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  1      Papillary Renal Carcinoma                     

     Daniel     Su     ,     Adam     R.     Metwalli      , and     Ramaprasad     Srinivasan     

          Introduction 

 Renal cell carcinoma (RCC) arising from the renal parenchyma accounts for more 
than 90 % of adult kidney cancers [ 1 ]. RCC is composed of multiple genetically, 
histologically, pathologically, and metabolically distinct disease entities [ 2 ]. Over 
the past two decades, our ability to distinguish between various RCC subtypes has 
improved signifi cantly; as we begin to better characterize these subtypes, it is 
becoming increasingly clear that a successful approach to the treatment of RCC 
should take into account the prevailing heterogeneity. Papillary RCC (pRCC) is the 
second most common histologic subtype of RCC after clear cell renal cell carci-
noma (ccRCC) and accounts for 10–15 % of all RCC [ 1 ]. Both sporadic and familial 
forms of pRCC have been described. A higher incidence of sporadic pRCC is 
thought to occur in patients with end-stage renal disease (ESRD) and acquired renal 
cystic disease (ARCD) when compared to the general population [ 3 ,  4 ]. However, 
the risk association of ESRD with pRCC was not seen in a more recent study [ 5 ]. 
Familial forms of pRCC are associated with hereditary papillary renal carcinoma 
(HPRC) and hereditary leiomyomatosis and renal cell carcinoma (HLRCC); papil-
lary RCC has also been described as a component of Birt-Hogg-Dubé (BHD), 
although this histology is only infrequently encountered in BHD patients [ 6 ,  7 ]. 

 pRCC is a heterogeneous group of malignancies that are characterized by the 
presence of a papillary architecture on histopathologic examination. Based on his-
tologic features, two subtypes of papillary RCC are recognized: type I and type II. 
pRCC can be divided clinically into organ-confi ned and metastatic disease states, 
with some studies showing better survival compared to ccRCC in localized states 
and worse prognosis in the metastatic state [ 8 – 10 ]. pRCC localized to the kidneys 
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is generally managed surgically with overall good outcomes; the approach to 
advanced disease is less satisfactory and the standard of care continues to evolve. 
Although agents targeting the VEGF and mTOR pathways have led to improved 
outcomes in patients with advanced ccRCC [ 11 ], patients with metastatic pRCC are 
generally unresponsive to these agents [ 12 ]. However, recent insights into the mech-
anisms underlying some variants of pRCC have led to the development of promis-
ing clinical strategies that are currently under evaluation [ 13 ].  

    Epidemiology and Risk Stratification 

 It is estimated that 61,560 new cases of renal cell carcinoma will be diagnosed in the 
United States in 2015, resulting in 14,080 deaths [ 14 ]. Worldwide, RCC is the 13th 
most common malignancy, with 271,000 new cases diagnosed in 2008 [ 15 ]. The 
incidence of RCC experienced an upward trend in the past decade but has stabilized 
and started to show a decline partly due to the success of smoking cessation pro-
grams and improvements in occupation protection [ 1 ]. 

 While extensive epidemiologic data pertaining to kidney cancer are available, 
these do not address specifi c subtypes. Since ccRCC accounts for 85–90 % of all 
RCC, this subtype heavily infl uences the published epidemiologic data and trends. 
In general, RCC occurs about twice as often in males as in females, and the average 
age of diagnosis of sporadic forms of RCC is in the early sixth decade [ 1 ,  16 ]. 

 Several studies have suggested racial disparities in the incidence of pRCC. In the 
United States, papillary RCC appears to be more common in blacks than in other 
races. In a review of 204 patients who underwent partial or radical nephrectomy, 
including 97 (47.5 %) patients with ccRCC, 65 (31.9 %) patients with pRCC, and 13 
(6.4 %) patients with chromophobe RCC (chRCC), Sankin et al. found that 47.9 % 
of renal tumors in black patients were pRCC, compared to only 10.3 % of the tumors 
in non-black patients ( p  < 0.001) [ 17 ]. Chow et al. drew similar conclusions from an 
analysis of 39,350 RCC patients in the SEER database from 1992 to 2007 [ 18 ]. In 
this analysis, black patients were more frequently diagnosed with pRCC subtypes 
when compared to white patients (12.5 % vs. 4.5 %). Additionally, 5-year relative 
survival rates in black patients with pRCC was inferior to that of white patients 
(80.5 % [95 % CI 74.8–85)] vs. 87.5 % [95 % CI 84.3–90.1]). Interestingly, ccRCC 
was found to be associated with a worse prognosis than pRCC, but the survival 
advantage for white patients spanned both histologic subtypes. Another analysis 
based on the Surveillance, Epidemiology, and End Results (SEER) program dataset 
evaluated 52,924 RCC patients and similarly observed a racial disparity in the inci-
dence of pRCC [ 19 ]. The authors of this study concluded that black patients are more 
likely to have pRCC than white patients (23 % vs. 9 %, respectively); furthermore, 
pRCC incidence (cases per 100,000 men and women) increased more rapidly for 
black patients than white patients during the study period of 2001–2009 (increasing 
from 1.6 to 4.0 for black patients vs. 0.7 to 1.3 for white patients;  p  < 0.01). 

 The natural history of papillary RCC and the prognosis of affected patients vary 
considerably depending on the subtype of papillary RCC. Several analyses have 
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attempted to compare the prognosis and clinical course of this entity with those of 
clear cell RCC. A large series from the Mayo Clinic (3,062 patients with all sub-
types of RCC, 33 years of follow-up) sought to determine if RCC histology/subtype 
infl uenced outcome [ 10 ]. This study included 2,466 (80.5 %) patients with ccRCC, 
438 (14.3 %) patients with pRCC, and 158 (5.2 %) patients with chRCC and con-
cluded that ccRCC histology was a signifi cant predictor for metastasis (hazard ratio 
[HR] 2.76, 95 % CI 2.05–3.72  p  < 0.001) and cancer-specifi c death (HR 1.77, 95 % 
CI 1.38–2.26  p  < 0.001). However, these analyses did not account for disparities in 
clinical and pathological stage comparison between histologic subtypes. 

 A more recent study employed the SEER database to evaluate impact of RCC 
histologic subtypes on overall survival and cancer-specifi c survival [ 20 ]. The 
authors identifi ed 17,605 patients from 2000 to 2005 who were treated for RCC 
with radical or partial nephrectomy; 78.6 % had ccRCC, 12.9 % pRCC, 5.4 % 
chRCC, 2.5 % sarcomatoid differentiation, and 0.6 % collecting duct subtype. In 
this study, patients with pRCC were less likely to present with T3 or greater disease 
(17.6 % for pRCC vs. 28 % for ccRCC, 82.8 % for sarcomatoid, and 55.7 % for 
collecting duct,  p  < 0.001). The impact of this fi nding on prognosis was unclear, as 
pRCC histology only showed a trend toward better cancer-specifi c survival (HR 
0.85, 95 % CI 0.70–1.02) in a multivariate analysis. There was no signifi cant differ-
ence in overall survival between ccRCC and pRCC. 

 Another retrospective study evaluated 4,063 patients with RCC; the authors eval-
uated histology, age, TNM stage, Fuhrman grade, and performance status for prog-
nostic signifi cance [ 21 ]. 87.7 % of the patients had ccRCC histology, 9.7 % pRCC, 
and 2.5 % chRCC. A trend toward better survival in patients with pRCC and chRCC 
was identifi ed on univariate analysis ( p  = 0.0007) when compared to ccRCC patients. 
However histologic subtype was not found to be predictive of outcome in multivari-
ate analysis ( p  < 0.001). 

 It is generally believed that type II pRCC tends have a more aggressive course 
whereas type I pRCC exhibits a relatively indolent course [ 22 ]. Antonelli et al. used 
their prospectively collected institutional database of 1,150 patients who were 
treated surgically for RCC; of these, 132 (11.5 %) had a papillary histology con-
fi rmed by a single genito-urologic pathology (including 57 [43 %] patients with 
type I and 75 [57 %] patients with type II). With an average follow-up of 50 months, 
nine patients (14 %) developed metastatic disease in the type II pRCC group, with 
no metastatic disease identifi ed in the type I group. While type I histology was asso-
ciated with better 36-month disease-free survival when compared to type II on uni-
variate analysis ( p  < 0.004), this difference was not statistically signifi cant on 
multivariate analysis ( p  = 0.937). 

 A second study of 130 patients with pRCC suggested that type II pRCC is 
associated with worse cancer-specific survival and overall survival [ 23 ]. Type 
II tumors were associated with higher stage, grade, and microvascular invasion 
at the time of surgery ( p  < 0.001). During a median follow-up of 48 months, 5 
(7 %) type I pRCC patients and 62 (47.7 %) type II pRCC patients died from 
cancer-specific causes ( p  = 0.002). On univariate analysis, type II histology was 
associated with worse overall survival (HR 4.34, 95 % CI 1.60–11.82,  p  = 0.002) 
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and worse disease-free survival (HR 7.69, 95 % CI 2.96–20.00,  p  < 0.001). On 
multivariate analysis histologic subtype (HR 3.22, 95 % CI 1.09–9.49, 
 p  = 0.034) and TNM stage of III–IV (HR 12.27, 95 % CI 4.95–30.40,  p  < 0.001) 
remained statistically significant as factors affecting cancer-specific survival. 
A meta-analysis of three studies including 2,455 nccRCC patients demon-
strated similar results, with type II pRCC associated with worse outcome than 
type I pRCC [ 24 ].  

    Clinical Findings 

    Physical Exam Findings 

 RCC is an insidious disease with manifestations that often remain occult until late 
in the clinical course. The classic triad of hematuria, fl ank pain, and fl ank mass is 
uncommon and when present is often associated with advance disease. Most RCC, 
especially small renal masses, are now incidentally discovered on imaging studies 
performed for other indications [ 25 ,  26 ]. 

 Symptoms associated with paraneoplastic syndrome are found in approximately 
20 % of RCC patients and include hypertension, polycythemia, and hypercalcemia 
[ 27 ]. Physical examination, while important, has a limited role in the diagnostic 
evaluation of RCC; familial pRCC is an exception, and a thorough physical exam is 
often a crucial aid in diagnosis. In advanced disease, physical exam fi ndings such as 
palpable fl ank or abdominal mass, lymphadenopathy, unilateral varicocele, and 
lower extremity edema can be found. 

 With a few exceptions, the clinical presentation of papillary RCC is indistin-
guishable from that of other kidney cancer variants. Patients usually present from 
the third to eighth decade of life, with a male to female ratio that ranges from 2:1 to 
3.9:1, although pediatric cases of pRCC have been described in HLRCC [ 14 ,  28 ]. 
While the majority of pRCC cases present with unilateral and unifocal disease, 
pRCC is the most common multifocal or bilateral RCC variant [ 29 ]. In patients with 
papillary RCC associated with the hereditary kidney cancer syndromes HLRCC or 
HPRC, a family history of papillary RCC may provide clues to the diagnosis. 
Additionally, patients with HLRCC may present with cutaneous or early-onset uter-
ine leiomyomas or provide a family history of these disease sequelae [ 28 ]. Patients 
with pRCC are also much more likely to develop malignant ascites than are those 
with ccRCC [ 30 ]. 

 It was believed that in hemodialysis patients developing RCC, a disproportion-
ately large percentage presented with pRCC when compared to the general popula-
tion. In a study evaluating 43 RCC patients with ESRD on hemodialysis (HD) 21 
(48.8 %), patients had pRCC, which was signifi cantly higher than the incidence in 
the general population ( p  < 0.001) [ 3 ]. However, this predilection for developing 
pRCC was not seen in a larger, more recent study of 401 patients with ESRD on HD 
who underwent radical nephrectomy for RCC [ 5 ]. In this study, the incidence of 
ccRCC (308/401, 76.8 %) and pRCC, (84/401, 20.9 %) was consistent with that 
expected in the general population.  
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    Imaging Findings 

 High-resolution computed tomography (CT) before and after administration of 
intravenous contrast is the gold standard for evaluation of solid renal masses, but 
magnetic resonance imaging (MRI) is an acceptable alternative [ 31 ]. MRI is often 
performed when optimal CT imaging cannot be performed, such as in case of severe 
iodinated contrast allergy, pregnancy, or renal dysfunction. However, with its multi-
planar capability, MRI is particularly useful in some circumstances, such as delinea-
tion of a tumor thrombus [ 32 ,  33 ]. 

 While radiologic features alone should not form the basis for differentiation 
between individual RCC subtypes, a few characteristics are noteworthy. Sporadic 
pRCC is often characterized by less intratumoral vascularity when compared to 
ccRCC. Clinically, this is refl ected in the observation that pRCC tumors demon-
strate less post-contrast enhancement than ccRCC on CT imaging [ 34 ,  35 ]. 

 Larger (>3 cm) pRCC tumors can appear heterogeneous on CT; they often have 
areas of necrosis and hemorrhage [ 36 ]. This is a useful characteristic to differentiate 
pRCC from chRCC, as large chRCC tend to appear homogenous [ 37 ]. The opposite 
is true with small (<3 cm) pRCC when compared to ccRCC, where pRCC appears 
more homogenous [ 36 ]. 

 There is no large study that compares differences in imaging characteristics 
between type I and type II pRCC. However, in a small series of 19 patient, the 
authors reported that type II pRCC tend be more heterogeneous with necrotic areas 
and have indistinct borders when compared to type I pRCC [ 38 ] (Fig.  1.1a ).

