical nephrectomy comprises early ligation of the renal artery and vein, 
removal of the kidney with Gerota’s fascia, ipsilateral adrenalectomy, and 
regional lymph node dissection between the diaphragm and the aortic bifurcation 
[52]. The procedure of perifascial dissection is very important to prevent postop-
erative local recurrence because about 25% of clinical T2 renal RCCs displayed 
perinephric fat involvement [53]. The ipsilateral adrenalectomy is not always 
necessary if there is no radiologic adrenal involvement or upper pole tumor near 
the adrenal gland [52, 54]. There is a controversy with respect to complete 
regional lymphadenectomy in all patients. Randomized control trials, involving 
lymph node dissection in RCC, have not displayed significant improvement [55, 
56]. RCC spreads through both blood and lymphatic system. Many patients with 
positive lymph nodes eventually show concealed metastases through the blood 
stream despite lymph node dissection. In addition, several patients with RCC 
have distant metastases without regional lymph node involvement, and the lym-
phatic course from the kidney is variable. Lymphadenectomy can be effective in 
a limited number of patients (about 2%) with micrometastases [52, 55, 57]. Thus, 
most urologists selectively conduct lymphadenectomy. Blute et al. reported that 
high-grade, sarcomatoid component, histologic necrosis, large tumors (>10 cm), 
and pathologic stages T3 or T4 were risk factors for lymph node involvement 
[57]. Patients with two or more risk factors showed about 10% lymph node 
involvement [57]. In a previous study, preoperative or intraoperative frozen sec-
tions were taken into consideration to decide dissection of hilar and regional 
lymph nodes [55].

The surgical approach should be considered depending on the size and location 
of the tumor and body type of patient. The transperitoneal approach is applied to 
control metastatic lesions and access renal vessels. Thoracoabdominal incision is 
used for large tumors involving the upper pole. Extraperitoneal flank incision is 
applied in old patients, but it is difficult for large tumors. Radical nephrectomy 
using laparoscopy is in the limelight for tumors 10–12  cm or smaller, localized 
RCCs without local invasion or in the absence of renal hilum infiltration. 
Laparoscopic radical nephrectomy resulted in less discomfort and fast recovery 
[58]. In addition, cancer-specific survival periods of laparoscopic and open radical 
nephrectomies are similar [59]. Nowadays, laparoscopy is applied in patients who 
are old and obese, and have prior operation history and large tumors, although selec-
tion bias should also be considered in each case [60, 61]. However, laparoscopic 
radical nephrectomy has been excessively conducted even in the cases of small 
renal tumors [62].

The oncologic outcome of radical nephrectomy depends on the stage of the 
tumor. Levy et al. reported 7.1%, 26.5%, and 39.4% recurrences for stages T1, T2, 
and T3, respectively [63]. Stephenson et al. mentioned increased risk of recurrence 
in pathologic stage T3 compared to stages T1 and T2 [64]. After radical nephrec-
tomy, bone scans and CT should be conducted only in cases with associated symp-
toms. This follow-up can be cost-effective and is useful to detect recurrence. 
Monitoring of chronic kidney disease is also important.

1 Surgical Consideration in Renal Tumors
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 Inferior Vena Cava Involvement

A characteristic of RCC during progression is invasion into the renal veins, induc-
ing venous thrombi. In a number of cases, the tumor thrombus grows into the infe-
rior vena cava, and the thrombus can migrate in the brain or heart. Radical 
nephrectomy and inferior vena cava thrombectomy are possible solutions for RCC 
and inferior vena cava thrombus, with cure rates of about 45–70%. The invasion of 
perinephric fat and positive lymph node and direct wall invasion of the inferior vena 
cava are risk factors indicating poor prognosis [65]. The reported rates of tumor 
thrombus in the inferior vena cava were about 4–10%. Symptoms are leg edema, 
varicocele of the right scrotum, and varicose abdominal veins. The stages are 
divided in accord with the level of inferior vena cava thrombus: levels 1, 2, and 3 
involve adjacent to the ostium of the renal vein (level 1), extending up to the lower 
aspect of the liver (level 2), and involving the intrahepatic portion of the inferior 
vena cava but below the diaphragm (level 3), respectively (Fig. 1.3) [66]. Level 4 is 
correlated with extending above the diaphragm [66]. The prognosis of thrombus 
levels is controversial. Many studies reported that levels 3–4 showed higher recur-
rence and progression and reduced survival [67, 68]. Other studies reported that 
node involvement, metastasis, or tumor grade were more important factors than 
overall survival rates [69, 70]. Surgical resection of the entire tumor, including infe-
rior vena cava thrombus, is a plausible strategy to cure the disease [71].

Magnetic resonance imaging (MRI) is a useful diagnostic tool of inferior vena 
cava involvement [72]. Gadolinium helps differentiate tumor thrombus by enhance-
ment. Recently, multiplanar CT was used to differentiate tumor thrombus [73]. MRI 
or CT preoperative images are very important, and shorter times between imaging 
and surgery are preferred, because tumor thrombus can rapidly progress [74]. 
Venacavography can provide accurate imaging of inferior vena cava thrombus, but 
it is generally conducted in patients who cannot be examined by MRI or CT. 

Level 1 Level 2 Level 3 Level 4

Fig. 1.3 Illustration of inferior vena cava thrombus level

D. You et al.
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Preoperative embolization of the renal artery can be conducted to reduce thrombus 
or ease off surgery. However, Subramanian et al. reported that embolization did not 
reduce blood loss or complications [75]. In cases of thrombus at supradiaphragm, 
cardiopulmonary bypass can be performed to prevent sudden coronary artery 
obstruction. Transesophageal sonography is also useful in monitoring thrombus 
mobilization.

The mobilization of the kidney and ligation of the artery should precede inferior 
vena cava approach. Level 1 thrombus can be easily removed by using a Satinsky 
clamp. Level 2 thrombus requires clamping of the caudal inferior vena cava, contra-
lateral renal vessels, cephalad inferior vena cava, and lumbar veins. Subsequently, 
thrombus can be removed through the opened renal ostium. Levels 3 and 4 require 
more aggressive extension. Level 3 needs the mobilization of the liver and exposure 
of the intrahepatic inferior vena cava. In certain cases, clamping the suprahepatic 
inferior vena cava and Pringle maneuver interrupting blood flow through the hepatic 
artery and portal vein, thus controlling bleeding from the liver, are necessary. Level 
4 has generally been managed by cardiopulmonary bypass with hypothermic circu-
latory arrest.

Mortality rates for level 4 thrombus surgery as high as 5–10% have been reported; 
they were related to the patients’ comorbidities and tumor characteristics [69]. 
Thus, the selection of patients and operation planning are important [76]. Good 
performance status and the absence of lymph node and other metastases are corre-
lated with good prognosis. However, severe edema, ascites, cardiac problems, 
severe pain, and hematuria can occur after surgery [77]. Therefore, surgery should 
be avoided in high-risk patients with short life expectancy.

 Locally Invasive Renal Cell Carcinoma

Fewer than 2% of nephrectomy cases are at stage T4. Patients with locally invasive 
RCC have pain due to direct invasion of the abdominal wall, nerve, or paraspinous 
muscles. Liver invasion is uncommon. Instead, liver metastasis is more common 
than extension. The capsule of large tumor can press the liver parenchyma. However, 
direct invasion to the liver is a rare event. Margulis et al. reported that only 40% of 
patients who were expected to have direct invasion by imaging were confirmed [78]. 
In cases of direct invasion to the liver, partial hepatectomy is rarely performed. 
Tumor invasions to the duodenum and pancreas are rare and result in poor progno-
sis. Rarely do tumors invade the colon or its mesentery. In cases of large masses in 
the upper abdomen, adrenocortical carcinoma, infiltrative urothelial carcinoma, sar-
coma, and lymphoma should be differentially diagnosed and carefully excluded, 
prior to diagnosis of advanced RCC.

Operation is the only option for locally invasive RCC. Therefore, en bloc resec-
tion, including invaded adjacent organs, is conducted in certain cases. Complete 
elimination of tumor is the goal of treatment. Margulis et al. reported that, despite 
extensive surgical resection, most patients (83.3%) with pathological stage T4 
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tumors had recurrences during a median period of 2 months after operation [78]. 
Karellas et al. reported that 90% of patients with negative resection margins died 
within a median period of 1 year after operation due to cancer. Preoperative embo-
lization of the renal artery does not provide survival benefit in patients with radical 
nephrectomy for RCC, but may reduce bleeding [79].

Incomplete resection of large tumors resulted in poor outcomes. Dekernion et al. 
reported that only 12% of patients who underwent debulking surgery survived at 
12 months [80]. Karellas et al. mentioned that positive resection margins of stage T4 
tumors showed poor outcomes [81]. The 5-year survival rate was less than 5% in 
stage T4 tumors that invaded into adjacent organs.

The role of radiotherapy in  locally advanced RCC is still questionable. Early 
studies on radiotherapy reported improved survival [82]. Van der Werf-Messing 
reported that radiation therapy did not result in survival differences at 5 years [83]. 
Postoperative radiation therapy can delay progression in cases of residual tumors 
after surgery of the renal fossa or adjacent lesion [84]. After radiation therapy, com-
plications in small bowel should be considered because it is radiosensitive. 
Nowadays, radiation therapy is rarely used, and targeted therapy has replaced it in 
cases of residual or locally recurrent tumors.

 Surgical Treatment of Metastatic Renal Cell Carcinoma

 Cytoreductive Nephrectomy

Radical nephrectomy in patients initially presenting with metastatic disease, termed 
cytoreductive nephrectomy, is often indicated as part of a multimodal treatment 
strategy. The role of cytoreductive nephrectomy preceding cytokine therapy has 
been extensively studied. It is supported by the results of two prospective clinical 
trials, in which patients with metastatic RCC were randomly assigned to cytoreduc-
tive nephrectomy in combination with interferon-alpha or interferon-alpha treat-
ment only [85, 86]. In a combined analysis, patients treated with cytoreductive 
nephrectomy followed by interferon-alpha treatment had a survival benefit of 13.6 
versus 7.8  months compared to patients taking interferon-alpha alone [87]. A 
population- based study from the Surveillance, Epidemiology, and End Results data-
base validated these findings and confirmed the survival benefit of cytoreductive 
nephrectomy relative to no surgery [88]. However, the risk of perioperative morbid-
ity/mortality and the inability of a considerable number of patients undergoing cyto-
reductive nephrectomy to subsequently receive systemic therapy clearly underscore 
the need for careful patient selection [89].

The introduction of targeted therapies has prompted reassessment of the role of 
cytoreductive nephrectomy combined with targeted therapy. Since targeted therapy 
has a different mechanism of action and produces more robust clinical effects than 
cytokine therapy, cytoreductive nephrectomy may not increase the clinical efficacy 
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of such drugs [90]. Two randomized prospective trials (CARMENA and SURTIME) 
were specifically designed to evaluate the survival benefit and appropriate timing of 
cytoreductive nephrectomy when used in conjunction with targeted therapy [91, 
90]. SURTIME trial closed early in July 2016 due to low recruitment and, thus, may 
not show differences in the primary and secondary endpoints [92]. In CARMENA 
trial, targeted therapy alone was not inferior to cytoreductive nephrectomy followed 
by targeted therapy in patients with metastatic RCC who were classified as the 
Memorial Sloan Kettering Cancer Center intermediate or poor risk [93]. Based on 
several retrospective series, the role of cytoreductive nephrectomy remains contro-
versial in the era of targeted therapy [94, 95]. Another recent study suggested the 
potential benefit of cytoreductive nephrectomy in selected patients [96].

Cytoreductive nephrectomy can be performed with palliative intent in patients 
having intractable pain, hematuria, constitutional symptoms, or paraneoplastic syn-
drome. Cytoreductive nephrectomy with palliative intent is rarely performed, due to 
the availability of alternative approaches for symptom palliation and questionable 
clinical benefit [97].

 Metastasectomy in Patients with Metastatic Renal Cell 
Carcinoma

A complete surgical resection is the only option to cure the disease in patients with 
metastatic RCC, due to lack of complete or long-term results from currently avail-
able systemic agents [8–10]. In 1939, Barney and Churchill first reported a meta-
static RCC patient who lived 23 years after undergoing cytoreductive nephrectomy 
and metastasectomy for lung metastasis [98]. Since then, metastasectomy has 
become a promising option for treatment of patients with metastatic RCC [99]. 
However, level 1 evidence showing that metastasectomy improves prognosis and 
survival is lacking. To date, only one prospective study has evaluated the role of 
metastasectomy in metastatic RCC patients receiving cytokine, tumor vaccine, or 
chemotherapy [100]. In this study, the elimination of disease was surgically achieved 
in 29 out of 38 enrolled patients, and median progression-free and overall survivals 
were 1.8 and 4.7 years, respectively. Surgically, no evidence of disease was an inde-
pendent predictor of outcome along with lung metastasectomy. This is consistent 
with results from large retrospective studies in the cytokine therapy era and a sys-
tematic review [67, 101, 102]. Two retrospective studies concluded that complete 
metastasectomy improved overall survival of metastatic RCC patients who received 
targeted therapy [103, 104].

Metastasectomies to alleviate pain or prevent potentially life-threatening or 
debilitating complications are often performed in a variety of situations, including 
solitary brain metastases, metastatic lesions in weight-bearing bones, or vertebral 
metastatic lesions with impending cord compression. Metastasectomy is often com-
bined with radiation and/or systemic therapy.

1 Surgical Consideration in Renal Tumors
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 What Information Is Needed from Pathologists? The Urologic 
Surgeon’s Point of View

 1. Type of kidney tumor, benign vs. malignant or nonneoplastic
 2. In malignant tumors

• Type of renal cell carcinoma
• Necrosis, sarcomatoid component (%)
• Grading [WHO/ISUP grading (Fuhrman nuclear grade) or chromophobe 

tumor grade]
• Tumor size
• Presence or absence of perirenal fat extension or sinus fat invasion
• Renal vein invasion
• Extension to pelvicalyceal system or beyond Gerota’s fascia or to adrenal 

gland (direct or noncontiguous)
• Margins
• LN status
• Lymphovascular invasion
• Tumor synoptic, TNM stage

 3. Tissue procurement
 4. Any others: Immunohistochemical studies (e.g., VEGF)
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Chapter 2
Renal Cell Carcinoma: Oncologist Point 
of View

Amado J. Zurita

Kidney cancer is among the ten most frequently diagnosed cancers in the United 
States, with more than an estimated 65,000 new cases and 14,900 deaths in 2018 
[1]. Per the Surveillance, Epidemiology, and End Results Program database of the 
National Institutes of Health, the median age at diagnosis of kidney cancer is 
64 years. It is more common in men than in women and among African Americans 
and American Indian and Alaska Native populations [2]. Kidney cancer’s inci-
dence has increased on average 0.7% each year over the last 10 years, while death 
rates declined on average 0.9% each year over 2005–2014 [2]. Screening for the 
disease is not standard. Current 5-year survival rates are 76% overall, including 
66.7% among patients with regional disease and 11.7% among patients with meta-
static disease [2]. Renal cell carcinoma (RCC), the most common form of kidney 
cancer arising from the nephron and the subject of this chapter, occurs in approxi-
mately 90% of cases, and 70–80% of these are clear cell tumors. Other less com-
mon cell types with different histologic, molecular, and genetic alterations include 
papillary, chromophobe, translocation, Bellini duct (collecting duct), and medul-
lary tumors.

Patients with RCC usually present with a mass in the kidney that has been visual-
ized using an imaging study, often a CT scan. The widespread availability of CT and 
ultrasound has resulted in increased detection of incidental lesions, so that presenta-
tions based on the typical triad of symptoms (hematuria, flank mass, and/or flank 
pain) are nowadays relatively rare. Approximately one third of patients with RCC 
present with a disease that is no longer localized [2], and of those with localized 
RCC treated with curative intent, approximately one quarter have distant relapses 
[3]. Metastases occur most often in the lungs, lymph nodes, liver, bone, and brain. 
Tumor stage (TNM), defined by the anatomic involvement of disease, remains one 
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of the strongest prognostic factors in the clinical outcome of patients with 
RCC. Because surgical resection is curative for a proportion of patients with local-
ized RCC, several models have been developed to predict outcomes after surgery. 
Those most studied, such as the SSIGN or the UISS, include clinicopathologic char-
acteristics (stage, tumor size, nuclear grade, the presence of tumor necrosis, or the 
Eastern Cooperative Oncology Group performance status) [4, 5], but recent work 
has also identified prognostically important genomic markers and molecular signa-
tures. Mutations of tumor suppressor genes on chromosome 3p21, including those 
of BRCA1-associated protein-1 (BAP1) and the histone-lysine N-methyltransferase 
enzyme SETD2, have been linked to worse prognosis [6]. Conversely, mutations 
involving polybromo-1 (PBRM1) had a more favorable prognosis [7]. A gene 
expression panel that included 16 genes was found to independently predict 
increased risk of recurrence in patients undergoing radical nephrectomy for stage I 
to III clear cell RCC [8]. Moreover, comprehensive genomic and proteomic profil-
ing of more than 400 primary clear cell RCC tumors from The Cancer Genome 
Atlas (TCGA) identified four prognostic signatures for clear cell RCC, which 
appear to represent the variable usage of key pathways and metabolites by tumors 
[9]. None of these factors or signatures has yet reached clinical application for 
patient care.

The past 15 years have brought considerable progress in the systemic treatment 
of RCC, mostly in relation to increasing understanding of the pathogenesis of 
clear cell renal cell carcinoma. Treatments targeting the vascular endothelial 
growth factor (VEGF) as a critical mediator of tumor angiogenesis, the negative 
regulator of the immune response programmed cell death protein 1 (PD-1), and 
the mechanistic target of rapamycin (mTOR), a central regulator of cellular 
metabolism, growth, and survival, have significantly increased survival rates in 
this disease.

 Treatment of Localized Disease

Surgical resection remains an effective therapy for clinically localized and locally 
advanced RCC. The choice of surgical procedure depends upon the extent of dis-
ease and patient-specific factors such as age and comorbidity. Options include radi-
cal nephrectomy and nephron-sparing surgery through a conventional or a minimally 
invasive approach such as laparoscopy, aiming to optimize long-term renal function 
and cancer-free survival. Ablative procedures such as cryotherapy and radiofre-
quency ablation are alternatives for patients with relatively small renal masses who 
are not surgical candidates. Disease monitoring typically includes at least history 
and physical exam, a comprehensive metabolic panel, and imaging of the chest and 
abdomen. The median time to relapse after surgery is 1–2 years, and most relapses 
occur within the first 3 years [10].
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 Any Role for Adjuvant Therapy?

Before the targeted therapies became available, randomized trials comparing adju-
vant or complementary high-dose interleukin-2 (IL-2), interferon alpha (IFN-α), or 
other immune therapy combinations with observation alone showed no delay in 
time to relapse or improvement in survival in patients with locally advanced, com-
pletely resected RCC [11]. An antibody targeting carbonic anhydrase IX [12], hor-
mone therapy, chemotherapy, or radiation treatment was not found efficacious either 
[11]. Since then, several clinical trials have explored the role of antiangiogenic 
therapies and mTOR inhibitors, which are known active drugs in the advanced dis-
ease setting. The results of S-TRAC, one of those studies, showing an improvement 
in disease-free survival (DFS) of approximately 1.2 years compared with placebo in 
patients with clear cell RCC of higher risk, led to the approval of the angiogenesis 
inhibitor agent sunitinib (54 weeks in 6-week cycles, 4 weeks on and 2 weeks off) 
for adjuvant therapy [13]. However, the still immature data suggests that the differ-
ence in DFS will not translate in overall survival (OS) benefit [13]. Two other large 
phase 3 trials (ASSURE, testing 1 year of sunitinib, the first-generation antiangio-
genic sorafenib, or placebo in patients with intermediate or high risk for recurrence; 
and PROTECT, evaluating pazopanib, an alternative antiangiogenic, vs. placebo for 
1  year) failed to identify important differences in DFS [14–16]. Because of the 
overall questionable benefit, cost, and the significant and potentially serious side 
effects of VEGF inhibitors, observation remains the standard of care after nephrec-
tomy for most patients. Those eligible should be offered enrollment in randomized 
clinical trials, the most widely available of which are evaluating novel immuno-
therapy agents targeting PD-1.

 Indications for Surgery and Radiation in Advanced Disease

Patients with metastasis or unresectable primary disease may also benefit from sur-
gery. Randomized clinical trials showed that cytoreductive nephrectomy performed 
prior to IFN-α immunotherapy resulted in improved survival compared with no 
surgery [17, 18], but similar prospective data are not available in the era of angio-
genesis inhibitors and more current types of immunotherapy. However, retrospec-
tive analyses suggest that cytoreductive nephrectomy continues to play a role in 
these settings as well [19, 20], and therefore resection of the primary tumor is typi-
cally part of the care of patients with known metastatic disease and a good perfor-
mance status, a limited amount of metastases, and no or little symptoms from them, 
if the surgery is technically feasible.

Patients who present with primary RCC and a solitary site of metastasis in the 
lung, bone, or brain, or limited lymphadenopathy, are candidates for nephrectomy 
and surgical metastasectomy. Similarly, those who develop a solitary recurrence 
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after a prolonged disease-free interval from nephrectomy may benefit from 
 metastasis resection. Most of these patients experience disease recurrence, but pro-
longed disease control is not uncommon [21].

Conventional and stereotactic modalities of radiation therapy are typically used 
to treat bone and brain metastases [22]. In particular the stereotactic modality can 
result in high rates of local control with relatively minimal toxicity [23].

 Systemic Therapy for Advanced Disease

Systemic treatment options for metastatic kidney cancer have expanded substan-
tially in the past 12 years. Antiangiogenic drugs targeting VEGF and its recep-
tors (bevacizumab, sorafenib, sunitinib, pazopanib, axitinib, cabozantinib, and 
lenvatinib), mTOR inhibitors (temsirolimus and everolimus), and an immune 
checkpoint inhibitor (nivolumab) have resulted in higher rates of response, lon-
ger progression- free survival (PFS), and in some cases OS than IFN-α and IL-2, 
the previously used immunotherapies, and have consequently been approved for 
use [24]. Treatment decisions are based on the available evidence, the individual 
characteristics of the disease and the patient including comorbid conditions, and 
the toxicity profiles of specific agents. Since not all of the drugs have been 
directly compared, several options exist for both first- and second- and later-line 
therapies [25].

Clinical factors associated with reduced OS have been integrated into prognostic 
models, which separate patients according to their expected outcomes and help 
stratify risk and select therapy. The most widely used are those of the Memorial 
Sloan Kettering Cancer Center (MSKCC) [26] and the International Metastatic 
Renal Cell Carcinoma Database Consortium (IMDC) [27], which share four fac-
tors—poor performance status, less than a 1-year interval from diagnosis to treat-
ment, a high serum calcium level, and a low hemoglobin concentration—and differ 
in one: a high serum lactate dehydrogenase level in the MSKCC model is replaced 
by high neutrophil or platelet count in the IMDC’s. The IMDC model was devel-
oped after the VEGF-targeted therapies became widely available and stratifies 
patients into three risk categories on the basis of the number of risk factors, with 
estimated median OS of 43  months (favorable), 22  months (intermediate), and 
8 months (poor risk) [27]. Multiple candidate predictive molecular biomarkers from 
the blood and tissue have been explored to guide the application of therapy in RCC, 
but none have been validated for clinical use [28].

In general, systemic therapy is initiated promptly in patients with metastasis 
or locally advanced RCC, but studies have shown that those asymptomatic with 
favorable risk and limited disease burden and number of organ sites involved 
can safely defer treatment until more compelling disease progression is docu-
mented [29].
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 Clear Cell Renal Cell Carcinoma

Molecularly targeted antiangiogenic therapy and increasingly immunotherapy with 
checkpoint inhibitors are the main systemic treatment options for patients with 
advanced clear cell RCC. Treatments with level 1 evidence frontline include suni-
tinib and pazopanib, oral drugs that inhibit the tyrosine kinases of the VEGF and 
other receptors and are the most commonly used agents; bevacizumab, a monoclo-
nal antibody that blocks VEGF, in combination with IFN-α; and the mTOR inhibi-
tor temsirolimus for the poor risk group. A phase 3 trial compared sunitinib to 
pazopanib as first-line treatment and found that pazopanib has similar efficacy but 
less negative effects on quality of life parameters [30]. Common and potentially 
severe side effects of both such as fatigue, anorexia, nausea, diarrhea, hypertension, 
and bone marrow toxicity frequently require adjustments in dose and schedule. For 
the approximately 20% of patients who present with poor-risk clear cell RCC, 
weekly intravenous temsirolimus is an alternative option with very limited efficacy 
[31]. However, two recently presented studies are changing the status quo for the 
patients presenting with the more aggressive disease. CABOSUN was a randomized 
open-label phase 2 study that compared the VEGF receptor, c-MET, and AXL 
inhibitor cabozantinib to sunitinib in patients with previously untreated IMDC 
intermediate and poor-risk RCC [32]. Cabozantinib demonstrated longer PFS 
(median 3.3 months) and higher objective response rate (ORR) than sunitinib [33] 
and was approved in the first-line setting by the Food and Drug Administration in 
December 2017. The second of the trials was the randomized open-label phase 3 
CHECKMATE-214 study, which evaluated the combination of the immune check-
point inhibitors nivolumab (anti-PD-1) and ipilimumab (anti-cytotoxic T 
lymphocyte- associated antigen 4, CTLA-4) in comparison to sunitinib. The combi-
nation of immunotherapies resulted in improved PFS (median 3.2  months), OS 
(37% decreased risk of death), and higher rates of response (15% difference) than 
sunitinib in previously untreated patients with IMDC intermediate and poor-risk 
disease (especially in tumors with ≥1% PD-L1 expression), and therefore it is likely 
to become a new standard for those patients [34]. Interestingly, IMDC favorable- 
risk patients achieved higher ORR and longer PFS with sunitinib [34].

In second and later lines of treatment after first-line VEGF-targeted therapy, the 
results of phase 3 trials provide the highest support for the use of axitinib [35, 36], 
cabozantinib [37, 38], nivolumab [39], and the combination of everolimus with lenva-
tinib (an inhibitor of the VEGF receptors, fibroblast growth factor receptors (FGFR) 
1–4, and other receptors) [40]. Both cabozantinib and nivolumab demonstrated signifi-
cantly longer OS (median 4.9 months and 5.4 months, respectively) [38, 39] than the 
mTOR inhibitor everolimus, which had previously proven to result in longer PFS than 
placebo in patients with advanced clear cell RCC refractory to antiangiogenic therapy.

Although clearly effective, all these medications can result in important toxici-
ties leading to dose reductions, changes in schedule, and even discontinuation in 
7–24% of the patients that take them.
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Since options increase and head-to-head comparisons between the best therapies 
are generally not available, no good data exists to guide how to sequence therapies 
in the individual patient.

 Non-clear Cell Renal Cell Carcinoma

The histologic and molecular characteristics and the clinical outcomes of non-clear 
cell RCC are heterogeneous and differ from clear cell RCC. Still, available data 
shows that albeit less effective, targeted therapies approved for clear cell RCC, par-
ticularly VEGF inhibitors, may also be beneficial. Two randomized phase 2 trials 
compared sunitinib with everolimus specifically in patients with non-clear cell 
RCC, primarily the papillary cell type (the most frequent non-clear cell subtype), 
and found that sunitinib resulted in better survival outcomes [41, 42]. Other agents 
showing responses as single agent in papillary RCC include inhibitors of c-MET 
(sporadic papillary RCC and hereditary papillary type 1 RCC are associated with 
alterations in MET) [43] and erlotinib (an epidermal growth factor receptor inhibi-
tor) [44]. Cytotoxic chemotherapies such as gemcitabine and platinum derivatives 
are active especially for collecting duct RCC and renal medullary carcinomas [45] 
and are sometimes used in the treatment of RCC with sarcomatoid features [46]. 
Data from prospective studies investigating the activity of immunotherapy with 
checkpoint inhibitors for non-clear cell RCC are still missing.

 What Is Next?

Preclinical data suggests synergy between angiogenesis inhibition and immune sys-
tem activation [47]. This, together with phase 1/2 studies [48] showing promising 
ORR with manageable toxicities, has led to the development of several phase 3 tri-
als combining anti-VEGF agents with checkpoint inhibitors. The results of these 
studies are expected to become available within the next 2 years and may well lead 
to new treatment indications.

Integration of the increasing knowledge on molecular RCC subtypes derived 
from investigations of somatic mutations, gene expression, and DNA methylation in 
human samples into the design of clinical trials, and the rationale clinical develop-
ment of novel drugs in the pipeline targeting pathways relevant to RCC biology, will 
get us closer toward personalized therapy selection and the definitive goal of cure, 
even for patients with metastasis.
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Chapter 3
Normal Anatomy and Histology 
of the Kidney: Importance for Kidney 
Tumors

Ziad M. El-Zaatari, Komal Arora, Mukul K. Divatia, and Jae Y. Ro

The kidneys are a pair of bean-shaped organs located in the upper retroperitoneal 
cavity. For kidney tumors, a clear understanding of embryology, normal anatomy, 
and histology is important. In this chapter, we will discuss the embryonic develop-
ment of the kidney and its normal anatomy and histology, in relation to surgical 
kidney diseases, especially tumor pathology.

 Embryologic Development

Kidney development progresses through three stages: pronephros, mesonephros, and 
metanephros. The pronephros develops in the lower cervical and upper thoracic 
regions during the third gestational week as a condensation of the intermediate meso-
derm. The pronephros regresses by the fourth gestational week; however, the proneph-
ric duct is preserved and ultimately gives rise to the mesonephric duct. The mesonephros 
develops more caudally, from the intermediate mesoderm during the fourth week of 
gestation, before the pronephros regresses. The mesonephros contains 20–40 neph-
rons, comprising glomeruli that are directly connected to tubules, some of which con-
nect directly to the mesonephric duct. Most tubules degenerate but the mesonephric 
duct persists bilaterally. The ureters, renal pelvis, and bladder trigone are derived from 
the mesonephric duct in both sexes. In males, the mesonephric duct also gives rise to 
the vasa deferentia, epididymis, and seminal vesicles. The mesonephric duct comes in 
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contact with the cloaca, a precursor of the urinary bladder at the caudal aspect. It then 
grows cranially as the ureteric bud until it comes in contact with the metanephric mes-
enchyme or blastema. The ureteric bud and metanephric mesenchyme reciprocally 
induce growth, forming the metanephros or the mature kidney. The ureteric bud 
branches to form the renal pelvis, major and minor calyces, and collecting ducts. The 
ureteric bud secretes growth factors that induce blastema to undergo mesenchymal-to-
epithelial transition. The metanephric mesenchyme develops into glomeruli, proximal 
and distal tubules, and the loops of Henle. The process of nephrogenesis continues 
until the 32nd gestational week. After the metanephros forms, it gradually rises from 
the pelvis to a higher position in the abdomen, a process referred to as “ascent.” As 
ascent occurs, the vascular supply to the kidney moves from the common iliac arteries 
to higher branches of the abdominal aorta. Older arteries supplying the kidney succes-
sively involute until the final renal arteries are established [1–3].

Perturbations of normal embryologic development can explain the origin of some 
tumors and anomalies encountered in the kidney. Wilms tumor arises from retained 
primitive kidney tissues, or nephrogenic rests, and often harbors mutations in genes 
important for kidney development including the WT1 gene [4]. Metanephric adenoma, 
which may occur in children to elderly individuals, and more commonly in females, may 
arise from nephrogenic rests or maturation of Wilms tumor [5]. Premature division of the 
ureteric bud can give rise to duplications of the ureter, the renal pelvis, or the entire kid-
ney. Duplication of the ureter is the most common malformation of the urinary tract and 
is associated with urinary tract infections, vesicoureteral reflux, ectopic ureterocele, and 
poor renal function [6–8]. Renal dysplasia may result from failure of proper differentia-
tion of the nephron and collecting duct [9]. Fusion giving rise to a “horseshoe” kidney 
results from abnormal migration during kidney ascent [3]. Failure of involution of the 
developing renal vasculature may lead to the formation of accessory renal arteries [1].

 Anatomic Features

The kidneys are retroperitoneal organs that extend from the 12th thoracic vertebra 
to the 3rd lumbar vertebra and along the borders of the psoas muscles. The kidneys 
are positioned obliquely with a slight tilt of the upper poles toward the midline. The 
adult kidney is about 10–12 cm in length, 5.0–7.5 cm in width, and 2.5–3.0 cm 
thick. The right kidney is slightly shorter than the left one due to downward com-
pression by the liver. Based on a sonographic study, in adults, the medial length is 
11.2 cm (4.4 in) for the left kidney and 10.9 cm (4.3 in) for the right one [10]. The 
normal adult kidney weighs 125–170 g in males and 115–155 g in females [11, 12].

An understanding of the gross anatomic features and anatomic relationships of 
the kidneys to surrounding organs is essential for accurate gross evaluation of renal 
tumors and staging of renal cell carcinoma (RCC). Each kidney is enclosed by two 
layers of fascia and two layers of fat, which are the following (from innermost to 
outer): the renal capsule, the perirenal fat, the renal fascia (Gerota’s fascia), and the 
pararenal fat [13]. RCC confined to the renal parenchyma without extension beyond 
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the renal capsule is staged as T1 or T2, depending on tumor size. Stage T1 com-
prises tumors that are 7  cm or less in the greatest dimension, and T2 comprises 
tumors that are more than 7 cm in the greatest dimension. Extension of RCC beyond 
the renal parenchyma and into the perirenal fat constitutes T3 disease, whereas 
extension beyond Gerota’s fascia is considered T4 disease [14].

The kidneys are related posteriorly to the diaphragm, muscles of the posterior 
abdominal wall, and the 11th and 12th ribs. Anteriorly, the right kidney is related to 
the liver, the second part of the duodenum, and the ascending colon. The left kidney 
is anteriorly related to the stomach, pancreas, spleen, and descending colon. The 
adrenal glands cap the kidneys superiorly [13]. Contiguous extension of a primary 
RCC from the upper pole to the ipsilateral adrenal gland is considered as T4 disease. 
RCC of the middle or lower pole of the kidney involving the adrenal in a discontinu-
ous manner is considered metastatic (M1) disease [14].

The kidneys are grossly composed of the renal cortex, medulla, major and minor 
calyces, pelvis, and hilum (Fig. 3.1). The cortex is approximately 1 cm thick and con-

Medulla

Renal Cortex

Renal Cell Carcinoma

Sinus Fat

Pelvis

Major Calyx
Minor Calyx

Perirenal Fat

Fig. 3.1 Gross anatomy of the kidney as seen on a nephrectomy specimen with renal cell carci-
noma. The knowledge of the various anatomic structures and their relationship to kidney tumors are 
essential for accurate cancer staging. (Courtesy of Monica B. Lemos, Pathologists’ Assistant)
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tains the nephrons, which are the units of filtration, in addition to the renal tubules. The 
medulla is the inner layer and contains the renal tubules and collecting ducts. The pyra-
mids are extensions of the renal cortex between the medulla with tips that end at a 
minor calyx. Urine is passed to the minor calyces, which drain into a major calyx. The 
renal pelvis is the confluence of the major calyces and conveys urine to the proximal 
portion of the ureter. The pelvis exits the kidney through the hilum, which is also the 
region where arteries, veins, nerves, and lymphatics enter or exit the kidney. The struc-
tures of the hilum are surrounded by a portion of the perirenal fat named the renal sinus 
fat [12, 13]. Invasion of RCC of the renal sinus fat corresponds to pT3a disease [14].

The vascular supply of the kidneys originates from the abdominal aorta, which 
gives rise to the left and right main renal arteries. These arteries branch into anterior 
and posterior divisions from which segmental arteries, most commonly five, are 
derived. The segmental arteries give rise to interlobar arteries, which pass between 
two renal pyramids (these areas are referred to as the columns of Bertin), and then 
give rise to arcuate arteries that travel along the corticomedullary junction. The 
interlobular arteries then rise approximately perpendicular to the arcuate arteries 
and end in afferent arterioles that enter glomeruli. Exiting each glomerulus is an 
efferent arteriole that supplies nearby tubules. Most of the blood supply of the 
medulla also originates from juxtamedullary efferent arterioles that give off long 
and thin branches, the vasa recta. The remainder of the blood supply to the medulla 
comes from branches of the interlobar arteries. The venous and lymphatic drainage 
of the kidney mostly follows the arterial anatomy. The venous drainage terminates 
in the renal vein, which drains into the vena cava.

The lymphatic vessels drain into the paraaortic lymph nodes [13]. In cases of 
nephrectomies performed for RCC, lymph node dissection is not routinely per-
formed by the surgeon in many cases, especially in cases of limited disease, as the 
clinical benefit of this procedure is still contentious [15, 16]. The prosector of a 
 radical nephrectomy specimen may occasionally find lymph nodes within the renal 
adipose tissue, especially in the renal hilum close to major vessels [14]. Unlike car-
cinomas of other organs, lymphatic spread of RCC is unusual. Therefore, usually it 
is not necessary to perform an extensive search for renal hilar lymph nodes, as at 
least one study showed that positive hilar lymph nodes are almost always grossly 
visible [17]. In RCC, blood-borne metastasis is usual and more common. The 
involvement by RCC of the renal vein or its muscle-containing branches is consid-
ered stage pT3a, whereas the involvement of the vena cava below or above the dia-
phragm is defined as pT3b or pT3c disease, respectively. Invasion into the wall of 
the vena cava is also considered pT3c. Thus, it is important to document the vascular 
involvement of RCCs in the kidney both macroscopically and microscopically [14].

The kidney receives parasympathetic innervation originating from the vagus 
nerve and sympathetic innervation supplied by the lesser and least splanchnic nerves 
in addition to the lumbar splanchnic nerves [13]. Neural invasion is not commonly 
found in cases of RCC, and the significance of such a finding has not been exten-
sively studied.
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 Histology

Understanding normal kidney histology is more essential in nontumoral kidney dis-
eases and less so for mass-forming surgical kidney diseases. Nonetheless, the 
knowledge of normal histology is relevant to kidney tumor histogenesis and is valu-
able in assessing renal parenchymal changes in the uninvolved kidney in association 
with RCC. The principal structural and functional unit of the kidney is the nephron 
(Fig. 3.2), which is composed of a continuum of microscopic structures through 
which blood is filtered and urine is formed. The structures of the nephron are ordered 
topographically within the cortex and medulla and consist of glomeruli and a con-
nected system of tubules that begin with the proximal tubules and end in the distal 
collecting ducts.

Thin ascending limb
of Henle’s loop

Thick ascending
limb of Henle’s
loop

Cortex

Medulla

Thin descending
limb of Henle’s loop

Collecting
duct

Distal tubule

Efferent arteriole

Afferent
arteriole

Bowman’s
capsule

Proximal
tubule

Fig. 3.2 Anatomy of the nephron, the basic structural and functional unit of the kidney. (Courtesy 
of Ahmed Shehabeldin, MD)
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 General Nephron Structure

The nephron begins with the glomeruli, which are located within the kidney cortex. 
Cortical nephrons have glomeruli located more superficially within the cortex, 
whereas juxtaglomerular nephrons have glomeruli closer to the medulla and course 
deeper into the medulla. Blood flowing through the convoluted glomerular tuft is 
filtered, and the filtrate is collected in Bowman’s space and passed on to the proxi-
mal convoluted tubule. The convoluted proximal tubule is located within the cortex 
and continues as a straight segment extending from the cortex to the medulla. The 
loop of Henle is a “U” or hairpin-shaped loop located exclusively within the medulla 
and connects the proximal tubule with the distal convoluted tubule in the cortex. The 
distal convoluted tubule connects with the collecting duct, where urine is passed to 
the renal papilla and collected in the renal pelvis [18].

 Glomerulus

The glomerulus is composed of a complex tuft of capillaries, originating from the 
afferent arteriole, and is surrounded by Bowman’s capsule. The term renal corpuscle 
describes these structures more accurately; however, the term glomerulus is often 
used interchangeably. In the adult kidney, glomeruli are distributed throughout the 
cortex, whereas in pediatric kidneys glomeruli are concentrated beneath the capsule 
and are smaller in size with prominent podocytes and a more clouded appearance. 
The endothelial cells lining the glomerular capillaries have light eosinophilic cyto-
plasm and oval-round nuclei. The cytoplasm of each endothelial cell is very thinly 
stretched around the capillary lumen, with a thicker portion at one pole containing 
the nucleus. In between capillary loops are mesangial cells and an associated mesan-
gial matrix. Mesangial cell nuclei stain more darkly basophilic than the endothelial 
cells [1]. Some mesangial cells are located just outside the glomerulus adjacent to 
the afferent and efferent arterioles and form part of the juxtaglomerular apparatus, a 
structure that secretes renin and has hormonal control of blood pressure [18].

Juxtaglomerular cell tumor is a rare neoplasm originating from smooth muscle 
cells within the juxtaglomerular apparatus [19]. Specialized cells referred to as 
podocytes surround the outer surface of glomerular capillary loops. Under the light 
microscope, podocytes have oval, round nuclei and abundant pink cytoplasm [1]. 
The space between the outer surface of capillaries and Bowman’s capsule is called 
urinary space. Finally, Bowman’s capsule is lined by a simple squamous epithelium, 
a fact that can be difficult to demonstrate on H&E-stained sections but is more eas-
ily demonstrated with keratin immunostaining [1, 18].

 Proximal Tubular System

The proximal tubules are lined with a single layer of cuboidal to low columnar cells 
with eosinophilic to slightly granular cytoplasm. Each cell includes a round nucleus 
found in the center or close to the epithelial base. On light microscopy, the borders 
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between tubular epithelial cells are indistinct. On the luminal aspect of the proximal 
tubule, there is a brush border, which can be highlighted with PAS staining. In 
cross-sections of the cortex, the proximal tubules occupy the majority of the cortical 
area with interspersed glomeruli and distal tubules. Compared to the cells lining the 
distal tubules, those of the proximal tubule appear plumper with more abundant 
cytoplasm and a higher degree of eosinophilic staining. Also, more nuclei per cross- 
section are seen in the distal tubules as compared to the proximal tubules [1]. The 
proximal tubule epithelium is thought to be the origin of conventional (clear cell) 
and papillary renal cell carcinomas [20].

 Loop of Henle

The loop of Henle is composed of thin descending limb, ascending limb, and a thick 
ascending limb. The straight segment of the proximal convoluted tubule abruptly 
narrows to transition to the thin descending limb of Henle’s loop. The thin limbs of 
Henle’s loop are lined by simple squamous epithelium. The lining epithelium is 
markedly attenuated with flattened lining cells, scant cytoplasm, and lenticular- 
shaped nuclei that can be seen slightly protruding into the lumen. The thin limb 
epithelia have been shown to be positive for keratins 7, 8, 18, and 19 [21, 22]. The 
thick ascending limb is lined with a single layer of cuboidal cells with more abun-
dant eosinophilic cytoplasm and round nuclei that are apically located and bulge 
slightly into the lumen.

 Distal Convoluted Tubule and Collecting Duct

The distal convoluted tubule begins in the cortex where the thick ascending limb 
of Henle’s loop ends. The lining epithelium is similar to that of the thick ascend-
ing limb; however, the cells are taller with nuclei positioned closer to the lumen. 
The distal convoluted tubule is connected to the collecting duct by a connecting 
segment. Cells lining the connecting segment are mixed and are similar to either 
those of the distal convoluted tubule or the collecting duct. In juxtamedullary 
nephrons, the connecting segments from several nephrons combine to form an 
arcade that drains into an initial collecting tubule that finally empties into a col-
lecting duct. In most nephrons, however, the connecting segment does not form 
an arcade and drains directly into an initial collecting tubule before joining the 
collecting duct. The collecting duct extends from the cortex to the tip of the 
renal papilla in three segments: cortical, outer medullary, and inner medullary. 
The collecting ducts progressively join and form ducts with larger lumens as 
they pass toward the papilla. The ducts of Bellini are the final distal and terminal 
portions of the collecting ducts. Each renal papilla includes 20–70 of these ter-
minal ducts. The cells lining the collecting ducts are cuboidal proximally and 
transition to a taller columnar lining distally. Urothelial carcinoma spreading 
within the collecting ducts, unlike direct invasion of carcinoma of the renal 
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parenchyma, does not affect the T-stage of these tumors [14] (Fig.  3.3). The 
distal nephron and collecting duct is thought to be the origin of oncocytoma, 
chromophobe renal cell carcinoma, and collecting duct carcinoma [19].

 Interstitium

The kidney interstitium is composed of a loose matrix that increases in quantity 
from the cortex to medulla. The cortical interstitium is scanty with a nearly back-to- 
back arrangement of cortical tubules and arteries.

Renomedullary interstitial cell tumor is a benign tumor originating from reno-
medullary interstitial cells (Fig. 3.4). These tumors are often found incidentally in 
autopsies or nephrectomies performed for other tumors or conditions [19]. Most of 
these tumors are small; however, large-sized tumors with symptomatic presentation 
have been reported in the literature [23, 24].

 Renal Pelvis

The human kidney is composed of multiple papillae, where each papilla is sur-
rounded by a funnel-shaped calyx. Each papilla opens into the minor calyces, which 
in turn unite into major calyces and drain into the renal pelvis. The pelvis is a sac- 
like compartment between the calyces and the ureter [25]. The pelvicalyceal system 
is lined with normal urothelial cells (transitional epithelium). The pelvis wall con-
tains smooth muscle that is continuous with that of the ureter.

The renal sinus is located on the medial aspect of the kidney and contains the 
renal pelvis, the major renal vessels, the lymphatics, and the nerves, all of which are 
surrounded by fat. The renal hilum is the portal of entry into the sinus. The renal 
capsule does not enclose the cortical parenchymal surface within the renal sinus, 
and the fat filling the renal sinus is contiguous with the perirenal fat. Since the 
venous and lymphatic drainage of the kidney passes through the renal sinus, this 

Fig. 3.3 Intratubular 
spread of urothelial 
carcinoma through the 
distal kidney tubules. This 
type of spread alone does 
not affect the stage of such 
tumors. Only the invasion 
of the renal parenchyma 
outside the tubules 
increases the stage
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region is the portal of exit for tumor cells departing the kidney. Studies have shown 
that the renal sinus is the main pathway for dissemination in Wilms tumor and RCC 
[26, 27]. Invasion of the pelvicalyceal system and/or renal sinus fat by RCC is 
included under stage pT3a.

 Gross Examination of Nephrectomy Specimens

Proper gross examination of the kidney is essential for accurate diagnosis and stag-
ing. Additionally, gross features, including whether kidney tumors are simple and 
nodular or have irregular outlines, are indicators of prognosis [ 28], making detailed 
gross description essential.

The nephrectomy specimen should be handled in a standardized fashion for 
accurate pathologic assessment and staging. The International Society of Urological 
Pathology (ISUP) have established guidelines for handling of kidney tumor 
specimens [29]. The following outlines recommendations from this document:

 1. Initial sectioning and inking of renal specimens

• Both radical and partial nephrectomy specimens should be inked.
• The initial cut in radical nephrectomy specimen should be along the long 

axis, followed by additional perpendicular or parallel cuts to identify the 
tumor (Fig.  3.5). Perirenal fat should not be removed for gross cutting 
(unlike handling of autopsy kidneys). Renal capsule should not be stripped.

 2. Tumor location and relation to anatomic structures should be noted as follows:

• Poles (upper vs. lower pole) vs. hilar
• Cortical vs. medullary
• Pelvis involvement
• Major vein involvement

Fig. 3.4 Renal medullary 
interstitial cell tumor is a 
benign, often incidental 
finding, in nephrectomy 
specimens. The neoplasm 
originates from interstitial 
cells of the renal medulla. 
Entrapped normal kidney 
tubules, characteristic of 
this tumor, can be seen in 
this photograph
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• Solitary vs. multiple
• Relationship with perirenal or sinus fat and adrenal

 3. Tumor measurement

• Greatest tumor dimension in three dimensions should be recorded with spe-
cial attention given to cutoff points of 4, 7, and 10 cm as they are crucial for 
accurate staging.

• The measurement of any tumor invading into the peripheral extracapsular 
tissue and the renal sinus should be included with the main tumor.

• The length of the renal vein or caval thrombus and smaller satellite nodules 
should not be included as part of the main tumor dimensions.

• In the case of multiple tumors, at least five should be measured and sampled.

 4. Number of blocks for tumor sampling

• One block/cm with a minimum of three blocks (subject to modification as 
needed in individual cases)

 5. Assessment of perinephric fat invasion

• RCC growing in a circumscribed manner with pushing borders into the peri-
nephric fat, even if extending well beyond the normal outline of the renal 
cortex, should not be mistaken as perinephric fat invasion.

Fig. 3.5 During grossing 
nephrectomy specimens, a 
parallel cut to the long axis 
of the kidney should first 
be made (top). Following 
the parallel cut, serial 
perpendicular sections 
(bottom) should be made 
to assess the extent of 
tumor invasion. (Courtesy 
of Monica B. Lemos, 
Pathologists’ Assistant)
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• Infiltration into the perinephric fat can be established on gross examination 
when the tumor loses its rounded and smooth interface with the capsule and 
the perinephric fat or when visible as nodules or irregular tumor masses 
protruding within the perinephric fat.

 6. Assessment of renal sinus invasion

• When renal sinus invasion is uncertain on gross examination, at least three 
blocks of the tumor-renal sinus interface should be submitted.

• When renal sinus invasion is grossly evident, only one block is needed to 
confirm the gross impression.

 7. Sampling of the renal vein, vena cava invasion, and renal vein margin

• The renal vein and its branches should be carefully examined for the pres-
ence of tumor.

• When a specimen is submitted separately as “caval thrombus,” at least two 
sections should be submitted to search for adherent caval wall tissue and 
possible caval vein invasion.

 8. Sampling of the uninvolved renal parenchyma

• The uninvolved renal parenchyma should also be routinely evaluated by 
including both normal parenchyma adjacent to the tumor and renal paren-
chyma distant from the tumor.

 9. Adrenal gland involvement

• When the adrenal gland is involved by RCC, careful gross examination 
should determine whether this represents contiguous spread (pT4 
disease) or a metastasis (pM1) in the current AJCC/UICC TNM staging 
system [14].

 10. Assessment of lymph nodes

• Renal hilar fat should be palpated and dissected for presence of lymph 
nodes.

 11. The following sections should be submitted for radical nephrectomy 
specimens:

• Margins (ureter, renal vein, perinephric fat, or Gerota’s fascia, if applicable). 
Take ureter and vein margins first.

• Tumor sections: with perinephric or sinus fat; tumor sections, one section 
per centimeter of tumor and different gross appearance. Sarcomatoid 
components and percentage of tumor necrosis are important prognostic 
parameters. Therefore, grossly different appearing areas, particularly areas 
with a “fish flesh” appearance (representing potentially sarcomatoid areas), 
and necrotic areas should be included for microscopic examination. Gross 
estimation of necrotic areas should be documented.

• Sections of grossly normal kidney (1–2).
• Adrenal gland (1 or more).
• Lymph node(s), including possible hilar lymph nodes.
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Chapter 4
Benign Renal Epithelial / Epithelial 
and Stromal Tumors

Dilek Ertoy Baydar

A significant proportion of kidney masses (approximately 20% of surgically 
resected tumors) are histologically benign. Benign renal neoplasms constitute a 
heterogeneous group of a broad spectrum with distinctive ontogeny, morphology, 
and tumor biology. They are categorically renal cell tumors, metanephric tumors, 
mesenchymal tumors, and mixed epithelial and stromal tumors. Most are 
asymptomatic and discovered incidentally and are not immediately life threatening. 
Some exhibit characteristic anatomic distribution and imaging features. However, 
histologic evaluation is usually required to reach a definitive diagnosis because of 
overlapping findings between benign and malignant renal proliferations. 
Percutaneous renal mass biopsy is being increasingly performed to preoperatively 
characterize the nature of renal masses.

 Papillary Adenoma of the Kidney

In the recent World Health Organization (WHO) classification of kidney tumors, 
papillary adenomas are defined as uncapsulated epithelial lesions with papillary 
or tubular architecture, low WHO/International Society Urological Pathology 
(ISUP) grade, and a diameter of ≤15 mm [1]. In the previous WHO classification 
of renal tumors, the size cut-off was 5 mm for papillary adenoma of the kidney. 
The decision to increase the threshold has been based on the available data 
showing that uncapsulated WHO/ISUP grade 1–2 tumors have no capacity to 
metastasize.

D. Ertoy Baydar (*) 
Department of Pathology, Koç University School of Medicine, İstanbul, Turkey

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-28333-9_4&domain=pdf


48

 Clinical Features

Almost all papillary adenomas are clinically silent and discovered incidentally, 
either in nephrectomy specimens or at autopsy. They are the commonest neoplasms 
of the renal tubular epithelium with an incidence as high as 22% in some autopsy 
studies, although their true incidence is not explicit due to the difficulty to identify 
the lesion grossly. The frequency of small papillary tumors steadily increases with 
age to approximately 40% in the population older than 65 years [2]. An incidence of 
7% has been encountered in nephrectomy specimens in which surgery was 
undertaken for either benign or malignant disease [3]. They are more frequently 
detected in kidneys with chronic pyelonephritis, long-term dialysis, or arteriosclerotic 
renal vascular disease. They have been reported in 14% of patients undergoing 
transplantation for terminal stage kidney disease and in up to 33% of patients with 
acquired renal cystic disease [4, 5].

 Macroscopy

Papillary adenomas are nonencapsulated but well-delineated yellow to grayish 
white cortical nodules (Fig. 4.1). Most occur subcapsularly, and by definition, they 
are 15 mm or less in largest dimension. The smaller adenomas are usually spherical, 
but larger ones are often wedge-shaped with the base close to the cortical surface. 
The majority of the patients have solitary lesion, but multiple and bilateral adenomas 
can occur. Adenomas associated with papillary renal cell carcinoma (PRCC) tend to 
be multiple in number [3]. The presence of very numerous or miliary papillary 
adenomas has been called “renal adenomatosis.”

 Microscopy

Papillary adenomas generally have a seamless interface with the adjacent renal 
parenchyma and blend with nonneoplastic renal elements (Fig.  4.2). They are 
characterized by papillary, tubular, or tubulopapillary architecture. In most of the 
cases, tumor histology resembles that of type 1 papillary renal cell carcinoma 
(PRCC). Neoplastic cells are often cuboidal while they have round to oval 
occasionally grooved uniform small nuclei with stippled to clumped chromatin and 
inconspicuous ISUP/WHO grades 1 and 2 nucleoli (Fig.  4.3). The cytoplasm is 
scant that varies from pale to eosinophilic to basophilic. Infrequently, tumor cells 
resemble those of type 2 PRCC, exhibiting prominent nucleoli and voluminous 
eosinophilic cytoplasm. Mitotic figures are absent or very rare. Psammoma bodies 
and foamy macrophages are commonly found.
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 Immunohistochemistry

Almost all papillary adenomas react with antibodies to epithelial membrane antigen 
and low molecular weight cytokeratins [6]. Most of the adenomas stain strongly for 
AMACR [3].

 Molecular/Genetic Findings

The most common genetic changes observed in papillary adenomas are combined 
tri- or tetrasomy 7 and 17 and loss of chromosome Y [7]. These changes are also 
present in PRCC, and additional genetic alterations have seem to accumulate as they 

a

b

Fig. 4.1 Papillary 
adenomas incidentally 
detected in two kidneys; 
one kidney was removed 
due to chronic 
pyelonephritis (a) and the 
other due to papillary renal 
cell carcinoma (b)
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a b

Fig. 4.2 (a) Papillary adenoma as a small uncapsulated tumor in the kidney with frequent calcifi-
cations and psammomas. (b) Multiple (two) lesions are seen in the right panel

Fig. 4.3 Neoplastic cells 
of papillary adenoma with 
small round to oval, 
occasionally grooved 
low-grade nuclei and 
narrow cytoplasm
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evolve. Therefore, and also considering histologic and immunohistochemical 
similarities, papillary adenoma is postulated to be the precursor lesion to PRCC.

 Differential Diagnosis

These neoplasms may be indistinguishable histologically from low-grade papillary 
renal cell carcinoma, so that size becomes the sole criterion that separates the two. 
Histological resemblance to clear cell, chromophobe, or collecting duct renal cell 
carcinomas must exclude the diagnosis of papillary adenoma.

 Oncocytoma

Oncocytomas are benign renal epithelial tumors that account for approximately 
5–9% of all renal cell neoplasms. They have been postulated to arise from the 
intercalated cells of collecting tubules.

 Clinical Features

The age range at the diagnosis of oncocytoma is broad that varies from 25 to 91 with 
a peak incidence in the seventh decade of life [8, 9]. Men are affected two times 
more often than women. The majority are asymptomatic and discovered incidentally 
during radiological workup for unrelated conditions. About a third of patients 
present with hematuria, flank pain, weight loss, dysuria, or palpable mass. Most 
cases are sporadic, although rare familial cases have been described and many of 
these patients have Birt-Hogg-Dubé syndrome.

 Macroscopy

Oncocytoma is usually an uncapsulated but well-circumscribed solid cortical mass 
with a median diameter of 6–7 cm (range: less than 1 cm up to 26 cm). Some may 
show, however, infiltrative margins, even with extension into perirenal or peripelvic 
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fat tissue. In most cases, oncocytomas are solitary but approximately 5–13% involve 
multiple or bilateral tumors. The cut surfaces are characteristically mahogany 
brown, although they can also be red, tan, or pale yellow (Fig. 4.4). A stellate scar 
is observed in one third of the tumors, tends to be seen in larger tumors, and can be 
central or located eccentrically. A diagnosis of oncocytoma may be advocated by 
the presence of stellate scar when visualized on radiological studies, but this feature 
is not specific for oncocytoma and can be seen with slow growing low-grade renal 
cell carcinomas. Hemorrhage may be present in oncocytoma. But grossly visible 
necrosis should not be evident. Cystic change and calcifications are rare. Tumor 
extension into the renal vein branches and sometimes in the renal vein itself may 
occur and does not alter favorable prognosis [10].

 Microscopy

Oncocytoma is composed of round to polygonal cells (oncocytes) with swollen aci-
dophilic granular cytoplasm, arranged in an organoid architecture as solid nests/
islands or acini growing in an edematous loose hypocellular connective tissue 
(Fig. 4.5). Microcystic formation or tubulocystic pattern is frequent and occasionally 
extensive. Papillary architecture should not be seen in oncocytoma, with the exception 
of minimal short, degenerate appearing papillae or rare papillary formations in the 
dilated cysts. The neoplastic cells have regular round nuclei with nucleoli that 
frequently are visible with the 10x objective. Intranuclear inclusions and binucleated 
cells can be present. Some otherwise typical oncocytomas may contain clusters of 
bizarre cells with marked nuclear pleomorphism, hyperchromasia with smudged 
chromatin, and/or multinucleation (Fig.  4.6). These changes are regarded as 
degenerative type atypia. Occasionally, so-called oncoblasts, which are small cells 
with scanty cytoplasm and dark monomorphic nuclei lacking nucleoli, are found here 

Fig. 4.4 Oncocytoma with 
typical mahogany brown 
color and central scar
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and there. In fact, a rare subtype of renal oncocytoma consisting of exclusively 
oncoblasts has been described [11]. These cases reveal a varying number of 
pseudorosettes that are composed of small globules of periodic acid-Schiff- positive 
hyaline basal membrane-like material surrounded by small oncoblastic cells.

Fig. 4.5 Typical 
oncocytoma showing nests 
of deeply eosinophilic 
large cells with edematous 
loose stroma. Nuclei are 
round and regular, some 
with prominent nucleoli. 
Upper inset shows a blunt 
papillary protrusion 
projecting into a cystic 
cavity

Fig. 4.6 Oncocytomas featuring clear cells in the scarred area (a), degenerative type atypia (b), 
and oncoblastic cells with scant cytoplasm and rosette-like arrangements around hyaline basement 
membrane material (c)
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Oncocytoma may entrap normal renal tubules at its periphery. Microscopic infil-
tration into perirenal fat occasionally is present and does not imply an adverse prog-
nostic significance. Mitotic activity is unexpected in oncocytoma; however isolated 
mitotic figures are identified in rare cases. Tumor stroma may contain rare foam 
cells, psammoma bodies, dystrophic calcification, or ossification. Focal clear cell 
changes were found in a small group of oncocytomas, typically within hyalinized 
scar-like areas.

Histological features considered impermissible for oncocytoma are exten-
sive papillary architecture, sheet-like growth pattern, areas of clear cell carci-
noma (except focal clear cells, typically in hyalinized areas), sarcomatoid or 
spindle cell areas, frequent mitoses including atypical mitosis, and gross or 
prominent microscopic necrosis. Oncocytoma can be confidently ruled out if a 
neoplasm demonstrates dominant or significant papillary growth.

Electron microscopy shows abundant mitochondria packed within the cytoplasm 
of oncocytes. Mitochondria are predominantly uniform and round with stacked 
parallel (lamellar) cristae. Hale’s colloidal iron stain either gives negative result or 
is only positive at the luminal site of oncocytes.

 Immunohistochemistry

Oncocytomas are immunoreactive with antibodies to EMA, pan-cytokeratin, 
PAX8, E-cadherin, and S100A1. CD117 is positive, showing diffuse cytoplasmic 
and membranous staining (Fig. 4.7). CK7 reactivity is negative or restricted to 
only scattered rare cells or small clusters in oncocytoma. Oncocytomas are 
generally negative for CA9 and vimentin. They usually do not express CD10, 
RCC antigen, and racemase although occasional positivities for these markers 
have been reported.

 Molecular/Genetic Findings

In a recent study using exome and transcriptome sequencing, two main subtypes of 
renal oncocytoma have been identified [12]. Type 1 is diploid with CCND1 (located 
at 11q13) rearrangements, whereas type 2 is aneuploid with recurrent loss of 
chromosome 1, X or Y, and/or 14 and 21, which may proceed to eosinophilic 
chromophobe renal cell carcinoma upon acquiring p53, PTEN, and other mutations. 
Two subtypes share recurrent inactivating mutations in mitochondrial genes encoded 
by both nuclear and mitochondrial genomes.
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 Differential Diagnosis

The main differential diagnosis of oncocytoma is the eosinophilic variant of chro-
mophobe renal cell carcinoma (RCC). The cells in chromophobe RCC exhibit 
extensive nuclear irregularities with a “raisinoid” nuclear shape, perinuclear halo, 
more frequent mitoses, and prominent cell membranes giving “plant-like” or 
“cobblestone” appearance. Diffuse and strong cytoplasmic staining for colloidal 
iron indicate the presence of cytoplasmic acid mucopolysaccharides in chromophobe 
RCC. It is diffusely and strongly positive in chromophobe RCC, while negative or 
faintly positive in oncocytoma (usually only at luminal surface). Diffuse membranous 
staining for CK7 is seen in the majority of chromophobe RCC, whereas CK7 
staining is negative or restricted to only rare cells in oncocytoma. S100A1 has been 
suggested as a useful marker as it is shown positive in oncocytoma and negative in 
chromophobe RCC.

a b

c d

Fig. 4.7 (a–d) Immunohistochemistry. Oncocytomas diffusely express CD117, whereas they are 
usually negative for vimentin and CD10. Cytokeratin 7 is either negative or stains scattered rare 
cells
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Conventional (clear cell) RCC with granular or eosinophilic cytoplasm is another 
entity which may rarely enter into differential diagnosis with oncocytoma. 
Conventional RCC can readily be distinguished from oncocytoma, based on its 
gross appearance, higher grade, mitotic activity, delicate vascular network, and its 
immune profile being CD117 negative, CA9, vimentin, and CD10 positive.

It might be worth reminding that oncocytoma can be found as a coexisting lesion 
to RCC within the same or opposite kidney, or collision tumors that contain both 
RCC and oncocytoma may occur rarely [13].

 Prognosis and Treatment

Oncocytomas are benign neoplasms that show no progression or metastasis. The man-
agement of solid renal masses had until recently involved surgical excision for both diag-
nostic and therapeutic purposes. Nowadays, diagnostic percutaneous biopsy for 
preoperative diagnosis has been increasingly offered in many countries to patients 
presenting with asymptomatic localized renal masses. The majority of oncocytomas 
show minimal growth rate or even regression. It has been suggested that patients with 
biopsy-proven oncocytoma can be conservatively managed with active surveillance [14].

 Renal Oncocytosis (Oncocytomatosis)

Renal oncocytosis is a rare condition characterized by the presence of oncocytic 
changes scattered throughout the renal parenchyma and oncocytic tumors [15]. 
Benign renal tubules show oncocytic change; cysts lined by oncocytic cells and 
oncocytic cell groups in the interstitium are present (Fig. 4.8). In the largest cohort 

Fig. 4.8 Renal 
oncocytosis characterized 
by clusters of tubules with 
oncocytic change
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of oncocytosis [16] consisting of 20 individuals, 50% of patients already had chronic 
kidney disease (CKD) at the time of diagnosis with 5 additional patients developing 
CKD after surgery. Hybrid tumors with features between oncocytoma and chromo-
phobe RCC have been the most common histology associated with renal oncocyto-
sis, followed by chromophobe RCC and oncocytoma [16]. The majority of patients 
had multiple nodules with different histologies in the same kidney. No patient 
developed distant metastasis during follow-up of median 35 months.

More than a half of the patients affected by Birt-Hogg-Dube (BHD) syndrome 
show features of renal oncocytosis [17, 18]. The most common kidney tumor 
histology in patients with BHD syndrome is hybrid oncocytic tumors, and 58–86% 
of the patients have multiple nodules. Gobbo et  al. using selective centromeric 
probes did not find genetic similarities between oncocytosis, oncocytoma, and 
chromophobe RCC, and they suggested that these three tumor types represent 
independent entities with genotypic alterations [19].

 Metanephric Tumors

The World Health Organization recognizes three members in the family of benign 
metanephric neoplasms of the kidney: metanephric adenoma (MA), metanephric 
adenofibroma (MAF), and metanephric stromal tumor (MST). MA is a highly cellular 
epithelial neoplasm composed of small, uniform embryonal looking cells but without 
notable proliferative activity or mitosis. MST stays at the other end of the spectrum 
being a pure spindle cell neoplasm. MAF lies in between the first two and is a biphasic 
neoplasm that contains areas morphologically identical to MST and MA.

The histology of MA closely resembles differentiated epithelial Wilms’ tumor 
(nephroblastoma), and the neoplastic cells consistently label for WT1 protein on 
immunohistochemistry. MST from the other side may show heterologous stromal 
differentiation, including glial and chondroid elements, again similar to Wilms’ 
tumor. Primarily based on these overlapping morphologic features, metanephric 
neoplasms have long been postulated to potentially represent the differentiated end 
of the Wilms’ tumor spectrum. However, recent investigations identifying mutations 
in the BRAF gene in all three members of metanephric tumor family suggest that 
their molecular pathogenesis is probably distinct from that of Wilms’ tumor.

 Metanephric Adenoma

Metanephric adenoma (MA) is a rare neoplasm composed of tubular and tubulopap-
illary structures and glomeruloid bodies reminiscent of Wilms’ tumor, but with a 
high degree of maturation and differentiation. It has a wide age range distribution 
despite being the most common benign renal epithelial tumor of children and young 
adults.
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 Clinical Features

MAs occur at all ages (range 5–83 years), but most develop in adults in the fifth or 
sixth decade of life (median age is about 50 years) with a 2:1 female preponderance 
[20]. Approximately 50% are discovered incidentally, and others manifest with 
polycythemia, abdominal or flank pain, mass, or hematuria. Polycythemia, found in 
10–15% of patients, is thought to be induced by erythropoietin or cytokines secreted 
by neoplastic cells. It is usually cured by tumor removal.

 Macroscopy

MAs vary widely in size. The largest tumor reported is 15 cm in diameter [20], 
while the most lesions lie between 3 and 6 cm. They are well-circumscribed and 
uncapsulated lesions; however a thin and discontinuous pseudocapsule can be seen 
rarely (Fig. 4.9). Bilaterality has not been reported. Multifocality is also unusual, 
but has been encountered. Their cut surfaces are gray to tan to yellow and soft to 
firm. Foci of hemorrhage and necrosis are often present, particularly in large masses. 
Cystic degeneration and calcification within the solid or cystic areas may be noted.

 Microscopy

Metanephric adenomas appear as hypercellular proliferations under the microscope. 
They consist of closely spaced, often overlapping uniform epithelial cells that are 
small, and cytologically bland, with scant pale to light pink cytoplasm, round to 
oval, hyperchromatic nuclei slightly larger than lymphocytes. Chromatin is finely 
distributed and their nucleoli are invisible. Neoplastic cells form tightly packed 
small round acini, tubules with narrow lumina, and glomeruloid bodies without 
capillary tufts, giving the tumor a characteristic fetal nephron-like appearance 
(Fig. 4.10). Long branching and angulated tubular formations are also seen. Papillary 
architecture is common and may be noted in the form of polypoid fronds within 
cystic spaces in addition to short stubby glomeruloid infoldings within the tubules. 

Fig. 4.9 Metanephric 
adenoma as a well-
delineated mass from 
surrounding parenchyma. 
A focal area of 
intratumoral necrosis is 
evident
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Microcysts lined by flattened cells can be seen infrequently. Stroma is loose and 
paucicellular and variable in amount from scant to large areas of scar-like 
hyalinization. Psammoma bodies are common and may be a few or numerous. 
Some tumors contain dystrophic calcifications in the hyalinized areas or focal 
osseous metaplasia in the stroma. Mitotic figures are absent or rare.

Metanephric adenomas are sharply demarcated from the adjacent renal paren-
chyma (Fig. 4.11). They are usually uncapsulated lesions although some may show 
a thin discontinuous fibrous capsule. Renal capsular or vascular invasion does not 
occur. There have been reports of composite metanephric adenoma with coexisting 
renal cell carcinoma [21, 22].

MA does not contain blastema and is not associated with nephrogenic rests.

 Immunohistochemistry

WT1 is diffusely detectable in the nuclei of metanephric adenomas [23]. CD57, 
vimentin, and S100 are also commonly expressed [23, 24]. The cells of MA are 
typically negative for EMA, AMACR, CD56, CD10, and desmin. CK7 is either 
negative or focally (<5% of the tumor cells) positive, usually in the elongate tubules.

a b

Fig. 4.10 (a, b) Metanephric adenoma formed by small round crowded acini and branching 
tubules in a hyalinized or edematous hypocellular stroma. Inset shows a small papillary infolding 
within tubular space producing a glomeruloid appearance
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 Molecular/Genetic Findings

Most studies confirm normal chromosome copy numbers and a diploid karyotype 
[25]. MA lacks the gains of chromosomes 7 and 17 and loss of chromosome Y [26]. 
A candidate tumor suppressor gene in MA has been mapped to a small region on 
chromosome 2p [27]. Choueiri et al. have demonstrated that approximately 90% of 
MAs harbor BRAF V600E mutations [28]. All epithelial predominant 
nephroblastomas have been found BRAF wild type.

 Differential Diagnosis

The differential diagnosis of metanephric adenoma includes the solid variant of 
type 1 papillary renal cell carcinoma (PRCC), as well as epithelial predominant 
Wilms’ tumor (WT) given that its histological characteristics often overlap with 
PRCC and WT, especially when the tumor morphology is not typical. Lack of 
encapsulation, sharp interface between the tumor and the kidney, absence of 
nucleoli, and relative lack of mitotic activity are helpful features of MA that can 
be used to rule out PRCC.  Additionally, metanephric adenomas often have 
elongate, pointed, branching channels lined by epithelial cells that are not found 
in PRCC or WT. PRCC does not react with antibody to WT1 and S100. CK7, 
AMACR, EMA, and CD10 are usually present in type 1 PRCC, but largely 
absent in MA.

Nephroblastoma is usually triphasic, with epithelial, blastemal, and stromal 
components. However, a monophasic WT rarely can occur. The presence of 
cytologic atypia, mitoses, and anaplastic foci favors the diagnosis of WT. Metanephric 
adenomas express CD57, but not CD56 which is positive in WT.  Positive IHC 
staining for BRAF V600E supports the diagnosis of MA [29].

Fig. 4.11 Metanephric 
adenoma that directly abuts 
the renal parenchyma. 
Neoplastic cells have 
nuclei slightly bigger than 
lymphocytes with no 
nucleoli or mitosis. 
Cytoplasm is minimal. 
Inset shows nuclear WT1 
expression
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 Prognosis and Treatment

Metanephric adenoma is almost always cured by excision. Hilar lymph node 
involvement was reported, but this was regarded as passive mechanical seeding, not 
true metastasis [30]. A few case reports suggest that metanephric adenomas can 
rarely metastasize [31], but this is not completely clear.

 Metanephric Adenofibroma

In 1992, Hennigar and Beckwith described five cases of a biphasic neoplasm with 
an epithelial component identical to metanephric adenoma and a stromal component 
of spindle cells [32]. They proposed the name nephrogenic adenofibroma, but today 
metanephric adenofibroma (MAF) is favored to emphasize its close relationship 
with metanephric adenoma.

 Clinical Features

MAF is a rare tumor that appears to affect predominantly children and teenagers. 
Patients’ age has ranged from 13  months to 36  years [32, 33]. There is a male 
predominance. Gross hematuria is a common presentation, but a significant 
proportion of patients are asymptomatic. Other symptoms seen in some patients 
include polycythemia, hematuria, and hypertension which resolve following 
nephrectomy. The tumors can achieve a substantial size, up to 19 cm [34].

 Macroscopy

MAFs are solitary tumors which tend to be centered in medulla. They are firm 
masses without capsule and with indistinct borders. The lesions are often partially 
cystic and have tan, white-gray or yellow cut surface. Necrosis is unusual and arises 
the suspicion of an associating nephroblastoma.

 Microscopy

MAF is a biphasic tumor that spans the morphologic spectrum between metaneph-
ric adenoma which is a pure epithelial lesion and metanephric stromal tumor which 
is a pure stromal lesion (Fig. 4.12). Epithelial and stromal components are variable 
in proportions. The epithelial nodules identical to metanephric adenoma are embed-
ded in the moderately cellular stroma. Stroma is composed of fibroblast-like bland 
spindle cells with pale eosinophilic cytoplasm, oval to fusiform nuclei, and 
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inconspicuous nucleoli. Mitotic figures are absent or rare. Hyalinization and myxoid 
change can be found. The boundary of the tumor with nonneoplastic kidney 
parenchyma is typically irregular as the stromal component may entrap renal 
structures as it grows. Spindle cells may form concentric onion skin-like cuffings or 
collarettes around entrapped tubules and blood vessels. Angiodysplasia (epithelioid 
transformation of the medial smooth muscle cells in the tumor arterioles) are noted 
in two thirds of MAFs, and heterologous elements (glia, fat, or cartilage) can be 
seen in a subset of these tumors [33]. Unlike metanephric stromal tumor, 
juxtaglomerular cell hyperplasia is not observed.

Composite tumors composed of MAF and Wilms’ tumor or MAF and renal cell 
carcinoma have been described [33, 35].

 Immunohistochemistry

The stromal component of metanephric adenofibroma is immunoreactive for 
CD34 and vimentin and negative for S100 and desmin. Heterologous glial elements 
will stain for S100 and GFAP.  The epithelial component has a similar 
immunohistochemical profile to metanephric adenoma.

 Molecular/Genetic Findings

Metanephric adenofibroma was thought to represent a well-differentiated, 
mature form of Wilms’ tumor [36]. However similar to metanephric adenoma, 
BRAF V600E mutations have been described both in epithelial and stromal 
components of MAF [37, 38]. This finding argues against a common origin for 
MAF and Wilms’ tumor. In one case studied, MAF has displayed a normal 
karyotype [39].

Fig. 4.12 Metanephric 
adenofibroma as a biphasic 
tumor having an epithelial 
component identical to 
metanephric adenoma in 
addition to a stromal 
component
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 Differential Diagnosis

The main differential diagnoses are classic congenital mesoblastic nephroma and 
Wilms’ tumor. Congenital mesoblastic nephroma (CMN) typically occurs before 
the age of 3 months, whereas MAF tends to involve older children and young adults. 
MAF is usually well demarcated, whereas CMN has an infiltrative growth pattern. 
Intratumoral angiodysplasia, concentric cuffing around entrapped tubules, and 
heterologous differentiation are useful histological features when seen in 
MAF. Immunohistochemically, the spindle cells of MAF are negative for actin and 
positive for CD34, while spindle cells in CMN are vice versa.

MAF can potentially be mistaken as Wilms’ tumor. The presence of cytologic 
atypia, numerous mitotic figures, and blastemal elements found in Wilms’ tumors 
should rule out MAF.

 Prognosis and Treatment

Tumors follow benign course. However, the ultimate management of MAF will be 
complete surgical resection because of the description of composite examples of 
MAF and WT or renal cell carcinoma with regional lymph node metastasis.