   The low degree of enhancement seen with pRCC can cause diagnostic diffi culties 
when either a simple renal cyst or a hyperdense renal cyst is in the differential. In most 
cases, a simple cyst does not enhance more than 10–20 HU from non- contrast to post-
contrast imaging. Any enhancement of greater than 10 HU should alert the clinician to 
investigate further. In the scenario where a cyst possess pseudoenhancement, additional 
imaging modalities such as ultrasound or MRI can provide useful information [ 39 ]. 

a b

  Fig. 1.1    ( a ) Large infi ltrating left kidney lesion with irregular borders. CT scan of the abdomen 
and pelvis in a 55-year-old male with HLRCC; this scan demonstrates a left-side kidney lesion 
with irregular border. ( b ) Left-side para-aortic lymphatic metastatic disease. CT scan of the abdo-
men and pelvis in a 55-year-old male with HLRCC, demonstrating para-aortic lymphadenopathy       

 

1 Papillary Renal Carcinoma



6

 In a study that evaluated the characteristics of small pRCC (<3 cm) on contrast- 
enhanced MRI, the authors found several features that may help differentiate pRCC 
and ccRCC [ 40 ]. As is the case with CT imaging, pRCC display less enhancement 
due to its relative hypovascularity when compared to ccRCC when studied on MRI. 
pRCC frequently have low signal intensity on both T1- and T2-weighted images 
and often display a pseudocapsule. In contrast, ccRCC often demonstrate a higher 
intensity signal on T2-weighted MRI images. Lastly, pRCC often exhibited a 
homogenous pattern on T2-weighted images whereas ccRCC displayed a hyperin-
tense heterogeneous pattern.   

    Sporadic Papillary RCC 

    Pathology 

 Papillary renal cell carcinoma appears grossly as a well-circumscribed white or 
beige mass often with a thick fi brous capsule or pseudocapsule; the cut surface is 
usually yellow or brown in color [ 41 ]. There is considerable variation in the size of 
pRCC primaries at resection, ranging from 1.2 to 26 cm [ 42 ]. While smaller pRCC 
tend to be solid masses, larger pRCC frequently show cystic changes, necrosis, and 
hemorrhage [ 43 ]. pRCC can present in a multifocal fashion, with both multiple 
tumors on the same kidney and also bilateral tumors [ 29 ,  43 ]. 

 A pathological hallmark of pRCC is the presence of true papillae with fi bro-
vascular cores lined with neoplastic cells [ 43 ]. Morphologically, at least two 
types of pRCC have been described [ 42 ]. Type I pRCC have small basophilic 
cells with scant pale cytoplasm arranged in a single layer on the papillary base-
ment membrane; these tumors tend to have low nuclear grade and often demon-
strate the presence of macrophages. Type II pRCC comprises a heterogeneous 
group of malignancies and are classically described as having high-grade eosin-
ophilic cells with pseudostratifi ed nuclei on papillary cores, often with volumi-
nous cytoplasm. The immunohistochemical profi le of the two subtypes is 
different as well; type I pRCC tend to show expression of CK7, vimentin, and 
MUC1, whereas CK20 and E-cadherin expression is more frequently seen with 
type 2 pRCC [ 42 ,  44 ,  45 ]. 

 It is important to note that there is considerable variation in classifi cation of 
pRCC by pathologists; this is further made diffi cult by pRCC mimics such as clear 
cell tubulopapillary RCC, mucinous tubular and spindle carcinoma, and oncocytic 
pRCC [ 46 ,  47 ]. During a preconference survey at the International Society of 
Urological Pathology (ISUP) in 2013, only 59 % of conference participants 
answered they classifi ed pRCC into type I and type II, only 10 % of the participating 
pathologists incorporated oncocytic pRCC into their practice. Of the remaining 
31 %, 16 % used Fuhrman grading only and 10 % used other criteria. This  highlights 
an important point that papillary RCC is a heterogeneous disease group, likely con-
sisting of several distinct entities that are not well characterized or consistently 
described currently.  
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    Genetics 

 Multiple chromosomal abnormalities are associated with papillary RCC, including 
trisomy of chromosome 3q, 7, 8, 12, 16, 17, and 20 and loss of the Y chromosome 
in male patients [ 29 ,  48 ]. There is some evidence that type I and type II pRCC have 
different genetic profi les; type I pRCC seem to exhibit chromosome 7p and 17p 
gains, whereas type II pRCC seems to have a higher frequency of allelic imbalance 
on 9p than type I [ 22 ,  49 ]. Somatic mutations of the MET gene are seen in approxi-
mately 15 % of pRCC tumors [ 50 – 52 ] and are believed to play a role in the patho-
genesis of these tumors. The Cancer Genome Atlas (TCGA) project recently 
undertook a comprehensive genomic and molecular analysis of 161 papillary renal 
tumors. Preliminary data from this analysis suggests that alterations of the  MET  
gene are seen primarily in type 1 papillary RCC [ 51 ]. In addition to activating muta-
tions in  MET  (seen in 11.2 % of patients), other alterations including splice variants 
(seen in 5 % of patients) and gain of chromosome 7 are commonly seen in type 1 
pRCC. Type 2 pRCC is comprised of a heterogeneous group of tumors, sharing 
some histologic similarities but nonetheless demonstrating considerable histologic 
and genetic variations. The genetic alterations underlying sporadic type 2 pRCC 
tumors are yet to be fully elucidated. Recent reports suggest that mutations in genes 
regulating the nuclear factor (erythroid-derived 2)-like 2 (NRF2) oxidative stress 
response pathway are seen in some tumors with type 2 papillary histology [ 53 ].  

    Molecular Pathways Important in Papillary RCC 

 Our understanding of the molecular pathways driving different forms of pRCC is 
based largely on studies of hereditary forms of pRCC and continues to evolve as 
newer technologies become available. Comprehensive approaches to molecular and 
genetic analyses that combine genomic, proteomic, and other platforms to interro-
gate aberrant or oncogenic pathways are currently being used to better understand 
the critical drivers of pRCC and are likely to elucidate at least some mechanisms at 
play. Although the key molecular and biochemical pathways driving the majority of 
pRCC are still not fully understood, there are at least two well-defi ned pathways 
that appear to operate in distinct subtypes of pRCC. Both pathways are summarized 
briefl y here and discussed in more detail in the section on hereditary papillary can-
cers. The hepatocyte growth factor (HGF)/MET pathway mediates a number of 
important cellular functions including cell growth, tissue repair, and regeneration 
and is believed to be important in a subset of patients with type 1 papillary RCC [ 54 ] 
(Fig.  1.2 ). Patients with HPRC, who carry a germline-activating mutation of  MET , 
provide the most compelling evidence that this pathway is activated in 
pRCC. Additionally, somatic  MET  mutations are seen in a small proportion of 
patients with sporadic pRCC [ 50 ,  51 ]. Trisomy of chromosome 7 is a relatively 
common event in pRCC, and since the genes for both  ME T and its ligand  HGF  are 
located on chromosome 7, it has been suggested that increased copy number of 
chromosome 7 may lead to activation of the HGF/MET pathway [ 55 ].
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   NRF2, Kelch-like erythroid-derived cap-n-collar homology-associated protein 
1 (KEAP1), and cullin 3 (CUL3) are part of a cellular process that regulates 
response to oxidative stress [ 56 ]. Activation of the NRF2 pathway has been dem-
onstrated in both papillary RCC associated with HLRCC and in some forms of 
sporadic type 2 papillary RCC. Fumarate, a metabolic intermediate generated in 
the tricarboxylic acid (TCA) cycle, is a substrate for the enzyme fumarate hydra-
tase (FH) and plays an important role in the regulation of this cascade. When 
fumarate hydratase is inactivated, as in HLRCC-associated tumors, fumarate 
accumulates intracellularly, leading to a specifi c posttranslational modifi cation of 
KEAP1 (succination) [ 57 ]. This modifi cation leads to impaired binding of KEAP1 
with NRF2, preventing ubiquitin-mediated degradation and nuclear accumulation 
of the latter. Although somatic mutation of FH does not appear to be common in 
sporadic pRCC, mutations in KEAP1, NRF2, CUL3, and the sirtuin family of 
protein may be responsible for NRF2 activation in sporadic pRCC [ 53 ,  58 ] 
(Fig.  1.3 ).
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  Fig. 1.2    Consequences MET inactivation. The HGF/Met signaling pathway regulates a large 
number of downstream signaling pathways, some of them critical in carcinogenesis. The RAS/
mitogen-activated protein kinase (MAPK) pathway mediates cell scattering and proliferation sig-
nals. The PI3K pathway has been implicated in cell motility and remodeling of the extracellular 
matrix. PI3K also triggers activation of the AKT pathway, which is related to cell survival 
(Reproduced with permission from Linehan et al. [ 120 ])       
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        Hereditary Papillary RCC 

 Although most cases of RCC are sporadic in nature, it is estimated that 1–4 % are 
the result of hereditary cancer syndromes [ 59 ,  60 ]. However, this is likely an under-
estimate and the true prevalence is not known; with the identifi cation and recogni-
tion of new familial forms of RCC and heightened awareness of these entities 
among practitioners, it is estimated that a higher proportion of kidney cancers may 
have a heritable component [ 61 ]. 

 Familial forms of kidney cancer are characterized by early age of onset and 
often present with bilateral and multifocal renal tumors [ 60 ]. Patients with 
hereditary renal cancer syndromes may present with a family history of RCC, 
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  Fig. 1.3    Consequences of fumarate hydratase inactivation. When fumarate hydratase (FH) is 
inactivated, intracellular accumulation of fumarate occurs. Fumarate accumulation leads to succi-
nation of KEAP1, which in turn lead to nuclear accumulation of NRF2. High levels of fumarate 
also lead to competitive inhibition of PHD, which in turn leads to downstream translation activa-
tion of VEGF and GLUT1. Loss of FH also leads to changes in cellular metabolism, with an 
increased reliance on glucose and glutamine for macromolecular generation (Reproduced with 
permission from Srinivasan et al. [ 82 ])       
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bilateral/multifocal renal masses, known associated physical fi ndings such as 
skin or uterine leiomyomas in HLRCC, and often distinct histologic character-
istics. A detailed personal, surgical, and family history and careful physical 
exam are invaluable in this patient population. A young age of presentation, 
strong family history of RCC, or associated physical fi ndings characteristic of a 
familial form of RCC should prompt evaluation and counseling for appropriate 
germline genetic testing. 

 Patients with hereditary kidney cancer syndromes face a unique set of challenges 
and usually benefi t from a multidisciplinary team approach. Most patients present 
at a young age and will often have relatives who are also affected or have died from 
the same disease. Since most familial forms of RCC present with bilateral, mulifo-
cal tumors, the risk of multiple surgical procedures, resultant nephron loss, and 
subsequent development of chronic kidney disease is very high in this group. 

 There are two well-defi ned inherited conditions where affected individuals are at 
risk for developing papillary RCC – hereditary papillary renal cell carcinoma and 
hereditary leiomyomatosis and renal cell carcinoma. 

    Hereditary Papillary Renal Cell Carcinoma 

    Genetics 
 Hereditary papillary renal cell carcinoma (HPRC) was fi rst described in 1994 by 
Zbar et al. in a family with type I pRCC in members spanning three generations 
[ 62 ]. HPRC shows an autosomal dominant inheritance pattern and is highly pene-
trant with an average age of onset of renal manifestations in the sixth decade. The 
only known phenotype is the development of bilateral multifocal papillary type I 
RCC. Although renal manifestations of HPRC are identifi ed relatively late, Schmidt 
et al. identifi ed an early-onset form, where the median age of presentation was 46, 
compared to the sixth decade described earlier [ 63 ] (Fig.  1.4a, b ).

   Individuals who are affected with HPRC have a germline gain of function or 
activating mutation in the tyrosine kinase (TK) domain of the  MET  proto-oncogene, 
located on chromosome 7q [ 64 ]. Mutations in the TK domain of  MET  lead to con-
stitutive activation of the MET pathway, believed to play a key role in tumorigenesis 
in this group of patients. Additionally, tumors from HPRC patients demonstrate 
gain of chromosome 7, resulting from nonrandom duplication of the chromosome 
bearing the mutant  MEt al lele.  

    Pathology 
 Kidneys of patients with HPRC often harbor multiple macroscopic and microscopic 
(incipient) lesions, ranging from tumors that are less than the size of a single tubule, 
to papillary adenoma (<0.5 cm), to pRCC (>0.5 cm) [ 65 ]. It is estimated that 1,100–
3,400 papillary tumors are present in a single kidney in patients with HPRC [ 66 ]. 
Renal tumors associated with HPRC are morphologically consistent with type I 
pRCC and usually exhibit low nuclear grade. Focal areas of clear cells with intracy-
toplasmic lipid and glycogen were also present in up to 94 % of tumors from HPRC 
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patients; however these areas can be distinguished from conventional ccRCC tumors 
by the presence of small basophilic nuclei and the lack of a fi ne vascular network 
(Fig.  1.5 ). Tumors from all but two patients contained foamy macrophages in 
 fi brovascular cores [ 65 ].

a b

  Fig. 1.4    ( a ) Bilateral multifocal hypointense renal lesions, axial view. CT scan of the abdomen 
and pelvis in a 40-year-old male with HPRC demonstrating multiple, bilateral, hypointense renal 
lesions. Same patient as ( b ), in axial view. ( b ) Bilateral multifocal hypointense renal lesions, coro-
nal view. CT scan of the abdomen and pelvis in a 40-year-old male with HPRC demonstrating 
multiple, bilateral, hypointense renal lesions. Same patient as ( a ), in coronal view       

  Fig. 1.5    Papillary type I pathology. Small basophilic cells with scant pale cytoplasm arranged in 
a single layer on the papillary basement membrane       
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       Molecular Biology: Consequences of MET Activation 
 As discussed in the sporadic kidney cancer section, the HGF/Met pathway is respon-
sible for various critical cellular functions that may contribute to cancer survival, 
invasion, and metastasis when altered [ 13 ]. HGF is primarily secreted by mesenchy-
mal cells; it is the only known ligand for Met and acts in a paracrine fashion [ 67 ]. 
The Met protein product is a heterodimer with an entirely extracellular α-subunit 
and a β-subunit with three separate components: an extracellular region, a trans-
membrane component, and an intracellular TK domain. When HGF binds, Met is 
autophosphorylated at multiple tyrosine residues. The Y1313 residue in the TK 
domain is important for binding of phosphoinositide kinase-3 (PI3K), whereas 
Y1349 and Y1356 are involved in the activation of the multisubstrate-docking site, 
both important sites of regulation and targeting for therapy [ 68 ] (Fig.  1.2 ). 

 The HGF/Met signaling pathway regulates a large number of downstream signal-
ing pathways, some of them critical in carcinogenesis. The RAS/mitogen- activated 
protein kinase (MAPK) pathway is activated via Grb2 binding of the multisubstrate-
docking site of Met; this pathway mediates cell scattering and proliferation signals 
[ 69 ]. The PI3K pathway can be activated either downstream via RAS or directly 
recruited to the multisubstrate-docking site via phosphorylation of Gab1 and has been 
implicated in cell motility and remodeling of the extracellular matrix. PI3K also trig-
gers activation of the AKT pathway, which is related to cell survival [ 70 ].   

    Hereditary Leiomyomatosis and Renal Cell Carcinoma 

 HLRCC was fi rst described in 2001, with affected members at risk for both kidney 
cancer and extrarenal manifestations [ 71 ,  72 ]. Patients with HLRCC develop uter-
ine leiomyoma (fi broids), cutaneous leiomyoma, and an aggressive variant of type 
II pRCC. Uterine leiomyomas are a highly penetrant manifestation of HLRCC with 
a lifetime risk of 98 % in some series [ 28 ]. Affected female patients tend to present 
with uterine fi broids at a young age, often necessitating surgical intervention by the 
third or fourth decade of life; approximately 57 % of female patients with uterine 
fi broids undergo hysterectomy by the age of 30 due to complications related to the 
fi broids. Cutaneous leiomyomas are also frequently seen in affected patients, with 
an estimated lifetime risk of >90 %. In contrast, kidney cancer is seen in only 
15–30 % of affected individuals, with a median age at presentation of approxi-
mately 44 years [ 28 ]. In the initial population when this entity was characterized, 4 
out of 11 patients with kidney cancer presented with unilateral solitary renal masses 
with a type II pRCC histology that had already metastasized at the time of diagnosis 
[ 71 ]. Once metastatic, HLRCC is uniformly lethal with an often poor clinical 
course. Approximately 7.8 % of patients affected by HLRCC develop primary adre-
nal nodules consistent with macronodular adrenal hyperplasia [ 73 ]. 

    Genetics 
 HLRCC is inherited in an autosomal dominant fashion and was linked to mutations 
in a gene on chromosome 1q subsequently identifi ed as the  fumarate hydratase  gene 
[ 72 ]. Fumarate hydratase is a tricarboxylic acid cycle (TCA) enzyme that catalyzes 

D. Su et al.



13

the conversion of fumarate to malate. Patients with HLRCC have a germline inacti-
vating mutation or deletion of  FH , with a second, somatic alteration in renal tumors 
leading to loss of fumarate hydratase activity and disruption of the TCA cycle.  

    Pathology 
 HLRCC-associated renal tumors generally present as a single solid or solid-cystic 
mass, but bilateral multifocal tumors are not uncommonly seen. These tumors usu-
ally have a prominent papillary pattern, although a variety of architectural patterns 
have been described. In a study of 40 HLRCC-associated renal tumors from patients 
with a known germline  FH  mutation, 25 cases had a papillary architecture, 8 cases 
were tubulopapillary, 2 cases were tubular, 1 case was solid, and 4 cases demon-
strated a mixed pattern. Renal tumors associated with HLRCC have a characteristic 
appearance on histopathologic evaluation, demonstrating a large nucleus with a 
very prominent inclusion like orangiophilic or eosinophilic nucleolus and a clear 
perinuclear halo [ 74 ]. Uterine leiomyomas in HLRCC patients tend to present at a 
younger age than in the general population and are usually multiple [ 75 ]. In a study 
of 19 HLRCC patients with uterine leiomyomas, the authors found increase atypia, 
increased cellularity, and tumor nuclei with large orangiophilic nucleoli with a 
 perinuclear halo, features reminiscent of HLRCC-associated RCC; however, these 
leiomyomas are generally benign and do not metastasize (Fig.  1.6 ).

  Fig. 1.6    Papillary type 2, HLRCC pathology. High-grade eosinophilic cells with pseudostratifi ed 
nuclei on papillary cores, often with voluminous cytoplasm. Part of resected cyst with solid com-
ponent and cyst wall lined by tumor       
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   There are no standard IHC markers that are diagnostic for HLRCC-associated 
kidney tumors, but several are under evaluation. FH-defi cient tumor cells accumu-
late intracellular fumarate, which covalently modifi es cysteine residues in cellular 
proteins to S-(2-succinyl) cysteine (2SC). The utility of antibodies against 2SC as a 
diagnostic immunohistochemistry marker for HLRCC is under evaluation [ 57 ]. In 
one study, 2SC was undetectable in normal tissues and tumor types not associated 
with HLRCC, while in patients with confi rmed HLRCC, strong 2SC staining accu-
rately predicted this genetic alternation. This was confi rmed by another study where 
tumors from HLRCC kidney and other types of kidney cancers were stained for 
2SC [ 76 ]. HLRCC-associated renal tumors demonstrated strong and diffuse nuclear 
and cytoplasmic staining for 2SC; in contrast, ccRCC (184/184), high-grade unclas-
sifi ed RCC (93/97), and type II non-HLRCC pRCC (35/45) did not stain for 
2SC. Although 2SC staining shows promise as an ancillary tool in the differentia-
tion of HLRCC from other high-grade RCC, it remains an investigational tool with 
no commercially available antibody or assay. Furthermore, additional validation 
studies are needed, limiting the clinical utility of 2SC staining at the current time.  

    Molecular Biology: Consequences of Fumarate Hydratase 
Inactivation 
 Glucose is an important source of cellular energy (ATP) but also contributes carbon 
units for macromolecule synthesis, essential for supporting cell growth and prolif-
eration. Following entry into the cell, glucose is converted by a series of cytoplas-
mic enzymatic reactions to pyruvate. Under aerobic conditions, pyruvate is 
converted to acetyl CoA, an important substrate for the mitochondrial TCA cycle 
and electron transport chain. Inactivation of FH leads to dysregulation of the mito-
chondrial TCA cycle, depriving affected cells of an effi cient means of converting 
glucose to ATP. The cells adapt by utilizing a process called aerobic glycolysis, 
whereby ATP is synthesized by the conversion of pyruvate to lactate, albeit much 
less effi ciently. This glycolytic shift, also known as the Warburg effect, was initially 
described in the 1920s by Otto Warburg, who observed that tumor cells consumed 
signifi cantly more glucose and produced excessive amounts of lactic acid compared 
to normal cells [ 77 ]. While many tumors utilize aerobic glycolysis, largely in an 
effort to divert the TCA cycle intermediates toward macromolecule synthesis, 
FH-defi cient tumors provide one of the best examples of an obligatory glycolytic 
shift necessitated by mitochondrial dysfunction as originally proposed by Warburg. 
In order to sustain the bioenergetic needs of the growing cell, HLRCC tumors 
require large amounts of glucose [ 78 ]. This requirement is at least partially sup-
ported by activation of a proglycolytic phenotype mediated by hypoxia-inducible 
factors. Loss of FH activity leads to accumulation of its substrate, fumarate. 
Fumarate competitively inhibits a group of enzymes called HIF prolyl hydroxylases 
that hydoxylate prolyl residues on the alpha subunits of HIF. In FH-defi cient cells, 
the inability to effi ciently hydroxylate HIF prolyl residues results in an inability of 
the VHL-dependent E3 ligase to recognize and target HIF for ubiquitin-mediated 
degradation. This results in transcriptional activation of a variety of proteins includ-
ing vascular endothelial growth factor (VEGF), glucose transporter 1 (Glut 1), and 
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several glycolytic enzymes critical for sustaining aerobic glycolysis. However, 
crossbreeding conditional  FH (–/–)mice with  HIF1  or  HIF2  “knockout” mice failed 
to rescue the animals from the  FH (–/–) renal phenotype, suggesting that there is at 
least one HIF-independent pathway for HLRCC tumorigenesis [ 79 ,  80 ]. Recent 
reports have demonstrated that one consequence of fumarate accumulation in 
FH-defi cient cells is the posttranslational succination of several proteins, including 
KEAP1 [ 57 ]. KEAP1 is an important regulator of NRF2, serving as the client bind-
ing unit of an E3 ligase system that serves to target NRF2 for ubiquitination and 
subsequent degradation. Succinated KEAP1 is unable to bind NRF2, thereby lead-
ing to the accumulation and nuclear translocation of the latter and resulting in the 
transcriptional activation of several factors critical for cell survival in the setting of 
oxidative stress [ 81 ] (Fig.  1.3 ). 

  FH -defi cient tumors have been studied from the metabolic point of view, in a 
bid to explore altered metabolism as a therapeutic target. These tumors have a 
high proliferative rate and exaggerated bioenergy requirements with a high 
demand for macromolecules for sustaining growth. In normal cells, glucose and 
glutamine are the main source of carbon and nitrogen molecules in the construc-
tion of macromolecules such as lipids, proteins, and nucleotides. In  FH  tumor 
cells, the entry of glucose into the TCA cycle is limited; glutamine serves 
instead as the major source of intermediates for macromolecule synthesis by a 
process known as glutaminolysis. In this process glutamine is converted to glu-
tamate by glutaminase; subsequently, glutamate enters the TCA cycle as α-keto-
glutarate via a process called reductive carboxylation [ 82 ,  83 ]. Attempts to 
disrupt glutamine utilization are being explored in preclinical models, with at 
least one small-molecule inhibitor of glutaminase currently in phase 1 evalua-
tion. FH-defi cient cells also appear and overexpress genes involved in heme 
synthesis and degradation, including heme oxygenase 1 (HMOX1), utilizing 
this pathway to generate NADH [ 84 ]. Knockdown experiments have demon-
strated that inhibition of HMOX1 is synthetically lethal in FH-defi cient cells, 
suggesting that strategies that target this gene and/or the hem biosynthesis/deg-
radation pathway may have therapeutic relevance in HLRCC- associated tumors. 
HLRCC tumor dependency of this escape pathway was confi rmed by short hair-
pin RNA silencing of HMOX1 in  FH -defi cient cells and the observation of 
reduced growth [ 85 ].    

    Management of Localized Disease 

    Sporadic pRCC 

 In general, most guideline suggests that localized sporadic pRCC should be man-
aged in a similar fashion to sporadic ccRCC [ 86 ,  87 ]. The available treatment 
options include: active surveillance, radical nephrectomy (open or minimally 
invasive), partial nephrectomy (open or minimally invasive), or ablative 
techniques. 
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 Nephron-sparing surgery (NSS) has gained acceptance as a standard of care 
option for renal masses ≤4 cm in size in the USA in the past decade [ 86 ]. This is 
based on several factors, including a higher risk of CKD in patients undergoing radi-
cal nephrectomy (RN), similar oncologic outcomes between partial and radical 
nephrectomy for tumors less than 7 cm, concerns about contralateral recurrence, 
and the fact that 20 % of renal masses are benign tumors. Several studies have dem-
onstrated that partial nephrectomy is both technically feasible and oncologically 
sound for renal masses less than 7 cm [ 88 ,  89 ]. In a randomized controlled trial for 
patients with T1a–bN0M0 renal masses comparing NSS versus RN, the oncologic 
outcome was similar. The 10-year progression rates were 4.1 % (95 % CI: 1.7–6.5) 
after NSS and 3.3 % (95 % CI: 1.2–5.4) after RN, with no statistically signifi cant 
difference between the two surgical approaches [ 90 ]. 

 Reports comparing renal function outcomes of patients undergoing partial versus 
radical nephrectomy found that radical nephrectomy patients are more likely to 
have proteinuria and a serum creatinine >2 [ 91 ]. Renal function following radical 
nephrectomy was also evaluated in another study where estimated glomerular fi ltra-
tion (GFR) was used as a marker [ 92 ]. In this series the authors found approxi-
mately 26 % of patients undergoing renal surgery already have CKD, as defi ned by 
GFR <60 ml/min/1.73 m 2 . Furthermore, 3-year probability of development of mod-
erate CKD (GFR <45 ml/min/1.73 m 2 ) was 5 % for partial nephrectomy and 36 % 
for radical nephrectomy. Radical nephrectomy remained an independent risk factor 
for development of new-onset CKD even after controlling for other confounding 
factors. There is strong evidence that CKD is associated with increased risk of car-
diovascular events, hospitalization, and death [ 93 ]. 

 Radical nephrectomy should still be considered for patients with tumors that 
are judged by the surgeon not to be amenable to partial nephrectomy due to loca-
tion, size, body habitus, prior surgeries, or comorbidities. There is strong evi-
dence suggesting that although partial nephrectomy reduces the incidence of 
moderate renal dysfunction, overall survival still favors radical nephrectomy [ 90 , 
 94 ]. In a prospective randomized study that evaluated 541 patients with a solitary 
T1a–bN0M0 renal mass, at 9.3 years of follow-up, the overall survival was 
81.1 % for patients undergoing radical nephrectomy and 75.7 % for those receiv-
ing partial nephrectomy (HR 1.5, 95 % CI: 1.03–2.16) [ 94 ]. It is important to 
note that this study was comprised predominately of patients with ccRCC (59.7 % 
in RN group, 66 % in NSS group), and the results will need further validation in 
the pRCC population. 

 A variety of different techniques can be used to perform NSS: enucleation of 
the tumor, resection of the tumor with a small margin of normal tissue, and resec-
tion of tumor with a wide margin. In a large retrospective study of sporadic ccRCC 
patients, simple tumor enucleation had similar progression-free survival and can-
cer-specifi c survival rates when compared to standard radical and partial nephrec-
tomy with a margin of normal kidney tissue [ 95 ]. Although there is some 
controversy about the impact of a positive surgical margin (PSM) following 
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nephron-sparing surgery, PSM is a relatively rare occurrence (2–5 %). In a large 
retrospective study evaluating 1,344 patients undergoing 1,390 partial nephrecto-
mies, Yossephowitch et al. found no signifi cant difference between patients with 
PSM and patients without PSM when evaluating for 10-year freedom from local 
disease recurrence and metastatic progression ( p  = 0.97 and 0.18, respectively) 
[ 96 ]. However, when Khalifeh et al. studied 943 patients who underwent robotic 
assisted NSS, patients with PSM had higher local recurrence and metastatic rates 
( p  < 0.001) [ 97 ]. In patients with sporadic RCC, the ability to maximally spare 
normal renal tissue with enucleation is highly valued. However the same is not 
true in patients with HLRCC, where any residual tumor can result in rapid pro-
gression and metastasis. It is important in HLRCC patients to obtain a wide mar-
gin during NSS and ensure the entire tumor is removed with no positive surgical 
margin. 