There are also reported adult cases of metanephric adenosarcoma that contain a 
benign-appearing epithelial component of metanephric adenoma and a malignant 
stromal part [40, 41]. It might be suggested that these could represent examples of 
dedifferentiated MAF in which its benign stromal component was overgrown by 
sarcomatous transformation. However, Su et al. could not detect BRAF mutation in 
their case [41].

 Metanephric Stromal Tumor

Metanephric stromal tumor (MST) is a recently recognized entity which was misla-
beled as mesoblastic nephroma previously [42]. It is primarily a pediatric renal 
neoplasm occurring in infants and very young children.

 Clinical Features

Most MSTs occur in early infancy and childhood (range, from a few days to 
15 years; median age, 13 months and peak at 2 years). Only two adult cases (females 
at 53 and 55 years of age) have been reported so far [43, 44]. The most common 
presentation in children is an abdominal mass. This is followed by hematuria, 
recurrent urinary tract infection, incontinence, fever, anemia, and hypertension. A 
small number of patients may experience the consequences of extrarenal 
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angiodysplasia that can result in significant morbidity and mortality. Some tumors 
are found incidentally while examining the individual for other medical conditions.

 Macroscopy

Metanephric stromal tumors appear as nonencapsulated solid or cystic masses with 
indistinct borders and yellow-tan fibrous appearing firm lobulated cut surface. They 
are centered in the renal medulla and have an average diameter of approximately 
5 cm. In the series of Argani et al., the largest was measured 10 cm in diameter [42]. 
Multifocality is seen in about one sixth of the cases.

 Microscopy

MSTs are identical to stromal component of metanephric adenofibroma and com-
posed of spindle and epithelioid cells that have elongated hyperchromatic tapered 
thin nuclei and indistinct cytoplasm (Fig. 4.13). They lack a fibrous capsule and 
have infiltrative scalloped borders. Neoplastic cells entrap native kidney constitu-
ents and nerves and usually undermine calyceal or pelvic urothelium. The most 
characteristic histologic finding is the presence of onion  skin-like concentric 
encirclement of entrapped renal tubules and vessels by spindle tumor cells with a 
myxoid background (Fig. 4.14a). The periphery of these laminations is hypercel-
lular and less myxoid compared with the surrounding stroma, leading to a typical 
vaguely nodular appearance. Most MSTs induce angiodysplasia in the entrapped 
intratumoral arterioles, which is characterized by epithelioid transformation of 
the medial smooth muscle cells and myxoid changes (Fig. 4.14b). A unique but 
less frequent feature is the presence of juxtaglomerular cell hyperplasia within 

Fig. 4.13 Metanephric 
stromal tumor composed 
of spindle cells with 
indistinct cytoplasmic 
borders
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the entrapped glomeruli, which may lead to elevated renin levels and hyperten-
sion in some patients. Heterologous elements in the form of glia, cartilage, or fat 
are seen in about one fifth of metanephric stromal tumors. Mitosis and necrosis 
are unusual.

 Immunohistochemistry

The spindle tumor cells are immunoreactive for CD34 and vimentin. They are nega-
tive for desmin, smooth muscle actin, cytokeratins, EMA, CD117, and S100, 
although heterologous glial elements may stain for S100 and glial fibrillary acidic 
protein (GFAP).

 Molecular/Genetic Findings

Similar to other metanephric tumors, BRAF V600E mutations are common in MSTs 
as documented by two different studies, found in 6 of 7 cases and in 11 of 16 cases 
[45, 46].

Fig. 4.14 Concentric “onion skin” ring or collarette formed by neoplastic cells in a myxoid back-
ground around a blood vessel (a) and angiodysplasia (b) in metanephric stromal tumor
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 Differential Diagnosis

MST is often difficult to distinguish from classic type congenital mesoblastic nephroma 
(CMN), as both are centered around renal medulla and feature bland spindle cells. 
However, subtly infiltrative scalloped margins in MST contrast with deeply invasive 
nature of CMN.  Moreover, low power nodularity, the presence of peritubular or 
perivascular concentric onion skinning/cuffing, juxtaglomerular cell hyperplasia, and 
angiodysplasia indicate MST. Detection of heterologous elements, positive staining 
with anti-CD34 antibodies, and negativity for actin and desmin are diagnostic of MST.

The wide variety of architectural patterns seen in MST yields resemblance to 
primary sarcomas such as clear cell sarcoma of the kidney (CCSK). In contrast to 
renal sarcomas, necrosis and mitoses are usually absent in MST as well as vascular 
invasion. Regular branching capillary vascular pattern is characteristic of CCSK but 
not found in MST. CD34 immunoreactivity is also helpful.

 Prognosis and Treatment

Metanephric stromal tumors are benign neoplasms with excellent prognostic out-
come. No distant metastasis has been documented. Recurrence has been reported 
only in one case which was not given any further treatment and is still surviving 
years later [46]. Associating renal angiodysplasia may cause morbidity due to 
vascular complication. Surgical resection is the preferred treatment modality.

 Mixed Epithelial and Stromal Tumor Family

Mixed epithelial and stromal tumor (MEST) family encompasses a spectrum includ-
ing predominantly cystic tumors (adult cystic nephromas) and tumors that are more 
solid. They are rare tumors of biphasic morphology with a spindle cell stroma and 
an epithelial component consisting of glands and cysts.

Adult cystic nephroma (CN) is a benign cystic renal neoplasm of adults which 
has also been called multilocular cyst or multilocular cystic nephroma. It was 
previously grouped with pediatric cystic nephroma. Depending on the similar age 
and sex distributions, a similar immunohistochemical profile, and overlapping 
morphology, adult cystic nephroma is now classified within the spectrum of MEST 
family. Pediatric cystic nephroma is indeed a disparate entity with specific DICER1 
mutations which are not found in adult cystic nephroma.

 Clinical Features

Neoplasms of MEST family predominantly occur in middle-aged women, and a 
correlation with hormonal imbalance, menopausal status, or other hormonal factors 
has been hypothesized [47, 48]. They show a striking predilection toward females, 
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with a 7:1 female-to-male ratio. The history of hormonal ablation treatment has 
been described in some male patients [47–49]. Patients are usually asymptomatic, 
and most lesions are found incidentally [47, 48, 50]. Other described symptoms 
include abdominal pain, hematuria, and urinary tract infections. Radiologic 
appearance of MEST is of a complex cystic renal mass, usually sorting these tumors 
as Bosniak class III to IV lesions, indistinguishable from cystic RCC. Although the 
diagnosis of CN can be suggested by a typical round or oval appearance and multiple 
thin septations in radiological imagings, these findings are not specific.

 Macroscopic Findings

Tumors are solitary, nonencapsulated, but generally well-demarcated lesions that 
may be located in medulla or cortex and medulla. They can be centered within the 
renal pelvis and can prolapse or project into the collecting system. Their size varies 
largely and may reach up to 25  cm [51]. CNs are diffusely cystic tumors with 
typically less than 5  mm thick fibrous septae but without expansile solid areas 
(Fig.  4.15). On the other hand, MESTs show an admixture of cysts and solid 
component (Fig.  4.16). The cysts range from small to large, and the content is 
typically clear yellow fluid. The solid areas have a firm, white cut surface.

 Microscopic Findings

Tumors are characterized by an admixture of variably sized cysts, microcysts, and 
tubules with stroma that varies in cellularity. In CNs, epithelial component 
constitutes the larger proportion of the tumor and is mainly represented by cysts 
(Fig. 4.17). MESTs tend to have a more complex epithelial architecture, as shown 

Fig. 4.15 Cystic 
nephroma. Cystic 
nephromas are well- 
circumscribed, multilocular 
cystic lesions with no 
discernible solid areas. 
Internal surfaces of the 
cysts are characteristically 
smooth
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a b

Fig. 4.16 Mixed epithelial and stromal tumor. Tumors can be predominantly cystic (a) or pre-
dominantly solid (b)

a b

Fig. 4.17 (a, b) Cystic nephroma as a multilocular cystic lesion septated by thin fibrous tissue that 
may resemble ovarian stroma. Cysts are lined by hobnail or flattened cells

D. Ertoy Baydar



69

by a higher percentage of crowded small- to medium-sized glands, branching 
glands and ducts, sometimes complex tubulopapillary structures, as well as 
phyllodes-type morphology (Fig.  4.18). These varying elements often are 
intermingled in the same tumor.

The cysts and glands are typically lined by a single layer of flattened, hobnail, 
cuboidal, or low columnar epithelial cells with pale, acidophilic, amphophilic, or 
vacuolated cytoplasm (Fig.  4.19). Epithelium sometimes has Müllerian 
characteristics with focal endometrioid and tubal appearance; infrequently it may be 
squamous, pyloric, intestinal, or urothelial [52]. The stromal component of both CN 
and MEST is a fibrous tissue that is composed of slender to plump spindle cells with 
low to moderate to marked cellularity and varies from edematous to collagenous, 
rarely myxoid. It may show condensation around epithelial elements. Smooth 
muscle metaplasia is commonly observed, sometimes in the form of large nodules 
(Fig.  4.19). Spindle-shaped cells with scant cytoplasm, arranged in whorls or a 
storiform pattern resembling ovarian stroma, are often present, which may undergo 
secondary luteinization [48]. Scattered fat cells and small clusters of adipocytes 
were a frequent feature in one study, seen in 34% of cases [53]. In approximately 
one fourth of the cases, stroma may contain unusual blood vessels, either slit-like or 
thick-walled or both.

Mitotic figures are seldom and necrosis is very uncommon. The majority of 
tumors have very bland cytology both in epithelial and stromal cells. Rarely, focal 
areas with increased nuclear/cytoplasmic ratio, nuclear atypia, and prominent 
nucleoli can be found that may be interpreted as reactive [48]. Majority of tumors 
lack pseudocapsule and have pushing borders. Renal parenchymal tubules can be 
entrapped at the periphery of the tumor.

A few cases of MEST with malignant transformation have been reported [54–
60]. Morphology in these tumors may resemble rhabdomyosarcoma, 

Fig. 4.18 Mixed epithelial 
and stromal tumor. The 
epithelial component 
consists of variably sized 
tubules and intracystic 
broad papillary projections. 
Fat cell metaplasia may be 
present in the stroma, as 
shown by the inset
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chondrosarcoma, undifferentiated sarcoma, carcinosarcoma, or malignant neoplasm 
with rhabdoid features. Rarely, MEST may coexist with renal cell carcinoma [61].

 Immunohistochemistry

The stromal component reacts for vimentin and smooth muscle actin diffusely and 
strongly in most cases. The immunoreactivity for desmin is also common, but can 
be variable and patchy (Fig. 4.20). Their nuclei frequently express progesterone and 
estrogen receptors, being strongest in the more cellular zones adjacent to cysts. 
Ovarian type stroma may express inhibin and calretinin, particularly if there is 
luteinization. The stromal cells surrounding the cystic spaces have been shown 

a b

Fig. 4.19 (a, b) Mixed epithelial and stromal tumor with smooth muscle stroma. Single layer of 
cuboidal cells line the tubules seen in the right panel
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positive for CD34 in 47% and for CD10 in 90% of cases [53]. Stromal nuclear WT1 
immunolabeling has been observed in 26% of tumors in one study [53]. The 
epithelial elements react with cytokeratins, PAX8, and often with vimentin. The 
coexpression of PAX8 and GATA3 can be focally found in the epithelium. Estrogen 
and progesterone receptor immunolabeling in the epithelial component is rarer than 
in stromal cells.

 Molecular/Genetic Findings

There is no molecular marker specific for these entities.

 Differential Diagnosis

In contrast to CN, nonneoplastic pluricystic renal lesions contain remnants of neph-
rons in the septae between adjacent cysts. Multilocular cystic renal neoplasm of low 
malignant potential is distinguished from CN by the presence of intraseptal clusters 
of clear cells identical to low-grade clear cell carcinoma, which are not present in 
the latter. Tubulocystic renal cell carcinoma is another well-circumscribed, predom-
inantly cystic neoplasm of kidney that may enter into the differential diagnosis of 
MEST. However, it is made up of cells with high-grade nuclear features and does 
not enclose a neoplastic stroma.

MEST with extensive solid areas can be confused with other biphasic lesions of 
the kidney such as metanephric adenofibroma (MAF). The epithelial components of 
MEST and MAF are quite distinct. MAF is typically composed of tightly packed 
small uniform acini with an embryonal appearance embedded in spindle cell stroma. 
Cystic partially differentiated nephroblastoma (CPDN) is a multilocular cystic 
neoplasm, composed of epithelial and stromal elements like MEST.  However, it 
possesses nephroblastematous tissue, such as blastema, immature stromal cells, and 
primitive epithelium. Furthermore, the vast majority of CPDN patients are younger 
than 24 months of age, whereas MEST is a disease of adults.

 Prognosis and Treatment

These are generally benign lesions that are cured by excision. Conservative surgery 
is usually adequate, but incomplete removal may result in tumor recurrence [62]. An 
aggressive clinical course causing death has been reported in a few patients, whom 
sarcoma has arisen in the renal tumor. In these cases, the morphology in stromal 
component was obviously malignant (sarcomatoid). Histologically benign MESTs 
have an uneventful course.
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Chapter 5
Major Subtypes of Renal Cell Carcinoma

Mukul K. Divatia, Charles C. Guo, Aseeb Rehman, and Jae Y. Ro

Renal cell carcinoma (RCC) and its treatment have consistently remained in the fore-
ground as one of the most rapidly evolving areas in the ever-expanding field of solid 
tumor oncology. Significant developments have occurred over the past two decades in 
the clinical landscape that have vastly enhanced comprehension of etiopathogenesis 
of RCC and its modalities of management including advancements in minimally inva-
sive surgical techniques, employment of focal therapy, increased renal biopsy-based 
approach, advancements in immunotherapy, adoption of active surveillance strategies, 
and the use of targeted treatment strategies for patients with advanced disease. Efforts 
aimed at morphologically grouping specific cancers into distinct pathologic subtypes 
have not only allowed a common descriptive language, but are helping to crystallize 
the understanding of RCC’s molecular origins and its clinical behavior. It is these 
improved insights into the similarities and differences among RCC variants that offer 
clinical and therapeutic opportunities to improve patient care.

Renal neoplasms represent a group of heterogeneous tumors with various genetic 
and epigenetic abnormalities that are reflected in their histopathologic features and 
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molecular profiles [1–16]. Improved comprehension of the morphology, immunohisto-
chemistry, genomics, and epidemiology of renal cell tumors has resulted in the identi-
fication of novel morphologic as well as molecular features. Therefore, the classification 
of renal cell tumors has recently been revised and published in the 2016 World Health 
Organization (WHO) classification [1]. This review briefly  summarizes the pathologic, 
molecular, and epidemiologic features of the major subtypes of renal cell tumors.

 WHO 2016 Classification of Renal Tumors

The revised WHO classification is based on advances in the understanding of newly 
identified characteristics of the molecular pathological epidemiology of renal cell 
tumors. The majority of the International Society of Urological Pathology (ISUP) 
Vancouver classification of renal neoplasia [17] was adopted for the revised 2016 
WHO classification of renal cell tumors [1].

The various subtypes of renal cell tumors are based on characteristic morpho-
logic features (Table  5.1) [1]. The major subtypes are clear cell RCC (CCRCC) 
(Fig. 5.1a), papillary RCC (PRCC) (Fig. 5.1b), and chromophobe RCC (ChRCC) 
(Fig. 5.1c) comprising 65–70%, 15–20%, and 5–7% of all RCCs, respectively. The 
designations of these various subtypes are based on their predominant cytoplasmic 
staining and cellular features (e.g., CCRCC, ChRCC, and renal oncocytoma), archi-
tectural features (e.g., PRCC), and combinations of these features (e.g., clear cell 
papillary RCC [CCPRCC]). Other subtypes of renal cell tumors are based on the 
anatomical location of the tumor (e.g., collecting duct and renal medullary carcino-
mas), association with renal disease (e.g., acquired cystic disease-associated RCC 
[ACD-associated RCC]), defining molecular alterations (e.g., microphthalmia tran-
scription factor [MiT] family translocation RCC and succinate dehydrogenase- 
deficient RCC [SDH-deficient RCC]), and familial predisposition (e.g., hereditary 
leiomyomatosis and RCC-associated RCC [HLRCC-associated RCC]) [1].

Table 5.1 Classification of renal cell tumors according to the 2016 WHO classification

Current renal cell tumor subtypes New renal cell tumor subtypes

Clear cell RCC Multilocular cystic renal neoplasm of low malignant 
potential

Papillary RCC MiT family translocation RCC
Chromophobe RCC Tubulocystic RCC
Collecting duct car carcinoma Acquired cystic disease-associated RCC
Renal medullary carcinoma Clear cell papillary RCC
Mucinous spindle and tubular cell 
carcinoma

Succinate dehydrogenase-deficient RCC

RCC, unclassified Hereditary leiomyomatosis and RCC-associated RCC
Papillary adenoma
Oncocytoma

MiT microphthalmia transcription factor, RCC renal cell carcinoma, WHO World Health Organization
From Moch et al. [18], with permission
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 Clear Cell Renal Cell Carcinoma

CCRCC arises in epithelial cells lining the proximal tubule [19]. Although it can 
affect people of all ages including children, most of these tumors develop in patients 
older than 40 years of age with a male predominance and a male-to-female ratio of 
approximately 1.5: 1 [20].

The vast majority of cases of CCRCC have characteristic cytogenetic abnormali-
ties that involve loss of genetic material from the short arm of chromosome 3 (3p) 
and mutations in the VHL gene [21–27]. The VHL gene, which is located at 3p25- 
26 and serves as a tumor suppressor gene, has been identified through studies of 
patients with VHL disease [23, 27–29]. One copy of VHL is either mutated or 
silenced in 90% of sporadic CCRCCs, whereas another copy is typically lost 
through 3p deletions, according to the comprehensive molecular profiling of 
CCRCCs by The Cancer Genome Atlas (TCGA) [2]. The biallelic loss of VHL 
allows for the inappropriate stabilization of hypoxia-inducible factors (HIFs), which 
results in a proangiogenic gene expression signature that is an important step in the 
carcinogenesis of CCRCC [30, 31].

According to the TCGA, CCRCCs are characterized by recurrent mutations in 
the PI3K/AKT/MTOR pathway (a potential therapeutic target), mutations in 
SETD2 (associated with widespread DNA hypomethylation), and mutations involv-
ing the SWI/SNF chromatin remodeling complex (PBRM1, ARID1A, and 
SMARCA4). Aggressive CCRCCs demonstrate a metabolic shift [2]. Other genes 
may be involved as tumor suppressors and lead to development of CCRCC, particu-
larly 3p14.2 deletions, likely resulting in inactivation of the FHIT gene, as well as 
tumor suppressor genes at 3p12.176. A continuous deletion from 3p14.2-p25, 
including the FHIT and VHL genes, can be identified in up to 96% of cases [32]. 

Fig. 5.1 Well-
circumscribed clear cell 
renal cell carcinoma 
confined to kidney 
parenchyma
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Following the initiating event involving the 3p gene, additional genetic alterations 
occur in clonal tumor cell populations resulting in tumor progression and metastatic 
disease. Consequently, these additional genetic abnormalities, when detectable, are 
often associated with higher histologic grade, higher pathologic stage, and an 
adverse prognosis. The genetic abnormalities associated with these effects are loss 
of 9p, 14q, and loss of heterozygosity on chromosome 10q around the PTEN/MAC 
locus [33].

CCRCC may arise in a familial setting, especially in cases of VHL disease. In 
addition, 35–45% of affected patients with VHL disease develop bilateral multifo-
cal CCRCC. Onset of renal carcinoma in patients with VHL disease is often early; 
clinically evident renal cancer has been reported in adolescence, and the mean age 
at diagnosis is 39 years. Historically, without treatment, up to 40% of patients with 
VHL disease died of advanced renal carcinoma. In VHL disease, patients are born 
with a germline defect in one of the two alleles of the VHL gene, located on chro-
mosome 3p9.25-26, which functions as a tumor suppressor. Loss of the second 
allele results in clinical disease expression [34]. Additional heritable settings in 
which clear cell RCC may develop include families segregating constitutional chro-
mosome 3 translocations as well as families with succinate dehydrogenase B 
(SDHB)-associated heritable paraganglioma [35, 36].

On gross examination, CCRCC ranges in size from subcentimeter lesions to 
large masses weighing several kilograms and an average diameter of 7 cm. These 
tumors are usually unilateral and solitary; bilaterality and multicentricity are 
reported in familial cases. Imaging studies frequently show a bosselated mass 
protruding from the external surface. The cut surface often demonstrates a char-
acteristic golden-yellow appearance due to abundant cholesterol and other phos-
pholipids within the tumor cells. The cut surface is typically heterogeneous with 
areas of gray-white fibrosis and recent or remote hemorrhage. These tumors 
exhibit an expansile pushing growth pattern and are either well demarcated from 
the adjacent uninvolved parenchyma by a variably thick fibrous pseudocapsule or 
widely infiltrate the adjacent renal parenchyma. Cystic change and foci of calcifi-
cation are commonly present, often in association with areas of necrosis. 
Figures 5.1, 5.2, 5.3, 5.4, 5.5, 5.6, and 5.7 illustrate different growth patterns and 
gross features that are helpful in staging renal carcinomas in nephrectomy 
specimens.

The microscopic appearance of CCRCC includes a variety of architectural pat-
terns; tumor cells are arranged in a variable combination of compact nests, alveolar, 
acinar, solid sheet-like and cystic patterns, separated by an arborizing network of 
thin-walled blood vessels (Fig. 5.8). Cystic areas are filled with extravasated eryth-
rocytes or eosinophilic fluid. Occasional, small papillary structures lined by clear 
cells may be present focally, but they almost always represent a minor component 
of the tumor.

In CCRCC, the tumor cells contain distinct cell membranes and optically clear 
cytoplasm owing to loss of cytoplasmic lipids and glycogen during histologic 
 processing. Some cases of CCRCC comprise of varying areas demonstrating tumor 
cells with granular eosinophilic cytoplasm; such foci are more often seen in high-
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grade cancer or near areas of hemorrhage or necrosis. The nuclei of CCRCC show 
considerable variation in size, shape, and nucleolar prominence, as discussed in the 
section on grading, and these features are assessed when assigning a nuclear grade 
to an individual tumor.

Sarcomatoid and rhabdoid differentiation are seen in approximately 5% of cases 
and carry prognostic significance (Figs. 5.9, 5.10, and 5.11) [37–39]. Other uncom-
mon histologic variations with unknown prognostic significance have been described 
in RCC, including intra- or extracellular hyaline globules, basophilic cytoplasmic 
inclusions, abundant multinucleated giant cells, sarcoid-like granulomas, myo-
spherulosis, and dense inflammation [40–44].

Fig. 5.2 Polycystic disease 
with characteristic gross 
appearance of bivalved 
kidney and solitary 
circumscribed clear cell renal 
cell carcinoma identified in 
upper right corner

Fig. 5.3 Clear cell renal 
cell carcinoma widely 
infiltrating kidney 
parenchyma with invasion 
into perinephric adipose 
tissue
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Fig. 5.4 High-grade clear 
cell renal cell carcinoma with 
direct invasion and 
effacement of overlying 
adrenal gland

Fig. 5.5 Clear cell renal cell 
carcinoma penetrating 
through capsular surface and 
extending into perinephric 
adipose tissue (pT3)

Fig. 5.6 Widespread 
invasion of renal sinus 
adipose tissue in clear cell 
renal cell carcinoma (pT3)
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Fig. 5.7 Large tumor 
thrombus occluding lumen of 
renal vein (arrow) in a case of 
clear cell renal cell carcinoma

Fig. 5.8 Clear cell renal cell 
carcinoma demonstrating 
characteristic features with 
nests of tumor cells 
containing clear cytoplasm 
and an arborizing network of 
thin-walled blood vessels

Fig. 5.9 Clear cell renal 
cell carcinoma with 
sarcomatoid and rhabdoid 
growth patterns as 
demonstrated by the 
presence of fleshy nodular 
areas in the tumor on gross 
examination
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Immunohistochemically, clear cell carcinoma typically shows positive immu-
nostaining for vimentin, cytokeratin (CK) AE1/AE3, RCC antigen, CD10, PAX2, 
PAX8, and carbonic anhydrase-IX (CA IX). Immunostaining reactions for 
HMWCK, CK7, CK20, mucin 1, cell surface associated (MUC1), parvalbumin, 
AMACR, kidney-specific cadherin, and CD117 are negative in most cases 
[45–57].

Pathologic staging most accurately predicts the prognosis for patients with 
CCRCC [58–60]. Major factors outlining the prognosis in tumors with same stage 
include tumor grade, tumor necrosis, and the presence or absence of sarcomatoid or 
rhabdoid differentiation. Tumors with higher grades are associated with progres-

Fig. 5.10 Sarcomatoid RCC 
with a malignant spindled-
tumor cell morphology

Fig. 5.11 Rhabdoid 
differentiation in renal cell 
carcinoma with tumor cells 
containing eccentric nuclei 
and abundant eosinophilic 
cytoplasm
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sively worsening prognosis [58]. Tumor necrosis accounting for more than 10% of 
the total tumor volume is more likely to have an adverse outcome. Sarcomatoid and 
rhabdoid differentiation are seen in less than 10% of cases of CCRCC and associ-
ated with a worse prognosis [59, 60]. Cases with sarcomatoid differentiation have a 
5-year survival rate of 15–22%, and in cases with rhabdoid differentiation, the 
median survival ranges from 8 to 31 months [59, 60].

 Multilocular Cystic Renal Neoplasm of Low Malignant 
Potential

This tumor was previously referred to as multilocular cystic RCC and encompasses 
renal neoplasms with a fibrous pseudocapsule that are composed entirely of cysts 
and septa with no expansile solid nodules; the septa should contain aggregates of 
low-grade tumor cells with clear cytoplasm [61–66]. Combined experience with 
more than 200 patients with follow-up times longer than 5 years indicates no recur-
rence or cancer-related mortality in these patients; however, the natural history of 
this tumor is unknown because all these reported cases were treated with definitive 
surgery. Consequently, multilocular cystic renal neoplasm of low malignant poten-
tial (MCRNLMP) is now the WHO-recommended term for this lesion.

It constitutes approximately up to 5% of all RCCs and has a male predominance 
with a male-to-female ratio of 2–3: 1. The age ranges from 20 to 76 years; most 
patients are above 50 years of age, and women tend to present at a younger age than 
do men [61–66].

Most patients in this cohort are asymptomatic and these neoplasms are incidental 
lesions with few cases presenting with a palpable mass, gross hematuria, abdominal 
or back pain. Most patients have no biochemical abnormalities. Imaging studies 
usually outline a complex cystic mass that may have focal calcification.

Grossly, MCRNLMP ranges from subcentimeter lesions to large tumors measur-
ing over 10 cm in greatest dimension. The tumor is usually a unilateral and solitary 
well-circumscribed mass composed entirely of variably sized cysts separated from 
each other by thin fibrous septae and from adjacent renal parenchyma by a fibrous 
wall (Fig. 5.12); however, it can be multifocal as well as bilateral [61–66]. The cysts 
contain clear or hemorrhagic fluid. Necrosis is not seen and there are no grossly 
identifiable nodules expanding the septa, a feature that differentiates this tumor 
from extensively cystic conventional CCRCC.

Microscopically, the cysts are lined by a single layer of clear tumor cells with occa-
sional multilayered epithelium and rare papillary structures; some cysts lack any lin-
ing epithelium (Fig. 5.13a, b). The tumor cells have variable amounts of cytoplasm 
that may be clear or lightly eosinophilic. Many of these tumors show calcifications 
within the septa, and metaplastic bone formation is occasionally encountered. Within 
the septa in all cases are clusters of low-grade tumor cells with clear cytoplasm 
(Fig. 5.13b). These cells are often difficult to distinguish from histiocytes or from 
lymphocytes with surrounding retraction artifact. Increased vascularity is sometimes 
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Fig. 5.12 Multilocular cystic 
renal cell neoplasm of low 
malignant potential, a 
well-circumscribed tumor 
composed entirely of 
variably sized cysts

Fig. 5.13 Multilocular 
cystic renal neoplasm of 
low malignant potential. 
Note the low-power 
appearance of variably 
sized cysts filled with 
eosinophilic fluid (a) and 
clusters of low-grade 
tumor cells with clear 
cytoplasm within the 
septae (b)
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associated with septal tumor cell clusters, and this feature may be helpful in recogni-
tion of this entity. There should be no nodular expansion of clear tumor cells in the 
septa, a feature that serves to mainly distinguish it from extenisvely cystic CCRCC. In 
challenging cases, the epithelial nature of the tumor cells can be confirmed by their 
immunoreactivity to antibodies against cytokeratin and EMA; results of immunos-
tains for histiocytic markers are negative. Tumor cells are also strongly immunoreac-
tive for PAX8 and CA-IX aiding in this diagnosis [61–66].

VHL gene mutations have been reported in about 25% in MCRNLMP, and there is 
no difference in the status of chromosome 3p deletion between low-grade CCRCC 
and this neoplasm, supporting the hypothesis that it is a subtype of CCRCC [64–66].

 Papillary Renal Cell Carcinoma

PRCC, the second most common type of RCC, bears characteristic cytogenetic, 
gross, and histologic features that distinguish it from other types of RCC [67].

Most of these tumors are sporadic, but some occur in a familial setting with 
hereditary papillary renal carcinoma (HPRCC), an inherited renal cancer character-
ized by mutations in the MET oncogene at 7q31 and by a predisposition to develop 
multiple bilateral papillary renal tumors. MET mutations have been detected in 
approximately 13% of patients with PRCC who have no family history of renal 
tumors [68–71].

The mean age of patients with PRCC ranges from 52 to 66 years and the male- 
to- female ratio of 2.4: 1 [67, 72]. The common presenting signs and symptoms of 
RCC are noted. PRCC is more likely to be multifocal and necrotic than other com-
mon RCC subtypes and exhibits an association with end-stage renal disease. Each 
papillary tumor arises independently in cases of multiple PRCCs without a family 
history of renal tumors [73].

Grossly, PRCC is typically well circumscribed, the vast majority of cases are 
confined to the renal parenchyma [67, 72–74]. Multifocality is identified  particularly 
in cases of HPRC [68–71]. A thick fibrous pseudocapsule is present in up to two-
thirds of mirroring the extent of hemorrhage and necrosis present in the tumor. The 
cut surface ranges from light gray tan to golden yellow to red brown, depending 
upon the hemorrhage and hemosiderin accumulation in accompanying macrophages 
as well as stroma (Fig. 5.14) [ 67, 72–74].

Microscopically, PRCC is composed of varying proportions of papillary and 
tubular structures and also contains variable cystic change with papillary excres-
cences or with tumor infiltrating the cyst wall [67, 72–74]. “Papillary” morphology 
is also encountered in a host of other kidney tumors and is thus not specific or 
entirely representative of this neoplasm. Papillae are lined by a single layer of tumor 
cells with variable pseudostratification [74]. The papillary stalks contain fibrovascu-
lar cores and a variable degree of macrophages that is not linked to the extent of 
accompanying hemorrhage and/or necrosis. The tumor papillae may be slender and 
easily recognizable or compact and tightly packed resulting in a solid appearance; 
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and in some tumors, the papillae are arranged in long parallel arrays, imparting a 
trabecular appearance [72].

A few cases of papillary carcinoma exhibit solid areas composed of spindle cells 
with low-grade nuclear features, admixed with variable amounts of tumor with 
tubular or papillary architecture [75, 76]. In one series of such cases, all were con-
firmed as PRCC by molecular studies [75]. The spindle cell components of such 
tumors do not meet the criteria for sarcomatoid differentiation and are therefore not 
associated with a worse prognosis.

PRCC can be categorized into two morphologic classes, which have been desig-
nated types 1 and 2, based on morphologic criteria, immunohistochemical staining, 
clinicopathologic staging parameters, and survival outcome analysis [74, 77–79]. 
Tumors in both categories share several features including tumor-associated inflam-
matory infiltrate, extensive necrosis, psammoma bodies, cholesterol clefts, hemor-
rhagic background, and foci of dystrophic calcification yet exhibit significant 
differences in molecular profiles and overall outcomes [74, 78].

Type 1 PRCC is composed of papillae covered by a single layer of low-grade 
tumor cells containing small round to ovoid nuclei with inconspicuous nucleoli and 
minimal pale to clear cytoplasm (Fig. 5.15). Tubular profiles in these neoplasms 
have similar lining cells. The short, complex papillae sometimes impart a glomeru-
loid appearance. The papillae of type 1 tumors are usually thin, delicate, and often 
short and are frequently edematous [74, 78]. Aggregates of foamy macrophages are 
commonly seen within the papillary cores or in between aggregates of tumor cells. 
This morphological pattern is seen in both sporadic and in HPRC cases [71].

Type 2 PRCC demonstrates significantly higher nucleolar grade and overall 
larger tumor size [74, 78]. In these cases, tumor cells exhibit prominent nucleoli and 
varying degrees of nuclear pseudostratification with abundant eosinophilic cyto-

Fig. 5.14 Well-circumscribed papillary renal cell carcinoma with hemorrhage and 
hemosiderin deposition grossly imparting a brown appearance to the cut surface
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plasm (Fig. 5.16). The fibrovascular cores of most cases of type 2 PRCC tend to be 
dense and fibrous instead of thin and delicate, and edema and glomeruloid bodies 
are less prevalent than in type 1 tumors. Macrophages are more likely identified 
near necrotic tumor foci. ISUP nucleolar grading system is validated for reporting 
of PRCCs. Sarcomatoid and rhabdoid changes are categorized as grade 4 tumors, 
usually associated with an adverse prognosis.

Type 1 PRCC reveals loss of Y chromosome and gains in chromosomes 7, 17, 16, 
and 20 [79]. Activation of the MET pathway is a recognized finding in up to 80% of 
type 1 PRCC tumors [80, 81]. Type 2 PRCC tumors demonstrate a heterogeneous 
pattern of chromosomal gains and losses, involving chromosomes 1, 3, 4, 5, 6, 8q, 
9, 14, and 15 [80–84]. Type 2 PRCCs are more frequently associated with aggres-
sive clinicopathologic parameters than type 1 PRCCs, including higher TNM stage, 

Fig. 5.15 Papillary renal 
carcinoma type 1 with 
characteristic morphologic 
features including delicate 
fibrovascular cores lined by 
single layer of tumor cells

Fig. 5.16 Papillary renal cell carcinoma type 2 with broad papillae containing tumor cells exhibiting 
prominent nucleoli and nuclear pseudostratification with abundant eosinophilic cytoplasm
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larger tumor size, and an overall worse prognosis [77, 78, 85]. Although some stud-
ies have documented a worse prognosis in type 2 PRCCs based on univariate analy-
sis, other studies have not reported the same findings on multivariate analysis upon 
factoring of tumor grade and stage [77, 78, 82, 85–87].

PRCCs exhibit positivity for cytokeratin AE1/AE3, CK7, CAM5.2, EMA, high- 
molecular- weight cytokeratin, racemase (AMACR), CA-IX, RCC antigen, CD10, 
and vimentin. Type 2 PRCC demonstrates more variable immunoreactivity for the 
above markers, including reduced expression of CK7.

Subtyping PRCCs is difficult in a notable subset of cases, further complicating 
the classification schemata as some examples exhibit nuclear features typical of 
type 1 PRCC, but cytoplasmic features characteristic of type 2 PRCC, whereas 
other cases comprised tumor cells with high nuclear grade with variable  cytoplasmic 
features [77–87]. Across the board, the proportion of both type 1 and type 2 PRCC 
tumors varies between 30% and 70% [77–87]. A significant proportion of PRCC 
cases do not meet the documented histologic parameters for typing in either cate-
gory, and such tumors have been designated as mixed, unclassified, overlapping, or 
not otherwise specified tumors [77–87]. Additionally, an oncocytic low- grade vari-
ant of PRCC has been identified, composed predominantly of tumor cells with 
oncocytic cytoplasm and round, nonoverlapping low-grade nuclei with inconspicu-
ous nucleoli and a linear arrangement toward cell apices (Fig. 5.17). These tumors 
exhibit molecular features akin to type 1 PRCC, with gains in chromosomes 7 and 
17. These tumors carry a good prognosis owing to their indolent behavior [88–92].

The Cancer Genome Atlas (TCGA) Research Network showed that types 1 and 
2 PRCCs are actually different types of renal cancer based on comprehensive 
molecular analysis of a cohort of 161 tumors. PRCC1 is associated with MET alter-
ations. Multiple molecular subgroups were identified within the type 2 PRCC cohort 
that was otherwise characterized by CDKN2A silencing, SETD2 mutations, tran-
scription factor E3 (TFE3) fusions, and increased expression of the NrF2-antioxidant 
response element pathway. A CpG island methylator phenotype was observed in a 
distinct subgroup of type 2 PRCC that was characterized by poor survival and muta-

Fig. 5.17 Oncocytic low-grade variant of papillary RCC composed of tumor cells with oncocytic 
cytoplasm, papillary architecture, and round, nonoverlapping low-grade nuclei
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tion of the gene-encoding fumarate hydratase (FH) [81]. It is now established that 
type 2 PRCCs represent a heterogeneous group of tumors that requires better char-
acterization based on molecular characterization and morphologic correlates.

The cancer-specific survival rates at 5 years after surgery for a large series of 
patients with CCRCC, PRCC, and chromophobe RCC were 72%, 91%, and 88%, 
respectively [93]. PRCC has a more favorable outcome than other aggressive sub-
types like collecting duct carcinoma and HLRCC-RCC [94, 95]. Type 1 PRCC 
cases are associated with a significantly better survival rate than type 2 PRCCs, 
though this difference is linked to the grade and stage at presentation rather than 
tumor subtyping [86].

 Chromophobe Renal Cell Carcinoma

ChRCC was first reported in 1985 and derived its name from the morphologically 
similar tumor cells identified in the experimentally produced rat kidney tumor [96]. 
The eosinophilic variant of ChRCC was described in 1988 [97]. ChRCC has its 
postulated origin in the intercalated cells of the collecting duct system [98]. Most of 
these tumors are sporadic, but also occur in a familial setting in patients with Birt–
Hogg–Dubé syndrome [99]. A germline mutation of PTEN in Cowden syndrome 
also predisposes to development of ChRCC [100].

Patients range in age from 23 to 86 years, and a slight male preponderance is 
seen with a greater incidence in Middle Eastern nations [101–106]. The presenting 
signs and symptoms are not different from other renal tumors and a palpable mass 
is rarely noted. Radiologically, no features reliably distinguish chromophobe RCC 
from other kidney tumors, including oncocytoma.

Tumors are well circumscribed and vary widely in size, from 1.5 to 25 cm in 
diameter, mean diameter ranges from 6.9 to 8.5 cm [101–106]. The cut surface is 
usually solid, homogeneous, and tan brown (Fig. 5.18). Hemorrhage and necrosis, 
when present, are limited and seen in a minority of cases. Central scar formation is 
infrequently present.

Microscopically, the tumor cells are typically arranged in solid sheets with focal 
tubulocystic pattern in some cases. There are fibrous septa of variable thickness 
with relatively larger caliber blood vessels in contrast to the delicate vasculature 
seen in clear cell carcinoma. Variable populations of two types of tumor cells are 
seen – the typical ChRCC tumor cell is a large polygonal cell with abundant, almost 
transparent, and slightly flocculent cytoplasm and prominent plant-like cell mem-
branes that is commonly seen abutting vascular channels (Fig. 5.19a). Usually these 
are admixed with a second population of smaller cells with less abundant cytoplasm 
that is granular and eosinophilic (Fig. 5.19b) [101–106].

A variant of ChRCC that is virtually entirely composed of intensely eosino-
philic cells with prominent cell membranes has been designated the eosinophilic 
variant of this neoplasm (Fig. 5.20a) [101–106]. The nuclei of both cell types are 
typically hyperchromatic with irregular wrinkled nuclear contours; binucleation 
is commonly present. Perinuclear halos are more commonly identified in the 
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Fig. 5.18 Chromophobe 
renal cell carcinoma. Note 
the well-circumscribed tumor 
with a characteristic tan 
brown appearance

a

b

Fig. 5.19 Chromophobe renal cell carcinoma with (a) tumor cells containing abundant flocculent 
cytoplasm and well-defined plant-like cell membranes and (b) tumor cells with more granular 
eosinophilic calcification, perinuclear haloes, and raisinoid nuclei. Microcalcifications are 
frequently seen in these tumors

M. K. Divatia et al.



93

eosinophilic cells, a diagnostically helpful finding, but often it is not possible to 
distinguish eosinophilic ChRCC from oncocytoma particularly in biopsy speci-
mens. Immunostaining for CK7 showing strong and diffuse positivity in tumor 
cells is noted in eosinophilic variant of ChRCC (Fig.  5.20b) [101–107]. 
Sarcomatoid transformation, a feature common to other types of RCC, may be 
identified in less than 10% of cases [37, 38, 108, 109]. Rare cases with osteosar-
coma-like differentiation, rhabdoid morphology, or extensive calcification and 
ossification have been reported [110, 111].

Some kidney tumors demonstrate mixed morphologic patterns, with features 
overlapping between oncocytoma and ChRCC in the same tumor, and are desig-
nated hybrid oncocytic chromophobe tumors [112–115]. Such tumors may arise in 
different settings: as tumors present in cases of renal oncocytosis, as tumors arising 

Fig. 5.20 (a) Eosinophilic variant of chromophobe renal cell carcinoma with sheets of tumor cells 
resembling an oncocytoma. (b) Strong and diffuse cytokeratin 7 expression on immunostaining 
serves to distinguish this tumor from oncocytoma
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in patients with Birt–Hogg–Dubé syndrome, and as sporadic tumors [112–115]. 
These tumors either show a gradual transition from one pattern to another or appear 
as distinctly separate areas adjacent to one another, or the two patterns are inti-
mately admixed with one another. In spite of overlapping morphologies, tumors 
from all three groups have different molecular genetic makeup, and their molecular 
features are different from those of oncocytoma and ChRCC. The tumors in all three 
groups exhibit indolent behavior in the reported literature and are currently subcat-
egorized under ChRCC [112–115].

The genetic abnormality most frequently identified in ChRCC has been loss of 
one copy of the entire chromosome for most or all of the chromosomes 1, 2, 6, 10, 
13, 17, and 21 (in >80% of cases), as well as losses of various other chromosomes 
[98, 116, 117]. In regard to the eosinophilic variant of ChRCC, approximately 50% 
of cases have different chromosomal abnormalities than the classic type [98]. 
Sarcomatoid ChRCC analysis often shows multiple gains (polysomy) of chromo-
somes 1, 2, 6, 10, and 17, and distant metastases in ChRCC cases show the same 
genetic alterations as reported in the primary tumors [118].

ChRCC demonstrates positive immunohistochemical staining for PAX8, CD117 
(c-kit), pancytokeratin, and EMA and negative immunostaining for vimentin, CK20, 
and racemase. The most helpful immunostain in distinguishing between oncocy-
toma and ChRCC is CK7 that is very frequently diffusely positive in ChRCC, in 
contrast with oncocytomas, which usually show focal scattered positivity in tumor 
cells [101–106].

Renal oncocytomas do not demonstrate combined losses of heterozygosity at 
chromosomes 1, 2, 6, 10, 13, 17, and 21 that are characteristically associated with 
ChRCC. Fluorescence in situ hybridization (FISH) studies detect the aforemen-
tioned cytogenetic findings and therefore are helpful distinguishing between the two 
entities [119].

A recent study demonstrated that approximately 70% of ChRCCs carry either a 
hemizygous deletion of RB1 or ERBB4, and oncocytomas do not show deletions of 
these genes. FISH testing may therefore be useful to detect deletion of these genes 
and furnish an assay with high sensitivity and specify to distinguish between 
ChRCC and oncocytoma [120].

The prognosis for ChRCC has been shown in several sizable case series to be 
significantly better than for CCRCC. There is no significant difference in outcome 
between the classical and the eosinophilic variants of this neoplasm [101–106]. 
Stage at presentation with ChRCC is significantly lower than with 
CCRCC. Metastatic ChRCC is seen in less than 5% of cases at presentation com-
pared with one-fourth of cases of CCRCC. Sarcomatoid differentiation and histo-
logic tumor necrosis confer a worse prognosis. The cancer-specific 5-year survival 
rate for ChRCC postnephrectomy is about 90% [28]. Median cancer-specific sur-
vival for patients with metastatic ChRCC is 0.6 years, which is not unlike cases of 
metastatic RCC of other subtypes. Metastatic ChRCCs demonstrate the presence 
of TP53 and PTEN mutations apart from imbalanced chromosome duplications 
(duplication of three or more chromosomes) [121].
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 Collecting Duct Carcinoma

Collecting duct carcinoma (CDC) is an uncommon albeit well-recognized aggres-
sive subtype of RCC that has its purported origin from the principal cells in the 
collecting ducts of Bellini. It comprises less than 1% of renal malignancies with 
over 250 reported cases in the literature, the first case being reported in 1986 [122].

This RCC affects all ages, with a mean age of 55 years, and occurs more com-
monly in male patients, with a male-to-female ratio of 2: 1 [123–132]. Although up 
to a quarter of cases are discovered incidentally, most patients present with abdomi-
nal or constitutional symptoms or even with metastatic disease [123–132]. 
Radiological examination reveals a predominantly solid kidney mass. Urine cytol-
ogy can also rarely be positive for malignancy in these cases [128].

CDC arises at any location in the renal parenchyma, and identification of a par-
ticular site of origin is difficult, especially as the tumor increases in size. Tumor size 
is variable with cases ranging up to 16 cm in greatest dimension. The cut surface of 
CDC is usually gray white and firm, and foci of overt necrosis are often present. 
Tumors are frequently infiltrative and multifocal involvement of the kidney may be 
exhibited as satellite tumor nodules (Fig. 5.21). Involvement of the adrenal gland, 
perinephric fat, renal sinus fat, renal pelvis, Gerota’s fascia, renal vein, and regional 
lymph nodes is grossly identified in the majority of cases on radiological and/or 
pathologic examination [123–132].

Microscopically, CDC shows ill-defined borders with prominent infiltration of 
adjacent parenchyma and an interstitial growth pattern with relatively preserved 
glomeruli is commonly noted. Marked stromal desmoplasia is almost always pres-
ent [94]. It is frequently accompanied by an acute and chronic inflammatory cell 
infiltrate at the interface between tumor and normal parenchyma. A number of dif-
ferent growth patterns may be seen within the same tumor including solid sheets/
cords/nests, tubulopapillary structures, or infiltrating small- to medium- sized malig-

Fig. 5.21 Collecting duct carcinoma demonstrating an infiltrative growth pattern comprising 
multiple tumor nodules with irregular borders invading the renal medulla
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nant glands/tubules (Fig.  5.22a, b) along with surrounding desmoplastic stroma 
(Fig.  5.23). An extensive component of tubulocystic growth pattern that typifies 
tubulocystic carcinoma excludes tumors from being considered as CDC [94]. Some 
cases demonstrate a microcystic pattern with intracystic high-grade malignant pap-
illary proliferations. Another pattern is characterized by intratubular extension with 
microscopic subcapsular deposits distant from the main tumor. The epithelium lin-
ing uninvolved ducts adjacent to or far from the main tumor may exhibit severe 
cytologic atypia amounting to carcinoma in situ-like growth. Tumor cells are uni-

Fig. 5.22 Collecting duct 
carcinoma composed of 
high-grade carcinoma 
demonstrating areas of 
distinctly tubular (a) and 
tubulopapillary (b) growth 
patterns with a prominent 
admixed inflammatory 
infiltrate
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formly high cytologic grade, with nuclear pleomorphism and prominent nucleoli 
and varying amounts of eosinophilic cytoplasm. Cells lining malignant tubular pro-
files may often exhibit hobnailing, a finding that is not usually encountered in other 
RCC subtypes. Sarcomatoid differentiation is identified in up to one-third of the 
cases. Lymphovascular invasion is frequently seen, and renal vein invasion is pres-
ent in a significant number of cases (20–44%) [94, 123–132].

Intra- or extracellular mucin production in these tumors can often be demon-
strated using mucicarmine, Alcian blue, or PAS stains [132, 133]. Exclusion of 
metastatic adenocarcinoma and high-grade urothelial carcinoma by obtaining clini-
cal history of extrarenal primary tumor and extensive sampling of the pelvicalyceal 
system is crucial prior to making a diagnosis of CDC, as these are the major entities 
in the differential diagnosis. To that effect, an immunohistochemical panel includ-
ing PAX8, GATA3, and p63 is helpful as urothelial carcinomas are more likely to be 
positive for GATA3 and p63, whereas CDC does not stain with these markers [134, 
135]. Of note, PAX8 may be positive in both urothelial carcinomas involving the 
renal pelvis and CDCs, a finding that should be considered prior to establishing any 
further diagnosis [136].

The reported molecular features in CDC are notably variable and limited, and no 
distinctive molecular mechanism or pathway has been proposed for collecting duct 
carcinoma [130]. A recent study highlights that a significant number of cases (up to 
25%) previously reported as CDC are in fact examples of fumarate hydratase (FH)-
deficient RCC [94]. These tumors are described in further detail in the Hereditary 
Leiomyomatosis and Renal Cell Carcinoma-Associated RCC section. Therefore, 

Fig. 5.23 Malignant glandular differentiation in collecting duct carcinoma-exhibiting presence of 
tumor cells with high-grade nuclei, prominent nucleoli, and an accompanying desmoplastic 
stromal reaction
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immunohistochemical stains for FH and 2SC should be performed in high-grade 
carcinomas with a diagnostic consideration of CDC, along with germline muta-
tional testing for FH mutations, if deemed clinically necessary. Another entity in the 
differential diagnosis is renal medullary carcinoma that is discussed in the section 
below. CDC is thus diagnosed upon excluding the aforementioned entities in the 
differential diagnosis.

CDC cases often present at an advanced disease stage and the overall prognosis 
is poor. Almost 50% of patients have regional nodal and/or distant metastases at the 
time of initial diagnosis [94, 123–132]. Approximately two-thirds of patients with 
CDC die of disease-related causes within 2 years and mortality rates are extremely 
high. Chemotherapy and immunotherapy are of very little benefit in managing col-
lecting duct carcinoma [94, 123–132].

 Renal Medullary Carcinoma

Renal medullary carcinoma (RMC) is a relatively rare and highly aggressive renal 
malignancy, first reported in 1995. The terminal collecting duct epithelium is the 
proposed site of origin [137–140]. There is a very strong association of this tumor 
occurring in conjunction with sickle cell hemoglobinopathies, and according to 
various hypotheses it is the terminal collecting duct epithelium that undergoes 
chronic ischemic damage due to accumulating drepanocytes (sickled erythrocytes) 
resulting in tumorigenesis. Most affected patients have been African Americans 
with sickle cell trait (HbAS) or hemoglobin SC disease (HbSC), but this tumor has 
also been reported in a patient with sickle cell disease (HbSS) as well as in white 
patients without evidence of sickle cell hemoglobinopathies [96, 137–141].

Most patients are diagnosed in the second or third decades of life, ranging from 
5 to 58 years, with a mean age at diagnosis of 20 years. The male-to-female ratio is 
at least 2: 1, and approximately 75% of tumors occur in the right kidney and 25% 
occur on the left. The vast majority of cases occur in those with African ancestry, but 
Central and South American and Mediterranean individuals are also at risk for 
RMC.  Almost 90% of reported cases occurred in patients with sickle cell trait. 
Common presenting symptoms include abdominal or flank pain, gross hematuria, 
weight loss with constitutional symptoms of relatively short duration, and a minor-
ity of patients (10%) have a palpable abdominal mass [137–143].

Grossly, these tumors usually involve the renal medulla and are poorly circum-
scribed, lobulated, firm, gray-tan, with variable hemorrhage and necrosis. They 
range widely in size (1.8–13 cm in greatest dimension, with a mean of 7 cm) and 
frequently present at an advanced stage with satellite nodules, perinephric exten-
sion, and sinus fat invasion (Fig. 5.24) [137–144]. A host of morphologic patterns is 
noted on microscopic examination including the characteristic finding of a reticular 
or microcystic growth pattern resembling yolk sac tumor of the testis (Fig. 5.25). 
Areas similar to adenoid cystic carcinoma of salivary glands with a cribriform or 
sieve-like growth are often noted (Fig. 5.26). Drepanocytes (sickled erythrocytes) 
are also seen within and surrounding the tumors. Other common patterns include 
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tubule formation and growth in diffuse sheets or solid nodules. Tumor cells are com-
monly pleomorphic with enlarged nuclei, prominent nucleoli, and variable amounts 
of eosinophilic cytoplasm. Squamoid or rhabdoid appearance of tumor cells in solid 
sheet-like areas is often noted. Numerous aggregates of neutrophils may be seen 
within the tumor (Fig. 5.27), and there is often a dense inflammatory response at the 
interface between tumor and the adjacent renal parenchyma. A prominent desmo-
plastic stromal reaction is another constant feature seen in most cases (Fig. 5.25). 
Mucin production is variably seen in most of these tumors (Fig. 5.26).

Renal origin of this tumor is confirmed by positive immunostaining for PAX8 in all 
cases. Loss of expression of SMARCB1 (INI1), a nuclear transcription regulator 

Fig. 5.24 Renal medullary 
carcinoma with sinus fat 
invasion and perinephric 
extension in an African 
American patient with sickle 
cell trait

Fig. 5.25 Renal medullary 
carcinoma with a 
microcystic growth pattern 
and marked stromal 
desmoplasia
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encoded on chromosome 22, is now a mandatory criterion to make a diagnosis of RMC 
[94]. It occurs as a result of a loss of heterozygosity or hemizygous deletions at the 
SMARCB1 locus, rarely due to loss of chromosome 22 or balanced translocation involv-
ing chromosome 22 [145, 146]. Another unique finding is that up to two- thirds of RMCs 
show positive immunostaining for OCT3/4 (POU5F1) [94, 147]. Variable degrees of 
positive immunostaining are reported for cytokeratins AE1/AE3 and CAM5.2, CK7, 
CK20, polyclonal carcinoembryonic antigen (CEA), and EMA [94, 130, 145–148].

This tumor carries a very dismal prognosis with almost all patients presenting 
with metastatic disease at the time of diagnosis. Common sites of metastasis are 
lymph nodes, lung, liver, and adrenal glands. Long-term disease-free survival rates 
are very low; average survival is between 2 and 68 weeks, with a mean survival 
duration of 19 weeks [130, 143, 144]. Neoadjuvant therapy prolongs survival by a 
limited duration, but tumor recurrence and death inevitably occur even after a period 
of remission [149, 150].

There are notable overlapping clinical and pathologic features between collect-
ing duct carcinoma and RMC, raising a consideration that RMC is a subtype of 
collecting duct carcinoma [130, 151]. Loss of SMARCB1 (INI1) immunostaining 
and presence of hemoglobinopathy by history and laboratory test confirmation, with 
accompanying drepanocytes in tumor stroma and/or blood vessels, are required to 
establish a diagnosis of RMC [94]. On the other hand, rare tumors demonstrating 
RMC-like histology, INI1-deficient immunophenotype, but arising in patients in 
whom sickle cell trait or disease has been definitively excluded are designated as 
RCC, unclassified, with medullary phenotype in the present scenario [94].

 Mucinous Tubular and Spindle Cell Carcinoma

This entity was initially described in 1997 by MacLennan et al. and designated as 
“low-grade collecting duct carcinoma.” Other subsequently reported them as “low- 
grade myxoid renal epithelial neoplasms” and “low-grade tubular mucinous renal 
neoplasms” in 2001–2002 [152–154]. Most of these tumors are identified inciden-
tally. The tumor is far more commonly seen in females with a ratio of 3:1. The age 
range is wide (13–82 years, mean age of 58 years).

Tumors range in diameter from 2.2 to 12 cm (average 6.5 cm). They are well 
circumscribed, gray white, tan, or yellow, with focal hemorrhage or necrosis 
(Fig. 5.28). Histologic examination of classic tumors shows tightly packed, small 
elongated tubules separated by abundant basophilic extracellular mucin, sometimes 
with a “bubbly” myxoid consistency (Fig. 5.29a) [152–154]. Areas of spindled cells 
are also seen more prominently in some of these tumors (Fig. 5.29b) [155]. The 
mucin stains strongly with Alcian blue at pH 2.5. Tubules are lined by uniform low 
cuboidal cells with scant cytoplasm and round nuclei of low nuclear grade with 
absent or inconspicuous nucleoli. Mitotic activity is not significantly elevated.

There are several morphologic variations associated with this tumor including 
relative lack of mucinous matrix, small well-formed papillae, presence of foamy 
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Fig. 5.26 Microcystic 
cribriform or sieve-like 
growth pattern with wispy 
blue mucin secretion in renal 
medullary carcinoma. 
Scattered sickled 
erythrocytes are present in 
the background

Fig. 5.27 Renal medullary 
carcinoma with tubular 
differentiation, tumor cells 
with high-grade nuclei 
containing prominent 
nucleoli, and a dense 
neutrophilic inflammatory 
infiltrate

macrophages, focal clear cell change in tubular component, focal necrosis, oncocytic 
change, small vacuolations, psammomatous calcification, or heterotopic bone for-
mation [156]. High nuclear grade, areas of coagulative tumor necrosis, sarcomatoid 
differentiation, and aggressive behavior have been documented in a small cohort of 
these tumors [157–160]. Tumor cells have a variable immunophenotype, but are usu-
ally immunoreactive for CK7, AMACR, and PAX8 (Fig. 5.30) [161–163].
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The characteristic gains of chromosomes 7 and 17 and loss of Y chromosome that 
are seen in papillary RCC are not seen in mucinous tubular and spindle cell carcinoma 
[164]. Alterations in the Hippo pathway are present in mucinous tubular and spindle 
cell carcinoma, but are not seen in PRCC [165]. Cytogenetic analyses and compara-
tive genomic hybridization studies demonstrated multiple genetic alterations that 
include loss of chromosomes 1, 4, 6, 8, 9, 13, 14, 15, 18, and 22 [166, 167].

Most of these tumors with classic histologic findings are indolent, and surgical 
excision is curative as they are low stage at the time of resection. However, high 
nuclear grade and sarcomatoid change in a few cases have been associated with 
adverse outcomes [168, 169].

 Renal Cell Carcinoma, Unclassified

RCC, unclassified, is a diagnostic category for the designation of RCCs that have 
histologic features that cannot be categorized under any of the well-characterized 
RCC subtypes. These tumors represent up to 5–6% of RCC cases [1]. Morphologic 
patterns falling under this category include tumors that show a composite mixture 
of recognized types, novel or unrecognized cell types, tumors with mucin produc-
tion, and renal carcinomas with entirely sarcomatoid morphology, lacking recogniz-
able epithelial elements [170]. Low- or high-grade unclassifiable oncocytic 
neoplasms were also included in this category [1]. However, most genitourinary 
pathologists including this author team do not classify an RCC with a composite 
mixture of recognized subypes as an unclassified RCC. We designate such tumors 
as a composite RCC and list the subtypes identified therein.

Fig. 5.28 Mucinous 
tubular and spindle cell 
carcinoma of kidney. Note 
the tan yellow tumor with 
well-circumscribed borders 
and a glistening cut surface 
with bulging contours
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Fig. 5.29 Mucinous 
tubular and spindle cell 
carcinoma composed of 
closely packed elongated 
tubules in a background of 
“bubbly mucin” (a) with 
some cases demonstrating 
prominent spindling of 
tumor cells (b)

Fig. 5.30 Diffuse and strong 
cytokeratin 7 
immunohistochemical 
staining of tumor cells in 
mucinous tubular and 
spindle cell carcinoma, a 
feature in common with 
papillary renal cell 
carcinoma
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Patients of any age can be affected (range: 21–91  years) [21–23, 171–174]. 
These tumors usually present at an advanced stage, are large, and demonstrate his-
tologic features that correlate with an adverse prognosis including high nuclear 
grade, tumor necrosis, and lymphovascular invasion [21–23, 170, 174]. Data from 
limited analysis of these tumors show that they exhibit marked genetic instability 
[21]. In a molecular study of 62 unclassified RCC, approximately 75% of cases 
were categorized into several subsets of abnormalities of variable prognostic signifi-
cance that might be useful for either diagnostic or therapeutic implications [23].

Unclassified RCC is a histologically and clinically heterogeneous group of 
tumors, wherein prognosis depends upon similar clinical and pathologic findings 
determining outcome in conventional RCCs [21, 170, 173, 174].

 Grading and Staging Renal Cell Carcinoma

Cytologic grading is one of the most essential parameters that aid in predicting the bio-
logic behavior of RCC [24–29]. The Fuhrman system was widely used up until recently 
for grading RCCs and presently the four-tiered WHO/International Society of Urologic 
Pathology (ISUP) grading system has been recommended for use in grading clear cell 
and papillary RCCs in view of the fact that there is sufficient evidence-based data that 
can be used for predicting prognosis [175, 176]. Grades 1–3 are based on prominence 
of nucleoli and grade 4 includes pronounced nuclear pleomorphism, tumor giant cells, 
and rhabdoid or sarcomatoid changes (Table 5.2) [175]. Grading is performed after 
assessing the aforementioned criteria within a single high-power field showing the 
highest nucleolar grade or greatest degree of nuclear pleomorphism. The WHO/ISUP 
grading system is not currently applicable for predicting prognosis for other types of 
RCC due to a lack of outcome data for these different subtypes [175, 176].

Incorporation of tumor necrosis, defined as homogeneous aggregates and sheets 
of nonviable tumor cells, or coalescing groups of cells containing nuclear and cyto-
plasmic debris is another feature that has been studied as a possible factor that can 
be included in the grading criteria. Some published studies have indicated that 
including tumor necrosis in CCRCC cases furnishes additional prognostic informa-
tion in comparison to sole inclusion of WHO/ISUP nucleolar grade [177].

Tumor stage indicates the extent of involvement by disease and represents the 
most important factor in predicting the clinical behavior and prognosis of RCC [32]. 

Table 5.2 International society of urologic pathology grading for clear cell and papillary renal 
cell carcinoma

1. Nucleoli are inconspicuous or absent at 400× magnification.
2. Nucleoli are distinctly visible at 400× magnification, but inconspicuous or invisible at 
100 × magnification.
3. Nucleoli are distinctly visible at 100× magnification.
4. Tumor exhibits the presence of tumor giant cells and/or extreme nuclear pleomorphism and/
or sarcomatoid differentiation and/or rhabdoid differentiation.

Adapted from Delahunt et al. [59]
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Currently, the tumor, nodes, and metastasis (TNM) staging system is used all across 
the world for RCC staging [178]. The eighth edition of the AJCC Cancer Staging 
Manual was published in 2017 and criteria listed in this latest update to the staging 
system are being reported [179]. Staging parameters for carcinomas arising in the 
kidney are provided, and definitions for primary tumor (T), regional lymph nodes 
(N), and distant metastasis (M) are established in this staging system (Table 5.3).

Table 5.3 American Joint Committee on Cancer 2017 TNM staging of carcinomas arising in the 
kidney (8th edition)

Definition of primary tumor (T)
  1. TX: Primary tumor cannot be assessed
  2. T0: No evidence of primary tumor
  3. T1: Tumor ≤7 cm in greatest dimension, limited to the kidney
  1. T1a: Tumor ≤4 cm in greatest dimension, limited to the kidney
  2. T1b: Tumor >4 cm, but ≤7 cm in greatest dimension, limited to the kidney
  4. T2: Tumor >7 cm in greatest dimension, limited to the kidney
  1. T2a: Tumor >7 cm, but ≤10 cm in greatest dimension, limited to the kidney
  2. T2b: Tumor >10 cm, limited to the kidney
  5. T3: Tumor extends into major veins or perinephric tissues, but not into the ipsilateral 

adrenal gland and not beyond Gerota fascia
  1. T3a: Tumor extends into the renal vein or its segmental branches, or invades the 

pelvicaliceal system, or invades perirenal and/or renal sinus fat, but not beyond Gerota fascia
  2. T3b: Tumor extends into the vena cava below the diaphragm
  3. T3c: Tumor extends into the vena cava above the diaphragm or invades the wall of the vena 

cava
  6. T4: Tumor invades beyond Gerota fascia (including contiguous extension into the 

ipsilateral adrenal gland)
Definition of regional lymph node (N)
  1. NX: Regional lymph nodes cannot be assessed
  2. N0: No regional lymph node metastasis
  3. N1: Metastasis in regional lymph node(s)
Definition of distant metastasis (M)
  1. M0: No distant metastasis
  2. M1: Distant metastasis
American Joint Committee on Cancer (AJCC) Prognostic Stage Groups
When T is… And N 

is…
And M 
is…

Stage 
group is:

T1 N0 M0 I
T1 N1 M0 III
T2 N0 M0 II
T2 N1 M0 III
T3 N0 M0 III
T3 N1 M0 III
T4 Any N M0 IV
Any T Any N M1 IV

Used with permission of the American College of Surgeons, Chicago, Illinois. The original source 
for this information is the AJCC Cancer Staging Manual, Eighth Edition (2017) published by 
Springer International Publishing
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Chapter 6
New and Emerging Subtypes of Renal Cell 
Carcinoma

Priya Rao and Jae Y. Ro

 New Entities

 Tubulocystic Renal Cell Carcinoma

Tubulocystic renal cell carcinoma (RCC) was first described in 1956 by Masson and 
designated as Bellinien epithelioma. Tumors occur in adults in age range of 
30–80 years (mean 57 years) with a strong male predominance (7:1 or greater). So 
far, there are approximately 100 cases reported in the literature [1, 2].

 Macroscopic Appearance

Grossly, tumors are well circumscribed, but unencapsulated with a unique sponge- 
like or “bubble wrap” cut surface that results from the presence of macro- and 
microscopic cysts. Hemorrhage and necrosis are uncommon. It is not uncommon 
for these tumors to grow to large sizes, while still remaining organ confined, making 
them amenable to surgical resection. Although the majority of cases follow an indo-
lent clinical course, cases with metastasis to the lymph nodes, bone, and liver have 
been reported [3].
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 Histologic Appearance

Microscopically, the tumor is composed of small- to medium-sized cysts and tubules 
that are lined by large eosinophilic cells. Tumor cells show a characteristic hobnail 
morphology with a high Fuhrman nuclear grade (grade 3 or 4 with a prominent 
nucleolus). The intervening stroma is composed of dense fibroconnective tissue, 
imparting the spongy, gross appearance of these tumors (Fig. 6.1).

 Immunohistochemical Findings

Immunohistochemistry is not usually required for diagnosis due to the classic gross and 
microscopic appearance of these tumors. By immunohistochemistry, tumors are positive 
for CK8, CK18, CK19, AMACR, and CD10. CK7 positivity is variable and can show 
weak and patchy staining. PAX2 and CAIX may be positive in about half of the cases.

 Differential Diagnosis

Differential diagnostic considerations include collecting duct carcinoma, papillary 
RCC, and hereditary leiomyomatosis and RCC (HLRCC). The diagnosis of tubulo-
cystic carcinoma should be reserved only for those tumors that show classic gross 

Fig. 6.1 Tubulocystic 
renal cell carcinoma. (a) 
Low-power view showing 
an extensively cystic 
architecture. (b) Cysts are 
lined by hobnailed 
eosinophilic cells with a 
high Fuhrman nuclear 
grade
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morphology and microscopic features. Another differential diagnostic consideration 
is cystic nephroma, which is a biphasic tumor with both epithelial and mesenchymal 
components. The presence of a high nuclear grade that defines tubulocystic RCC 
helps in the distinction from cystic nephroma, which shows bland nuclear features 
in addition to an ovarian type stoma that is lacking in the former. Special attention 
must be taken to not misdiagnose these tumors as multilocular cystic renal cell 
neoplasm, simply due to the cystic nature. Multilocular cystic renal neoplasm is 
typically lined by clear cells with a low nuclear grade that lacks a solid mass of clear 
cells, and is now widely considered to be an indolent neoplasm with no significant 
metastatic potential. HLRCC can be virtually indistinguishable from tubulocystic 
RCC, especially in small biopsy specimens, as the latter can frequently show areas 
of tubulocystic morphology and shows a similarly high nuclear grade with promi-
nent nucleolus. While the presence of perinucleolar halos in HLRCC may serve as a 
clue, this feature is by no means diagnostic in itself, and genetic counseling should 
be considered if clinical suspicion persists. In HLRCC, immunohistochemistry for 
loss of fumarate hydratase and overexpression of S-(2-succinyl)cysteine (2SC) is of 
diagnostic utility.

 Molecular Findings

Molecular studies show that these tumors are similar to papillary RCC, which dem-
onstrate gain of chromosomes 17p and 17q (trisomy 17). However, trisomy 7, which 
is also characteristic for papillary RCC, has not been identified in tubulocystic RCC, 
indicating differential genetic makeup in these two tumors.

 MiT Family Translocation Renal Cell Carcinoma

Gene fusions involving the microphthalmia (MiT) family of transcription factors, 
which include TFE3, TFEB, TFC, and MiTF, have been implicated in the develop-
ment of RCC. Xp11 translocation RCC was first formally recognized as a variant in 
the 2004 WHO classification of renal tumors.

Xp11 translocation RCCs are a subset of tumors that are characterized by trans-
locations involving the TFE3 gene, which maps to the Xp11.2 locus. This results in 
the fusion of the TFE3 gene to any one of multiple partner genes, including ASPL, 
PRCC, SFPQ, CLTC, Non-O, and a variety of unknown gene fusion partners. 
Xp11.2 translocation RCC was first recognized in children and it accounts for 
approximately 40% of all RCCs diagnosed in this age group [4]. The tumor also 
occurs in adults, with reported incidences varying from 1.6% to 4.2% of all RCCs, 
making the absolute numbers in adults much higher than in children due to the 
higher incidence of RCC in the adult population [5, 6].

t(6;11) renal cell carcinoma that harbors the t(6;11) (p21;q12) translocation has 
now been formally recognized by the 2012 Vancouver classification of renal neopla-

6 New and Emerging Subtypes of Renal Cell Carcinoma



118

sia as a subtype of MiT family RCCs. These tumors result from the fusion of the 
transcription factor EB (TFEB) gene, a transcription factor related to microphthal-
mia transcription factor (MiTF), with alpha (MALAT1), thus resulting in overex-
pression of native TFEB [4]. These tumors are rare with less than a hundred cases 
being reported in the literature. Like Xp11.2 RCCs, t(6;11) RCCs can also occur in 
any age group, though the mean reported age is 31 years.

 Macroscopic Appearance

Grossly, Xp11.2 RCCs resemble conventional clear cell RCC (ccRCC), often pres-
ent as large tumors with areas of necrosis. These tumors are usually of high stage at 
diagnosis and have a propensity for lymph node metastasis.

 Histologic Appearance

The striking microscopic feature is the presence of a neoplasm with papillary archi-
tecture, lined by predominantly clear cells with abundant voluminous cytoplasm. 
Often, there may be admixed solid or nested areas that mimic ccRCC. Other fre-
quent histologic features include psammoma bodies within the tumor and absence 
of the “chicken wire” vasculature that surrounds the tumor nests that is described in 
ccRCC. Clues to the fusion gene partner involved may be apparent on microscopy. 
Tumors with the ASPSCR1–TFE3 gene fusion typically show larger tumor cells 
with voluminous cytoplasm, discrete cell borders, and prominent nucleoli and are 
associated with more extensive psammomatous calcification. In contrast, tumors 
harboring the PRCC–TFE3 gene fusion tend to be composed of tumor cells with a 
more nested growth pattern, less abundant cytoplasm, and less frequent psammoma 
bodies [4] (Fig. 6.2).

The microscopic appearance of t(6;11) RCC is that of a biphasic tumor that is 
composed of larger epithelioid cells with clear cytoplasm at the periphery and a 
second population of centrally located smaller cells clustered around pink hyaline 
or basement membrane material, resembling Call–Exner bodies. Nuclear atypia is 
uncommon, and cells show low-grade cytology. Entrapped single renal tubules at 
the periphery of the tumor are a common histologic finding (Fig. 6.3).

 Immunohistochemical Findings

These tumors characteristically show only focal staining or absent staining with 
epithelial markers such as EMA and cytokeratins, which is helpful in the distinc-
tion from ccRCC. Tumors also express PAX2, PAX8, and occasionally may show 
focal expression of melanocytic markers [4]. The most specific immunohisto-
chemical marker is the strong nuclear expression of TFE3 using an antibody 
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Fig. 6.2 MiT family 
translocation-associated 
renal cell carcinoma 
associated with TFE3 gene 
fusion. (a) Tumors cells 
show papillary 
architecture. Papillae are 
lined by large clear cell 
with abundant voluminous 
cytoplasm. (b) Tumors 
may also show nested 
architecture resembling 
clear cell renal cell 
carcinoma. (c) Areas of 
psammomatous 
calcification are common 
and may present a 
diagnostic clue. (d) 
Nuclear expression of 
TFE3 is the diagnostic 
hallmark
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Fig. 6.3 MiT family 
translocation-associated 
renal cell carcinoma 
associated with TFEB gene 
fusion. (a) Tumors show a 
more solid growth pattern 
when compared with TFE3 
RCCs. (b) The tumor often 
shows a biphasic 
appearance and shows the 
presence of “glomeruloid” 
areas that are composed of 
smaller cells centrally and 
are surrounded by larger 
cells with more 
voluminous cytoplasm. (c) 
Melan-A stain showing 
strong staining within the 
tumor. (d) Cathepsin-K 
typically shows strong and 
diffuse staining and can be 
used as a surrogate marker 
for FISH testing
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directed to the C-terminal potion of the TFE3 gene. However, the TFE3 immuno-
histochemical stain is technically challenging and highly dependent on proper 
fixation of the tumor. The TFE3 break apart fluorescence in situ hybridization 
(FISH) assay is less susceptible to the vagaries of tumor fixation and is now widely 
considered to be the more reliable way to detect a translocation involving the 
TFE3 gene.

For t(6;11) RCC, the diagnostic immunohistochemical stain is the nuclear 
expression of TFE-B by immunohistochemistry. These tumors express PAX8, 
CD10, and low-molecular-weight cytokeratin Cam5.2. A unique finding is the con-
sistent diffuse expression of Melan-A by these tumors which serves to distinguish 
this tumor type from other subtypes of RCC. Tumors also show patchy labeling for 
HMB45, but unlike malignant melanoma, they are negative for MiTF and S100 
protein. Virtually, all t(6;11) RCCs are also positive for cathepsin K, which can be 
used as a surrogate maker for TFE-B. However, as with TFE3 RCC, detection of the 
gene rearrangement by FISH using a break apart probe for the TFEB is considered 
to be the most specific confirmatory test and is widely regarded to be more sensitive 
and specific than the immunohistochemical stain [7].

 Differential Diagnosis

ccRCC enters the differential diagnosis of Xp11.2 RCC due to the abundant clear 
cytoplasm. However, presence of extensive papillary architecture, lack of the typi-
cal vascular pattern of ccRCC, and the presence of psammoma bodies should raise 
concern for Xp11.2 RCC.  By immunohistochemistry, the diffuse expression of 
CAIX in ccRCC is usually lacking in MiT family RCCs. The presence of strong 
cytokeratin 7 expression in a tumor favors the diagnosis of papillary RCC as CK7 is 
typically negative in both MiT family RCCs and ccRCC. Clear cell papillary RCC 
may enter the differential diagnosis due to the presence of clear cells and a promi-
nent papillary architecture. However, the latter tend to be small, localized tumors 
with distinct nuclear features with linear polarization, wherein the nuclei are 
arranged away from the basement membrane. These tumors, like papillary RCC, 
also show diffuse expression of CK7, which helps in the separation from MiT fam-
ily RCC.

The differential diagnostic considerations for t(6;11) RCC, in addition to ccRCC 
and Xp11.2 RCC, includes epithelioid angiomyolipoma due to expression of mela-
nocytic markers. Both epithelioid angiomyolipoma and t(6;11) RCC show overlap-
ping histology and immunohistochemical findings. These include epithelioid cells 
without significant atypia or mitosis activity. Both tumors show staining with 
cathepsin K, HMB45, and Melan A and may be negative for broad-spectrum cyto-
keratins. However, staining with PAX8 supports the diagnosis of t(6;11) RCC over 
that of epithelioid angiomyolipoma [4].

As mentioned before, since the MiT translocation RCCs mimic other types of 
RCC, we generally recommend cytokeratin stain in RCCs arising in children or 
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young adults less than 30 years, regardless of tumor histology. If cytokeratin is 
diffusely and strongly positive, this is not MiT translocation tumors. When the 
cytokeratin is negative or weakly positive, we then recommend cathepsin K, 
TFE3, and TFEB stains with FISH analysis for the diagnosis of MiT translocation 
tumors.

The prognosis of Xp11.2 RCCs is variable. One large series reported the progno-
sis of this subtype to be similar to ccRCC, but prognosis is ultimately determined by 
stage of the tumor [8]. TFEB RCCs tend to follow a more indolent clinical course 
with some patients reported as developing late metastases, underscoring the need 
for long-term follow-up.