 Active surveillance is a viable option in some patients who have small renal 
masses and are elderly, with signifi cant competing comorbidity, or do not desire 
surgery. Patients on active surveillance are monitored via serial abdominal imaging 
(CT, MR, or ultrasound) with the intention of intervention if there are signs of 
progression during follow-up. In a large active surveillance series, in patients with 
incidentally detected, asymptomatic, small renal masses (median size, 2.1 cm; 
range, 0.4–4 cm), the growth rate was estimated to be 0.13 cm/year and progres-
sion to metastatic disease was rare (1–3 %) [ 98 ]. This approach should be under-
taken with caution in the pRCC patient cohort, as some type II pRCC can be 
aggressive and progress quickly. A renal mass biopsy may be helpful in patients 
with concerns for nccRCC and can aid in decision making for management with 
active surveillance. 

 Ablative therapies are not well studied and there is no randomized controlled 
trial comparing ablation to partial nephrectomy. In general ablation can be per-
formed via percutaneous or laparoscopic approaches, with a variety of energy 
sources such as radio-frequency ablation, cryoablation, microwave ablation, 
high- intensity focused ultrasound ablation, and laser ablation. There are limita-
tions to ablative techniques, such as the presence of multiple or bilateral tumors, 
large tumor size, and location close to the renal hilum and ureter. While a popu-
lation-based study comparing ablation and partial nephrectomy in patients with 
small renal masses showed increased risk of death from kidney cancer and local 
recurrence in the former, other studies show no difference in cancer-specifi c sur-
vival or overall survival [ 99 – 101 ]. Long-term data is lacking for ablative thera-
pies for renal masses, and the gold standard treatment remains partial 
nephrectomy. 

 As discussed in the epidemiology section, there is confl icting data in the litera-
ture regarding the prognostic signifi cance of papillary histology. The existing stud-
ies provided confl icting data; two studies showed patients with ccRCC had lower 
cancer-specifi c survival when compared with pRCC, while two other studies showed 
histology had no impact on cancer-specifi c survival [ 10 ,  20 ,  21 ,  102 ].  
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    HPRC 

 Physicians managing patients with HPRC are faced with a unique set of chal-
lenges: patients affected by HPRC are at risk for developing over 3,000 tumors in 
each kidney and may require multiple surgical procedures, increasing the risk for 
development of CKD. Patients with HPRC should be followed closely with 
abdominal imaging, and a partial nephrectomy should be done when the largest 
tumor is greater than 3 cm [ 66 ,  103 – 105 ]. The primary goal for surgical treatment 
of HPRC patients (and other patients with bilateral multifocal tumors) is to pre-
vent metastasis while maximizing renal preservation and delaying dialysis. 
Secondary goals are to maximize the amount of time between surgeries while 
minimizing the number of interventions. Investigators at the NCI have reported on 
their experience in the management of bilateral multifocal kidney cancer patients 
of a variety of etiologies [ 106 ]. There are several general principles that are fol-
lowed: enucleation to minimize normal renal parenchyma loss, avoidance of 
aggressive hilar dissection, off- clamp partial nephrectomy, use of minimally inva-
sive technique when feasible, and reconstruction of normal anatomy to allow 
future reoperations [ 107 ]. pRCC tumors are often surrounded by a pseudocapsule, 
increasing the diffi culty of enucleation when compared to ccRCC [ 41 ]. Based on 
the NCI experience, for patients with bilateral multifocal renal masses who 
undergo repeat or salvage renal surgery, only 3 % of patients required long-term 
dialysis [ 105 ]. Overall metastasis-free survival was 88 % and RCC-specifi c sur-
vival was 97 % at a median follow-up of 16 years [ 104 ]. A total of 128 patients 
were included in this study, while the majority of these had von Hippel-Lindau 
disease and 6 (5 %) patients had HPRC.  

    HLRCC 

 Kidney cancer associated with HLRCC behaves in a very aggressive manner with a 
propensity for metastasis even when the tumors are small, and patients with HLRCC 
kidney cancer often present with nodal metastasis [ 2 ,  107 ] (Fig.  1.1b ). As a result, 
early intervention when any solid renal masses are discovered is critical. HLRCC- 
associated kidney cancer presents several unique surgical challenges: small cysts 
may contain lining that are infi ltrated with tumor cells that are not easily see with 
conventional imaging, tumors can be diffi cult to fi nd on intraoperative ultrasound, 
borders of the tumor are often ill-defi ned and irregular, and spillage of HLRCC 
tumor often results in seeding (Fig.  1.1c, d ). 

 To combat these challenges, a careful partial nephrectomy with a wide surgical 
margin and diligent assessment of intraoperative frozen section to ensure complete 
removal of the tumor by a competent pathologist is critical in surgical management. 
Preoperative recognition of HLRCC is important in avoiding many pitfalls seen in 
the surgical management of HLRCC and can be accomplished in many cases with 
careful attention to history and physical fi ndings, with appropriate genetic evalua-
tion when indicated. While not validated by prospective studies, regional lymph 
node dissection when suspicious nodes are present is the current practice at the 
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NCI. Inclusion of regional lymph dissection is based on the observation that 
HLRCC- associated tumors tend to spread lymphatically and removal of these 
nodes may provide a therapeutic benefi t. Unpublished data from the NCI suggest 
lymph node dissection may lower the risk of metastatic disease in patients with 
HLRCC. The feasibility of minimally invasive approach to this tumor entity is still 
being actively investigated.   

    Management of Metastatic Disease 

    General Outcomes 

 Over the past decade, several new therapeutic options for the management of 
patients with advanced RCC have been evaluated and successfully introduced into 
clinical practice. However, the clinical benefi t seen with these molecular targeted 
agents is largely restricted to patients with the clear cell variant of RCC [ 108 ] 
(Table  1.1 ). There are currently no systemic agents of proven benefi t for patients 
with metastatic pRCC, and most die from disease-related causes. Agents targeting 
the VEGF or mTOR pathways as well as other small molecules directed against 
pathways thought to be important in cancer are associated with modest clinical 
activity at best, and outcome in pRCC patients appears to be inferior to that seen in 
patients with advanced ccRCC. This is exemplifi ed by a recent retrospective analy-
sis of 2,215 metastatic RCC patients (1963 with ccRCC, and 252 with nccRCC) 
treated with fi rst-line anti-VEGF or anti-mTOR agents. The study evaluated overall 
survival and time to treatment failure [ 12 ]. Median overall survival of the entire 
cohort was 20.9 months, with a median overall survival of 22.3 (95 % CI 20.7–23.5) 
months for ccRCC and 12.8 (95 % CI 11–16.1) months for nccRCC ( p  < 0.0001). In 
a subgroup analysis, pRCC patients had a median overall survival of 14 (95 % CI 
10.0–17.1) months, and when compared to ccRCC patients, the adjusted HR for 
death was 1.57 (95 % CI 1.27–1.94;  p  < 0.0001).

    Table 1.1    Summary of selected trials in papillary RCC   

 Agent   N  
 Median PFS 
(months) 

 Median OS 
(months) 

 Overall 
response 
rate (ORR)  Ref. 

 Erlotinib  45  <6  27  11 %  Gordon,  JCO  

 Sunitinib  61  6  <18  12 %  Ravaud,  Ann Onc  

 Sunitinib  27  1.6  12.6  0 %  Tannir,  Eur Urol  

 Everolimus 
(RAPTOR) 

 92  3.7  21.1  –  Escudier,  ECCO  

 Everolimus  49  52  –  10 %  Koh,  Ann Onc  

 Everolimus vs. 
sunitinib (ESPN) 

 68 (27 
pRCC) 

 4.1 vs. 6.1  NR vs. 10.5  0 % vs. 
12 % 

 Tannir,  ASCO  
2014 

 Everolimus vs. 
sunitinib (ASPEN) 

 108 (71 
pRCC) 

 5.6 vs. 8.3  13 vs. 32  9 % vs. 
18 % 

 Armstrong, 
 ASCO  2015 

1 Papillary Renal Carcinoma



20

   Most national and international treatment guidelines do not identify a standard 
treatment option for the majority of patients with metastatic pRCC, instead recom-
mending participation in an appropriate clinical trial [ 109 ]. These recommendations 
take into account expert opinion as well as data from several retrospective analyses 
and phase 2 clinical trials that have evaluated the effi cacy of VEGF-targeted tyro-
sine kinase inhibitors (TKI) and mTOR inhibitors in this patient population. Results 
from selected trials are discussed below. 

 Sunitinib has been the subject of several phase 2 trials in patients with pRCC 
([ 110 – 112 ], Table  1.1 ), most demonstrating modest activity with a median PFS gen-
erally <6 months in the fi rst-line setting. Tannir et al. conducted a phase 2 clinical 
trial of sunitinib in 57 nccRCC patients with metastatic disease, including 27 
patients with pRCC [ 110 ]. The median progression-free survival for pRCC patients 
was 1.6 months (95 % CI 1.4–5.4), with no objective responses. Twelve pRCC 
patients had stable disease while 13 had progressive disease as their best response. 
The phase 3 global advance renal cell carcinoma (ARCC) trial was conducted to 
evaluate the overall survival of untreated, poor-risk, metastatic RCC patients when 
treated with interferon alpha versus temsirolimus [ 113 ]. In a cohort of 626 patients, 
the authors found signifi cant longer overall survival (HR for death 0.73; 95 % CI: 
0.58–0.92,  p  = 0.008) and progression-free survival ( p  < 0.001) in patients who 
received temsirolimus when compared to patients who received interferon alone, 
with a post hoc subgroup analysis demonstrating that the benefi t extended to patients 
with papillary histology. The results of this trial provided the basis for the use of 
mTOR agents in the management of metastatic pRCC. In a subset analysis by Figlin 
et al., baseline levels of PTEN and HIF1-α were correlated with overall survival, 
progression-free survival, or objective response rate [ 114 ]. The authors found no 
correlation in PTEN and HIF1-α levels and survival; the baseline levels did not 
predict response to temsirolimus. 

 Escudier et al. conducted an open-label, phase 2 clinical trial evaluating the effi -
cacy of everolimus as fi rst-line agent in type I and type 2 metastatic pRCC [ 115 ]. A 
total of 92 patients were enrolled, and central pathology review confi rmed papillary 
histology in 76 % of the patients (59 % with type 2, 33 % with type 1). The per- 
protocol cohort (centrally confi rmed papillary histology) had a 6-month progression- 
free survival of 34.1 %, demonstrating a modest effect of everolimus in pRCC 
patients. 

 Several groups have undertaken a head-to-head comparison of sunitinib and 
everolimus in the fi rst-line setting in patients with nccRCC. Results from a random-
ized phase 2 crossover study comparing the activity of sunitinib versus everolimus, 
an mTOR inhibitor, in patients with nccRCC were reported in abstract form. This 
trial was designed to study the effi cacy of sunitinib and everolimus both in the fi rst-
line and second-line setting, with crossover from the sunitinib group to everolimus 
group and vice versa. Seventy-three patients were enrolled, and 68 patients were 
found eligible including 27 patients with pRCC. In the fi rst-line setting, the overall 
response rate (ORR) for all patients was 12 % with sunitinib (one patient had pRCC) 
and 0 % with everolimus. Median PFS in the fi rst-line setting with sunitinib was 
6.1 months (95 % CI 4.7, 10.8) and 4.1 months with everolimus (95 % CI: 2.7, 7.4; 
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 p  = 0.25). 38 patients of all histologies went on to receive second-line therapy, 19 
patients with each agent. Median progression-free survival was 1.8 months (95 % 
CI: 1.5, NA) in the sunitinib group and 4.3 months with everolimus (95 % CI: 1.4, 
NA). This study was stopped prematurely based on an interim analysis that revealed 
that everolimus was not better than sunitinib as a fi rst-line agent for metastatic 
nccRCC. There was no subgroup analysis done on this trial for pRCC patients. 
More recently, an international study (ASPEN) randomized untreated metastatic 
non-clear cell RCC patients to everolimus or sunitinib [ 116 ]. A total of 108 patients 
were enrolled, 66 % of whom had metastatic pRCC. The median progression- free 
survival in pRCC patients was 5.6 months for patients who received everolimus and 
8.3 months for patients who received sunitinib. Overall response rate was 9 % for 
patients who received everolimus and 18 % for patients who received sunitinib 
( p  = 0.16; predefi ned  p  < 0.2 boundary value for statistically signifi cance). Sunitinib 
also resulted in higher rate of >grade 4 treatment related toxicity when compared to 
everolimus, 65 % vs. 47 %, respectively. 

 Erlotinib is an oral small-molecule epidermal growth factor receptor (EGFR) 
tyrosine kinase inhibitor that is FDA approved for use in patients with EGFR-mutant 
non-small cell lung carcinoma. Gordon et al. conducted a phase 2 clinical trial with 
this agent in patients with advanced or metastatic pRCC who had received no prior 
immunotherapy or chemotherapy [ 117 ]. In 45 evaluable patients, ORR was 11 % 
(95 % CI 3–24 %), and the disease control rate was 64 %. Only 29 % of patients 
remained progression-free at 6 months; however, for reasons that are not entirely 
clear, median overall survival was 27 months (95 % CI 13–36 months), surprisingly 
higher than historical controls. It is unlikely that this seemingly high OS was a result 
of erlotinib treatment, and this agent is not typically used as a single agent in patients 
with pRCC. 

 As a result of heightened awareness of the heterogeneity of pRCC, and with the 
identifi cation of several relevant genetic and molecular alterations in pRCC sub-
groups, there has been a greater focus over the last few years on developing more 
personalized, mechanism-based approaches for treating these tumors. One area of 
considerable interest is evaluation of inhibitors of the Met pathway, based on the 
identifi cation of germline  MET  mutations in patients with the hereditary form of 
type 1 pRCC and the recognition that somatic  MET  mutations are present in a small 
proportion of patients with sporadic pRCC. Additionally, it has been argued that 
gain of chromosome 7, a relatively common event in type 1 pRCC, might represent 
an alternative mechanism of Met activation in tumors with wild-type  MET . To test 
the validity of Met as a clinically relevant target in pRCC, a phase 2 trial of foretinib, 
a multi-kinase inhibitor with activity against Met as well as VEGF-receptor 2, AXL, 
and RON was undertaken. A total of 74 patients were enrolled to one of two alterna-
tive dosing regimens (a daily dosing regimen and an intermittent dosing regimen). 
Ten patients demonstrated an objective response (ORR 10/74, 13.5 %), with no 
signifi cant differences between dosing regimens in terms of effi cacy or adverse 
events. The median progression-free survival for the entire cohort was 9.3 months, 
considerably higher than that seen in historical controls [ 118 ]. An exhaustive bio-
marker analysis was undertaken as part of this study to explore whether  MET  status 
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could outcome. Interestingly, patients with a germline mutation in  MET  (i.e., 
patients with HPRC) were found to have a very high response rate; fi ve out of ten 
HPRC patients had a partial response (PR) (ORR 50 %), with an additional four 
patients demonstrating signifi cant tumor regression without meeting criteria for 
Response Evaluation Criteria in Solid Tumors (RECIST) PR. In contrast, only 5 out 
of 57 patients without a germline  MET  mutation demonstrated a PR (ORR 9 %). 
With the limited data available, there was no clear correlation between outcome and 
the presence of a somatic  MET  mutation,  MET  amplifi cation, or gain of chromo-
some 7. These data indicate that Met inhibition is associated with clinical activity in 
pRCC patients. However, several points are worth noting. First, while tumors with 
activating  MET  mutations appear to be highly sensitive to Met inhibition, the 
response rate in those without this alteration is modest. Second, although the median 
PFS in this study compared quite favorably with historic controls, such comparisons 
are fraught with bias and must be interpreted cautiously. One potential source of 
bias is the inclusion of patients with bilateral, multifocal tumors (without evidence 
of distant extrarenal spread) in this study; the natural history of these tumors is dif-
ferent from that of metastatic disease and these patients are not usually included in 
most systemic therapy studies. Third, the agent studied has activity against a variety 
of tyrosine kinases other than Met, and it is possible that some of the activity seen 
may be attributable to “off-target” effects. Lastly, the toxicity profi le of the agent is 
very reminiscent of that seen with other VEGFR inhibitors and the dosing of the 
agent was largely limited by these toxicities. It has been suggested that this may 
have led to suboptimal Met inhibition and has prompted interest in more selective 
Met inhibitors that could theoretically be dosed to achieve maximal inhibition of 
this pathway. This hypothesis is the subject of ongoing clinical investigation and at 
least two selective Met inhibitors, INC280 (NCT02019693) and volitinib 
(NCT02127710), are currently in phase 2 trials in patients with advanced papillary 
RCC. 

 The identifi cation of well-defi ned metabolic alterations in a subgroup of pRCC 
has generated considerable enthusiasm for exploring clinically relevant metabolic 
targets. A variety of approaches are currently in preclinical evaluation. Investigators 
at the National Cancer Institute have sought to exploit the dependence of FH-defi cient 
pRCC on a high glucose fl ux. A combination of bevacizumab, a monoclonal anti-
body to VEGF, and erlotinib was developed as a possible approach to treating 
patients with HLRCC by constraining glucose delivery to tumors. The interim 
results of a phase II study of this combination (NCT01130519) in patients with 
HLRCC-associated or sporadic pRCC were recently presented in abstract form 
[ 119 ]. A total of 41 patients with up to two lines of prior VEGF-pathway directed 
therapy were enrolled in two independent cohorts, with cohort 1 consisting of 
HLRCC patients ( n  = 20) and cohort 2 of sporadic papillary RCC patients ( n  = 21). 
The regimen was associated with remarkable effi cacy in patients with HLRCC, with 
an ORR of 65 % (PR in 13/20 pts). Most patients in this cohort enjoyed some clini-
cal benefi t, with the majority of non-responders demonstrating stable disease 
>6 months. In the sporadic pRCC cohort, 6 out of 21 patients (29 %) had a PR. The 
median PFS for the entire study population was 12.8 months (95 % CI 7.47–26.3), 
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with a PFS of 24.4 months (95 % CI 12.8 – NR) in cohort 1 and 7.4 months (95 % 
CI 3.73–10.2) in cohort 2. This regimen is being further evaluated as a possible 
standard of care option in pRCC and efforts are afoot to identify those patients with 
sporadic disease who are most likely to respond.   

    Conclusion 
 Papillary renal cell carcinoma represents a heterogeneous group of entities. 
While the majority of pRCC occurs in sporadic form, two well-studied heredi-
tary forms of pRCC represent unique surgical and therapeutic challenges as well 
as an opportunity to better understand the molecular alterations in pRCC. HPRC 
is a rare entity that results in bilateral multifocal type I papillary kidney tumor, 
while HLRCC is an aggressive, type II papillary kidney tumor that requires early 
surgical intervention and rigorous surveillance. 

 Localized papillary RCC is managed surgically, with nephron-sparing sur-
gery used when appropriate, particularly in patients with bilateral, multifocal 
disease. HPRC patients will likely experience multiple kidney surgeries in their 
lifetime and therefore require techniques that will maximally preserve renal 
function and ability to perform reoperative surgery. HLRCC patients harbor 
tumors that have metastatic potential even with a small primary; they require 
either a radical nephrectomy or diligent nephron-sparing operations that result in 
removal of the entire tumor and a negative surgical margin. 

 There is no current standard of care systemic therapy for metastatic pRCC, and 
survival for these patients remains poor even with the recent availability of tar-
geted agents for the treatment of other forms of RCC. While inhibitors of the 
mTOR and VEGF pathway have demonstrated activity in pRCC, better agents are 
needed in this patient population. Deeper understanding of the genetic and meta-
bolic basis of HPRC and HLRCC has led to several exciting clinical approaches 
and will likely contribute to the evolving standard of care in pRCC patients.     
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          Introduction 

 Renal medullary carcinoma (RMC) is a newly recognized, rare, and aggressive 
form of kidney cancer, which was fi rst described in a case series by Davis in 1995 
[ 1 ]. All patients in Davis’ initial series were less than 40 years old, black, and nearly 
all had sickle cell trait. This new entity was quickly designated the seventh sickle 
cell nephropathy (the other six are gross hematuria, papillary necrosis, nephrotic 
syndrome, renal infarction, inability to concentrate urine, and pyelonephritis [ 2 ]). 
Since the original report, over 150 additional cases have been reported, and clear 
clinical and epidemiological associations noted in the original report have been 
confi rmed. 

 Overall, RMC continues to be poorly understood and prognosis is dismal. New 
data is slowly emerging to suggest some potential genetic and molecular features of 
this unusual and typically devastating kidney disease, which hopefully will lead to 
better therapy options.  
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    Epidemiology 

 Patients diagnosed with RMC tend to be young. In one of the largest series reporting 
RMC, patients presented at 5–32 years of age. In the same series, 82 % of patients 
were African American, following rates reported in other sources (rarely RMC has 
been reported in Hispanic/Brazilian patients and even a few Caucasians). Virtually 
all patients with RMC have sickle cell trait or uncommonly sickle cell disease. 
A male/female ratio of 2:1 has been observed in adults, although in children the 
male predominance is even greater.  

    Clinical Presentation/Features 

 RMC patients tend to present with symptoms and are usually found to have a 
renal mass on imaging. The right kidney is more often (>75 %) affected than the 
left [ 3 ]. Metastasis is very common at presentation, with the regional lymph 
nodes, adrenal glands, lung, liver, inferior vena cava, and peritoneum being the 
most common sites [ 4 ]. 

    Symptoms/Signs 

 The clinical presentation of RMC varies, with pain and hematuria being the most 
common. Presentation may sometimes be very subtle with hematuria detected on 
routine evaluation or incidentally detected renal mass on kidney imaging. A right- 
sided renal mass in a sickle cell trait patient must alert an astute clinician to consider 
the possibility of RMC. RMC being a very aggressive malignancy, the initial pre-
sentation can often be due to metastatic disease. Unusual metastatic patterns like 
spread to the scalp have been recorded in RMC [ 5 ,  6 ].  

    Imaging 

 Ultrasound is one of the fi rst investigations to evaluate hematuria but may fail to 
show the lesion [ 7 ]. When renal ultrasound detects the lesion, it typically shows an 
infi ltrative, right-sided renal tumor with necrosis, caliectasis, and perhaps regional 
adenopathy. CT and MRI are used to better defi ne the anatomy as well as stage and 
resectability of the tumor [ 8 ]. In one case report, Tc-99m methylene diphosphonate 
bone scintigraphy incidentally detected RMC in a sickle cell trait patient [ 9 ].  

    Tissue Diagnosis 

 Fine needle aspiration examination may show poorly differentiated cancer; how-
ever, immunohistochemical studies can be helpful in distinguishing renal medullary 
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carcinoma from other poorly differentiated kidney tumors, except for collecting 
duct carcinoma [ 10 ]. Defi nitive diagnosis is usually by biopsy, mostly excisional, 
and will have the features described below.   

    Pathology 

 Pathologically, the tumors are malignant epithelial tumors, which arise from col-
lecting duct epithelium. They tend to be solitary, gray-white masses with macro-
scopic necrosis and hemorrhage. Microscopically, these tumors tend to be infi ltrative, 
with poorly differentiated carcinoma of solid sheets and poorly formed vacuoles 
seen, although much heterogeneity exists between specimens. Other histological 
features seen include solid, reticular, tubular, trabecular, cribriform, and micropapil-
lary architecture. Sarcomatoid morphology has also been described. There is usu-
ally evidence of active infl ammatory cell infi ltrate, with neutrophils and lymphocytes 
predominating. Immunoprofi les of these tumors tend to show positive expression 
for cytokeratin AE1/AE3, low molecular weight cytokeratin, vimentin, HIF, and 
VEGF. Variable expression of high molecular weight cytokeratin has been noted as 
well [ 11 ,  12 ]. The presence of rhabdoid features and the absence of INI1 expression 
are markers of aggressive behavior of the tumor [ 13 ]. Ultrastructural analysis 
showed tumor cells contain large intracytoplasmic vesicles lined by long slender 
microvilli with condensed fi brillary electron-dense deposits [ 14 ]. 

 Davis and colleagues who did the seminal work on describing the pathogenesis 
found RMC to have overlapping features with collecting duct carcinoma [ 1 ]. Given 
its unique association with sickle cell anemia, the World Health Organization clas-
sifi cation considers it as a distinct entity [ 15 ]. Other researchers have suggested 
that RMC might represent an aggressive variant of collecting duct tumor. It is also 
noted that the morphologic features show some overlaps with those seen in collect-
ing duct carcinoma and high-grade urothelial tumors of the renal pelvis. 
Sarcomatoid and yolk sac tumor like morphology have been described as well. 
Sickle cell erythrocytes are a frequent fi nding within the tumor and adjacent renal 
tissue (Figs.  2.1 and 2.2 ).

       Genetics and Molecular Features 

 A case series studied nine tumors for genetic gains and losses using comparative 
genomic hybridization (CGH), and eight showed no changes and one showed loss 
of chromosome 22. However, balanced translocations have been reported in RMC 
which may cause negative CGH [ 16 ]. Molecular signature of renal medullary carci-
noma, clustered closely with urothelial (transitional cell) carcinoma of the renal 
pelvis, rather than renal cell carcinoma (RCC), may explain RMC’s tendency to 
respond in some cases to regimens that are used in bladder cancer [ 17 ]. 

 BCR-ABL rearrangement was reported in a single case report [ 18 ]. Another 
study however found that ABL gene was amplifi ed in all three cases evaluated; 
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ABL protein increased in two of three cases, but no evidence of BCR-ABL trans-
location was detected [ 19 ]. Topoisomerase II has been shown to be overexpressed 
in RMC, and the degree of topoisomerase II α overexpression has been associated 
with aggressive cancer and shortened survival [ 20 ]. 

 Genetically, the loss of INI1, a factor in the ATP-dependent chromatin- modifying 
complex, is seen in some renal medullary carcinoma as well as renal rhabdoid 
tumors. The absence of INI1 expression does not appear to be predictive of rhab-
doid histopathology but is associated with aggressive behavior in renal medullary 
carcinoma [ 13 ]. Deep sequencing of medullary kidney cancer will be needed to 
determine which gene or genes are critical for initiation, progression, and metastasis 
and much work needs to be done.  

    Clinical Course 

 As noted earlier, RMC tends to be aggressive, frequently presents in advanced 
stage, and responds poorly to both targeted therapies and most traditional chemo-
therapy agents. Mean survival time of less than 1 year is seen in most cases. There 
is typically poor response to most traditional therapies, especially targeted therapies 
that have become mainstays in other forms of kidney cancer.  

    Management 

 Given the rarity of this disease, there are no well-designed randomized clinical trials 
which can guide treatment decisions. Localized disease can be treated by surgery 
alone, and it is widely accepted that operable disease should be surgically resected. 
There have been a few case reports of long-term survival following complete resec-
tion of operable disease [ 21 – 23 ]. The role of neoadjuvant therapy to control 

  Figs. 2.1 and 2.2    Representative pathology samples of typical renal medullary carcinoma. Note 
the reticular architecture associated with marked desmoplasia and infl ammatory infi ltrates. Cells 
have a high nuclear-to-chromatin ratio and prominent nucleoli, large vesicular nuclei, and varying 
amounts of eosinophilic cytoplasm. Mitoses can be readily seen. Sickle cells are identifi ed in blood 
vessels in and/or near tumor       
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micrometastatic disease or downstage tumors prior to surgery or the need for adju-
vant therapy following surgical removal is not known. 