 Clear Cell Papillary Renal Cell Carcinoma

Clear cell papillary renal cell carcinoma (ccpRCC) first received recognition by 
Tickoo et al., who described 15 tumors with distinctive morphology in patients with 
end-stage renal disease [9]. Since then ccpRCC has been widely documented in 
sporadic settings and accounts for approximately 4% of renal tumors, making it the 
fourth most common renal tumor [10]. The majority of tumors are asymptomatic 
and are often incidentally detected.

 Macroscopic Appearance

Grossly, the majority of ccpRCCs are partially to extensively cystic and small in 
size. In a study of 36 tumors by Aydin et al., the authors found the mean tumor size 
to be 2.4 cm and described multifocal tumors in 17% of cases [11].

 Histologic Appearance

Histologically, tumors are usually at least partially cystic and demonstrate a partial 
or circumferential fibrous capsule around the tumor. Tumors show a tubulopapillary 
appearance with fibrotic intervening stroma. Nuclear features are distinct with low- 
grade cytology and uniform nuclei that are arranged away from the basement mem-
branes (reversed linear nuclear polarization) (Fig. 6.4).

Tumors with similar morphologic appearance, but with prominent smooth mus-
cle stroma were first reported by Michal et al in 2000. The tumors in their study 
showed an identical immunohistochemical profile to ccpRCC [12–14]. This variant, 
now termed renal angiomyoadenomatous tumor (RAT), shows a prominent smooth 
muscle accompanied by abortive vascular structures and an epithelial component 
that is identical to that which is seen in ccpRCC (Fig. 6.5) [12].
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Fig. 6.4 Clear cell 
papillary renal cell 
carcinoma. (a) The 
majority of tumors show at 
least a partially cystic 
appearance. (b) Tumors 
show a tubulopapillary 
appearance and lack the 
typical vascular pattern of 
clear cell renal cell 
carcinoma. (c) Papillary 
areas that show delicate 
branching papillae. Tumor 
cells are of low nuclear 
grade and show nuclei with 
a “picket-fence”-like 
appearance that line up 
away from the basement 
membrane. (d) Tumors are 
diffusely positive for CK7. 
(e) P504S is negative in the 
tumor. (f) CAIX is positive 
with a “cup-shaped” 
staining pattern
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Fig. 6.4 (continued)

Fig. 6.5 Renal 
angiomyoadenomatous 
tumor. (a) Renal 
angiomyoadenomatous 
tumor (RAT) is widely 
considered to be within the 
nosologic spectrum of 
ccpRCC. Tumors are 
characterized by prominent 
smooth muscle stroma 
with interspersed nests of 
cells with clear cytoplasm. 
(b) Nuclear features are 
similar to those of ccpRCC 
and show clear cells with a 
low nuclear grade and cells 
arranged away from the 
basement membrane
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 Immunohistochemical Findings

By immunohistochemistry, ccpRCC is diffusely and strongly positive for CK7, 
which helps in the distinction from ccRCC. Carbonic anhydrase IX is positive in 
more than 90% of ccpRCCs and shows a “cup-like” pattern of staining. P504S and 
CD10 are usually negative or only focally positive in ccpRCC, which helps in its 
distinction from ccRCC and papillary RCC [15].

Distinction from other subtypes of RCC is important, as ccpRCC shows an 
excellent prognosis with no reported local recurrences or metastasis thus far. 
Genetically, these tumors do not show any distinct molecular aberrations. These 
tumors lack 3p deletions, even when they occur in the setting of Von Hippel–Lindau 
disease (VHL), thus underscoring need for separation from ccRCC [16].

Interestingly, tumors with ccpRCC-like morphology have been described in the 
setting of VHL disease. Tumors in this clinical setting are often concurrently seen with 
ccRCC and show a similar histologic appearance to that of ccpRCC, including a tubu-
lopapillary pattern of growth, flattened cysts, and apically arranged nuclei [17]. Unlike 
ccpRCC, this variant often shows only focal or absent expression of CK7 and CD10 
expression in the majority of cases. Tumors in this setting also show 3p deletions clas-
sically associated with ccRCC in the setting of VHL disease. Awareness of this histo-
logic variant of ccRCC is important for accurate classification and therapeutic options.

 Molecular Findings

ccpRCCs and RATs do not appear to demonstrate any consistent chromosomal 
abnormalities. These tumors lack the trisomy/polysomy for chromosomes 7 and 17 
and do not demonstrate loss of chromosome Y, which are abnormalities typically 
associated with papillary RCC. A small number of ccpRCC cases have been reported 
to show mutations in the VHL gene, even in the setting of classic morphology and 
immunohistochemical findings [18].

 Acquired Cystic Disease-Associated Renal Cell Carcinoma

Acquired cystic disease-associated renal cell carcinoma (ACD-RCC) was first rec-
ognized in 2006 as a unique tumor that arises specifically in the background of end- 
stage renal disease (ESRD) [9]. The tumor was formally inducted into the ISUP 
classification of renal tumors in 2013 as a distinct entity (Fig. 6.6).

 Macroscopic Appearance

On gross examination, the background kidneys have the appearance of typical 
ESRD, including atrophy and diffuse cortical cysts. Tumors may be solitary or mul-
tifocal and may be bilateral in about 20% of cases. Size may be variable, and the cut 
surface ranges from yellow tan to white [19].

6 New and Emerging Subtypes of Renal Cell Carcinoma



126

 Histologic Appearance

Histologically, the classic pattern that has been described is that of a cribriform/
sieve-like lesion with papillary or tubulopapillary architecture, often arising within 
a cyst wall. Tumor cells are typically eosinophilic with a high nuclear grade. The 
pathognomonic feature is the presence of intratumoral polarizable calcium oxalate 
crystals that are associated with the tumor and the surrounding renal parenchyma.

 Immunohistochemical Findings

Immunohistochemistry is typically not required for the diagnosis due to the classic 
clinical presentation and typical histology. However, tumor cells reportedly express 
PAX8, CD10, and AMACR and are usually negative or only focally positive for CK7.

 Molecular Findings

Multiple chromosomal abnormalities have been reported including gain of chromo-
somes 1, 2, 3, 6, 7, 16, and Y, however there have been no pathognomonic molecular 
abnormalities identified. Gains of chromosome 3 have been among the more consis-
tently reported findings [3].

Fig. 6.6 (a, b) Acquired 
cystic disease-associated 
renal cell carcinoma
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Although most reported cases have shown a good prognosis, this is likely due to 
early detection of these neoplasms. ACD-RCC is widely recognized as being a high- 
grade neoplasm with a distinct potential to metastasize, which makes accurate iden-
tification of this tumor crucial.

 Emerging Entities

 Thyroid-Like Follicular Renal Cell Carcinoma

Thyroid-like follicular renal cell carcinoma (TLF-RCC) has been first reported by 
Jung et al., [20] and provisionally recognized by the ISUP as a distinct neoplasm 
that resembles well-differentiated follicular carcinoma of the thyroid (Fig. 6.7). The 
reported age at presentation is wide and there is a slight female preponderance.

 Macroscopic Appearance

Macroscopically, tumors are homogeneous, tan brown, well circumscribed, and 
solid.

Fig. 6.7 Thyroid-like 
follicular renal cell 
carcinoma. (a) Tumors 
show a characteristic 
appearance resembling that 
of follicular carcinoma of 
the thyroid. Inspissated 
colloid-like material and a 
prominent lymphocytic 
infiltrate is a prominent 
histologic feature. (b) 
Nuclei are round to oval 
and of a low nuclear grade 
and histologically similar 
to papillary renal cell 
carcinoma
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 Histologic Appearance

Microscopically, these tumors show a striking follicular architecture with the tumor 
being composed exclusively of macro- and microfollicles with eosinophilic colloid- 
like material in the lumen. The follicles are lined by uniform round to cuboidal cells 
with Fuhrman nuclear grade 2 or 3 nuclei.

 Immunohistochemical Findings

By immunohistochemistry, tumor cells are negative for thyroglobulin and TTF1, 
which helps to distinguish this tumor from metastatic follicular carcinoma of the 
thyroid. Beyond this, stains are rarely required due to the classic morphology, how-
ever, variable staining for CK7, PAX2, and PAX8 are reportedly variable [21]. 
Although the majority of cases have shown to behave in an indolent manner, there 
have been cases of lymph node and lung metastasis reported [22].

 ALK Translocation RCC

ALK translocation RCC is a rare variant of RCC with gene fusions involving the 
ALK gene. Cases have been reported in younger patients with sickle cell trait as 
well as in patients without sickle cell trait. Unlike renal medullary carcinoma 
(RMC), these tumors do not demonstrate loss of INI-1 staining within the tumor. 
Tumors in younger patients have shown to harbor a t(2;10)(p23;q22) translocation 
resulting in a fusion of the gene for the cytoskeletal protein vinculin (VCL) with the 
anaplastic lymphoma kinase (ALK) gene. In the limited number of reported cases, 
tumors are composed of polygonal to spindle cells with vesicular nuclei, abundant 
eosinophilic cytoplasm, and intracytoplasmic lumina. Tumors without VCL as a 
partner have shown papillary, tubular, or cribriform morphology, but the case num-
bers are limited [23]. The prognosis of these tumors is less aggressive than that of 
RMC and the presence of ALK rearrangement presents an opportunity for targeted 
therapy with ALK inhibitors. ALK expression can be seen by IHC in these tumors, 
which helps in the diagnosis. Distinction from RMC is crucial in patients with sickle 
cell trait due to therapeutic and prognostic implications.

 Mucinous Tubular and Spindle Cell Carcinoma

Mucinous tubular and spindle cell carcinoma (MTSCC) was first formally recognized 
as distinct entity in 2004 World Health Organization (WHO) classification of tumors 
[24]. This tumor usually occurs in adults, with a wide age range at presentation (range 
13–81 years; median 60 years) and a female predominance (male to female 1:4) [25].
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 Macroscopic Appearance

Grossly, tumors are generally well circumscribed with a solid tan cut surface. 
Necrosis, cystic changes, and hemorrhage are uncommon in MTSCC (Fig. 6.8).

 Histologic Appearance

Microscopically, the classic histologic pattern of MTSCC consists of three compo-
nents, which are (a) a tubular component reminiscent of type 1 papillary RCC, (b) a 
low-grade spindle cell component, and (c) extracellular blue mucin–myxoid matrix. 

Fig. 6.8 Mucinous tubular 
and renal cell carcinoma. 
(a) Tumors show a 
prominent tubular 
component reminiscent of 
type 1 papillary 
RCC. Histiocytic clusters 
are also commonly 
identified (b) a low-grade 
spindle cell component and 
(c) extracellular blue 
mucin–myxoid matrix. The 
nuclei are typically low 
grade without any 
significant mitotic activity 
and small to intermediate 
round nucleoli
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The nuclei are typically low grade without any significant mitotic activity and have 
small to intermediate round nucleoli. The spindle cell component shows histologic 
features that are identical to the adjacent tubular component and is believed to result 
from compression of the neoplastic tubules. It is crucial not to confuse the spindle cell 
areas as sarcomatoid change, especially in needle biopsies where the other compo-
nents may not be identifiable due to sampling. The indolent nuclear features and lack 
of mitotic activity should present a clue to the pathologist that the spindle cells are part 
of a low-grade process rather than true sarcomatoid change, which shows high nuclear 
grade as well as a high mitotic count and/or necrosis. All three components are not 
required in order to make the diagnosis, and the presence of any two of the three 
above-mentioned components is sufficient to establish a diagnosis of MTSCC. True 
sarcomatoid change, although rare, has been reported in MTSCC and can be identified 
by the presence of high-grade cytology and mitotic activity within the spindle cell 
component. In these situations, it is helpful to compare the nuclei in the sarcomatoid 
component to the adjacent low-grade tubular component, to determine if they are 
similar, in order to make the diagnosis of sarcomatoid dedifferentiation [26].

The main differential diagnosis is type 1 papillary renal cell carcinoma, which can 
show identical histology and immunohistochemical features. True papillary struc-
tures such as those seen in PRCC are rare in MTSCC, which tends to demonstrate 
tubular or pseudopapillary features. Additionally, psammomatous calcification, 
which is frequently seen in papillary renal cell carcinoma, is rare in MTSCC.

 Immunohistochemical Findings

The immunohistochemical profile is similar to PRCC, and these tumors are positive 
for CK7, AE1/AE3, CK19, EMA, and AMACR [25]. Clinically, the majority of 
tumors are managed surgically and have an excellent prognosis, although rare cases 
of metastasis have been reported [27].

 Molecular Findings

Molecular analysis of MTSCC has shown loss of chromosomes 1, 4, 6, 8, 9, 13, 14, 
15, 18, 21, and 22. However, gain of chromosomes 7 and 17 and loss of chromo-
some Y that is characteristic of papillary renal cell carcinoma are usually not seen 
in MTSCC [28].

 Oncocytic Renal Cell Carcinoma Occurring After 
Neuroblastoma

Survivors of neuroblastoma have a 329-fold increased lifetime risk of developing 
renal cell carcinoma [29]. Although several of the common RCC variants, including 
clear cell RCC and MiTF translocation family-associated RCC, have been described 
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in this clinical setting, the classic postneuroblastoma RCC is described as being 
oncocytic. The findings were first described by Medeiros et al in 1999 and the entity 
was formally inducted into the 2004 WHO classification of renal tumors [30]. The 
typical tumors may show solid, nested, or papillary growth patterns and are charac-
terized by abundant eosinophilic, variably granular cytoplasm with irregular nuclei 
and mildly enlarged and prominent nucleoli [31]. A major differential diagnostic 
consideration is succinate dehydrogenase (SDH)-deficient RCC, which shows loss 
of expression of cytoplasmic SDH protein, in contrast to oncocytic RCC occurring 
after neuroblastoma, where SDH expression remains intact.

 Renal Cell Carcinoma with (Angio) Leiomyomatous Stroma

Renal cell carcinomas (RCCs) with a prominent smooth muscle stroma are rare 
neoplasms, which were first described in 1993 [32]. Microscopically, these tumors 
are composed of an admixture of epithelial and stromal components. The epithelial 
component is typically composed of clear epithelial cells with a low Fuhrman 
nuclear grade 2. The epithelium is arranged in a nested or tubular pattern and may 
show prominent papillary morphology. The stromal element is composed of thick 
smooth muscle bundles associated with a prominent vascular component. While 
some authors consider RCC with angioleiomyomatous stroma to be a variant of 
RCC, others have suggested that these may represent a distinct entity due to absence 
of VHL gene mutations that are typical of ccRCC. Tumors show variable reactivity 
for CK7 and AMACR. CD10 and CAIX are typically positive in the majority of 
cases [32–34]. The main differential diagnostic consideration is ccpRCC/RAT, 
which has been described under the section ccpRCC. These tumors are widely con-
sidered to be within the nosolgic spectrum of ccpRCC and show identical immuno-
histochemical profiles, with the only distinguishing feature being the presence of 
prominent smooth muscle stroma in RAT.

 Eosinophilic Solid Cystic Renal Cell Carcinoma (ESC-RCC)

Eosinophilic solid cystic renal cell carcinoma (ESC-RCC) is a recently described, 
emerging subtype of RCC that has unique histologic and molecular features. The 
tumor is rare and accounts for less than 0.5% of all renal tumors. Clinically, these 
tumors occur overwhelmingly in women with only rare cases reported to occur in 
men. While the majority of cases occur sporadically, approximately 10% can occur 
in the setting of tuberous sclerosis. Mean age at diagnosis is in the sixth decade of 
life [35–37].

These tumors show a solid and cystic gross appearance composed of an admix-
ture of macrocysts and microcysts that are lined by eosinophilic tumor cells with 
voluminous cytoplasm that show a “hobnail” appearance. By immunohistochemis-
try, >80% of tumors show at least some staining with CK20 (Fig. 6.9). CK7 is typi-
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Fig. 6.9 (a) ESC-RCC showing solid and cystic areas, with cysts lined by eosinophilic cells with 
voluminous cytoplasm. (b) The hallmark of this tumor is the staining with CK 20, which is seen in 
>80% of tumors

a

b
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cally negative or only focally positive and CD117 is typically negative, which helps 
distinguish this entity from other eosinophilic tumors.

While the majority of these tumors have an indolent clinical course, there 
have been a few documented cases of metastasis [38]. Recent molecular studies 
have demonstrated recurrent somatic, biallelic loss or mutations of the TSC 
gene [39, 40].

 Atrophic Kidney-Like RCC

This is a recently described entity with fewer than 10 reported cases in the literature. 
Tumors have been described as being encapsulated with a homogenous tan brown 
to white cut surface. Microscopically, the tumors are composed of follicles of vary-
ing sizes, similar to that of thyroid-like follicular RCC. The follicles are typically 
lined by flattened atrophic epithelium in contrast to the more cuboidal or columnar 
epithelium associated with thyroid-like follicular RCC. The follicles contain dense 
eosinophilic secretions and frequent associated microcalcifications. Tumors are 
positive for CK7 and PAX8 and negative for thyroid markers [41, 42].

 Clear Cell RCC with Giant Cells and Emperipolesis

There have been rare cases of ccRCC associated with syncytial giant cells and 
emperipolesis described. These tumors have a male preponderance. Grossly, they 
are indistinguishable from ccRCC. Histologically, tumors show areas of typical 
ccRCC admixed with areas with large histiocyte-like tumor cells with multinucle-
ated giant cells that resemble syncytiotrophoblasts. Emperipolesis may be seen in 
larger voluminous tumor cells and associated areas with rhabdoid morphology also 
may be seen. The immunohistochemical pattern is similar to that of typical ccRCC 
with staining for CAIX, vimentin, and PAX8 and lack of staining with CK7, TFE3, 
and melanocytic markers [43].

 Warthin-Like Papillary Renal Cell Carcinoma

This is a recently described variant of papillary renal cell carcinoma that closely 
resembles Warthin’s tumor of the salivary gland. These tumors are characterized by 
oncocytic tumor cells with a prominent papillary architecture and a dense lymphoid 
infiltrate within the stroma. By immunohistochemistry, tumor cells are positive for 
PAX8 and AMACR, with approximately 50% of cases showing staining with CK7. 
Warthin-like PRCC appears to be a variant of oncocytic PRCC and differed from the 
latter by the presence of a dense lymphoid infiltrate within the stroma [44].
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 Renal Cell Carcinoma, Unclassified, with Medullary Phenotype 
(RCCU-M)

This is an emerging subtype of renal cell carcinoma with fewer than 10 cases 
reported in the literature. This terminology is reserved for a subset of tumors that 
show the morphology and immunophenotype of renal medullary carcinoma that 
occur in patients without evidence of a hemoglobinopathy (sickle cell trait or dis-
ease). Tumors present as a high-grade adenocarcinoma with nested, solid, and/or 
tubulopapillary growth patterns. Sarcomatoid and rhabdoid features have been 
reported to occur. By immunohistochemistry, all tumors show loss of staining for 
INI-1 (SMARCB1) and the majority of tumors show expression of OCT4. It is 
believed that these represent a sporadic variant of renal medullary carcinoma that 
occurs in patients without sickle cell trait [45, 46].

 Low-Grade Oncocytic Renal Tumor

This refers to a subset of tumors with overlapping features of chromophobe renal 
cell carcinoma and renal oncocytoma. These tumors have a unique immunohisto-
chemical profile and are negative for CD117 and strongly positive for CK7. Tumors 
present as small organ confined solitary tumors with a tan brown cut surface. By 
microscopy, tumors lack a capsule and show a solid, nested, papillary, or tubulopap-
illary architecture. Tumors resemble oncocytoma in which they show prominent 
edematous stroma separating the nests and low-grade round to oval nuclei without 
significant nuclear atypia or perinuclear halos. Tumor cells are positive for AE1/
AE3, PAX8, E-cadherin, BerEP4, and MOC31 and are negative for CAIX, vimen-
tin, CK20, and melanocytic markers. AMACR is usually negative or only focally 
positive. The prognosis is good with no reported cases of metastasis [47].
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Chapter 7
Renal Mass Biopsy

Kanishka Sircar and Pheroze Tamboli

Evaluation of renal masses is critical for proper patient management. Clinical and 
radiological evaluations are paramount with the latter indicating whether a renal 
mass is solid or cystic and the complexity of a radiographically detected cyst using 
the Bosniak criteria [1]. Historically, virtually all solid or complex cystic renal 
masses were surgically resected without biopsy confirmation, as it did not alter 
management and was viewed as introducing unnecessary morbidity. Over the past 
two decades, clinical thinking has gradually changed to accept the safety and utility 
of renal mass biopsy for subsets of patients for whom histologic biopsy diagnosis is 
potentially useful. While the large majority of patients who undergo surgical resec-
tion of their renal masses are still not biopsied, many patients with smaller tumors 
who are candidates for ablation or surveillance or patients with advanced disease 
are increasingly biopsied in contemporary practice [2, 3]. Accordingly, we will dis-
cuss the clinical situations where renal mass biopsy may be indicated, its perfor-
mance characteristics, as well as the general approach to pathologic evaluation and 
limitations of renal mass biopsy.

Biopsies are generally performed using coaxial needle biopsies as this technique 
allows for a greater diagnostic yield without differences in procedure-related mor-
bidity [4]. A variable number of tissue cores are obtained using an 18-gauge needle 
under computed tomography (CT) or ultrasound guidance (Fig. 7.1a). An 18-gauge 
needle has been reported to be associated with the best diagnostic accuracy [5], 
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whereas the choice of using ultrasound or CT depends on various factors, without 
obvious benefit using either modality in one study [6]. The optimal number of tissue 
cores taken at biopsy is not established; however, the diagnostic accuracy of renal 
mass biopsy using a one-, two-, or three-core strategy was directly proportional to 
the number of cores sampled [7].

a

b

c

Fig. 7.1 Renal mass 
biopsy. (a) Tissue obtained 
under computed 
tomography (CT) 
guidance; Biopsy showing 
(b) collecting duct RCC 
and (c) sarcomatoid RCC 
histologies
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 Clinical Scenarios Where Renal Masses Are Biopsied

Indications for renal mass biopsy have evolved over time and may be individualized 
to the patient. In general, renal mass biopsies (RMB) may be performed in the fol-
lowing scenarios.

 Patient with Another Nonrenal Primary Tumor

Biopsy is used to determine whether the renal mass represents a primary renal 
tumor or metastatic involvement of the kidney from the patient’s extrarenal primary 
neoplasm. If the renal tumor is a second primary, it may be further characterized as 
to its malignant potential.

The therapeutic strategy will differ significantly depending on the outcome of the 
biopsy. Metastatic tumor will likely be treated using systemic therapies whereas a 
primary renal tumor will generally be managed with local extirpation according to 
the malignant potential of the tumor and patient-related factors.

 Patient with an Unresectable Renal Mass

This scenario involves an advanced, surgically unresectable renal mass. Biopsy of 
the renal mass is used to document the tumor’s histologic type prior to initiation of 
systemic therapy. The precise histologic subtype will aid in guiding therapy. For 
example, a biopsy diagnosis of urothelial or collecting duct carcinoma (Fig. 7.1b) 
will trigger different treatment modalities, usually MVAC-based chemotherapies, 
versus a renal cortical carcinoma of proximal nephron origin. Further, a clear cell 
renal cell carcinoma (RCC) subtype may be treated differently than non-clear cell 
RCC, with greater utility of antiangiogenic drugs.

 Patient with a Renal Mass and Clinical Metastasis

These patients will require histologic subtyping of their tumor to direct the appropri-
ate sequence of therapies. In addition to different approaches for urothelial and col-
lecting duct carcinomas and rarer lymphomas, sarcomas, or neuroendocrine tumors, 
patients with the more common RCC are also managed in a subtype specific man-
ner. Hence, a patient with renal cell carcinoma of clear cell subtype will generally 
be treated with antiangiogenic drugs and cytoreductive nephrectomy whereas non-
clear cell RCC will proceed directly to nephrectomy followed by systemic therapy. 
If sarcomatoid features are detected (Fig. 7.1c), patients will forgo nephrectomy 
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and proceed to upfront systemic therapy as sarcomatoid tumors usually grow too 
quickly to allow for convalescence from surgery.

 Clear RCC Neoadjuvant Clinical Trials

There are clinical trials designed for specific RCC subtypes in the neoadjuvant set-
ting. In these cases, a biopsy is needed for confirmation of histologic subtype. Most 
commonly, these trials are applicable to clear cell RCC and where non-clear cell 
RCC histology is an exclusion criterion.

 Patient with a Renal Mass That May Be Non-neoplastic

Renal mass lesions that are suspected to be infectious in etiology, such as pyelone-
phritis, require biopsy for confirmation. These lesions may be treated nonsurgically.

 Therapy with Ablative Techniques

Newer nephron sparing approaches include radiofrequency ablation (RFA), cryoab-
lation, microwave ablation, and high-intensity focused ultrasound (HIFU), wherein 
the tumor is ablated using thermal (extreme heat or cold) and nonthermal energy, 
but not surgically resected [8]. The aim of these modalities is to destroy lesional 
tumor tissue while preserving a rim of viable renal parenchyma. Optimal candi-
dates for ablative therapy include patients with small renal masses who are not 
good candidates for partial nephrectomy such as individuals who have significant 
comorbidities, who are elderly, or who have medical renal disease [9, 10]. Although 
selection of ablation versus partial nephrectomy depends on a host of patient and 
tumor-related factors, it is generally true that ablation (RFA) shows maximal effi-
cacy in very small (< 3 cm in diameter) and peripherally located renal tumors where 
tumor necrosis can be achieved in a single ablation rather than multiple ablation 
sessions [11, 12]. Cryoablation also showed decreased efficacy with larger tumors 
in that tumor recurrence was significantly higher for cryoablated versus surgically 
resected tumors in the 4–7 cm diameter range [13].

The renal biopsy taken prior to the procedure is the only specimen available for 
rendering a tissue diagnosis and subtyping the tumor. This is important for record-
ing clinical follow-up data given that RFA has shown greater efficacy in treatment 
of specific subtypes, for example, papillary RCC showing superior response com-
pared to clear cell RCC [14]; and to potentially spare unnecessary treatment of 
benign masses. Although biopsy sampling is considered standard of care in this 
 setting, the majority of patients get biopsied during the ablation session and many 
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get inadequate or suboptimal tumor sampling [8, 15]. The effectiveness of ablation 
is generally measured based on radiographic parameters of tumor involution with 
a post ablation biopsy occasionally performed when the tumor does not involute 
radiographically as expected. Radiology is imperfect in measuring tumor viability, 
however, as one study, involving multisite biopsies taken approximately 24 months 
after RFA in a subset of patients with non-enhancing and non-involuting tumors, 
showed a 7.9% rate of viable tumor cells [16]. The pathologist is tasked with iden-
tifying viable tumor based mainly on the hematoxylin and eosin (H&E) stain. A 
nicotinamide adenine dinucleotide (NaDH) stain for viability requires frozen tissue, 
has to be freshly prepared, and is capricious, limiting its utility in a clinical setting.

 Risk Stratification of Kidney Tumors

With advances in imaging of renal masses over the past two decades, there are 
significantly more cases of RCC that are detected. That increased detection has 
not translated into a corresponding decrease in RCC cancer mortality, suggesting 
that many smaller and incidentally detected tumors are not biologically aggressive 
[17]. Tumors that behave indolently include those showing benign histology and 
those with malignant histology but lacking high-grade and high-stage pathologi-
cal features. Histologically benign tumors encompassing, in descending frequency, 
oncocytoma, angiomyolipoma, papillary adenoma, and metanephric adenoma, rep-
resent approximately 20% of all excised renal masses. The proportion of tumors 
that are histologically benign is reported to be inversely proportional to the tumor 
size, as 30% of tumors measuring <2 cm in diameter showed benign histology ver-
sus approximately 6% benign histology for tumors with a diameter of >7 cm [18]. 
The histologic type of renal masses also differs according to tumor size, with the 
fraction of clear cell renal carcinoma and papillary renal cell carcinoma showing a 
direct and inverse correlation with tumor diameter, respectively [18].

Smaller renal masses harboring malignant histology are generally not biologi-
cally aggressive given their tendency to demonstrate lower pathologic grade and 
stage [18, 19]. However, small renal masses, defined as tumors ≤4 cm in diameter 
[20], are not uniformly innocuous with up to one-quarter of cases showing high- 
grade histology and up to one-third of cases showing locally advanced disease [21, 
22]. Surveillance, Epidemiology and End Results (SEER) data indicate metasta-
sis and cancer- specific mortality rates of 7.4% and 5.3%, respectively for tumors 
measuring 3.1–4.0 cm in diameter [23]. Further, multi-institutional data reveal that 
patients with localized small renal masses show a low but definite cancer-specific 
mortality of approximately 3% [24]. In view of the uncertainty of predicting the bio-
logical aggressiveness of small renal masses by clinical or radiological parameters, 
renal mass biopsy may be used for risk stratification of kidney tumors [19]. This 
applies to small renal masses that may be benign or of low malignant potential and 
 potentially manageable with surveillance approaches, particularly in patients who 
are poor surgical candidates.

7 Renal Mass Biopsy



144

 Performance Characteristics of Renal Mass Biopsy Sampling

The performance characteristics of renal mass biopsies, summarized in Table 7.1, 
are important since risk-adapted treatment of small renal masses involves a trade-
off between risks and benefits. Importantly, renal mass biopsies are an established 
diagnostic modality mainly for solid masses with significantly less applicability for 
cystic lesions of the kidney [25, 26].

The risks associated with RMB are minimal and include most commonly post 
biopsy hematoma (5%) as well as pain, hematuria and pneumothorax, occurring in 
<1% of patients, and all of which are easily manageable [27]. Needle biopsy tract 
seeding of carcinoma has been described historically, but only twice in the contem-
porary literature [28, 29]. With respect to furnishing adequate diagnostic tissue, 
renal biopsy shows a technical failure rate of around 15% [27], with higher fail-
ure rates associated with smaller tumors, greater distance between skin and tumor, 
and cystic tumors [28, 30]. Inadequate diagnostic tissue may be due to under-sam-
pled tumor or to missing the tumor entirely with pathologic evaluation showing 
only renal parenchyma, connective tissue, or hemorrhage/necrosis. Repeat biopsy 
after initial nondiagnostic biopsy sampling is successful in rendering a diagnosis 
in approximately 80% of cases [28, 30–34]. These subsequent biopsies frequently 
show malignant tumor [28, 32, 35–38]; therefore, a nondiagnostic initial biopsy is 
not tantamount to an indolent tumor.

Once adequate diagnostic tissue has been procured, the reliability of biopsy 
is measured by its ability to diagnose malignancy, tumor type, and tumor grade. 
Though renal biopsy is used in conjunction with patient-related factors to decide the 
appropriate therapeutic approach, pathological diagnosis by itself has significance 
beyond clinical and radiological parameters [39–42]. In a large single institution 
series, active surveillance of renal masses was instituted for 77% of benign or low 

Table 7.1 Performance 
characteristics of renal mass 
biopsy

Safe procedure
  Serious morbidity is negligible
Applicable mainly to solid masses
Inadequate tissue procured (~15%)
  Repeat biopsy diagnostic in ~80%
   Frequently positive for malignancy
Excellent positive predictive value for malignant diagnosis  
(> 99%)
High concordance for histologic subtype (>95%)
  Ancillary immunohistochemical tests improve accuracy
Poor concordance for histologic grade (50–75%) and 
sarcomatoid features
  Histological upgrading at resection
Moderate negative predictive value for malignant diagnosis 
(~70%)
  Pathologic heterogeneity of renal oncocytic neoplasms
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malignant potential tumors versus an active surveillance rate of only 17% for clear 
cell renal carcinomas [35]. The exact proportion of tumor subtypes diagnosed by 
biopsy of renal masses is variable, depending on the cohort and indications for 
biopsy. Clear cell RCC is the most common subtype diagnosed (45–52%) across 
cohorts where indications for biopsy included indeterminate mass [41], asymptom-
atic small renal mass [32], patients treated with RFA [16], and consecutive biopsies 
performed for different indications [35]. Renal oncocytic neoplasm was the second 
most frequent biopsy diagnosis (13–23%) followed by papillary RCC (4–14%), and 
chromophobe RCC (1–14%). Historical data overestimate papillary RCC incidence 
due to inclusion of mimics such as clear cell papillary RCC and MiTF translocation 
RCC whereas renal oncocytic neoplasms encompass oncocytoma, hybrid oncocytic 
chromophobe tumors, and some chromophobe RCC. Angiomyolipoma is the sec-
ond most frequent benign diagnosis, after oncocytoma, ranging from 1% to 7%.

In the case of a biopsy that is diagnostic and positive for malignancy, the positive 
predictive value (PPV) is very high (>99%) when assessed against the pathology read-
ing from the surgically resected specimen [27]. Contemporary series comparing biopsy 
with nephrectomy pathology also show high concordance in terms of histological RCC 
subtype, ranging from 95% to 100% [38, 43–45], and encompassing clear and non-
clear cell RCC. Improved diagnostic accuracy is partly related to the use of reliable 
ancillary immunohistochemical tests and increased pathologist experience in interpret-
ing renal biopsies [46]. Renal biopsy performed less well in determining the final his-
tologic grade, with concordance reported in the 50–75% range [45, 47]. This is not 
surprising, given the inherent grade heterogeneity of RCC and that the final assigned 
grade is based on the highest-grade focus, which may span only a few microscopic 
fields. Thus, RCC tumors are prone to upgrading at resection [27]. Accordingly, renal 
biopsy performs poorly in identifying sarcomatoid features [48], although given the 
very low incidence of sarcomatoid histology in small, low-stage tumors [49], this issue 
is less relevant than with larger tumors.

Interestingly, approximately 37% of biopsies that are read as showing benign 
histology are subsequently found to be malignant on the resected specimen [27]. 
While only a minority of benign biopsies are resected, potentially introducing bias, 
an analysis of data that is potentially less confounded by bias still showed a negative 
predictive value of renal mass biopsy of 73% [15, 45, 47, 50]. While benign diagno-
ses of angiomyolipoma and metanephric adenoma may be confidently rendered on 
biopsy specimens from small renal masses [32], oncocytic renal neoplasms, which 
constitute the large majority of benign pathologic diagnoses rendered on biopsy, 
show relatively poor concordance between biopsy and final pathology on the 
resected specimen. In a meta-analysis of over 200 oncocytic neoplasms diagnosed 
on biopsy and 22% with available final pathology, the positive predictive value for 
oncocytoma was 67%; 25% of cases showed RCC on the resected specimen, with 
6% showing a hybrid oncocytic/chromophobe tumor [51]. Examination of renal 
oncocytic tumors by dedicated genitourinary pathologists at a single academic cen-
ter employing the latest ancillary tests showed a degree of diagnostic uncertainly. 
Approximately, two-thirds of oncocytic tumors were placed in the “favor oncocy-
toma” category with a PPV of 83%; the “cannot exclude RCC” and “favor RCC” 
groups showed PPVs of 90% and 100%, respectively [52].
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 Approach to Handling and Pathologic Reporting of Renal 
Mass Biopsies

The approach to handling renal mass biopsies at our institution is to cut at eight 
consecutive levels: The first and eighth levels are stained with H&E, with the inter-
vening six levels cut as unstained sections on charged slides for potential immuno-
histochemical studies (Fig. 7.2). We examine the H&E stained section for specimen 
adequacy in terms of whether there is sufficient lesional tissue. If diagnostic tumor 
tissue is not seen, we cut deeper into the block in the hopes of identifying the lesion; 
otherwise, it is considered as a nondiagnostic biopsy. In all cases, we correlate our 
pathology findings with those obtained by fine-needle aspiration cytology.

The approach to reporting renal mass biopsies is similar to that used for 
resected kidneys with the caveat that only a limited tissue sampling is possible 
with biopsies. We report on the adequacy of the biopsy, whether there is a neo-
plastic or nonneoplastic process present, and if neoplastic, we then refine our 
diagnosis, often with the aid of immunohistochemical studies. The first categori-
zation for renal neoplasms is whether they represent a benign or malignant tumor. 
Angiomyolipoma and metanephric adenoma are benign diagnoses that can be 
rendered on biopsy with appropriate ancillary studies as illustrated in Fig. 7.3a–e. 
Papillary adenoma, by contrast, should generally not be diagnosed at biopsy since 
focal sampling cannot guarantee the absence of a capsule or of higher-grade foci, 
which would preclude this diagnosis. We would typically report a papillary renal 
epithelial tumor (Fig. 7.3f) with ISUP grade 1–2 nuclear features as presenting a 
differential diagnosis of  papillary adenoma versus type 1 papillary RCC depend-
ing on whether the tumor measures ≤1.5 cm in diameter, possesses a capsule, or 
ISUP grade 3–4 foci. Diagnosing renal oncocytoma is also problematic on biopsy 
because “oncocytoma-like” areas have been reported in chromophobe renal cell 
carcinoma resections [53]. These tumors likely represent the so-called hybrid 
renal oncocytic neoplasm, which may show either distinct oncocytoma-like and 
chromophobe RCC-like zones, or, ambiguous morphology [54, 55]. Given the 

Fig. 7.2 Renal mass biopsy processing. Eight consecutive levels are cut, with the first and eighth 
levels stained with H&E and the intervening six levels cut as unstained sections on charged slides 
for potential immunohistochemical studies
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focal nature of these morphologic changes and the low malignant potential of 
hybrid tumors [53, 56], it is risky to guarantee a diagnosis of oncocytoma on 
biopsy.

Malignant diagnoses rendered on biopsy are reliable and highly concordant with 
final pathology in terms of malignancy and RCC subtype, and less so for grade, as 
previously mentioned. However, ancillary studies are often required for an accurate 

Fig. 7.3 Benign diagnoses 
reportable on biopsy 
include (a) 
angiomyolipoma showing 
immunoreactivity for 
Cathepsin K (b); and (c) 
metanephric adenoma 
showing immunoreactivity 
for (d) CD57 and (e) WT1. 
(f) Papillary adenoma may 
show similar histologic 
features as type 1 papillary 
RCC and cannot be 
reliably distinguished from 
the latter on biopsy

a

c

b
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diagnosis given the mixed architectural features that characterize some RCC sub-
types and based on the clinical scenario. For example, it is prudent to use a battery 
of immunohistochemical markers in a biopsy sampling of a renal cell carcinoma 
from a younger patient with clear cell features that can resolve the differential diag-
nosis between: clear cell RCC, clear cell papillary RCC, papillary RCC with clear 
cells, and MiT family translocation RCC as illustrated in Fig.  7.4a–e. Similarly, 
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Fig. 7.4 Malignant 
diagnoses may require 
ancillary tests given the 
mixed architectural 
features of RCC subtypes 
and the limited biopsy 
sampling of the tumor. 
Renal cell carcinoma 
subtypes with clear 
cytoplasm include (a) clear 
cell RCC with labeling for 
CAIX (b); (c) papillary 
RCC with labeling for 
CK7 (d); and (e) MiTF 
translocation RCC

a

b

c

tumors with oncocytic cytoplasm have a broad differential diagnosis that spans 
benign (oncocytoma) and malignant (papillary RCC, chromophobe RCC) entities. 
While it may not be possible to guarantee a benign diagnosis of oncocytoma, immu-
nohistochemistry is helpful in ruling in the malignant diagnoses of papillary and 
chromophobe RCC, as illustrated in Fig. 7.5a–e.

7 Renal Mass Biopsy



150

d

e

Fig. 7.4 (continued)

K. Sircar and P. Tamboli



151

Fig. 7.5 Renal oncocytic 
tumors present a 
differential diagnosis 
including (a) papillary type 
2 RCC that labels for 
P504s (b). Renal biopsy 
may be suggestive of renal 
oncocytoma (c) or 
chromophobe RCC (d) 
with immunohistochemical 
expression of CK7 (e). 
However, the existence of 
hybrid renal oncocytoma-
like and chromophobe 
RCC-like areas in 
occasional tumors limits a 
biopsy diagnosis

a

b

c
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Chapter 8
Mesenchymal Kidney Tumors

Andres Matoso, Evgeny Yakirevich, and Shamlal Mangray

Mesenchymal tumors involving the kidney include a wide range of benign and 
malignant tumors and are relatively rare compared to epithelial neoplasms. Within 
the last two decades, there have been major discoveries in the underlying genomic 
alterations that drive the neoplastic process in mesenchymal lesions of the kidney. 
Specifically, a variety of translocation-associated sarcomas have been described 
arising from the kidney, significantly expanding the differential diagnosis of mesen-
chymal tumors primary to the kidney. This chapter is devoted to the clinical, mor-
phologic, immunohistochemical, and genomic alterations of mesenchymal tumors 
that primarily occur in adults, with discussion of the differential diagnosis of spe-
cific entities. In contrast to the childhood lesions, most of these entities occur pri-
marily in somatic soft tissue sites, but are also described in the kidney, and constitute 
an ever-increasing list that appear to have a predilection for this location. It must be 
recognized that many of the neoplasms reviewed also occur in children.

 Sarcomas with “Small Round and/or Spindle Cell” 
Morphology

This group of tumor is composed by primitive sarcomas in which the cells are gener-
ally round or oval with spindle nuclei and scant cytoplasm. The designation of “small” 
has traditionally been appended to these tumors which can be misleading to the novice 
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since the neoplastic cells are usually multiple orders of the size of small lymphocytes 
or red blood cells, but the scant cytoplasm has been responsible for the use of this 
adjective akin to small cell carcinoma of the lung. They have significant morphologic 
and immunophenotypic overlap, making the differential diagnosis challenging. Many 
of these neoplasms have characteristic translocations, and demonstration of these 
genomic alterations is key to confirmation of the diagnosis. The tumors of this group 
include Ewing sarcoma/primitive neuroectodermal tumor (EWS/PNET), Ewing-like 
sarcomas with CIC gene rearrangement and BCOR- CCNB3 fusion, synovial sarcoma, 
desmoplastic small round cell tumor (DSRCT), and rhabdomyosarcoma (RMS).

 Ewing Sarcoma/Primitive Neuroectodermal Tumor 
(EWS/PNET)

EWS/PNET are small round cell sarcomas that harbor the characteristic somatic 
reciprocal translocation t(11;22) that fuses EWSR1 and FLI1 to generate the EWSR1–
FLI1 oncoprotein in the vast majority of cases. A literature review paper published in 
2013 included 116 cases reported between 1975 and 2012 [1]. A recently published 
series of 23 cases included patients from 8 to 70 years old with a similar male: female 
distribution [2]. In this series, all cases were unilateral and presented as large masses 
with an average size of 12 cm with frequent extrarenal extension.

The gross appearance is of a fleshy tan tumor with hemorrhage, necrosis, and 
cystic change. Microscopically, most tumors are composed of uniform small round 
cells with round nuclei with fine chromatin and scant clear cytoplasm (Fig. 8.1). 
Neuroectodermal differentiation is variable with cells arranged in pseudorosettes. 
The growth pattern is solid in the majority of cases, but some may show focal papil-
lary formation or alveolar pattern. Mitotic activity is brisk and necrosis and vascular 
invasion are common.

Fig. 8.1 Primitive 
neuroectodermal 
tumor/Ewing sarcoma of 
the kidney. Low power 
view shows a tumor 
composed of small blue 
cells with scant cytoplasm
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By immunohistochemistry, tumor cells are usually positive for CD99, vimentin, 
and neuron-specific enolase and a subset of tumors can be positive for synaptophy-
sin, or CD56. Although diffuse membranous CD99 positivity tends to be character-
istic of EWS/PNET, studies on extrarenal EWS/PNETs have shown that such CD99 
positivity can also be seen in other round cell tumors frequently considered in the 
differential diagnosis, including lymphoblastic lymphoma [3, 4], Merkel cell carci-
noma [5], small cell carcinoma [6], rhabdomyosarcoma [7], desmoplastic small 
round cell tumor [8], small cell osteosarcoma [9], and mesenchymal chondrosar-
coma [10]. While cytokeratins are usually negative, focal staining has been reported 
in up to 30% of kidney PNET/EWS cases [11]. Most recently, the transcription 
factor NKX2.2 has shown high sensitivity and relatively high specificity for EWS/
PNET [12]. Still, a subset of tumors that enter in the differential diagnosis can be 
positive, including small cell carcinoma, myoepithelial carcinoma, desmoplastic 
small round cell tumor, and a high proportion of mesenchymal chondrosarcoma 
[13]. Molecular testing for the t(11;22) is usually used to confirm the diagnosis. 
This translocation is present in 85% of PNET/EWS.  Other translocations found 
include EWSR1–ERG, EWSR1–ETV1, EWSR1–ETV4, EWSR1–FEV, FUS–ERG, 
FUS–FEV [14, 15]. Alternatively, fluorescence in situ hybridization (FISH) for 
demonstration of EWSR1 rearrangement is used, but it has to be taken in the context 
of the immunophenotype of the neoplasm since other tumors in the differential 
diagnosis (e.g., DSRCT) share this rearrangement but have a different immunophe-
notype (see below).

 Ewing-Like Sarcomas

This group of sarcomas are morphologically similar to PNET/EWS but lack rear-
rangements in the EWSR1 gene. These tumors were initially termed Ewing-like 
sarcomas, and some studies found that approximately 70% of EWSR1-negative 
tumors harbor a CIC–DUX4 or CIC–FOXO4 rearrangement [16, 17]. Recently, 
primary renal CIC-rearranged tumors have been reported in both children and 
adults as individual case reports, small case series [18, 19] or within larger series 
of cases from all sites [20]. The first reported case was in a 9-year-old boy previ-
ously treated with chemotherapy, radiation, and stem cell transplantation for neu-
roblastoma [18]. Reported cases were large masses measuring between 7.8 and 
18 cm. On cut surface, the tumors were solid with areas of necrosis and hemor-
rhage. Histologically, the tumors were composed of spindle and round cells with 
nuclei with coarse chromatin and areas with prominent nucleoli (Fig.  8.2). The 
cytoplasm was scant although one case showed focal rhabdoid morphology. The 
background was myxoid. Mitotic activity was high (>20/10 high- power fields). By 
immunohistochemistry, tumor cells showed variable membranous CD99, and one 
case had diffuse staining for bcl-2 and focal cytokeratin staining. One case was also 
positive for CD10. Reported cases were usually positive for WT1, either nuclear or 
cytoplasmic, as first described by Specht et al. in extrarenal tumors [21]. The first 
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case with nuclear staining for WT1 had been erroneously diagnosed as Wilms 
tumor prior to CIC-rearranged sarcomas becoming a well-established entity and 
was retrospectively diagnosed after recognition. Cases were diagnosed by FISH or 
RT-PCR, and further delineation of the fusions by next generation sequencing 
(NGS) was performed in a subset of cases [22]. Patients have responded poorly to 
therapy with the development of metastatic disease to lungs and brain, but treat-
ment has varied results in reported cases. From available survival data in six 
reported cases, five patients died of disease or complications of treatment within 
18 months of diagnosis, with only one child alive and free of disease at 24 months 
follow-up [22].

In addition to CIC–DUX4 rearrangements, some “Ewing-like” sarcomas harbor 
fusion of BCOR–CCNB3, resulting in overexpression of BCOR and CCNB3 [23]. 
Recently, two primary renal sarcomas harboring BCOR–CCNB3 fusion were 
reported in 11-year-old and 12-year-old boys [24]. Both of these cases consisted of 
large tumors (13 and 27 cm) with solid areas but extensively cystic. Similar to other 
stromal tumors discussed here, the cystic spaces were lined by nonneoplastic 
entrapped renal tubules (Fig. 8.3). Beneath these cystic spaces, the neoplastic cells 
were spindled, monomorphic, and relatively bland. Areas with more epithelioid 
morphology were also described. By immunohistochemistry, both cases were dif-
fusely positive for BCOR, Bcl2, and CD56. SATB2, cyclin D1, TLE1, Desmin, 
S100, cytokeratin AE1/AE3, CD34, and PAX8 were negative in both cases. FISH 
demonstrated the BCOR–CCNB3 fusion in both cases.

 Synovial Sarcoma

Synovial sarcomas of the kidney are also rare and can affect both men and women 
with a wide age range [25–27]. The clinical presentation is that of any kidney mass 
including pain, hematuria, or incidental finding on imaging studies. The gross 

Fig. 8.2 Ewing-like 
sarcoma of the kidney with 
CIC gene rearrangement. 
The tumor is characterized 
by a population of small 
cells with scant cytoplasm 
and some myxoid 
background. Note nuclei 
with prominent nucleoli
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appearance is of a well-demarcated tumor with a soft gray cut surface. Some tumors 
have foci of hemorrhage and necrosis or smooth wall cysts. In the majority of the 
reported cases, these cysts were different from pseudocysts formed as a result of 
degenerative changes. They are typically not surrounded by fibrous pseudocapsule. 
Approximately, two-thirds of the reported cases are monophasic, with the remain-
ing being either poorly differentiated synovial sarcoma with clusters of epithelioid 
cells with rhabdoid features or glandular formation [28–30]. Histologically, the 
tumor is composed of monomorphic plump spindle cells with scant cytoplasm and 
indistinct cell borders forming intersecting fascicles (Fig. 8.4). Nuclear anaplasia or 
prominent nucleoli are not seen. Mitotic activity is easily identifiable in all cases. In 
cases with cyst formation, cells having abundant eosinophilic cytoplasm with lumi-
nal snouts (hobnail appearance) line the cysts (Fig. 8.5). By immunohistochemistry, 
tumor cells are variably positive for pancytokeratin and EMA and negative for CK7, 
CK20, and WT1. The spindle cells can also be positive for vimentin, and variably 
BCL2. The epithelial cysts are positive for cytokeratin, PAX2, and PAX8, consistent 
with entrapped renal tubules [31]. The diagnosis can be confirmed by real-time PCR 
to detect SYT-SSX1 or SYT-SSX2 fusion transcript products of t(X;18). The main 
differential diagnosis is with sarcomatoid renal cell carcinoma or urothelial carci-
noma for which the identification of a carcinomatous component is helpful. 
Immunohistochemistry for cytokeratin is not helpful in this situation as both tumors 
can be focally positive for various cytokeratin stains; however, the spindle cell com-
ponent of a sarcomatoid carcinoma is usually more pleomorphic.

 Desmoplastic Small Round Cell Tumor

It is a rare neoplasm that affects children and young adults, with approximately 10 
cases reported in the kidney [32–38]. Tumors are solid with areas of necrosis and 
hemorrhage. As the name indicates, tumors are composed of small round cells with 

Fig. 8.3 Ewing-like 
sarcoma of the kidney with 
BCOR–CCNB3 
rearrangement. The tumor 
shows solid areas but is 
extensively cystic. The 
cystic spaces are lined by 
nonneoplastic entrapped 
renal tubules. The 
neoplastic cells are 
spindled, monomorphic, 
and relatively bland
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scant cytoplasm and hyperchromatic nuclei. Mitotic activity is usually high. By 
immunohistochemistry, tumor cells are positive for vimentin, pancytokeratin, cyto-
keratin CAM5.2, EMA, smooth muscle actin, muscle-specific actin, desmin, FLI1, 
WT1 (the antibody to the C-terminal), and CD56. Perinuclear dot-like staining of 
desmin is a helpful feature in the differential diagnosis. The tumor harbors a t [11, 
22] gene fusion between EWS and WT1, which is also helpful in the differential 
diagnosis with other small round cell tumors including Wilms.

 Rhabdomyosarcoma

Primary rhabdomyosarcoma of the kidney is more frequent in children and young 
adults but has been reported at any age. While the genitourinary system is one of the 
most commonly systems involved by rhabdomyosarcoma, primary tumors of the 

Fig. 8.4 Synovial sarcoma 
of the kidney. The tumor is 
hypercellular composed of 
a monomorphic population 
of spindle cells with scant 
cytoplasm. Note entrapped 
renal tubules forming 
cystic spaces

Fig. 8.5 Synovial sarcoma 
of the kidney mimicking 
mixed epithelial and 
stromal tumor (MEST). 
Extensive cystic change 
can distract the attention to 
the stromal component and 
lead to a misdiagnosis of 
MEST
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kidney are rare with only case reports published in the literature [39, 40]. Most 
tumors are embryonal type and botryoid type arising in the renal pelvis [41, 42]. 
Rhabdomyosarcomas are usually large with a soft grayish cut surface. Histologically, 
since most of these tumors are embryonal type, they are characterized by the follow-
ing features (Fig. 8.6): (1) variable degrees of cellularity; (2) composed of small 
round cells with hyperchromatic nuclei and scant cytoplasm and cells with granular 
eosinophilic cytoplasm characteristic of rhabdomyoblasts; (3) more differentiated 
tumors show areas of spindle cells with occasional cross-striations; and (4) varying 
amount of myxoid background. Immunohistochemistry is essential to arrive at the 
diagnosis in most cases. The most commonly used markers include desmin and 
myogenin, which are positive in approximately 90% of rhabdomyosarcomas while 
negative in entities most frequently considered in the differential diagnosis, includ-
ing Ewing family tumors and neuroblastomas. Alveolar rhabdomyosarcomas can 
show positive staining for cytokeratins and neuroendocrine markers, leading to con-
fusions with other entities, especially Ewing family tumors [11]. PAX5 is also posi-
tive in alveolar rhabdomyosarcoma, particularly those harboring t(2;13) or (1;13). 
PCR or FISH techniques targeting these translocations can help in the differential 
diagnosis, but these are characteristic of the alveolar subtype and not the embryonal. 
The differential diagnosis should also include lymphoma, synovial sarcoma, des-
moplastic small round cell tumor, and poorly differentiated angiosarcoma.

 Smooth Muscle Tumors

 Leiomyoma and Leiomyosarcoma

Benign and malignant tumors with smooth muscle differentiation constitute less 
than 1% of resected kidney tumors and are more frequent in women. They are 
more commonly located in the capsular/subcapsular area and around renal 

Fig. 8.6 Embryonal 
rhabdomyosarcoma arising 
in the renal pelvis. The 
tumor is composed of 
small blue cells underlying 
the urothelium of the renal 
pelvis

8 Mesenchymal Kidney Tumors



164

pelvis and renal vessels [43, 44]. Both leiomyomas and leiomyosarcomas in the 
kidney are morphologically identical to those found elsewhere. The characteris-
tic morphology of bundles of smooth muscle cells without nuclear atypia 
arranged in nodules of varying sizes separated by stroma with thick wall ves-
sels. Hyalinization can be pronounced. The presence of mitoses, hypercellular-
ity, and nuclear atypia should raise consideration of leiomyosarcoma. The most 
recently published series of leiomyomas of the kidney included nine cases 
occurring in females. The majority of them (7/9) were asymptomatic, one 
patient presented with gross hematuria and one with abdominal pain. Five 
tumors were located in the renal capsule, two in the subcapsular area, and one 
originated in the large vessel in the renal sinus. The sizes varied from less than 
1 to 7 cm [45].

The largest study of primary renal leiomyosarcomas was by Miller et  al., 
who reviewed 27 cases from three institutions over a 23-year period in patients 
22–83 years (mean 58.5) of age. The average size of tumors was 13.4 cm (range 
4–26). The average mitotic rate was 11 per 10 high‐power fields (HPFs; range 
0–50) and the average extent of necrosis was 21% (range 0–50). Nuclear pleo-
morphism ranged from focal to extensive. Follow-up data were  available in 20 
cases and averaged 2.8 years (range 0.25–9), distant metastases found in 90% of 
these patients, and 75% eventually died of tumor burden [46].

By immunohistochemistry, smooth muscle tumors label with smooth muscle 
actin, desmin, heavy chain caldesmon, and calponin and are negative for markers of 
angiomyolipomas, including HMB45, Melan-A, and cathepsin-K. By and large, the 
tumors are negative with antibodies to cytokeratin, EMA, CD34, and S100, but 
focal aberrant expression may be seen. Estrogen and progesterone receptor are posi-
tive in the majority of renal leiomyomas [45].

 Adipocytic Tumors

 Lipoma and Liposarcoma

Lipomas are extremely rare in the kidney and an undersampled angiomyolipoma 
should be suspected. Well-differentiated/dedifferentiated liposarcoma could 
represent invasion from a retroperitoneal tumor. Immunohistochemistry markers 
for angiomyolipomas (HMB-45, melan-A, cathepsin-K, smooth muscle actin, 
and estrogen receptor) should be negative before diagnosing a fatty tumor in the 
kidney as lipoma. The differential diagnosis should also include idiopathic renal 
lipomatosis and fatty expansion of the renal sinus [47]. Two cases have been 
reported of liposarcomatous differentiation in chromophobe renal cell carci-
noma [48, 49].
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 Nerve Sheath Tumors

Schwannoma This tumor is rare in the kidney with the majority of the reports 
being isolated cases or small series [50–52]. They are more common in women and 
can be located anywhere in the kidney but more frequently near the renal hilum. 
Tumors are usually well circumscribed and encapsulated, but multinodular cases 
and cystic change have also been reported [50]. The microscopic features are the 
same as schwannomas in other sites. A proportion of the cases can be classified as 
cellular characterized by entirely Antoni A pattern and absence of Verocay bodies. 
Additionally, bizarre nuclear atypia, also known as ancient change, is clinically 
important to recognize and to avoid overdiagnosing the lesion as malignant or sar-
comatoid carcinoma, especially in needle biopsy specimens. In addition to sarcoma-
toid carcinoma, the differential diagnoses include malignant peripheral nerve sheath 
tumor, angiomyolipoma, synovial sarcoma, solitary fibrous tumor, leiomyoma, 
rhabdomyosarcoma, and angiosarcoma.

 Vascular Tumors

Angiomyolipoma Renal angiomyolipomas (AMLs) are tumors formed of variable 
amounts of three components: adipose tissue, tortuous thick-walled vessels, and 
cells with smooth muscle differentiation (Fig. 8.7). There is evidence that the AMLs 
belong to the family of perivascular epithelioid cell tumors (PEComas) [53]. It can 
be associated with tuberous sclerosis but they are most frequently sporadic [54]. 
Sporadic AMLs are four times more frequent in women. The clinical presentation is 
similar to other renal masses: incidental finding, abdominal pain, and/or hematuria. 
A minority of patients may present with rupture and intraabdominal bleeding. 
Grossly, AMLs are typically well circumscribed, sometimes with infiltrating edges. 
It may involve the perirenal soft tissue and even lymph nodes (Fig. 8.8), but these 
features are not associated with malignancy. Histologically, AMLs show vessels 
with thick wall and spindle cells radiating off the wall. The spindle cells have an 
appearance similar to smooth muscle cells with blunt end elongated nuclei and 
eosinophilic cytoplasm. Variants of AMLs include fat poor, epithelioid [55], epithe-
lioid AML with atypia [56], and angiomyolipoma with epithelial cysts [57]. Fat 
poor-AMLs are more common in needle biopsy specimens because they are diffi-
cult to distinguish from renal cell carcinoma on image studies, and therefore, 
undergo more frequent biopsy [58]. The epithelioid variant is characterized by 
round cells with variable amount of eosinophilic or clear cytoplasm and sometimes 
bizarre nuclear atypia (atypical epithelioid AMLs). Rarely, epithelioid AMLs can 
have a malignant behavior. Malignancy in AMLs has been associated with the pres-
ence of at least three of the following findings: (1) >70% atypical epithelioid cells, 
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(2) two or more mitotic figures per 10 HPFs, (3) atypical mitotic figures, or (4) 
necrosis [56]. By immunohistochemistry, AMLs are positive for melanocytic mark-
ers HMB45, Melan-A, and tyrosinase. These are often focally positive and therefore 
a panel of markers is recommended. Other positive markers include cathepsin-K 
and smooth muscle actin. PAX-8 and keratin stains are frequently negative and 
might be helpful in the distinction of epithelioid AMLs and renal cell carcinoma.

 Hemangioma and Anastomosing Hemangioma

This rare benign vascular proliferation can be seen in patients with Klippel–
Trenaunay and Sturge–Weber syndromes, end-stage renal disease, or sporadically. 
Hemangiomas are usually solitary, unilateral, and do not have a sex predilection. 
A study of 76 surgical and autopsy specimens revealed that the lesions are most 

Fig. 8.7 Angiomyolipoma 
(AML) composed of its 
three elements: blood 
vessels, adipose tissue, and 
spindle cells with smooth 
muscle differentiation. 
Note scattered nuclear 
enlargement and irregular 
nuclear membranes 
occasionally seen in 
AMLs, a feature not 
associated with poor 
clinical outcome

Fig. 8.8 Angiomyolipoma 
(AML) involving a 
perirenal lymph node. This 
finding is not associated 
with aggressive clinical 
course
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commonly located in the mucosa or submucosa of the renal pelvis, pyramids, and 
cortex [59]. They can cause intraparenchymal bleeding. Anastomosing hemangio-
mas have also been reported in the kidney with the caveat that they have to be dif-
ferentiated from angiosarcoma [60]. Grossly, these tumors were located near the 
renal hilum, measured up to 1.7 cm and had a hemorrhagic and mahogany spongy 
cut surface. In three of four cases in this series, the tumor showed minor exten-
sion into the perirenal adipose tissue. On histologic examination, the tumors were 
composed of anastomosing sinusoidal capillary-size blood vessels with focal hob-
nail nuclei but without nuclear stratification or significant nuclear atypia (Fig. 8.9). 
Mitoses were absent or rare. Extramedullary hematopoiesis was identified in a 
minority of cases. The anastomosing pattern can raise concern for angiosarcoma; 
however, the small size, well-defined borders, lack of significant atypia, and infre-
quent mitoses should be deterrent of a malignant diagnosis. Additionally, vascular 
lesions of the kidney should be examined carefully to exclude a renal cell carci-
noma with prominent vasculature, recently reported as hemangioma-like renal cell 
carcinoma [61].

 Hemangioblastoma

Renal hemangioblastomas are extremely rare and consist of a network of capillary- 
sized and thin blood vessels and interstitial microvacuolated stromal cells. 
Hemangioblastomas are one of the manifestations of von Hippel–Lindau disease 
caused by germline mutation of the VHL tumor suppressor gene. There was no 
association with von Hippel–Lindau in any of the renal cases reported in the litera-
ture [62–64]. The clinical presentation is that of any kidney mass and they can vary 
in size from 2 to more than 10 cm. Grossly, these tumors show a gray cut surface 
with focal cystic change. On light microscopy, the tumor is composed by a network 
of small vessels surrounded by cells with large pale eosinophilic cytoplasm and 

Fig. 8.9 Anastomosing 
hemangioma of the kidney. 
The tumor is composed of 
anastomosing sinusoidal 
capillary-size blood vessels 
with focal hobnail nuclei 
but without nuclear 
stratification or significant 
nuclear atypia
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round to oval nuclei (Fig. 8.10). These large cells can be morphologically confused 
with clear cell renal cell carcinoma, histiocytes, or lipoblasts. By immunohisto-
chemistry, hemangioblastomas are positive for inhibin, neuron-specific enolase, and 
S-100. PAX8 can be positive, adding confusion with clear cell renal cell carcinoma. 
Recurrence or metastasis has not been reported after resection.

 Lymphangioma

Renal lymphangiomas are rare and can occur in children and adults and anywhere 
in the kidney parenchyma [65–69]. Clinically, they can cause mass-related symp-
toms including urinary obstruction [70]. Due to its multicystic appearance, it can be 
confused with a cystic nephroma. Vascular markers CD31, Factor VIII, and D2-40 
would be positive in lymphangiomas and not in cystic nephromas. Lymphangiomas 
are benign lesions and excision should be curative.

 Angiosarcoma

Primary renal angiosarcomas are more frequent in the sixth and seventh decades 
and have a clear predilection for males [71]. Renal angiosarcomas are infiltrative 
lesions with extensive parenchymal destruction and are more commonly composed 
of highly atypical spindle and epithelioid cells (Figs. 8.11 and 8.12). The main dif-
ferential diagnosis is with sarcomatoid carcinoma and the diagnosis is supported by 
positive immunohistochemistry for CD31, CD34, or FLI-1. Renal angiosarcomas 
have a poor prognosis and most patients die within months to 1 year after the initial 
diagnosis [72].

Fig. 8.10 Renal 
hemangioblastoma. The 
tumor is composed of a 
network of small vessels 
surrounded by cells with 
large pale eosinophilic 
cytoplasm and round to 
oval nuclei
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 Other Vascular Tumors

Glomus tumor [73, 74], glomangiomyomas [75], and myopericytomas [76–78] 
involving the kidney have also been reported in the literature. They have similar 
morphologic features as those in other sites. By immunohistochemistry, tumor cells 

Fig. 8.11 Gross image of 
a large renal angiosarcoma

Fig. 8.12 Angiosarcoma 
composed of highly 
atypical spindle cells with 
intercalated red blood cells 
and red blood cell 
fragments. Note brisk 
mitotic activity
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are positive for smooth muscle actin and CD34 highlights the endothelial cells sur-
rounded by the tumor cells, consistent with their perivascular origin. In general, 
these tumors are benign, although a case of malignant glomus tumor of the kidney 
has been reported in the literature [79].

 Fibrous Tumors

 Medullary Fibroma

Also called renomedullary interstitial cell tumor, medullary fibroma is a common 
tumor usually found incidentally or in autopsy. There is a female predominance. 
The tumor originates from interstitial cells of the medulla. The majority of these 
tumors are asymptomatic, but there are rare reports of urinary obstruction due to 
protrusion into the renal pelvis [80].

Grossly, medullary fibromas are solid white and well circumscribed usually sub-
centimeter in size. Histologically, tumor cells are spindle with bland ovoid nuclei 
and can entrap renal tubules (Fig. 8.13). By immunohistochemistry, tumor cells are 
usually positive for CD35 and smooth muscle actin, although these are rarely 
required to arrive at the diagnosis. These are benign tumors and do not require treat-
ment except for the rare situation of renal outflow obstruction [81].

 Sclerosing Epithelioid Fibrosarcoma

Primary sclerosing fibrosarcomas of the kidney were recently described by Argani 
et al. with only two cases reported [82]. The gross appearance of these tumors is 
described as firm and white with protrusion of the renal capsule or renal pelvis. 

Fig. 8.13 Medullary 
fibroma. Tumor cells are 
spindle with bland ovoid 
nuclei and can entrap renal 
tubules
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Histologically, tumor cells have an epithelioid appearance with small angulated 
nuclei and clear cytoplasm arranged in cords in a background of hyaline sclerosis 
(Fig.  8.14). Cellularity is variable. One of the cases reported showed entrapped 
renal tubules with tubulopapillary hyperplasia, resembling a biphasic neoplasm. 
One case also demonstrated an area of myxoid background with bland spindle cells 
in a swirling pattern, closely resembling low-grade fibromyxoid sarcoma. Clinically, 
one case showed liver and the epidural metastases. By immunohistochemistry, both 
cases were diffusely positive for MUC4, bcl2, and vimentin. Negative stains include 
cytokeratin AE1/AE3, desmin, and S100 protein. By FISH, both neoplasm demon-
strated the presence of EWSR1–CREB3L1 rearrangement.

 Solitary Fibrous Tumor

Solitary fibrous tumor (SFT) of the kidney is rare with the first case described in 1996 
[83]. Since then many other reports have added to the literature and currently there are 
more than 40 cases have been reported [84]. The clinical presentation is that of any 
kidney mass, either discovered incidentally or causing symptoms including pain, 
hematuria, or palpable mass [85]. The paraneoplastic syndrome of hypoglycemia due 
to secretion of insulin-like growth factor has not been reported so far in primary kid-
ney SFTs. Grossly, kidney SFTs vary in size and there are reported cases of up to 
25 cm. They are most commonly well-demarcated tumors with a tan- white cut sur-
face. Malignant cases may show cystic changes, necrosis, and hemorrhage. 
Histologically, SFTs are characterized by variable patterns both within the same 
tumor and among different cases. Tumor cells are spindle with bland nuclei and 
arranged in several different patterns including whorled, short fascicular, or storiform 
neurofibroma-like pattern [86]. The background usually shows areas of dense hyaline 
collagen intercalated with more cellular regions and foci of myxoid change. The 

Fig. 8.14 Sclerosing 
epithelioid fibrosarcoma. 
Tumor cells have an 
epithelioid appearance 
with small angulated nuclei 
and clear cytoplasm 
arranged in cords in a 
background of hyaline 
sclerosis
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tumor shows a characteristic vasculature composed of elongated thin- walled vessels 
with branching often referred to as “staghorn vessels” or “hemangiopericytoma- like 
vessels.” SFTs are typically immunoreactive to CD34, CD99, bcl2, and STAT6, and 
negative for S100, desmin, smooth muscle actin, and cytokeratins [87, 88].

 Miscellaneous

Renal myxoma Renal myxomas are extremely rare and have been reported to arise 
from the renal parenchyma or the renal capsule [89–91]. This tumor is usually well 
circumscribed with a gelatinous cut surface. Histologically, the tumor is hypocellular, 
hypovascular, and composed of small angulated cells with hyperchromatic nuclei and 
elongated cytoplasm, sometimes with stellate appearance. The background is myxoid 
with a loose meshwork of thin reticulin fibers. There is minimal nuclear pleomor-
phism and multinucleated cells are not seen. The differential diagnosis includes any 
other tumor with a myxoid background but the hypocellular nature, the bland appear-
ance of the tumor cells, lack of pleomorphism, and absence of mitoses should provide 
enough diagnostic clues. The intramuscular myxomas can show areas of hypercellu-
larity and hypervascularity, but tumor cells preserve the nuclear characteristics of 
benign myxomas [92]. Myxomas are benign and resection should be curative.

 Juxtaglomerular Cell Tumor (JGCT)

JGCT is a rare renin-secreting tumor that typically occurs in young adults and more 
commonly occurs in females (M:F = 1:2). Patients present with features of uncon-
trolled hypertension and on imaging workup, a unilateral peripherally located soli-
tary renal mass is identified accompanied by laboratory features of hyperaldosteronism 
and hypokalemia [93].

Most tumors are between 3 and 5 cm circumscribed yellow-tan mass, but sub-
centimeter examples as well as lesions as large as 15  cm have been reported. 
Histologically, lesional cells are polygonal or spindled with indistinct cell borders, 
and round or oval nuclei. Vascular structures are prominent with both thin-walled 
and thick-walled vessels and a hemangiopericytoma-like pattern may be encoun-
tered. Rarely, these tumors can have a papillary configuration or nuclear pleomor-
phism [94, 95]. In the cases with a papillary configuration, a mixed epithelial and 
stromal tumor (MEST) or metanephric adenofibroma (MAF) will be in the differen-
tial diagnosis especially since juxtaglomerular cell hyperplasia can be seen in the 
stromal component of MAF (Fig. 8.15). The presence of hypertension is helpful in 
making the distinction, but MAF may also have hypertension. The neoplastic cells 
of JGCT express SMA, muscle-specific actin, CD34, CD117, vimentin, and renin 
[95]. Desmin, S-100, HMB45, chromogranin, and synaptophysin are negative. 
Cytokeratin is negative, but the entrapped renal tubular epithelium is highlighted 
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Fig. 8.15 Juxtaglomerular 
cell tumor (JGCT). (a) 
Low power H&E image 
demonstrates a papillary 
configuration. (b) Medium 
power H&E image 
demonstrates the entrapped 
renal tubular epithelium 
lining the papillary 
processes. (c) High power 
demonstrates eosinophilic 
lesional cells with 
indistinct cytoplasmic 
borders and entrapped 
epithelium with a 
glomeruloid configuration. 
(d) Thick-walled arteries 
(arrowheads) are present in 
this JGCT. (e) Cytokeratin 
highlights the entrapped 
epithelium. (f) A CD34 
stain is positive in the 
neoplastic cells

a

b

c
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and is profuse in examples with a papillary configuration (Fig. 8.15). Cytogenetic 
studies have revealed gains of chromosome 4 and 10, loss of chromosome 9 and 11, 
and aneusomy as well as upregulation and downregulation of multiple genes 
involved in neoplasia [95]. The vast majority of JGCT are benign and there is usu-
ally resolution of hypertension after excision, rare examples of malignant cases with 
metastatic disease are reported [96].
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Chapter 9
Pediatric Renal Tumors: Diagnostic 
Updates

Maren Y. Fuller

Pediatric solid tumors are rare, and only approximately 6–7% of them are from the 
kidney [1]. As in many pediatric malignancies, age of the patient is an important 
consideration. For example, Wilms tumor, the most common pediatric kidney 
tumor, is most common in children ages 2–5 years old, and is rare in infants and in 
adults. In contrast, mesoblastic nephroma is the most common kidney tumor in 
neonates, and is rare in children older than 1 year. Renal cell carcinoma is very rare 
in children, but may be seen, especially in older children and young adults. An addi-
tional consideration in pediatric tumors is retaining sufficient material for ancillary 
testing, including fluorescent in situ hybridization (FISH), molecular testing, cyto-
genetics, and for centralized studies. These findings are necessary for diagnosis 
(such as specific translocations in mesoblastic nephroma and clear cell sarcoma of 
the kidney) and for prognosis (loss of heterozygosity in Wilms tumor). Some pedi-
atric kidney tumors also have associations with specific genetic alterations and 
syndromes.

 General Principles

There are a few general principles that apply to most pediatric kidney tumor speci-
mens. As with many pediatric tumors, age is an important variable, and may guide 
your diagnostic considerations. This is especially true in renal tumors, as tumors 
may characteristically occur only in infants, children between 2 and 5 years old, or 
older children/young adults (Table 9.1). In general, intraoperative frozen sections 
should be avoided, due to the potential for diagnostic error. The only exception 
would be to confirm the presence of viable tumor. When grossing, the intact 
nephrectomy specimen should be photographed and weighed, and the surface 
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should be inked before the kidney is bi-valved. The nephrectomy weight is of par-
ticular importance, as this data point may guide therapy and may be required for 
entry into clinical trials. If any areas of possible tumor rupture are noted grossly, it 
is recommended to ink the suspicious area in a different color and sample it for 
histology. The capsule should never be stripped, as capsule invasion changes the 
tumor stage. The renal vein should be examined for gross evidence of tumor throm-
bus. Ideally, fresh tumor and non-neoplastic kidney should be snap-frozen for pos-
sible future studies, and unstained tumor touch imprints may be performed for 
possible FISH studies.

It is also important to consider differences in staging between classically pediat-
ric renal tumors and renal cell carcinomas. Pediatric renal tumors, including Wilms 
tumor, congenital mesoblastic nephroma, clear cell sarcoma, and rhabdoid tumor, 
are staged via the Children’s Oncology Group (COG) protocol. Renal cell carcino-
mas, including those in the pediatric age group are staged via the TNM classifica-
tion, American Joint Committee on Cancer (AJCC) protocol. Although many 
elements in the two staging protocols are similar, there are also relevant differences 
(Table 9.2).

 Wilms Tumor

Wilms tumor (nephroblastoma) is the most common pediatric renal tumor. It is gen-
erally a tumor of young children, with an average age at presentation of 2–5 years 
old. It is uncommon in neonates and infants, and is only rarely reported in adults. 
Wilms tumors are often asymptomatic, and the classic presentation is of an 

Table 9.1 Characteristics of pediatric renal tumors

Tumor
Average age at 
presentation Diagnostic genetic alterations Prognosis

Mesoblastic 
nephroma

0–3 months t(12;15) ETV6-NTRK3 (cellular 
variant only)

Very good

Rhabdoid 
tumor

1–2 years Mutations or deletions of 
SMARCB1

Poor

Wilms tumor 2–4 years n/a Good
Clear cell 
sarcoma

2–3 years BCOR internal tandem duplication 
repeats OR YWHAE and NUTM2B/
NUTM2E fusions

Improved with 
multimodality therapy

Cystic 
nephroma

0–4 years DICER1 mutations Very good, rare 
sarcomatous 
transformation

Anaplastic 
sarcoma

5 years DICER1 mutations Unknown

Renal cell 
carcinoma

10–11 years MiT-translocation (translocation 
RCC); SMARCB1 alterations 
(medullary carcinoma)

Variable
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abdominal mass palpated by a caregiver when bathing the child. Other presentations 
include hypertension, hematuria, and abdominal pain. Importantly, about 10% of 
these tumors have an associated syndrome, including WAGR syndrome, Denys–
Drash, Beckwith–Wiedemann, Li–Fraumeni, and others. Approximately, 4% of 
Wilms tumors are bilateral.

Treatment approaches vary based on the clinical stage at presentation, as well as 
the presence or absence “unfavorable histology,” defined as diffuse anaplasia. In the 
United States, Children’s Oncology Group (COG) recommends primary resection, 
then further therapy depending on the stage and unfavorable histology. In Europe, 
Société Internationale d’Oncologie Pédiatrique (SIOP) recommends neoadjuvant 
therapy, then surgical resection. Nevertheless, both approaches have a similarly 
good prognosis, with an overall survival of over 90% [2, 3].

Grossly, most tumors are solitary and well circumscribed with a fibrous pseudo-
capsule. The cut surface is soft and usually uniformly tan-pink. Hemorrhage, necro-
sis, and cystic changes are common. Important considerations at grossing include 
recording the weight of the nephrectomy specimen, evaluation of any areas of sus-
pected tumor rupture, and extensive sampling of the renal sinus. The kidney weight 
is an essential element, as stage I tumors with kidney weights <550  g may not 
require further therapy. Evaluation of tumor rupture as well as renal vein and sinus 
invasion are essential for staging, as either of these findings correlate to stage 

Table 9.2 Differences between COG and pTNM AJCC staging of kidney tumors

Children’s Oncology Group (COG)
pTNM, American Joint Committee on 
Cancer (AJCC)

Tumor 
types

Wilms tumor, congenital mesoblastic 
nephroma, clear cell sarcoma, rhabdoid tumor

Renal cell carcinoma (including renal 
medullary carcinoma and 
translocation renal cell carcinomas)

Stage I Tumor limited to kidney and 
completely resected

pT1 Tumor ≤7 cm, limited to 
the kidney

II Tumor extends beyond kidney 
(including through renal capsule, 
extrarenal/renal sinus lymph-vascular 
spaces, renal vein, and/or renal sinus 
soft tissue), but is completely resected 
with negative lymph nodes

pT2 Tumor >7 cm, limited to 
the kidney

III Residual tumor (present at margin, 
tumor rupture/spill, piecemeal 
excision, prior biopsy, and/or regional 
lymph node involvement)

pT3 Tumor extends into 
major veins or 
perinephric tissues 
(pelvicaliceal system, 
perirenal fat, and/or renal 
sinus fat)

IV Hematogenous or lymph node 
metastases beyond abdomino-pelvic 
region

pT4 Tumor extends beyond 
Gerota’s fascia (e.g., 
invasion into adrenal 
gland)

V Bilateral renal tumors at diagnosis 
(also stage each side separately)
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III. Furthermore, a tumor “map” of where each section is taken is strongly recom-
mended, as this is often critical for staging as well as identifying diffuse versus focal 
anaplasia. Sampling of the uninvolved kidney parenchyma is also critical for evalu-
ation of nephrogenic rests.

Wilms tumor histology is triphasic, including blastemal, epithelial, and stromal ele-
ments (Fig. 9.1). However, it is not necessary to see all three components for a diagnosis 
of Wilms tumor. The blastemal component is composed of densely packed small cells 
with scant cytoplasm, nuclear overlapping, coarse chromatin, and many mitoses. The 
epithelial component often resembles primitive tubules and glomerular structures, and 
can also include maturing to mature tubules. Variable differentiation, including squa-
mous, mucinous, neuroendocrine, and neuroepithelial can be seen. The stromal compo-
nent is often bland spindled to loose myxoid, and can include heterologous differentiation 
such as cartilage, bone, skeletal muscle, or fat. Wilms tumors with extensive mature 
epithelial and stromal heterologous differentiation have been termed “teratoid Wilms 
tumor.” As opposed to immature teratomas of the kidney, teratoid Wilms tumors are 
more disorganized and have blastemal or nephrogenic epithelial elements.

Presence of anaplasia is the only marker of “unfavorable histology” in Wilms 
Tumors, and is only present in approximately 5% of tumors. Although rare, it is 
the most important prognostic marker [4]. Anaplasia is defined as large hyper-
chromatic nuclei greater than three times larger than neighboring nuclei 
(Fig. 9.2), as well as large atypical/multipolar mitotic figures. It is also consid-
ered a marker of TP53 mutations and resistance to chemotherapy. Focal anapla-
sia is limited to 1 to “few” discrete areas, surrounded by nonanaplastic tissue, 
and the remaining tumor cannot show severe nuclear unrest. Severe nuclear 
unrest is defined as nuclear pleomorphism or atypia that does not quite reach the 
threshold of anaplasia. Diffuse anaplasia is defined as any of the following: 
Anaplasia in any extrarenal site, anaplasia in a random biopsy, or anaplasia that 
is more than the criteria set as focal anaplasia [5]. Chemotherapy and radiation 
therapy are not considered to result in tumor anaplasia, thus, these criteria can 
be applied to both primary resection and posttherapy resection tumors. It is also 

Fig. 9.1 Triphasic Wilms 
tumor histology, including 
epithelial, blastema, and 
stromal components
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important to examine the uninvolved kidney parenchyma for nephrogenic rests, 
as their presence is a marker for increased risk of bilateral Wilms tumors.

Although immunohistochemistry is not often necessary to make a diagnosis of 
Wilms tumor in a resection specimen, it is invaluable in blastemal–predominant 
biopsies. The blastemal and epithelial components usually stain strongly and dif-
fusely with immunohistochemistry for WT1, but the stromal component will be 
negative. Desmin may be positive in blastema, but myogenin, MyoD1, actin, and 
other muscle markers should be negative [6]. Although strong nuclear staining of 
p53 correlates with unfavorable/anaplastic histology, it is not currently part of the 
COG risk-stratification system.

Molecular testing for loss of heterozygosity (LOH) at chromosomes 1p and 16q 
is under active investigation for risk stratification of Wilms tumors, and as such, 
performing this testing may be warranted in many Wilms tumor specimens [2–4]. A 
wide variety of genetic changes have been described in Wilms tumor, including 
changes in WT1 and TP53. Recent research has uncovered more of the genetic land-
scape of these tumors, providing insight into Wilms tumor development as well as 
future therapies [4, 7, 8].

In most cases of Wilms tumor, the triphasic histology is diagnostic. However, in 
small biopsies or blastema-predominant tumors, the differential diagnosis includes 
other small round blue cell tumors such as neuroblastoma and rhabdomyosarcoma. 
Epithelial-predominant Wilms tumors must be differentiated from metanephric 
adenoma and papillary renal cell carcinoma.

 Mesoblastic Nephroma

Congenital mesoblastic nephroma is a spindle cell myofibroblastic neoplasm of the 
kidney, which occurs most commonly in the first year of life, and may be congeni-
tal. Most patients are cured with complete surgical excision, but incompletely 

Fig. 9.2 Wilms tumor 
with anaplasia, 
characterized by 3x 
enlarged, hyperchromatic 
nuclei
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excised tumors may recur. Due to the often infiltrative and indistinct tumor borders, 
complete nephrectomy is often the treatment of choice. There are two main sub-
types: the classic type, with whorled cut surfaces and indistinct separation from the 
nonneoplastic kidney, and the cellular type, which is more fleshy and well circum-
scribed. Both may arise centrally and involve the renal sinus.

The classic variant is less common, and represents approximately one-fourth of 
cases. Histologically, it is composed of bundles of spindle cells with minimal atypia 
and inconspicuous mitoses. The tumor edges show extensive infiltration into the 
adjacent renal parenchyma as well as entrapped nonneoplastic tubules. Associated 
islands of cartilage are also often seen. The cellular variant is composed of a more 
densely cellular lesion with pushing borders, more frequent mitoses, and more sar-
comatous areas (Fig. 9.3). Approximately, 10–20% of cases show mixed classic and 
cellular histology. All histologic patterns show variable positivity for vimentin, 
SMA, and desmin immunohistochemistry [6]. The cellular variant of mesoblastic 
nephroma is characterized by t(12;15)(p13;q25) ETV6–NTRK3 gene fusion, the 
same fusion as found in infantile fibrosarcoma [9, 10]. Variant NTRK1 and NTRK2 
translocations have also been described. Pan-Trk immunohistochemistry shows 
promise as a sensitive and specific surrogate marker for NTRK rearrangements [11]. 
The classic variant does not have a consistently identified genetic abnormality.

The differential diagnosis includes metanephric fibroma, clear cell sarcoma of 
kidney, blastema-predominant Wilms tumor, and rhabdoid tumor of kidney.

 Clear Cell Sarcoma

Clear cell sarcoma of the kidney is a very rare tumor, but is clinically important 
to consider due to its aggressive clinical course and proclivity for metastasis, 
including to the bone. It presents in a similar age group to Wilms tumor (peak at 
2–3  years old) as a large renal mass. There may be associated hematuria, 

Fig. 9.3 Cellular variant 
of mesoblastic nephroma 
with many spindled cells 
and mitoses

M. Y. Fuller



185

hypertension, as well as possible lymph node metastases at diagnosis. The prog-
nosis has improved with intensive multimodality therapy [12].

Grossly, they are a large well-circumscribed renal mass with a tan-white, mucoid 
cyst surface, with frequent hemorrhage, necrosis, and cystic change. The classic 
microscopic features are a relatively homogeneous tumor composed of plump ovoid 
cells with cytoplasmic clearing in a typical background of thin, “chicken-wire” vas-
culature (Fig.  9.4). The nuclei are round with fine chromatin and inconspicuous 
nucleoli. However, not all clear cell sarcomas are clear. They may have myriad 
appearances, including myxoid, sclerosing, spindle cell, epithelioid, palisading, and 
others. In most cases, the classic histology can be found, at least focally.

Immunohistochemistry is of limited use. If present, diffuse strong nuclear posi-
tivity for BCOR is sensitive and specific for clear cell sarcoma of kidney. Recent 
reports have described strong, diffuse cyclinD1 immunohistochemistry in clear cell 
sarcoma, which may have utility in distinction from Wilms tumor and rhabdoid 
tumor [13]. Vimentin is positive in the tumor cells, and vascular markers highlight 
the delicate vascular network. These tumors have been recently described to com-
monly have BCOR internal tandem duplication repeats or less commonly, YWHAE 
and NUTM2B/NUTM2E fusions [14–19]. Rare cases with BCOR–CCNB3 fusion 
have also been described [20, 21].

The differential diagnosis includes but is not limited to blastema-predominant 
Wilms tumor and congenital mesoblastic nephroma.

 Rhabdoid Tumor

Rhabdoid tumor of the kidney is a very rare, aggressive tumor that occurs most 
commonly in the first 3 years of life. Originally described as a variant of Wilms 
Tumor [22], it is now understood to be a separate entity. Other tumors with similar 
features in different anatomical locations include extrarenal malignant rhabdoid 

Fig. 9.4 The characteristic 
delicate, “chicken-wire” 
vasculature may be the 
only morphologic clue to 
clear cell sarcoma
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tumors and atypical/teratoid rhabdoid tumors [23]. Grossly, they are infiltrative 
tumors, often with prominent hilar and vascular invasion. The microscopic appear-
ance is somewhat homogeneous, composed of sheets of loosely cohesive cells with 
large vesicular nuclei with nucleoli. The histologic hallmark is the so-called “rhab-
doid” cells with densely eosinophilic cytoplasmic inclusions and an eccentric 
nucleus (Fig. 9.5). These cells may not be prominent, but are almost always present 
with careful examination and sufficient tumor sampling. Recently, rhabdoid tumors 
have been described to have inactivating mutations or deletions in SMARCB1, both 
somatic and germline [23]. The corresponding immunohistochemical finding is loss 
of nuclear staining of INI1 [24]. The immunohistochemical profile is otherwise 
nonspecific. Some patients with rhabdoid tumor have SMARCB1 germline inacti-
vating mutations. Although most of these are de novo mutations, some may be 
familial and are considered part of rhabdoid tumor predisposing syndrome. These 
patients often present at a younger age and may have multiple rhabdoid tumors [25]. 
Although very rare, this syndrome is important to consider so appropriate referral to 
genetic counseling can be made. Overall, rhabdoid tumor outcomes are very poor, 
with a median survival of less than 1 year [25].

a b

Fig. 9.5 (a, b) The characteristic eosinophilic inclusions with eccentrically placed nuclei are usu-
ally at least focally present in rhabdoid tumor. Nuclear loss of INI1 immunohistochemistry (b) is 
characteristic
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 Translocation Renal Cell Carcinoma

Renal cell carcinoma (RCC) is very rare in children, comprising only about 4% of 
all pediatric renal cancers [26]. In contrast to adult RCC, pediatric RCC is often 
associated with unique genetic alterations. Most commonly seen are transloca-
tions involving microphthalmia transcription factor (MiT), the so-called “translo-
cation RCCs” [27]. These tumors often are well circumscribed, and are composed 
of epithelial cells arranged in nests and papillary configurations. The cells often 
have voluminous clear cytoplasm, distinct cytoplasmic borders, and high nuclear 
grade with prominent nucleoli (Fig. 9.6). Immunohistochemistry for TFE3 shows 
strong nuclear positivity, and is a surrogate marker for TFE3 rearrangements. 
They often show only minimal positive staining for epithelial membrane antigen 
(EMA) and cytokeratin 7, and are positive for AMACAR and CD10 [28]. Due to 
their rarity and fairly recent recognition, the clinical prognosis is still somewhat 
unclear [26].

a b

Fig. 9.6 (a, b) Translocation renal cell carcinomas often have characteristic voluminous, eosino-
philic to clear cytoplasm, with high nuclear grade. Immunohistochemistry for TFE3 (b) is a sur-
rogate marker for TFE3 rearrangements
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 Renal Medullary Carcinoma

Another very rare carcinoma of the pediatric age group is renal medullary carcinoma. It 
is almost always seen in young patients that carry sickle cell trait, and has an aggressive 
clinical course [29]. The tumors are often centered on the renal medulla with an infiltra-
tive pattern. Histologically, they are similar to renal collecting duct carcinoma and show 
a variety of histologic patterns. The tumor cells are large, with eosinophilic cytoplasm 
and prominent nucleoli. Sickled erythrocytes may be seen within the tumor. Rarely, 
urine cytology may show tumor cells. These tumors are characterized by loss of INI1 by 
immunohistochemistry, corresponding to SMARCB1 loss [30–32]. Prognosis is poor.

 ALK-Rearranged Renal Cell Carcinoma

Many pediatric renal cell carcinomas remain in the unclassified category, although 
recent research has identified additional molecular changes in a subset of these 
tumors. This includes the recently described group of RCC with ALK gene rear-
rangements seen in patients with sickle-cell trait/disease [33–35]. These tumors 
have been described to have distinctive histology, including solid architecture with 
epithelioid cells with abundant eosinophilic cytoplasm, high nuclear grade, and 
small nucleoli. Intracytoplasmic lumina and variable lymphoplasmacytic inflamma-
tion are also described. Immunohistochemically, ALK shows cytoplasmic to mem-
branous expression, TFE3 shows moderate to strong nuclear expression, and INI1 is 
retained. Rearrangements described include VCL-ALK or TPM3-ALK [36].

 Cystic Nephroma

Cystic nephroma is a benign pediatric renal neoplasm that has recently been 
described to be associated with mutations in the DICER1 gene [37–39]. It typically 
occurs in children younger than 4  years old, and is cured by surgical excision. 
Genetic counseling may be recommended, as these patients may have germline 
mutations in DICER1 and may be at risk for other neoplasms such as pleuropulmo-
nary blastoma. Grossly, they are cystic, well-demarcated lesions. Microscopically, 
the cysts are lined by simple epithelium that may be flat to cuboidal (Fig. 9.7). The 
fibrous septae can have a range of cellularity, and may have associated inflammation. 
No immature nephroblastic elements are present, and if seen, this raises the diagnos-
tic consideration of cystic partially differentiated nephroblastoma. Rarely, there are 
associated foci of sarcomatous transformation and anaplastic sarcoma [37, 40].
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 Anaplastic Sarcoma of the Kidney

A recently described, very rare malignant pediatric kidney tumor, also associated 
with DICER1, is anaplastic sarcoma [41]. It has been described in patients from 
ages 10 months to 41 years, and the median age at presentation is 5 years [42]. 
Grossly, it is cystic with a spindle cell component with marked anaplasia. 
Characteristically, it also has islands of chondroid differentiation or benign and/or 
malignant cartilage. Typically, the cysts are surrounded by the sarcomatoid compo-
nent. Rhabdomyoblastic differentiation may also be found. These sarcomas are also 
characterized by DICER1 mutations, and are considered to be part of the DICER1 
syndrome [43]. Mutations in TP53 may also be found in many anaplastic sarcomas 
of the kidney [43].

 Ossifying Renal Tumor of Infancy

Ossifying renal tumor of infancy is a very rare, benign kidney tumor seen almost 
exclusively in infants, first described in 1980 [44]. The average age at diagnosis is 
6 months, and most tumors occur in the first year of life. The typical clinical pre-
sentation is gross hematuria [45]. The tumors are frequently, but not always, calci-
fied. Histologically, there are three elements: spindle cells, osteoblast-like cells, 
and an osteoid core. Prognosis is very good; the vast majority of patients are cured 
with surgical resection. No characteristic genetic alterations have been described 
to date [46].

Fig. 9.7 Cystic nephroma 
is characterized by cysts 
lined by simple attenuated 
to low cuboidal epithelium 
and may have associated 
inflammation
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Chapter 10
Neuroendocrine Kidney Tumors

Miao Zhang and Charles C. Guo

 Carcinoid Tumor

Carcinoid tumor was first reported as a primary neoplasm of the kidney in 1966. It 
is a very rare tumor in the kidney with fewer than 100 cases reported in the 
literature.

 Etiology

The histogenesis of carcinoid tumor in the kidney is unclear. Occasionally, carci-
noid tumors may arise from renal teratomas [1], which is exceedingly rare. About 
20% of cases have been reported to be associated with horseshoe kidney [2, 3]; 
however, no neuroendocrine cells have been identified in the normal kidney 
parenchyma.

 Clinical Presentation

Clinically, patients present with nonspecific symptoms, such as flank pain, hematu-
ria, or abdominal mass. Very rarely, patients can present with carcinoid syndrome 
[4]. The average age of diagnosis is 52 years (range 27–78 years) with no significant 
gender predilection [5].
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 Gross Pathology

Tumors vary in size with an average of 6.4 cm (range 2–17 cm) [5]. Most tumors are 
well circumscribed with a distinct interface with nonneoplastic kidney. Cut surface 
is solid homogenous, yellow tan, or red-brown; focal hemorrhage, calcification, or 
cystic change can be seen; however, necrosis is rarely seen.

 Histology

The most common growth pattern is cords and trabeculae with ribbon-like appear-
ance in scarce, dense and sclerotic stroma (Fig. 10.1a); solid sheet, nests, or gland-
like lumina can be seen. Tumor cells are quite uniform with round nuclei and 
moderate amount of cytoplasm (Fig. 10.1b, c); mild-to-moderate nuclear pleomor-
phism can be seen. Tumor nuclei show granular and fine chromatin (salt and pepper) 
with inconspicuous nucleoli (Fig. 10.2). Most cases show <2 mitosis/10 high-power 
field (HPF); however, mitotic rate of 3–4 mitoses/10 HPF has been reported; Ki-67 
proliferation index is mostly less than 5% and sometimes 5–10% (Fig. 10.1d). About 
24% of cases are associated with calcification. Extrarenal extension into perinephric 
adipose tissue has been reported in about 40% of cases [5].

 Immunohistochemical Feature

Over 90% of tumors are positive for synaptophysin and cam5.2, while chromo-
granin is positive in 65% of cases. Interestingly, immunoreactivity for prostatic acid 
phosphatase (PAP) has been documented [6, 7].

 Treatment and Prognosis

Surgical resection is the primary treatment of choice. The clinical outcome is diffi-
cult to predict; however, even patients with metastatic disease may suvive for a long 
time.

 High-Grade Neuroendocrine Carcinoma

High-grade neuroendocrine carcinoma of the kidney is a poorly differentiated car-
cinoma with neuroendocrine differentiation. It is an extremely rare primary tumor 
of the kidney with fewer than 50 cases reported [8].
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Fig. 10.1 Carcinoid tumor 
of the kidney. (a) Tumor 
cells show ribbon-like 
growth; (b, c) tumor cells 
are uniform with abundant 
pink cytoplasm, salt and 
pepper chromatin; (d) 
Ki-67 proliferation index is 
less than 5% in most cases

a

b

c
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 Clinical Presentation

Nausea, abdominal or flank pain, and gross hematuria are common clinical symp-
toms [9, 10].

 Gross Pathology

On gross examination, tumor is lobulated and mostly located at the renal pelvis. Cut 
surface is white-gray and often associated with necrosis. The reported size ranges 
from 2.5 to 23 cm (median 8 cm).

 Histology

The tumor may be comosed of small cell neuroendocrine carcinoma or large cell 
neuroendocirne carcinoma. It usually shows sheets and nests of cells infiltrating the 
kidney parenchyma. It is frequently associated with necrosis (Fig. 10.2a). Tumor 
cells are small to intermediate in size and show markedly hyperchromatic round to 
oval nuclei, inconspicuous nucleoli, scan cytoplasm, and poorly defined cytoplas-
mic borders (Fig.  10.2b–c). Mitotic activity is high (>10 mitoses/10 HPF) 
(Fig. 10.2c) [9]. Metastasis to regional lymph nodes is frequently seen (Fig. 10.2d).

d
Fig. 10.1 (continued)
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Fig. 10.2 Neuroendocrine 
carcinoma of the kidney. 
(a) Low power, tumor is 
composed of a sheet of 
cells associated with 
necrosis; (b) tumor shows 
high mitotic counts and 
necrosis; (c, d) tumor cells 
are markedly 
hyperchromatic with 
inconspicuous nucleoli; (e) 
neuroendocrine carcinoma 
of kidney metastasis to 
hilar lymph node
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 Immunohistochemical Features

Tumor cells show dot-like cytoplasmic staining with cytokeratins and variable posi-
tivities for neuroendocrine markers, such as synaptophysin, chromogranin, CD56, 
and NSE (neuron-specific enolase).

 Treatment and Prognosis

Most patients presented with locally advanced tumors that are large in size with 
invasion of vascular and retroperitoneal structures. Regional lymph node and distant 
metastases are common. Surgical resection and aggressive chemotherapy are 
commonly used; however, over 50% of patients died within 1 year [9].

d

e

Fig. 10.2 (continued)
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 Primitive Neuroectodermal Tumor (PNET)

PNET is a very uncommon entity in the kidney, with approximately 120 cases 
reported in the literature.

 Clinical Presentation

Average age is 23–27  years, but age ranges from the first to eighth decades. 
Abdominal pain and gross hematuria are common presenting symptoms. About 
10% of patients presented with lung, hepatic, and bone metastasis [11].

 Gross Pathology

On gross examination, tumor shows a tan, yellow to white lobulated cut surface; 
tumors are large in size (average 16  cm, range 7–21  cm) and often extensively 
replace the kidney parenchyma [12].

 Histology

Histological features are not different from those in its soft-tissue counterpart with 
primitive appearing round cells and high nuclear to cytoplasmic ratio. When clear 
cytoplasm is present, it is frequently associated with the presence of glycogen 
(diastase- sensitive PAS positivity) [12]. Mitosis and necrosis are easily identified. 
Homer Wright rosettes are seen in some case.

 Immunohistochemical Features

Tumor cells are strongly and diffusely positive for CD99 (membranous pattern). 
Some show nuclear positivity for FLI-1. Approximately 20% of cases are positive 
for cytokeratin. It should be noted that all tumor cells are negative for WT-1 and 
muscle markers, which may help to distinguish from other small round blue cell 
tumors in the kidney, such as Wilms’ tumor and rhabdomyosarcoma. Like its soft-
tissue counterpart, the characteristic translocation t (11; 22)(q24;q12) leading to the 
EWS-FLI1 fusion gene is the most frequent genetic alteration.
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 Treatment and Prognosis

Pathological stage is the main determinant in the prognosis. Generally, PNET is an 
aggressive tumor with poor clinical outcome. Recently, the utilization of 
multidisciplinary therapy includes surgery, chemotherapy, and radiation has 
improved the median survival significantly [13, 14].

 Neuroblastoma

A true neuroblastoma originated from the kidney is exceedingly rare, and only a 
handful of cases have been registered at the National Wilms’ Tumor Study Group 
Pathology Center [15]. Involvement of the renal tissue by adrenal neuroblastomas is 
a much more common occurrence. Renal neuroblastomas show similar features as 
its adrenal counterpart, with primitive neural tissue, Homer Wright rosettes, neuro-
fibrillary stroma, and embryonal cell with round nuclei containing granular, fine 
(salt and pepper) chromatin. The tumor cells are positive for neuroendocrine mark-
ers, such as synaptophysin, chromogranin, and S100.

 Paraganglioma/Pheochromocytoma

Paraganglioma is a rare entity in the kidney with only few cases described in the litera-
ture [16]. Most tumors are small in size. The gross and histological appearance is 
identical to paraganglioma/pheochromocytoma of other organs. Grossly, tumor is tan 
gray and well circumscribed. Microscopically, tumor cells show “zellballen” with dis-
tinctive collagenous septa. The nuclei show inconspicuous nucleoli. Mitosis is infre-
quent. Immunohistochemically, tumor cells are positive for chromogranin, 
synaptophysin, GATA-3, and CD56. S100 labels the sustentacular cells.

 Juxtaglomerular Cell Tumor

Juxtaglomerular cell tumor (JGCT) was first described in 1967 [17]. It is a rare 
tumor that differentiates toward smooth muscle cells in the afferent arteriole of 
glomeruli. It is associated with abundant renin production. JGCT usually occurs 
in younger individuals (mean age: 23 years). It is slightly female predominant 
(female to male ratio: 2:1) [18].
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 Clinical Presentation

Patients typically present with hypertension, hypokalemia, and hyperaldosteronism 
owing to excessive renin production. There was one reported case in which patient 
presented with normal blood pressure [19].

 Gross Pathology

Tumors are usuallly small (less than 3 cm, ranging from 2 mm to 9 cm), well cir-
cumscribed with yellow to tan cut surface [20], and necrosis is rarely seen.

 Histology

Tumor usually shows a hemangiopericytic growth pattern (Fig. 10.3a). Other growth 
patterns include trabecular, insular, solid, papillary, cystic, and tubular. Tumor is 
composed of uniform population of round, polygonal, or spindled cells with granular 
and eosinophilic cytoplasm (Fig. 10.3b). Tumor cells have distinctive cell borders. 
Myxoid stroma with prominent vasculature and mast cells are frequently seen 
(Fig. 10.3c).

 Immunohistochemical Features

The cytoplasmic granules are positive for PAS.  Immunohistochemically, tumor 
cells are positive for renin, actin, vimentin, and CD34 (Fig. 10.3d) [18].

 Treatment and Prognosis

Surgery is the primary treatment of choice. All clinical symptoms resolve after sur-
gical intervention. There has been no reported case with metastasis or recurrence in 
literature after long follow-up [21, 22].
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Fig. 10.3 Juxtaglomerular 
cell tumor of the kidney. 
(a) tumor shows a 
hemangiopericytic growth 
pattern; (b) tumor is 
composed of uniform 
population of round or 
polygonal cells with 
eosinophilic cytoplasm; (c) 
tumor shows prominent 
vasculature with mast 
cells; (d) tumor cells are 
diffusely positive for CD34

a

b
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 Germ Cell Tumor

Metastasis from gonadal germ cell tumor needs to be excluded before a primary 
germ cell tumor of the kidney is considered. Primary renal pelvic choriocarcinomas 
have been reported in the literature and are difficult to distinguish from high-grade 
urothelial carcinoma due to the overlapping histological and immunohistochemical 
features [23]. However, treatment regimens utilized for choriocarcinoma of the 
testis seem to prolong remission of the renal choriocarcinomas, suggesting a similar 
pathogenetic pathway. Other germ cell tumors, such as teratomas, have also been 
reported in the kidney [24].

 Tumor Metastatic to the Kidney

Involvement of the kidney by secondary malignancies is uncommon, accounting for 
less than 5% of all renal malignancies [25]. A recent published study shows that the 
most common solid tumor metastatic to the kidney is of lung primary. Clinical 
features, such as imaging studies, are almost indistinguishable from primary kidney 
tumors. Major differential diagnosis includes collecting duct carcinoma, medullary 
carcinoma, and urothelial carcinoma of the kidney. Clinical, radiological, and 
pathological correlations are essential for the accurate diagnosis.

d
Fig. 10.3 (continued)
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Chapter 11
Hereditary Syndromes Associated 
with Kidney Tumors

Ayhan Ozcan, Seyda Erdogan, and Luan D. Truong

Hereditary renal cell carcinomas (HRCCs) account for about 2–4% of all RCCs [1–7]. 
However, the actual incidence may be higher due to insufficient family history, clini-
cal evaluation, and limitations in current understanding of genetically linked cancer 
syndromes [2]. The patients with hereditary renal cell carcinoma (HRCC) syndromes 
are an important group requiring early screening and careful follow-up, and their rel-
atives should be informed about disease-related morbidity and survival [2]. HRCC 
syndromes may occur in more than one first (parents, full siblings, or children) – or 
second (grandparents, grandchildren, aunts, uncles, nephews, nieces, or half-sib-
lings) – degree family members that may be passed on through germ-line mutations.

Ten HRCC syndromes are currently recognized (Table 11.1), and they all show 
an autosomal dominant inheritance pattern. More common and well-known HRCC 
syndromes are von Hippel–Lindau (VHL), hereditary papillary RCC, Birt–Hogg–
Dubé (BHD), hereditary leiomyomatosis RCC (HLRCC), and tuberous sclerosis. 
The International Society of Urological Pathology (ISUP) consensus conference on 
renal neoplasia held in Vancouver, Canada, in 2012 proposed several provisional/
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emerging entities one of which is succinate dehydrogenase B (SDHB) mutation- 
associated RCC. This type of RCC is now is a new member of the HRCC syndromes 
[7]. The rest of the syndromes are very rare, and their molecular pathogenetic mech-
anisms are currently not known.

The genetic mechanisms for RCC in the most of these syndromes, especially the 
more frequent ones, have been elucidated, but environmental factors and/or epigen-
etic mechanisms may also be pathogenetic. These molecular mechanisms may be 
also applicable in the sporadic context, and this relation has been validated for clear 
cell RCC. These molecular pathogenetic mechanisms also pave the way for several 
ongoing clinical trials for sporadic RCCs, in which target molecules are eliminated 
by their specific antibodies or inhibitors [8].

The purposes of this chapter are to describe (1) the general features of HRCC 
syndromes; (2) diagnostic approach including morphologic cues recognizable in 
nephrectomy specimens or tumor biopsy; (3) confirmatory molecular studies and 
subsequent genetic counseling; (4) pathogenetic relevance to sporadic RCC; and 
(5) targeted molecular therapy pertinent to sporadic RCC. Herein, we will focus on 
the six most common HRCC syndromes and summarize the salient features of other 
rare HRCC syndromes in Table 11.1.

 General Diagnostic Approach

Before the discovery of the responsible genes, including VHL, MET, FLCN, fuma-
rate hydratase, TSC1, TSC2, and SDHB, HRCC syndromes were identified based 
on the clinical findings reflecting the phenotypic manifestations of these syndromes. 
These genes are tumor suppressor genes except MET, which is a proto-oncogene. 
Most affected individuals inherit a germline mutation of gene from an affected par-
ent and a normal “wild-type” gene from their unaffected parent. In hereditary renal 
carcinogenesis, unlike oncogenes/proto-oncogenes, tumor suppressor genes generally 
follow Knudson’s “two-hit” hypothesis, which implies that both alleles of the tumor 
suppressor gene that codes for a particular protein must be affected before an effect 
is clinically manifested [9]. On contrary, oncogene/proto-oncogene mutations gen-
erally involve a single allele because they are “gain-of-function mutations.” These 
mutations change the gene product, which gains a new and abnormal function. Gain-
of-function (activating) mutations change the amino acid sequence of gene protein 
products, which causes abnormal functions. Many of these mutations affect signaling 
molecules, leading to activation of constitutive hormonal or other signaling pathways. 
The inherited germline mutation in HRCC represents the first “hit,” which is present 
in every cell in the body. The second “hit” is a somatic mutation, one that occurs in 
a specific tissue at some point after birth. It damages the normal or wild-type allele, 
creating a clonal neoplastic cell of origin, which then transforms to a tumor mass [9].

Although phenotypic manifestations vary within affected members of the same 
family and among families, these findings are still the best to initiate clinical suspi-
cion for further molecular screening. Renal tumors are often the initial manifesta-
tion of HRCC syndromes. These tumors may display distinctive clinical, imaging, 

A. Ozcan et al.



211

or morphologic features, which collectively should raise the possibility of HRCC 
syndromes for genetic confirmation.

The RCCs in these syndromes, except the SDHB mutation-associated RCC, are 
more likely to be present at an earlier age (usually before 30 years of age) and tend 
to be more frequently multifocal and bilateral than the sporadic RCCs [5]. They are 
also usually associated with extra-renal manifestations. The RCC in each syndrome 
tends to be of distinctive histologic types. Although the morphology of these types 
is, in general, similar to that of the same types of RCC that develop sporadically, 
there are often additional features distinctive for each syndrome (see below), which 
serve as the first diagnostic clue.

The clinical and/or pathologic suspicion of HRCC syndromes should and can 
be confirmed by genetic testing. These studies, which are now readily available for 
routine diagnosis, can be done in blood sample reflecting the pathogenetic germline 
mutation involving all somatic cell lines of the affected individuals. Although genetic 
testing is available and is highly reliable, it should be performed by well- established 
institutes, considering the profound consequences of the findings on the patients and 
their relatives. Genetic counseling is also important. Potentially affected patients may 
be intensely interested in genetic testing, but they may not be fully aware of the ethi-
cal and legal problems such as informing relatives, impact on spousal relationship, 
prenatal and infant testing, and discrimination in employment or insurance [10, 11].

Genetic testing is performed on peripheral blood lymphocytes in patients with a 
strong clinical suspicion, or on other tissues such as skin fibroblasts or exfoliated buccal 
cells, especially, in the cases without a history of hereditary RCC syndrome in the family 
members, who have generally somatic mosaicism [1, 12–15]. Somatic mosaicism is a 
mutation occurring during embryonic development, and some cells are normal whereas 
others carry the mutation. The mutation may not be detectable in the peripheral blood 
of these patients because the blood stem cells do not carry the mutation. These patients 
may be asymptomatic or have less severe disease than offspring and may have nega-
tive tests for germline mutation. Phenotypic features and clinical manifestations vary 
among members within the same family who carry the same germline mutation. This 
is related to de novo mutation occurring in embryogenesis. De novo mutations may 
explain genetic diseases in which an affected offspring has a mutation in every cell in 
the body, but the parents do not, and there is no family history of the disease. In contrary 
to germline mutations, somatic mosaicism is rare and its identification is likely to be 
more difficult [1, 12]. To date, among hereditary RCC syndromes, somatic mosaicism is 
described in VHL-, HLRCC-, and TSC-associated RCCs [1, 12–14].

Some genes are active (on) in some tissues and organs but inactive (off) in oth-
ers. Which genes are active or inactive discriminate different types of cells. Genes 
are switched on and off during development in response to environmental changes, 
such as metabolism and infection. There is no evidence of an organ or target cell 
specificity of germline mutations; the occasional familial clustering of certain tumor 
types may reflect the genetic background of the affected family member or the addi-
tional influence of environmental and nongenetic host factors [16].

The key points regarding diagnosis and management of each hereditary RCC 
syndrome and their family member are detailed in the following sections and sum-
marized in Table 11.2.

11 Hereditary Syndromes Associated with Kidney Tumors
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Table 11.2 Diagnostic key points for hereditary RCC syndromes

Associated 
syndrome

Diagnostic key points

Morphologic features
Management of affected patients and their 
family members

VHL Multifocal and bilateral clear cell 
RCCs
Multifocal and bilateral renal cysts 
lined by clear cells forming 
papillae and epithelial tufting
Clear cell tumorlets

Surveillance with ultrasound, CT scan, and 
MRI
Surgery recommended for larger than 3 cm
For definitive diagnosis, genetic testinga 
essential to demonstrate germline mutation/
inactivation of VHL gene

HPRCC Numerous (>100) and bilateral type 
1 papillary RCC
Numerous microscopic papillary 
adenomas in the background 
kidney

Surveillance and surgery recommendations 
similar to those for VHL disease
Genetic testinga essential to demonstrate 
germline mutation of c-MET proto-oncogene

BHD Multifocal renal oncocytic 
neoplasms (oncocytoma, 
chromophobe RCC, and HOCT)
Renal oncocytosis in the 
background kidney

Surveillance and surgery recommendations 
similar to those for VHL disease
Genetic testinga essential to demonstrate 
germline mutation of BHD gene

HLRCC Unilateral and solitary renal tumors
Papillary (most common), 
tubulopapillary, tubular, cribriform, 
and solid patterns
Distinctive morphologic 
appearances in the neoplastic cells 
with abundant eosinophilic 
cytoplasm and macronucleoli with 
perinucleolar halos (viropathic-like 
appearance)
Renal cysts lined by eosinophilic 
epithelial cells in the background 
kidney

Active surveillance not recommended
Surgery promptly recommended whenever 
tumors detected
Genetic testinga essential to demonstrate 
germline mutation of fumarate hydratase 
(FH) gene

TSC Multifocal and bilateral epithelioid 
AMLs
Combination of AML tumorlets and 
renal cysts lined by eosinophilic 
epithelial cells in the background 
kidney
RCCs (clear cell, chromophobe, 
papillary, and unclassified) rare and 
frequently associated with 
intratumoral cysts and AML lesions
TSC-associated PRCCs with 
distinctly abundant clear cytoplasm 
with delicate thread-like 
eosinophilic strands and 
occasionally eosinophilic globules

Surveillance recommended for AMLs and 
RCCs
Surgery recommended for tumors >3 cm 
(RCC) and 4 cm (AML)
Genetic testinga essential to demonstrate 
loss-of-function or inactivating mutations of 
one of two tumor suppressor genes, TSC1 
and TSC2 genes

A. Ozcan et al.
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 Von Hippel–Lindau Disease

 General Features

Von Hippel–Lindau (VHL) disease, the most common HRCC syndrome, is an auto-
somal dominant inherited multisystem neoplastic disorder characterized by germ- 
line mutation in the VHL gene, which leads to benign or malignant tumors, and 
cysts in many organs including kidney, eye, cerebellum, spine, pancreas, adrenal 
gland, ear, and epididymis (Table 11.1). Both von Hippel, an ophthalmologist, and 
Lindau, a pathologist, first described retinal hemangioblastomas in 1904 and 1926, 
respectively. However, Lindau noted the association of retinal hemangioblastoma 
and cystic lesions/tumors in other organs. The term “von Hippel–Lindau disease” 
was first used in 1936 by Davison, but gained popularity starting from the 1970s 
[17]. In 1964, Melmon and Rosen first proposed criteria for clinical diagnosis 
of VHL disease, which have been updated and modified [18]. They are listed in 
Table 11.3. It is emphasized that each of the tumor types seen in VHL disease can 

Table 11.2 (continued)

Associated 
syndrome

Diagnostic key points

Morphologic features
Management of affected patients and their 
family members

SDHB- 
RCCb

Distinctive morphological pattern 
with nest or tubules consisted of 
finely granular eosinophilic 
polygonal cells
Distinctive pale eosinophilic 
intracytoplasmic inclusions, 
corresponding with giant 
mitochondria

Surveillance and surgery recommendations 
similar to HLRCC disease
Genetic testinga essential to demonstrate 
germ-line mutation/inactivation SDHB, 
SDHC, and SDHD of succinate 
dehydrogenase (SDH) complex genes, which 
are consisted of 5 nuclear genes (SDHA, 
SDHB, SDHC, SDHD, and SDHAF2)

Abbreviations: AML angiomyolipoma, BHD Birt–Hogg–Dubé, HLRCC hereditary leiomyomato-
sis RCC, HPRCC hereditary papillary RCC, HOCT hybrid oncocytic/chromophobe tumor, SDH- 
RCC SDHB mutation-associated RCC, TSC tuberous sclerosis, VHL von Hippel–Lindau
aPeripheral blood is sufficient for genetic testing in the patients that have clinical diagnosis. 
However, it has been performed on other tissues, such as skin fibroblasts or exfoliated buccal cells 
in the patients who have no clinical diagnosis. Genetic tests have also been performed on tissue 
sections obtained from paraffin blocks of the patients without extra-invasive intervention. For 
genetic testing, Southern blot analysis or quantitative polymerase chain reaction (PCR) has been 
usually used. However, new genetic techniques, such as array comparative genomic hybridization 
(array CGH) and next-generation sequencing, are more powerful tools, especially, in cases of 
suspected mosaicism with negative genetic tests
bSDHB RCC is considered an emerging/provisional new tumor entity by the International Society 
of Urological Pathology (ISUP)
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also occur in sporadic cases without family history of VHL disease. Therefore, the 
diagnosis of VHL disease in a patient without a family history requires the presence 
of tumors of two different types (Table 11.3).

VHL disease was clinically classified into two types according to the presence 
of pheochromocytomas: VHL type 1 [75% of VHL families; retinal and central ner-
vous system (CNS) hemangioblastomas, and bilateral clear cell RCC, but without 
pheochromocytomas] and VHL type 2 [tumor types as in VHL1, but with pheochro-
mocytomas] [19]. VHL type 2 is subdivided into subtypes 2A, 2B, and 2C accord-
ing to other tumor associations (Table 11.4).

About 80% of patients have a positive family, and the rest may represent de 
novo mutations, without other family members being affected [20]. In contrast to 
other HRCC syndromes, VHL disease demonstrates a high genetic penetrance, with 
clinical manifestations in over 90% of individuals by 65 years of age [19]. Although 
these diseases are autosomal dominant, tumor development requires inactivation of 
both copies of the VHL gene. For the development of the tumors, somatic mutation 
or inactivation of the remaining wild-type allele is required in VHL disease, while 

Table 11.3 Clinical criteria of VHL disease

Family 
history Manifestationsa

Positive Retinal hemangioblastoma (retinal, cerebellar, or spinal)
Adrenal or extra-adrenal pheochromocytomas
Clear cell RCC
Multiple renal and pancreatic cysts

Negative Two or more hemangioblastomas or single hemangioblastomas in association with 
one of the visceral tumors (with exception of epididymal and renal cysts)
Clear cell RCC
Adrenal or extra-adrenal pheochromocytomas
Endolymphatic sac tumors (ELST), papillary cystadenomas of the epididymis or 
broad ligament, or neuroendocrine tumors of the pancreas

aThe diagnosis of VHL disease requires two or more characteristic lesions for negative family his-
tory; or one or more characteristic lesions for positive family history

Table 11.4 Genotype–phenotype correlations and clinical classification of VHL disease

VHL types
1 2A 2B 2C

Clinical 
manifestations 
(phenotype)

CNS hemangioblastomas + + + −
Retinal hemangioblastomas + + + −
Clear cell RCC + − + −
Adrenal or extra-adrenal 
pheochromocytomas

− + + +

Pancreatic neuroendocrine 
tumors

− + + −

Genotype Deletion, 
truncation

Missense Missense Missense

Increase of HIF-alpha activity +++ + ++ Normal
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simultaneous mutation of both VHL genes (biallelic inactivation of VHL gene) is 
required for sporadic RCC. VHL patients have a mutated copy of the VHL gene, 
and the second allele is often deleted in the context of VHL-associated RCCs. The 
inactivation of the wild-type allele in tumors of VHL patients is in keeping with the 
classic “two-hit” model in tumorigenesis [18, 19, 21].

VHL disease is a life-threatening disorder with the cumulative risk of RCC 
higher than 70% by the age of 60 years [22]. Although hemangioblastoma is the 
most common tumor, RCC is the leading cause of death (up to 50% of cases) [18, 
21]. Earlier diagnosis RCC in VHL patients afforded by modern imaging, together 
with rational management, however, has help reduced the morbidity and mortality.

 Clinical Features

Renal lesions are the most significant manifestation of VHL disease. Almost all 
of them are multifocal and bilateral solid/cystic neoplasm composed of clear cells 
(clear cell RCC) or cysts lined by clear cells (see Pathological Features). Most renal 
lesions develop between the ages of 25 and 60 years (mean age 40), with RCCs 
noted in 25–40% of patients and cysts in up to 70% of them. These lesions are 
even more frequent in older patients, indicating a high genetic penetrance (90% by 
age 65) and a continuous tumor risk. These tumors, however, rarely develop before 
16 years of age [4, 18, 20, 21].

The renal lesions are usually asymptomatic and rarely impair the renal func-
tion. VHL patients usually present with extra-renal manifestations, without renal 
lesions, in early ages (Table 11.1). Thus, the mean age at diagnosis of retinal and 
cranial hemangioblastomas is 25  years (range 1–68) and 30  years (range 9–70), 
respectively [21]. Cranial hemangioblastoma develops in 60–80% of patients [21] 
and may involve cerebellum, brainstem, spinal cord, and nerve roots, but rarely 
in the brain. It is one main cause of death due to frequent multifocality and high 
recurrence rate. Retinal hemangioblastoma develops in 50% of patients and causes 
blindness in 35% of gene carriers [21] and 55% of patients at age of 50 years [18].

These findings serve as the foundation for a rigorous surveillance program aiming 
at early detection and management of the lesions before they create injury or death.

 Pathologic Features

Grossly, kidneys in VHL patients are generally of normal size and weight, espe-
cially in younger patients, because most renal cysts and tumor nodules are small. 
Multiple and bilateral renal cysts are common. It has been estimated that about 600 
microscopic tumors and 1100 microscopic clear cell-lined cysts might be seen in 
each affected kidney in patients under 40 years old [23]. The tumor in about a half 
of the VHL-associated RCC cases is under 3 cm, which is the general threshold 
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for nephron-sparing surgery [24]. Renal tumors in family members are usually 
detected early by imaging surveillance. Therefore, larger tumors rarely occur in the 
kidney. However, larger tumors had increased metastatic risk (0% for ≤3 cm, 6% for 
3.2–4 cm, 20% for 4.1–5.5 cm, 33% for 6–10 cm, and 80% for ≥11 cm) [24]. The 
tumor nodules display the typical features of a low-grade clear cell RCC. They are 
solid or solid/cystic circumscribed and encapsulated masses, with a homogeneous 
yellow or orange (due to tumor cell cytoplasmic lipid) cut surface. Hemorrhage, 
necrosis, and calcification may be seen, imparting a variegated appearance. The 
transformation of a cortical cyst to a solid lesion is rare, but complex cystic and 
solid lesions can contain neoplastic tissue [24].

Microscopically, a spectrum of lesions that may represent a continuum of 
cystic and solid masses is noted, the common feature of which is lesional cells 
with clear cytoplasm and often low-grade nuclei (Fig. 11.1). These lesions may 
include (1) simple unilocular cysts lined by one layer of clear cells; (2) cyst 
with mural nodules, tufting, or small papillations into cyst lumen; (3) uni- or 
multilocular cysts lined by more than one layer of cells; and (4) solid mass of 
variable sizes. The smaller ones are often composed of nodular collections or 
sheets of clear cells with no nuclear atypia, and virtually no stroma. The larger 
masses tend to display typical features of sporadic clear cell RCC, including 
alveolar (nested) or acinar growth pattern surrounded arborizing vasculature 
in thin fibrous septa, with or without associated degenerative changes such as 
necrosis, hemorrhage, and stromal myxoid changes. In general, there is virtually 
no or only low-grade nuclear atypia; however, higher nuclear grades can be seen 
in complex, multilayered cysts, or frank carcinoma. Often, more than one type 
of lesions is noted in individual kidneys, raising the possibility that these lesions 
may represent different stages in a continuous growth process. The intervening 
renal parenchyma is unremarkable. The adenoma/carcinoma demarcation is not 
well defined for the VHL-associated renal neoplastic lesion. However, it is noted 
that virtually no tumor that measures less than 3 cm metastasizes [24]. These 
characteristic renal lesions, especially when encountered in a kidney specimen 

Fig. 11.1 von Hippel–
Lindau syndrome: A simple 
cyst lined by a single layer of 
clear cells (lower) and a solid 
neoplastic area representing 
ISUP nucleolar grade 1 cystic 
clear cell renal cell carcinoma 
separated from a simple cyst 
lined by the same cell type 
(hematoxylin and eosin, 
×200)
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from a young patient, should raise the possibility of VHL disease for genetic/
molecular confirmation.

The molecular/genetic features, pathogenetic mechanisms, and targeted therapy 
modalities for the VHL-associated RCC will be discussed together with its sporadic 
counterpart in Chaps. 18 and 19.

 Management, Genetic Counseling, and Treatment

Patients with VHL disease is subjected to a lifelong, continuous risk of development 
of tumors of multiple organs including kidney. A multidisciplinary comprehensive 
screening program is essential. This program aims at early detection and manage-
ment of the lesions before they create injury or death. This program, which should 
be applicable to all at-risk individuals, includes the following [2]:

 1. Annual occular examination starting at 1–4 years (for retinal hemangioma)
 2. Biannual CNS imaging starting at 16 years (for CNS hemangiomas)
 3. Annual imaging of abdomen starting at 8 years (for kidney and pancreas tumors)
 4. Audiology testing every 2–3 years starting at 1 year (for inner ear tumors)
 5. Annual plasma metanephrines and normetanephrines starting at 5  years (for 

pheochromocytoma)

Modifications from this basic program may be needed. Thus, a closer monitoring 
during the pregnancy is crucial, because it tends to promote the growth of all neo-
plastic lesions. Family members with VHL disease, who carry a germline VHL gene 
mutation but yet have no tumor, and mild phenotypic changes, can be securely imaged 
every 2–3 years by MRI, which is often preferred due to lower cumulative radia-
tion load than CT scan. Patients at risk for VHL disease-associated RCC should be 
assessed more frequently at 6–12 monthly intervals depending on tumor growth rates.

Patients with clinical findings or tissue lesions should undergo confirmatory 
genetic testing. This should also be applied to all members of the patient’s family. 
Genetic testing, which is widely available, requires only blood, and it has 100% 
accuracy for well-known mutations. Genetic testing not only confirms the diagnosis 
but also helps stratify the risk of RCC as well as those of other tumor types [17]. 
Prenatal genetic testing in conjunction with amniocentesis is also possible.

Management of VHL patients is multidisciplinary. Focus is here directed to the 
renal lesions. RCC is the most frequent cause of death, and the renal lesions rep-
resent the main management concern. Considering the lifelong, continuous risk of 
development of multifocal bilateral renal tumors, the treatment aims at limited sur-
gery to preserve renal function for avoidance of renal replacement as long as pos-
sible, balancing with the need for more definitive surgery before the tumor gives 
rise to potentially lethal metastasis. Serial imaging of the kidneys is crucial for 
management. Renal tumors are often small, bilateral, multiple, and asymptomatic 
for long time. However, these tumors do grow, often slowly at a rate of 0.2–2.2 cm/
year (mean 1.6 cm), but can be much faster [25].
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The small tumors can be managed conservatively, including MRI-guided 
percutaneous radiofrequency ablation or cryoablation. Larger tumors call for 
more definitive surgery. Although the adenoma–carcinoma sequence is not well 
defined for VHL disease, a demarcation of 3 cm is often proposed. Thus, renal 
solid tumors larger than 3 cm and confined to the kidney often call for partial 
(nephron-sparing) nephrectomy, at which time all accessible additional small 
lesions should also be removed in order to avoid repeated surgery. This approach 
has been shown to yield results comparable to radical nephrectomy [26]. Recent 
studies further suggest that partial nephrectomy may be also indicated for bulky 
(>3  cm) multifocal renal tumors [26, 27]. It is emphasized that most patients 
will eventually present with a recurrent or de novo tumors even after partial 
nephrectomy, and some of them may be large at detection, despite serial imaging. 
Repeated surgery, even conservatively, may finally obliterate functional renal 
parenchyma, and renal replacement therapy is required [18]. The risk of renal 
tumor in transplanted kidneys is not well defined [28], but immunosuppression 
does not affect VHL disease adversely [29].

Current understanding of the molecular mechanism of tumor development 
including the roles of VHL gene and the related signaling pathways has enabled the 
development of target-specific drugs for the treatment of advanced RCC in VHL 
and also in sporadic contexts [21]. Bevacizumab, an anti-VEGF monoclonal anti-
body, was demonstrated to significantly prolong the time interval to progression 
of metastatic tumor [21]. Inhibitors of VEGFR and PDGFR (sunitinib, sorafenib, 
pazopanib) were successively shown to confer significant benefit in VHL patients 
with metastatic clear cell RCC [30]. Sunitinib has been used to reduce the size 
of multifocal bulky tumor before nephron-sparing surgery [21]. Although signifi-
cant response to these drugs has been observed in RCC, no improvement has been 
reported for in retinal and CNS hemangioblastomas [31]. Targeted therapy modali-
ties will be discussed later (see Chap. 19).

 Hereditary Papillary Renal Cell Carcinoma

 General Features

Hereditary papillary renal cell carcinoma (HPRCC), a rare autosomal dominant 
hereditary renal cancer syndrome, was first described in 1994 and was later 
shown to be due to mutations in the MET proto-oncogene [32, 33]. HPRCC is 
highly penetrant (90% possibility of developing RCC at the age of 80  years), 
but at a lower level than that of VHL disease. The renal tumors in this syndrome 
tend to develop late in life, progress slowly, rarely metastasize, and do not cause 
patients’ demise.

A. Ozcan et al.



219

 Clinical Features

HPRCC is characterized by multifocal and bilateral papillary RCC with papillary 
type-1 histology. Papillary tumors range from microscopic nodules (papillary ade-
nomas) to clinically symptomatic large masses (papillary RCCs). Papillary RCC 
is typically seen in advanced ages (between 50 and 70 years), but it can develop 
as early as at 30 years [34]. RCC is generally diagnosed after the age of 50 years 
[1, 19]. Among affected family members, male/female ratio is 2:1 [1]. It has been 
estimated that affected family members are at risk of the developing 1100–3400 
microscopic tumors in a single kidney throughout their lifetime [34]. CT is a useful 
screening imaging method, especially for detection of small-sized lesions due to 
their hypovascularity [35].

 Pathologic Features

Grossly, numerous bilateral and multifocal macroscopic well-demarcated tumor nod-
ules are typically noted in the kidneys (Fig.  11.2). Individual nodules are indistin-
guishable from sporadic papillary RCCs. Their cut surfaces usually have a granular 
appearance, but hemorrhage and necrosis are also seen, especially in the larger ones.

Microscopically, the renal tumor in HPRCC shares the same histologic features 
with sporadic type-1 papillary RCCs. Numerous foci of papillary renal neoplasia 
resembling sporadic renal papillary adenoma with normal intervening renal paren-
chyma are common (Fig. 11.3a). They are characterized by a large cystic space- lined 
or filled by complex tumor papillae with fibrovascular stalks, often accompanied by 
stromal foamy macrophage infiltration. The cystic spaces are usually surrounded by 
a thick fibrous capsule. Sometimes, tubulopapillary, glomeruloid, trabecular, or solid 
appearances are seen, as in sporadic papillary RCCs. Psammomatous calcification 
is also identified in the stroma of the papillary structures. Although type-1 papillary 
RCC is more common in this setting, type-2 papillary RCC may be seen in same 
kidney together with type-1 papillary RCC (Fig. 11.3b).

The molecular/genetic features, pathogenetic mechanisms, and targeted therapy 
modalities of HPRCC will be discussed together with its sporadic counterpart in the 
later chapters (see Chaps. 18 and 19).

 Management, Genetic Counseling, and Treatment

HPRCC patients, like in VHL patients, should be subjected to active screening with 
serial renal imaging to follow tumor growth. Percutaneous MRI-guided radiofre-
quency ablation or cryoablation may be suitable for small tumors (<3  cm) [36]. 
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When tumors reach large size (>3 cm) initial, repeat, or salvage nephron-sparing 
surgery by open, laparoscopic, or robotic approach is indicated to avoid repeated 
surgery and to mitigate metastatic chance [26, 36, 37].

Over the past 10 years, to avoid surgical intervention, several preclinical and 
clinical studies on molecular targeted therapy have been conducted for papillary 
RCC. Nowadays, clinical trial targeting inhibition of both HGF/MET and vascular 
endothelial growth factor receptor 2 (VEGFR2 [Flk-1/KDR]) in HPRCC patients 

Fig. 11.2 Hereditary 
papillary RCC: Multiple 
prominent masses and 
minute nodules of tumors 
are noted
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has shown a partial response [34, 37]. Furthermore, foretinib, a novel oral multi-
kinase inhibitor targeting MET, VEGFR2, RON, AXL, and TIE-2 receptors, was 
shown to confer a high response rate for advanced papillary RCC, with a manage-
able drug toxicity profile [38].

For early diagnosis and prevention of metastatic disease, all family members of 
HPRCC patients should be genetically tested for germline MET mutation. Targeted 
therapy modalities will be discussed later (see Chap. 19).

 Birt–Hogg–Dubé Syndrome

 General Features

Birt–Hogg–Dubé (BHD) syndrome is a rare hereditary disease (estimated to involve 
more than 600 families). BHD was first described in 1977 and initially character-
ized by cutaneous manifestations [39]. In 1993, its association of renal tumors was 
first described and later confirmed in other reports [40]. Birt–Hogg–Dubé (BHD) 

Fig. 11.3 Hereditary papillary RCC: (a) The foci of papillary RCC are noted in this tissue section. 
(b) Interface of type 1 (right) and type 2 (left) papillary RCC characterized by tumor cells with 
abundant eosinophilic cytoplasm (hematoxylin and eosin, ×20 for a and ×200 for b)
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gene (also known as FLCN gene) locus was mapped to chromosome 17p11.2  in 
2001 [41], and 1 year later, the gene product, folliculin, was identified [42]. The 
clinical spectrum of BHD syndrome has been expanded, and the association of renal 
tumors and lung cysts was first reported in 2002 [43].

 Clinical Features

BHD syndrome is a rare autosomal dominant genodermatosis and characterized by 
lesions of several organs, including skin tumors (fibrofolliculoma, trichodiscoma, 
and acrochordon), lung cysts, spontaneous pneumothorax, colonic tumors, medul-
lary thyroid carcinoma, lipoma, and renal tumors (usually bilateral and multifo-
cal). Skin lesions and renal tumors usually appear after the age of 20 and 30 years, 
respectively [19]. Fibrofolliculoma is the most common (85%) among skin lesions 
[3]. Renal tumors occur in 25–35% of patients [3, 19]. Lung cysts are a common 
manifestation (80% of patients) [3, 43]. The diagnosis of BDH syndrome requires 
one major or two minor criteria (Table 11.5) [44–46].

 Pathologic Features

BHD-related renal tumors are histologically distinctive. Most of them are hybrid 
oncocytic tumor (HOT) (50%) or chromophobe RCC (34%), but other histologic 
types can be rarely seen, including clear cell RCC (9%), oncocytoma (5%), or papil-
lary RCC (2%) [44]. More than one type can be seen in individual patients [3]. HOT 
has characteristic features detailed below. The other types of renal tumors are his-
tologically similar to their sporadic counterparts. It is emphasized that HOT can be 
seen not only in BDH patients but also in a background of renal oncocytosis without 
any known genetic mutation, or sporadically. HOT, however, displays subtle mor-
phologic difference among these conditions (see below) [3, 7, 45].

Table 11.5 Diagnostic criteria of Birt–Hogg–Dubé syndrome

Major criteria
  At least five fibrofolliculomas or trichodiscomas, at least one histologically confirmed, of 

adult onset
  Pathogenic FLCN germ-line mutation
Minor criteria
  Multiple lung cysts: Bilateral basally located lung cysts with no other apparent cause, with or 

without spontaneous primary pneumothorax
  Renal cancer: Early onset (<50 yr of age) or multifocal or bilateral renal cancer or renal 

cancer of mixed chromophobe and oncocytic histology
  A first-degree relative with BHD syndrome
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Grossly, HOT in BHD patients is multifocal/bilateral (in contrast to a single mass 
in sporadic or nongenetic oncocytosis background), well demarcated, and compris-
ing nonencapsulated nodules with a homogeneous tan to brown cut surface, which 
can sometimes display a central scar, or exceptionally, necrosis.

Microscopically, HOT in BHD syndrome is characterized by three morpho-
logic patterns [7]: (1) an admixture of areas with typical features of oncocytoma 
(Fig. 11.4a) or chromophobe RCC (Fig. 11.4b); (2) scattered tumor cells with typi-
cal features of chromophobe RCC in a background of typical oncocytoma; and 
(3) large eosinophilic cells with prominent cytoplasmic vacuoles. The tumor cell 
nuclei are frequently more pleomorphic and display a more widespread “raisinoid” 
feature, compared to HOT in other contexts. Aside from HOT, the kidneys in 
patients with BHD syndrome often display background changes, including numer-
ous microscopic oncocytic nodules, oncocytic cysts, and aggregates of oncocytic 
cells with intervening normal renal tissue. These background changes are virtually 
identical to those of nongenetic renal oncocytosis [1, 4, 6].

Fig. 11.4 Birt–Hogg–Dubé Syndrome: (a) An area from the same tumor displaying typical fea-
tures of oncocytoma, including abundant eosinophilic cytoplasm, acinar/microcystic growth pat-
tern, myxoid stroma, and round/uniform nuclei. (b) Another area from a hybrid tumor showing 
some features of chromophobe RCC, including reticulated cytoplasm, perinuclear clearing, well- 
defined cell border, and a tubular-trabecular growth pattern; however, raisinoid nuclei are not seen 
(hematoxylin and eosin; ×100 for a and ×200 for b)
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The molecular/genetic features, pathogenetic mechanisms, and targeted therapy 
modalities for BHD-related renal tumor will be discussed together with its sporadic 
counterparts in the later chapters (see Chaps. 18 and 19).

 Management, Genetic Counseling, and Treatment

BHD patients, like in VHL and HPRCC patients, involve active screening with renal 
imaging until their largest tumor nodule reach 3 cm. At this threshold, nephron- 
sparing surgery is recommended [26, 36, 37]. For small size tumors (<3 cm), per-
cutaneous radiofrequency ablation or cryoablation can be performed, like in other 
HRCC syndromes [36, 46].

It should be emphasized that a subset (approximately 10%) of patients with 
germline mutations of the FLCN gene does not have the typical skin lesions [47]. 
Therefore, multiple, bilateral, and conglomerate renal tumors with a typical mor-
phology should raise the possibility of BHD syndrome.

Molecular understanding of FLCN (BHD) gene pathway, including the func-
tion of FLCN, FNIP1, and FNIP2 protein complex, has enabled the develop-
ment of target-specific drugs for advanced RCC in BHD patients. Rapamycin, 
the first inhibitor for mTOR, reduced tumor size and prolonged median survival 
in animals [35, 48]. Nowadays, new rapamycin analogs with more favorable 
pharmaceutical profiles, such as everolimus, temsirolimus, deferolimus, and 
zotarolimus, have been developed and are expected to be more effective with 
less adverse effects than rapamycin [48]. Targeted therapy modalities will be 
discussed later (see Chap. 19).

 Hereditary Leiomyomatosis and Renal Cell Carcinoma 
Syndrome

 General Features

Hereditary leiomyomatosis and renal cell carcinoma syndrome (HLRCC) is an autoso-
mal dominant hereditary renal cancer syndrome characterized by cutaneous and uterine 
leiomyomas and RCC. HLRCC was first described in 2001 in two families that have 
cutaneous and uterine leiomyomas and papillary RCC [49]. HLRCC may be a variant 
of multiple cutaneous and uterine leiomyomatosis (MCUL) syndrome. First described 
in 1973 and also known as Reed’s syndrome, MCUL includes a rare patient with RCC 
[50]. Both HLRCC and MCUL syndromes are an autosomal dominant condition with 
variable organ-dependent penetrance, and both are characterized by fumarate hydra-
tase (FH) gene mutation [3]. Although FH gene mutation was detected in about 90% of 
HLRCC family members, this mutation is found only in a rare sporadic RCC [3, 7, 13].

Although cutaneous and uterine leiomyomatosis are highly penetrant with 100% 
occurrence rate, RCCs have low penetrance with an estimated incidence ranging 
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from 2% to 32% [3, 13, 49]. Most renal tumors associated with FH gene muta-
tion are type-2 papillary RCC, followed by a much less frequent collecting duct 
RCC. These RCCs are usually solitary and unilateral, in contrary to renal tumors 
associated with VHL, HPRCC, and BHD syndromes [4, 13].

 Clinical Features

Multiple cutaneous leiomyomas usually begin to appear in the third decade, and 
most occur frequently on the trunk and extremities. They are typically grouped, dis-
seminated, or disseminated and segmental, and can be painful [3, 13, 49]. They are 
histologically similar to its sporadic counterpart. Rare case of cutaneous leiomyo-
sarcoma associated with HLRCC has been reported [13].

Half of the women have undergone hysterectomy for uterine leiomyomas before 
the age of 30 years [7]. Uterine leiomyomas frequently lead to hypermenorrhea and 
severe pelvic pain, infertility, and pregnancy complications [4, 50]. Uterine leio-
myomas are often cellular and some may have atypical features. Uterine leiomyo-
sarcoma associated with HLRCC is very rare and usually seen in Finnish HLRCC 
patients with early onset [51].

RCCs associated with HLRCC occur in 2%–20% of affected patients, and they 
have different biology from other RCCs [4, 13, 50]. Morphologically, they are most 
frequently papillary type-2 PRCC or, less frequently, collecting duct RCC. Compared 
with other hereditary RCC syndromes, the renal tumors in HLRCC display aggres-
sive behavior and poor prognosis, including a high stage at presentation [4, 13, 52].

 Pathologic Features

Grossly, HLRCC-associated RCCs are often large, unilateral, solitary, and indistin-
guishable from their sporadic counterparts. They may show extrarenal extension or 
metastasis at presentation.

Microscopically, HLRCC-associated RCC typically shows features of type-2 
PRCC. However, the growth pattern may be highly variable, with solid, alveolar, or 
tubular architecture. A unique feature regardless of growth pattern is the presence 
of tall tumor cells with large nuclei and prominent orangeophilic or eosinophilic 
nucleoli with a peripheral clear halo resembling Cytomegalovirus inclusions and is 
aptly described as “viropathic-like” (Fig. 11.5). Sometimes, extensive sarcomatoid 
and rhabdoid features are also seen [53]. Cysts lined by the same type of cells as 
seen in RCC may be seen in the background kidney (42% of cases) and may serve 
as tumor precursor [6]. RCCs with features of collecting duct RCC, such as papil-
lary architecture, multinodularity, and desmoplasia, can be less often encountered. 
However, this tumor type is differentiated from sporadic collecting duct RCC by 
the characteristic nucleolar/viropathic-like features and the absence of cytokeratin 
7 and Ulex europaeus lectin (typically expressed by sporadic collecting duct RCC).
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The molecular/genetic features, pathogenetic mechanisms, and targeted therapy 
modalities of HLRCC-associated RCC will be discussed together with its sporadic 
counterpart in the later chapters (see Chaps. 18 and 19).

 Management, Genetic Counseling, and Treatment

RCCs associated with VHL, HPRCC, or BHD syndromes slowly progress and 
rarely metastasize when smaller than 3 cm. In contrast, HLRCC-associated RCC is 
aggressive, with often extrarenal extension or metastasis at presentation even for a 
primary tumor of small size (less than 1 cm). Most patients have died of metastatic 
disease within 5 years after diagnosis [5, 19, 37]. As a result, active surveillance is 
not recommended, and surgery should be immediately performed when RCC is first 
detected regardless of size.

Several drugs targeting HIF-1α or AMPK (AMP-activated protein kinase) 
have been studied basing on the molecular premise that activation of HIF-1α or 
reduction of AMPK in HLRCC patients contributes to invasiveness and growth of 
FH-deficient cancer cells [54]. Metformin, an oral antidiabetic drug and an activator 
of AMPK, inhibits tumor invasion in FH-deficient animal model [54]. In addition, 
there are ongoing clinical trials for the role of bevacizumab, an inhibitor of VEGF, 
and erlotinib, an inhibitor of EGFR, in patients with metastatic HLRCC-associated 
RCC [35]. Targeted therapy modalities will be discussed later (see Chap. 19).

Fig. 11.5 Hereditary 
leiomyomatosis and renal 
cell carcinoma syndrome: 
Type 2 papillary RCC, 
characterized by tumor 
cells with abundant 
eosinophilic cytoplasm 
forming well-defined 
papillae. Tumor cells 
display abundant granular 
cytoplasm and prominent 
nucleoli surrounded by a 
halo, reminiscent of viral 
change (hematoxylin and 
eosin, ×200)
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 Succinate Dehydrogenase-Deficient RCC

 General Features

Succinate dehydrogenase-deficient RCC (SDH-RCC) is an autosomal domi-
nant hereditary RCC syndrome with distinctive morphologic features, which are 
discussed in detail later. Patients with mutated SDH gene tend to develop pheo-
chromocytoma/paraganglioma, gastrointestinal stromal tumors, and rarely, RCC 
(Table 11.1) [37, 55, 56]. SDH-RCC is the second form of hereditary RCC charac-
terized by a Krebs cycle gene mutation, as mentioned earlier. It was first described 
in 2004, in three patients with SDHB gene mutation and associated with paragan-
glioma [57]. SDH-RCC has been recognized as an emerging/provisional new tumor 
entity in the most recent classification of renal tumor by the International Society of 
Urological Pathology [7].

SDH-RCC is associated with germline mutation of subunits B, C, or D of the 
SDH gene, most common among which is that of SDHB [5, 6, 56]. These muta-
tions have not yet been identified in sporadic RCCs [19, 57]. To date, 77 cases of 
SDH mutation-associated RCC has been reported: 89.6%, 6.4%, and 4% for SDHB, 
SDHC and SDHD mutations, respectively [56]. The lifetime risk of renal neoplasia 
in SDHB mutation has been estimated approximately 14%, and this risk is even 
lower for SDHC and SDHD mutations [7, 56]. Loss of immunolabeling of cytoplas-
mic SDHB has been consistently identified in all associated tumors in the setting of 
SDHB, SDHC, and SDHD mutations [5, 6, 56]. It is likely to be useful as a screening 
test before formal genetic testing.

 Clinical Features

SDH-RCC is aggressive with a high risk of metastasis and death. The RCC is more 
common in young adults (median age of 40 years, range 14–76), with an M/F ratio 
of 1.2/1, and may be bilateral (10–26%) [5, 56]. The renal tumors are often of dis-
tinct morphology (see below), but can be of clear cell, chromophobe, or unclassified 
types, as well as oncocytoma [19, 57, 58]. SDHC- and SDHD-associated RCCs 
are very rare and are often of clear cell type with low nuclear grade [5, 6, 58]. 
Pheochromocytoma/paraganglioma are more common and may be multiple with 
higher percentage of malignant tumors. Gastrointestinal stromal tumors are often of 
pediatric type or type 2, which display very characteristic features including earlier 
onset, multinodular growth, regional lymph node metastasis, and yet rather indolent 
behavior [59].
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 Pathologic Features

Grossly, the tumors measure 0.7–20 cm (average size 5.4) [56, 58]. They are usually 
circumscribed but often unencapsulated with a variegated, tan-brown or red-brown, 
sometimes hemorrhagic cut surface, which is solid in most cases (Fig. 11.6).

Microscopically, tumors are typically well circumscribed or lobulated with a 
pushing border, sometimes associated with a pseudocapsule. Prominent stromal 
myxoid change or hyalinization rarely occurs [58]. Tumor cells arrange into solid 
nests or tubules, and microcystic and macrocystic spaces with pale eosinophilic 
fluid are common. Sometimes, neoplastic nests surround cystic spaces forming 
a pseudoglandular appearance [58]. Tumor cells are cuboidal to oval with round 
nuclei, centrally placed nucleoli, and inconspicuous nucleoli with granular eosino-
philic cytoplasm (Fig. 11.7). Their nuclear grade ranges from grade 2 to grade 4. 
The cell borders are sometimes indistinct. Tumor cells may have eosinophilic cyto-
plasm or flocculent but lack the granularity, which associate with true oncocytes, but 
most have a pale and wispy, generally flocculent appearance. Cuboidal tumor cells 
have a distinctive features, which consisted of bubbly intracytoplasmic vacuoliza-
tion with wispy eosinophilic material (inclusion like spaces), which correspond to 

Fig. 11.6 Succinate 
dehydrogenase B-deficient 
RCC: The tumor is 
circumscribed but not 
encapsulated, with a 
homogeneous brown cut 
surface punctuated by focal 
myxoid/fibrotic areas

Fig. 11.7 Succinate 
dehydrogenase B-deficient 
RCC: Areas of solid 
growth pattern comprising 
tumor cells with abundant 
eosinophilic cytoplasm and 
low-grade nuclei. Tumor 
cells with ill- defined 
cytoplasmic inclusion 
composed of wispy/
flocculated material with 
clear spaces. (hematoxylin 
and eosin, ×200)
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giant mitochondria (Fig. 11.7). This is a characteristic finding, but it may require 
diligent search in multiple tissue sections [5, 6, 56, 58]. Clear cytoplasm corre-
sponds to displacement of mitochondria from the cytoplasm and replacement by 
glycogen or fat [7]. Normal tubules or glomeruli are often entrapped at the periph-
ery of the tumor mass. Sometimes, frank sarcomatoid changes, at least focally, may 
be identified [56, 58]. Intratumoral mast cells are often seen [56, 58]. Nonneoplastic 
kidney is normal, except for nonspecific changes such as interstitial inflammation, 
tubular atrophy, and fibrosis. No dysplastic or precursor lesions are identified in the 
adjacent renal parenchyma.

Immunohistochemically, CD117, CK7, and SDHB are helpful immunomarkers 
to differentiate from sporadic chromophobe RCCs and oncocytomas [56]. SDHB- 
deficient tumors do not express SDHB, whereas endothelial cells and other stromal 
cells are positive for SDHB.  In contrast to the SDH-deficient RCCs, oncocytoma 
exhibits normal SDHB expression. Although the mechanism of loss of SDH expres-
sion in these tumors is unknown, it is useful diagnostic tool before genetic testing [8].

The molecular/genetic features, pathogenetic mechanisms, and targeted therapy 
modalities of SDH-RCC will be discussed in the later chapters (see Chaps. 18 and 19).

 Management, Genetic Counseling, and Treatment

Germline mutations in the subunits (SDHB, SDHC, and SDHD) of SDH genes are 
not only associated with hereditary paraganglioma syndromes but also with heredi-
tary RCC, especially, under 45 years, even without family history [5].

The management of SDH-RCC is similar to HLRCC and other hereditary renal 
tumors. SDH-RCCs, like HLRCC-associated RCCs, have propensity to metastasize 
when primary tumor is very small [5, 56, 58]. Therefore, early detection and prompt 
surgery are recommended. Surgery should be considered in SDH-deficient patients 
who have the potential of development of metachronous and bilateral RCCs [5]. 
SDH-deficient patients may have a lifelong risk to develop renal tumors and may 
undergo repeated nephron-sparing surgery or partial nephrectomy during their life. 
Radical surgery instead of nephron-sparing surgery has been recommended, because 
SDH-RCC more aggressive tumors than other hereditary RCC syndromes [5].

Annual screening for RCC and pheochromocytoma/paraganglioma is 
recommended.

SDH-deficient tumors are characterized by impaired oxidative phosphorylation 
and a metabolic shift to aerobic glycolysis, like fumarate hydratase-deficient tumors 
(HLRCC) [5]. To determine the possible anticancer targets, multiple steps of glyco-
lytic pathway have extensively been evaluated in experimental and clinical studies. 
To determine the possible anticancer targets, multiple steps of glycolytic pathway 
have extensively been evaluated in experimental and clinical studies. Nowadays, 
some agents, including bevacizumab, an inhibitor of VEGF, and erlotinib, an inhibi-
tor of EGFR, have been discovered and entered early clinical trials for SDH-RCC 
[37, 60]. Targeted therapy modalities will be discussed later (see Chap. 19).
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 Tuberous Sclerosis Complex

 General Features

Tuberous sclerosis complex (TSC) or tuberous sclerosis is a rare autosomal domi-
nant multisystem genetic neurocutaneous disorder characterized by mental retar-
dation, epilepsy, and formation of tumor or tumor-like lesions in multiple organs 
(Table 11.6). The incidence of TSC is estimated to be about 1/6000–1/10,000 [61]. 
Although TSC is inherited as an autosomal dominant trait, 60–70% of the cases 
occur sporadically through a de novo germline mutation [19, 61]. Therefore, an 
absence of family history does not rule out the diagnosis of TSC [6].

 Clinical Features

TSC usually manifests with a combination of distinct clinical signs and symptoms, 
including epilepsy, intellectual disability, and behavioral problems in association 
with various tumor and tumor-like lesions in multiple organs (Table 11.6).

Renal manifestations, which are multiple angiomyolipomas (AMLs), cysts, 
oncocytomas, and RCCs, occur in 50–85% of affected patients [19, 61, 62]. AML 
is the most common renal manifestation and occurs in approximately 75–80% of 
affected patients, who are older than 10 years. AML is usually multifocal and bilat-
eral. Renal cysts can be seen in about 45% of affected patients [63]. TSC-associated 

Affected organs Tumor or tumor-like lesions

Central nervous 
system

Periventricular hamartoma (tubers)
Subependymoma
Giant cell astrocytoma

Skin Hypomelanotic macule (ash leaf spots)
Facial angiofibroma (adenoma sebaceum)
Shagreen patch
Forehead fibrous plaque
Ungual fibroma (Koenen’s tumors)

Lung Lymphangioleiomyomatosis
Clear “sugar” cell tumor

Heart Rhabdomyoma

Eye Retinal hamartomas (phakomas)
Coloboma
Angiofibromas of eyelids

Kidney Angiomyolipoma
Renal cysts
Oncocytoma
RCCs (rare)

Table 11.6 Tumor or 
tumor-like lesions associated 
with tuberous sclerosis 
complex
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RCC occurs in 2–4% of affected patients [2, 62, 63], and its mean age at onset is 
lower (under 30 years) than that in the general population [4, 19]. RCC may occur 
concurrently with AML, as increasingly reported among women (F/M: 2–5/1) [61, 
62], and also rarely in children [64].