 Tannir et al. presented a series of 22 patients with RMC from four major institu-
tions at the 2011 ASCO GU Symposium. The authors of this study found that tar-
geted therapy has low effi cacy when given as monotherapy. They noted that currently 
cytotoxic chemotherapy remains the mainstay of treatment, but this modality pro-
vides only modest short-term palliation, with most patients dying within a year of 
diagnosis [ 24 ]. Radiation may be used sparingly mostly for palliation as these 
tumors have not been shown to be particularly radiosensitive. Each of these strate-
gies is discussed in detail below. 

    Chemotherapy 

 Selection of chemotherapy is based on limited experience from anecdotal case 
reports and small case series. The role of adjuvant therapy after surgery is not clear. 
There is no evidence to guide treatment decision regarding whether or not to give 
systemic chemotherapy following a complete resection of disease, but given that 
RMC typically presents with advanced disease, the question of adjuvant therapy 
following a complete resection is usually not an issue. 

 Combination chemotherapy has been favored in treating metastatic or otherwise 
inoperable RMC although the observed response to chemotherapy has been dismal 
in most cases. Cisplatin, carboplatin, gemcitabine, and paclitaxel have been found 
to be active compounds in RMC [ 25 ]. In one small study of three patients, the dose 
dense regimen of methotrexate, vinblastine, doxorubicin, and cisplatin (MVAC) 
was used. In this study all three patients were able to tolerate multiple cycles of 
MVAC and achieved at least a partial response and longer survival than predicted 
from the historical controls [ 26 ]. Another case report showed similar results [ 27 ]. 

 Albadine et al. showed overexpression of topoisomerase II alpha in 11 of 13 
(85 %) RMC cases which could explain the reason for activity against topoisomer-
ase inhibitors like Adriamycin [ 28 ]. Schaeffer et al. then reported results of whole- 
genome expression of four RMC tumors that showed increases of topoisomerase II 
in all cases. They further reported a case of metastatic RMC in which a complete 
response was achieved for 9 months using topoisomerase II inhibitor therapy [ 29 ]. 

 Partial responses to combination cisplatin and gemcitabine have been reported [ 30 ].  

    Targeted Therapy 

 There have been attempts to use targeted therapy with little prolonged success [ 31 ]. 
 Tannir et al. found that targeted therapy has low effi cacy when used as mono-

therapy [ 32 ]. A phase 2 study evaluating sunitinib in advanced non-clear cell renal 
cell carcinoma included six patients with RMC. In that series, four of the six patients 
had partial response/stable disease by RECIST criteria with a median PFS 
3.1 months (CI 95 %) [ 33 ]. However, two patients in another case series from Brazil 
showed no response to sunitinib [ 13 ]. 
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 In a recent report, a patient was found to have decreased expression of ribonucle-
otide reductase M1 (RRM1) and phosphatase and tensin homolog (PTEN) on 
molecular analysis. Based on fi ndings of PTEN defi ciency, this patient was treated 
with everolimus (an MTOR inhibitor) maintenance after an induction chemother-
apy regimen of paclitaxel, cisplatin, and gemcitabine. His tumor responded to 
induction therapy, and he went into complete remission and remained in remission 
for 7 months and was alive about 14 months from his diagnosis and was asymptom-
atic with minimal disease on last follow-up [ 34 ]. 

 Kondagunta et al. conducted a phase 2 trial of bortezomib in metastatic RCC. One 
patient in this trial received intravenous bortezomib at 1.3 mg/m 2  on a twice-weekly 
schedule for 2 weeks followed by a 1 week treatment break, continuing for a total 
of 7 months of bortezomib therapy. The patient achieved a complete remission and 
remained free of disease after more than 27 months of follow-up [ 35 ].  

    Radiotherapy 

 There is little data about the use of radiotherapy in RMC. A few reports suggest some 
responsiveness to RMC metastases of the central nervous system (CNS). Walsh et al. 
published a case of a young man who was diagnosed with metastatic RMC and who 
sustained a complete response to systemic chemotherapy but later developed brain 
metastases and leptomeningeal disease. This patient had a partial response to brain 
irradiation [ 36 ]. Schaeffer et al. described a case of a 35-year-old man with meta-
static RMC who had a PR after seven cycles of PGC who experienced relapse in the 
brain after 6 months of therapy. The patient had brain irradiation and salvage chemo-
therapy resulting in an initial excellent response that lasted 9 months [ 29 ]. Other 
cases of radiotherapy for RMC CNS have had mixed or poor response. 

 Karaman et al. and Stahlschmidt et al. published cases in which they used adju-
vant abdominal radiation following surgical resection and chemotherapy both with 
little success [ 37 ,  38 ]. There are a few published reports of palliative radiation for 
bone metastases from RMV, and some of these have reported a reduction in pain 
and/or some decrease in the size of lesions [ 19 ]. Avery et al. noted no response to 
lung irradiation in a patient with RMC pulmonary metastases [ 16 ]. Although the 
evidence is mixed, it appears that RMC is radiosensitive in many cases (Figs.  2.3, 
2.4,  and  2.5 ).

       Other Possible Therapies 

 The use of interferon alpha and IL-2 has been uniformly unsuccessful in RMC, but 
to date, there have been no reports of newer targeted immunotherapies such as PD-1 
or PD-L1 antibodies. Given some similarities between RMC and urothelial cancers 
and given the fact that early data suggests response of urothelial to PD-1- and 
PD-L1-targeted immunotherapies, it seems reasonable that these newer therapies 
might be tried in metastatic RMC. 
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 Rearrangement of the ALK receptor tyrosine kinase has been reported in renal 
medullary carcinoma as well. Mariño-Enríquez et al. identifi ed a novel ALK onco-
protein in which the cytoskeletal protein vinculin (VCL) was fused to the ALK 
kinase domain in a case of RMC harboring a t(2;10)(p23;q22) translocation. Their 
report suggests a rationale for studying the treatment of RMC with targeted ALK 
inhibitors [ 39 ] (Tables  2.1  and  2.2 ).

  Figs. 2.3, 2.4, and 2.5    Typical radiographic fi ndings of metastatic disease with nodules seen in 
the lung parenchyma and a prominent paratracheal mass       

   Table 2.1    Selected renal medullary carcinoma case series   

 Series with 
citation 

 Number 
of 
patients 

 Age range 
(in years) 

 Percentage with sickle 
cell hemoglobinopathy 

 Right side 
preponderance 
(percentage) 

 Survival 
range (in 
months) 

 Davis [ 1 ]  34  11–39  97  74  1–12 

 Avery [ 16 ]  6  24–36  100  66  1–7 

 Swartz [ 40 ]  40  5–32  100  75  1–15 

 Simpson 
[ 19 ] 

 95  5–40  98  74  1–24 

 Watanabe 
[ 23 ] 

 7  8–69  100  71  0–96 

 Hakimi [ 41 ]  9  13–31  100  89  4–16 

 Silvino [ 42 ]  5  23–30  100  N/A  1–26 

 Tannir [ 43 ]  20  N/A  95 (5 % not tested)  N/A  7–18 
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         Conclusion 
 Although rare, RMC has garnered interest among oncologists, as well as 
physicians who treat sickle cell disease. There are currently no open clinical 
trials aimed solely at RMC, but a handful of trials seek to enroll patients with 
various forms of non- clear cell kidney cancer. As the molecular drivers of 
RMC are further elucidated in the laboratory, new treatment options should 
emerge.     
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      Translocation Renal Cell Carcinomas                     

     Jad     Chahoud      ,     Gabriel     G.     Malouf      , and     Nizar     M.     Tannir     

         Introduction 

 Translocation renal cell carcinoma (tRCC) is a rare kidney cancer subtype, fi rst 
added to the 2004 WHO RCC classifi cation based on morphologic features and 
genetics [ 1 ]. tRCCs are defi ned by translocations involving MiT family genes 
including  TFE3 ,  TFEB , and  MiTF . First, the TFE3 family translocation carcinomas 
are characterized by translocations involving  TFE3  gene and leading to overexpres-
sion of the chimeric fusion protein that disrupts transcription regulation. The hall-
mark of this group is a fusion of  TFE3  gene to various targets that include  PRCC  in 
t(X;1)(p11.2;q21),  ASPSCR1  in t(X;17)(p11.2;q25),  SFPQ  in t(X;1)(p11.2;p34), 
 NONO  in inv (X)(p11.2;q12),  CLTC  in t(X;17)(p11;q23),  LUC7L3  on 17q 
(17q21.33), and  MED15  on (22q11.2) [ 2 – 6 ]. The two most common Xp11 tRCCs 
are those bearing the t(X;1)(p11.2;q21), which fuses the  PRCC  and  TFE3  genes, 
and the t(X;1)(p11.2;p34), which fuses the  SFPQ  gene. The second, less common 
group is the MiT/TFEB family, t(6;11)(p21;q22), that harbors multiple specifi c 
 Alpha - TFEB ,  KHDRBS - TFEB , or  CLTC - TFEB  gene fusions which induce the over-
expression of transcription factor EB (TFEB) [ 5 ,  7 ,  8 ]. A third family was recently 
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described by Durinck et al. consisting of the  ACTG1 - MiTF  fusion gene [ 8 ]. Argani 
et al. proposed nuclear immunohistochemical staining for TFE3 and TFEB as an 
indicator of abnormal overexpression of these proteins in tRCCs as these proteins 
are not usually expressed in normal tissue, but this method remains highly nonspe-
cifi c [ 9 ]. Since the genetic alterations in these tumors are different from those 
reported in conventional RCCs, their clinical features, epidemiology, biological 
behavior, prognostic factors, and treatment paradigms may be different. This chap-
ter addresses in detail the aforementioned aspects of tRCC.  

    Epidemiology and Clinical Presentation 

 The fi rst published case of Xp11 tRCC was reported in a 17-month-old child by 
Tomlinson et al. [ 10 ]. It is estimated that the majority of pediatric RCCs are Xp11 
tRCCs, whereas conventional clear cell RCCs make up about less than 5 % of RCCs 
in children [ 11 ]. Although tRCC is rare in adults, it estimated to represent 15 % of 
RCCs in patients younger than 45 years [ 12 – 14 ]. The reported overall incidence of 
tRCC ranges between 1 and 6 % according to previously published studies, few of 
which used morphology and  TFE3  expression alone to screen for tRCC cases [ 15 –
 17 ]. However, the frequency in adults may be underestimated, due to morphological 
overlap with more common adult RCC subtypes, such as conventional clear cell 
RCC and papillary RCC. One single-institution study assessed 443 consecutive 
nephrectomies performed for RCC in adults and found that 1.6 % were Xp11 tRCC 
by cytogenetic or TFE3 immunohistochemical analysis [ 17 ]. Also, Zhong et al. 
assessed 120 consecutive RCCs older than 18 years of age by FISH for  TFE3  rear-
rangements and showed an estimated incidence for Xp11 tRCC of at least 4.2 % [ 16 ]. 
In North America, a case series demonstrated that tRCCs are more frequent in female 
patients (male-to-female ratio (1:3.6)) and in those of African-American descent [ 14 , 
 18 ]. While in the European continent, we know even less about the epidemiology of 
these tumors. Notably, 15 % of tRCC occurs in patients who had received cytotoxic 
chemotherapy during childhood [ 19 ]. Although a history of prior treatment for pri-
mary malignancies has been reported by several publications as a risk factor for 
tRCC [ 20 – 22 ], it is not clear yet whether RCC in these settings results from specifi c 
therapeutic regimens that promote its carcinogenesis or if underlying genetic predis-
position is involved [ 23 ]. Indications for the antecedent chemotherapy included acute 
promyelocytic leukemia, acute myeloid leukemia, Wilms’ tumor, systemic lupus 
erythematosus, and conditioning regimen of bone marrow transplant for Hurler’s 
syndrome [ 19 ]. The interval between chemotherapy and time of diagnosis ranged 
between 4 and 13 years. All of the reported cases included in the review by Argani 
et al. were pediatric patients and had received either a DNA topoisomerase II inhibi-
tor and/or an alkylating agent [ 19 ]. Although they have differing mechanisms of 
action, both cytotoxic agents break DNA, which may initiate repair or recombination 
mechanisms that permit a chromosome translocation to occur [ 19 ]. 

 On the other hand, the t(6;11) RCCs are less common than the Xp11 tRCCs [ 24 ]. 
They have recently been accepted by the 2013 International Society of Urological 
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Pathology Vancouver classifi cation of renal neoplasia as a subtype of the MiT fam-
ily of tRCC. The distinctive clinicopathologic features of these neoplasms were fi rst 
described in 2001, and till this date, approximately 50 cases only have been reported 
in the literature [ 25 ]. While the original reported cases were in children and young 
adults, it was clear that these neoplasms will also present in adults. In fact, the 
reported ages ranged between 3 and 68 years, with respective mean and median age 
of 31 years and 43, representing a much younger age in comparison with conven-
tional clear cell and papillary RCC of adults [ 25 ]. Similar to the Xp11 tRCC, a 
subset of cases occurred in patients who had received cytotoxic chemotherapy for 
other disorders [ 26 ]. Pediatric patients maintain a favorable short-term prognosis, 
even though the majority of cases present with an advanced tumor stage at time of 
diagnosis. Meanwhile, reports indicate that tRCCs arising in adults are more aggres-
sive and produce an unfavorable outcome, with the majority showing nodal spread 
at time of diagnosis [ 18 ,  27 ]. The prognosis and outcome will be discussed in detail 
under section “X.7. Prognosis and Outcome.” A large cohort of TFE3 and TFEB 
RCC was evaluated by Malouf et al. [ 28 ]. Their results strongly indicated that age 
and lymph node stage should be considered as prognostic factors in patients with 
tRCC. They noted a bimodal distribution of patients according to age, with two 
peaks at 16 and 36 years. The only clinicopathological difference between patients 
younger and those older than 25 years was the presence of distant metastasis, with 
mediastinal lymph nodes representing the most common site of metastasis. In their 
study, the two patients with  ASPSCR1 - TFE3  fusion had more aggressive disease 
compared to others with  PRCC ,  CLTC , or  SFPQ  fusion genes. These results cor-
roborate previous reports about the poor prognosis of  ASPSCR1 - TFE3  fusion RCC 
subtype [ 17 ,  18 ]. Moreover, gender may have a role, since males seem to experience 
metastasis twice as frequently as females which is also consistent with previous 
reports describing a more aggressive disease course in adult males [ 18 ,  27 ].  