 Pathologic Features

TSC patients have three types of renal lesions, which are often multiple and bilateral 
angiomyolipoma, cysts, and much less frequently RCC.

Angiomyolipoma (AML), which is the most common, appears as multiple, vari-
ably sized, unencapsulated nodules, with a tan or yellow cut surface, depending on 
the relative amount of adipose and smooth muscle tissue (Fig. 11.8). Hemorrhage is 
common, imparting a light or dark brown cut surface. The growth is expansile, and 
perinephric extension is frequent.

Microscopically, AML is typically triphasic, being composed of adipose tissue, 
smooth-muscle tissue, and characteristic thick-walled blood vessels that often abut 
tumor cells without an intervening adventitia (Fig. 11.9). However, other growth 
patterns can be seen, including lipoma-like, sclerosing, smooth muscle-like/leiomy-
omatous (monophasic), and epithelioid. Epithelioid AML, composed almost exclu-
sively of epithelioid cells, is more common in TSC than sporadic context (6.2% 
vs 3.4%) and is often and easily misinterpreted as RCCs [65]. Among differential 
diagnostic immunomarkers, PAX8 is, perhaps, most useful, since it is expressed by 
most RCCs, but uniformly absent in AML [6, 66]. AML may also appear as mul-
tiple microscopic “tumorlets,” a growth pattern strongly suggestive of TSC. Renal 
cysts are common. They appear as unilocular, variably sized, often multifocal/bilat-
eral cysts lined by large atypical cells with abundant eosinophilic cytoplasm. These 
cysts may be independent from, but they may be closely associated with AMLs and 
may represent an integral component of AML.

RCCs are rare (Fig. 11.9) and, thus, not well characterized. Its incidence is, per-
haps, not higher than in the general population. RCC often appears as a single mass 
at a younger age (mean 28 years). The tumor size ranges from 0.1 to 22 cm [62]. 
A recent multi-institutional study helps expand the morphologic spectrum of TSC- 
associated RCCs. These tumors display heterogeneous, histologic appearances with 
clear cell (the most common histologic type), or rarely, papillary, chromophobe, 
hybrid oncocytic tumor, and unclassified morphology, as well as oncocytoma [62, 
64]. HOT may also be identified in TSC syndrome, like in BHD syndrome [62].

The most frequent type is clear cell, similar to the sporadic counterpart; however, 
a pronounced smooth-muscle component has been reported and thought to be quite 
specific for TSC-related clear cell RCC. Cystic eosinophilic neoplasm character-
ized by tumor cells with pleomorphic nuclei and large eosinophilic cytoplasm has 
recently been reported and thought to be TSC specific [62].

TSC-associated papillary RCC, which are similar to Xp11 translocation RCCs, 
has typically prominent papillary architecture lined by clear cells with eosinophilic 
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globules or delicate thread-like strands and distinct cell membranes. It may also 
have clear cell papillary RCC-type morphology focally. Psammoma bodies, which 
are common in Xp11 translocation RCC, are not seen in TSC-associated tumors 
[62]. TSC-associated papillary RCC displays a characteristic immunoprofile (posi-
tive for CAIX, CK7, vimentin and CD10, and uniformly negative for SDHB, TFE3, 
and AMACR), which helps differentiate it from Xp11 translocation RCC, SDHB- 
associated RCC, and sporadic papillary RCC [62].

TSC-associated HOT is histologically similar to HOT in other contexts, includ-
ing BHD syndrome. However, the distinctive cytoplasmic inclusions, which are 
characteristic for BHD-associated renal tumors, are not seen in TSC-associated 
RCCs [62].

Fig. 11.8 Tuberous 
sclerosis: Multiple 
angiomyolipoma (AML) 
replacing the kidney tissue. 
There is also a renal cell 
carcinoma (in upper pole 
of the kidney) colliding 
with AML
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More than one type of lesions can be seen in individual kidneys. The interven-
ing renal parenchyma is often unremarkable. The following features, often seen in 
various combinations, especially in a young patient, suggest the diagnosis of TSC:

• Epithelioid, bilateral multiple AMLs
• AML associated with cysts as an integral component or in the background renal 

parenchyma
• AML tumorlets
• Clear cell RCC with a smooth-muscle component
• Cystic eosinophilic neoplasm (as described earlier)

The molecular/genetic features, pathogenetic mechanisms, and targeted therapy 
modalities of TSC-associated renal tumors will be discussed together with their 
sporadic counterparts in the later chapters (see Chaps. 18 and 19).

 Management, Genetic Counseling, and Treatment

Renal lesions affect more than 85% of TSC patients and are the main causes of 
morbidity and mortality [67]. Several clinical, imaging, or histologic findings raise 
the possibility of TSC, most common among which is perhaps multiple and bilateral 
AML. These findings should prompt genetic testing for TSC1 and TSC2.

TSC-associated AML is in general more aggressive than sporadic AML [68]. 
This behavior may be at least, in part, related to an overwhelming epithelioid 
component. Since AML with a conventional/triphasic morphology is considered 
benign, this variant of AML should receive active surveillance for asymptomatic 
small (<4  cm) tumors, whereas angioembolization or nephron-sparing surgery 
including partial nephrectomy, enucleation, or wedge resection may be needed for 
symptomatic or larger tumors [69]. Epithelioid AML is usually more aggressive 
than conventional AML, and therefore, nephron-sparing surgery is first choice. 
This approach hinges on the AML histologic variants. In this aspect, current renal 

Fig. 11.9 Tuberous 
sclerosis: RCC (right) 
colliding with AML (left) 
composed of adipose 
tissue, blood vessels, and 
smooth-muscle cells with a 
characteristic perivascular 
condensation. 
(hematoxylin and eosin, 
×100)
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imaging may help diagnose conventional triphasic AML since adipose tissue can 
be accurately identified, but this may not help recognize epithelioid AML (which is 
often devoid of fat) or differentiate it from other types of renal neoplasm. The role 
of tumor biopsy needs further study in this context. Although RCCs are very rare, 
nephron- sparing surgery is recommended for tumors <3 cm as in other hereditary 
RCCs.

Drugs targeting the LKB1/AMPK/TSC2/mTOR pathway are promising [70, 71]. 
Sirolimus and everolimus, which are rapamycin analogs, can be an effective and 
safe therapy for TSC-associated renal tumors including AML and advanced RCC 
[70, 71]. Targeted therapy modalities will be discussed later (see Chap. 19).

 Conclusion

Hereditary renal cell carcinoma (HRCC) syndromes involve multiple clinical 
manifestations, histologic subtypes, genetic alterations, and molecular pathways. 
Morphologically, the renal tumors associate with these syndromes display distinct 
features, which, however, may overlap among themselves or with their sporadic 
counterparts. Although HRCC syndromes are rare and account for only a small por-
tion of RCC, they carry profound biologic and clinical significance. The discovery 
of the genetic and molecular mechanism of these syndromes represents monumen-
tal scientific breakthrough.

These findings provide fundamental pathogenic insights into renal tumor onco-
genesis in general and pave the way for modern molecule-targeted therapy. These 
findings also create a robust framework guiding the care of the affected patients and 
members of their family.
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Chapter 12
Lymphoid Neoplasms of the Kidney

Elizabeth M. Margolskee, Steven P. Salvatore, and Julia T. Geyer

The kidney is one of the most common extranodal sites to be involved by systemic 
lymphoma. However, because renal biopsies are only performed in a minority of 
patients, it is likely underdiagnosed. Autopsy series tend to show a higher incidence 
of renal involvement by lymphoma than clinical or radiological studies. Although 
data vary by the type of lymphoma. Secondary renal involvement was seen in 48% 
of patients in a large autopsy series of patients with non-Hodgkin lymphoma (NHL) 
[1]. Generally, the lymphoma is clinically silent; however, in a minority of patients, 
the degree of lymphomatous infiltration may compromise renal function, leading to 
acute renal failure. Renal involvement is most common in B-cell non-Hodgkin lym-
phoma, with only rare cases of T-cell lymphoma reported in the literature. Primary 
renal lymphoma appears to be extremely rare, and accounts for approximately 0.7% 
of all extranodal lymphomas in North America and 0.1% in Japan [2–4]. A large 
subset (>40%) have bilateral presentation [5].

The existence of primary renal lymphoma is an area of controversy, since the 
kidney does not contain native lymphoid tissue [6]. Stallone et al. proposed the fol-
lowing three criteria for the diagnosis of primary renal lymphoma:

• There is lymphomatous renal infiltration.
• There is nonobstructive uni- or bilateral renal enlargement.
• There is no extrarenal localization of lymphoma at the time of diagnosis [7].
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Although many authors have reported lymphomas, ostensibly limited to the kid-
ney, based on these criteria, it is possible that these are systemic lymphomas which 
have been inadequately staged. The renal capsule is rich in lymphatics, leading some 
to suggest that lymphoma penetrates the parenchyma from capsule [8]. Others have 
suggested that chronic inflammatory processes recruit lymphocytes to the kidney, 
where they undergo malignant transformation [9]. This chapter will focus on the 
clinical manifestations and histologic features of lymphoma in the kidney.

The World Health Organization classification of tumors of the hematopoietic 
and lymphoid system creates a framework for classification of lymphoid neoplasms 
that relies on integration of clinical features, morphology, immunophenotype, and 
genetic features to define distinct diseases. A complete evaluation for diagnosis may 
be extensive; a pathologists’ ability to perform a complete diagnostic workup is lim-
ited in small needle core biopsies of renal tissue. Lack of adequate material may pre-
clude performance of all the indicated diagnostic and prognostic studies, especially 
as molecular testing becomes a routine part of the evaluation. Needle biopsies may 
not be representative of an entire lesion (e.g., demonstrating only the low-grade com-
ponent at the periphery of an otherwise high-grade neoplasm). Architectural features 
may be compromised by the small sample size as well. Occasionally, if fresh samples 
are obtained, material may be set aside for ancillary diagnostic studies, such as direct 
immunofluorescence, flow cytometry, or cytogenetic analysis. Thus, the diagnostic 
yield of needle core biopsies of kidney in patients with suspected lymphoma may be 
suboptimal, although there is little published data addressing this subject [10].

For a renal pathologist who may be routinely dealing with cases of suspected or 
potential lymphoma in the kidney, a high index of clinicopathologic suspicion is 
critical in all cases. This may be especially true in patients who are known to have 
a lymphoma or monoclonal gammopathy with renal disease necessitating biopsy, 
but new diagnoses of lymphoma on kidney biopsy are certainly possible in patients 
without a known history. The differential diagnosis for interstitial inflammation in 
the native kidney includes chronic inflammation, active interstitial nephritis, tubu-
lointerstitial autoimmune diseases, inflammation associated with a glomerular or 
vascular disease process, or lymphoma among other things. A careful clinical history 
including serologies, and assessment of the composition of the inflammatory cells by 
histopathology and possibly immunohistochemistry is critical for arriving at the cor-
rect diagnosis. For example, in a clearly reactive inflammatory milieu with numerous 
interstitial eosinophils, the likelihood of an active interstitial nephritis due to medica-
tion hypersensitivity is most likely. If, however, the cells appear either monotonous 
or high-grade in appearance, consideration of a neoplastic/lymphomatous process 
should be raised. In most cases, the first step to assess the process may be to gauge 
the composition of inflammatory cells using CD3 and CD20 stains, or similar T- and 
B-cell markers. The presence of predominantly T cells or a mixed population would 
most likely lead to a diagnosis of a reactive process whereas a majority of B cells 
would require further characterization, as described in further detail below.

Two morphologic patterns have been observed in lymphomas involving the 
kidney [11]. The most common pattern is a diffuse, interstitial proliferation which 
spares renal tubules and glomeruli. Distinguishing this pattern from acute inter-
stitial nephritis can be challenging but crucial for determining appropriate treat-
ment. Lymphomatous infiltrates tend to be limited to the interstitium and spare the 
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tubules; in contrast, tubulitis is a common feature of acute interstitial nephritis. 
Reactive infiltrates are also more commonly T-cell predominant, which classically 
contain conspicuous clusters of eosinophils in hypersensitivity responses, while 
most lymphomas are B-cell in origin. For complex cases, polymerase chain reaction 
(PCR) for immunoglobulin or T-cell receptor gene rearrangement can be helpful 
in determining B- or T-cell clonality, respectively. Various types of low-grade and 
high- grade lymphoma can present with this pattern. Immunohistochemical studies 
(discussed below) may help in assigning a precise diagnosis.

Intraglomerular pattern of lymphoma is a rare and often unexpected finding. 
Here, there may be considerable morphologic overlap with proliferative glomeru-
lonephritis due to the increased cellularity of the glomeruli [12]. Immunostaining 
for B-cell markers such as CD20 or PAX-5 will help resolve this differential as all 
reported cases of intraglomerular lymphoma are large B-cell lymphomas and are 
best classified as intravascular large B-cell lymphoma (discussed below).

 Mechanism/Pathogenesis

Lymphomatous infiltration may cause acute renal failure. It has been suggested that 
dense tumor infiltrates compress the renal tubules, producing intrarenal obstruc-
tion [13]. Tubular atrophy and necrosis can be seen in severe cases, with resolution 
after the lymphoma is treated [14]. Loss of renal function appears to be linked to 
the extent of lymphomatous involvement, as renal failure has not been reported in 
patients with only unilateral disease [11, 15, 16].

 Radiology/Gross Features

Lymphoma may not be apparent by radiology. In a study of lymphomas diagnosed 
by percutaneous kidney biopsies, preprocedure imaging detected abnormalities in 
only 10 out of 55 (18%) cases [11].

In those cases with detectable abnormalities by imaging, lymphoma can have sev-
eral patterns of renal involvement. The most common pattern, seen in 50–60% of 
patients, is multiple parenchymal lesions present bilaterally. Up to 25% of patients 
may have a solitary mass, which may be confused with renal cell carcinoma. A diffuse 
enlargement due to extensive parenchymal infiltration may also be seen. Enlargement 
of the retroperitoneal lymph nodes is present in 25–30% of cases [17, 18]. In contrast 
CT studies, lymphoma tends to enhance less than normal renal  tissue due to the lack 
of collecting tubules to concentrate contrast media, although administration of con-
trast may be contraindicated in patients presenting in acute renal failure [17]. On MRI, 
lymphoma shows intermediate intensity on T1 and T2 weighted images and high sig-
nal intensity on diffusion-weighted MR images [19]. Positron emission tomography/
computed tomography (PET/CT) imaging is most commonly used in staging lym-
phoma patients as lymphoma is fluorodeoxyglucose (FDG) avid [20].
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 Chronic Lymphocytic Leukemia/Small Lymphocytic 
Lymphoma

Chronic lymphocytic leukemia/small lymphocytic lymphoma (CLL/SLL) is the 
most common low-grade B-cell lymphoma in developed countries and generally 
affects elderly individuals. Presentation is generally leukemic although isolated 
lymphadenopathy may be seen. In autopsy series, renal involvement by CLL/SLL 
is seen in up to 90% of cases [5, 21–23]. However, renal failure is rare, with only a 
handful of reported cases [5, 24].

Morphologically, the pattern of renal involvement is generally nodular aggre-
gates, although diffuse and interstitial patterns may also be seen (Fig. 12.1). The 
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Fig. 12.1 (a) Low power image showing infiltrating chronic lymphocytic lymphoma within the 
interstitium (H&E, 10×). (b) High power shows the cells to have a monomorphic appearance with 
round nuclei and clumped chromatin (H&E, 60×). (c–f) By immunohistochemistry (IHC) the lym-
phocytes stain diffusely for CD20 (c, 10×), weakly for CD5 (d, 20×), with only rare CD3 positive 
cells (e, 10×), and widely for CD23 (f, 20×)
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neoplastic infiltrate is composed predominantly of small lymphocytes with coarsely 
clumped chromatin and a small amount of cytoplasm. In a small number of patients, 
CLL/SLL involves the kidney in conjunction with a granulomatous interstitial 
nephritis, causing acute renal failure. These patients may respond to steroid treat-
ment without CLL/SLL-directed chemotherapy [25].

By immunohistochemistry, the neoplastic cells express B-cell markers CD20 and 
PAX5 with dim surface IgM/IgD and aberrant expression of CD5, CD23, and LEF1. 
The workup for prognostication in CLL (i.e., flow cytometry, IGH somatic hyper-
mutation analysis, molecular genetic studies, cytogenetic testing) is most com-
monly performed on peripheral blood. In general, CLL/SLL is an indolent disease 
but a small fraction may undergo transformation to diffuse large B-cell lymphoma 
or classical Hodgkin lymphoma (Richter’s transformation), which requires aggres-
sive chemotherapy and confers a poor prognosis [26].

 Extranodal Marginal Zone Lymphoma of Mucosa-Associated 
Lymphoid Tissue (MALT Lymphoma)

Renal MALT lymphoma appears to be rare. In a series from MD Anderson Cancer 
Center, Garcia et  al. identified 10 cases over an 8-year period, 6 of which were 
limited to kidney and 4 were systemic [27]. Treatment was highly variable, but all 
patients were alive for 9–53 months after diagnosis. Although MALT lymphoma 
may be associated with bacterial overgrowth in some anatomic sites (e.g., H. 
pylori in gastric MALT lymphoma), there have been no bacteria linked with renal 
MALT.  However, a few reports have described MALT in association with renal 
actinomycosis [28, 29].

Morphologically, renal marginal zone lymphoma is characterized by diffuse 
infiltrate composed of small monocytoid B cells admixed with plasmacytoid lym-
phocytes and rare, large immunoblasts (Fig. 12.2). Reactive germinal centers may 
be identified. Although lymphoepithelial lesions are common in MALT lymphoma 
outside the kidney, they have not been reported in renal MALT lymphoma [27]. 
There are no immunophenotypic findings specific to marginal zone lymphoma; in 
general, the neoplastic B cells tend to be negative for CD5, CD10, and Cyclin D1. 
Aberrant expression of BCL-2 or CD43 can be seen. In situ hybridization for kappa 
and lambda light chains may be of use in making the diagnosis by identifying the 
presence of a monotypic plasma cell population.

Translocations involving the MALT1 gene on chromosome 18 are common in 
MALT lymphoma in the lung and gastrointestinal (GI) tract. Data on cytogenetic 
changes in renal MALT is scarce, but one case of presumed renal MALT with 
t(14,18)(q32;q21) involving the IGH and MALT1 genes has been reported [27].
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 Lymphoplasmacytic Lymphoma

Lymphoplasmacytic lymphoma (LPL) is a low-grade B-cell lymphoma often 
associated with IgM paraproteinemia. It generally involves the bone marrow and 
peripheral blood; extranodal disease is rare. In a large cohort study of 1391 patients 
with LPL, Vos et al. identified LPL-related nephropathy in 44 (3%) patients, with 
a cumulative incidence of 5.1% over 15 years [30]. The most common pathologies 
on biopsy were amyloidosis, monoclonal IgM deposition disease/cryoglobulinemia, 
and LPL infiltration.

a b
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Fig. 12.2 (a) A kidney biopsy with low grade infiltrating marginal zone lymphoma within the 
interstitium (H&E, 10×). In addition to the lymphoma, due to a monoclonal protein elaborated by 
the cells, the kidney also shows monoclonal cast nephropathy with eosinophilic, brittle intratubular 
casts (b, H&E 20×). The casts were also fuscinophilic and complexed to blue staining uromodulin 
(c) The lymphoma cells are diffusely CD20 positive (20×) (d), Trichrome stain, 20×). (e) By 
immunofluorescence (IF), the casts are positive for kappa (e, 20×) and negative for lambda (f, 20×)
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Morphologically, LPL presents with a diffuse infiltrate of small lymphocytes 
and plasma cells that spares the renal tubules and glomeruli (Fig. 12.3). Most LPLs 
express B-cell markers CD20, CD79a, and PAX5 while the plasma cell component 
expresses CD138 and MUM1 and will show light chain restriction for either kappa 
or lambda immunoglobulin. As in MALT lymphoma, there are no specific immuno-
phenotypic abnormalities, making morphologic and immunophenotypic discrimi-
nation between LPL and MALT lymphoma difficult.

Molecular testing may identify MYD88 L265P mutation in 90% of cases of 
LPL. Rarely, MYD88 mutations other than L265P may be present. In addition, up to 
35% of LPLs may have a nonsense or frameshift mutation in CXCR4 similar to those 
found in the warts, hypogammaglobulinemia, infections, and myelokathexis (WHIM) 
syndrome. These mutations are infrequently seen in marginal zone (MALT) lymphoma.
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Fig. 12.3 (a) At low power, the low grade lymphoplasmacytic lymphoma is seen infiltrating the 
renal interstitium (H&E, 10×). (b) On high power, the cells show a mixture of small lymphocytes 
and occasional plasma cells (H&E, 40×). With IF, the cells show significant staining for lambda 
light chain (c, 20×) and are negative for kappa light chain (d, 20×). CD20 is positive in the B cells 
(e) CD138 is positive in plasma cells and epithelial cells (f) (20×)
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 Diffuse Large B-Cell Lymphoma

Diffuse large B-cell lymphoma (DLBCL) is the most common primary renal lym-
phoma and accounts for slightly more than half of the reported cases [7, 31–35]. On 
the other hand, in a large series of over 2500 patients with DLBCL, Villa et al. iden-
tified renal involvement in 2% of cases by imaging or biopsy [36]. These patients 
tended to have elevated lactate dehydrogenase and involvement of other extranodal 
sites. Only a minority, 16%, had severe renal failure. Clinical correlation is impor-
tant in the diagnosis of DLBCL, as it is the most common lymphoma in patients with 
HIV, history of transplant, or primary immunodeficiency. There are case reports of 
patients with primary renal DLBCL and hepatitis C infection [34], patients with a 
previous diagnosis of multicentric Castleman disease [37] and a patient with history 
of systemic lupus erythematosus and bilateral renal DLBCL [38].

Morphologically, DLBCL is characterized by diffuse infiltration of the renal 
parenchyma by sheets of large atypical lymphoid cells which spare the kidney 
tubules (Fig. 12.4). Frequent mitotic figures, apoptotic debris, and necrosis may be 

a b

c d

Fig. 12.4 (a) Kidney biopsy with infiltrating diffuse large B-cell lymphoma (H&E 10×). (b, c) On 
higher power, the cells are large with atypical, pleomorphic nuclei, and occasionally prominent 
nucleoli (H&E stains, 40× and 60×). (d) The lymphocytes were diffusely positive for CD20 (20×)
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seen. The large cells express B-cell markers CD20, PAX-5, and CD79a and have 
a Ki-67 proliferation index over 50%. A subset of DLBCL is Epstein–Barr virus 
(EBV) driven, not otherwise specified (EBV+ DLBCL, NOS) and are usually asso-
ciated with some degree of immunosuppression.

Diffuse large B-cell lymphoma is a heterogeneous group and can arise from 
B-cells at different stages of maturation. Gene expression profiling studies of dif-
fuse large B-cell lymphoma have identified two distinct subgroups with an expres-
sion profile characteristic of either normal germinal center cells (GCB-like) or 
activated blood memory B-cells (ABC-like) and have demonstrated that patients 
with the ABC subtype have a worse prognosis when treated with chemotherapy. 
Immunohistochemistry for CD10, BCL-6, and MUM1 can be used to identify GCB 
and ABC-like subgroups with reasonable accuracy [39]. Expression of MYC and 
BCL-2 is commonly evaluated by immunohistochemistry and positivity for both 
may be associated with poor outcomes [40]. Cytogenetic analysis for rearrange-
ments of MYC, BCL-2, and BCL-6 are commonly performed. The presence of MYC 
rearrangement in conjunction with BCL-2 or BCL-6 rearrangements is characteris-
tic of “double hit” lymphoma, which is associated with adverse prognosis. These 
patients are generally treated with more aggressive chemotherapy regimens.

 Intravascular Large B-Cell Lymphoma

Intravascular large B-cell lymphoma (IVLBCL) can present in the kidney, with 
approximately 40 cases reported to date [41]. IVLBCL is a very rare type of non- 
Hodgkin lymphoma characterized by preferential proliferation of malignant B 
cells within the lumina of small blood vessels, particularly capillaries (Fig. 12.5). It 
is usually widely disseminated in extranodal sites, including the bone marrow. Two 
patterns of clinical presentation have been identified. In the Asian variant, patients 
present with multiorgan failure, B symptoms, and pancytopenia [42, 43]. The clas-
sic or Western variant is characterized by symptoms limited to the involved organ. 
Both types have a dismal prognosis, usually due to the delay of timely accurate 
diagnosis. Patients with primary IVLBCL of the kidney presented with fever, renal 
failure, proteinuria, and/or nephrotic syndrome [41, 43, 44]. The main histologic 
finding was that of minimal change disease. Lymphoma cells were detected pre-
dominantly in glomerular capillaries followed by peritubular and interstitial ves-
sels [41].

 Burkitt Lymphoma

Burkitt lymphoma (BL) is a distinct subtype of high-grade B-cell lymphoma which 
commonly affects children, with peak incidence between ages 4 and 7, although 
presentation in adults is frequently seen. Burkitt lymphoma is divided into three 
subtypes: endemic, sporadic, and immunodeficiency-associated. Endemic BL 
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generally presents in children from equatorial Africa and is associated with EBV 
infection. Sporadic BL is predominantly diagnosed in children but can also present 
in older individuals. Immunodeficiency-associated BL is seen in people with HIV 
with a high CD4 count. Primary Burkitt lymphoma in the kidney is exceptionally 
rare [45, 46]. Secondary involvement of the kidney is a common finding in patients 
with BL, with sources suggesting renal involvement in 30–60% of cases based on 
sonographic or autopsy studies [47–49].

Burkitt lymphoma is classically described as having a “starry sky” appearance, 
with sheets of monotonous medium-sized neoplastic lymphocytes punctuated by 
scattered benign histiocytes with clear cytoplasm. The cells have vacuolated cyto-
plasm, clumped chromatin, and often multiple nucleoli. Mitotic figures and apop-
totic debris are frequently seen. The classic immunophenotype is positive for B- cell 
markers as well as CD10 and BCL-6 with no expression of BCL-2 or TdT. The 
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Fig. 12.5 (a) A kidney biopsy of intravascular lymphoma is remarkable for large, atypical cells 
seen almost exclusively within the glomerular capillaries and peritubular capillaries (PAS, 20×). 
(b, c) On high power, the cells are marginating along the endothelium and leading to obstruction 
of the normal capillary loops (H&E and PAS, 40×). (d) A CD20 immunohistochemical stain high-
lights the intravascular lymphoma within the glomeruli and peritubular capillaries (20×)
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Ki-67 proliferation index should be almost 100%. In situ hybridization for EBV- 
encoded RNA (EBER) should be performed. MYC gene rearrangement is a char-
acteristic finding seen in over 90% of cases with fluorescence in situ hybridization 
(FISH) or conventional karyotype.

 Mantle Cell Lymphoma

Mantle cell lymphoma is a mature B-cell lymphoma, which accounts for 3–10% 
of all non-Hodgkin lymphomas. It frequently presents with disseminated disease 
and involvement of multiple extranodal sites. Reports of renal involvement by man-
tle cell lymphoma are rare and correspond to cases with kidney function impair-
ment due to lymphomatous infiltration [50–52]. Presentation includes proliferative 
glomerulonephritis, focal segmental glomerulosclerosis, acute tubulo-interstitial 
nephritis, and rarely acute kidney failure [50–52].

Morphologically, the neoplastic cells are small-to-medium-sized lymphocytes 
with a diffuse infiltration of tubulointerstitial compartment. Tumor cells express 
B-cell antigens as well as CD5, Cyclin D1, and SOX11. FISH analysis confirms 
presence of pathognomonic IGH–CCND1 gene rearrangement.

 Follicular Lymphoma

Follicular lymphoma is one of the most common low-grade B-cell lymphomas and 
generally has a nodal presentation. Renal presentation of follicular lymphoma has 
been rarely reported in the literature [35, 53]. Data on secondary involvement of the 
kidney in large studies or autopsy series are lacking.

Morphologically, follicular lymphoma has a nodular appearance and is composed 
of abnormal lymphoid follicles which are homogeneous in size and shape. They 
lack polarization, tingible body macrophages, and normal mantle zones. The fol-
licles consist of a mixture of small cells with cleaved nuclei (centrocytes) and larger 
cells with round nuclei and prominent nucleoli (centroblasts). Grading is deter-
mined by the relative proportion of centroblasts in the lymphoid follicles, with more 
centroblasts seen in higher-grade lesions. However, in small needle core biopsies, 
assigning a precise grade is challenging and not required. Immunohistochemical 
staining typically shows expression of germinal B-cell markers CD10, BCL6, and 
LMO2, with tight CD21+, CD23+ follicular dendritic meshworks. The germinal 
centers aberrantly express BCL2 due to a rearrangement of BCL2 with the immu-
noglobulin heavy chain gene in 80–90% of cases, resulting in a translocation of 
chromosomes 14 and 18. PCR will identify a monoclonal IGH gene rearrangement 
in 80% of cases.
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 Posttransplant Lymphoproliferative Disorder

Posttransplant lymphoproliferative disorders (PTLD) are lymphoid and/or 
plasmacytic proliferations that occur in the setting of solid organ or allogeneic 
hematopoietic cell transplantation as a result of immunosuppression. While the 
majority appears to be related to the presence of Epstein–Barr virus (EBV), EBV 
negative disease does occur. According to the updated 2016 WHO Classification, 
there are four distinct subtypes. Nondestructive PTLD, including plasmacytic 
hyperplasia, infectious mononucleosis, and florid follicular hyperplasia, are 
characterized by architectural preservation with formation of mass lesion and/
or EBV reactivity. These lesions typically occur in lymph nodes, tonsils, and 
adenoids. Polymorphic PTLDs are atypical destructive polyclonal or mono-
clonal lymphoid infiltrates that do not meet all of the criteria for lymphoma. 
Monomorphic PTLDs are monoclonal lymphoid proliferations that meet the cri-
teria for lymphomas as recognized in immunocompetent patients. Finally, classi-
cal Hodgkin lymphoma PTLD should fulfill the diagnostic criterial for classical 
Hodgkin lymphoma.

Patients receiving renal allograft have the lowest frequency of PTLD (<1%), 
compared with all other types of transplant [54]. PTLD may occur at any site of 
the body, including the renal allograft, raising the differential diagnosis of rejec-
tion or infection. Allograft involvement appears more frequently in early-onset 
(<18  months after transplant), EBV-positive disease. In cases of PTLD con-
fined to the renal allograft, the most frequent clinical manifestations were graft 
dysfunction and fever [55]. One study of 53 patients with PTLD reported after 
renal transplant, highlighted 14 patients who developed allograft PTLD [56]. Of 
these patients, 4 had involvement of renal parenchyma and 10 had involvement 
confined to the renal hilum. In another study of 9 cases of PTLD presenting 
as renal allograft dysfunction, 3 patients were diagnosed based on fine-needle 
aspiration, and 6 with examination of allograft nephrectomy [57]. Polymorphic 
and monomorphic PTLD morphology has been reported in approximately equal 
number of cases, while the other two subtypes of PTLD have not been described 
in the kidney literature [55, 57]. Polymorphic PTLD can be a very challenging 
diagnosis based on morphology, as it is characterized by a mixed population of 
small, medium-sized, and large lymphocytes admixed with plasma cells, fre-
quently associated with areas of  geographical necrosis (Fig. 12.6). Bizarre Reed–
Sternberg-like cells may be seen. Immunophenotypic analysis shows a mixture 
of B and T lymphocytes. Plasma cells may be polytypic or monotypic. PCR 
frequently demonstrates clonal IgG gene rearrangement. Presence of numerous 
EBV-positive cell by in situ hybridization is a very helpful feature that helps to 
reach the correct diagnosis and rules out allograft rejection. Monomorphic PTLD 
in the renal allograft usually correspond to cases of DLBCL (Fig. 12.7), although 
there are rare case reports of other poorly characterized B- and T-/natural killer 
(NK)-cell neoplasms [55–57].
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 Lymphoblastic Lymphoma

Cases of B- and T-lymphoblastic leukemia/lymphoma may be primary or second-
ary, frequently cause bilateral renal enlargement and can occasionally present as 
acute renal failure (Fig. 12.8) [58–62]. Morphologically, there is a diffuse infiltrate 
composed of a monotonous population of medium-sized blasts with fine chromatin. 
Frequently, glomeruli and tubules appear spared [61]. Classically, T lymphoblasts 
express CD3, CD7, CD34, and TdT, with frequent coexpression of CD4 and CD8. 
B lymphoblasts typically express B-cell markers like CD20, PAX-5, and CD19 in 
addition to CD34, TdT, and CD10.

a b

c d

e f

Fig. 12.6 Polymorphic PTLD. (a) Low power image of kidney biopsy with a focally dense inflam-
matory infiltrate and extensive necrosis (H&E, 4×). (b) On high power the cells are composed of a 
heterogeneous/polymorphous mixture of inflammatory cells within the interstitium as well as infil-
trating the tubules and vessels (H&E 20×). (c) B cells show diffuse staining for CD20 (c, 10×), 
focal T cells express CD3 (d, 10×), there are collections of CD30 positive immunoblasts (e, 10×), 
and diffuse positivity with EBER (f, 10×)
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 T-Cell Lymphoma

Rare cases of T-cell lymphoma in kidney have been documented, including enterop-
athy associated T-cell lymphoma [63], adult T-cell leukemia/lymphoma [64], NK/T-
cell lymphoma [65], angioimmunoblastic T-cell lymphoma [66], and peripheral 
T-cell lymphoma, NOS [67]. In an autopsy series of five patients with anaplastic 
large cell lymphoma, only one had renal involvement [68]. Bilateral kidney infiltra-
tion is usually seen. Rare cases present with acute renal failure. Morphologically, 
the neoplastic cells diffusely infiltrate the kidney parenchyma. They express T-cell 
antigen CD3 and a variety of other T-cell markers, such as CD2, CD4, CD5, CD7, 
and CD8.

a b

c d

Fig. 12.7 (a, b) A transplant kidney with infiltrating diffuse large B cell lymphoma/posttransplant 
lymphoproliferative disease (H&E, 20×). (c) On high power, the cells have large, pleomorphic 
nuclei with a high N:C ratio, and occasional nucleoli present (H&E, 40×). (d) By IHC, the inflam-
matory cells are nearly all positive for CD20 (40×) and are negative for CD3 and EBER (not 
shown)
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 Paraprotein-Related Diseases

These are closely related entities, including primary amyloidosis (PA) and mono-
clonal immunoglobulin deposition disease (MIDD), also known as light and 
heavy chain deposition disease (LHCDD). They are characterized by visceral 
deposition of abnormal immunoglobulin, resulting in organ dysfunction [54]. 
The underlying disorders are plasma cell or, rarely, lymphoplasmacytic neo-
plasms. This is frequently an early disease manifestation in patients without overt 
myeloma or lymphoma. PA is characterized by secretion of abnormal immu-
noglobulin light chains that deposit in various tissues and form a beta-pleated 
amyloid structure, which stains red orange with Congo red stain and has apple-
green birefringence under polarized light (Fig. 12.9). MIDD/LHCDD is caused 
by secretion of abnormal light and/or heavy immunoglobulin chains which do 
not form amyloid beta-pleated sheets or fibrils and do not bind Congo red stain 
(Fig. 12.10) [54]. Instead of forming fibrils, the abnormal proteins deposit along 

a

b

Fig. 12.8 (a) Gross images from an autopsy showing both kidneys with nodules of B-Lymphoblastic 
Lymphoma. On cut section (b), the lymphomatous nodules involved both the renal cortex and 
medulla. The patient died of treatment resistant lymphoma and renal failure
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the glomerular and tubular basement membrane surfaces leading to renal dys-
function. Renal manifestations are present in >80% of PA patients and up to 
96% of MIDD/LHCDD patients and include proteinuria, nephrotic syndrome, 
and renal failure [69]. The vast majority of the patients have a detectable M pro-
tein. Amyloidosis shows a diffuse glomerular deposition of amorphous hyaline 
material which is periodic acid–Schiff (PAS) and silver negative and Congo red 
positive, initially in the mesangium and then along the capillary loops. It may 
also be seen in the surrounding interstitium and small vessels. MIDD/LHCDD 
may reveal a membrano-proliferative glomerular pattern due to accumulation of 
punctate usually light chain deposits along the glomerular and tubular basement 
membranes. In PA, the light chain is lambda in 70% of the cases, while 80% of 
MIDD/LHCDD express kappa light chain.

a b

c d

e f

Fig. 12.9 (a) Biopsy showing infiltrating low-grade lymphoma within the interstitium (H&E, 
10×). (b, d) Amorphous, PAS-negative material is present within the small arteries (H&E and PAS 
stains, 20×). (c) The amorphous material is Congo red positive with apple green birefringence 
under polarized microscopy (Congo red stain, 40×). (e) On IF, the amyloid was strongly staining 
for lambda (40×) and was negative for kappa (not shown). (f) On electron microscopy (EM), hap-
hazardly arranged fibrils are seen on high power which range in diameter from 8 to 12  nm 
(120,000×)
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 Histological Findings of Kidney Parenchyma in Patients 
with Renal Lymphoma

In addition to direct lymphomatous involvement of the kidney, patients with lym-
phoma may come to clinical attention due to secondary glomerular involvement. 
Glomerulonephritis (GN) in the course of NHL is one of the causes of acute kid-
ney injury. Many different glomerular diseases have been associated with lympho-
mas including proliferative glomerular diseases such as membrano-proliferative 
GN, mesangial proliferative GN, crescentic GN, or proliferative glomerulonephri-
tis with monoclonal deposits. Membranous glomerulonephritis can also be seen, 
due to monoclonal deposits along the subepithelial basement membrane surfaces. 
Lymphomas may elaborate cytokines which may damage the podocytes leading 
to minimal change disease or focal segmental glomerulosclerosis. Overall, there 

a b

c d

Fig. 12.10 (a) A biopsy with monoclonal immunoglobulin deposition disease showing PAS- 
positive thickening of the glomerular capillary walls, mesangium, and tubular basement mem-
branes (PAS 20×). (b, d) By immunohistochemistry, the basement membranes show strong 
staining for kappa light chains (b, 20×) which are negative for lambda light chains (d, 20×). (c) On 
EM, tubular basement membrane punctate light chain type deposits are seen in layers (3000×)
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is a wide spectrum of clinical presentations in these patients which may necessi-
tate biopsy, including nephrotic or nephritic syndromes [5]. Start of chemotherapy, 
resulting in partial remission of lymphoma, correlates with the decrease in the signs 
of GN and may improve organ function.
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Chapter 13
Tumors of the Renal Pelvis

Charles C. Guo, Miao Zhang, and Kanishka Sircar

The upper urinary tract (UUT) consists of the renal pelvis and ureter. Tumors of the 
renal pelvis are relatively uncommon and only account for 5–8% of all renal tumors 
[1–3]. As the renal pelvic tumors share similar pathologic and clinical features with 
tumors that arise from the ureter, they are generally grouped together as tumors of 
the UUT. The vast majority of UUT tumors are composed of urothelial carcinoma 
(UC) [4–7]. UC occurs about twice more frequently in the renal pelvis than in the 
ureter [8]. Multifocal tumors are found in 10–20% of new cases of upper urinary 
tract urothelial carcinoma (UUTUC), and a concomitant bladder UC is present in 
approximately 20% of cases [9]. However, bilateral synchronous UUTUC repre-
sents only 3% of all UC at this site [10]. In spite of some similarities to bladder UC, 
UUTUC demonstrates distinct clinicopathologic and molecular features [11].

 Epidemiology

Tumor of the renal pelvis is a rare disease with an estimated annual incidence of 1–2 
cases per 100,000 [12]. The incidence has been increasing in recent years largely 
due to the improvement of imaging and endoscopic techniques. It is generally a 
disease of the elderly, with a mean age at diagnosis in the seventh decade [6, 13]. 
The disease is more common in men than in women with a male-to-female ratio of 
approximately 2:1 [14]. Although the frequency of UUTUC is increasing, it repre-
sents only 5% of all UC of the urinary tract [4–6].
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 Etiology

Tobacco smoking and aromatic amines exposure are the two most common risk fac-
tors for UUTUC in Western countries [15]. Smoking increases the relative risk for 
developing UUTUC from 2.5 to 7 times, depending on the number of cigarettes 
smoked every day and the number of years of smoking [16]. Fortunately, the risk for 
UTUC decreases by 60–70% when smoking cessation has been longer than 10 years 
[17]. The relative risk for developing upper tract urothelial carcinoma (UTUC) after 
the exposure to aromatic amines is 8.3, with an average duration of exposure of 
7 years and a latency period of approximately 20 years [18]. With the adoption of 
safety measures, occupational exposure to aromatic amines carcinogen has dramati-
cally decreased in the last several decades.

Balkan endemic nephropathy is another risk factor for UUTUC [19]. The disease 
affects mainly farmers along the Danube River in the Balkan Peninsula, who are 
exposed to the degradation products of coal-containing soil [20]. The disease is 
characterized by chronic tubulointerstitial nephropathy with insidious onset and 
slow progression to renal failure. The incidence of UUTUC in the Blakan areas may 
be up to 100 times higher than in the nonepidemic areas. The patients are generally 
young and present with multiple UC of low grade and stage that may affect bilateral 
kidneys [21].

Lynch syndrome or hereditary nonpolyposis colorectal cancer syndrome also 
increases the risk for UUTUC [10]. This autosomal dominant syndrome is caused 
by germline mutations in the mismatch repair genes, including hMSH2, hMLH1, 
hMSH6, and hMLH1. The most common malignancy in patients with Lynch syn-
drome is colonic adenocarcinoma, followed by endometrial carcinoma and UUTUC 
[22]. In people with Lynch syndrome, the risk of UUTUC is increased 14–22 times 
as compared to the general population [10]. These patients should be referred for 
genetic counseling and assessment of their family members should also be consid-
ered, as they may also be affected by the disease.

Other potential risk factors include renal stones, cyclophosphamide, phenacetin, 
aristolochic acid (a component in weight-loss pills containing Chinese herbs), and 
occupational exposures [2, 15, 16].

 Clinical Features

Patients usually present with hematuria and dysuria. Hematuria may be gross or 
microscopic. Flank pain is another common symptom that is present in 10–40% 
of patients [3]. Computed tomography (CT) urography is the preferred imaging 
method for the initial evaluation. The presence of a filling defect on imaging is a 
characteristic finding of the renal pelvic tumor. At an advanced stage, the tumor 
may metastasize to the lungs, liver, bone, and regional lymph node, leading 
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to constitutional symptoms, such as weight loss, anorexia, fever, night sweats, 
anemia, malaise, abdominal mass, and bone pain.

Endoscopic biopsy is often performed to evaluate a renal pelvic tumor, particu-
larly when it is equivocal for malignancy on imaging study [23]. In spite of signifi-
cant improvements in endoscopic techniques of the upper urinary tract, the 
endoscopic biopsy specimens are usually small and fragmented, typically less than 
1 cm in aggregate [24]. Cautery and crushing artifacts are frequently present in the 
specimens, which may further limit the pathologic interpretation. The sensitivity of 
a renal pelvic endoscopic biopsy was reported to be 78%, and most errors are due 
to suboptimal tissue sampling rather than diagnostic errors [23, 24]. Thus, negative 
biopsies may not completely exclude the possibility of malignancy and a repeat 
biopsy may be indicated. Grade discordance between endoscopic biopsy specimens 
and subsequent nephroureterectomy specimens is commonly seen in up to 40% of 
cases, and the discrepancy is largely due to limited sampling of endoscopic biopsy 
as well as grade heterogeneity within the tumor [25]. The diagnostic specificity of 
a renal pelvic biopsy is excellent and near 100%, but rare cases of false positive 
diagnoses have been reported in literature [23]. To avoid unnecessary nephroureter-
ectomy, the diagnosis of the renal pelvic UC can be made only when the findings 
are unequivocal for malignancy. Accurate pathologic staging is generally challeng-
ing, if not impossible, due to the small and superficial nature of the endoscopic 
biopsy specimen.

Urinary cytology is another valuable tool in the diagnosis of renal pelvic UC. The 
sensitivity and specificity of detecting UC in urine cytology depend on specimen 
type. Voided urine collects exfoliated urothelial cells from the entire urinary tract. 
Although voided urine has a higher sensitivity for detecting UC, it cannot determine 
the exact location of the lesion. Selective urine, washing, and brushing samples of 
the UUT can be obtained by endoscopic ureteral catheterization. The specificity of 
detecting UC in urine cytology is generally greater than 90% [26]. Although the 
sensitivity for high-grade UC and urothelial carcinoma in situ (UCIS) can be as high 
as 80–90%, the sensitivity for detecting low-grade UC is low [27]. The low sensitiv-
ity of low-grade UC is due to the fact that low-grade UC by definition has similar 
cytologic features to normal urothelial cells. Furthermore, low- grade UC cells are 
not routinely shed into the urine because of their cohesive nature. Therefore, it is 
exceedingly difficult to make the outright diagnosis of low-grade UC on a urine 
specimen. Fluorescence in situ hybridization (FISH) and microsatellite analysis 
may be used to increase the sensitivity of urine cytology, particularly for low-grade 
UC of the renal pelvis [28–30].

 Pathologic Features

More than 90% of the renal pelvic tumors consist of UC, and nonurothelial neo-
plasms are relatively uncommon at this site [3–7].
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 Urothelial Tumors

Urothelial tumors of the renal pelvis share similar histopathologic features with 
their counterparts in the urinary bladder. The renal pelvic urothelial tumors are 
generally classified using a similar classification system to that for bladder 
urothelial tumors. The recent World Health Organization (WHO) 2016 
Classification System divided urothelial tumors into two broad groups, nonin-
vasive and invasive (Table 13.1) [30]. The noninvasive group is further divided 
into two subgroups, papillary urothelial neoplasms and flat lesions. Under each 
subgroup, there are several distinct histologic categories. The invasive group 
includes conventional UC as well as a number of histologic variants. In invasive 
UC, pathologic staging is the most important prognostic factor and evaluated 
according to the criteria by the American Joint Committee of Cancer (AJCC), 
which are not the same as those for the bladder UC due to different anatomy 
(Table 13.2) [31].

Table 13.1 2016 World 
Health Organization 
histologic classification of 
urothelial neoplasms

Noninvasive urothelial neoplasms

  Papillary tumors
   Papillary UC, low-grade
   Papillary UC, high-grade
   Papillary urothelial neoplasm of low malignant potential
   Urothelial papilloma
  Flat lesions
   UC in situ
   Urothelial dysplasia
Invasive urothelial carcinoma

  Conventional UC
  UC with divergent differentiation
   UC with squamous differentiation
   UC with glandular differentiation
   UC with trophoblastic differentiation
  Distinct UC variants
   Micropapillary
   Nested
   Plasmacytoid
   Microcystic
   Lymphoepithelioma-like
   Sarcomatoid
   Poorly differentiated
   Lipoid-rich
   Clear cell

From Humphrey et al. [66], with permission
UC urothelial carcinoma
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 Papillary Urothelial Neoplasms

Urothelial papilloma is an extremely rare benign tumor in the renal pelvis with only 
a few cases reported in literature [32, 33]. It is usually a small, delicate papillary 
structure that is found incidentally. Sometimes, it may cause hematuria. 
Microscopically, it consists of thin, delicate fibrovascular cores covered by the uro-
thelium of normal thickness that lacks any noticeable atypical features (Fig. 13.1). 
Inverted papilloma is a variant of urothelial papilloma [34, 35], which is also 
detected as an indecent finding in the pelvis by pyelography. It may form a mass, 
mimicking UC grossly. The tumor often shows an inverted growth pattern and forms 
complex, anastomosing trabecular structures in the lamina propria. The luminal sur-
face of the lesion is flat. The urothelial cells show minimal atypia but often form 
small glandular structures with vacuolization in the luminal cells. The prognosis for 
inverted papilloma is excellent with only occasional recurrence, but they never 
progress to UC.

Urothelial neoplasm of low malignant potential (PUNLMP) is another uncom-
mon tumor in the pelvis, accounting for less than 5% of all UC at this site [36, 37]. 
Grossly, it presents as single or multiple discrete exophytic papillary lesions of vari-

Table 13.2 Pathologic staging of the renal pelvic tumor

Primary Tumor (T)
  pTx Primary tumor cannot be assessed
  pT0 No evidence of tumor
  pTa Noninvasive papillary urothelial carcinoma
  pTis Urothelial carcinoma in situ
  pT1 Tumor invades subepithelial connective tissue
  pT2 Tumor invades muscularis propria
  pT3 Tumor invades through muscularis propria into peri-pelvic fat or renal 

parenchyma
  pT4 Tumor invades through renal parenchyma into the perinephric fat or 

adjacent organs
Regional lymph node (N)
  pNx Regional lymph node metastasis cannot be assessed
  pN0 No lymph node metastasis
  pN1 Metastasis to a single lymph node, ≤2 cm in greatest dimension
  pN2 Metastasis to a single lymph node, >2 cm; or multiple lymph nodes
Distant metastasis (M)
  pMx Distant metastasis cannot be assessed
  pM0 No distant metastasis
  pM1 Distant metastasis present

Used with permission of the American College of Surgeons, Chicago, Illinois. The original and 
primary source for this information is the AJCC Cancer Staging Manual, Eighth Edition (2017) 
published by Springer International Publishing
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able size. Microscopically, it shows papillary structures lined by the urothelium that 
is thicker than normal urothelium, but the urothelial cells do not show apparent 
cytologic atypia (Fig. 13.2). The papillary fronds are frequently sectioned at random 
angles, leading to a false impression of increased cellularity. It is important to evalu-
ate the papillary fronds for PUNLMP where they are sectioned lengthwise through 
the core or perpendicular to the long axis. The prognosis for this lesion is excellent. 
Interestingly, there is no significant difference in survival between PUNLMP and 
low-grade papillary UC, when patients are treated with surgery [36]. Therefore, the 
clinical relevance of separating PUNLMP from low-grade papillary UC in the renal 
pelvis remains uncertain.

Low-grade papillary urothelial carcinoma is a neoplasm that shows mild archi-
tectural and cytologic atypia. Grossly, it shows features similar to PUNLMP, but the 
tumor may become large and fill up the renal pelvis. Microscopically, it is character-

Fig. 13.1 Urothelial 
papilloma shows slender, 
delicate papillae lined by 
normal-appearing 
urothelium with prominent 
vacuolization

Fig. 13.2 Papillary 
urothelial neoplasm of low 
malignant potential 
(PUNLMP) shows 
thickened urothelium but 
minimal cytologic atypia
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ized by slender, papillary stalks which show frequent branching but minimal fusion. 
Unlike PUNLMP, the lining urothelium shows abnormalities in nuclear polarity, 
size, shape, and chromatin distribution that can be recognized at medium magnifica-
tion (Fig. 13.3a). Nucleoli may be present, but inconspicuous. Mitoses are infre-
quent and usually occur near the basal level. In spite of the overall low-grade 
appearance, some tumors may show focal high-grade areas and these tumor should 
be classified as high-grade tumors [30].

High-grade papillary urothelial carcinoma demonstrates severe architectural 
and cytologic atypia. Grossly, it appears from papillary to nodular/solid sessile 
lesions (Fig. 13.4a). Patients may have single or multiple tumors. Microscopically, 
the papillae are frequently fused and branching. The urothelial cells exhibit pro-
nounced nuclear pleomorphism with marked variation in size and prominent nucle-
oli, which are easily recognizable even at low magnification (Fig. 13.4b). Mitoses 

a

b

Fig. 13.3 Low-grade 
papillary urothelial 
carcinoma. (a) The lining 
urothelium shows easily 
recognizable cytologic 
atypia and architectural 
disorganization. (b) 
Inverted growth pattern is 
characterized by large 
tumor nests with smooth, 
pushing borders in the 
lamina propria
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are frequent and may occur at any level, including the surface. The overlying uro-
thelium varies in thickness and often shows cell dyscohesion. High-grade papillary 
urothelial carcinoma shows significant association with invasive disease and worse 
prognosis than low-grade papillary urothelial carcinoma. However, histologic grade 
is not a significant prognostic factor in multivariant analysis, when patients received 
nephroureterectomy treatment [6, 36].

Papillary UC in the renal pelvis often demonstrates an inverted growth pattern, 
which is characterized by large, round nests of tumor cells in the stroma with broad 
base and pushing border (Fig. 13.3b). The nests may become fused but generally 
maintain the basement membrane. Thus, inverted growth pattern is generally not 
considered to be a true stromal invasion. The presence of inverted growth pattern in 
the renal pelvis may be associated with microsatellite instability [38].

b

a
Fig. 13.4 High-grade 
papillary urothelial 
carcinoma. (a) A tan, 
papillary tumor occupies 
the lower portion of the 
renal pelvis. (b) The tumor 
shows severe cytologic 
atypia and architectural 
disorganization
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In addition to the WHO 2016 classification system, another commonly used sys-
tem is the 1973 WHO system, which divides papillary urothelial neoplasms into 
benign urothelial papilloma and three numeric grades of carcinoma (Grades 1–3) 
[39]. Although the 1973 WHO grading system may add some benefit as an indepen-
dent prognostic factor for pT1 disease, one of the major shortcomings is the lack of 
precise definition of the various grades and specific histologic criteria for each 
grade, which has led to a majority of cases falling into an intermediate category 
(Grade 2). A major misconception in the application of the WHO classification is 
that there is a one-to-one translation between 1973 and 2016 systems [40]. Only the 
extreme grades in the 1973 WHO classification have this one-to-one correlation 
hold true (Fig. 13.5). However, there is no direct correlation of the middle grades 
between the 1973 and 2016 WHO systems.

 Flat Neoplastic Lesions

Urothelial carcinoma in situ (UCIS), also called high-grade intraurothelial neopla-
sia, is a flat malignant lesion but devoid of papillary structures. Grossly, it often 
appears as areas of erythema, which may be focal, multifocal, or diffuse. The 
mucosa may be eroded or raised, with a velvety, granular appearance. Microscopically, 
it is characterized by malignant urothelial cells with large, pleomorphic, hyperchro-
matic nuclei, and prominent nucleoli (Fig. 13.6a). There is loss of cell polarity and 
irregular nuclear crowding. Mitoses may be frequent and sometimes show atypical 
forms. Sometimes, the presence of scattered malignant cells in the normal urothe-
lium (pagetoid pattern) is sufficient for a diagnosis of UCIS (Fig. 13.6b). Because 
of the discohesive nature of UCIS, tumor tends to shed neoplastic cells into the 
urine, resulting in only a few tumor cells attached to the basement membrane (cling-
ing pattern) (Fig. 13.6c). Occasionally, UCIS cells may spread into the lumen of 
renal tubules with no unequivocal invasion of the renal parenchymal tissue 
(Fig. 13.6d), and this intratubular spread pattern is not considered as an invasive 
disease.

Pure form of UCIS is uncommon in the newly diagnosed cases of the renal 
pelvic UC. UCIS is often present adjacent to high-grade papillary UC and inva-
sive UC. The presence of UCIS has been associated with multifocal disease in the 
urinary tract and an increased risk for invasive disease [41]. Thus, UCIS should 
be reported in pathology evaluation, if it is present in the renal pelvis with papil-

2016 system

1973 system

Papilloma

Papilloma Grade 1 Grade 2 Grade 3

High gradeLow gradePUNLMP*

Fig. 13.5 Correlation between 2016 and 1973 World Health Organization grading systems for 
noninvasive papillary urothelial neoplasms. ∗PUNLMP papillary urothelial neoplasm of low 
malignant potential
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Fig. 13.6 Urothelial 
carcinoma in situ. (a) 
Malignant cells show 
enlarged, hyperchromatic 
nuclei with marked 
pleomorphism. (b) 
Pagetoid pattern is 
characterized by malignant 
cells scattered in the 
normal urothelium. (c) 
Clinging pattern is 
characterized by a few 
malignant cells attached to 
the basement membrane. 
(d) Intratubular spread is 
characterized by spread of 
malignant cells into renal 
tubules with no invasion 
into peritubular renal 
parenchyma

a

b

c
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lary UC or invasive UC. However, it is important to distinguish the “shoulder” 
(lateral extension) of high-grade papillary UC from a focus of true UCIS.

It may be difficult to distinguish UCIS from reactive urothelial atypia. In reactive 
atypia, the urothelial cells generally show uniform nuclear enlargement, with evenly 
distributed fine nuclear chromatin, relatively smooth nuclear contours, and pinpoint 
nucleoli. Inflammatory is often pronounced and involves the urothelium as well as 
the stroma. A history of bladder infection, indwelling catheter, calculus, or prior 
therapy is common. However, in some cases, the severity of atypia appears to be out 
of proportion to the extent of inflammation so that UCIS cannot be confidently 
excluded (or urothelial atypia of unknown significance). Immunohistochemistry 
may be useful in the differential diagnosis between UCIS and reactive atypia. The 
urothelium with reactive atypia typically shows focal immunoreactivity for CK20 
and diffuse reactivity for CD44, while UCIS often shows full-thickness immunore-
activity for CK20 and minimal immunoreactivity for CD44. In addition, UCIS often 
shows more diffuse and stronger nuclear expression of p53 than reactive  urothelium. 
However, the interpretation must always be carried out within the context of the 
morphologic findings.

Urothelial dysplasia, also called low-grade intraurothelial neoplasia, has appre-
ciable cytological and architectural features that are believed to be preneoplastic 
but fall short of the diagnostic threshold for UCIS. It is a difficult category to define, 
due to significant interobserver variability. The presence of nuclear pleomorphism, 
nuclear size >5–6 lymphocytes, and brisk mitotic activity favor CIS.  Urothelial 
dysplasia generally indicates instability of the urothelium and may be associated 
with an increased risk for UC, but is difficult to assess its prognostic impact, as 
urothelial dysplasia is usually found in patients who have a history of urothelial 
neoplasms [30].

d
Fig. 13.6 (continued)
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 Invasive Urothelial Carcinoma

UC becomes invasive when it grows beyond the basement. Invasive UC accounts 
for 60% of all UUTUC [42, 43]. Grossly, the tumor may appear papillary, polypoid, 
fungated, sessile, or solid in the renal pelvis, with or without ulceration. 
Microscopically, invasive UC is usually featured by irregular small nests or single 
cells infiltrating beyond the basement membrane (Fig. 13.7). Invasion is often asso-
ciated with stromal fibrosis and retraction artifacts. Sometimes, invasive UC cells 
may develop paradoxical differentiation with more abundant eosinophilic cyto-
plasm in comparison to the noninvasive cells. Pathologic stage is the most important 
prognostic factor for invasive UC and is based on the depth of tumor invasion and 
metastasis [6, 36]. Lymphovascular invasion has been associated with diminished 
clinical outcomes in invasive tumors, but its overall value as an independent factor 
remains controversial. Accurate pathologic staging can be only performed on a radi-
cal nephroureterectomy specimen (Table 13.2).

It is important to differentiate true UC stromal invasion from several mimickers. 
Noninvasive papillary UC often displays an inverted growth pattern in the renal 
pelvis, which resembles stromal invasion. Another common mimicker is the intra-
ductal spread of UC cells along the collecting ducts. Although the malignant cells 
may replace the lining tubular cells in the kidney, they do not infiltrate the peritubu-
lar renal stroma. Thus, the intraductal spread of UC cells represents pTis disease. In 
addition, poor fixation and processing may also result in artificial retraction arti-
facts, mimicking invasive UC. Sometimes, it may become difficult to distinguish 
pT1 and pT2 diseases, as the caliber of smooth muscle is often highly variable in the 
renal pelvis and may be nearly absent in the calyces.

Invasive UC exhibits a high tendency for divergent differentiation. Squamous 
differentiation is the most common divergent differentiation and may be seen in up 
to 40% of the renal pelvic UC [44, 45]. Its frequency increases with grade and stage. 
Another common divergent differentiation is glandular differentiation, which is 

Fig. 13.7 High-grade 
urothelial carcinoma 
invades the renal 
parenchyma
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defined as the presence of true glandular spaces within the tumor. Pseudoglandular 
spaces caused by necrosis or artifact should not be considered glandular differentia-
tion. Cytoplasmic mucin containing cells are present in 14–63% of conventional 
UC and are not considered to represent glandular differentiation. The diagnosis of 
squamous cell carcinoma or adenocarcinoma is generally reserved for pure lesions 
without any associated urothelial component, including UCIS [30]. Tumors with 
any identifiable urothelial element are classified as UC with squamous or glandular 
differentiation, and an estimate of the percentage of squamous or glandular compo-
nent should be provided.

A number of rare, yet distinct, histologic variants have been found in UC of the 
renal pelvis (Table 13.1) [7, 45]. The micropapillary variant is characterized by 
small tumor nests or papillae surrounded by retraction spaces (Fig.  13.8a). 
Micropapillary UC frequently metastasizes to local lymph nodes and distant sites, 
and the metastases usually contain micropapillary features, even if the variant 
accounts for only a minute fraction of the primary tumor. The plasmacytoid vari-
ant is composed of tumor cells with eccentric nuclei and abundant eosinophilic 
cytoplasm, resembling plasma cells. The plasmacytoid variant exhibits a strong 
predisposition for peritoneal spread (Fig. 13.8b). The nested variant is character-
ized by small nests of tumor cells with bland cytology but demonstrates deep 
infiltration (Fig. 13.8c). This variant can be difficult to differentiate from florid 
proliferation of von Brunn nests. Sarcomatoid carcinoma is usually characterized 
by a marked proliferation of high-grade malignant spindle cells (Fig.  13.8d), 
sometimes developing heterologous differentiation to chondrosarcoma, osteosar-
coma, or rhabdomyosarcoma. UC variants often coexist with conventional UC in 
the renal pelvis. As some variants show more aggressive clinical behaviors than 
conventional UC, it is important to recognize these distinct variant morphologies 
[7, 45, 46].

Several other malignancies may be considered in the differential diagnosis of 
high-grade UC, particularly when the UC diffusely invades the renal parenchyma. 
Collecting duct carcinoma (CDC) of the kidney arises from the principal cells of 
collecting ducts of Bellini and involves the renal medullary, which may mimic 
high-grade UC. CDC typically shows a predominantly tubular morphology and 
infiltrates the renal parenchyma with marked desmoplastic stroma reaction. In 
contrast, invasive UC shows predominantly solid growth pattern, and it is often 
associated with the presence of UCIS and/or papillary UC. Other high-grade RCC 
may also show morphologic features overlapping with high-grade UC, but focal 
areas of typical features of RCC may be found if the tumor is adequately sampled. 
Immunohistochemistry is helpful in difficult cases. CDC and other RCCs are usu-
ally positive for PAX2 and PAX8, while UC is positive for GATA-3, CK903, p63, 
and uroplakins. Metastatic carcinoma from the lungs, breasts, and other sites may 
also involve the kidney, mimicking high-grade UC.  However, metastatic carci-
noma usually shows extensive interstitial growth, bilateral and multifocal diseases, 
and extensive lymphovascular invasion. Clinical history is helpful. In difficult 
cases, immunohistochemistry usually leads to the identification of the primary ori-
gin of metastasis.
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Fig. 13.8 Urothelial 
carcinoma histologic 
variants. (a) Micropapillary 
variant shows small nests 
or papillae in empty 
spaces. (b) Plasmacytoid 
variant shows discohesive 
malignant cells with 
eccentric nuclei and 
abundant cytoplasm. (c) 
Nested variant shows small 
nests of tumor cells with 
bland cytology that 
infiltrates the stroma. (d) 
Sarcomatoid variant is 
characterized by high-
grade malignant spindle 
cells

a

b

c
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 Nonurothelial Tumors

 Epithelial Malignancies

Squamous cells carcinoma may arise in the renal pelvic tumors [47]. The risk 
factors for squamous cell carcinoma include chronic infection, nephrolithiasis, 
and horseshoe kidney. Squamous cell carcinoma is usually characterized by 
keratin pearls and intercellular bridges. When squamous cell carcinoma 
becomes poorly differentiated, it may be difficult to distinguish from high-
grade UC. Immunohistochemistry may be helpful in the differential diagnosis. 
CK14 is frequently expressed in squamous cell carcinoma but not in UC, while 
uroplakins and GATA-3 are frequently expressed in UC but not in squamous 
cell carcinoma [48]. Squamous cell carcinoma is often present at an advanced 
stage with extensive infiltration of the renal parenchyma, and as a consequence, 
it has a poor prognosis. However, when compared stage for stage, the prognosis 
for pure squamous cell carcinoma is similar to that of UC of the renal pelvis 
[49].

Adenocarcinomas are even rarer than squamous cell carcinoma [50, 51]. It is also 
associated with chronic infection and nephrolithiasis. Intestinal metaplasia is a 
putative precursor as it may be seen in the nonneoplastic mucosa. Like bladder 
adenocarcinoma, they may show mucinous, intestinal, signet-ring features, but met-
astatic adenocarcinoma from the colon, lung, pancreas, breast, and gynecologic 
tract need to be excluded. Multifocal and/or bilateral lesions, extensive lymphovas-
cular invasion, and lack of mucosal involvement should at least raise the possibility 
of metastasis from another site. Clinicopathologic correlation and history are essen-
tial in the differential diagnosis.

d
Fig. 13.8 (continued)
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Small-cell carcinoma may also affect the renal pelvis [52, 53]. In some cases, 
renal small-cell carcinoma coexisted with UC of the renal pelvis, suggesting that 
renal small-cell carcinomas may evolve from a preexisting UC. Renal small-cell 
carcinoma is a highly aggressive disease that often presents at an advanced stage 
with widespread metastases. Patients usually have a poor clinical outcome despite 
multimodal therapy.

 Mesenchymal Tumors

Fibroepithelial polyp is the most common mesenchymal tumor of the renal pelvis 
[54, 55]. It occurs at all ages, especially in the third to fourth decades of life. Signs 
and symptoms usually associated with ureteral obstruction include flank pain and 
hematuria, similar to those in the renal pelvic UC. Fibroepithelial polyps have a 
characteristic appearance as a tan, singular or multiple polyps, or fronds on a com-
mon stalk. Microscopically, the polyp consists of a loose fibrovascular stroma with 
overlying normal urothelium, with a finger-like or polypoid architecture (Fig. 13.9). 
The stroma is often edematous with inflammatory cells. Care should be taken to dif-
ferentiate fibroepithelial polyp from urothelial papilloma in the renal pelvis, as the 
latter is also characterized by a papillary lesion lined by normal urothelium. However, 
fibroepithelial polyp appears more polypoid rather than the papillary morphology 
seen in urothelial papilloma. The connective tissue in the stalks of fibroepithelial 
polyp is often broad and dense, while that in the cores of urothelial papilloma is deli-
cate and loose. Fibroepithelial polyp is a benign tumor and cured by excision.

Other mesenchymal tumors, such as leiomyosarcoma, Ewing’s sarcoma, osteo-
sarcoma, rhabdomyosarcoma, and liposarcoma, have also been reported in the renal 
pelvis, but they are extremely rare [7, 55]. These tumors do not differ histologically 
from similar lesions at other body sites.

Fig. 13.9 Fibroepithelial 
polyp shows polypoid and 
finger-like structures with 
loose fibrovascular stroma 
and overlying normal 
urothelium
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 Molecular and Genetic Aspects

UC of the renal pelvis often shows deletions on chromosome 9, which are also fre-
quently observed in bladder UC [56]. Some renal pelvic UC demonstrate microsat-
ellite instability and loss of the mismatch repair proteins, particularly in patients 
with Lynch syndrome [29]. Although UUTUC shows a spectrum of genetic altera-
tions similar to bladder UC, there are significant differences in the prevalence of 
somatic gene mutations. While FGFR3, HRAS, and CDKN2B genes are altered 
more commonly in UUTUC, TP53, RB1, and ARID1A genes are less frequently 
mutated in UUTUC in comparison to bladder UC [57].

A recent comprehensive genomic analysis of the UTUC revealed four different 
molecular subtypes that exhibit distinct clinical behaviors. Cluster 1 lacked PIK3CA 
mutation, and it was often associated with nonsmokers, high-grade tumors, and 
frequent recurrences. Cluster 2 was characterized by FGFR3 mutations and associ-
ated with smokers, low-grade tumors, and no recurrence. Cluster 3 displayed 
FGFR3 and PIK3CA mutations, and it was associated with high-grade tumors at 
low stage and high recurrence. Cluster 4 exhibited FGFR3, TP53, and KMT2D 
mutations, and it was associated with high-grade pT2+ disease and shorter survival. 
However, it remains uncertain if these subtypes have different responses to treat-
ments [58].

 Treatment and Prognosis

Radical nephroureterectomy with bladder cuff excision is the gold standard treat-
ment of the renal pelvic UC [2, 59]. Nephron-sparing endoscopic surgery may 
be considered for patients who would become anephric and require dialysis after 
nephrouretectomy, including patients with a solitary kidney, renal insufficiency, 
bilateral UUTUC, and multiple comorbidities [2, 59]. Lymphadenectomy at radical 
nephroureterectomy may provide survival benefits to locally advanced renal pel-
vic UC [60]. Efficacy data of BCG treatment for the renal pelvic UC have been 
mixed, but most of the data show questionable benefit from adjuvant BCG treat-
ment [61]. Adjuvant chemoradiotherapy may be useful for patients with advanced 
T3/4 or nodal disease [62], but nephroureterectomy often results in postoperative 
renal insufficiency in most patients, precluding them from adjuvant cisplatin-based 
chemotherapy.

The prognosis of the renal pelvic UC is closely associated with tumor grade, 
stage, location, architecture, multifocality, patient age, and treatment modality [6, 
13, 63]. Lymphovascular invasion and tumor necrosis (>10% of tumor) may also 
have a negative impact on patient survival [64]. However, on multivariate analysis, 
only tumor stage and patient age are independent significant predictors of disease- 
specific survival [6, 13]. The 5-year disease-specific survival rate varies according 
to the primary tumor stage: 100% for Ta/cis, 92% for T1, 73% for T2, and 41% for 
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T3. Patients with primary Stage T4 tumors had a median survival of 6 months [13]. 
Lymph node status appears to be another strong prognosticator [65]. The 5-year 
cancer-specific survival rate for patients with nodal involvement was 15% com-
pared to 85% for patients without any nodal involvement.
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Chapter 14
Nonneoplastic Changes in Nephrectomy 
Specimens for Tumors

Ngoentra Tantranont, Boonyarit Cheunsuchon, Lillian W. Gaber, 
and Luan D. Truong

Nonneoplastic renal changes are frequent in nephrectomy specimens for tumor. 
These changes display a wide morphologic and diagnostic range. They often carry 
profound clinical implications, but are often underappreciated or even ignored. This 
chapter reviews the clinicopathogenetic attributes of these lesions and details their 
morphologic spectrum.

 Clinical Considerations

Chronic kidney disease (CKD) is frequent (about 26%) in patients with renal cell 
carcinoma (RCC) even before surgery [1]. Since the serum creatinine is not elevated 
until about 75% of the functional renal mass is lost, the high incidence of preopera-
tive CKD indicates a much higher incidence of nonneoplastic renal changes in these 
patients. Indeed, these changes are noted in up to 90% of nephrectomy specimens, 
either partial or radical, for tumors [2–4]. Although these lesions represent a broad 
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morphologic spectrum, as listed in Table 14.1 and detailed later, it is stressed that 
the vast majority of them (up to 80%) are arterionephrosclerosis and/or diabetic 
nephropathy [2–4]. The high incidence of these two diagnoses accounts for most of 
the clinical significance of the nonneoplastic changes in nephrectomy specimens for 
tumor, described in details below.

Recognizing these lesions can be very significant [1–8]. In a small but significant 
percentage of cases (about 8%), specific diseases, often of significant therapeutic/

Table 14.1 Nonneoplastic changes in nephrectomy specimens for neoplasm

Localized changes adjacent to the tumor

Chronic tubulointerstial injury
Fibro-muscular proliferation
“Medical renal diseases” [1]
Normal 10%
Arterionephrosclerosis
  Vascular changes with normal/near normal parenchyma 29%
  Vascular changes with parenchymal scarring 22%
Diabetic nephropathy 23%
Others 8%
  Atheroembolism
  Acute tubulointerstitial nephritis
  BCG-related granulomatous interstitial nephritis
  IgA nephropathy
  Collapsing glomerulopathy
  End-stage renal disease
  Thin glomerular basement membrane disease
  Amyloidosis
  Chronic thrombotic microangiopathy
  Sickle cell nephropathy
  Focal segmental glomerulosclerosis
  Glomerulonephritis
Changes due to urinary obstruction

Changes related to end-stage renal disease

End-stage renal disease
Acquired cystic kidney disease
Changes related to specific genetic/hereditary renal tumors

Nephroblastoma associated with WAGR or Denys–Drash syndrome (neoadjuvent chemotherapy-
induced changes; nephrogenic rests; diffuse mesangial hyperplasia; focal segmental glomerulosclerosis)
Von Hippel–Lindau syndrome (mutiple simple/complex cysts lined by clear cells)
Hereditary papillary renal cell carcinoma syndrome (multiple microscopic papillary adenomas)
Birt–Hogg–Dubé syndrome (microscopic oncocytic cell nodules, aggregates, or cysts)
Hereditary leiomyomatosis and renal cell carcinoma syndrome (microscopic oncocytic cysts)
Tuberous sclerosis complex (eosinophilic tubular microcysts, multiple microscopic 
angiomyolipomas, polycystic changes)

Data compiled from Ref. [2–4]
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prognostic implications, are first diagnosed in the nephrectomy specimens, and are 
later confirmed clinically [2–4]. More importantly, it is now known that these 
lesions may determine the renal outcome and patient survival, better than the tumor 
itself, at least for the RCCs of lower stage/grade [3]. Bijol et  al. found that at 
6 months postoperatively, the renal function was stable if the nonneoplastic renal 
parenchyma was normal/near normal. In contrast, renal function deteriorated to 
high-grade CKD if the nonneoplastic renal parenchyma showed arterionephro-
sclerosis or diabetic nephropathy and the severity of the renal function loss corre-
lated with that of these renal changes [2]. Salvatore et  al. confirmed these 
observations [4]. In both studies, the histologic types of the renal tumors did not 
carry any impact [2, 4].

The better renal outcome of partial nephrectomy versus total nephrectomy (CKD 
in 3.7–20% versus 20–65% for partial and total nephrectomy, respectively), regard-
less of preoperative clinical background including renal function, was first empha-
sized by Huang et  al. in 2006, and was repeatedly confirmed [5–9]. These 
observations also strongly imply the high incidence of the nonneoplastic renal 
lesions in nephrectomy specimens and their clinical significance. If the background 
kidney tissue is normal, unilateral nephrectomy is not associated with any subse-
quent clinically significant morphologic or functional changes of the remaining kid-
ney tissue [10]. This, however, may not be the case for those with CKD. Patients 
with RCC often also develop CKD, since many risk factors for RCC, for example, 
hypertension, smoking, diabetes, obesity, and aging are also risk factors for CKD 
[2, 3, 11]. Nephrectomy for tumor leading to additional nephronic loss is therefore 
expected to further erode the renal reserve of these patients whose renal function 
was already impaired by CKD [7, 8, 11, 12]. These observations at least partially 
explain why the less nonneoplastic renal tissue removed, that is, partial nephrec-
tomy, the better the renal outcome. Against this background, it is also obvious that 
an early diagnosis and prompt treatment of the associated nonneoplastic diseases 
may prevent progressive renal failure.

In spite of their high incidence and profound clinical significance, nonneoplastic 
lesions in nephrectomy specimens are often missed. The diagnoses were not ini-
tially made in 62–88% of cases [3, 4]. A survey reported that 25% of pathologists 
did not evaluate these lesions [13]. To improve this limitation, the College of 
American Pathologist checklist for RCC now includes a section on nonneoplastic 
lesions [14]. This evaluation is also formally recommended in the 2017 American 
Urologic Association Guideline for localized renal cancer [15]. To facilitate the 
diagnosis, it is recommended that tissue samples are taken from the parenchyma 
away from the tumor mass, since the areas adjacent to the tumor almost always 
show nonspecific chronic changes. Routine histochemical staining including peri-
odic acid-Schiff and Masson’s trichome stains should be performed [2, 3]. Awareness 
of these associated conditions and perhaps renal pathology consultation should lead 
to a correct diagnosis in most cases. Immunofluorescent (IF) and/or electron micro-
scopic (EM) studies are rarely needed, but can be effectively performed on routinely 
processed tissue samples, obviating the need for tissue being snap-frozen for IF or 
fixed in specialized EM fixatives [16].

14 Nonneoplastic Changes in Nephrectomy Specimens for Tumors
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 Pathologic Findings

A large spectrum of changes has been described in summary in Table  14.1 and 
described in detail below.

 Localized Changes Adjacent to the Tumor

These changes include tubular atrophy, interstitial fibrosis, and interstitial mild 
chronic inflammation, with or without glomerulosclerosis. They are noted in the 
renal parenchyma adjacent to the tumor, but not elsewhere (Fig. 14.1a). They are 
observed in most renal tumors and are of no clinical significance [2, 3, 10]. Although 
the most possible cause is local ischemic/obstructive mass effects, this type of 
changes is not seen in some tumor types (histologically normal tumor/renal 

Fig. 14.1 Tumor–parenchyma interface. (a) The renal tissue adjacent to a clear cell renal cell 
carcinoma (lower right) shows severe changes including glomeruli with sclerosis (Sc) or ischemia 
(Is), tubular atrophy, and interstitial fibrosis. The renal tissue away from this area is, however, 
normal (periodic acid-Schiff, ×200). (b) The kidney tissue adjacent to an oncocytoma (upper) is 
well preserved (hematoxylin & eosin, ×200). (c, d) The tissue adjacent to a clear cell papillary 
renal cell carcinoma (right) is composed of large smooth muscle bundles and dilated vessels (c), 
which is confirmed by an immunostain for smooth muscle actin (d) (hematoxylin & eosin, ×200 
for panel c; immunostain, ×200 for panel d)

N. Tantranont et al.
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parenchyma interface) (Fig.  14.1b), such as oncocytoma, chromophobe RCC, or 
angiomyolipoma, suggesting that additional mechanisms, for example, tumor 
immunity, may play a role [2, 10].

In rare cases, a peculiar peritumoral changes composed of smooth muscle bun-
dles and blood vessels of capillary type termed “angioleiomyoma-like prolifera-
tion” is noted (Fig. 14.1c). This change has been most often described in clear cell 
papillary RCC (previously termed angiomyoadenomatous tumor), a type of RCC 
that may feature smooth muscle as a component of the tumor. This has no clinical 
significance and is perhaps related to the localized cytokine effects of the tumor 
cells [17].

 “Medical Renal Diseases”

The nonneoplastic renal tissue may be normal, but frequently displays patho-
logic changes (15–90%) (Table 14.1) [2, 3, 4]. The different incidences most 
probable reflect variable diagnostic criteria. If only well-developed, “specific” 
diseases such as advanced arterionephrosclerosis (AN) or diabetic nephropathy 
(DN) are included, the lower frequency emerged [3, 4] However, inclusion of 
the cases with minor arterionephrosclerosis or vascular sclerosis without renal 
scarring resulted in the higher frequency [2]. Regardless of this diagnostic 
threshold, the uniform finding is that AN and/or DN accounted for the majority 
of the reported diseases (>85%), with the rest of cases distributing a long list of 
diagnoses [2–4]. In fact, the predominance of AN and DN accounts for most of 
the clinical relevance of the nonneoplastic changes in nephrectomy specimens 
for tumors [2–4].

 Normal

About 10% of specimens display no or minimal changes [2]. These cases tend to be 
associated with specific tumor types. Thus, about 83% of these cases are associated 
with oncocytoma or chromophobe RCC, regardless of tumor sizes [2]. The reason 
for this association is not clear. Interestingly, a lack of peri-tumoral changes is also 
noted for the same tumor types (see above).

 Arterionephrosclerosis (AN)

AN is perhaps the most frequent lesion, together without (29%) or with (22%) renal 
tissue scarring [2]. AN is characterized by vascular changes including hyalinosis, 
involving predominantly arterioles (Fig.  14.2a–c) and intimal fibrous thickening 
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with multilayering of internal elastic lamina, and also involving arteries regardless 
of size. The renal parenchyma may be normal or displays chronic ischemic injury of 
variable severity. This is characterized by focal global glomerulosclerosis, patchy 
tubular trophy, interstitial fibrosis, and mild mononuclear inflammatory cell infil-
trates. The inflammatory cell infiltrate may be rarely heavy, at least locally, the etiol-
ogy of which is not clear, but importantly, does not include renal infection 
(Fig. 14.2b). These changes are most pronounced in the subcapsular areas or in the 
vicinity of the arterial blood vessels with fibrointimal thickening (Fig. 14.2a). In 
addition to rendering this specific diagnosis, the severity of the changes, such as 
percentage of sclerotic glomeruli, level of intimal fibrosis/hyalinosis, and extent of 
tubular atrophy/interstitial fibrosis, should be evaluated, since it prognostically cor-
relates with the postoperative renal functional changes [4].

AS is pathogenetically linked to chronic ischemia, which is in turn related to 
the characteristic vascular changes. These vascular lesions may be a manifesta-
tion of aging, reflecting the older age of those with renal neoplasms [2–4, 8], or 
due to hypertension often seen in this group of patients [2–4]. The association 

Fig. 14.2 Arterionephrosclerosis: (a) The changes include glomerular sclerosis with subcapsular 
fibrosis (Gl); patchy tubular atrophy and interstitial fibrosis, with mild/minimal interstitial mono-
nuclear inflammatory cell infiltrate; intimal fibrous thickening of small arteries (Art); and arteriolar 
hyalinosis (box) (periodic acid-Schiff, ×100). (b) The interstitial inflammatory cell infiltrate may 
be focally heavy, but still is composed of mononuclear inflammatory cells (hematoxylin & eosin, 
×200). (c) Arterial intimal thickening characteristically displaying multilayering of the internal 
elastic lamina (VVG stain, ×400)
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of AS and RCC may be more than just coincidental, since CKD, which can be 
caused by many condition including AS, is a risk factor for RCC [11, 18].

 Diabetic Nephropathy (DN)

DN is as frequent as AS [2]. It can develop as an independent lesion or together with 
AS [2]. This is perhaps the most frequent clinically significant but asymptomatic 
renal lesion first diagnosed in nephrectomy specimens for tumor [2–4].

The diabetic changes may be mild with mild global or segmental mesangial scle-
rosis and hypercellularity (Fig.  14.3a), marked with severe mesangial changes 
including Kimmelsteil’s mesangial nodules and thickened glomerular capillaries 
without endocapillary cell proliferation (Fig. 14.3b). Vascular changes, as noted in 
AS, and chronic tubulointerstitial changes are also frequent (Fig. 14.3a), which may 
be due to diabetes itself or the frequently associated hypertension, or both. As in AS, 
and for the same reason, not only the diagnosis is made, but also the severity of DN 
should be evaluated [2].

The high incidence of DN in nephrectomy specimens for tumor may be due the 
fact that DN and RCC share several common risk factors including old age, hyper-
tension, obesity, and smoking [2]. Beyond coincidence, pathogenetic relation is 
possible. DN is significantly more frequent in tumor nephrectomy specimens than 
in the general population, even in those with risk factors (24% versus 18%) [2]. 
Furthermore, DN is more frequently associated with clear cell RCC (30%) than 
with other histologic types (11%) [2].

 Other Kidney Diseases

Kidney diseases other than AS and DN can be encountered (Table 14.1). They are 
relatively unusual, accounting for about 8% of cases [2–4]. They, however, run the 
entire gamut of medical renal diseases encountered in the general population and do 
not show any significant morphologic deviation from their respective sporadic 
counterparts [2–4].

A specific diagnosis may be quite obvious as in the cases of atheroembolism 
(Fig. 14.4a) or granulomatous tubulointerstitial nephritis, but is often problematic 
for the general pathologists who may be relatively unfamiliar with diagnosing medi-
cal renal diseases. These cases may benefit from renal pathology consultation, 
together with special studies including immunofluorescence and electron micros-
copy. As in the case for “medical” kidney biopsies, aside from light microscopic 
morphologic clues, which can be quite subtle, clinical information suggesting an 
underlying medical disease, such as hematuria, heavy proteinuria, pertinent sero-
logic findings, or a family history of medical disease, is very helpful for initiating a 
comprehensive diagnostic study.
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Fig. 14.3 Diabetic 
nephropathy. (a) A 
glomerulus shows 
moderate mesangial 
sclerosis and 
hypercellularity involving 
all mesangial areas. The 
tubular basement 
membrane is thickened, 
even in tubules without 
atrophy (periodic 
acid-Schiff, ×200). (b) The 
mesangial expansion forms 
poorly cellular nodules 
(periodic acid-Schiff, 
×400)
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The pathogenesis of these diseases is as varied as their morphology (Figs. 14.4 
and 14.5). Some of them are perhaps mere coincidental, such as IgA nephropathy 
or thin basement membrane disease. Some others share pathogenesis with the asso-
ciated renal tumor; thus, sickle cell disease is known as the underlying pathoge-
netic factor for both sickle-cell nephropathy and renal medullary carcinoma [19]. 
Still some others share quite convincing pathogenetic link with the associated renal 
tumors; yet, the molecular connection remains enigmatic, as is the answer to the 

a b

c d

Fig. 14.4 “Medical” renal diseases. (a) Atheroembolism characterized by cholesterol crystals in 
arterial lumen, associated with inflammatory cell infiltration and intimal fibrous thickening (peri-
odic acid-Schiff, ×400). The patient was a 65-year-old man with a preoperative history of hyper-
tension, peripheral vascular disease, and chronic kidney injury (serum creatinine 2.3  mg/dL). 
End-stage renal disease developed 5 months after a partial nephrectomy for clear cell renal cell 
carcinoma (RCC). (b, c) Membranous glomerulonephritis characterized by thickening of glomeru-
lar capillary wall (b). The diagnosis was confirmed by granular deposition of immunoglobulin G 
along the glomerular capillaries revealed by immunofluorescent staining on paraffin tissue (c). 
(Periodic acid-Schiff, ×400 for panel b, immunofluorescence ×400 for panel c). The patient was a 
63-year-old woman with normal renal function and heavy proteinuria (3.3 g/day) preoperatively. 
The proteinuria was improved after partial nephrectomy for a clear cell RCC. (d) Secondary focal 
segmental glomerulosclerosis, characterized by segmental sclerosis of a glomerulus (lower right), 
there is also focal chronic tubulointerstitial injury (periodic acid-Schiff, ×200). The patient was a 
53-year-old man who had a history of partial nephrectomy for clear cell renal cell carcinoma, fol-
lowed 2 years later by partial nephrectomy for clear RCC in the contralateral kidney, at which time 
there was both chronic kidney injury and heavy proteinuria
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obvious question why only a rare patient develops such paraneoplastic renal dis-
ease. For example, glomerulonephritis has long been described in association with 
various cancers, prominent among which is indeed RCC (Fig. 14.4b,c ), but the 
pathogenetic links as well as the rarity of such association remain unexplained 
[20]. Renal amyloidosis has been reported in association with RCC (Fig. 14.5), and 
this association recently came to the forefront: Leukocyte cell-derived chemo-
taxin-2 (LECT2) amyloidosis first recognized in 2008, represents the third most 
frequent type of systemic amyloidosis in USA, and 6% of these cases are associ-
ated with RCC, mostly of clear cell type. What causes this association is yet to be 
uncovered [21].

The clinical significance of these diseases is perhaps also variable. Most of the 
time, they are not suspected or diagnosed before surgery for tumors. Their diagnosis 
thus affords the first opportunity for treatment, since many of them are indeed of 
clinical and prognostic importance. Even for the diseases known to be traditionally 
indolent such as thin basement membrane disease or some forms of IgA nephropa-
thy, the loss of functional nephron mass due to nephrectomy may introduce a more 
aggressive course worthy of active management.

Fig. 14.5 “Medical” renal diseases. Leukocyte cell-derived chemotaxin 2 amyloidosis. (a) Clear 
cell renal cell carcinoma surrounded by unremarkable renal tissue. (b, c) Glomerular amyloid 
deposition is noted (b), and confirmed by a Congo red stain (c) (hematoxylin & eosin, ×400 for 
panel b; Congo red, ×400 for panel c). The chemical type of amyloidosis was revealed by mass 
spectrometry study of laser-assisted resected tissue from the paraffin block. This is a 54 Hispanic 
man with normal renal function and minimal proteinuria preoperatively
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 Renal Changes Due to Urine Obstruction

Large renal cell neoplasms, especially those which are centered in renal medulla or 
urothelial carcinoma, may be associated with changes in nonneoplastic renal paren-
chyma secondary to urine obstruction. These changes may be diffuse, but are often 
segmental, reflecting the tumor-induced urine obstruction effect limited to the 
affected segment of the kidney. Thus, areas of pronounced changes can be seen in 
adjacent to unremarkable renal tissue (Fig. 14.6).

The renal parenchymal changes include marked chronic tubulointerstitial 
nephritis, with disproportionately milder glomerular or vascular changes. The tubu-
lointerstitial changes include tubular atrophy, thickened tubular basement mem-
brane, tubular hyaline casts, interstitial fibrosis, and interstitial mononuclear 
inflammatory cell infiltrates (Fig.  14.6a). Uromodulin (previous called Tamm–
Horsfall protein) with a characteristic morphology (glassy pale in H&E, and 
strongly PAS-positive) (Fig. 14.6c) is often seen either in tubular lumen or intersti-
tium (Fig. 14.6a). The glomeruli, which appear crowded as the result of the tubu-
lointerstitial tissue loss, are either normal, or show compensatory hypertrophy, 
chronic ischemic and/or “obstructive” changes (small size, mild collapse and wrin-
kling of glomerular capillaries, and enlarged urinary spaces) (Fig.  14.6a). The 
blood vessels are either normal in early course, or display marked fibrointimal 
thickening, reflecting either intrarenal, or systemic hypertension, rather than 
obstructive effects, and perhaps, accounting for some of the glomerular changes 
[22, 23]. These changes are rather uniform within the affected renal segment, in 
contrast to a patchy involvement typical for arterionephrosclerosis. Against this 
common background, some rare changes may be seen, including superimposing 
acute bacterial infection (neutrophil infiltration, abscess formation), urine polyp 
(Fig. 14.6c) [24, 25] (uromodulin forming a microscopic mass in the lumen of 
intrarenal lymphatic or venous channels), granulomatous pyelitis [26] (granuloma-
tous inflammation limited to the pyelocaliceal wall, without involvement of the 
renal parenchyma), and papillary necrosis.

 Renal Changes Related to End-Stage Renal Disease (ESRD)

Kidneys of patient with ESRD maintained on long-term dialysis display charac-
teristic changes. These changes can also give rise to acquired cystic kidney 
disease (ACKD), characterized by cystic dilatation of renal tubules. The inci-
dence of ACKD increases in parallel with the duration of dialysis (87% after 
9 years). ESRD is a risk factor for RCC and ACKD enhances this risk. Renal 
neoplasms, including RCC, thus develop in patients with ESRD at a frequency 
of eight- to tenfold compared to for the general population [27–29]. These renal 
neoplasms are associated with ESRD changes alone (22%) or with ESRD and 
ACKD (78%) [30].
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Fig. 14.6 Urine 
obstruction. (a) The 
glomeruli, which appear 
crowded as the result of the 
tubulointerstitial tissue 
loss, are normal or show 
mild chronic ischemic 
changes. The 
tubulointerstitial changes 
include tubular atrophy, 
interstitial fibrosis, and 
mild interstitial 
mononuclear inflammatory 
cell infiltrates. Uromodulin 
is seen in lumens of several 
tubular profiles (Ur) 
(periodic acid- Schiff, 
×200). (b) Kidney with 
severe obstructive changes 
adjacent to well-preserved 
renal tissue, indicating 
localized tumor-mediated 
urine obstruction (periodic 
acid-Schiff, ×100). (c) 
Urine polyp characterized 
by uromodulin forming 
nodular collections in 
dilated arcuate veins 
(upper), but sparing 
arteries (lower). 
Uromodulin appears 
homogeneous pale gray 
(Hematoxylin & eosin, 
×200). (d) Uromodulin is 
strongly PAS-positive 
(×200)
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Nephrectomy is recommended for tumor measuring more than 3 cm, or those 
of smaller sizes but associated with persistent hematuria or rapid growth, since, 
on nephrectomy, many of the latter tumors turn out to be unequivocal RCCs 
[27–29]. This type of specimen is expected to be more numerous since the num-
ber of patients with ESRD on dialysis is increasing, they survive longer, and the 
incidence of ACKD increases with the duration of dialysis to reach virtually 
100% after 10 years, leading to a concomitant increase in the incidence of the 
associated renal neoplasms [27–29]. It should be noted that nephrectomy is also 
indicated for ACKD kidneys without RCC, but with complications such as bleed-
ing or infection [31].

Although somewhat irrelevant to the focus of this chapter, the histologic types 
of the RCCs in ESRD patients are of interest. Two distinct histologic types of 
RCC, clear cell papillary RCC and acquires cystic-disease-associated RCC, pre-
dominate those developed in kidneys with ESRD and ACKD, whereas the histo-
logic spectrum of those in kidneys with only ESRD is similar to that in the general 
population [30].

The nonneoplastic changes in the nephrectomy specimens may include ESRD 
changes only or ESRD and ACKD.

Fig. 14.6 (continued)
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 End-Stage Renal Disease

Kidneys with ESRD are often are small. They remain small, even in the presence of 
tumor, perhaps reflecting early detection through serial imaging and timely removal 
when the tumor is still small. They retain a reniform appearance with finely granular 
surface. The combined cortical and medullary thickness is marked decreased, with 
enlargement of the renal sinus, but the pyelocaliceal system is normal.

Most glomeruli are globally sclerotic with or without hyalinosis, and do not 
reveal the primary disease (Fig. 14.7a). However, in many cases, the nature of the 
primary glomerular disease can still be recognized in glomeruli with less advanced 
changes [32, 33]. More frequent examples include chronic ischemic/hypertensive 
changes, diabetic glomerulosclerosis, or glomerulonephritis. Other rare but dis-
tinctive changes, albeit of no diagnostic significance, may present, for example, 
periglomerular or tubular proliferation of cells with scant cytoplasm, and small 
hyperchromatic nuclei, imparting an “embryonic” appearance (Fig. 14.7b).

Fig. 14.7 End-stage renal disease. (a) The arterial blood vessels (Art) show marked concentric 
fibrous intimal thickening and mild medial hyperplasia. Tubular atrophy, tubular hyaline casts, 
interstitial fibrosis, and mild interstitial mononuclear inflammatory cell infiltrates are noted. The 
glomeruli show advanced sclerosis with loss of Bowman capsule (Scl) (periodic acid-Schiff, ×200). 
(b) Focal proliferation of cells with scant cytoplasm and nuclear hyperchromasia (“embryonic” 
appearance) (hematoxylin & eosin, ×400). (c) Colorless but refractile calcium oxalate crystals in 
dilated tubular lumens, highlighted under polarized light (insert) (Hematoxylin & eosin, ×400)
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The tubulointerstitial compartment shows diffuse chronic changes [32, 33]. 
There is tubular atrophy, dilatation, thickened tubular basement membrane, and 
hyaline casts (Fig. 14.7a), but acute changes such as necrosis, cellular disruption, or 
apoptosis, are not obvious. In most case, a few tubular cross-sections without 
changes or even with compensatory hypertrophy are noted. There is diffuse intersti-
tial fibrosis and inflammation involving both cortex and medulla. The interstitial 
inflammatory cell infiltrates, which include predominantly lymphocytes and mono-
cytes, with fewer plasma cells, is often mild, but can be marked, but this does not 
imply infection. However, marked neutrophilic infiltration suggests superinfection. 
One of the most characteristic tubulointerstitial changes seen in most cases is cal-
cium oxalate crystal deposition, which can be extensive [32, 33]. These crystals can 
be seen in tubular lumens, tubular cells, or interstitium (Fig. 14.7c). Oxalate, which 
is normally excreted by the kidney, could not be effectively removed by dialysis in 
the context of ESRD, leading to high serum level and tissue deposition.

The arterial blood vessels show characteristic changes, such as by marked con-
centric fibrous or fibromyxoid intimal thickening, intact internal elastic lamina, and 
mild medial hyperplasia, involving blood vessels of all sizes (Fig. 14.7a). These 
changes are most probably related to prolonged dialysis, and are thus seen in virtu-
ally every case, regardless of the nature of the primary renal diseases or the blood 
pressure levels.

 Acquired Cystic Kidney Disease

Grossly, cystic changes indicate the development of ACKD from the background of 
ESRD. The kidneys with ACKD are usually small (weight range 5–458 g, mean 
99 g), with about 87% of them weighing less than normal (about 150 g) (Fig. 14.8). 
The low weight in spite of the presence of cysts and often tumor reflects the fact that 
cysts develop not from a normal kidney but from a severely atrophic kidney associ-
ated with ESRD. Exceptionally, a kidney with ACKD may reach a large size, looks 
similar to a fully developed autosomal polycystic kidney, and weighs as much as 
1250 g, a value highly unusual for ACKD but average for kidneys with autosomal 
polycystic kidney disease. Heavier weights, however, usually imply bleeding com-
plication or neoplastic transformation [28, 29, 31] (see below).

The kidney with ACK is composed of cysts with a size range from microscopic 
to about 2 cm, but about 60% of them are smaller than 0.2 cm [34, 35]. Larger cysts, 
a frequent feature of autosomal polycystic kidney disease, can occur but are dis-
tinctly rare. The cut surface may display a few scattered larger cysts involving only 
cortex (Fig. 14.8a), diffuse small cysts imparting a spongy appearance to the kidney, 
or variably sized cysts dispersed throughout parenchyma (Fig. 14.8b). The highly 
variable extent of cystic changes among kidneys with ACKD is expected consider-
ing the fact that the severity of cystic change is continuously progressive and is 
determined by several factors including the duration of dialysis. This variation, 
however, raises questions concerning the degree of cystic change that establishes 
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the diagnostic threshold for ACK. Although the continuous progression of cystic 
changes in ACK renders any reported threshold somewhat arbitrary, which, indeed, 
ranges from a few cysts to cystic changes involving 40% of the renal tissue [34–36], 
the suggestion of Grantham et al. that a minimum of five grossly observable cysts 
seems to be a reasonable requirement [37]. Such a criterion would exclude cases of 
multiple, incidental simple cysts, the only other cystic condition that, in theory, can 
arise from the background of ESRD. The cysts are unilocular and contain clear, 
straw-colored, or less frequently gelatinous fluid. Bleeding is a frequent finding. 
Bleeding, seen in about 17% of cases, may appear in the form of intact cysts with 
bloody or dark putty-like content representing degenerated blood, but can be so 
massive that the entire nephrectomy specimen looks like a hematoma (Fig. 14.8c). 
However, bleeding often indicates an underlying tumor [31, 38].

Microscopically, almost all cysts derive from tubules and they are noted against 
the constant background of ESRD described above (Fig. 14.9a). They are lined by a 
single layer of epithelium, which is variously composed of flat, nondescript cells, 
cells with abundant cytoplasm containing hyaline droplets similar to those seen in 
hypertrophic proximal tubules, or small cuboidal cells resembling distal tubular or 
collecting duct cells (Fig. 14.9a). Virtually every kidney with ACKD displays some 
cysts with atypical features of the cyst lining cells, which include cellular atypia 
(enlarged, hyperchomatic nuclei with irregular contour and loss of polarity), multi-
layering, intracystic papillary formations, or microscopic mural nodules (Fig. 14.9a–
c). These atypical cysts may be preneoplastic and are more frequent in cases with 
renal tumors. Cysts usually show secondary changes including intracystic bleeding, 

Fig. 14.8 Nephrectomy specimens for tumors associated with end-stage renal disease and 
acquired cystic kidney disease. (a) Multiple tumor masses are seen (T), admixed with a few cysts 
(C), against the background of diffusely atrophic kidney tissue. (b) One tumor mass (box) is noted 
against the background of diffuse cystic change. The kidney, however, remain small (8 cm). (c) 
Massive hematoma compressing kidney with end-stage renal disease (left). A 5 cm renal cell car-
cinoma was found, but is masked in this profile by hematoma
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and deposition of necrotic cell debris, hemosiderin, macrophages, or calcium oxa-
late deposition (Fig. 14.9c). In some cases, as mentioned above, these degenerative 
changes, especially the bleeding, are extensive and create mass lesion including 
hematoma. Careful examination is needed since these “masses” may be nonneo-
plastic, but in about 30% of cases there is neoplasm associated with but masked by 
the hematomas [31, 38, 39].

 Changes Related to Specific Genetic/Hereditary Renal Tumors

Nephrectomy may be performed for renal tumors associated with specific heredi-
tary syndromes [40–47]. The nonneoplastic portion of these nephrectomy speci-
mens may show changes of pathogenetic/clinical interest, but they have not been 
well characterized chiefly due to the fact that these specimens are rare (Fig. 14.10). 
The types of lesions described above perhaps can be encountered, but those related 
to aging perhaps are unusual, reflecting the observations that hereditary renal tumors 

Fig. 14.9 Acquired cystic kidney. (a) Many tubules are cystically dilated and lined by flattened 
epithelial cells. Some cysts are lined by enlarged atypical cells (arrows). The cystic changes 
develop against a background of end-stage renal disease (hematoxylin & eosin, ×100). (b) A cyst 
lined by multilayered atypical epithelial cells forming short papillary structures (hematoxylin & 
eosin, ×200). (c) A cyst lined by atypical eosinophilic cells, together with lumenal hematoma 
(Hematoxylin & eosin, ×200)
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tend to develop and are excised at a relatively younger age of patients. On the other 
hand, several distinctive lesions, some of which is perhaps preneoplastic, have been 
described. They are listed in Table 14.1 [40–47], and described in more detail in 
Chap. 11. It is also emphasized that, with few exceptions, these lesions are micro-
scopic and develop against a background of otherwise normal renal parenchyma, 
thus are often not associated with the usual clinical manifestations of medical renal 
diseases [40–47].
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Chapter 15
Application of Immunohistochemistry 
in Diagnosis of Renal Cell Neoplasms

Fang-Ming Deng and Qihui Jim Zhai

Diagnosis and classification of renal tumors are usually straightforward based on 
gross and routine hematoxylin and eosin (H&E) microscopic examination of the 
biopsy and resection specimens. Immunohistochemistry (IHC), however, has been 
increasingly used in the workup of challenging cases [1–8]. IHC markers are used 
to verify histological subtypes, distinguish primary renal cell carcinomas (RCC) 
from other nonrenal cell tumor types that can occur in the kidney, or from the rare 
metastasis to the kidney. Metastatic RCCs to distant sites often require confirmation 
of its renal origin by IHC.  Finally, needle biopsies with limited material often 
require IHC stains to establish diagnosis and classification [9, 10].

In this chapter, we will discuss immunophenotypes of major renal tumors and 
IHC markers that are commonly used in clinical laboratories. In addition, algo-
rithms incorporating morphology and IHC profiles in the differential diagnosis of 
major RCC histological subtypes will also be discussed.

 Immunohistochemical (IHC) Markers Commonly Used 
in the Diagnosis of Renal Tumors

 Markers That Support the Renal Origin

These markers are expressed in the different parts of the nephron structures and majority 
of renal cell neoplasms, but infrequently in non-renal cell neoplasms. Because of their 
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relative specificity in renal tumors, they are often used to distinguish renal and nonrenal 
cell neoplasms and to confirm the renal origin of metastatic RCC at distant sites. These 
markers include cytokeratins (CKs), vimentin, CD10, RCC marker (RCCMa), human 
kidney injury molecule-1 (hKIM-1), PAX2, and PAX8. It should be noted that several 
commonly used IHC markers are almost always negative in RCC. These include TTF-1, 
CDX2, P63, GATA3, NKX3.1, and PSA. Labeling any of these markers is a strong 
argument against the diagnosis of RCC.  The International Society of Urological 
Pathology (ISUP) recommended that PAX8 is the most useful IHC marker for establish-
ing the diagnosis of metastatic RCC. One can use IHC for other markers such as ER, 
CDX2, NKX3.1, PSA, TTF- 1, GATA3, and P63 to help exclude other nonrenal origin 
carcinomas, including those that also label for PAX8. The other IHC markers in com-
mon practice are more valuable in RCC classification (see below), can be also support-
ive of metastatic RCC but usually not indicated or useful [6].

PAX2 and PAX8 are both nuclear transcriptional factors mediating embryonic 
development of the kidney, Mullerian and other organ systems [11, 12]. Their 
expression in human tissues is similar except PAX8 is also expressed in thyroid 
follicular cells while PAX2 is not. They are expressed diffusely in normal kidney 
with higher level in the distal tubules than the proximal tubules (Fig. 15.1a) and 
patchy and weakly in the urothelium of the collecting system (Fig. 15.1b). They 

a b

c d

Fig. 15.1 Expression of PAX8 in normal and neoplastic renal tissues. PAX8 is expressed through-
out renal tubules, but more intensely in distal tubules and collecting ducts (a), and weakly in uro-
thelial lining the renal papillae and minor calyx/renal pelvis (b). PAX8 expresses in the majority of 
renal cell neoplasms, including medullary RCC and metastatic RCCs (c, d), and therefore PAX8 is 
considered the most useful marker to confirm a diagnosis of renal cell origin
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have a similar expression profile and are found in approximately 90% of all the 
histological subtypes of renal cell neoplasms, including the high-grade sarcoma-
toid and metastatic RCCs (Fig. 15.1c, d). PAX2 and PAX8 are therefore consid-
ered the most useful markers to confirm a diagnosis of renal cell neoplasms both 
in the kidney and at distant sites due to their high sensitivity, high percentage of 
positive tumor cells in positive cases and discrete nuclear staining pattern. These 
two markers do have some differences. For example, some renal tumors that may 
be negative or infrequently positive for PAX2, including oncocytoma and chro-
mophobe RCC (chRCC), are often positive for PAX8. Another diagnostic pitfall 
is occasional expression of PAX2 and PAX8 in other nonrenal neoplasms, includ-
ing 10–15% of pelvic urothelial carcinoma, parathyroid tumor, and tumors 
derived from the Mullerian and Wolffian duct systems. PAX8 is also expressed in 
pancreatic well-differentiated neuroendocrine tumors, thyroid follicular cells, 
and thyroid neoplasms. However, PAX2 is usually negative in thyroid neoplasms, 
making itself a better marker to use in the distinction between RCC and thyroid 
carcinoma. Positive staining is also reported in neuroendocrine tumors and B-cell 
lymphoma due to antibody cross- reactivity with other members of the PAX gene 
family.

 RCC Marker (RCC Ma)

RCC Ma is a monoclonal antibody raised against a glycoprotein on the brush border 
of proximal renal tubules. It is considered a “renal” marker as its expression is found 
in approximately 80% of renal cell neoplasms, present in almost all low-grade clear 
cell (cc) and papillary (p) RCC [13]. Its expression in other renal tumors is widely 
variable and the staining is often focal. It is absent in oncocytoma and collecting 
duct carcinoma (CDC). Its main disadvantage is the poor specificity with expression 
reported in many other nonrenal tumors, including neoplasms of parathyroid, sali-
vary gland, breast, lung, colon, adrenal gland, testicular germ cell tumors, and 
mesothelioma. Its use to support the renal origin of a poorly differentiated tumor is 
now largely supplanted by other more sensitive and specific renal markers (i.e., 
PAX8 and PAX2).

 CD10

CD10 is a cell-surface glycoprotein expressed on the proximal renal tubular epithe-
lial cells and podocytes and many renal tumors with the expression pattern similar 
to that of RCC Ma. It was therefore considered a useful marker to support the renal 
origin of a poorly differentiated neoplasm. Almost all ccRCCs and pRCCs are posi-
tive for this marker while other types of renal cell neoplasms are negative. 
Unfortunately, CD10 is even less specific than RCC Ma. Its expression is reported 
in wide array of nonrenal tumors, including carcinomas of lung, colon, ovary, and 
urinary bladder, and mesenchymal tumors such as atypical fibroxanthoma, fibrous 
histiocytoma, endometrial stromal sarcoma, and lymphomas. CD10 has fallen out 
of favor with the advent of PAX8/PAX2.
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 Human Kidney Injury Molecule-1 (hKIM-1)

hKIM-1 is a type I transmembrane glycoprotein expressed in injured proximal renal 
tubules. Its expression is also detected in the majority of ccRCCs and pRCCs [14]. 
None or rare cases of chRCC and oncocytoma express this marker. It is therefore a 
relatively sensitive (80%) and specific (90%) marker for ccRCC and pRCC, and 
metastatic RCCs. However, its expression is also detected in the majority (93.8%) 
of ovarian clear cell carcinoma, one-third of endometrial clear cell carcinoma, and 
infrequently in colonic adenocarcinoma, limiting its use to narrow clinical 
circumstances.

 Vimentin

Vimentin is found in majority of proximal origin RCCs, such as ccRCC and pRCC, 
but it is negative on oncocytoma and chRCC.  It by itself is not a specific renal 
marker as it is a broad mesenchymal marker and its expression is found in wide 
range of neoplasms. Co-expression of vimentin and CK, however, is limited to RCC 
and a few other carcinomas including endometrioid carcinoma, thyroid carcinoma, 
and mesothelioma. Therefore, co-expression of vimentin and CK suggests RCC as 
one of the possible diagnoses.

 Cytokeratins (CKs)

As an epithelial marker, pan-CK expressed in most RCCs while down expressed in 
high grade, sarcomatoid RCC, succinate dehydrogenase deficient (SDH) RCC and 
MiTF translocation RCCs. Differential CKs are mainly used to discriminate differ-
ent types of renal neoplasms. The most widely expressed CK was CK7 that was 
present in 87% pRCCs, 73% of chRCCs, 83% of CDCs and almost 100% clear cell 
papillary (ccp) RCCs (Fig. 15.2a–c) and mucinous tubular and spindle cell carcino-
mas (MTSCCs). Lower expression of CK7 was found in ccRCC (20%) and tubulo-
cystic RCC (33%). CK7 was negative or very focally/scattered positive in 
oncocytoma (Fig. 15.2d). CK5/6 were expressed in 75% of urothelial carcinoma, 
17% CDC/medullary RCC, while negative in most other renal tumor types.

 Markers That Are Differentially Expressed in Different RCC 
Subtypes

Different histological subtypes of RCC are postulated to be derived from, or dif-
ferentiate toward, different parts of nephron units which have distinct immunopro-
files. Therefore, renal tumors may be classified based on their immunoprofiles that 
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recapitulate those of the normal nephrons. For example, CD10 and RCC Ma are 
found on the proximal renal tubules and in ccRCC and pRCC that are derived from 
the proximal renal tubules. Kidney-specific cadherin (Ksp-cadherin), parvalbumin, 
claudins, and S100A are found on the distal nephrons and corresponding chRCC 
and oncocytomas. High molecular weight (HMW) CKs are detected on collecting 
ducts of Bellini and the namesake CDCs. However, caution is required, because 
morphology–-immunophenotype concordance is not necessarily perfect. Such dis-
cordance occurs as the result of heterogeneity in tumor biology and technicality of 
IHC. Furthermore, most published studies utilized morphologically straightforward 
cases but not genetically confirmed difficult cases with ambiguous morphology. 
One has also to bear in mind that the published immunoprofiles are generally 
derived from studies of renal tumors of typical morphology. A poorly differentiated 
often retains at least partially the characteristic immunoprofile of the renal tumors 
of the same histological class. However, significant deviation from the “typical” 
immunoprofile of a particular renal tumor type can occur and may impact the utility 
of these IHC markers in the classification of renal tumors. It should be emphasized 
that IHC plays a supportive, rather than primary and definitive, role in the histologi-
cal classification of RCC, and is best applied in the context of differential diagnosis. 

a b

c d

Fig. 15.2 Expression of CK7 in renal cell neoplasms. CK7 expression is diffusely and strongly 
positive in pRCCs, ccpRCCs, and chromophobe RCCs (a–c), while only in rare, scattered tumor 
cells positive in oncocytoma (d)
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Therefore, while a concordant immunoprofile supports classifying the tumor under 
study into the subtype with that immunoprofile, a lack of concordance does not 
invalidate that classification.

 Carbonic Anhydrase IX (CA9)

CA9 is a transmembrane protein of the carbonic anhydrase family that regulates 
intracellular pH as well as the transfer of CO2 across the renal tubules. It is regulated 
by hypoxia inducible factor (HIF) and considered a marker for tissue hypoxia. CA9 
is not expressed in healthy renal tissue as opposed to other carbonic anhydrase fam-
ily members. It is instead expressed in most cc RCC through HIF-1α accumulation 
driven by hypoxia or inactivation of the VHL gene [11, 15]. The staining pattern in 
ccRCC is circumferential membranous, “box shape” and is usually diffusely posi-
tive in most or all tumor cells (Fig. 15.3a). Focal staining is seen in up to one-fourth 
of cases, typically in high-grade cancer. Its expression is also detected in ccpRCC 
with a unique “cup-like” pattern with staining decorating the basolateral, but not the 
apical portion of cells lining glandular and cystic spaces (Fig. 15.2b). Its expression 
may also be detected in other high-grade tumors in the kidney including CDC and 
pelvic urothelial carcinoma, and can be seen adjacent to tumor necrosis due to isch-
emia and hypoxia. CA9 is usually not expressed in chRCCs and oncocytomas.

CA9 expression is also seen in many non-renal tumors, including tumors of 
endometrium, stomach, cervix, breast, lung, liver, neuroendocrine tumors, mesothe-
liomas, and brain tumors. Therefore, CA9 has limited value in distinguishing renal 
versus nonrenal carcinomas. It is mainly used to confirm a diagnosis of ccRCC or 
ccpRCC.

a b

Fig. 15.3 Expression of carbonic anhydrase IX (CA9) in renal cell neoplasms. CA9 expression is 
diffuse and circumferential membranous (box-shaped) in ccRCC (a). In ccpRCC, CA9 stains the 
basolateral, but not the apical portion of tumor cells (so-called “cup-shaped” pattern or shark teeth 
pattern) (b)
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 α-Methylacyl Coenzyme A Racemase (AMACR)

AMACR is a mitochondrial enzyme involved in the oxidation of branched chain 
fatty acids and bile acid [16]. In the kidney, it is expressed in the proximal renal 
tubules. Majority of pRCC, both type 1 and 2, are positive for AMACR as granular 
cytoplasmic staining [17] (Fig.  15.4). Its expression is also found in MTSCCA, 
tubulocystic RCC, MiTF translocation RCC, but not in ccRCC, ccpRCC, oncocyto-
mas, and chRCC. Therefore, a positive AMACR staining provides support for a 
morphological diagnosis of papillary RCC.

AMACR is found in a wide array of non-renal tumors, most commonly in pros-
tate adenocarcinoma, rendering itself of little use in distinguishing renal from non-
renal tumors.

 Parvalbumin

Parvalbumin is a calcium-binding protein involved in the intracellular calcium 
homeostasis. In the kidney, its expression is limited to the distal nephrons from 
which chRCC and oncocytomas are postulated to be derived. In support of such a 
histogenic derivation, parvalbumin expression is detected in these two subtypes of 
renal cell neoplasms, but is absent in other subtypes [18]. Therefore, parvalbumin 
immunostains may be used to differentiate oncocytoma and chRCC from other 
renal tumors with similar “oncocytic” cytoplasm.

Fig. 15.4 Expression of 
α-methyl acyl coA 
racemase (AMACR) in 
pRCC. Note its granular 
cytoplasmic staining 
pattern

15 Application of Immunohistochemistry in Diagnosis of Renal Cell Neoplasms



310

 E-Cadherin and Kidney-Specific Cadherin (Ksp-Cadherin)

E-cadherin is a calcium-dependent cell–cell adhesion glycoprotein. It is normally 
expressed in many cell types including renal tubular epithelial cells. Ksp-cadherin 
is an isoform of E-cadherin whose expression is exclusively found on the basolat-
eral cell membranes of the distal convoluted tubules and collecting ducts [19]. Both 
E-cadherin and ksp-cadherin are expressed in almost all chRCC and oncocytomas, 
but variably in other subtypes, including CDC, MiTF translocation RCC, MTSCCA, 
and urothelial carcinoma. They are usually negative in ccRCC and pRCC. Therefore, 
E-cadherin and ksp-cadherin may be used to distinguish chRCC and oncocytoma 
from other renal tumors with “oncocytic cytoplasm.”

E-cadherin expression is commonly seen in other nonrenal tumors, often with 
positive staining in high percentage of tumor cells, including lung, breast, and blad-
der carcinomas, rendering it unsuitable for differentiating renal from nonrenal 
tumors.

 CD117

CD117, or c-Kit, is a receptor tyrosine kinase that, upon binding to its ligands, phos-
phorylates and activates signal transduction molecules that propagate signals in cells 
and plays a critical role in cell survival, proliferation, and differentiation. Most chRCC 
and oncocytomas are positive for CD117 [20] (Fig. 15.5). However, no mutations 
were identified in exons 9 and 11 of c-Kit gene the presence of which corresponds to 
the therapeutic response to Gleevec in gastrointestinal stromal tumors. ccRCC and 
pRCC are in general negative for CD117. Its expression has also been described in 
sarcomatoid RCC [21] and a small portion of pelvic urothelial carcinomas.

Fig. 15.5 Diffuse 
expression of CD117 in 
chRCC and oncocytoma. 
This represents an example 
of oncocytoma
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 S100A1

A member of S100 gene family, S100A1 is a calcium-binding protein and its expres-
sion is found in nephrons in the adult kidney. It is expressed in most oncocytomas, 
but in significantly lower percentage of chRCC cases. Such a differential expression 
pattern may aid the distinction of these two tumors. Its expression, however, is also 
found in majority of ccRCC and pRCC.

 TFE3, TFEB, and Cathepsin K

TFE3 protein is encoded by TFE3 gene on chromosome Xp11.2, and TFEB protein 
is encoded by TFEB gene on chromosome 6p21. Both genes are members of 
“microphthalmia transcription factor/transcription factor E (MiTF/TFE)” gene fam-
ily. RCCs harboring chromosomal translocations involving respective genes over-
expresses TFE3 and TFEB proteins which can be detected by IHC [22–24]. 
Although molecular genetic analysis for the chromosomal translocation involving 
TFE3 and TFEB genes provides the most definitive evidence, IHC stains for TFE3 
and TFEB proteins are simple, sensitive, specific, and highly correlate with the 
TFE3 and TFEB gene status in these tumors. TFE3 is undetectable in normal kidney 
tissues. TFE3 fusion protein, in contrast, is overexpressed in Xp11 translocation 
RCC and is detected in over 95% of Xp11.2 translocation RCC confirmed molecu-
larly (Fig. 15.6). However, TFE3 immunostaining can rarely be seen in tumors other 
than Xp11.2 translocation RCC, as its expression is detected in many perivascular 
epithelioid cell tumors (PECOMA) of soft tissue and gynecological tract, a subset 
of which indeed harbors TFE3 gene alteration. Rarely, TFE3 immunostain is also 

Fig. 15.6 Expression of 
TFE3 in a Xp11.2 
translocation renal cell 
carcinoma. Note the 
nuclear stain of TFE3 in 
tumor cells and internal 
negative control of stromal 
cells
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detected in other tumors, including adrenal cortical carcinoma, granular cell tumor, 
bile duct carcinoma, and high-grade myxofibrosarcoma. The IHC stain for TFEB 
protein is both sensitive and specific for RCC associated with TFEB translocation, 
and is not detectable in other neoplasms. Weak nuclear staining for TFEB is rarely 
detected in scattered normal lymphocytes. The most significant issue with the IHC 
detection of TFE3 and TFEB proteins is that the staining is susceptible to tissue 
fixation. Inconsistent staining results are often encountered, especially when the 
staining is performed on an automatic stainer. Some staining protocols call for man-
ual staining.

Cathepsin K is transcriptionally regulated by members of the MiTF/TFE gene 
family. Its overexpression is seen in all TFEB RCC and 60% of TFE3 RCC, but 
none of the other RCC subtypes [25, 26]. Its expression in nonrenal carcinomas is 
rare (2.7%), although very common in mesenchymal tumors (>50%). These find-
ings suggest that cathepsin K may be used as a surrogate marker for TFE3 and 
TFEB overexpression and is a highly specific marker for translocation RCC.

 Markers for Urothelial Lineage Differentiation

Markers for urothelial lineage differentiation, including p63, thrombomodulin, uro-
plakin and GATA3, are expressed in high percentage of urothelial carcinoma but not 
in RCC, and therefore, can be used in the diagnosis of a poorly differentiated carci-
noma where the differential diagnosis is between a urothelial carcinoma and RCC 
[27]. One caveat is that some of these “urothelial” markers including uroplakin, 
GATA3, and p63 have found to be expressed in a small fraction of RCC, particularly 
CDC, but usually weak and focal.

 Differential Cytokeratins (CKs)

Different types of CK are expressed in different renal tumors and can be taken 
advantage of for the purpose of differential diagnosis (also see above). For example, 
CK18, a low molecular weight cytokeratin expressed in simple epithelia, is detected 
while CK20 is virtually absent in all major renal tumors except the newly described 
eosinophilic solid cystic RCC [28, 29] CK7, a low molecular weight cytokeratin, is 
expressed in pRCC (predominantly type 1), ccpRCC, chRCC, CDC, and urothelial 
carcinoma. It is usually negative in oncocytoma and ccRCC. High molecular weight 
cytokeratins (HMWCKs), detected by antibody clone 34βE12 and CK5/6, in con-
trast, are expressed in the majority of CDC and almost all urothelial carcinoma and 
significant proportion of ccpRCC, but uncommonly in other RCC subtypes.

Clinically several CK monoclonal antibody clones are used, including AE1/3, 
CAM5.2, 34βE12, and CK5/6. AE1/3 is considered a pan-CK as it detects both 
LMW (CK7, 8, and 19) and HMW (CK10, 14–16) CKs, but it lacks reactivity to 
CK18, a CK almost ubiquitously present in simple epithelia, including renal tumors. 
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Notably, AE1/3 is positive in only one-third ccRCC and one-fourth of translocation 
RCC. If one wishes to confirm the carcinomatous nature of a poorly differentiated 
tumor in the kidney, a panel of markers, including AE1/3, CAM5.2, and CK18, is 
recommended to be used.

 Immunophenotype of Common Renal Tumors

 Clear Cell Renal Cell Carcinomas (ccRCCs)

ccRCCs are commonly reactive for kidney-specific transcriptional factors including 
PAX2 and PAX8 (Fig. 15.1). Most also react with brush border antigens such as 
RCC Ma and CD10, low molecular weight cytokeratins (LMWCKs), epithelial 
membrane antigen (EMA), and vimentin. HMWCKs are rarely expressed. CA9, a 
downstream target gene of hypoxia inducible pathway, is expressed in the majority 
of cases (Fig.  15.3). CK7, CK20, CD117, epithelial cadherin, parvalbumin, and 
CD117 are usually negative. Some ccRCCs demonstrate a focal “pseudopapillary” 
growth pattern secondary to tumor cell dropout sparing the cells at the periphery of 
blood vessels. Unlike pRCC, histiocytes, and intracellular hemosiderin are usually 
absent from the papillae. Classic ccRCC foci are usually evident elsewhere, but if 
necessary, CK7, and CA9 may be useful as CK7 often is expressed in pRCC, but not 
by ccRCC and CA9 has a reverse expression pattern.

 Multilocular Cystic Renal Cell Neoplasm of Low Malignant 
Potential

It has almost identical immunoprofiles with classic low-grade ccRCC. The clusters 
of epithelial cells within the septa react with antibodies to CKs, EMA, CK7, and 
CA9, but not histiocytic markers.

 Clear Cell (Tubulo) Papillary Renal Cell Carcinomas (ccpRCCs)

ccpRCCs have a characteristic immunophenotype. Tumor cells are diffusely posi-
tive for CK7 (Fig. 15.2b), and positive for CA9 with a “cup-shaped” staining pattern 
(Fig. 15.3b), but negative for CD10, AMACR, and TFE-3. Due to the presence of 
papillary structures lined with clear cells, ccRCCs, and pRCCs often enter into the 
differential diagnosis for ccpRCC.  However, ccRCC does not contain extensive 
papillary structures, and are positive for CD10 but negative for CK7. pRCC, on the 
other hand, does not harbor a prominent clear cell component, and is positive for 
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CD10 and AMACR.  RCC associated with Xp11.2/TFE3 translocation typically 
affects children and young adults. Papillae lined with tumor cells with abundant 
clear and granular cytoplasm are characteristic. However, tumor cells have high- 
grade nuclei and are positive for TFE-3 and negative for CKs.

 Papillary Renal Cell Carcinomas (pRCCs)

pRCCs are usually strongly reactive with antibodies to panCKs and LMWCKs, 
but only rarely with antibodies to HMWCKs. CK7 expression is more frequent in 
type 1 (87%) than in type 2 (20%) (Fig. 15.2a). Reactivity for vimentin and EMA 
is variable and inconsistent. CD10, AMACR, RCC Ma, PAX2, and PAX8 are 
expressed in pRCC.  Several other renal tumors should be differentiated from 
pRCC. Lesions 1.5 cm or less than 1.5 cm with low grade (Fuhrman grade 1 or 2) 
and lacking of distinct capsule have been designated papillary adenomas while 
those larger than 1.5 cm are classified as pRCCs. ccpRCCS are small tumors aris-
ing frequently in end-stage kidney disease with cystic and fibrotic background. 
ccpRCC characteristically has low-grade tumor cells and clear cytoplasm. Nuclei 
are characteristically linearly polarized away from the basement membrane toward 
the luminal surface (reverse polarization of nuclei). Tumor cells are diffusely posi-
tive for CK7, positive for CA9 with “cup-like” staining pattern, and negative for 
CD10. pRCC can be confused with ccRCC exhibiting a pseudopapillary growth 
pattern. Such pseudopapillae are typically devoid of the fibrovascular cores of 
pRCCs. ccRCC is also much less likely to show calcification, cytoplasmic hemo-
siderin and islands of foamy macrophages expanding papillae. Tumor cells of 
ccRCC express CA9, but lack CK7 and AMACR expression which is frequently 
seen in the pRCCs. CDC with papillary features can be distinguished from pRCC 
by its medullary location in the kidney, desmoplastic stromal reaction, its high-
grade features, and intracytoplasmic, and luminal mucin. In contrast to CDC, 
pRCC rarely demonstrates a desmoplastic stroma. Immunohistochemically, unlike 
most pRCCs, CDC reacts with CEA, and HMWCKs. Metanephric adenoma is 
well circumscribed, but does not have a tumor capsule. Tumor cells have scant 
cytoplasm and uniform and round nuclei, and are negative for cytokeratin but 
positive for WT-1. WT-1 is frequently detectable in the nuclei of metanephric 
adenomas. The cells of metanephric adenoma are positive for PAX2, PAX8, and 
CD57, frequently negative for EMA, CK7, cytokeratin CK AE1/AE3, CD56, and 
AMACR. CD57 and WT1 are positive, and BRAF V600E is positive in 90% meta-
nephic adenoma [30, 31].

Therefore, before to render the diagnosis of metanephric adenoma, pan-CK, and 
CK7 should be performed and if CK is positive, this tumor is most likely not meta-
nephric adenoma.
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 Chromophobe Renal Cell Carcinoma (chRCC)

Antibody to cytokeratin 7 is useful in diagnosing chRCC. It typically reacts strongly 
with the great majority of cells and the reaction is accentuated at the cell membrane 
(Fig.  15.2c). E-cadherin, kidney-specific cadherin, parvalbumin, and CD117 are 
also diffusely positive in chRCCs (Fig.  15.5). Vimentin, CA9, and AMACR are 
negative. Classic chRCC including distinct plant-like cell membrane, raisinoid 
nuclei, and perinuclear clearing often can be diagnosed with confidence on hema-
toxylin and eosin sections. ccRCC occasionally enters into the differential diagnosis 
and the correct diagnosis is usually achieved by adequate sampling, diffusely posi-
tive CK7 and E-cadherin staining, and negative CA9 staining. Eosinophilic chRCC 
closely resembles renal oncocytoma. In oncocytomas, Hale’s colloidal iron stain is 
negative and only scattered cells or small clumps of cells react with antibody to 
cytokeratin 7.

 MiT Family Translocation RCC

This tumor underexpresses epithelial markers such as CKs and EMA. CD10, RCC 
Ma, PAX2, and PAX8 are consistently expressed. Melanocytic markers such as 
HMB-45 and Melan A are positive in some tumors. Nuclear immunoreactivity for 
TFE3 gene product is confirmatory (Fig. 15.6). Cathepsin K, whose expression is 
modulated by MiTF and other members of MIT family including TFE3, is detected 
in 60% of Xp11.2/TFE3 translocation RCCs.

 Collecting Duct Carcinoma (CDC) of Bellini

There is no specific immunoprofile for CDCs. Most cases stain with LMWCK and 
broad-spectrum CKs, CEA, peanut lectin agglutinin (PNA) and Ulex europaeus 
agglutinin (UEA). The majority expresses HMWCK 34βE12, CK7, PAX2, and 
PAX8. CD10 and P63 are usually negative. The differential diagnosis includes 
pRCC (discussed earlier), hereditary leiomyomatosis RCC syndrome, urothelial 
carcinoma with glandular differentiation, medullary carcinoma, and metastatic car-
cinoma. Urothelial carcinoma presents the most difficult challenge since it shares 
many features with CDC such as the propensity to form tubular glands, desmoplas-
tic stroma, tumor cells in adjacent collecting tubules, and intracytoplasmic mucin. 
The finding of in situ urothelial carcinoma within adjacent calyces or the renal pel-
vis is supportive of the diagnosis of urothelial carcinoma. Therefore, generous sam-
pling of renal pelvis and proximal ureter with careful microscopic examination is 
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mandatory. Additionally, the immunohistochemical profile of urothelial carcinoma 
is PAX8-/P63+/GATA3+. Hereditary leiomyomatosis RCC syndrome typically 
affects young patients who may also be afflicted with multiple cutaneous leiomyo-
mas and early-onset uterine fibroids. Tumor cells characteristically have very prom-
inent nucleoli that resemble melanoma nuclei or cytomegalovirus inclusions.

 Renal Medullary Carcinoma

The main differential diagnosis of renal medullary carcinoma includes CDC and 
high-grade invasive urothelial carcinoma. The tumor cells are positive for keratin 
AE1/AE3, PAX2, and PAX8, and variably for EMA and CEA. They are negative 
for HMWCK and immunohistochemical loss of expression of the nuclear tran-
scriptional regulator SMARCB1 (INI1) is seen in all renal medullary carcinoma 
but not in other types of RCCs except a small portion of CDCs [32] (Fig. 15.7). 
OCT3/4 also stains medullary carcinoma, usually not for CDC or urothelial carci-
nomas [33].

 Tubulocystic RCC

The immunoprofile is closely related to pRCC with diffuse positivity with AMACR, 
CD10, PAX2, and PAX8 staining. CK 7 staining is positive in all cases, but is often 
heterogeneous and weak.

Fig. 15.7  
Immunohistochemical loss 
of expression of 
transcriptional regulator 
SMARCB1 (INI1) in a 
renal medullary carcinoma. 
Note the loss of nuclear 
stain of INI1 in tumor cells 
(indicate with arrows) and 
preserved INI1 in adjacent 
nonneoplastic inflammatory 
and stromal cells

F.-M. Deng and Q. J. Zhai



317

 Acquired Cystic Disease-Associated RCC

A consistent immunoprofile is not yet known, but the morphology is so distinct and 
in general, no immunostains are required. This tumor is known to express AE1/3, 
CD10, RCC Ma, and AMACR. CK7 is negative, or at most, focally positive.

 Hereditary Leiomyomatosis RCC (HLRCC RCC)

The epithelial component of the tumor showed positive immunoreactivity for CK7, 
CAM 5.2, and CD-10, and negative for smooth muscle actin (SMA). The stromal 
component is positive for α-SMA and negative for HMB45, CD117, CKs, ER, and 
PR. Loss of fumarate hydratase (FH) is specific for HLRCC RCC. Loss of FH expres-
sion can be confirmed by immunohistochemistry if specific antibody is available. 
Recently, immunoexpression of S-(2-succinyl cysteine (2SC) has been shown to be 
of diagnostic utility for HLRCC RCC. 2SC results from the reaction of accumulate 
fumarate with the cysteine sulfhydryl group of proteins and shows strong nuclear and 
cytoplasmic expression in these tumors. Most of other types of RCCs are negative for 
2SC, although some cytoplasmic staining can be seen in type 2 pRCCs. Together 
with the loss of FH and high expression of 2SC a very useful ancillary tool in the 
differentiation of HLRCC RCCs from other high-grade RCCs [34] (Fig. 15.8).

 Succinate Dehydrogenase-Deficient Renal Cell Carcinoma 
(SDH-Deficient RCC)

The tumor cells show variable CK expression and are positive for PAX8 and kidney- 
specific cadherin. Loss of IHC staining for SDHB is considered a requirement for 
the diagnosis of SDH-deficient RCC. One should be cautious in interpreting SDHB 

a b

Fig. 15.8 (a, b) Loss of fumarate hydratase and accumulation of 2SC in a FH-deficient (HLRCC) 
RCC. Note the loss of FH in tumor cells and preserved FH in adjacent nonneoplastic (a), accumu-
lation/over expression of 2-SC in the tumor cells
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immunohistochemistry in renal tumors and markedly decreased or weak SDHB 
staining should not be interpreted as SDHB-deficient RCC [35, 36].

 Oncocytoma

Oncocytomas are immunoreactive with antibodies to EMA, most CKs, CD117, 
E-cadherin, and kidney-specific cadherin. Their CK7 reactivity is focal, decorating 
scattered single cells and small clusters of cells (Fig. 15.2d). Vimentin is invariably 
negative.

 Metanephric Adenomas

WT-1 is frequently detectable in the nuclei of metanephric adenomas. The cells of 
metanephric adenoma are positive for PAX2, PAX8, and CD57, frequently negative 
for EMA, CK7, CK AE1/AE3, CD56, and AMACR. CD57 and WT1 are positive, 
and BRAF V600E is positive in 90% metanephic adenoma. It is recommended that 
all adult cases histologically resembling metanephric adenoma have WT1, CD57, 
CK7, and AMACR immunohistochemical staining performed. If the staining pat-
tern is characteristic for metanephric adenoma (CK7-, AMACR-, WT1+, and 
CD57+, including membranous staining), then no other diagnostic tests are indi-
cated. However, if there is a different immunostaining pattern, then we recommend 
FISH analysis [31].

 Utility of Immunohistochemistry in Morphological 
Classification of Renal Tumors

With the exception of TFE3, TFEB, FH, 2-SC, and SDHB, none of the above- 
mentioned markers are specific for a specific type of renal tumors. Immunostains 
should then be used to corroborate, rather than to establish, the morphological clas-
sification. One should always carefully examine the H&E morphology of the tumor 
first to generate a differential diagnosis and then apply appropriate markers. A panel 
of markers is preferred to include markers that support the favored diagnosis and 
markers that rule out other diagnoses included in the differential diagnosis.

 Renal Tumors with Predominantly Clear Cell Nests and Sheets

Besides, ccRCC, many other renal tumors have clear, or pale-staining, cytoplasm 
at least focally but often as the predominant morphological feature. Their char-
acteristic morphological features should lead to the correct diagnosis, or at least 
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narrow down the differential diagnosis in most cases. An initial panel of markers, 
including CK7, CA9, and ksp-cadherin (or CD117), is recommended for work-
ing up of difficult cases. Additional markers can be performed judiciously based 
on the differential diagnosis. For example, urothelial markers, including p63, 
GATA-3, and HMWCK can be stained if urothelial carcinoma is suspected. 
Adrenal cortical markers including inhibin, calretinin, and MelanA can be per-
formed to rule out intrarenal adrenal cortical tissue. TFE3, TFEB, Cathepsin K, 
and melanoma- associated markers can be used for the diagnosis of MiTF trans-
location RCC. HMB45, MART-1 as well as cathepsin K are quite valuable in the 
diagnosis of epithelioid angiomyolipoma (AML) when initial CK is negative. 
One important clinical question frequently raised by clinicians is whether a 
poorly differentiated RCC is a ccRCC or a non-ccRCC for treatment purpose. 
The tumor should be extensively sampled to look for areas with classical ccRCC 
morphology. The latter may be minute, but if present and possessing a character-
istic immunoprofile (CK7-, CA9+, ksp-cadherin-, p63-), supports the diagnosis 
of ccRCC.

 Renal Tumors with “Oncocytic” Cytoplasm (Pink Cell Tumor)

Oncocytic cytoplasm can be seen in many renal tumors and may pose significant 
diagnostic challenges. In ccRCC, high-grade tumor cells tend to lose cytoplasmic 
clarity and acquire oncocytic cytoplasm. The initial panel to work up on a chal-
lenging tumor with oncocytic cytoplasm includes CK7, CA9, AMACR, and ksp- 
cadherin (or CD117). Additional markers can be added if other tumors are 
suspected, including melanocytic markers for oncocytic AML, and TFE3, TFEB, 
and cathepsin K for translocation RCC. One frequently faced diagnostic issue is 
the distinction between an oncocytoma and chRCC, eosinophilic variant. 
Oncocytomas are characteristically negative or positive in single or small clusters 
of cells for CK7, diffusely positive CD117, ksp-cadherin, and E-cadherin. 
ChRCC, on the other hand, is diffusely positive for CK7, CD117, ksp-cadherin, 
and E-cadherin. Deviation from these characteristic immunoprofiles may justify 
labeling the tumor as “oncocytic tumor” without further subclassification. For 
example, an oncocytoma with diffuse CK7 staining is not characteristic and may 
be labeled as “oncocytic tumor, not otherwise specified,” especially when other 
atypical features, such as diffuse nuclear atypia, are present. Recently, some new 
entities of RCCs with oncocytic/eosinophilic cytoplasm have been described and 
these include SDH-deficient RCC, FH-deficient RCC (HLRCC RCC), and eosin-
ophilic cystic solid RCC (ESC). Li et  al. reviewed 33 unclassified RCCs with 
predominantly eosinophilic cytoplasm in patients aged 35 years or younger and 
performed IHC for SDHB, FH, and CK20 (a marker of ESC RCC) on all cases. 
30% cases were reclassified as ESC RCCs; 24% as SDH-deficient RCCs. 12% as 
FH-deficient RCCs; and 33% remained unclassified. The authors suggested that 
pathologists should have a low threshold for performing FH, SDHB, and CK20 
IHC when confronted with unclassified eosinophilic RCC or “oncocytoma” in 
young patients [37].
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 Renal Tumors with Predominantly Papillary Components

Renal tumors with predominantly papillary components are pRCC, ccpRCC, and 
MiTF translocation RCCs, although focally papillary pattern is seen in many other 
renal tumors, especially in high-grade tumors [38]. The initial panel of markers 
should include CK7, AMACR, and CA9. A high-grade renal tumor with predomi-
nantly papillary architecture should elicit a differential diagnosis of type 2 pRCC, 
CDC, HLRCC RCC, and metastatic adenocarcinoma to the kidney. Except for 
lineage- specific markers (CDX2, TTF-1, etc.), other markers are considerably vari-
able in their expression pattern in these tumors; therefore, offer little help in the 
classification of these tumors. Classification of these tumors therefore depends 
largely on morphology and clinical manifestation.

 Renal Tumors with Papillae Covered with Clear Cells 
as Predominant Features

The differential diagnosis includes ccpRCC, pRCC, and translocation 
RCC. Characteristic morphological features and immunoprofiles can readily distin-
guish these three lesions. ccpRCC is a recently described new subtype which 
behaves in a benign or indolent fashion [39]. Therefore, it is important to distinguish 
it from ccRCC and pRCC.  It has characteristic morphology and immunoprofile 
(CK7+, CD10-, CA9+ with “cup-shaped” staining pattern,” and AMACR-) [39].

 Renal Tumors with Tubulopapillary Architecture in Children 
and Young Adults

If a renal tumor has tubulopapillary architecture in children and young adults, the 
differential diagnosis should include pRCC, metanephric adenoma, and epithelial 
predominant Wilms tumor. With appropriate clinical history and morphology, trans-
location RCC and metastatic adenocarcinoma may also be considered.

 Renal Tumors with High-Grade Infiltrative Growth Pattern

Renal tumors with multinodular growth, desmoplastic stroma, and invasive borders 
(tumor cells infiltrating between renal tubules and glomeruli at the advancing front) 
are difficult to classify based on morphology alone. One has to first rule out a metas-
tasis to the kidney. PAX8 and PAX2 are probably the most useful markers owing to 
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their relatively high sensitivity and specificity. If a tumor is deemed likely to origi-
nate in the kidney, urothelial carcinoma should always be considered and ruled out 
as the management for urothelial carcinoma and RCC is drastically different. The 
presence of urothelial carcinoma in pelvic mucosa and typical staining pattern 
(CK7+, CK20+, PAX8-, HMWCK+, and p63+) supports a diagnosis of an urothe-
lial carcinoma. Clinical history of hemoglobin disease and loss of INI1 make the 
diagnosis of medullary RCC. To make a diagnosis of CDC we need to rule out other 
possibilities, particularly urothelial carcinoma, HLRCC RCC (FH-deficient RCC) 
and metastatic tumors [32].

 Use of Immunohistochemical Markers in the Interpretation 
of Needle Biopsies of Renal Masses

Needle biopsy of renal masses has recently become more popular in the manage-
ment of patients with renal masses owing to several reasons. The biopsy aims to 
clarify at least three questions. (A) Is the renal mass a neoplasm? (B). Is it a primary 
RCC, or metastatic cancer/lymphoma? (C). What is the histological classification of 
a primary RCC?

The most significant limitation of renal mass needle biopsy is the small quantity 
of tissue procured which may limit the morphological evaluation of the renal mass 
lesion. Consequently, IHC is often employed to supplement the morphological eval-
uation. A recent study found that standard morphological evaluation and judicious 
use of five markers (CK7, CD10, CA9, AMACR, and CD117) yielded accurate 
diagnoses in >90% of cases in an ex vivo needle biopsy study after nephrectomy [9]. 
When using IHC to work-up a renal mass biopsy, one should use the same, if not 
more, due diligence as in the workup of nephrectomy specimens. Careful morpho-
logical examination should be performed first to generate a list of differential diag-
noses. Appropriate markers are then applied and the results are used to corroborate, 
rather than to establish, the morphological diagnosis.

 Prognostic and Predictive Markers

The roles of several genetic pathways, including mammalian target of rapamycin 
(mTOR) and hypoxia inducible factor (HIF), in renal carcinogenesis and progres-
sion have been increasingly elucidated. Key components of these pathways have 
been investigated for their prognostic and predictive value for targeted therapies. 
For example, von Hippel–Lindau gene (VHL), a tumor suppressor gene on chromo-
some 3p25–26, plays a crucial role in HIF pathway. In normal cells, VHL targets 
HIF for proteasome-mediated degradation and therefore keeps HIF at low level. 
When VHL gene is inactivated, by gene mutation or promoter hypermethylation, 
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HIF accumulates and activates the downstream target genes, including vascular 
endothelial growth factor (VEGF) and CA9. Many of these molecules contribute to 
carcinogenesis in ccRCC. Functional loss of VHL is implicated in hereditary and 
sporadic ccRCC. However, studies have shown conflicting data on the prognostic 
value of VHL gene alteration. Loss of function mutation in VHL gene correlated 
with response to anti-VEGF therapy in some studies.

Several studies have found that the level of CA9 expression seems to have prog-
nostic significance, with low expression (≤85% of tumor cells) correlated with 
worse overall survival in metastatic RCC, and high CA9 expression (>85%) was 
predictive of response to IL-2 [40, 41]. In addition, high CA9 expression (>85%) is 
associated with greater tumor shrinkage in response to sorafenib, a VEGF inhibitor, 
treatment [42]. However, more recent data from the TARGET study did not find 
CA9 expression status to be either predictive of clinical benefit for treatment with 
sorafenib or of prognostic value in patients with metastatic ccRCC following cyto-
kine therapy [43].

Other molecules that have been investigated for their prognostic and predictive 
roles in RCC include key components of mTOR pathway, B7 family members that 
are coregulatory molecules inhibiting T-cell-mediated immunity, IMP3 which is a 
member of the insulin-like growth factor II mRNA-binding protein [44], p53, 
histone- modifying and chromatin-remodeling genes [45]. However, vast majority 
of published studies are of single-center research and comprise small number of 
cases. No marker has so far emerged as being reproducible and consistent across 
published studies. Therefore, no markers are ready to be recommended in routine 
clinical use for prognosis and prediction of therapy response. Large, multicenter 
prospective studies are needed to validate some promising markers. CA9 may be 
performed at clinician’s request and expression can be quantified as ≤85% or >85%.

 Summary

Diagnosis and classification of renal cell neoplasms, based primarily on the routine 
H&E morphological features, are usually straightforward. IHC markers, however, 
play an important role in several clinical settings, including distinguishing renal 
from nonrenal tumors, subtyping of renal cell neoplasms and working up renal mass 
needle biopsy with limited tissue quantity. These markers include those whose 
expression supports a renal origin (PAX2/PAX8, RCC Ma, CD10, HKIM-1, and 
vimentin) and those with differential expression in different renal tumor subtypes 
(CA9, AMACR, parvalbumin, E-cadherin, ksp-cadherin, claudin 7/8, CD117, 
S100A1, TFE3, TFEB, cathepsin K, markers of urothelial differentiation, and vari-
ous CKs). Each marker has its utility in a specific diagnostic setting. A panel of 
markers should be used to corroborate, but not to supplant, the morphological diag-
nosis and classification. So far, no markers have proven clinical utility in the predic-
tion of clinical outcomes and response to novel targeted therapy.
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Chapter 16
Cytology of Kidney Tumors

Suzanne M. Crumley

Fine needle aspiration (FNA) with cytologic evaluation of renal masses has tradi-
tionally been underutilized. This is largely due to the high accuracy of radiologic 
evaluation of kidney tumors and the predominance of surgical resection by radical 
nephrectomy in nearly all kidney tumors. However, cytology evaluation, often in 
concert with concurrent core needle biopsy (CNB), has an increasingly important 
role in directing management, particularly for small or incidentally detected renal 
tumors in which radical nephrectomy may not be indicated [1]. A preoperative 
biopsy is recommended by the American Society of Clinical Oncology (ASCO) 
2017 guidelines for small renal tumors (defined as less than or equal to 4 cm) when 
the results may alter management [2]. The indications include kidney tumors with 
indeterminate characteristics by imaging, patients who are poor surgical candidates, 
tumors that could benefit from ablative therapies or a nephron-sparing surgery (par-
tial nephrectomy), consideration of active surveillance, exclusion of nonrenal 
tumors involving the kidney, exclusion of inflammatory etiologies, and in renal 
cysts with indeterminate characteristics [1, 2]. The renal tumor biopsy may include 
a touch preparation for adequacy and triage purposes and/or a dedicated fine-needle 
aspiration specimen.

Knowledge of the cytological features of kidney tumors is also important in 
cases of tissue procurement from a metastatic site in patients with widespread meta-
static disease. There are targeted therapies for vascular endothelial growth factor 
receptor and tyrosine kinase inhibitors that have efficacy in certain histologic sub-
types (clear cell renal cell carcinoma: ccRCC) but not in other histologic subtypes 
[3]. Therefore, the importance of identification and histologic subtype classification 
on a FNA/CNB from a metastatic lesion is increasing.
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A recent systematic review and meta-analysis of diagnostic accuracy of percuta-
neous renal tumor biopsy that included 5228 patients [4] found that the median 
diagnostic rate of renal tumor biopsy was excellent (92%) [4]. The sensitivity and 
specificity was higher for CNB (99.1% and 99.7%) and lower for FNA (93.2% and 
89.8%) [4]. The best sensitivity and specificity is achieved when both FNA and 
CNB are utilized. In one recent study of 247 cases of FNA and/or CNB, the diag-
nostic rate of FNA and CNB in combination was superior to either FNA alone (92% 
versus 72%; P < 0.05) or CNB alone (92% versus 87%) [5]. The increased sampling 
area achieved by FNA as well as the ability of FNA to direct the CNB toward the 
areas of viable identifiable tumor complements the ability of CNB to evaluate pre-
served architecture and improved histologic subtyping with immunoperoxidase 
stains on CNB [5, 6].

However, it is also important to understand the limitations of FNA/CNB in the 
evaluation of kidney tumors. Although concordance of up to 90.3% has been 
reported in small studies using FNA alone [7], the diagnostic accuracy by FNA 
alone was reported as 77% in another large study [8]. False positive diagnoses, 
although rare, have been reported in the presence of inflammatory and benign 
lesions [7, 8], and assigning a definitive histologic subtype can be challenging with 
FNA alone [7, 8]. Challenges in histologic classification can arise on FNA, particu-
larly with papillary renal cell carcinoma (pRCC), tumors with oncocytic features, 
renal cell carcinoma (RCC) with sarcomatoid component, urothelial carcinoma, and 
angiomyolipoma [8]. False negative FNA has also been reported as ranging from 
0% to as high as 36% in the literature and can occur in small lesions or those with 
abundant necrosis [4, 9]. A CNB is not immune from challenges of sampling, with 
nondiagnostic rates in CNB ranging from 0 to 22.6% [4]. The importance of imme-
diate onsite adequacy evaluation is essential to help minimize the false negative rate 
for both FNA and CNB. If the FNA is performed without CNB, obtaining adequate 
material for a cell block preparation is advised to facilitate the use of immunohisto-
chemical stains, if necessary.

FNA and CNB are typically performed by the radiologist with image guidance 
by computed tomography (CT) and/or ultrasound, with FNA generally performed 
first (using 21 gauge or smaller needle) and preparation of Diff-Quik Romanowsky–
Giemsa stain and/or Papanicolaou-stained slides. Core needle biopsy typically uses 
18–20 gauge needles for sampling. Complications from renal tumor biopsies are 
low, with the median overall complication rate as low as 8.1% [4], and comprised 
predominantly of perirenal hematoma, hematuria, lumbar pain, pneumothorax, and 
one case of septic shock after aspiration of a pyelonephritic kidney has been reported 
[4]. The risk of tumor seeding is very rare [4].

There are no standard adequacy criteria for sampling of renal masses. In general, 
a specimen is considered adequate for a solid lesion if the smears are cellular and 
diagnostic for a lesion, while unsatisfactory if scant, necrotic, or technically poor 
preparations [10]. A recent large study of 290 cases of renal FNA/CNB suggested 
that unsatisfactory be used only if there was inadequate cellularity for evaluation, 
while nondiagnostic if all cells were consistent with normal renal elements and not 
representative of a lesion. This is important in cases of benign kidney lesions or 
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benign cysts, which may be non-diagnostic at the time of adequacy assessment and 
negative at the time of final sign-out, rather than unsatisfactory [6]. Cystic lesions 
can be considered satisfactory if fluid is present, regardless of cellularity, and unsat-
isfactory if soft tissue and/or normal kidney or blood only [10].

 Normal Elements

Familiarity with the appearance of normal kidney on FNA is essential, as it is one 
of the recognized pitfalls in identification of kidney masses [8, 10]. Each of the 
normal kidney elements can mimic renal neoplasms. Aspiration of glomerular ele-
ments is identified by the overall architecture and capillary loops that may contain 
red blood cells. They can be densely cellular with bland cells present, and the dis-
torted glomeruli can mimic papillae of an RCC (Fig. 16.1a, b). Renal tubular cells 
have bland round nuclei with smooth nuclear borders and surrounding granular 
cytoplasm (Fig. 16.1c, d). They can be present as single cells or in small clusters 
[10]. The renal tubular cells can mimic oncocytoma, chromophobe RCC (chRCC), 

Fig. 16.1 Normal kidney elements. The aspirates of normal kidney can be cellular on cytologic 
preparations. The glomerulus is seen (a, DQ, 10× and b, Papanicolaou, 20×) and can mimic papil-
lary tumors. In addition, the renal tubules (c, DQ, 20× and d, Papanicolaou, 10×) can mimic onco-
cytic neoplasms
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or even a low-grade ccRCC in a cystic lesion. In addition, inadvertent sampling of 
hepatocytes or adrenal cortical cells can occur and mimic a renal neoplasm.

 Inflammatory/Nonneoplastic Conditions

Renal abscess/pyelonephritis typically presents with a clinical history or urinary 
tract infection and has abundant neutrophils on fine needle aspiration, with similar 
features to abscess in other sites (Fig. 16.2a). Two chronic pyelonephritic condi-
tions, xanthogranulomatous pyelonephritis or malakoplakia, can cause a radiologic 
appearance of a mass and mimic an RCC on fine needle aspiration [7, 11], predomi-
nantly due to the presence of necrosis, histiocytes, and admixed proximal collecting 
tubules. Xanthogranulomatous pyelonephritis is an uncommon destructive chronic 
granulomatous process that is more common in females and typically caused by 
Escherichia coli and Proteus mirabilis [12]. Fine needle aspiration will show a 
mixed inflammatory infiltrate with histiocytes, lymphocytes, plasma cells, neutro-
phils, and multinucleated giant cells. Necrosis can be present. In cases of malako-
plakia, the pathognomonic intracytoplasmic Michaelis–Gutmann bodies can be 
seen on Diff-Quick (DQ) and Papanicolaou-stained preparations within macro-
phages (Fig. 16.2b, c). Special stains for periodic acid-Schiff (PAS) and von Kossa 
will be positive. The Michaelis–Gutmann bodies are the result of phagolysosomes 
containing undigested bacteria due to ineffective macrophage bactericidal activity 
[11]. Immunosuppressed patients are at risk and malakoplakia has been reported in 
the setting of renal transplant [11].