    Gross and Microscopic Features 

 The typical gross appearance of Xp11 tRCC often reveals a tan-yellow necrotic and 
hemorrhagic tumor, grossly confused with conventional clear cell RCC. The typical 
microscopic pattern is a combination of both clear cells and papillary architecture 
where abundant psammoma bodies can be noted. Areas with a solid growth pattern 
are rarely observed. It is of great importance to always consider Xp11 tRCC in the 
differential of renal tumors in adolescents and young adults, as multiple reports 
have described a wide spectrum of microscopic presentations seen in this type of 
tumors that can mimic other types of RCC. For example, Xp11 tRCCs can alterna-
tively show solid or nested growth with clear to granular eosinophilic cytoplasm. 
Certain distinctive morphologies are associated with specifi c gene fusions. The 
 ASPL - TFE3  gene fusion is associated with extensive psammomatous calcifi cation, 
large tumor cells with voluminous abundant cytoplasm, vesicular chromatin, dis-
crete cell borders, and prominent nucleoli [ 29 – 31 ]. On the other hand, the  PRCC - 
 TFE3  gene fusion typically has tumor cells with less cytoplasm, a more nested 

3 Translocation Renal Cell Carcinomas



44

growth pattern, and absent or few psammoma bodies [ 32 – 34 ]. Other fusion gene- 
associated typical morphology is yet to be clarifi ed, as there are no suffi cient reports 
describing their features. One case reported an Xp11 tRCC in a young adult that 
presented with multilocular cystic RCC-like and microscopic features consistent 
with a single layer of clear cells, small areas with a papillary pattern, psammoma-
tous calcifi cation, and grade 3 nuclear atypia. Also, immunohistochemical analysis 
confi rmed labeling for TFE3 protein [ 35 ]. Two large, clinicopathologic studies 
evaluated, respectively, 28 [ 18 ] and 31 cases [ 36 ] of Xp11.2 tRCCs and reported, 
respectively, 50 % and 62 % frequency of identifi ed psammoma bodies. However, 
psammoma bodies, a feature that is rarely observed in conventional clear cell RCC, 
are not specifi c nor pathognomonic of tRCC as it has occasionally been seen in 
papillary RCC [ 9 ,  18 ,  27 ].  

    Immunohistochemistry 

 Translocation RCC tend to demonstrate an immunoreactivity pattern that differs 
from conventional clear cell RCC. We will discuss separately the variable Xp11 and 
t(6,11) tRCC presenting patterns of immunoreactivity. 

 First, Xp11 RCCs express both of the clear cell and papillary RCC markers: 
CD10, a cell membrane metal-lopeptidase whose expression is localized to the 
proximal tubular brush border, and RCC antigen marker, also a proximal brush 
border antigen, which is fairly specifi c and sensitive for RCC. This is in contrast 
with cases of chromophobe RCC where these markers are not expressed [ 37 ]. 
Moreover, the largest study evaluating patients with t(6,11) reported that RCC 
marker antigen and CD10 each labeled 10 out of the 14 evaluated cases [ 25 ]. Xp11 
tRCCs mostly expressed PAX2 and PAX8, which are lineage-restricted transcrip-
tion factors known to be expressed in the renal and Müllerian systems in most clear 
cell and papillary RCCs [ 38 – 40 ]. On the other hand, t(6,11) RCCs were only posi-
tive for PAX8 in 14 of 23 cases (59 %) in the same study referenced above [ 25 ]. 

 Both Xp11 and t(6,11) RCCs underexpress epithelial markers such as cytokera-
tin and epithelial membrane antigen (EMA). However, cathepsin-K may be useful 
as a specifi c marker for these carcinomas. The cathepsin-K has been proven to be 
mediated by overexpression of  MiTF  in osteoclasts [ 23 ]. A study by Martignoni 
et al. reported the expression of cathepsin-K in six out of ten confi rmed Xp11 
tRCCs. In contrast, none of the conventional clear cell RCCs (210 cases), papillary 
RCCs (40 cases), chromophobe RCCs (25 cases), oncocytomas (30 cases), or adja-
cent nonneoplastic renal tissue showed immunoreactivity for cathepsin-K [ 41 ]. 
Therefore, this marker is considered highly specifi c and may be useful to rule in the 
suspected diagnosis of an Xp11 tRCC, even though the sensitivity is less than that 
of TFE3. The immunohistochemical marker that combines the highest sensitivity 
and specifi city for the Xp11 tRCC is strong nuclear  TFE3  immunoreactivity. In one 
study, the sensitivity was 97.5 % (39 of 40 positive control tumors) and specifi city 
was 99.6 % (6 of 1,476 negative controls) [ 42 ]. Nuclear labeling for  TFE3  is specifi c 
to Xp11.2 translocations, keeping in mind that immunostaining of  TFE3  is nuclear 
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and should be obvious at low-power magnifi cation with absence cytoplasmic label-
ing of tumor cells and nuclear labeling in adjacent normal kidney. Also, previous 
reports have shown that 83 % of the t(6; 11) RCCs labeled diffusely for cathepsin- K, 
while 12 of 13 cases labeled for HMB-45, though the labeling was much less exten-
sive, and cytokeratin Cam 5.2 was expressed in 8 of 13 cases (62 %) [ 25 ]. Rarely, 
Xp11 tRCCs with typical morphology express melanocytic markers such as 
Melan-A and HMB-45. Even though IHC might be helpful in few instances, this 
test remains of low sensitivity and predictive value, and the diagnosis of Xp11.2 
translocation RCC may be made only genetically [ 43 ].  

    Cytogenetic and Molecular Features 

 Xp11 and t(6,11) RCCs are characterized, respectively, by translocations involving 
the genes for transcription factors E3 ( TFE3 ) and EB ( TFEB ). TFE3 and TFEB are 
members of the microphthalmia transcription factor-transcription factor E (MiTF/
TFE) family of basic helix-loop-helix leucine zipper (bHLH-zip) [ 9 ,  18 ,  44 ]. The 
 TFEB  gene is known to fuse with the  Alpha  gene, the  CLTC  gene, and  KHDBRS2  
gene. On the other hand, the  TFE3  gene (Xp11.2) has been found to rearrange with 
a minimum of seven different partners:  PRCC  (1q21),  ASPSCR1  (17q25),  SFPQ  
(1p34),  NONO  (Xq12),  LUC7L3  (17q21.33),  MED15  (22q11.2), and  CLTC  (17q23) 
[ 5 ,  6 ,  9 ,  16 – 18 ,  44 ]. Also, t(X;3)(p11;q23) and t(X;19)(p11.2;q13.1s) have been 
reported without a defi ned gene partner. Moreover, the  TFEB  gene rearranges with 
 Alpha , leading to a translocation that preserves the full-length  TFEB  coding region 
[ 27 ]. All TFE3 fusion proteins contain the bHLH-LZ and transcriptional activation 
domains of  TFE3 , but the breakpoints of those translocations differ according to the 
 TFE3  partner [ 7 ]. Little is known about whether additional genetic alterations are 
associated with tRCC. Malouf et al. were the fi rst to shed light on this in their study 
evaluating single-nucleotide polymorphism array profi ling and LINE-1 methylation 
[ 45 ]. This study found cytogenomic and epigenetic heterogeneity in tRCCs cases. 
Interestingly, these included alterations common in clear cell RCC (e.g., 3p loss) 
and papillary RCC (e.g., trisomy 7 and/or 17). They also found that adults, in com-
parison with patients younger than 18 years, displayed distinct genomic and epigen-
etic aberrations, exemplifi ed by lower LINE-1 methylation and frequent 17q partial 
gain. Their data showed the signifi cant inverse correlation between the degree of 
genomic alterations and the LINE-1 methylation levels, similar to previously 
reported data in other tumor types [ 46 ]. The partial 17q gain was frequent in tumors 
from adult men and was associated with a poor outcome. Of interest, 17q gains are 
rare in clear cell RCC and papillary RCC, in contrast to trisomy 7 and 17, which are 
very frequent in papillary RCC [ 47 ]. A larger study should evaluate, whether adults 
with tRCC without a 17q gain have a different prognosis than adults with the 17q 
gain. It is notable that cases with 17q gain also had gene expression patterns consis-
tent with activation of T-helper cells and the CTLA-4 signaling pathway. Their 
study did not evaluate for intratumoral heterogeneity with respect to the presence of 
17q and other chromosomal abnormalities, which might be helpful to understand 
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whether 17q is an initiating event or acquired during tumor progression [ 48 ]. 
Another study by Malouf et al. evaluated genome-wide analysis to assess for the 
genomic abnormalities of tRCC [ 5 ]. Their results reported that fi rst, the  MiTF / TFE  
was the most frequent recurrent translocation identifi ed. The landscape of mutations 
for tRCC differs from those of other RCC types which are characterized by muta-
tions of  VHL ,  PBRM1 , or  BAP1 , yet no recurrent mutations were identifi ed. Second, 
the spectrum of  TFE3 / TFEB  fusion transcripts in adults was different compared to 
historical series, and they identifi ed two novel partners of  TFE3 ,  LUC7L3  and 
 KHSRP . Third, transcriptomic profi ling of tRCC revealed that the majority of cases 
belonged to the ccB transcriptomic group, and ingenuity pathway analysis revealed 
TGF-β1 and PI3K complex activations. This highlights the interest of inhibiting the 
TGFβ1 and PI3K pathways, as these may represent potential therapeutic options for 
patients with tRCC. Lastly, 75 % of the evaluated tRCC cases had mutations in 
chromatin remodeling genes, specifi cally, mutations in  INO80D  chromatin remod-
eling gene, a mutation never previously reported in cancer. It is interesting to note 
that knockdown of  INO80D  controls the amplitude of the S phase and decreased 
cell proliferation in HCR-59 cell line bearing  LUC7L3 - TFE3  translocation [ 49 ]. 
This may render the  INO80D  mutations a marker of an aggressive phenotype of 
tRCC.  

    Prognosis and Outcome 

 Xp11.2 tRCCs occur primarily, but not exclusively, in children and young adults 
and are believed to be rather indolent in this subgroup, even when presenting with a 
locally advanced disease and regional lymph node involvement, without hematog-
enous spread. Based on a literature review, over 90 % of these patients remained 
disease-free at last follow-up having a median of 4.4 years and a mean of 6.3 years 
[ 14 ]. In contrast, the tumor tends to be more aggressive in adults with widespread 
systemic metastases [ 43 ,  49 ]. Overall, survival is similar to that of patients with 
clear cell RCC and signifi cantly worse than that of patients with papillary RCC. In 
a case series of 15 Xp11 tRCC treated with vascular endothelial growth factor 
(VEGF)-targeted therapy, the median PFS and OS of the entire cohort were 
7.1 months and 14.3 months, respectively [ 50 ]. Malouf et al. described outcomes in 
54 patients with tRCC, at diagnosis two-thirds of patients had localized disease and 
a third presented with distant metastasis [ 28 ]. All but one patient underwent 
nephrectomy with regional lymphadenectomy. Overall, the 35 patients with local-
ized disease had complete surgical resection; in addition, one patient with lung 
metastasis underwent wedge lung resection. No perioperative death occurred and no 
patients received neoadjuvant chemotherapy. Of the 36 patients who underwent 
complete resection, 8 had recurrence. Multivariate analysis showed that solely 
lymph node involvement was independently associated with recurrence-free sur-
vival (RFS) [ 28 ]. Median RFS was 8.7 months in lymph node-positive cases and 
was not reached in lymph node-negative cases. After a median follow-up of 
19.2 months, median overall survival (OS) of patients with distant metastasis was 

J. Chahoud et al.



47

22.2 months. OS at 1 and 3 years was 61.1 % (95 % CI 42.3–88.3) and 14.3 % (95 % 
CI 4–51.5), respectively [ 28 ]. Median OS of patients without distant metastasis was 
not reached. OS at 1 and 3 years was 100 % and 70.6 % (95 % CI 51.9–95.9), respec-
tively. Based on the multivariate analysis, lymph node involvement and age were 
independently associated with poor OS [ 28 ]. In a smaller case series, mean survival 
after diagnosis was 18 months with a range of 10–24 months [ 27 ]. Another adult 
series, with at least 1 year of follow-up, reported that fi ve of six patients developed 
hematogenous spread, and two patients died within 1 year of diagnosis [ 18 ]. 

 On the other hand, the t(6;11) RCCs are more indolent neoplasms than the Xp11 
tRCCs. Of the approximately 50 cases in the published literature, only four have 
developed metastases, leading to patient death in three cases. The majority of neo-
plasms presented at low stage (pT1 or pT2) and had a slow disease progression of 
disease. Like the Xp11 tRCC, these neoplasms have demonstrated the capacity to 
recur late (up to 20 years after diagnosis), thus the importance of long-term follow-
 up for tRCC patients. Furthermore, Ellis et al. recently reviewed the literature on 
Xp11 tRCC with the  ASPSCR1 - TFE3  and  PRCC - TFE3  gene fusions [ 33 ]. Using a 
multivariate analysis, they concluded that only advanced stage (specifi cally distant 
metastasis) and older age at diagnosis were independent predictor of overall survi-
vor [ 33 ]. The association of older age with a worse outcome is supported by the 
abovementioned genetic data by Malouf et al., who found more chromosome 17q 
gain in adult Xp11 tRCCs compared with pediatric cases [ 45 ].  ASPSCR1 - TFE3  
RCCs were signifi cantly more associated with locoregionally advanced presenta-
tion at diagnosis and distant metastasis (24 of 32 cases, 75 %) than were  PRCC - 
 TFE3  RCC (5 of 14 cases, 36 %), while most of the previous patients remained 
disease-free without adjuvant therapy. Hence, locally advanced stage may not pre-
dict adverse outcomes. However, all patients who presented with distant metastases 
had  ASPSCR1 - TFE3  RCC, and these patients have poor outcomes [ 33 ]. A consider-
able clinical heterogeneity in the cases was reported, as some patients with advanced 
disease died rapidly, whereas others followed a more indolent course. Another inter-
esting fi nding was that nonmetastatic patients with node positive tended to have a 
worse outcome when they had a  PRCC - TFE3  RCC than if they had an  ASPSCR1 - 
 TFE3  RCC, though that reported difference was not statistically signifi cant [ 33 ]. 
Moreover, a partial 17q gain is frequent in tumors from adult patients, particularly 
in men, and this genetic lesion might be used as marker of aggressive disease and 
poor outcomes [ 45 ]. Interestingly, tRCC patients with 3p loss (clear cell RCC-like 
profi le) had worse outcomes compared to those without 3p loss [ 45 ].  