 Benign Tumors

 Renal Cysts

The diagnostic sensitivity for renal tumor biopsy in cystic masses is lower (83.6%) 
as compared to solid lesions (98%) [4]. The current American Society of Clinical 
Oncology Practice Guidelines suggest that predominantly cystic masses should not 
undergo core needle biopsy [2]. The radiologic imaging classification system 
(Bosniak Classification System) is quite good for classification of renal cysts [13], 
and in general, categories I (benign) and IV (malignant) do not need cytologic sam-
pling. Cysts in the II or III categories (indeterminate) may benefit from sampling, 
particularly in patients who are nonsurgical candidates; however, sampling is not 
required in all patients and radiologic follow-up may be considered [13].

The majority of renal cysts sampled in one large series were benign simple cysts 
(41 of 113 renal FNAs, 36%) [14]. These characteristically show cystic macro-
phages and scant small bland epithelial cells without atypia (Fig. 16.3). Of note, 
sampling of the renal tubules can be seen and can give a cellular appearance to the 
smears. Macrophages can also cluster together and mimic an epithelial cell compo-
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Fig. 16.2 Inflammatory/
non-neoplastic conditions. 
Renal abscess shows 
abundant neutrophils 
present and reactive atypia 
can be seen (Papanicolaou, 
a, 20×). The refractile 
intracytoplasmic 
Michaelis–Gutman bodies 
are seen on Papanicolaou 
(b, 40×) and DQ (c, 40×) 
and Papanicolaou (b, 40×) 
preparations. (Photos 
courtesy of Zulfia 
McCroskey, MD)
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nent. Scant neutrophils can also be present; if markedly increased, a renal abscess 
should be considered. Sampling can be an issue in multilocular cysts and correlation 
with corresponding imaging findings is essential. Liesegang rings (concentrically 
lamellar strongly cyanophilic structures) can be seen as a component of a renal cyst 
[14] (Fig. 16.3).

 Angiomyolipoma

Angiomyolipoma is considered a benign mesenchymal tumor that is part of the fam-
ily of perivascular epithelioid cell tumors (PEComas). These typically arise in adults 
and can be associated with tuberous sclerosis [15, 16]. The tumors have a varying 
component of adipose tissue, smooth muscle/spindled cells, and abnormal thick- 
walled vessels. The current World Health Organization (WHO) classification 2016 
considers epithelioid angiomyolipoma as a separate entity due to its potential for 
aggressive biologic behavior and requires a diagnosis of at least 80% of epithelioid 
cells within the tumor to qualify for this diagnosis [15].

Fig. 16.3 Renal cyst. A benign renal cyst shows proteinaceous material and scattered macro-
phages and amorphous debris and benign renal tubular cells (a, Diff-Quik 40×, b, Diff-Quik 20×, 
c Diff-Quik 40×). Liesegang rings can sometimes be seen (d, Papanicolaou, 20×, Courtesy of 
Zulfia McCroskey, MD)
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The cytologic diagnosis of angiomyolipoma can be quite challenging [17]. 
Tumors with classical adipose tissue component or those in association with tuber-
ous sclerosis are typically not biopsied. Therefore, the tumors that are received on 
FNA are infrequent and often have indeterminate radiological findings. The largest 
reported series of angiomyolipoma on FNA reviewed the findings in 25 cases and 
found that the smears are typically of moderate to high cellularity (88% of cases), 
and predominantly comprised of spindled cells (76% of cases) [17] (Fig.  16.4). 
Epithelioid cells were also noted, as well as adipose tissue and vascular components 
(Fig. 16.4). Correlation with clinical and imaging findings, as well as obtaining suf-
ficient material for a cell block preparation to perform immunoperoxidase staining 
is advised. This is of particular importance in cases with predominant epithelioid 
morphology, which can be highly atypical and lead to misdiagnosis as a ccRCC, 
sarcomatoid RCC, or other malignancies [8, 17]. The tumor cells show epithelial 
markers’ negativity (cytokeratin, EMA, CAM5.2) and positivity for HMB45, melan 
A, cathepsin K, CD10, ER, PR, and smooth muscle markers, with cathepsin K typi-
cally showing diffuse positive staining [15, 18].

Fig. 16.4 Angiomyolipoma. The cytologic smears show clusters of spindled to epithelioid cells 
with an occasional nucleolus and nuclear atypia (a Diff-Quik 40×, b Pap 40×). The cell block 
shows a cluster of spindled to epithelioid cells (c H&E 40×). The corresponding core biopsy had 
similar spindled to epithelioid cells with intranuclear inclusion (d H&E 40×). The tumor cells were 
positive for HMB45 and smooth muscle actin (not pictured)
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 Metanephric Adenoma

Metanephric adenoma is a benign tumor that is typically well circumscribed and 
can present in a wide age range, with the median age of presentation about 50 years 
and a female predominance [15]. On fine needle aspiration, the cells are round to 
oval and bland with scant cytoplasm, fine chromatin, nuclear grooves, and absent 
nucleoli [19]. Mitotic activity is not seen. Nuclear pleomorphism or necrosis not 
typically seen, and if present, should raise concern for a low-grade pRCC. Psammoma 
bodies can be present in both metanephric adenoma and pRCC. Immunoperoxidase 
stains show that the tumor cells are positive for CD57, WT-1, AE1/AE3, and PAX- 
8, while negative for CK7 (focal positivity can be seen) and epithelial membrane 
antigen (EMA) [19]. This staining pattern aids in the differential diagnosis, which 
includes a pRCC or an epithelial predominant Wilms’ tumor.

 Oncocytoma

A renal oncocytoma is a benign tumor of the kidney that accounts for approximately 
6% of all renal neoplasms [20]. The tumor cells are characterized by eosinophilic 
cytoplasm and round bland monotonous nuclei with fine chromatin [20, 21] 
(Fig. 16.5). Necrosis, papillary architecture, significant nuclear irregularity, clear 
cells, or readily identified mitotic activity is not seen and should raise concern for 
other entities in the differential diagnosis [21], which includes chromophobe RCC, 
eosinophilic variant of pRCC, succinate dehydrogenase (SDH)-deficient RCC, 
hybrid oncocytoma-chromophobe tumor, and epithelioid angiomyolipoma [18]. On 
surgical resection, oncocytoma should have the classic nested pattern with edema-
tous stroma, bland nuclei, and lack mitotic activity.

Immunoperoxidase stains, in particular CK7 and CD117 (c-kit), can aid in the 
differential diagnosis [18, 21]. CK7 staining should be rare to focal in oncocytoma 
and positivity is often near the fibrotic area of the tumor with generally <5% of 
staining [18]. In contrast, CK7 will be typically diffuse in chRCC and completely 
absent in SDH-deficient RCC. CD117 is positive in oncocytoma, while this will be 
negative in SDH-deficient RCC. Of note, eosinophilic variant of papillary RCC can 
also have lack or decreased staining for CK7, but will have more atypia than seen in 
oncocytoma [18]. As sampling by FNA/CNB is limited, caution is advised with 
diagnosis of oncocytoma by cytology alone and consensus evaluation and cell block 
preparations should be obtained before rendering a definitive diagnosis. Another 
important exclusion is to confirm that normal renal tubules or liver parenchyma 
have not been sampled, which can also mimic oncocytoma. Bile and lipofuscin pig-
ment will be seen in hepatocytes, if present [22].

The diagnosis of oncocytoma can also be quite challenging on cytology, core 
needle biopsy, and even surgical resection specimens. However, it is important 
to understand the cytologic features to aid in the management of these patients, 

S. M. Crumley



335

particularly in those who can avoid surgery if other entities in the differential 
diagnosis are ruled out. A series of FNA of 11 oncocytomas with comparison to 
eosinophilic variant of pRCC and chRCC was performed [22] and found that the 
FNA of oncocytoma has cells with densely granular cytoplasm, round bland 
nuclei, and arranged singly or in small loose clusters with a uniform appearance. 
However, this study also found that on cytologic evaluation alone, the diagnosis 
of “oncocytic neoplasm” may be best rendered if findings are not conclusive, 
with a suggestion of the differential diagnosis [22]. On core needle biopsies, 
others have suggested that if the classic features of oncocytoma are seen, the 
diagnosis of “oncocytic tumor, favor oncocytoma” can be rendered [21]. If a 
case has nuclear features that are beyond what is typical for oncocytoma but 
insufficient for a diagnosis of RCC, the diagnosis of “oncocytic tumor, cannot 
exclude RCC” can be utilized, although ideally this diagnosis should be infre-
quently utilized [21].

Fig. 16.5 Oncocytoma. 
The tumor cells have 
eosinophilic cytoplasm and 
round bland monotonous 
nuclei. Nuclear atypia, 
nuclear irregularity, 
necrosis, and mitotic 
activity are not seen (a, 
Diff-Quik and b, Pap 
stains, both 40×)
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 Malignant Tumors

 Clear Cell Renal Cell Carcinoma (ccRCC)

Clear cell renal cell carcinoma (ccRCC) is an entity with good diagnostic concor-
dance on fine needle aspiration sampling with resection specimens [7, 8, 10]. The 
classic features on cytology include vacuolated cytoplasm and a delicate arboriz-
ing vascular pattern (Fig. 16.6). Tumor cells can lose their cytoplasm with naked 
nuclei present [10]. Smears can sometimes be bloody due to the highly vascular 
nature of these tumors. ccRCC are positive for paired-box genes 8 & 2 (PAX8, 
PAX2), carbonic anhydrase IX (CAIX; complete membranous staining), AE1/
AE3, vimentin, RCC marker, EMA, CAM5.2, and CD10. CK7 should be negative 
or focal positive, and alpha-methylacyl-CoA racemase (AMACR) is negative [15]. 
The differential diagnosis includes ccpRCCs, which will have low-grade clear cells 
but have diffuse CK7 positivity, CAIX in a cup-like distribution, and are also nega-
tive for AMACR [23].

Fuhrman grading (WHO/International Society of Urologic Pathology (ISUP) 
grading) on cytology specimens is challenging. A large meta-analysis of 5228 
patients found that the concordance of tumor grade on renal tumor biopsies and 

Fig. 16.6 Clear cell renal cell carcinoma. The smears can be bloody with clusters of tumor cells 
with clear cytoplasm (a, Diff-Quik, 4×). On higher power, the tumor cells have clear and vacuo-
lated cytoplasm with delicate vasculature present (b, Diff-Quik, 20×). On Pap-stained slides, vis-
ible nucleoli can be seen (c, Pap 40×). A cell block preparation can show similar morphology and 
is useful for confirming the diagnosis and attempt at Fuhrman nuclear grading (d, Hematoxylin 
and eosin (H&E), 20×)
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surgical specimens (including FNA and CNB) is only fair (median k = 0.34), with a 
median concordance rate of 62.5% [4]. This assessment is limited by tumor hetero-
geneity and limited sampling. Improvement of concordance with a two-tier system 
is possible (Fuhrman I/II versus III/IV); however, the limitations in this area are 
recognized [4]. In general, an attempt to give a Fuhrman grade can be assigned; 
however, as these tumors will undergo surgical resection, there should be awareness 
that the Fuhrman grade may change after examination of the surgical specimen.

 Papillary Renal Cell Carcinoma

Papillary RCC (pRCC) is the second most common renal carcinoma subtype, 
comprising up to 18.5% of renal tumors [15]. The smears in pRCC are cellular, 
and the cytologic features include papillary architecture with fibrovascular cores, 
foamy macrophages, and intracytoplasmic hemosiderin [24]. Psammoma bodies 
and nuclear grooves have also been described, but may be infrequent. The mor-
phology will differ in the pRCC type 1 versus type 2 subtypes, with type 1 pRCC 
showing smaller basophilic low-grade nuclei arranged in a single layer with scant 
cytoplasm (Fig.  16.7). Type 2 pRCC shows abundant eosinophilic cytoplasm, 

Fig. 16.7 Papillary renal cell carcinoma, type 1. Papillary renal cell carcinoma, type 1, typically 
has cellular smears with readily evident fibrovascular cores noted (a, Diff-Quik, 10×). The Pap 
slide shows nuclear irregularity, occasional nucleoli, and mitotic activity present (b and c, Pap, 10× 
and 20×). A cell block preparation also shows papillary cells present (d, H&E, 10×)

16 Cytology of Kidney Tumors



338

nuclear stratification, and high-grade nuclei with pleomorphic nuclei and visible 
nucleoli (Fig.  16.8). pRCCs are typically positive for AMACR/racemase and 
CK7 (diffuse), while negative for CAIX, cathepsin K, and CD117. The immuno-
peroxidase staining profile can differ slightly between type 1 and type 2 pRCC. In 
type 2 pRCC, the staining for CK7 can be variable or even negative [25]. Fuhrman 
grading has been associated with a worse prognosis in pRCC [26]. In one study 
of 395 patients with pRCC; symptoms at presentation, renal vein tumor throm-
bus, perinephric/renal sinus fat involvement, advanced stage, coagulative tumor 
necrosis, sarcomatoid differentiation, and pRCC subtype were associated with a 
worse prognosis on univariate analysis. Multivariate analysis showed that clini-
cal symptoms, stage group, and grade were maintained as associated with a worse 
prognosis [26].

Fluorescence in situ hybridization (FISH) for the trisomy 7 and 17, which has 
been shown to be characteristic of pRCC, can be performed on renal FNA  specimens 
[27]. pRCC type 1 has also been reported to be associated with MET gene altera-
tions and treatment with Crizotinib has been shown to be effective in those patients 
with advanced/metastatic tumors [28].

Fig. 16.8 Papillary renal cell carcinoma, type 2. Papillary renal cell carcinoma type 2 has a papil-
lary architecture, however, the cells show more abundant eosinophilic cytoplasm and higher-grade 
nuclear features (a, Diff-Quik, 10× and b, Pap, 10×). The nuclear atypia and pseudostratification 
can be seen on cell block preparations (c, H&E, 10×). The tumor showed diffuse staining for 
AMACR (d, 4×), while negative for cathepsin K, TFE3, CAIX, and CK7 (not pictured)
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 Chromophobe Renal Cell Carcinoma

Chromophobe renal cell carcinoma (chRCC) is an uncommon variant of RCC, com-
prising 5–7% of all RCC cases [15]. The cytologic features on fine needle aspiration 
are characterized by the wrinkled and irregular nuclei with occasional binucleation. 
There can be nuclear enlargement, hyperchromasia, and pleomorphism that contrib-
ute to a koilocytic appearance of the cells [29] (Fig. 16.9). The perinuclear haloes 
are characteristic on the surgical pathology/histologic sections, but may be subtle to 
nonexistent in cytology preparations [29]. The cytoplasm is abundant and granular 
in appearance and can show small cytoplasmic vacuoles that can be accentuated in 
the perinuclear zone [29]. Distinguishing chRCC from an oncocytoma can be chal-
lenging on cytology and core needle biopsies, and has been discussed above under 
oncocytoma. chRCC can have areas that mimic oncocytoma-type morphology and 
combined tumors, known as hybrid tumor “oncocytoma–chRCC,” can occur, par-
ticularly in Birt–Hogg–Dube syndrome and renal oncocytosis [15].

chRCC is positive for CK7 (usually diffuse) and CD117 is also positive, while 
vimentin is negative. The behavior of these tumors is generally overall favorable 
(78–100% 5-year survival) [15], however; certain features can portend a worse out-
come, including tumor size (>7 cm), small vessel invasion, sarcomatoid differentia-
tion, and microscopic tumor necrosis [30].

 Clear Cell Papillary Renal Cell Carcinoma

Clear cell papillary renal cell carcinoma (ccpRCC) is a subtype of RCC that is 
described as the fourth most common kidney tumor (4% of renal cell carcinomas) 
[31]. ccpRCC has a very good prognosis, typically presenting with low stage dis-
ease and indolent behavior [31].

Fig. 16.9 (a, b) Chromophobe renal cell carcinoma. Chromophobe renal cell carcinoma has cells 
with abundant eosinophilic cytoplasm, nuclear irregularity, and occasional nucleoli (a, Pap 40×). 
Perinuclear haloes are not necessarily seen on cytology preparations, but can be seen on cell block, 
which also highlights the nuclear irregularity (b, Cell block, 40×)
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The tumors are characteristically comprised of clear cells with bland nuclear 
features, clear cytoplasm, and tumor cell nuclei placed in a linear arrangement 
away from the basement membrane [31]. The cytologic features most commonly 
show a nested, papillary, or tubular/acinar growth pattern, columnar to polygonal 
cell shape, moderate amount of clear to wispy cytoplasm, low-grade nuclei 
(Fuhrman grades 1–2), and nuclear location at one aspect of the cell [23] (Fig. 16.10). 
The linear arrangement of the tumor cell nuclei is one of the most helpful and dis-
tinctive features. Macrophages have been noted (up to 57% of cases in one study), 
but are seen scattered in the background and not associated with papillary cores as 
in pRCC [23].

The differential diagnosis by morphology includes a low-grade ccRCC or pRCC, 
type 1. The immunoperoxidase staining pattern assists in the differential diagnosis. 
ccpRCC is typically diffusely positive for CK7, while negative for RCC-marker, and 
has negative to focal staining for AMACR.  In contrast, pRCC will be positive for 
AMACR and CK7, while negative for RCC-marker. ccRCC will be positive for RCC-
marker, while negative for CK7 and AMACR [23, 31]. CAIX is positive in ccpRCC, 
with characteristically a cup-shaped membranous staining pattern. ccRCC will also be 
positive for CAIX with complete membranous staining, while pRCC is negative [23].

Fig. 16.10 Clear cell papillary renal cell carcinoma. The tumor cells show clusters of cells with 
clear cytoplasm (a, Diff-Quik, 40×). The linear arrangement of the tumor cells and bland nuclear 
features can be seen on the Pap-stained slides as well as the cell block preparations (b and c, Pap 
40× and H&E 40×). An immunoperoxidase stain for CK7, performed on the cell block preparation, 
is diffusely positive (d, 40×)
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 MiT Family Translocation Renal Cell Carcinoma

The microphthalmia transcription factor (MiT) family translocation RCC is a cate-
gory included in the 2016 WHO classification that includes RCCs with gene fusions 
involving the TFE3 and TFEB gene members of the MiT family of transcription 
factors [15]. These tumors include most commonly those with Xp11 translocation 
RCC as well as those with the t(6;11) RCC [32, 33].

These tumors can be challenging to identify due to the broad range of morphol-
ogy present and are increasingly recognized. The Xp11 translocation RCC classi-
cally show high-grade tumor cells with coexistent areas of cells with abundant clear 
to eosinophilic cytoplasm as well as papillary and nested morphology [32, 33]; 
cases with oncocytic morphology and papillary morphology have been described. 
The t(6;11) translocation RCC classically has a predominance of cells with clear to 
eosinophilic cytoplasm with areas showing small eosinophilic cells with hyperchro-
matic nuclei and areas of hyalinized structures with basement membrane material 
with surrounding rosette-like structures, mimicking Call–Exner Bodies. There have 
been reported examples of both Xp11 translocation RCC and t(6;11) RCC that are 
indistinguishable from classic ccRCC [32].

The immunoperoxidase staining pattern aids in the differential diagnosis. Xp11 
RCC and t(6;11) RCC are negative for pancytokeratin, CAIX, and CK7, and CD117, 
while both tumors show positivity for cathepsin K. The t(6;11) translocation RCC 
will also show positivity for melan A and HMB45. Immunoperoxidase staining for 
transcription factor F3 (TFE3) or transcription factor EB (TFEB), along with FISH 
testing, will confirm the diagnosis [32, 33]. We recommend pancytokeratin in any 
RCCs in persons under 30 years of age. If the stain is negative or only weakly/
focally positive, the possibility of translocation tumor should be considered and 
TFE3 or TFEB immunostain or FISH performed to rule out this entity.

The cytologic features of Xp11 translocation RCC have been described in single 
case reports. Two recent cytologic case reports have described that the tumors have 
papillary clusters with clear cytoplasm, hyperchromatic nuclei with prominent 
nucleoli, and rare psammoma bodies [34]. In addition, acellular hyaline nodules can 
be seen on cytologic smears and within the cell block [34, 35]. Underexpression of 
cytokeratin and EMA is an important clue if the diagnosis is suspected.

 Mucinous Tubular and Spindle Cell Carcinoma

Mucinous tubular and spindle cell carcinoma is a rare renal tumor that occurs more 
commonly in females. This is another kidney tumor more commonly seen in females 
than in males. The other tumors with female predominance all begin with the letter 
“m” and include metanephric adenoma, mixed epithelial and stromal tumor of kid-
ney, and MiT family translocation RCC. The tumor cells of mucinous tubular and 
spindle cell carcinoma are comprised of bland tubular structures and bland spindled 
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cells that are present in a mucinous stroma [15]. The cytologic features have been 
described only in rare case reports [36]. FNA shows cellular smears with uniform 
round to ovoid nuclei in the epithelial (tubular) component, and bland spindled cells 
in the spindle cell component. Mucoid magenta-colored material can be seen on the 
Diff-Quik stains [36]. The immunoperoxidase staining pattern is similar to pRCC, 
with positivity for CK7, AMACR, and PAX2 [15, 37], and may represent a subtype 
of pRCC [37].

 Collecting Duct Carcinoma and Medullary Carcinoma

Collecting duct carcinoma of the kidney is a rare entity (1–2% of renal tumors) [15]. 
The findings on fine needle aspiration have only been described in small case series 
and case reports. These tumors are cytologically high-grade tumors with high 
nuclear to cytoplasmic ratios and show cohesive groups with tubular, solid, or 
papillary- like growth patterns [38] (Fig.  16.11). Arborizing transgressing epithe-
lium, hobnail nuclear appearance, basal membrane-like substance, and fibrous tis-
sue fragments have also been described [38].

Histologically, these tumors are required to show involvement of the medulla of 
the kidney, predominant tubular or tubulopapillary morphology, desmoplastic 
stroma, infiltrating growth, high-grade cytology, and absence of other RCC sub-
types or urothelial carcinoma [15]. Most importantly, this diagnosis should be made 
after exclusion of metastatic tumors, particularly from the lung, colorectum, or 
breast. It is also important to note if there is a history of sickle cell trait or disease, 
as renal medullary carcinoma is likely with this morphology. Renal medullary car-
cinoma has loss of SMARCB1/INI-1 and acquires OCT3/4 expression [15, 39]. 
PAX-8 can be helpful in excluding urothelial carcinoma (positive in collecting duct/
medullary carcinoma, while negative in urothelial carcinomas).

Fig. 16.11 (a, b) Medullary carcinoma. The tumor cells show high-grade nuclear cytomorphology 
with increased nuclear size, pleomorphism, nuclear irregularity, hyperchromasia, and nucleoli 
(Diff-Quik 40× and Pap 40×). (Photos courtesy of Zulfia McCroskey, MD)
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 Metastasis/Lymphoma

Involvement of the kidney by metastasis or lymphoma is an important contribution 
by FNA or core needle biopsy to avoid a potentially unnecessary nephrectomy. In a 
recent study of 151 patients with metastatic disease to the kidney, the most common 
sites were lung (43.7%), colorectal (10.6%), head and neck (6%), breast (5.3%), 
soft tissue (5.3%), and thyroid (5.3%). Interestingly, in this study, the renal metas-
tases were typically solitary (77.5%) [40]; therefore, a helpful clue of bilateral or 
multifocal masses may not be present. The morphology of the metastatic tumor 
varies by the primary site; however, immunoperoxidase staining and clinical and 
imaging history may be necessary to arrive at the correct diagnosis.

Renal lymphoma is uncommon, and can present as either secondary involve-
ment of the kidney by a systemic lymphoma, or as a primary lesion in the kid-
ney, including posttransplant primary renal lymphoma in the transplant 
population [41]. FNA and/or core needle biopsy can help in confirming the 
diagnosis. The majority of renal lymphomas are B-cell type [41]. Triage at the 
time of immediate adequacy is essential in order to obtain material for concur-
rent flow cytometry. In the case of posttransplant primary renal lymphoma, con-
firmation by Epstein–Barr virus in situ hybridization (EBV ISH) is important. 
The cytomorphology seen on the aspirates will vary according to the type of 
lymphoma. Lymphoglandular bodies can be seen but are not specific. Potential 
cytologic pitfalls include mistaking spindled cells or the large irregular cells of 
a large cell lymphoma as carcinoma [41].

 Urothelial Carcinoma

Urothelial carcinoma is rarely encountered on FNA, and more likely diagnosed on 
renal pelvis washings. If present in a FNA, the cytology will show cellular smears 
with frequent necrosis, papillary clusters, and spindled cells. Nuclear atypia is evi-
dent, and occasionally the “cercariform” cellular morphology can be seen 
(Fig. 16.12). The differential diagnosis will include other high-grade renal tumors 
(collecting duct carcinoma) or metastasis [10]. Immunoperoxidase staining and 
clinical and imaging correlation is necessary to reach the correct diagnosis. 
Urothelial carcinoma is positive for CK7 (up to 100% of cases), CK20 (67% of 
cases), although there are cases that can be negative for CK7 and CK20 (14% of 
cases) [15]. GATA-3, uroplakin, high molecular weight keratin, and S-100P are also 
positive, while PAX-8 and RCC-markers will be negative [15].

Washings or brushings of the renal pelvis or ureter are more commonly 
encountered as part of the diagnosis for an urothelial carcinoma, or to evaluate 
for recurrent disease. In general, cytology is not generally reliable for the diag-
nosis of low-grade lesions (unless well-defined fibrovascular cores with capil-
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laries are present) and should be made with caution [42]. Cytologic evaluation 
can identify high-grade urothelial lesions with good sensitivity, but cannot dis-
tinguish between invasive high-grade urothelial carcinoma versus urothelial 
carcinoma in situ. According to the Paris System, the criteria for the diagnosis 
as positive for high-grade urothelial carcinoma/carcinoma in situ include at 
least 5–10 abnormal cells, although they specifically recommend at least 10 
abnormal cells fulfilling the criteria when evaluating the upper urothelial tract. 
The Paris System also requires a nuclear to cytoplasmic ratio of 0.7 or greater, 
moderate-to-severe hyperchromasia, markedly irregular nuclear membranes, 
and coarse/clumped chromatin. Other features can be seen, including squamous 
or glandular differentiation, cellular pleomorphism with marked variation in 
size and shape, scant cytoplasm, prominent nucleoli, mitoses, necrosis, or 
inflammation [42]. Clinical correlation and correlation with concurrent surgical 
biopsy specimens, if available, are recommended.

 Conclusion

Cytology can play an important role in the diagnosis and triage of renal tumors, and 
immediate assessment is an important component for successful classification and 
management. Familiarity with the variety of kidney tumors is necessary to provide 
an accurate differential diagnosis. However, knowledge of the pitfalls and limita-
tions is important, and correlation with clinical, imaging, and concurrent surgical 
specimens (if available) is essential. Urinary cytology plays an important role in 
diagnosis of high-grade urothelial tumors, and guidance by the recently released 
Paris System for Reporting Urinary Cytology [41] provides an important framework 
for evaluation.

Fig. 16.12 (a, b) Urothelial carcinoma. The tumor cells show high-grade nuclear cytomorphol-
ogy, with increased nuclear size and pleomorphism. They can also show a cercariform cytomor-
phology with nuclear tails (Diff-Quik and Pap stains, both 10×)
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Chapter 17
Diagnostic Imaging in Renal Tumors

Mi-hyun Kim and Kyoung-Sik Cho

Kidney cancer is the sixth and tenth most common malignancy in males and females 
expected to occur in the United States in 2018, with estimated 73,820 new cases of 
kidney cancer (44,120 in men and 29,700 in women) in 2019. The total number of 
estimated deaths from kidney cancer is 14,770 people (9,820 men and 4,950 women) 
in the United States, in 2019 [1]. Kidney cancer is more common in men, with an 
approximate ratio of 2:1 (male: female), and rare in children. Multidetector com-
puted tomography (MDCT) is the most commonly used method for evaluation and 
staging of kidney cancer. In addition to computed tomography (CT), magnetic reso-
nance imaging (MRI) or ultrasound (US) are also used. US is a classic screening 
method of renal tumors, and MRI is used for more detailed analysis.

 Computed Tomography

MDCT examination is routinely used for the evaluation of renal tumors in the clini-
cal practice. It is possible to estimate the degree of enhancement and the presence 
of macroscopic fat, calcification, and hemorrhagic or proteinaceous material within 
the tumor by using unenhanced scans [2]. In addition to unenhanced scans, dynamic 
time-delay contrast-enhanced CT images can be obtained at different combinations 
of corticomedullary, nephrographic, and excretory phases. Helical CT, which 
enables rapid coverage of the abdominopelvic cavity and intravenous administra-
tion of iodinated contrast agent, has improved the diagnostic performance of CT in 
the evaluation of renal masses [3]. The multiplanar reconstruction capabilities, such 
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as coronal and sagittal directions of MDCT, enable accurate analysis of renal tumor 
location and size.

 Renal Cell Carcinoma Subtypes

Renal cell carcinoma (RCC) is the most common malignant renal tumor, accounting 
for more than 90% of all renal cancers, and 2–3% of all adult cancers [4]. RCC is 
now regarded as a clinicopathologically heterogeneous lesion, which is categorized 
as a clear cell, papillary, chromophobe, multilocular cystic renal neoplasm of low 
malignancy potential, collecting duct carcinoma (CDC), renal medullary carci-
noma, and other miscellaneous cancers on the revised 2016 World Health 
Organization (WHO) classification [5] (Table 17.1). The histopathological entities 
differ in their prognosis, biologic behavior, and response to available therapies. 
According to the histologic subtypes of RCCs, imaging findings are also different 
(Fig. 17.1). Clear cell RCC is the most common adult RCC, and typically enhances 
strongly and heterogeneously in MDCT scans. Several investigators have shown 
that clear cell RCC is enhanced to a greater extent, and is more heterogeneous than 
other histologic subtypes in MDCT scans. While the larger parts of clear cell RCCs 
show these characteristics, other areas enhance poorly and homogeneously, over-
lapping with imaging features of the non-clear cell RCCs, such as papillary or chro-
mophobe types [6]. Papillary RCC is usually hypovascular and demonstrates 
homogeneous enhancement, which is less than in the clear cell subtype, during the 
corticomedullary phase on dynamic CT scans [7]. Chromophobe RCCs also are less 
hypervascular than clear cell RCCs and have a propensity for higher peripheral 
enhancement. However, these characteristics are not sufficient to differentiate 

Table 17.1 WHO 
classification of renal cell 
tumors

Clear cell RCC
Multilocular cystic renal cell neoplasm of low malignant 
potential
Papillary RCC
Hereditary leiomyomatosis and RCC-associated RCC
Chromophobe RCC
Collecting duct carcinoma
Renal medullary carcinoma
MiT family translocation RCC
Succinate dehydrogenase-deficient RCC
Mucinous tubular and spindle cell carcinoma
Tubulocystic RCC
Acquired cystic disease-associated RCC
Clear cell papillary RCC
RCC, unclassified
Papillary adenoma
Oncocytoma

From Moch et al. [5], with permission
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a b

c d

e f

g h

Fig. 17.1 CT appearances of various RCCs. (a, b) Clear cell RCC in 50-year-old man. CT scans of 
TNM stage T1a tumor in corticomedullary (a) and excretory (b) phases show typical hypervascular-
ity of tumor (arrow, a) and subsequent washout (arrow, b). (c, d) Papillary RCC in 52-year- old 
woman. CT scans of TNM stage T1a tumor in corticomedullary (c) and excretory (d) phases show 
typical hypovascularity of tumor (arrows, c, d). (e, f) Chromophobe RCC in 42-year-old woman. CT 
scans of TNM stage T2b tumor in coronal corticomedullary (e) and axial excretory (f) phases scans 
show hypovascularity of tumor (arrows, e, f). (g, h) Collecting duct carcinoma in 72-year-old woman. 
CT scans of TNM stage T4 tumor in the axial corticomedullary (g) and coronal excretory (h) phases 
scans show infiltrative growth pattern and heterogeneous enhancement with areas of necrosis (arrow, 
g). Direct extension of the tumor to the ipsilateral adrenal gland is noted (arrow, h)
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between chromophobe and other types of RCCs. Despite their large size, chromo-
phobe RCCs are classically known to show relatively homogeneous enhancement at 
CT [8]. However, in a recent study, chromophobe RCCs have been found to have a 
wider spectrum of CT features than previously reported, although they have a 
greater propensity for homogeneity and the presence of a central scar or necrosis 
[9]. CDC of the kidney is a highly aggressive subtype, and shows an infiltrative 
growth pattern and heterogeneous enhancement with intratumoral necrosis, hemor-
rhage, and calcification on imaging [8].

 RCC Staging

Accurate radiological staging of RCC is crucial to allow appropriate management 
decisions. The American Joint Committee on Cancer Staging Manual, 8th edition, 
TNM staging is commonly used to stage renal cell cancer [10]. The primary tumor 
T stages are listed in Table 17.2. CT is the modality of choice in RCC staging. In 
patients with RCC confined to the kidney, differentiation between T1 and T2 
depends on tumor size. The recent modification of the T stage, separating tumors 
7 cm or less in diameter (stages T1a and T1b) from those greater than 7 cm (stages 
T2a and T2b) reflects the importance of tumor size on survival and prognosis [10]. 
Therefore, accurate measurement of tumor size on CT is crucial. Radiologic find-
ings suggesting perinephric fat tissue invasion (T3a stage) consist of large tumor 

Table 17.2 Definition of primary tumor (T)

T categories for kidney cancer

Tx Primary tumor cannot be assessed
T0 No evidence of primary tumor
T1 Tumor 7 cm or less in greatest dimension, limited to kidney

T1a Tumor 4 cm or less in greatest dimension, limited to kidney
T1b Tumor more than 4 cm but not 7 cm in greatest dimension, limited to kidney
T2 Tumor more than 7 cm in greatest dimension, limited to kidney

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

T2b Tumor more than 10 cm in greatest dimension, limited to kidney
T3 Tumor extends into major veins or perinephric tissues but not into the ipsilateral adrenal 

gland and not beyond Gerota’s fascia

T3a Tumor extends into the renal vein or its segmental veins branches, or invades pelvicalyceal 
system, or invades perirenal and/or renal sinus fat but not beyond Gerota’s fascia

T3b Tumor grossly extends into the vena cava below the diaphragm
T3c Tumor grossly extends into the vena cava above the diaphragm or invades the wall of the 

vena cava
T4 Tumor invades beyond Gerota’s fascia (including contiguous extension into the ipsilateral 

adrenal gland)

Used with permission of the American College of Surgeons, Chicago, Illinois. The original source 
for this information is the AJCC Cancer Staging Manual, Eighth Edition (2017) published by 
Springer International Publishing
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size, fat infiltration with a nodular appearance, irregular tumor margin, collateral 
vessels, and fascial thickening [11]. RCC has a tendency to extend into the venous 
system, and accurate preoperative evaluation of the renal vein and inferior vena cava 
(IVC) extension is essential. Findings of the renal vein (stage T3a) or vena cava 
extension of tumor (stages T3b or T3c) are low attenuation filling defect within the 
renal vein or vena cava (Fig.  17.2). Other helpful ancillary signs include abrupt 
change in the diameter of the renal vein and presence of a clot within the collateral 
veins. The presence or absence of thrombus enhancement assists in distinguishing 
malignant tumor thrombus from bland thrombus. Heterogeneous enhancement of 
the thrombus on contrast-enhanced CT scan indicates neovascularity, thus suggest-
ing tumoral thrombus. Direct continuity of the thrombus with the primary renal 
tumor also suggests tumoral thrombus. If the tumor extends within the IVC, accu-
rate delineation of the superior margin of the thrombus is pivotal for differentiation 
between stages T3b and T3c. In stage T4, loss of tissue planes and irregular margins 
between the tumor and surrounding structures can be seen on the contrast-enhanced 
CT scan (Fig. 17. 3).

a b

Fig. 17.2 Venous involvement of renal vein and IVC. (a) Enhanced coronal CT scan of 46-year- 
old man shows enhancing tumor thrombus (arrows, a) in the expanded right renal vein and IVC 
(TNM stage T3b). (b) Mixed clear cell and papillary renal cell RCC (12 cm) in the right kidney on 
axial nephrogenic (b) phase (arrow, b)

a b

Fig. 17. 3 Tumor invasion beyond Gerota’s fascia (TNM stage T4). (a) Axial corticomedullary CT 
scan in 33-year-old man shows heterogeneous enhancing mass in the left kidney (arrow, a). (b) 
Enhanced axial CT scan of the left lower perinephric space shows anterior bulging of tumor with 
high suspicion of Gerota’s fascial invasion by the tumor (arrow, b)
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Lymph node metastasis of RCC is relatively infrequent. For CT diagnosis of 
lymph node metastases, the nodal size should be greater than 1 cm in the short-
axis diameter. However, in RCC, reactive nodal hyperplasia is often seen, likely 
due to reactive immune response associated with extensive tumoral necrosis or 
venous thrombosis. The enhancement pattern of the lymph node may also help 
differentiate reactive from malignant adenopathy. The metastatic nodes can show 
avid  enhancement, especially if the primary tumor is very vascular. RCCs usually 
metastasize to the lungs, mediastinum, bones, and liver. Less common sites are 
the contralateral kidney, adrenal gland, brain, pancreas, mesentery, and abdominal 
wall [12].

 Small Renal Tumors

With the rapidly growing use of imaging studies, particularly during follow-up test-
ing for another tumor, the incidental detection of small renal tumors (less than 4 cm 
in size) also continues to increase. Pathologically, small renal tumors can be charac-
terized as RCCs and benign tumors, such as oncocytomas and angiomyolipomas 
(AMLs). According to a previous report [13], the likelihood of a benign lesion 
increases with decreasing size of the tumor. There is a direct relationship between 
malignancy and the size of the mass: The smaller the renal mass, the greater the 
percentage of benign causes. When stratified according to size, the proportion of 
benign masses is 25% among masses smaller than 3 cm, 30% among masses less 
than 2 cm, and 44% among masses smaller than 1 cm [14]. However, current imag-
ing techniques have low accuracy in differentiating between RCCs and a number of 
benign tumors. Imaging findings alone are not sufficient to predict the biologic 
behavior of renal tumors.

In one study, 43% of the patients underwent unnecessary radical nephrectomy 
because their benign tumors were incorrectly diagnosed as malignant on preopera-
tive imaging [15]. In the series of Frank et al. [16], 65% of benign lesions were 
treated with radical nephrectomy. Various clinical and imaging findings, such as the 
patient’s sex, tumor growth rate, special imaging studies including MRI, and the 
presence of central scar in the oncocytoma were helpful but insufficient to differen-
tiate between malignant and benign tumors [13]. Therefore, in the clinical practice, 
percutaneous biopsy of small renal mass is steadily increasing to avoid unnecessary 
surgery. According to the tumor location or tumor size, biopsy is performed with the 
guidance of ultrasound (US) or CT (Fig. 17.4 and 17.5). The most important task in 
small renal tumor biopsy is the extraction of sufficient and adequate specimen, 
which ensures accurate histologic diagnosis. Radiologists should always strive to 
acquire sufficient sample with optimizing patient position and angle of inserted 
needle and choosing the adequate modality for the biopsy (including US or CT). 
Accurate tumor targeting is mandatory for optimal diagnosis, which depends on the 
tumor size, location, the patient’s weight, and the patient’s ability to hold breath. To 
some extent, endophytic renal masses are special in clinical management and choice 
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of biopsy technique. It is generally agreed on that partial nephrectomy is more chal-
lenging for endophytic than exophytic lesions [17]. Challenging tumors are endo-
phytic, hilar, or posterior upper pole masses, and laparoscopic partial nephrectomy 
of these tumors resulted in higher rates of collecting system repair [18]. From a 
radiological point of view, it is nearly impossible to detect an isoechoic, endophytic 
small renal mass on US due to similar echogenicity with the normal renal paren-
chyma. Therefore, in these cases, CT-guided biopsy instead of US-guided biopsy 
should be considered. Although hypo- or hyperechoic renal masses can be detected 
on US, it is difficult to perform biopsy percutaneously under the US-guidance for 
medial or upper located tumors because the liver, basal lung, or lower ribs can shield 
the renal tumor along the ultrasound beam pathway. In these cases, CT-guided 
biopsy with the patient in prone position is useful. The possible advantages of CT 
guidance compared with US guidance for renal mass biopsy are 1) better visualiza-
tion of detailed anatomic structures, which avoids inadvertent puncture of vascular 
elements and other solid organs, and 2) accurate detection and targeting of small 
renal masses with or without contrast enhancement. However, CT-guided biopsy 
has two main drawbacks: Patients receive a radiation dose and an injection of con-
trast medium. The goal of CT at the time of biopsy is only to distinguish between a 
small renal mass and the renal parenchyma—not to characterize the small renal 
mass; hence, the radiation dose and amount of contrast medium should be low and 
adverse impact to the patient is negligible. In a previous report [19], biopsy was 

a b

c d

Fig. 17.4 US-guided biopsy of small renal mass in 50-year-old man. (a, b) Corticomedullary (a) 
and nephrogenic (b) phases of CT scan show an enhancing mass (1.4 cm) in the right kidney lower 
pole (arrows a, b). (c) Doppler US image shows a subtle hyperechoic mass (1.4 cm) in the right 
kidney (arrow). (d) US-guided percutaneous biopsy was performed, and pathology showed clear 
cell RCC
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a

b

c

Fig. 17.5 CT-guided 
biopsy of small renal mass 
in 69-year-old woman.  
(a, b) Corticomedullary (a) 
and excretory (b) phases 
show a hypovascular mass 
(2.4 cm) in the right kidney 
mid pole, protruding to the 
renal sinus fat and abutting 
the renal venous branch 
and calyx (arrows, a, b). 
(c) CT-guided biopsy was 
performed with 18-gauge 
needle in prone position
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performed with guidance using a reduced-dose CT protocol, and gives diagnostic 
results similar to a standard-dose CT protocol without any increase in complication 
rate or procedure duration. Skilled radiologists using both US- and CT-guided 
biopsy techniques can perform biopsies of almost all small renal masses. However, 
solid masses smaller than 1 cm are challenging. It is often difficult to characterize a 
solid and enhancing mass smaller than 1 cm, despite an advanced technique using 
MDCT and MR. Accurate targeting of biopsy for the small renal masses less than 
1 cm in size is nearly impossible. Therefore, if there is a solid mass less than 1 cm 
in size, imaging follow-up is recommended until the mass reaches ≥1 cm in size. 
The most probable diagnosis of small renal tumor between 1 cm and 3 cm is RCC, 
and surgical removal is recommended. However, if the mass showed hyperattenua-
tion and homogeneous enhancement, further evaluation with MR or percutaneous 
biopsy can be considered to rule out AML with minimal fat [20].

 Magnetic Resonance Imaging (MRI)

The kidney MRI protocols generally consist of T2-weighted imaging, diffusion- 
weighted imaging (DWI), and T1-weighted dual echo in-phase and opposed-phase 
imaging. If the patients already have performed contrast-enhanced CT scan, 
contrast- enhanced MRI is optional because contrast-enhanced CT scan is enough 
for the evaluation of the renal tumor. T2-weighted images are most helpful in distin-
guishing simple renal cysts from other lesions. A homogeneous hyperintense lesion 
with a thin wall on T2-weighted images can be accurately characterized as a simple 
cyst. The presence of enhancement within a renal lesion after the administration of 
gadolinium-based contrast agent is the most reliable finding for distinguishing solid 
masses from pure cysts. In-phase and opposed-phase T1-weighted imaging is useful 
in the detection of intratumoral microscopic fat. Subtraction imaging is a technique 
whereby an unenhanced T1-weighted sequence is digitally subtracted from the 
identical sequence performed after gadolinium administration. By performing this 
technique, any native T1 signal is removed and the remaining signal on the sub-
tracted images is only due to enhancement [21]. Subtraction images can facilitate 
the detection of small enhancing components within a cystic renal lesion, particu-
larly when intralesional hemorrhagic or proteinaceous contents generate high signal 
intensity on unenhanced T1-weighted images, thereby making the detection of 
enhancement within the lesion challenging (Fig. 17.6) [22].

 RCC Subtype Analysis

Differentiation among the RCC subtypes is important, because prognosis and man-
agement are different depending on the RCC subtype. For example, papillary RCC 
tends to have a more favorable prognosis than clear cell RCC. Therefore, preopera-
tive diagnosis and differentiation of RCC subtype can help clinicians select the 
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appropriate treatment modality, such as percutaneous ablation, cryosurgery, 
cyberknife, active surveillance, and surgical resection. According to previous stud-
ies, most papillary RCCs and clear cell RCCs are hypointense and hyperintense on 
T2-weighted images, respectively. T2 hypointensity of papillary RCCs correlated 
with predominant papillary architecture on pathology [23]. Clear cell RCCs usu-
ally demonstrate increased signal intensity on T2-weighted images and signal 
intensity similar to that of the renal parenchyma on T1-weighted images. Focal 
loss of signal intensity within the solid portion of clear cell RCCs on T1 opposed-
phase imaging compared to T1 in-phase imaging is attributed to intracytoplasmic 
fat, and has been observed in up to 60% of tumors [24]. Central necrosis is com-
mon, and presents as a moderate to high signal intensity on T2-weighted imaging, 
although occasionally it can appear hypointense. Intratumoral hemorrhage can 
occur, and has a variable MR appearance depending on the stage of degradation 
and oxygenation of blood products. Clear cell RCCs tend to be hypervascular, with 
heterogeneous enhancement during the arterial phase. Renal vein tumor thrombi 

a b

c d

Fig. 17.6 Predominantly hemorrhagic cystic mass in 59-year-old man. (a) Axial fat-suppressed 
T2-weighted MR image shows mass in the right kidney upper pole with predominantly high signal 
intensity, suggestive of fluid content. Eccentric T2 dark signal intensity mural nodule is also noted 
(arrow, a). (b, c) Axial unenhanced T1 volumetric interpolated breath-hold examination (VIBE) fat 
saturated image (b) and corticomedullary phase of an axial T1 VIBE fat saturated image (c) show 
T1 high signal intensity mass (arrows, b, c). Evaluation of the enhancing portion within the mass 
is limited due to T1 high signal intensity on unenhanced T1 VIBE image. (d) Axial subtraction of 
images (contrast-enhanced corticomedullary phase image (c) – unenhanced image (b)) shows sep-
tal enhancement at the periphery of the mass (arrow, d). On the basis of this finding, this hemor-
rhagic cyst is characterized as Bosniak category III

M.-h. Kim and K.-S. Cho



361

can be seen, especially in large tumors. On MR imaging, papillary RCCs show 
homogeneous low signal intensity on T2-weighted images, with homogeneous 
low-grade enhancement (Fig. 17.7). Chromophobe RCCs account for about 4–11% 
of RCCs. Central necrosis is usually absent, even in very large chromophobe RCCs 
[22]. On dynamic contrast-enhanced MRI, the relative signal intensity of clear cell 
RCCs was significantly greater than that of non-clear cell RCCs in the corticome-
dullary, nephrographic, and excretory phases. Similar to CT images, clear cell and 
papillary RCCs exhibited the most and least avid enhancement on the three con-
trast-enhanced phases, respectively. Chromophobe RCCs exhibited intermediate 
enhancement in avidity across the three contrast-enhanced phases [25]. In addition, 

a b

c d

e f

Fig. 17.7 MR appearances of various RCCs. (a–c) Clear cell RCC in 37-year-old man. MR 
images of TNM stage T1a tumor in corticomedullary (a) and excretory phases (b) show typical 
hypervascularity of tumor (arrow, a) and subsequent washout (arrow, b). On fat-suppressed 
T2-weighted image (c), the tumor shows heterogeneous hyperintensity (arrow, c). (d–f) Papillary 
RCC in 57-year-old woman. MR images of TNM stage T1a tumor in corticomedullary (d) and 
excretory (e) phases show typical hypovascularity of tumor (arrows, d, e). On fat-suppressed 
T2-weighted image (f), the tumor shows homogeneous hypointensity
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hypervascular and hypovascular renal tumors demonstrate different patterns of 
enhancement. On both corticomedullary and nephrographic phase images, hyper-
vascular tumors such as clear cell RCCs showed greater changes in signal intensity 
than hypovascular tumors such as papillary RCCs. Chromophobe RCCs showed 
intermediate changes in signal intensity [26]. In addition to the T2 signal intensity 
and enhancement pattern, DWI is also helpful to differentiate RCC subtypes and 
evaluate tumor grade/aggressiveness. DWI reflects the degree of water motion 
within the tumor, which is affected by cellularity or tissue organization. On the 
basis of the DWI principles, the degree of water motion is associated with the 
WHO/International Society of Urological Pathology (ISUP) nuclear grading sys-
tem (Fuhrman grade) of RCCs. In a recent study, DWI showed moderate diagnostic 
performance in differentiating high- from low-grade clear cell RCCs [27]. The 
apparent diffusion coefficient (ADC) provides a measure of water diffusion within 
the tumor and it is commonly calculated using MRI with DWI. Clear cell RCCs 
had significantly higher ADC values, higher peak enhancement, and higher wash-
out rates than non-clear cell RCCs [28]. Among clear cell RCCs, ADC values of 
high-grade clear cell RCCs were statistically significantly lower than those of low-
grade clear cell RCCs [29]. Multiparametric MRI is helpful in differentiating RCC 
subtypes and grades on the basis of T2 signal intensity, ADC map values, and 
enhancement patterns.

 Differentiation of RCC from AML with Minimal Fat

Diagnosis is challenging when an AML does not show macroscopic fat on unen-
hanced CT scan due to minimal fat content within the tumor. Several CT and MR 
imaging studies have reported helpful findings in differentiating AML with minimal 
fat from RCC [30–35]. Favorable imaging findings for AMLs with minimal fat 
include high-attenuation mass at unenhanced CT compared with the adjacent renal 
parenchyma, homogeneous enhancement, low T2 signal intensity on MR imaging, 
and loss of signal intensity within the tumor on T1 opposed-phase imaging, as com-
pared to T1 in-phase imaging, which is attributed to minimal fat. However, clear cell 
RCCs often contain intracytoplasmic fat, and loss of signal intensity within tumors 
on T1 opposed-phase images has also been observed. Fat-suppressed T2-weighted 
images can be helpful in differentiating clear cell RCCs from AMLs with minimal 
fat, which show focal loss of signal intensity within the tumor on T1 opposed-phase 
images [36]. On T2-weighted images, AMLs with minimal fat show homogeneous 
hypointensity, whereas clear cell RCCs show heterogeneous hyperintensity. 
However, T2 low signal intensity of the AMLs with minimal fat is similar to papil-
lary or chromophobe RCCs. Multiparametric MRI, including DWI and T1-weighted 
dual echo in-phase and opposed-phase imaging, is useful in differentiating small 
renal tumors with predominantly low SI on T2-weighted images [37]. Comprehensive 
analysis of multiple MR imaging parameters is useful in differentiating small renal 
tumors (Fig. 17.8).
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Fig. 17.8 Multiparametric MRI for the evaluation of small renal masses. (a–d) Clear cell RCC in 
41-year-old man. Relatively homogeneous enhancing mass (1.7 cm) in the left kidney on enhanced 
CT scan (a). On fat-suppressed T2-weighted image (b), the tumor shows heterogeneous hyperin-
tensity. MR image of T1 opposed-phase (c) shows focal signal drop within the tumor (arrow, c), 
compared with T1 in-phase (d) image (arrow, d). (e–h) Angiomyolipoma with minimal fat in 
57-year-old woman. Relatively homogeneous enhancing mass (1.6  cm) in the right kidney on 
enhanced CT scan (arrow, e). On T2-weighted image (f), the tumor shows homogeneous hypoin-
tensity (arrow, f). MR image of T1 opposed-phase (g) shows focal signal drop within the tumor 
(arrow, g), compared with T1 in-phase (h) image (arrow, h)
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 Tumor Thrombus

MRI has been reported to have similar staging accuracy to CT. MRI is generally 
used when CT cannot be performed due to severe allergy to the iodinated contrast 
agent or pregnancy. MRI is not commonly used in diagnosis and staging of 
RCC. However, it is regarded as the most accurate method to evaluate the extent of 
venous tumor thrombus (Fig. 17.9). RCC has a propensity to spread through the 
venous system. In patients with RCC, the most frequent sites of venous involvement 
are the renal veins and IVC. In patients with venous extension, surgical resection is 
the primary method of treatment, with reported improved survival rates as com-
pared to patients who did not undergo surgical resection. Accurate detection and 
evaluation of venous tumor thrombus is crucial in determining an operative 
approach. The multiplanar capability of MRI is particularly useful to delineate the 
upper and lower margins of a tumor in IVC [38].

 Ultrasound (US)

On US, most RCCs are hypoechoic or isoechoic to renal parenchyma, with hyper-
echoic tumors being less common. However, several previous reports on US evalu-
ation of renal tumors demonstrated that RCCs can have many different appearances, 
spanning from hypoechoic, isoechoic, to markedly hyperechoic, and occasionally 
simulating AMLs (Fig. 17.10 and 17.11) [39]. US is a commonly used screening 
method of renal tumors; however, the sonographic appearances span a wide spec-
trum and are nonspecific. If a solid mass is diagnosed on kidney US, RCC or AML 
should be initially considered, given the high frequency of occurrence of these 
tumors. Usually, RCCs are less echogenic than AMLs. A number of RCCs, how-
ever, are more echogenic than the normal renal parenchyma, and these tumors can 
be misdiagnosed as AMLs. The anechoic halo of RCCs, observed on US, indicates 
a different tissue composition, and is usually associated with a pseudocapsule com-
posed of compressed surrounding tissue. The anechoic halo on kidney US is a use-
ful characteristic to differentiate hyperechoic RCCs from AMLs, because it is 
exclusively encountered in RCCs. At histologic examination, thick pseudocapsules, 
formed by compression of the normal renal parenchyma, were observed around the 
tumors in small RCCs with hypoechoic rims. The presence of a capsule can assist in 
evaluating the aggressiveness of the tumor [40]. The degrees of echogenicity of 
RCCs and AMLs overlap considerably, indicating that the two entities are indistin-
guishable by their type of echogenicity. The incidence of hyperechoic RCCs, par-
ticularly of smaller ones, appears to be on the rise. CT or MRI can achieve higher 
specificity in diagnosing hyperechoic renal tumors. Presence of an anechoic rim 
and/or intratumoral cyst strongly suggests RCC, and these characteristics are useful 
in differentiating RCC from AML [41]. Contrast-enhanced US (CEUS) agents are 
small gas bubbles encapsulated in a stabilizing shell, with a typical diameter on the 
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order of microns. Considering their intravascular nature and their inability to pass 
the interstitial tissue, these agents appear to be a good measure of vascularity and 
intravascular volume [42]. A study on the accuracy of CEUS in the evaluation of 
renal masses has been reported [43]. In this study, hypovascularity of small solid 
renal masses relative to the cortex in the arterial phase was a helpful characteristic 

a

c
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d

b

Fig. 17.9 Venous involvement of renal vein and IVC of RCC (TNM stage T3b). (a) Enhanced 
axial T1 VIBE fat-saturated image in 52-year-old woman shows a heterogeneous enhancing mass 
(10.5 cm) in the right kidney. Enhancing tumor thrombus in the expanded right renal vein and IVC 
are also noted (arrows, a). (b, c) On fat-suppressed T2 weighted images, tumor thrombus in the 
dilated right renal vein and IVC show heterogeneous hyperintensity (arrows, b), compared with 
the normal IVC of T2 dark signal intensity (arrow, c). (d, e) Thrombus in the expanded IVC on 
coronal T2-weighted images with clearly identified upper (white line, d) and lower (white line, e) 
margins of thrombus
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Fig. 17.10 Various appearances of RCCs on US. (a) Chromophobe RCC in 45-year-old woman. 
US shows a homogeneous hypoechoic mass (2.8  cm) in the right kidney (arrows, a). (b) 
Chromophobe RCC in 32-year-old man. US shows a homogeneous isoechoic mass (2.3 cm) in the 
right kidney renal sinus portion (cross marks, b). (c) Clear cell RCC in 38-year-old man. US 
showed a hyperechoic mass (2  cm) in the right kidney (cross marks, c). (d) Papillary RCC in 
65-year-old man. US showed a heterogeneous echoic mass (2.3 cm) with an echoic rim in the left 
kidney (arrows, d)

Fig. 17.11 US appearance 
of AML with minimal fat. 
AML with minimal fat in 
51-year-old man. US 
showed a hyperechoic 
mass (2.8 cm) in the right 
kidney (cross marks, A)
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to detect malignancies, most often papillary RCCs. If the contrast agent for CT or 
MR imaging is contraindicated due to concerns for renal damage or nephrogenic 
systemic fibrosis, CEUS can be used to confirm the solid nature of a renal mass. The 
differentiation of homogeneous T2 low signal intensity small renal masses on MRI 
is difficult due to overlapping features of AML with minimal fat and non-clear cell 
RCC. The most common sonographic feature of AML with minimal fat is marked 
hyperechogenicity, whereas no RCC with T2 low signal intensity on MR shows 
marked hyperechogenicity. Therefore, in small renal masses with low signal inten-
sity on T2-weighted imaging, additional echogenicity information on US may aid 
differential diagnosis of AML with minimal fat and non-clear cell RCC [44].

 Bosniak Classification for Complex Renal Cysts

Cystic renal masses are composed predominantly of fluid which does not enhance 
at imaging. Simple fluid attenuations show between 0 and 20 HU. If a cystic mass 
contains fluid higher attenuation than simple fluid, it probably has calcification 
within its walls or septa, has a thickened wall or septa, has hemorrhagic or protein-
aceous component, or contains an enhancing soft-tissue component. This cystic 
mass may be benign or malignant depending on the degree of enhancement, thick-
ness, and irregularity of the wall or septa. Cystic lesions with enhancing soft-tissue 
components are definitely malignant. On contrast-enhanced scan, greater than 20 
HU increase indicates enhancement, and values of 10–20 HU increase on contrast- 
enhanced scan is regarded as equivocal enhancement [20]. In 1986, Bosniak pro-
posed a renal cyst classification system based on CT findings, comprising distinct 
categories from I to IV, and this classification system has been widely used in the 
management of patients with cystic renal masses [45] (Figs.  17.12, 17.13, and 
17.14). Contrast-enhanced CT is critical in the evaluation of complicated renal cysts 
with Bosniak classification [46]. During the last few decades, the Bosniak 

a b

Fig. 17.12 CT appearance of Bosniak category IIF cyst. (A, B) Bosniak category IIF cyst in 
58-year-old man. Contrast-enhanced transverse CT images at unenhanced (a) and excretory phases 
(b) show a cystic mass (3 cm) with thick and nodular calcifications in septa and wall (arrow a) 
without enhancement, in the right kidney. The lesion showed no change on follow-up
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classification was modified [47]. Bosniak cysts (categories I and II) do not require 
follow- up or specific treatment. Bosniak category IIF cyst requires follow-up with 
probably benign imaging findings. Bosniak category III lesions present a broad 
spectrum from benign to malignant disease. Possible benign lesions of Bosniak 
category III cysts comprise chronic abscesses, chronically infected or hemorrhagic 
cysts, simple cysts after alcohol ablation, localized cystic disease, mixed epithelial 
and stromal tumors, and multilocular cystic nephromas [48, 49]. Bosniak category 
IV lesions are characterized by a solid enhancing component within the cyst on 
post-contrast images, and are highly suspicious for malignancy. Complex renal 
cysts categorized as Bosniak III and IV are considered malignant lesions, and surgi-
cal resection is recommended. According to previous reports [46, 50, 51], 25%, 
54–72%, and 86–100% of type IIF, III, and IV Bosniak lesions, respectively, were 

a b

Fig. 17.13 CT appearance of Bosniak category III cyst. (A, B) Bosniak category III cyst in 
38-year-old man. Contrast-enhanced transverse CT images at unenhanced (a) and excretory phases 
(b) show a multilocular cystic mass (10 cm) with multiple enhancing septa in the right kidney 
(arrow b). Patient underwent radical nephrectomy, and pathology confirmed cystic nephroma

a b

Fig. 17.14 CT appearance of Bosniak category III cyst. (a, b) Bosniak category III cyst in 53-year- 
old man. Contrast-enhanced transverse CT images at unenhanced (a) and corticomedullary phases 
(b) show a subtle high-density cystic mass (2.7 cm) with rim enhancement (arrow b) in the left 
kidney. Patient underwent partial nephrectomy, and pathology confirmed clear cell RCC
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diagnosed as RCCs. Schoots et al. [47] reported that the effectiveness of the Bosniak 
classification system for complex renal cysts was high in categories II, IIF, and IV, 
but low in category III, and about half of Bosniak III cysts were overtreated, as they 
turned out to be benign. In another report [52], two categories of IIF and III remained 
indeterminate and controversial. Although contrast-enhanced CT is the imaging 
modality of choice for the evaluation of complicated renal cysts with Bosniak clas-
sification, in the cases of IIF and III cysts, all available imaging techniques, includ-
ing MRI, CEUS, and CT scanning, are recommended for accurate diagnosis. In 
addition, biopsy of IIF and IIII cystic lesions is not recommended, and thus the 
therapeutic decision for the best treatment strategy is based mainly on radiological 
findings without histological confirmation [53]. Therefore, accurate determination 
of the Bosniak category for complex renal cysts is very important, and this mainly 
depends on the expertise of the radiologist. Although size is not an important feature 
of the Bosniak classification, small cystic renal masses are more likely benign, but 
large ones are not necessarily more likely malignant [20]. Therefore, radiologists 
can lower the probability of malignancy for small-sized cysts, but cannot increase 
the probability of malignancy of large-sized cysts.
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Chapter 18
Molecular Pathology of Kidney Tumors

Seyda Erdogan, Ayhan Ozcan, and Luan D. Truong

Renal cell carcinoma (RCC) consists of various tumor types. Each type has distinct 
histological features, different genetic alterations, and variable clinical course 
including response to treatment. The variable histologic features are equaled by a 
complex spectrum of molecular changes. Much molecular insight has been gained 
by traditional molecular studies, and much more is expected with the advent of 
modern genetic techniques. Yet, the molecular basis for renal neoplasm is far from 
full understanding.

RCC may be hereditary or sporadic. The hereditary forms of RCC represent 
only 2–4% of all RCCs. However, the original studies on their molecular patho-
genesis play the most important role in clarifying the molecular pathways of RCC 
in general. The morphologic spectrum of RCC in the hereditary and sporadic 
contexts overlaps to a significant extent. This histologic overlapping is also 
reflected by a shared molecular mechanism. In fact, several molecular changes 
originally identified in a histologic type in the hereditary context were later also 
found in its sporadic counterpart. Aside from this hereditary underpinning, 
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derived mostly from narrowly targeted studies focusing on a limited number of 
putatively pathogenetic genes, more recent “whole-genome” studies have revealed 
additional pathogenetic genes or molecular pathways pertinent to both hereditary 
and sporadic RCC.

This chapter aims at a summary of a vast body of literature on the molecular 
pathology of RCC, with emphasis on the more frequent or the better-known tumor 
types. For each tumor type, molecular changes in the hereditary context were first 
described followed by those of the sporadic counterparts.

 Clear Cell Renal Cell Carcinoma

Clear cell RCC can be hereditary or sporadic. Clear cell RCC is the typical and 
predominant histologic type of RCC in von Hippel–Lindau (VHL) disease, a hered-
itary disease due to mutation of the VHL gene. Clear cell RCC is the most frequent 
type of sporadic RCC (65–70%) (Table 18.1).

Table 18.1 The summary of molecular features of the RCC subtypes

Subtype of RCC Molecular features

Clear cell RCC Loss of chromosomes 3p, 14q, 9p, 4p, gain of 5q
Loss of VHL gene
Genetic alterations in the PI3/Akt pathway
Mutations of PBRM1, BAP1, SETD2, KDM5C, KDM6A

Hereditary form VHL disease Germline mutation of VHL

Papillary RCC Trisomy 7, 17, loss of chromosome Y
Loss of chromosomes 1p, 3p, 5q, 6, 8, 9p, 10, 11, 15, 18, 
and 22
Mutation of MET, SETD2, CDKN2A silencing

Hereditary papillary RCC Germline mutation of MET

Chromophobe RCC Loss of chromosomes 1,2,6,10,13,17,21, and Y
Mutation of TP53, PTEN
High TERT expression
Mutation of MT-NDS, a member of electron transport 
chain complex I

Birt–Hogg–Dubé syndrome The mutation of FLCN

MIT family tRCC Xp11 tRCC; TFE3 rearrangement
t(6,11)RCC; TFEB rearrangement

Succinate dehydrogenase RCC Inactivation of SDH genes
Tubulocystic RCC Gain of chromosomes 7, 17, loss of Y chr
Mucinous tubular and spindle cell 
carcinoma

Loss of chromosomes 1, 4, 6, 8, 9, 11, 13, 14, 15, 18, 22, 
and X
Gain of chromosomes 2, 3, 4, 5, 7, 9, 10, 12, 15, 16, 17, 
18, 19, 20, 22, and Y

Acquired cystic disease-associated 
RCC

Gain of chromosomes 3716, and 17Y

Clear cell papillary RCC –
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 Hereditary Clear Cell RCC

Initial studies showed that deletion of chromosome 3 is the major event in the 
carcinogenesis of clear cell RCCs in both hereditary and sporadic contexts. 
Subsequent studies provided further genetic insight that mutations of VHL tumor 
suppressor gene located on the short arm of chromosome 3 are the cause of the 
renal tumors [1–4].

VHL disease is caused by germline mutations of the VHL gene, a tumor sup-
pressor gene located on chromosome 3p25–26, encoding the VHL protein. 
Germline mutations of the VHL gene can be inherited or arise de novo in about 
20% of patients. Sequence analysis detects mutations in about 72% of VHL family 
members. Southern blot analysis and/or quantitative polymerase chain reaction 
(PCR) detect partial or complete gene deletions in the remaining (28%) of VHL 
family members [5, 6]. Newer genetic techniques, such as array comparative 
genomic hybridization (array CGH) and next-generation sequencing, are more 
powerful tools, especially, in cases of suspected mosaicism with a negative VHL 
genetic test, for identifying genomic imbalances [7, 8]. So far, more than 500 dif-
ferent types of VHL mutation have been described in the Human Gene Mutation 
Database (www.hgmd.org) [8, 9]. Truncating mutation or deletion of the VHL 
gene is responsible for VHL type 1 disease with retinal and CNS hemangioblasto-
mas and clear cell RCC, but no pheochromocytoma. In contrast, missense muta-
tion of the VHL gene is responsible for VHL type 2 disease with the constant 
development of pheochromocytoma [8, 10]. VHL type 2 disease is subclassified 
into 2A, 2B, and 2C types, which, in addition to the common pheochromocytoma, 
differ in other tumor phenotypes. These observations suggest that aside from the 
type of the VHL gene mutation, mutation of other currently unknown genes, envi-
ronmental influence, or epigenetic impact may also be responsible for the pheno-
type divergence [8].

The VHL gene was first described in 1988 [11] and cloned in 1993 [12]. The VHL 
gene is composed of three exons: exon 1 spans codons 1–113 (nucleotides 1–340), 
exon 2 spans codons 114–154 (nucleotides 341–463), and exon 3 spans codons: 
155–213 (nucleotides 464–642). It is translated into two proteins: pVHL30, a 213 
amino-acid protein with a molecular weight of 28–30 kDa; and pVHL19, a 160 
amino-acid protein with a molecular weight of 18–19 kDa, synthesized by internal 
translation initiation from the codon 54 methionine. These two proteins seem to 
have the same functional properties and are widely expressed in both fetal and adult 
human tissues.

Since normal VHL gene is a tumor suppressor, its mutation results in a loss of 
function, leading to tumor development. Furthermore, the types of mutation may 
account for different tumor phenotypes [13]. Recent studies provided more in-depth 
pathogenetic insight, implying the crucial role of the VHL-hypoxia-inducible factor 
(HIF) pathway. The protein pVHL, encoded by the VHL gene, has multiple physi-
ologic functions in many cellular pathways, especially, the oxygen-sensing pathway 
[6, 14–16]. These physiologic functions of pVHL protein involve its interaction 
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with VCB-CUL2, HIF-1α and 2α, ubiquitin, and ubiquitin-mediated degradation in 
proteasomes [16]. pVHL protein, widely localized in the cytosol, but shuttling 
between the cytosol and nucleus, has α and β domains with different functions. 
VCB–CUL2 is a cytosolic multiprotein complex, which is consisted of elongin C, 
elongin B, Rbx1 (Roc1), NEDD8, and cullin 2 (CUL2), and collectively acts as an 
E3 ubiquitin ligase. HIF-1α or HIF-2α are transcription factors, which are com-
posed of α and β subunits, and can induce transcription of several downstream genes 
with widespread tissue effects.

In physiologic condition, the α domain of pVHL protein binds and activates the 
VCB–CUL2 complex. This complex, acting as ubiquitin ligase, binds to α subunits 
of HIF-1α and HIF-2α and targets them for ubiquitinylation and proteasomal degra-
dation (Fig. 18.1). Oxygen is crucial for this binding, since this binding requires 
hydroxylation of α subunit of both HIF-1α and HIF-2α, which in turn depends on 
oxygen-mediated activation of prolyl hydroxylases (PHD1–3). Especially, HIF1α 
activates genes involved in apoptotic and glycolytic pathways, whereas HIF2α pro-
motes genes involved in cell proliferation and angiogenesis [17].

Fig. 18.1 The pathogenesis of clear cell RCC associated with VHL disease: α domain of pVHL 
protein binds and activates the VCB–CUL2 complex, which is acting as a ubiquitin ligase, binds to 
α subunits of HIF-1 and HIF-2 and targets them for ubiquitinylation and proteasomal degradation. 
Oxygen (normoxia) is crucial for this binding, since this binding requires hydroxylation of α sub-
unit of both HIF-1 and -2, which in turn depends on oxygen-mediated activation of proline hydrox-
ylase (blue pathway). In hypoxic condition, which is a common environment for a solid tumor, the 
physiologic degradation of HIF is inhibited (red pathway). The absence of pVHL due to mutation 
of the VHL gene further prevents this degradation. These effects collectively lead to induce the 
expression of several genes
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In hypoxic condition, which is a common environment for a solid tumor, the 
physiologic degradation of HIF is inhibited. The functional absence of pVHL pro-
tein due to the mutation of the VHL gene further prevents this degradation. These 
effects collectively lead to the formation of the hetero-dimerized complex consist-
ing of the stable HIF-α subunit and HIF-β subunit, which now can serve as an active 
transcription factor to induce the expression of several genes, such as vascular endo-
thelial growth factor (VEGF), platelet-derived growth factor-β (PDGF-β), trans-
forming growth factor-α (TGF-α), glucose transporter 1 (GLUT1), erythropoietin 
(EPO), plasminogen activator inhibitor-1 (PAI-1), carbonic anhydrase 9 (CA9), 
C-X-C chemokine receptor type 4, and c-mesenchymal-epithelial transition factor 
(c-MET) (Figs. 18.1 and 18.3). Many of these factors involved in diverse processes 
such as angiogenesis, proliferation, and apoptosis. Thus, they promote tumorigen-
esis, tumor invasion, and metastasis.

Recent studies suggest additional pathogenetic roles for pVHL [17–20]. These 
mechanisms may include the following:

 1. Downregulation of VEGF production directly by binding it, or indirectly by 
inhibiting the transcription factor specificity protein 1 (Sp1).

 2. Regulation of exit from the cell cycle and enter to the quiescent state.
 3. Regulation of proper extracellular fibronectin matrix assembly by binding both 

fibronectin and hydroxylated collagen IV.
 4. Regulation of the urokinase-type plasminogen activator (u-PA).
 5. Degradation of some proteins such as TGFα, nuclear factor kappa beta 2 

(NFKB2, which is also known as LYT10), TGFβ, and carbonic anhydrase 9 and 
12 (CA9 and CA12).

 6. Ubiquitination and degradation of various protein kinase C (PKC) family mem-
bers, which play a role in the regulation of apoptosis.

 7. Modulation of NFKB and p53, which are critical regulator proteins of apoptosis 
and they are involved in the development of RCC.

 8. Induction of RCC invasion by inhibiting the hepatocyte growth factor (HGF).
 9. Stabilization of microtubules and regulation of primary cilium. The lack of 

pVHL causes formation of the cystic lesion in VHL disease.

 Sporadic Clear Cell RCC

 Chromosome 3 and VHL gene

Deletion of chromosome 3 is also the major event in the carcinogenesis of clear cell 
RCCs in the sporadic context, and VHL gene is also implicated. Non-germline 
genetic alterations in the VHL gene are detected in up to 70–75% of sporadic clear 
cell RCC patients [5, 12, 13, 21]. In addition to genetic mutation, the VHL gene can 
be somatically inactivated by several mechanisms, including inactivation of wild- 
type copy, loss of heterozygosity (LOH), and promoter hypermethylation [5, 8, 12, 
13, 21]. Hypermethylation of the VHL gene is observed in 10–20% of sporadic 
RCC patients. A recent genome-wide study showed a similar genomic profile for 
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VHL disease-associated clear cell RCCs and sporadic VHL gene-defective clear 
cell RCC [8].

Genome-wide sequencing studies revealed other genetic changes besides VHL 
mutations during carcinogenesis of ccRCC. These genes control chromatin remod-
eling, chromosomal alterations, PI3K/Akt/mTOR pathway, and tumor cell differen-
tiation. These genetic changes are discussed below.

 Chromatin-Remodeling Genes

Chromatin remodeling is an epigenetic mechanism, occurred by covalent histone 
modifications such as methylation, demethylation, or ATP-dependent remodeling 
complexes. This process is under the control of several genes, the mutations of 
which promote carcinogenesis.

Polybroma 1(PBRM1) gene, located on 3p21, is the second most commonly 
mutated gene (41%) after VHL. It encodes a histone nucleosome-remodeling com-
plex named BAF 180 that belongs to the switch sucrose nonfermentable (SWI/SNF) 
chromatin-remodeling complexes. These are macromolecules located on different 
chromosomes, and have a role on chromatin remodeling by using ATP to mobilize 
nucleosome to regulate chromatin structure. Somatic, point, and truncating muta-
tions of PBRM1 result in protein loss, which promote carcinogenesis perhaps 
through perturbed cell motility and proliferation [22–26].

The BRCA1-associated protein-1 (BAP1) gene mutations were found in 10–15% 
of clear cell RCC. BAP1 protein is a member of the ubiquitin c-terminal hydrolase 
family which encodes a nuclear protein containing ubiquitin carboxy-terminal 
hydrolase domain that targets histone H2A. The mutation of BAP1 causes the acti-
vation of phosphoinositide kinase-3 (PI3K) pathway and mTORC1 activation. 
BAP1-mutant tumors are often high-grade with poor prognosis [22, 26].

The SETD2 gene is also found to be somatically mutated in clear cell RCC. It 
is the main methyltransferase that is responsible for histone 3 trimethylation. 
The mutation of SETD2 gene causes the loss of H3K36me3, which physiologi-
cally help maintain DNA mismatch repair and control microsatellite instability 
[22, 26, 27].

KDM5C (also known as JARID 1C) and KDM6A (also known as UTX) are the 
other genes that located on chromosome 3p and act as tumor suppressor genes in 
clear cell RCC pathogenesis [22, 26].

 Chromosomal Alterations

Allelic losses on chromosomes 14q, 9p, or 4p are also carcinogenic and may be 
related to poor prognosis. Loss of 14q and gain of 5q can be seen either alone or 
together in RCC [22, 26–29]. Loss of 14q, which houses the HIF-1α gene, portends 
an aggressive behavior. Recent studies showed that the gain of 5q promotes the 
oncogenic activity of the oncogene SQSTM1 [22, 29].
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 Alterations in the Phosphoinositide Kinase-3/Akt/Mammalian Target 
of Rapamycin Pathway

Activation of the PI3K/Akt/mTOR pathway has been demonstrated in clear cell 
RCC.

Beside PTEN and mTOR mutations, alterations in several genes controlling the 
PI3K/Akt/mTOR pathway have been identified in 28% of clear cell RCC [22, 25–
27, 30].

 Differentiation

Differentiation is frequent in clear cell RCC, and can appear sarcomatoid or rhab-
doid. Dedifferentiation, implying an aggressive behavior and a poor prognosis, has 
commanded much attention to its molecular mechanism.

Sarcomatoid change, developed in 1–8% of all clear cell RCC, fundamentally 
reflects an epithelial-to-mesenchymal transformation (EMT). EMT is a process in 
which epithelial cells lose polarity and contact with their underlying basement 
membrane, culminating in a mesenchymal-like phenotype [31–33]. The molecular 
control of EMT is complex. It is linked to the mutations of TP53 gene, well identi-
fied in sarcomatoid RCC. It may be also under the guidance of microRNAs. 
MicroRNAs are endogenous small, single-stranded non-coding RNAs which con-
trol a wide swath of gene expression by binding to the mRNAs of the target genes. 
Within oncogenesis, they can act as tumor promoters or tumor suppressors. Several 
microRNAs have been studied in RCC, where increase is noted for some, but 
decrease is observed for others. The microRNA-200 family (microR-200s, miR- 
141, microR-429, miR-138, microR-218, microR-30c), which controls EMT, are 
downregulated in RCC, leading to EMT promotion. Thus far, it seems that microR-
NAs promote EMT, mostly through acting as tumor suppressors [33].

Recently, Agaimy et  al. [32] reported that SWI/SNF complex proteins 
(SMARCB1, SMARCA2, SMARCA4, ARID1A, SMARCC1, and SMARCC2) are 
responsible for undifferentiated/rhabdoid phenotype in RCC.

 Papillary Renal Cell Carcinoma, Type 1

Papillary RCC is the second-most common type of RCC. Two distinct subtypes, 
Type 1 and Type 2, have been described in 1997. These two types are encountered 
in both sporadic and hereditary contexts. Type 1 is prevalent in hereditary papillary 
RCC syndrome (HPRCC), whereas the hereditary leiomyomatosis and RCC syn-
drome features the Type 2. In spite of the morphologic restriction, the molecular 
changes of these two forms of papillary RCC are quite variable. This heterogeneous 
molecular mechanism calls for further investigations to identify specific targets for 
more efficient treatments.
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The molecular changes of Type 1 papillary RCC, including both hereditary and 
sporadic forms, are herein described, and those for Type 2 papillary is reported in 
the next section on papillary RCC in hereditary leiomyomatosis and RCC 
syndrome.

 The Papillary RCC in the HPRCC Syndrome

The papillary RCC in the HPRCC syndrome is caused by a germline gain-of- 
function mutation of the MET proto-oncogene located on chromosome 7q31.3. 
Most HPRCC patients have amplification of the mutated copy of the MET gene 
[34]. The patients and the affected members of their family harbor gain-of-function 
(activating) mutations of MET, usually accompanied by trisomy 7 with the nonran-
dom duplication and overexpression of the mutant allele of the MET proto-onco-
gene [35–39]. Family members with mutant MET gene develop multifocal and 
bilateral papillary renal tumors [39].

The mechanism by which the MET gene mutation leads to RCC involves mostly 
the MET–HGF pathway. MET proto-oncogene encodes a transmembrane protein 
(MET). Normally, MET is expressed by stem cells and progenitor cells, and is crucial 
for embryogenesis and organogenesis in embryonic life, and healing of damaged tis-
sues in adult life. MET is a tyrosine kinase which serves as the receptor for and is 
activated by hepatocyte growth factor (HGF). The gain-of-function mutation of MET 
gene amplifies the MET–HGF signaling pathways leading to uncontrolled growth 
irrelevant of the surrounding environmental conditions, and tumorigenesis [34]. 
Specifically, multiple signal transduction pathways are activated including the RAS, 
phosphatidylinositol 3-kinase [PI3K], STAT, beta-catenin, and Notch pathways, which 
collectively plays a major role in epithelial–mesenchymal transition, cell proliferation, 
differentiation and migration in tissues, and tumor progression (Fig. 18.2) [13, 34, 40].

Other pathways are also involved. Growth signaling can be normally controlled 
by the growth factor receptor activity and the surrounding nutrient levels. LKB1- 
AMPK- mTOR is a nutrient and energy-sensing pathway, the deregulation of which 
causes HGF/MET activation [34, 41].

 Sporadic Type 1 Papillary RC

The molecular mechanism of sporadic papillary RCC, Type 1, is less known. 
According to the Cancer Genome Atlas Research Network (TCGA), Type 1 tumors 
also harbor alteration of the MET gene in many cases (up to 81%). However, other 
genetic changes are also frequent, including a gain of chromosome 7 and chromo-
some 17. Trisomy chromosome 7 can be found in a variety of other neoplasms and 
normal cells, indicating that trisomy 17 is much more specific for papillary RCC 
than trisomy 7 [26, 31, 42–44]. CDKN2A alterations either by mutation or hyper-
methylation have also been studied in papillary RCC, but seem to be more impor-
tant for Type 2 tumor (see below).
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Some genetic differences between the hereditary and sporadic Type 1 papillary 
RCC were reported [13, 34, 45, 46], including the following: The mutation of MET 
gene has been identified in only a minority of type 1 sporadic papillary RCCs. 
Trisomy of chromosome 7, 16, or 17, and loss of chromosome Y (in men) are fre-
quently observed in sporadic papillary RCC, but only trisomy 7 is found in heredi-
tary papillary RCC, which accounts for duplication (and thus a double “dose”) of 
the pathogenic mutant MET allele [13].

 Type 2 Papillary RCC

 Papillary RCC in the Hereditary Leiomyomatosis and Renal Cell 
Carcinoma (HLRCC) Syndrome

Type 2 papillary RCC is the principal renal tumor in the HLRCC syndrome. HLRCC 
is an autosomal dominant disease that is associated with germline mutation of the 
fumarate hydratase (FH) gene at chromosome 1q42.3-q43. Normally, cell respira-
tion involves the tricarboxylic acid cycle. Abnormal function of the enzymes in this 

Fig. 18.2 The pathogenesis of hereditary papillary RCC: MET proto-oncogene encodes a trans-
membrane protein (MET). MET is a tyrosine kinase receptor for hepatocyte growth factor (HGF). 
The engagement of MET–HGF activates multiple signal transduction pathways (RAS, phosphati-
dylinositol 3-kinase [PI3K], STAT, beta-catenin, and Notch pathways) and activations of these 
pathways play a major role in epithelial mesenchymal transition, cell proliferation, differentiation 
and migration in tissues, and tumor progression
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cycle may force cells to switch to glucose transport and aerobic glycolysis for sur-
vival. And this switching may be oncogenic. Normally, the FH gene codes fumarate 
hydratase, a tricarboxylic acid cycle enzyme, which converts fumarate to malate. 
Loss of fumarate hydratase due to FH gene mutation disrupts the tricarboxylic acid 
cycle and oxidative phosphorylation that causes a metabolic shift to aerobic gly-
colysis for the energy needs (Warburg effect).

The mutation-induced functional impairment of fumarate hydratase may also 
cause intracellular accumulation of fumarate, which may mediate inhibition HIF 
prolyl hydroxylases, reduction of AMPK and p53 levels, and activation of anabolic 
factors, such as acetyl-CoA carboxylase and ribosomal protein S6 [34, 47, 48]. 
Inhibition of HIF prolyl hydroxylases and reduction of AMPK level may lead to 
accumulation of HIF-1α, but not HIF-2α, and thus activation of HIF target genes 
such as VEGF and GLUT, an essential oncogenic pathway in VHL disease 
(Fig. 18.3) [47–49].

Fig. 18.3 The pathogenesis of type 2 PRCC in hereditary leiomyomatosis and renal cell carci-
noma syndrome: Mutated fumarate hydratase may cause intracellular accumulation of fumarate, 
which may mediate inhibition HIF prolyl hydroxylases, reduction of AMPK and p53 levels, and 
activation of anabolic factors, such as acetyl-CoA carboxylase and ribosomal protein S6.This inhi-
bition may lead to accumulation of HIF-1α, but not HIF-2α, and thus activation of HIF target genes 
such as VEGF and GLUT, an essential oncogenic pathway in VHL disease. In addition, increased 
fumarate inhibits KEAP1 (Kelch-like ECH-associated protein 1) and this inhibition causes upregu-
lation of NRF2 and related multiple target genes involved in pseudohypoxia pathway

S. Erdogan et al.



385

Increased cytosol fumarate is also oncogenic by other pathways. Nuclear factor, 
erythroid 2-like 2 (NRF2), a transcription factor, is a key regulator of the antioxidant 
response, with multiple-target genes including heme oxygenase-1, ferritin, NQO1, 
SOD1, GCLM, GCLC, GCS, GSR, G6PD, malic enzyme, GSTs, UGTs, GPX2, and 
peroxiredoxin [50]. NRF2 is regulated and inhibited by Kelch-like ECH-associated 
protein 1 (KEAP1), which is a substrate recognized by a subunit of a Cul3-based E3 
ubiquitin ligase. Inhibition of KEAP1 by increased fumarate causes upregulation of 
NRF2and related multiple target genes involved in pseudohypoxia pathway 
(Fig. 18.3).

Other pathways independent from the tricarboxylic acid pathway may be 
involved. Reduction of AMPK results in the activation of mTOR signaling pathway, 
which is an important oncogenic pathway also for the RCCs in HPRCC and BHD 
syndromes. These observations indicate that different types of gene mutation can 
converge into a limited number of common downstream pathogenic signaling path-
ways, which should facilitate the design of target-directed therapy [48].

 Sporadic Type 2 Papillary RCC

Type 2 papillary RCC can occur sporadically. The molecular changes of sporadic 
Type 2 papillary RCC are poorly understood. Molecular changes of the sporadic 
and hereditary forms overlap but not identical. Mutation of FH gene, which is noted 
in virtually all cases of hereditary Type 2 papillary RCC, is noted in only a subset of 
its sporadic counterpart (see below). However, other genetic changes have been 
described including LOH of chromosomes 1p, 3p, 5q, 6, 8, 9p, 10, 11, 15, 18, and 
22, silencing the functions of CDKN2A gene, mutations of SETD2 gene, and activa-
tion of the NRF2-antioxidant response (NRF2/ARE) pathway [26]. Silencing the 
functions of CDKN2A gene may be mediated by a loss of CDKN2A gene, or hyper-
methylation of the CDKN2A promoter, which is called CpG island methylator phe-
notype (CIMP). These silencing changes are not only pathogenetically important 
but also portend a poor prognosis (Table 18.1) [42, 44]. In addition, the CIMP 
tumors are affected by a marked metabolic dysregulation mediated indeed by 
somatic or germline mutations in the FH gene. Additionally, there are increasing 
studies which, based on molecular and survival features, proposed that papillary 
RCC Type 2 can be divided into three subgroups, one of which is the CIMP tumors 
[26].

 Chromophobe Renal Cell Carcinoma

Chromophobe RCC can be either hereditary or sporadic. Chromophobe RCC, as a 
hereditary RCC, is the principal histologic type in Birt–Hogg–-Dubé (BHD) syn-
drome. Sporadic chromophobe RCC constitutes 5–7% of all RCCs.
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 Hereditary Chromophobe RCC

The mutation of the FLCN gene (also known as BHD gene) is responsible for the 
BDH syndrome. The FLCN gene, which is located on chromosome 17p11.2, 
functions normally as a tumor suppressor gene, and encodes a protein known 
under two different names, that is, folliculin or FLCN protein [51, 52]. Folliculin 
forms a complex with two interacting/binding proteins, which are folliculin-
interacting protein 1 (FNIP1) and 2 (FNIP2) [53–55]. FNIP1 and FNIP2 proteins 
are encoded by two different genes, FNIP1 and FNIP2 genes, which are located 
on chromosomes 5q23.3 and 4q32.1, respectively. In normal condition, follicu-
lin regulates cell growth and serves as a tumor suppressor. FLCN is crucial for 
the differentiation of proximal and distal tubules and collecting ducts, and regu-
lation of the composition of the extracellular matrix [56]. FLCN gene involves 
in energy and/or nutrient sensing 5’AMP activated protein kinase (AMPK)–
mammalian target of rapamycin (mTOR) signaling pathway [53]. A protein 
complex of FLCN, FNIP1, and FNIP2 interacts with AMPK, which is a critical 
energy and nutrient sensor modulating ATP levels. This interaction negatively 
regulates the Akt–mTOR signaling pathway [34, 53–55]. In addition to keeping 
the AMPK–mTOR signaling pathway in check, FLCN may play a physiologic 
role in regulating cell growth, ciliogenesis, cell–cell adhesion and cell polarity, 
apoptosis, autophagy, TGF-β signaling, TFE3/TFEB transcriptional control, 
HIF transcriptional activity, PGC1-α (peroxisome proliferator- activated recep-
tor-gamma coactivator 1-alpha)-driven mitochondrial biogenesis, and Rag 
GTPases for amino acid-dependent activation of mTOR at the lysosome 
(Fig. 18.4) [55, 57].

Germline mutation of the FLCN gene develops in the majority of patients with 
BDH syndrome and also often in family members. The mutation can be frame-shift, 
nonsense, insertion/deletion, or splice type. Sequence alterations or LOH of the 
somatic copy of FLCN gene were detected in 80–88% of BHD patients [34, 58–60]. 
Mutation of the FLCN genes produces a truncated nonfunctioning folliculin with a 
loss of its physiologic cell-regulatory and tumor suppressor function, leading to 
upregulation of oncogenic pathways and tumor formation [16, 51, 61, 62].

 Sporadic Chromophobe RCC

Mutation of the FLCN gene is detected in a minority (<10%) of sporadic chromo-
phobe RCCs. Recent studies, most thorough among which is that from the Cancer 
Genome Atlas Project, reveal several additional responsible chromosomal changes, 
genetic mutation, and deranged molecular pathways.

Chromophobe RCC shows loss of chromosomes 1, 2, 6, 10, 13, 17, 21, and Y 
[26]. These chromosomal losses are later account for several alterations at the gene 
level (see below).

One pathogenetic molecular pathway involves the p53-axis and PTEN path-
way. Chromophobe RCC has prominent tumor suppressor gene alterations such 
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as TP53 mutation (together with loss of chromosome 17) or PTEN mutation 
(together with loss of chromosome 10), which causes a break on the PI3K signal-
ing pathway. Unlike other RCC types, chromophobe RCC is the only one that has 
TP53 (32%) and PTEN (9%) mutations. Recently, HNF1B loss was shown in 
chromophobe RCC and, together with TP53 mutation, may cause an aggressive 
phenotype [26, 31, 63].

Pathogenesis also involves the electron transport chain pathway and the Krebs 
cycle. All genes encoding the enzymes of the Krebs cycle are overactivated in chro-
mophobe RCC, resulting in more adenosine triphosphate (ATP) generation. MT- 
ND, one member of the genes for the electron transport chain complex I, is the most 
frequently altered gene. MT-ND5 is critical for the complex I, which is essential for 
electron transportation from NADH to ubiquinone. Loss of oxidative phosphoryla-
tion probably causes alternative pathways to supply the energy for tumor growth. 
But still studies are necessary to display the compensatory mechanisms [26, 63, 64]. 
Induction of oxidative stress due to the high level of reactive oxygen species or a 
higher resistance to apoptosis, which is induced by oxidative stress, were reported 
as the possible causes of tumor growth [65].

Fig. 18.4 The pathogenesis of hybrid tumors in Birt–Hogg–Dubé syndrome: A protein complex 
of FLCN, FNIP1, and FNIP2 interacts with AMPK and this interaction negatively regulates the 
Akt–mTOR signaling pathway. In addition to keeping the AMPK–mTOR signaling pathway in 
check, FLCN may play a physiologic role in regulating cell growth, ciliogenesis, cell–cell adhe-
sion and cell polarity, apoptosis, autophagy, TGF-β signaling, TFE3/TFEB transcriptional control, 
HIF transcriptional activity, PGC1-α (peroxisome proliferator-activated receptor gamma coactiva-
tor 1-alpha)-driven mitochondrial biogenesis, and Rag GTPases for amino acid-dependent activa-
tion of mTOR at the lysosome
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Whole genome sequencing studies of chromophobe RCC revealed genomic rear-
rangements in the TERT promoter area together with elevated TERT gene expres-
sion. Limited studies showed that high expression of TERT is associated with 
kataegis, a pattern of localized hypermutation, due to apolipoprotein B mRNA edit-
ing enzyme, catalytic polypeptide-like (APOBEC)–cystidine deaminase mutations. 
Further investigations are needed to highlight the role of kataegis in chromophobe 
RCC [25, 26, 63–65].

Molecular make-up may help with the differential diagnosis. Oncocytoma is in 
the main differential diagnosis of chromophobe RCC. Unlike chromophobe RCC, 
oncocytoma often exhibits a diploid karyotype, loss, or recurring rearrangements of 
chromosome 1 or 14. A subset of chromophobe RCC, the eosinophilic variant, can 
be confused histologically with oncocytoma or other RCC types with cytoplasmic 
eosinophilia. Recent findings showed that the eosinophilic variant displays the same 
losses of chromosomes 1, 2, 6, 10, and 17, as for the classic variant, supporting that 
these two variants belong to the same entity. Sarcomatoid change has been well 
documented for chromophobe RCC. It is now known that gain of chromosomes 1, 
2, 6, 10 and 17 promotes this dedifferentiation [26, 31, 64].

 MiT Family Translocation Renal Cell Carcinoma

Microphthalmia-associated transcription (MiT) family translocation RCC is newly 
described. The MiT family of transcription factors is TFE3, TFEB, MITF, and TFEC, 
all of which share the same binding domain and similar target genes. The physio-
logic function of these genes is tissue-specific and related to cell growth and differ-
entiation. They play roles at melanocyte differentiation, and hematopoietic cell 
differentiation including macrophages, osteoclasts, lymphocytes, and mast cells. The 
fundamental molecular mechanism of this tumor family is the translocation of one 
of these genes to fuse with another gene in a different chromosome (thus the name 
“translocation RCC”), and this fusion is oncogenic. TFE3 and TFEB fusion patterns 
have been elucidated. They account for most tumors in this family, are of sporadic 
nature, and are encountered in 1–5% of sporadic RCC of variably histologic patterns. 
MITF fusion is rare, its fusion partners are not known, and this fusion is described 
only in hereditary context [22, 66, 67]. TFEC gene has not been to be oncogenic. 
TFEC is most divergent member of the family and its activation domain is missing. 
It appears to inhibit, rather than activate, transcription [66].

 Xp11 Translocation RCC (TF3 Gene-Mediated)

Xp11 translocation RCC was described as a RCC subtype by Argani et al. [68] and was 
first recognized in the 2004 WHO classification of the kidney tumors. Xp11 translocation 
RCC harbors fusion of TFE3 gene residing on chromosome Xp11with other genes 
[69]. Five patterns of TFE3 gene fusions (PRCC–TFE3, ASPSCR1–TFE3, SFPQ–
TFE3, NONO–TFE3, and CLTC–TFE3) have been identified to date. The first identified 
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gene fusion is the t(x;1) (p11.2;q21.2), PRCC–TFE3 fusion that occurs between TFE3 
on chromosome xp11.2 and a novel gene on chromosome 1q21.2 designated as PRCC 
[26, 69, 70]. Subsequent studies showed two more gene fusion patterns SFPQ–TFE3 
(also known as PSF–TFE3) and NONO–TFE3 (also known as p54nrb–TFE3). These 
two new pathogenetic fusion patterns show that the critical oncogenic role resides on 
TFE3 genes rather than PRCC. Argani et al. [71] identified two additional TFE3 fusions 
ASPSCR1–TFE3 (also known as ASPL–TFE3) and CLTC–TFE3. ASPSCR1 and CLTC 
genes are located on chromosome 17q. Among all these fusions, the two most common 
Xp11 translocation RCCs have t(X;1)(p11.2;q21) PRCC–TFE3 fusion and t(X;17)
(p11.2;q25) ASPSCR1–TFE3 fusion. TFE3 gene fusions can also be seen at other 
tumors such as alveolar soft part sarcoma (ASPSCR1–TFE3) and perivascular 
epithelioid cell neoplasm (PECOMA) (SFPQ–TFE3) [26, 70–72].

 t(6;11) RCC (TFEB Gene-Mediated)

t(6;11) RCC is the second member of MiT family translocation RCC. Its develop-
ment involves the fusion of the TFEB gene and the MALAT1 gene [t(6;11)(p21;q12) 
translocation]. t(6;11) RCC was first described in 2001 and accepted as a RCC 
subtype under MiT family translocation RCC in the 2016 WHO classification. The 
Cancer Genome Atlas Research database helps identified three more novel fusion 
partners of the TFEB gene, including two fusion partners COL21A1and CADM2 
genes observed in papillary RCC, and KHDRBS2 gene observed in clear cell RCC 
[66, 67, 69, 70–72].

The oncogenic effects of TFE3 and TFEB gene fusions and their roles in renal 
cell tumor carcinogenesis remain unclear, but are summarized below [66, 67].

 1. Activation of TGFβ pathways
 2. Enhancing the activity of ETS-1 by binding
 3. Transcription of E-cadherin; important for cancer cell–cell interactions
 4. Expression of CD40 L which activates T-cell lymphocytes and plays a role in 

tumor immunoevasion
 5. Enhancing the mTORC1 signaling that plays a role in protein synthesis which 

drives the tumor growth
 6. Regulation of metabolic pathways. TFE3 affects insulin signaling and glucose 

metabolism by upregulation of IRS-2 and the hexokinase enzymes, decreasing 
lipogenesis and increasing glycogen synthesis

 7. Preventing cell cycle arrest by interacting with the retinoblastoma protein

 Succinate Dehydrogenase (SDH)-Deficient RCC

SDH-RCC is a recently described type of RCC with diverse histologic features, but the 
most characteristic among which is the presence of tumor cells with flocculent, pale 
staining cytoplasmic inclusions mostly representing damaged or dilated mitochondria.
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SDH-RCC is caused by germline (hereditary) mutation of the succinate dehydro-
genase (SDH) genes. Sporadic form has not been reported. These genes code for the 
SDH enzyme complex, which is a mitochondrial enzyme complex functional in the 
Krebs cycle. Five proteins constitute the SDH enzyme complex, SDHA, SDHB, 
SDHC, SDHD, and SDHAF2, and they are encoded by 5 genes, the SDHx 
genes/SDH complex genes, which consist of SDHA (5p15.33), SDHB (1p36.13), 
SDHC (1q23.3), SDHD (11q23.1), and SDHAF2 (11q12.2). SDHAF2 protein, 
which is localized on the mitochondrial membrane, is essential for the assembling 
of subunits (SDHA, SDHB, SDHC, and SDHD) of SDH enzyme. The association 
of subunits of SDH and SDHAF2 protein is crucial for the formation of the Complex 
II of the electron transport chain, which is a critical component of the Krebs cycle. 
SDH catalyzes the oxidation of succinate to fumarate and transfers electrons to the 
respiratory chain ubiquinone pool [73, 74].

Mutational inactivation of SDHx genes result in a malfunctioning SDH, leading 
to accumulation of succinate first in the mitochondria, and then in the cytosol. 
Increased succinate can inhibit the prolyl hydroxylases, and leads to activation of 
HIF-1α. Activated HIF-1α may then in turn upregulate multiple downstream genes 
including CAIX (discussed in detail above). This effect may play an important role 
in tumorigenesis (Fig.  18.3) [34]. HIF1α inhibits c-MYC oncogene, mTOR, 
β-catenin, and activates p53, whereas HIF-2α activates c-MYC oncogene β-catenin, 
and inhibits p53 [75, 76].

 Tuberous Sclerosis Complex

Tuberous sclerosis complex (TSC) is a hereditary disease characterized in part by 
neoplasms involving several organs, including kidney. The majority of TSC- 
associated renal tumors are angiomyolipoma, but RCC of diverse histology has 
been described in 2–4% of patients.

TSC result from loss-of-function or inactivating mutations of one of two tumor 
suppressor genes, TSC1 and TSC2, locating on chromosomes 9q34 and 16p13.3, 
and encoding hamartin (TSC1) and tuberin (TSC2) proteins, respectively. In normal 
condition, hamartin and tuberin proteins combine to form a heterodimer (TSC pro-
tein complex), which controls several nutrient- and energy-sensing pathways, 
including those related to mTOR and AMPK. This physiologic effect is mediated at 
least in part by activation of Rheb, a Ras-family GTPase, which inhibits mTOR 
activity (Fig. 18.3 and 18.4). Mutation-mediated loss of functions of TSC protein 
complex leads to activation of several oncogenic pathways shared by several heredi-
tary cancer syndromes. Thus the mTOR signaling pathway is activated by inhibiting 
Rheb, which in turn causes the production of VEGF, EPO, PDGF-β, and TGF-α, 
collectively favoring tumor formation by promoting cell growth and angiogenesis, 
and inhibition of apoptosis (Fig. 18.1). In addition, the loss of function TSC2 pro-
tein leads to accumulation of HIF1α and increasing of HIF-responsive genes such 
as VEGF (Fig. 18.3).
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Mutation of TSC1 or TSC2 genes has not been described in sporadic RCC [77]. 
However, TSC2 gene mutation, but not TSC1, may be seen in sporadic AML [78].

Recent studies suggested that additional genetic changes may play a role in at 
least some of RCCs in TSC patients [74]. Thus, TSC-associated papillary RCCs are 
rarely associated with gains of chromosomes 7 and 17 [74].

 Molecular Changes of Other Types of Renal Neoplasm

Knowledge in this area is limited, reflecting both the rarity of these tumor types and 
limited pertinent studies.

 Collecting Duct Carcinoma

Collecting duct carcinoma is a rare type of RCC that arise from the cells of distal 
tubules or collecting ducts. Its genetic mechanism is not fully understood, but 
clearly differs from the other types of RCC. Collecting duct carcinoma shares some 
molecular features with both urothelial carcinoma and RCC. Studies have shown 
that they have chromosomal losses like allelic loss of 1q, 6p, 8p, 13q, and 21q. LOH 
has been shown on 8p, 6p, 9p, 13q, and 21q. Monosomies of chromosomes 1, 6, 14, 
15, and 22 have been also reported. Poor prognosis might be related to losses of 
1p36, 3p, 6p, and 8p [26, 31].

 Renal Medullary Carcinoma

Renal medullary carcinoma was firstly described by Davis et al. [79] in 1995. It is a 
poorly differentiated RCC that is associated with sickle cell trait or related hemo-
globinopathy. These RCCs show loss of expression of the nuclear transcriptional 
regulator SMARCB1 (INI1) that is located on chromosome 22. Hemizygous dele-
tions, LOH, and loss of chromosome 22 have been detected at the molecular studies 
[26, 31].

 Mucinous Tubular and Spindle Cell Carcinoma

Mucinous tubular and spindle cell renal carcinoma is a rare type of RCC with 
diverse histological features. It is now accepted that they originated from proxi-
mal nephron and some reports suggested that it can be a variant of papillary 
RCC because of some histologic similarity. Genomic studies, however, show 
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losses of chromosomes 1, 4, 6, 8, 9, 11, 13, 14, 15, 18, 22, and X. Gains of chro-
mosomes 2, 3, 4, 5, 7, 9, 10, 12, 15, 16, 17, 18, 19, 20, 22, and Y have also been 
identified [26, 80].

 Tubulocystic Renal Cell Carcinoma

It is an uncommon type of RCC that constitutes <1% of all RCC. The genomic 
features are similar to papillary RCC. They show gains of chromosomes 7 and 17 
and loss of the Y chromosome [26].

 Acquired Cystic Disease-Associated Renal Cell Carcinoma

There are two major types of renal neoplasm that have been described in end-stage 
renal disease: acquired cystic disease-associated RCC and clear cell papillary 
RCC. Acquired cystic disease-associated RCC shows gains of the chromosomes 3, 
7, 16, 17, and sex chromosomes [26, 27, 31].

 Clear Cell Papillary Renal Cell Carcinoma

This is a recently described variant of RCC, which is recognized in the 2016 WHO 
classification of renal tumors. It accounts for 1–4% of renal tumors and can develop 
from a background of end-stage renal disease or de novo. Although this RCC type 
displays histologic features of both clear cell RCC and papillary RCC, its molecular 
features are distinct from these two RCC types. Limited studies have revealed no 
gains of chromosome 7 and loss of Y, unlike papillary RCC; or 3p deletion which is 
typical for clear cell RCC [25].

 Molecular Testing

Although much insight into the molecular mechanism of the renal tumor has been 
expeditiously gained, its clinical applications are still limited and molecular testing 
for patient care is still in its infancy. Guidelines for routine molecular testing in 
RCC have not been developed. In principle, molecular testing can be performed on 
tumor tissue in a sporadic context to detect clinically relevant genetic alterations, 
which are limited to the tumor tissue. Alternatively, it can be performed in blood 
samples to detect pathogenetic germline mutations responsible for hereditary 
tumors.
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Several genetic mutations responsible for a specific tumor phenotype (e.g., sar-
comatoid or rhabdoid) or an aggressive behavior have been identified. However, 
these molecular findings have not yet lead to routine clinical testing, perhaps 
because they offer no additional prognostic impact beyond routine histology and, 
furthermore, targeted therapy has not been developed for these genetic changes. 
Several targeted therapies for RCC have recently approved, each of which targets a 
few specific oncogenic molecular pathways. Yet, testing for these targets in tumor 
tissue is currently not a prerequisite for treatment, as is the histologic types of 
tumors. This approach is perhaps due, at least in part, to the observation that many 
of the same pathways are oncogenic across the border of histologic types.

On the other hand, molecular testing for germline mutations is clearly indicated. 
A recent study of 1235 blood or saliva samples from patients with renal tumor to 
evaluate 19 genes known to be pathogenetic for renal tumors reveals hereditary 
forms of RCC in 6.1%, a frequency comparable to the reported frequency of these 
tumor types [81]. Interestingly, hereditary RCC was first detected by molecular test-
ing in several patients, who did not display other features of hereditary 
RCC. Furthermore, young age of patients (< 45 years) is the only predictor for a 
positive result [81, 82]. Molecular testing for germline mutations is currently avail-
able as not only a diagnostic test but also offers significant clinical utility.

 Conclusion

Renal cell carcinomas are a heterogeneous group of tumors with different molecular 
backgrounds. Much insight has been gained into the molecular mechanism of these 
tumors and much more is expected thanks to the advent of sophisticated tools for 
genetic study. These findings should help connect histologic features with molecular 
landmarks and provide insights into the mechanism of renal neogenesis. These findings 
also begin to facilitate molecular diagnosis and prognostication. Of vital interest, they 
will help with the development and administration of molecular targeted therapy.
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Chapter 19
Targeted Treatment of Renal Cell 
Carcinoma

Matteo Santoni, Alessia Cimadamore, Liang Cheng, Antonio Lopez-Beltran, 
Marina Scarpelli, Nicola Battelli, and Rodolfo Montironi

 Targeting VEGF/VEGFR

Angiogenesis represents the main objective of targeted approaches for patients with 
mRCC. These strategies are directed against the vascular endothelial growth factor 
(VEGFR) or its ligand (VEGF). A monoclonal antibody (mAb, bevacizumab) and 
several tyrosine kinase inhibitors (sorafenib, sunitinib, pazopanib, axitinib, cabo-
zantinib, lenvatinib) or mammalian target of rapamycin (mTOR) inhibitors (evero-
limus and temsirolimus) have been approved for their clinical use in mRCC patients 
and are described in the sections below (Fig. 19.1).
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 Bevacizumab

Bevacizumab is a recombinant human mAb that binds and inhibits all the active 
isoforms of VEGF [1]. The combination of bevacizumab with interferon (IFN) alfa-
 2a as initial therapy was compared to IFN alone in two separate phase III clinical 
trials (CALGB 90206 and AVOREN) [2, 3]. In both studies, bevacizumab adminis-
tered at 10 mg/kg every 2 weeks combined with IFN alfa-2a at 9 MU three times 
weekly showed longer median PFS (but not OS) compared to IFN. The most fre-
quent AEs were anorexia, fatigue, proteinuria, and hypertension.

Based on these results, bevacizumab plus IFN was approved by the U.S. Food 
and Drug Administration (FDA) in August 2009 for untreated patients with mRCC 
classified at good or intermediate risk according to Memorial Sloan Kettering 
Cancer Center (MSKCC) model (Table 19.1). More recently, bevacizumab has been 
tested in combination with mTOR inhibitors, without showing clinical benefits and 
with a poor toxicity profile [4–7].
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 Sorafenib

Sorafenib is an oral multitarget TKI that inhibits VEGFR 1–3, platelet-derived 
growth factor receptor (PDGFR), c-Kit, the serine–threonine Kinase Raf-1, and the 
stem cell factor (SCF) receptor. The efficacy and safety of sorafenib was first 
reported in the randomized phase III TARGET trial [8, 9] enrolling 905 patients 
with cytokine refractory metastatic RCC. In this study, patients with favorable or 
intermediate MSKCC features were treated with 800 mg of daily Sorafenib and 
showed a significant benefit in terms of progression-free survival (PFS) versus pla-
cebo (5.5 vs. 2.8 months; hazard ratio (HR) 0.44; p <0.01) but not of overall survival 
(OS). The most common grade 3 or 4 adverse events (AEs) correlated with the 
administration of sorafenib were hand–foot syndrome (86%), fatigue (5%), and 
hypertension (4%). On this scenario, sorafenib was approved by the FDA in 
December 2005, for cytokine refractory advanced RCC patients.

As for the second-line setting, the phase III INTORSECT trial randomized 512 
mRCC patients previously treated with sunitinib to receive temsirolimus or sorafenib 
[10] (Table 19.2). The median PFS was not significantly different between the two 
arms (4.2 vs. 3.9  months, respectively). Interestingly, sorafenib showed longer 
median OS (16.6 vs. 12.3 months), which was a secondary endpoint in this study.

Recently, sorafenib has been tested as adjuvant therapy in the ASSURE study, 
without showing a significant advantage in terms of PFS and OS versus placebo 
[11]. In the same setting, the SORCE study is comparing sorafenib to placebo 
administered for 1 or 3 years after surgery (NCT00492258).

Table 19.1 Agents approved for the first-line therapy of advanced RCC

Agent Target Schedule Administration
Progression-free 
survival

Bevacizumab VEGF Bevacizumab 10 mg/kg 
every 2 weeks + IFN 
9MU 3 times per week 
for 1 year

Intravenous 
(Bevacizumab) and 
subcutaneous (IFN)

10.2 months 
(AVOREN); 
8.5 months 
(CALGB)

Sunitinib VEGFR 
1–2- 3, 
PDGFR, 
c-Kit, Fit3

50 mg daily, 4 week on, 
2 weeks off

Oral 11 months

Pazopanib VEGFR 
1–2- 3, 
PDGFR, 
c-Kit

800 mg daily Oral 9.2 months

Temsirolimus mTOR 25 mg weekly Intravenous 5.5 months
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 Sunitinib

Sunitinib is a multikinase inhibitor that targets VEGFR 1–3, c-Kit, PDGFR, and 
FMS-like tyrosine kinase-3 (Flt3). Motzer and his colleagues performed phase III 
trials comparing sunitinib versus IFN in 750 untreated patients with mRCC [12]. 
Sunitinib was administered at a dose of 50 mg once daily 4 weeks on/2 weeks off, 
while subcutaneous IFN was given at an increasing dose from 3 to 9 MU, 3 times 
weekly. This study reported a significant advantage in terms of both ORR (39% vs. 
8%) and median PFS (11 vs. 5 months) for sunitinib, without differences in median 
OS, maybe due to the crossover occurred in >50% of control arm. Hypothyroidism 
(14%), hypertension (12%), and fatigue (11%) were the most frequent severe AEs. 
Sunitinib was first registered by the FDA in January 2006 for patients with mRCC 
refractory to cytokine therapy and in 2007 for untreated mRCC patients.

Concerning the adjuvant setting, the S-TRAC study, differently from the 
ASSURE trial, reported that 1-year treatment with sunitinib after nephrectomy for 
high-risk RCC increased by 1.2 years (6.8 vs. 5.6 years) the median disease-free 
survival (DFS) compared to placebo, with a good tolerability [13].

 Pazopanib

Pazopanib is an oral multikinase inhibitor of VEGFR1–3, c-kit, and 
PDGFR. Sternberg and her colleagues led a placebo-controlled randomized phase 
III trial that included 435 cytokine-pretreated or treatment-naïve mRCC patients 
[14]. Study population was mainly composed of patients with good or intermedi-
ate MSKCC risk and the patients were 1:1 randomized to receive either pazopanib 
800  mg daily or placebo. Pazopanib showed a significantly longer median PFS 
versus placebo in both treatment-naïve (11.1 vs. 2.8 months, HR 0.40, p <0.0001) 
and cytokine-pretreated patients. Otherwise, no advantage in terms of OS was 

Table 19.2 Agents approved for the second-line therapy of advanced RCC

Agent Target Schedule Administration
Progression- 
free survival

Sorafenib VEGFR 1-2-3, 
PDGFR, c-Kit, 
Raf- 1

400 mg twice daily Oral 5.5 months

Everolimus mTOR 10 mg daily Oral 4.9 months
Axitinib VEGFR 1-2-3 10 mg twice daily Oral 6.7 months
Cabozantinib MET, VEGFR2, 

RET
60 mg daily Oral 7.4 months

Lenvatinib + 
Everolimus

VEGFR1-3, 
FGFR1-4, 
PDGFRb, RET, KIT 
+ mTOR

18 mg daily with 
EVEROLIMUS 5 mg 
daily

Oral 14.6 months
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registered in an updated OS analysis [15]. These data led to the approval of pazo-
panib by the FDA in October 2009 as first-line therapy in mRCC patients.

Successively, pazopanib was compared to sunitinib in terms of efficacy and 
patient preference, resulting not significantly inferior in terms of PFS (8.4 vs. 
9.5 months, respectively) and showing a manageable safety profile [16]. Interestingly, 
pazopanib was also tested as second-line therapy, reporting an ORR of 27% and a 
median PFS of 7.5 months [17]. Additionally, this drug was also investigated as 
adjuvant therapy in the phase III PROTECT trial, including more than 1500 patients 
with high-grade pT2, pT3, or greater clear cell RCC who received pazopanib or 
placebo for 1 year. Thus, the study was successively emended by reducing pazo-
panib dose to 600  mg daily to increase tolerability. Liver toxicity was the main 
cause leading to treatment discontinuation [18]. The results of this study did not 
show any benefit over placebo in the adjuvant setting.

 Axitinib

Axitinib is a TKI targeting VEGFR1–3 and was compared at a dose of 5 mg twice 
daily to sorafenib at standard dose in the phase III AXIS trial enrolling 723 mRCC 
patients previously treated with sunitinib (54%), cytokines (35%), and bevacizumab- 
IFN or temsirolimus (11%) [19]. The primary endpoint was PFS, which was signifi-
cantly longer in the axitinib arm compared to sorafenib (6.7 vs. 4.7 months, HR 
0.67, p <0.001). In the same view, axitinib showed a higher ORR (19.4% vs. 9.4%, 
p <0.001). Based on these findings, axitinib was approved in January 2012 by the 
FDA as second-line therapy for mRCC patients. An updated analysis of OS from the 
AXIS trial showed no difference between axitinib and sorafenib (20.1 vs 19.2, 
p = 0.374), respectively [20].

Axitinib was also compared to sorafenib as initial therapy. Axitinib showed 
increased PFS (10.1 vs. 6.5  months) and ORR (32.3% vs 14.6%) compared to 
Sorafenib. However, the superior results obtained by sunitinib and pazopanib have 
not allowed the approval of axitinib in this setting [21].

Axitinib at 5 mg twice daily given for 3 years has been also investigated as adju-
vant therapy in a prospective, randomized, double blind placebo-controlled phase 3 
study (the ATLAS trial, NCT01599754). The primary endpoint is increasing DFS in 
patients with high-risk RCC and results are awaited.

 Cabozantinib

Cabozantinib is an oral TKI targeting MET, VEGFR2, AXL, and RET.  In the 
METEOR randomized phase III study, RCC patients previously treated with antian-
giogenics received cabozantinib at a dose of 60 mg daily or everolimus at a dose of 
10 mg daily. Cabozantinib showed a longer median PFS (7.4 vs. 3.8 months), with 
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an increased median OS at interim analysis (HR 0.67; 95% CI 0.51–0.89) and a 
manageable toxicity profile [22]. Based on these findings, in 2016, FDA approved 
cabozantinib at a dose of 60 mg daily for patients with an advanced RCC following 
treatment with antiangiogenics.

More recently, cabozantinib was compared to sunitinib as first-line therapy in a 
phase II study (CABOSUN) enrolling patients with intermediate or poor risk 
mRCC. Cabozantinib showed significantly higher median PFS (8.2 vs. 5.6 months) 
and overall response rate (46% vs. 18%), with a similar rate of grade 3–4 AEs [23], 
opening the way to its potential use in the first-line setting in future years.

 Lenvatinib

Lenvatinib is a TKI targeting VEGFR1–3, FGFR1–4, PDGFRb, RET, and KIT. In 
2014, Molina et al. led a phase Ib study to test lenvatinib in combination with evero-
limus in patients with pretreated mRCC [24]. They reported a response rate of 30% 
and a median PFS of 10.9 months. In the same view, a phase II study was performed 
comparing lenvatinib alone or in combination with everolimus to everolimus alone, 
showing that the combination reported 14.6 months of median PFS, which was the 
highest registered in clinical trials including patients progressed on VEGFR TKIs. 
This led to the approval of this combination by the FDA in March 2016. At present, 
a phase III trial is in course to compare lenvatinib in combination with everolimus 
to lenvatinib to anti-programmed death (PD)-1 pembrolizumab or sunitinib as first- 
line therapy (NCT02811861).

 Targeting the mTOR Pathway

TORC1 and TORC2 are two distinct complexes that modulate several aspects of 
protein expression implicated in cell proliferation and survival, making them ideal 
candidate for targeted approaches in RCC.

 Temsirolimus

Temsirolimus is an intravenous mTOR inhibitor administered at a dose of 25 mg in 
a weekly basis [25, 26]. Its approval derived from the results of a phase III random-
ized clinical study enrolling patients with untreated poor risk mRCC [27]. In this 
trial, patients were randomized to receive IFN, temsirolimus or their combination, 
showing a longer median OS in the temsirolimus arm (10.9 months) and a mild 
toxicity profile. In this study, approximately 20% of patients had a non-clear cell 
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RCC, which resulted responsive to temsirolimus. On this scenario, temsirolimus 
was approved by the FDA in 2007 as initial therapy in patients with untreated poor 
risk mRCC.

 Everolimus

Everolimus is an oral mTOR inhibitor administered at 10  mg daily in mRCC 
patients following VEGFR inhibitors. Its approval followed the results of a ran-
domized, double-blind phase III trial (RECORD-1) investigating everolimus versus 
placebo, which showed an advantage in terms of median PFS (4.9 vs. 1.9 months; 
HR 0.33; p <0.001) but not of OS (14.8 vs. 14.4 months; HR 0.87; p = 0.162). The 
main AEs in the everolimus arm were rash, fatigue, stomatitis, and pneumonitis. In 
2009, everolimus was approved by the FDA for the treatment of mRCC following 
antiangiogenics.

Successively, two phase II studies (RECORD-2 and RECORD-3) have investi-
gated everolimus in different settings. RECORD-2 trial evaluated everolimus com-
bined with bevacizumab versus IFN plus bevacizumab as first-line therapy, without 
demonstrating clinical benefit [28]. On the other hand, the RECORD-3 study com-
pared the sequences sunitinib–everolimus versus Everolimus–Sunitinib, later sup-
porting the use of TKIs as first-line therapy [29]. Finally, alternating anti-VEGFR 
TKIs with mTOR inhibitors is under evaluation in two separate phase II trials as 
first-line treatment: Sunitinib with temsirolimus (NCT01517243) and pazopanib 
with everolimus (NCT01408004).

 Conclusions

The prognosis of patients with mRCC remains relatively poor, but the progress 
obtained in the last decade in the number of available drugs gives grounds for a 
moderate optimism. The introduction of targeted agents has represented a revolu-
tion in the therapeutic armamentarium for mRCC. This has been the result of the 
great enforces of worldwide researchers in understanding the biology of this com-
plex disease. The successive results obtained by anti-PD-1 agent nivolumab, used 
alone in pretreated patients [30] or as first-line therapy in combination with anti- 
cytotoxic T-lymphocyte antigen (CTLA)-4 ipilimumab [31], have further changed 
this scenario, reopening the way to the extensive use of immunotherapy in these 
patients, in particular in dose without favorable prognosis. Nevertheless, targeted 
agents used in sequential or combined strategies with immunotherapies will repre-
sent a cornerstone of the therapeutic approach to mRCC patients in future years, 
even if further research efforts should be directed to maximize patient benefit and 
guarantee a sustainable system.
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Chapter 20
Specimen Handling: Radical and Partial 
Nephrectomy Specimens

Antonio Lopez-Beltran, Maria R. Raspollini, Liang Cheng, Marina Scarpelli, 
Alessia Cimadamore, Silvia Gasparrini, and Rodolfo Montironi

This chapter is devoted to specimen handling of radical and partial nephrectomies 
(including tumorectomy specimens). The main issues to be considered have been 
discussed thoroughly in the literature. In particular, we have followed the conclu-
sions raised by the International Society of Urologic Pathology 2012 Consensus 
Conference on renal cancer, through working group 3, focused on the issues of stag-
ing and specimen handling of renal tumors and reported by Trypkov et  al. [1]. 
Proper consideration is also given to the most recent AJCC/UICC TNM Cancer 
Staging Manual [2], and the most recent World Health Organization Classification 
of Tumours of the Urinary System and Male Genital Organs [3].

The proper handling of renal specimens provides the pathologists a guide to 
accurate staging of renal tumors. Several experts and expert groups have published 
recommendations on handling and dissection strategies, and have produced widely 
used protocols for the evaluation of renal cell carcinoma (RCC), which have proved 
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their utility in practice [1–39]. Likewise, most previously published protocols reflect 
personal practice preferences of dedicated pathologists [1–39]. In fact, very limited 
objective data exist regarding handling and organ dissection protocols in the current 
literature despite widespread implementation of some of them in practice [4–39]. 
Therefore, in the absence of supporting data on this issue, as a practical rule, most 
available handling protocols of RCC specimens are acceptable if they provide 
enough information allowing the assessment of prognostic/predictive parameters 
relevant in clinical practice. Adherence to International Society of Urologic 
Pathology recommendation on handling RCC samples [1] will provide a standard-
ized approach which is in use by most Uropathologists around the world.

 Specimen Sectioning and Inking

Radical or partial nephrectomies are the standard surgical procedures for localized 
renal cell carcinoma. The specimen dissection is required to achieve proper fixation 
of tissue and to allow gross evaluation of tumor extension into the perinephric fat, 
renal sinus, renal vein, and/or adrenal gland [1–3] (Table 20.1).

The preferred method of dissection is to make an initial section into radical 
nephrectomy specimens along the long axis (Fig. 20.1); this is frequently followed 
by additional perpendicular or parallel cuts to evaluate the greatest tumor dimension 
and other tumor characteristics including extension [1, 2]. Other methods are 
acceptable in practice as no data actually exist to indicate the superiority of any 
method and therefore the use of one over the other frequently reflects practice pref-
erences. Partial nephrectomy specimens should be sectioned perpendicularly to the 
inked marginal surface; if a portion of perinephric fat is present in the specimen, this 
margin should also be assessed (Fig. 20.2).

Ink should be used for margin assessment in radical nephrectomies following 
either localized use of ink restricted only to the areas suspicious for the presence of 
tumor (most commonly applied), or by inking of the entire external surface of the 
specimen. Most pathologists also use ink for partial nephrectomies, either localized 
use of ink or by inking of the entire external surface of the specimen. Selective ink-
ing of partial nephrectomies primarily relates to inking of the renal parenchymal 
margins, as margin status is of clinical importance [1].

 Tumor Measurement

No validated data exist in the literature as to how tumor size should be measured [1]. 
Since it is a relevant practice parameter, the size should be estimated after section-
ing of the entire tumor at regular intervals, and the greatest tumor dimension should 
be recorded. Special attention should be given to size determination in and around 
cutoff points of 4, 7, and 10 cm, which are important for accurate staging [1–3]. The 
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kidney is typically bivalved (sectioned along the long axis) and the greatest dimen-
sion is based on the two-dimensional assessment of the highest tumor length. 
Frequently, after bivalving the kidney, additional perpendicular or parallel cuts may 
be required to accurately evaluate the greatest tumor dimension [1].

Table 20.1 Key points relevant to handling kidney specimens with cancer

Radical nephrectomy:
The initial cut should be made along the long axis
Radical/partial nephrectomy specimens should be inked
Partial nephrectomy specimens should be sectioned perpendicularly to the inked marginal 
surface
General guideline:
Sampling 1 block per cm of the tumor with a minimum of 3 blocks
The length of a renal vein/caval thrombus should not be part of the measurement of the renal 
tumor
Sampling should include at a minimum of the 5 largest tumors, when multiple tumors
Perinephric fat invasion assessment:
Examining multiple perpendicular sections of the tumor/perinephric fat interface
Sampling areas suspicious for invasion
Perinephric fat invasion defined as:
Tumor touching the fat
Tumor extending as irregular tongues/nests into the perinephric tissue
Invading tumor with or without desmoplasia
Renal sinus invasion is present when the tumor is:
Direct contact with the sinus fat
Direct contact with loose connective tissue of the sinus, clearly beyond the renal parenchyma,
There is involvement of any endothelium-lined spaces within the renal sinus, regardless of 
the size
Assessing renal sinus, submit:
3 blocks (at least) of the tumor–renal sinus interface when invasion of the renal sinus is 
uncertain
Submit only 1 block if invasion is grossly evident, or obviously not present (small peripheral 
tumor)
The renal vein margin:
Positive only when there is adherent tumor visible microscopically at the actual margin
Submitted caval thrombus:
Take 2 or more sections to look for the adherent caval wall tissue.
Adrenal with tumor:
Submitted sections should reflect whether this represents contiguous spread (pT4) or a 
metastasis (pM1).
Adrenal without tumor:
Submit a section of the adrenal gland.
Uninvolved renal parenchyma sampling:
Normal parenchyma with tumor
Normal parenchyma distant from the tumor
To identify lymph nodes by dissection/palpation of the fat in the hilar area (lymph nodes are 
found in <10% of radical nephrectomy specimens).

Based on the consensus conclusions raised by the International Society of Urologic Pathology 
2012 Consensus Conference on renal cancer through working group 3. Trypkov et al. [1]
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Fig. 20.1 Radical 
nephrectomy specimen 
sectioned along the long 
axis. Note the typical 
yellow color that 
characterizes clear cell 
renal cell carcinoma

Fig. 20.2 (a, b) Partial nephrectomy with inked surgical edge. Partial nephrectomy specimen 
step-sectioned perpendicularly to the inked edge
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The main tumor should be measured with the inclusion, when present, of any 
tumor invading into the peripheral extracapsular tissue and the renal sinus; however, 
renal vein or caval thrombus should not be measured and reported as part of the 
main tumor dimension (Fig. 20.3). Similarly, smaller satellite nodules should not be 
included in the estimation of the greatest size of a dominant tumor mass. When 
multiple tumors are present in the kidney, it has been suggested to report the tumor 
dimensions for all tumors up to some designated maximum such as 5 [1–3].

 Number of Blocks for Sampling

The optimal sampling strategy for a renal tumor has not been established so far, 
but however, it should allow for determination of tumor stage, histologic type/
subtype, surgical margin status, assessment of pathologic grade, tumor 

Fig. 20.3 Tumor measurement should include the greatest dimension; however, the length of a 
renal vein/caval thrombus should not be part of the main tumor mass measurement (a). Renal sinus 
interface with renal vein and its branches (b) with invasion seen grossly (c)
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multifocality, or to illustrate underlying incidental renal pathology [1–39]. To 
date, however, no study has addressed the appropriate number of sections needed 
to evaluate a renal tumor. A reasonable sampling strategy to address key parame-
ters is to focus on the tumor interface with renal sinus, perirenal fat, renal vein, 
adjacent nonneoplastic parenchyma, and areas of tumor showing differing gross 
appearances. In partial nephrectomies, it is relevant to adequately sample the 
tumor–normal renal parenchyma margin interface. A section of the adrenal gland, 
if present, should also be included, as should sections of the vascular and ureteric 
surgical margins. A general guideline provided by the International Society of 
Urologic Pathology [1] favors sampling 1 block/cm of tumor with a minimum of 
3 blocks (subject to modification as individual cases may require) (Fig. 20.4). This 
approach was previously suggested in published recommendations for both pedi-
atric and adult renal tumors [1, 9–11]. Modifications of the sampling should allow 
for appropriate assessment of invasion into the renal sinus, perinephric fat, adrenal 
gland, or renal pelvis, when necessary.

 Sampling Multiple Renal Tumors

Multiple tumors are most frequently encountered in the setting of hereditary RCC 
(von Hippel–Lindau disease, hereditary papillary RCC, tuberous sclerosis, heredi-
tary leiomyomatosis/RCC syndrome, and Birt–Hogg–Dube syndrome) [3, 5, 10, 
39]. Multifocality also occurs in acquired cystic kidney disease and hybrid onco-
cytic/chromophobe tumor (HOCT; also known as renal oncocytosis). Sporadic mul-
tifocal RCC tumors are less often seen in practice (range 4%–5% of specimens) 
with higher incidence reported in papillary RCC. The International Society of 
Urologic Pathology recommended sampling at a minimum the 5 largest tumors 
(Fig. 20.5). One may assess only the 5 largest tumors when >5 tumors are present, 
particularly if the remaining, smaller tumors show similar gross features [1]. 
However, additional sampling can always be performed in case of uncertainty or at 
the discretion of the pathologist.

Fig. 20.4 Renal cell 
carcinoma showing 
multiple satellite nodules
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 Perinephric Fat Invasion

The quantity of perinephric fat largely varies in nephrectomy specimens; typically, 
the adrenal gland is seen within the fat at the inner aspect of the upper pole of the 
kidney. The perinephric fat is therefore located outside of the renal capsule and 
within the confines of the Gerota fascia [1–39].

A number of RCCs grow pushing into the perinephric fat, which distort the renal 
contour resulting in a circumscribed pushing border, a fact which should not be 
mistaken as perinephric fat invasion (Fig. 20.6). Infiltration into the perinephric fat 
can be established on gross examination when the tumor loses its rounded and 
smooth interface with the capsule and the perinephric fat or when visible as nodules 
or irregular tumor masses protruding within the perinephric fat (Fig.  20.7). 
Perinephric fat invasion is best determined by gross examination of multiple per-
pendicular sections of the tumor–perinephric fat interface followed by microscopic 
confirmation of invasion which includes the tumor either touch the fat or extend as 
irregular tongues into the perinephric tissue; desmoplasia may be present at the 
invasive edge in some cases [1–39].

Fig. 20.5 The sampling 
method should focus on 
the interface between 
tumor and perinephric fat, 
renal sinus, renal vein. 
Tumor sampling should 
include at least one block 
per cm of the tumor mass

Fig. 20.6 The presence of 
a circumscribed pushing 
border close to perinephric 
fat is not diagnostic of fat 
invasion
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 Assessment of Renal Sinus Invasion

Renal sinus fat is located between the pelvi-calyceal system and the renal paren-
chyma and contains the main lympho-vascular supply of the kidney [2, 4, 6, 8–10, 
16, 17, 21]. Some studies have demonstrated that renal sinus invasion is the princi-
pal route for extrarenal extension of the tumor [8–10, 16, 17, 21].

Renal sinus invasion is an important prognostic parameter needing to be specifically 
assessed in nephrectomy specimens. In cases when there is uncertainty as to the pres-
ence of renal sinus invasion, at least 3 blocks of the tumor–renal sinus interface should 
be submitted (Fig. 20.8). If sinus invasion is grossly evident, or obviously not present, 
only 1 block would be needed to confirm the gross impression that renal sinus invasion 
is present or absent [1, 2, 4, 6, 8–10, 16, 17, 21]. Renal sinus invasion can be established 
by histologic examination when the tumor is in direct contact with the sinus fat, in the 
loose connective tissue beyond the renal parenchyma, or when there is involvement of 
any endothelium-lined spaces within the renal sinus, regardless of the size [1].

Fig. 20.7 Perinephric fat invasion is determined by gross careful examination of multiple perpen-
dicular sections of the tumor–perinephric fat interface (a) and with histologic confirmation (b)

A. Lopez-Beltran et al.
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 Sampling of Renal Vein, Vena Cava Invasion, and Renal Vein 
Margin

Renal vein invasion is defined as a tumor that “grossly extends into the renal vein or 
its segmental (muscle-containing) branches” [2]. Therefore, a careful gross exami-
nation of the renal vein and its major branches is a relevant component of the dis-
section of radical nephrectomy specimens (Fig. 20.3).

Another question that arises is when the renal vein margin should be considered 
positive. As recommended by the International Society of Urologic Pathology, the 
margin is considered positive only if there is an adherent tumor at the actual margin, 
which has been confirmed microscopically [1]. Vena cava wall invasion is defined 
as a tumor that invades the wall of the vena cava. When a specimen is submitted 
separately as “caval thrombus,” the pathologist’s role is to confirm that the thrombus 
contains tumor and to establish whether there is adherent caval wall tissue. The most 
appropriated sampling strategy in this setting would be to include ≥2 sections to 
search for adherent caval wall tissue and possible caval vein invasion. Sometimes, 
however, the thrombus is received piecemeal and can be assessed only for the pres-
ence of tumor [1].

Fig. 20.8 Renal sinus and 
renal vein invasion
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 Sampling of Uninvolved Renal Parenchyma

In addition to sampling of the tumor, the uninvolved renal parenchyma should also be 
routinely evaluated by including both normal parenchyma with (or adjacent to) the 
tumor and renal parenchyma distant from the tumor (see Chap. 21 for details) [1].

 Adrenal Gland Involvement

When the adrenal gland is involved by RCC, gross examination is relevant in deter-
mining whether this represents contiguous spread (pT4 disease) or a metastasis 
(pM1) in the current AJCC/UICC TNM staging system [2]. The gross description 
and submitted sections should specifically address the conclusion in this regard [1].

 Lymph Nodes Assessment

To assess lymph nodes, radical nephrectomy specimens should be examined by 
palpation and dissection of the renal hilar area fat, rather than all the fat in the 
nephrectomy specimen. Nodes are seen in <10% of the cases and are mostly located 
in the renal hilar fat [36–38].

Concerning lymphadenectomy samples, once the specimen is properly fixed, the 
pathologist should retrieve and examine all lymph nodes from the submitted tissue, 
which is important for accurate nodal staging; limited evidence suggests that 12–13 
nodes are currently acceptable as a minimum for accurate pN staging [36–38].
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Chapter 21
Staging and Reporting of Renal Cell 
Carcinomas

Antonio Lopez-Beltran, Maria R. Raspollini, Liang Cheng, Marina Scarpelli, 
Alessia Cimadamore, Matteo Santoni, Silvia Gasparrini, 
and Rodolfo Montironi

This chapter is devoted to staging and reporting renal cell carcinoma (RCC) speci-
mens and applies to both radical nephrectomy and partial nephrectomy (including 
tumorectomy) specimens [1–4]. Main issues to be considered have been covered 
thoroughly in the literature with significant differences between different AJCC 
classifications [1–39] (Fig. 21.1). Since January 2018 is the official call for imple-
menting the AJCC Cancer Staging System, 8th Edition, in practice, we will provide 
along the next pages, a brief discussion of relevant changes incorporated in the 8th 
Edition as compared to the previous one.

Concerning reporting RCC specimens, we have followed the conclusions raised by 
ICCR initiative on cancer reporting, which incorporates specific protocols developed 
to report RCC specimens [4]. The ICCR is supported by the College of American 
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Pathologists, the Royal College of Pathologists of Australasia, and the Royal College 
of Pathologists of the United Kingdom. It also counts with the support by the European 
Society of Pathology. The ICCR protocols can be accessed following the link www.
iccr-cancer.org and then datasets can be followed; this will bring the reader to RCC 
datasets under the heading of “invasive carcinoma of renal tubular origin.”

Proper consideration along the text, in this chapter, is also given to the 
International Society of Urologic Pathology 2012 Consensus Conference on renal 
cancer, through working group 3, focused on the issues of staging and specimen 
handling of renal tumors [2], the AJCC TNM Cancer Staging Manual, 8th Edition 
[1], and the most recent World Health Organization Classification of Tumours of the 
Urinary System and Male Genital Organs [3].

Adherence to the ICCR reporting datasets [4] will provide a standardized 
approach which is in use by most Uropathologists around the world.

 Staging of Kidney Specimens with Cancer: Radical 
Nephrectomy and Partial Nephrectomy

The recent publication of the AJCC TNM 8th Edition [1] has introduced minor 
changes on RCC when compared to the 7th Edition [7]. This is due to the fact that 
major changes had been actually made in the 7th Edition [7], and data related to 
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Fig. 21.1 Comparison of 6–7 and 8 editions of the AJCC/TNM staging systems for renal cell 
carcinoma

A. Lopez-Beltran et al.

http://www.iccr-cancer.org
http://www.iccr-cancer.org


425

these novelties are still accruing. In AJCC TNM 8th Edition [1] T3 category, further 
clarifications were made in T3a disease classification concerning involvement of the 
renal vein and its tributaries (Table 21.1). T3a criteria in the AJCC TNM 7th Edition 
have been redefined since it is not uncommon that tumor involvement of renal ves-
sels can be missed grossly in both radical and partial nephrectomy specimens 
(Fig.  21.2). The thickness of renal vein and its branches is considered by most 
authorities a poor identification method as it largely varies between specimens, but 
also, because with certain frequency may be thin with minimal muscular wall and 
therefore cannot be accurately identified macroscopically [5]. Another factor is that 
histologic examination of small tumor nodules within the renal sinus most fre-
quently reveal intravascular tumor (Fig. 21.3). Thus, the word “grossly” to describe 
invasion of renal vein and its segmental branch for T3a is now removed, and there-
fore, a constellation of gross and microscopic features can be used to define pT3a 
staging according to the AJCC TNM 8th Edition [1].

An important addition in the 8th Edition [1] is the invasion of the pelvi-calyceal 
system, which has been placed in T3a. The renal sinus has being recognized as the 

Table 21.1 Renal carcinoma pathologic staging

Definition of the primary tumor (T category)
  TX Primary tumor cannot be assessed
  T0 No evidence of primary tumor
  T1 Tumor ≤7 cm in greatest dimension, limited to the kidney
   T1a Tumor ≤4 cm in greatest dimension, limited to the kidney
   T1b Tumor more than 4 cm but ≤7 cm in greatest dimension, limited to the kidney
  T2 Tumor more than 7 cm in greatest dimension, limited to the kidney
   T2a Tumor more than 7 cm but ≤10 cm in greatest dimension, limited to the kidney
   T2b Tumor more than 10 cm, limited to the kidney
  T3 Tumor extends into major veins or perinephric tissues but not into the ipsilateral adrenal 

gland and not beyond Gerota’s fascia
    T3a Tumor extends into the renal vein or its segmental branches, or invades the pelvi- 

calyceal system, or invades perirenal and/or renal sinus fat but not beyond Gerota’s fascia
   T3b Tumor extends into vena cava below diaphragm
    T3c Tumor extends into the vena cava above the diaphragm or invades the wall of the vena 

cava
  T4 Tumor invades beyond Gerota fascia (including contiguous extension into the ipsilateral 

adrenal gland)
Regional lymph nodes (N)
  NX Regional lymph nodes cannot be assessed.
  N0 No regional lymph node metastasis
  N1 Regional lymph node metastasis
Definition of distant metastasis (M)
  M0 No distant metastases
  M1 Distant metastasis

Modified from the AJCC TNM 8th Edition
Used with permission of the American College of Surgeons, Chicago, Illinois. The original source 
for this information is the AJCC Cancer Staging Manual, Eighth Edition (2017) published by 
Springer International Publishing
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main route for extrarenal extension, and chances of sinus invasion increases with 
larger tumor size particularly for tumors larger than 4  cm [5–17]. Renal sinus 
 invasion is most commonly seen in clear cell renal cell carcinoma. Of note is the 
fact that in clear cell renal cell carcinomas ≥7 cm in greatest dimension, renal sinus 
invasion is seen in more than 90% of cases [5, 15–17]. Sampling the renal hilum by 
pathologists for microscopic examination of vessel involvement is emphasized in 
the AJCC TNM 8th Edition [1, 2]. There are some reports suggesting that renal 
sinus fat involvement by RCC predicts a more aggressive outcome than peripheral 
perinephric fat invasion by RCC (Fig.  21.4). Involvement of the renal sinus by 
tumor is a feature of pT3a tumor staging category of the AJCC/TNM classification. 
It is likely that renal sinus invasion is preceded by involvement of renal sinus veins, 
an issue still under discussion.

In addition to the novelties described above, other relevant classic parameters are 
needed to provide the proper pathologic staging according to AJCC TNM 8th 

Fig. 21.2 Tumor invasion 
is seen in the renal vein 
also invading the vena cava 
as a neoplastic thrombus

Fig. 21.3 Small tumor 
nodules seen in the renal 
sinus frequently represent 
vascular extension

A. Lopez-Beltran et al.
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Edition. These are presented in Table 21.1, as they are typically part of the AJCC/
TNM categories [1–39]. Special care should be given to measure the greatest dimen-
sion of the tumor, in particular measurement in and around 4, 7, and 10 cm are 
particularly sensitive since they are used to establish T1 and T2 disease. Also, when 
renal carcinoma involves the adrenal gland, it is important to document whether the 
involvement is contiguous spread of tumor, which is considered as pT4, or a sepa-
rate/noncontiguous nodule of carcinoma, which represents metastatic disease (pM1) 
(Fig. 21.5). Extension of tumor beyond Gerota’s fascia is a feature of the pT4 stag-
ing category of the 8th Edition of the AJCC/TNM staging system [1–3].

It is curious, however, the fact that the UICC virtually left the 7th TNM staging 
system for kidney cancer unchanged for its 8th Edition, and this has created 
 problems in the implementation of the new AJCC that it expected to be use in daily 
practice in January 2018.

 Reporting of Kidney Specimens with Cancer: Radical 
Nephrectomy and Partial Nephrectomy

Concerning reporting RCC specimens, we have followed the conclusions raised by 
ICCR initiative on cancer reporting, therefore incorporating the specific protocols 
developed to report RCC specimens [4]. The ICCR protocols can be accessed fol-
lowing the link www.iccr-cancer.org and then follow the datasets, which will bring 

Fig. 21.4 Renal cell carcinoma may present perinephric fat invasion grossly (a) and microscopi-
cally (b)
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the reader to RCC-related datasets under the title “invasive carcinoma of renal tubu-
lar origin.” The ICCR is supported by the College of American Pathologists, the 
Royal College of pathologists of Australasia, and the Royal College of Pathologists 
of the United Kingdom. It also accounts with the support by the European Society 
of Pathology. The dataset also incorporate consensus documents such as the 
International Society of Urologic Pathology 2012 Consensus Conference on Renal 
Cancer [2], the most recent World Health Organization Classification of Tumours of 
the Urinary System and Male Genital Organs [3] and run parallel to the implemen-
tation of the AJCC TNM Cancer Staging Manual, 8th Edition [1].

In the ICCR protocols, the dataset has been developed for excision specimens 
of the kidney. Urothelial carcinoma arising from the upper renal tract, Wilms 
tumors, and other nephroblastic and mesenchymal tumors are not included in 
scope. Also worth to remember is that the dataset is designed for the reporting of a 
single laterality of specimen (left or right). If both are submitted as it might happen 
in bilateral tumors, then separate datasets should be completed for left or right 
specimens [4].

Another important novelty is the inclusion of the new four-tiered WHO/ISUP 
nucleolar grade, which has been adopted to replace the traditional Fuhrman nuclear 
grade in the AJCC TNM 8th Edition (Fig. 21.6). It has also been incorporated into 
the most recent World Health Organization Classification of Tumours of the Urinary 
System and Male Genital Organs [3] and by the novel ICCR reporting of invasive 
carcinoma of renal tubular origin, and therefore is part of the reporting items to be 
included in practice [3, 36]. In contrast to Fuhrman nuclear grade, which assesses a 
combination of nuclear and nucleolar features, the WHO/ISUP nucleolar grading 
for its first three grades relies exclusively on the degree of nucleolar prominence, 
thus providing better objectivity in the pathologist’s interpretation (Table  21.2). 
Other known aggressive histologic features such as sarcomatoid and rhabdoid dif-
ferentiation are incorporated into WHO/ISUP as grade 4 disease (Figs. 21.7, 21.8, 
and 21.9). Recent studies have shown that WHO/ISUP nucleolar grade provides 

Fig. 21.5 Renal cell 
carcinoma may infiltrate 
the ipsilateral adrenal 
gland
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better grade separation in intermediate categories, and the main benefit is to sepa-
rate grades 2 and 3 (a problem with Fuhrman grading), and this separation has 
stronger association with patient outcome [36]. Reportedly, the WHO/ISUP grade is 
best applied for clear cell and papillary subtypes of RCC. Chromophobe RCC sub-
type does not benefit by this novel grading system [4–36]. Rhabdoid differentiation, 
characterized by tumor cells resembling rhabdomyoblasts (Fig.  21.7), is empha-
sized in the AJCC TNM 8th manual as a poor prognostic indicator of RCC [24, 
35–38]. Rhabdoid differentiation, may occur across any of the RCC subtypes, pre-
dicts poor outcome independent of histologic subtype, grade, and stage, and there-

Fig. 21.6 Nucleolar prominence is characteristic of grade 3 WHO/ISUP grading system (a) as 
compares with lack of nucleolar prominence seen in grade 1 WHO/ISUP (b)

Table 21.2 Histologic nucleolar grade

ISUP nucleolar 
grade Histological features

Grade 1 Nucleoli absent or inconspicuous and basophilic at 400× magnification
Grade 2 Nucleoli conspicuous and eosinophilic at ×400 magnification, visible but not 

prominent at ×100 magnification
Grade 3 Nucleoli conspicuous and eosinophilic at ×100 magnification
Grade 4 Extreme nuclear pleomorphism and/or multi nuclear giant cells and/or 

rhabdoid and/or sarcomatoid differentiation
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Fig. 21.7 Rhabdoid 
differentiation is an 
important prognostic factor 
in renal cell carcinoma

Fig. 21.8 Sarcomatoid 
differentiation is an 
important prognostic factor 
in renal cell carcinoma

Fig. 21.9 The presence of 
sarcomatoid differentiation 
may be identified grossly 
due to is whitish firm 
appearance
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fore is one of the features that need to be reported together with the presence of 
sarcomatoid differentiation, also known as an aggressive feature in RCC (Table 21.3) 
[24, 35–37].

The histologic tumor subtype is also an important contribution to the pathology 
report (Table  21.4). The classification of tumor subtypes is based on the Fourth 
Edition World Health Organization classification of renal cell tumors and the 
International Society of Urological Pathology Vancouver classification of renal neo-
plasia [2–4, 8]. In the rare case of more than one histologic type of carcinoma occur-

Table 21.3 Main variables to be assessed in RCC

Histologic tumor type (WHO classification)
Histologic tumor grade (ISUP nucleolar grade)
Presence and percentage of sarcomatoid and/or rhabdoid differentiation
Presence or absence of tumor necrosis
Tumor dimension (greatest dimension)
Tumor site
Tumor involvement of renal sinus and/or of perinephric fat
Tumor involvement of adrenal gland (contiguous = pT4 or noncontiguous M1)
Tumor involvement of margins (vascular margin in radical nephrectomy specimens or renal 
margin in partial nephrectomy specimens)

Table 21.4 Reporting of renal cell carcinoma following the ICCR dataset (www.iccr-cancer.org)

Preoperative treatment (not specified, tumor embolization, cryoablation, radio frequency 
ablation, external-beam radiation therapy, Tyrosine kinase inhibitors, immunotherapy, and 
other)
Specimen laterality (left/right)
Surgical procedure (partial/radical nephrectomy)
Accompanying/attached structures (adrenal, lymph nodes)
Tumor site(s) (upper or lower pole, medulla)
Tumor focality (uni/multifocal)
Maximum tumor dimension (if multiple tumors the maximum dimension of the largest five 
should be recorded)
Macroscopic extent of invasion (tumor confined to kidney or extent into perinephric fat, renal 
sinus fat, beyond Gerota’s fascia, major veins, pelvi-calyceal system, ipsilateral adrenal 
contiguous or noncontiguous, other organs)
Histological tumor type (WHO 2016) [3]
  Clear cell renal cell carcinoma
  Multilocular clear cell renal cell neoplasm of low malignant potential
  Papillary renal cell carcinoma
   Type 1 or type 2
   Oncocytic subtype
   NOS
  Chromophobe renal cell carcinoma
   Hybrid oncocytic chromophobe tumor

(continued)
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ring within the same kidney specimen, it is recommended to separately record each 
tumor type and to provide their relative percentage [2–4, 8].

Most subtypes of renal epithelial carcinoma exhibit differing clinical behavior 
and prognosis; a fact that has been confirmed in large single and multicenter studies, 
and in particular for clear cell, papillary, and Chromophobe RCC. Of relevance, the 
observation that many of the newly described entities of RCC have a prognosis that 
differs from that of clear cell renal cell carcinoma, and therefore are worth to be 
reported. However, the overall information available on these categories is still lim-
ited and there is much need of larger reported series (Table 21.4) [2–4, 8].

The 2013 International Society of Urological Pathology Vancouver Classification 
of adult renal tumors identified a group of renal cell carcinomas currently placed as 
emerging/provisional category of RCC [2–4, 8]. This category was also included in 
the fourth edition of the World Health Organization classification of renal neoplasia. 
While appearing distinctive, these rare tumors had not been fully characterized by 
morphology, immunohistochemistry, and molecular studies. Examples of this cate-
gory include oncocytoid RCC after neuroblastoma (neuroblastoma-associated RCC), 

Table 21.4 (continued)

  Collecting duct carcinoma
  Renal medullary carcinoma
  MiT family translocation renal cell carcinoma
   Xp11 translocation renal cell carcinoma
   t(6;11) renal cell carcinoma
   Other, specify
  Mucinous tubular and spindle cell carcinoma
  Tubulocystic renal cell carcinoma
  Acquired cystic disease-associated renal cell carcinoma
  Clear cell papillary/tubulopapillary renal cell carcinoma
  Hereditary leiomyomatosis and renal cell carcinoma-associated renal cell carcinoma
  Succinate dehydrogenase (SDH) deficient renal carcinoma
  Renal cell carcinoma, unclassified
  Other, specify
Histological tumor grade (World Health Organization/ International Society of Urological 
Pathology (WHO/ISUP) nucleolar grading system) [3]
Sarcomatoid morphology (if present give %)
Rhabdoid morphology (if present give %)
Microscopic extent of invasion (if present in fat, vascular spaces or both, beyond Gerota’s fascia, 
pelvi-calyceal system, renal vein or renal vein wall, adrenal gland, in other organs/structures)
Tumor necrosis (present/absent, macro or microscopic [add % as an option])
Lymphovascular invasion (present/absent)
Lymph node status (number of lymph nodes examined and number of positives)
Margin status (specify sites)
Coexisting pathology in non-neoplastic kidney (glomerular or tubule-interstitial disease, cysts, 
adenomas)
Ancillary studies if performed
Pathologic staging (AJCC/TNM 8th edition) (see Table 21.1)
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thyroid-like follicular RCC, anaplastic lymphoma kinase (ALK) rearrangement- 
associated RCC, and RCC with (angio) leiomyomatous stroma. Although initially 
included in this category, oncocytic papillary RCC has been included in the fourth 
edition of the World Health Organization renal tumor classification [3] as a specific 
category; therefore, we suggest that tumors showing typical features should be 
included in this category instead of as an emerging/provisional category [1–39].

Papillary RCC is associated with a more favorable outcome than CCRCC, col-
lecting duct carcinoma, and HLRCC. Papillary RCC has been subdivided into type 
1 and type 2, with recent studies showing these tumors to be biologically and clini-
cally distinct. Papillary subtyping is also of prognostic significance with type 1 
tumors having a better prognosis than those with type 2 morphology. Type 1 tumors 
are associated with alterations in the MET pathway while type 2 tumors are associ-
ated with activation of the NRF2–ARE pathway. Molecular features suggest that 
type 2 tumors may be subdivided into at least three subtypes, a fact that produces 
certain confusion on how to report these cases. Type 1 and type 2 tumors show dif-
fering immunohistochemical staining with type 1 tumors more frequently express-
ing cytokeratin 7 in comparison to type 2 [1–39].

An overview of other topics to be reported is presented on Table 21.4 (Figs. 21.10 
and 21.11). To fully benefit from the ICCR reporting, the reader is invited to visit 
the www.iccr-cancer.org which will give a detailed landscape of the different param-
eters to be reported and the rationale behind [4].

Fig. 21.10 Tumor necrosis is an important prognostic factor in renal cell carcinoma, both grossly 
(a) and microscopically (b)
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