    Treatment 

 The optimal therapy for the Xp11.2 tRCCs remains to be determined, as clinical 
trials have been mainly conducted in patients with clear cell histology. In this sec-
tion, we will discuss some of the largest studies that reported outcomes in concor-
dance with different therapeutic options. Choueiri et al. [ 50 ] published one of the 
largest studies reporting targeted therapy for adult patients with metastatic 
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translocation Xp11 RCC. They retrospectively reviewed 15 patients with metastatic 
Xp11 RCC, of whom 10, 3, and 2 received sunitinib, sorafenib, and monoclonal 
anti-VEGF antibodies, respectively. The median follow-up period was 19.1 months, 
the median age of the patients was 41 years, and the female-to-male ratio was 4:1. 
Five patients had received prior systemic therapy, none of them experienced disease 
response at that time, 12 patients had received a prior nephrectomy, and 9 patients 
were intermediate risk as per Memorial Sloan-Kettering Cancer Center (MSKCC) 
score [ 50 ]. When treated with VEGF-targeted therapy, three patients achieved a 
partial response, seven patients had stable disease, and fi ve patients developed pro-
gressive disease. Three patients who developed disease progression after initial 
VEGF-targeted therapy subsequently received temsirolimus, and all were found to 
develop progressive disease at their fi rst restaging evaluation [ 50 ]. The median PFS 
and OS of the entire cohort were 7.1 months and 14.3 months, respectively. These 
results demonstrated that VEGF-targeted therapy can provide benefi t for adults with 
metastatic Xp11.2 RCC, as evidenced by a response rate of 20 % and a median PFS 
of 7.1 months [ 50 ]. However, it was impossible for the authors to make defi nitive 
conclusions regarding the best VEGF-targeted agent for patients with this disease 
since responses occurred with three different drugs, and the studied sample was 
small. 

 Another recent multicenter study from several French centers by Malouf et al. 
[ 51 ] reported on 21 patients with metastatic Xp11.2 RCC who were treated with 
VEGF- and mTOR-targeted therapies. Fifteen had metastases at presentation and 
six developed distant metastasis within 1 year of nephrectomy (range 2–9 months). 
The median age of the patients was 34 years, and the female-to-male ratio was 1:1. 
All 21 patients had received a nephrectomy, while 9 patients had a prior systemic 
therapy with cytokine. As per the MSKCC score, 15 patients were intermediate and 
6 were high risk [ 51 ]. Patients treated with sunitinib were found to have a median 
PFS of 8.2 months if they received prior therapy similar to that for clear cell RCC 
and a median PFS of 11 months if they were previously treatment-naive [ 51 ]. 
Patients treated with sorafenib had a median PFS of 6 months, whereas for patients 
treated with temsirolimus it was 3 months. Seven patients (33 %) experienced objec-
tive responses, with a median follow-up of 19 months, the estimated median OS was 
27 months (range 12–43 months) [ 51 ]. All the patients treated with sunitinib and 
one patient treated with temsirolimus achieved responses. The effi cacy data reported 
by Malouf et al. are somewhat better than those reported by Choueiri et al., which 
could be explained by the fact that the French series did not restrict their study to 
adults, with fi ve patients (24 %) aged <18 years [ 50 ,  51 ]. As it has been shown in 
previous reports, adults with Xp11.2 RCC tend to have a more aggressive disease 
course than their pediatric counterparts. The mechanism of effi cacy of VEGF- 
targeted therapy in patients with Xp11.2 RCC is largely unknown. VEGF-targeted 
agents demonstrated effi cacy in two of the largest published experiences in the 
treatment of this subgroup of RCC, comprised of retrospective series of 15 and 21 
metastatic patients. All patients who progressed on VEGF-targeted therapy and 
were switched over in the French series to an mTOR inhibitor achieved stable dis-
ease. One patient even had a partial response lasting 15 months. This highlights the 
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importance of maintaining some form of targeted therapy in patients with Xp11 
translocation mRCC progressing on VEGF-targeted therapy. The mTOR inhibitors 
temsirolimus and everolimus target the PI3K/AKT/mTOR signaling pathways. A 
recent study interestingly found that transcriptomic profi ling of tRCC and ingenuity 
pathway analysis revealed TGF-β1 and PI3K complex activations in the majority of 
tRCC cases [ 5 ], though inhibiting the TGFβ1 and PI3K pathways may present other 
potential therapeutic options. Nevertheless, the abovementioned two studies had a 
retrospective design with inherent potential biases that preclude a defi nitive state-
ment regarding whether VEGF-targeted agents should be the preferred therapy for 
patients with advanced stage Xp11.2 RCC. At the present time, there is no standard 
treatment protocol for patients with tRCC. For future research, further genetic and 
epigenetic studies are needed to prioritize the discovery of more effective targeted 
therapies.     
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        Introduction 

 In 2015, an estimated 11,930 patients in the United States were diagnosed with 
soft tissue sarcomas [ 1 ]. Primary genitourinary tract sarcomas account for 2 % of 
all soft tissue sarcomas and 1–2 % of genitourinary malignancies [ 2 ]. Sarcomas 
represent up to 3 % (range, 0.8–2.7 %) of renal malignancies in adults, with the 
highest incidence in the sixth decade of life [ 3 ]. Leiomyosarcoma is the most 
common histological type of renal sarcomas (50–60 %), followed by liposar-
coma (15 %), hemangiopericytoma (9 %), fi brosarcoma (7 %), malignant fi brous 
histiocytoma or undifferentiated pleomorphic sarcoma (6 %), and rhabdomyo-
sarcoma (3 %) [ 4 ]. Renal primitive neuroectodermal tumors (PNETs) are par-
ticularly rare, with fewer than 200 reported cases, and account for less than 2 % 
of renal malignancies. 

 Genitourinary sarcomas can cause high rates of morbidity and death. The lit-
erature highlights the aggressive nature of these tumors, with a 5-year cancer-
specifi c survival (CSS) rate of 56 % for genitourinary sarcomas and worse 
outcomes for renal sarcomas (5-year CSS rate, 29 %) [ 5 ]. There is no standard-
ized treatment for renal sarcomas, and evidence from the literature to help clini-
cians manage these malignancies is limited. Here, we summarize the clinical 
knowledge about the major clinicopathological characteristics, outcomes, and 
management of primary renal PNETs and other rare types of kidney sarcomas, 
including leiomyosarcoma, liposarcoma, hemangiopericytoma, fi brosarcoma, 
malignant fi brous histiocytoma, rhabdomyosarcoma, and primary renal synovial 
sarcoma.  

    Primitive Neuroectodermal Tumor 

 PNETs are neural crest malignancies that arise from the neuroectoderm and are 
classifi ed as central or peripheral depending on where the tumors originate in the 
nervous system. Peripheral PNETs occasionally originate in unusual sites such 
as the chest wall, paraspinal region, bones, ovaries, uterus, testes, and, rarely, 
urinary tract [ 6 ]. Genitourinary PNETs are very rare; fewer than 200 case reports 
have documented PNETs in the bladder, prostate, ureter, and kidneys [ 7 – 10 ]. 
Most of our knowledge about PNETs comes from case reports; only seven case 
series have been published, and these series involved fewer than 200 patients 
[ 11 ]. Based on these studies, the clinical presentation and course of renal PNETs 
differ signifi cantly from the natural history of renal cell carcinomas (RCCs). 
Compared with RCCs, renal PNETs are more commonly associated with patients 
younger than 20 years and with large tumors at presentation. Although rare, 
patients with PNETs have a poor prognosis despite multimodal therapy, with 
high rates of early recurrence and dismal cancer-specifi c survival [ 12 ]. This 
chapter will focus primarily on renal PNETs, which are the most common geni-
tourinary PNETs described in the literature [ 13 ]. 
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    History and First Description of Renal PNETs 

 The fi rst report of a PNET originating in the ulnar nerve was described by Stout in 
1918 [ 7 ]. In 1921, similar tumors were reported in adolescent patients presenting 
with disabling pain in the extremities. These tumors were noted to differ histologi-
cally from classic osteogenic sarcomas and were vaguely named round cell sarco-
mas. These new tumors were highly sensitive to radiation therapy but had high 
recurrence rates and tended to progress rapidly. Later, these tumors were referred to 
as Ewing sarcoma [ 14 ]. With the advancements of molecular characterization, simi-
larities in histological and chromosomal abnormalities were found between PNETs 
and Ewing sarcomas; thus PNETs were reclassifi ed as part of the Ewing sarcoma 
family of tumors (ESFT). Both malignancies are small round cell tumors that occur 
in the bone and soft tissue of young patients [ 14 ]. Additionally, they share distinc-
tive chromosomal anomalies and originate from the same stem cell precursor [ 15 ]. 

 In a 1975 case series of four patients with peripheral PNETs, Seemayer and col-
leagues fi rst documented a renal PNET [ 16 ]. However, the fi rst case report depicting 
the clinical and pathological characteristics of a renal PNET was published in 1994 
when a 61-year-old man presented with classic symptoms of locally advanced RCC, 
including fl ank pain, a palpable abdominal mass, and severe weight loss and fatigue 
[ 6 ]. Mor and colleagues reported that the patient had a large solid mass that replaced 
the entire parenchyma of the kidney and metastatic lymphadenopathy with associ-
ated hydroureteronephrosis. On microscopic examination, the mass was character-
ized by clusters of small and medium round cells with irregular nuclei that were 
displayed in cords and embedded in fi brous tissue. On the basis of these results, the 
patient was thought to have an anaplastic, blastemal-predominant Wilms tumor and 
was treated with chemotherapy including doxorubicin, dactinomycin, vincristine, 
and cyclophosphamide [ 6 ]. Despite aggressive treatment, the authors reported a 
marked deterioration in the patient’s condition with severe abdominal pain and com-
pressive symptoms from a vertebral metastasis. Given the tumor’s unresponsiveness 
to treatment and rapid progression, the National Wilms Tumor Study Pathology 
Center was consulted. Immunohistochemical (IHC) analysis revealed a characteris-
tic pattern: the tumor stained positive for neuron-specifi c enolase and chromogranin 
A and negative for cytokeratin, vimentin, and synaptophysin. Although the patient 
was diagnosed with renal PNET and treated, the patient died within 6 months.  

    Epidemiology 

 PNETs infrequently are seen as an organ-derived neoplasm. Less than 15 % of 
PNETs originate in the abdomen, retroperitoneum, and pelvis [ 17 ]. While renal 
PNETs account for less than 1 % of renal tumors, representing an extremely rare 
entity [ 17 ], this incidence is likely underreported since just recent genetic advances 
in the tumor characterization have enabled us to distinguish PNETs from other 
round cell tumors. 

4 Primitive Neuroectodermal Tumors and Other Sarcomas of the Kidney



56

 Renal PNETs tend to occur in men (male/female, 1.5:1) [ 18 ]. In contrast to RCC 
and other sarcomas, renal PNETs are more common in young patients. In a system-
atic review of 79 patients, the median age was 20 years (range, 2 months to 73 years) 
[ 21 ], and recent reports described a median age of 28 years (interquartile range, 
20–42 years), with almost a quarter of the patients aged 15 years or younger [ 13 , 
 19 ]. One of the largest series concluded that PNETs occur with similar frequency in 
both kidneys [ 11 ]. 

 Although PNETs have not been associated with a particular ethnicity, data on 
peripheral PNETs suggest that the disease occurs more frequently in white and 
Hispanic patients and less frequently in African Americans or Asian Americans [ 20 ]. 
Owing to the rarity of renal PNETs, no risk factors have been identifi ed for this dis-
ease. Nonetheless, PNETs and Ewing sarcomas have similarities in non- modifi able 
risk factors, such as age, sex, and ethnicity, underlying a shared biology [ 19 ].  

    Biology and Possible Origin 

 The origin of renal PNETs has yet to be elucidated. Although theories regarding the 
histological origin of PNETs remain hypothetical, PNETs are presumed to originate 
from neural crest cells, given the morphological resemblance of PNETs to neuro-
blastoma [ 11 ]. Another theory suggests a mesenchymal stem cell origin, as PNETs 
commonly present as bone or soft tissue masses in the trunk or axial skeleton of 
children and young adults [ 21 ]. A less popular hypothesis is that PNETs originate 
from pluripotent germ cells; this theory is linked to the histogenesis of gonadal 
PNETs [ 19 ]. 

 Mor and colleagues suggested that renal PNETs are caused by an aberrant migra-
tion of neural crest cells or the dedifferentiation of native neural elements on the 
basis of previous descriptions of neural elements found in other renal neoplasms 
such as Wilms tumors [ 5 ]. Similarly, Parham and colleagues proposed that embry-
onic neural crest cells migrate into the kidney and, with the appropriate environ-
mental and genetic changes, undergo oncogenesis [ 19 ]. Although the nature of 
these changes was not described, the authors did suggest that the neural components 
of renal PNETs originate in the neural adrenergic fi bers of the celiac plexus that 
innervate the kidney [ 19 ]. Studies have described an interaction of neural differen-
tiation factors such as c-RET and the development of metanephros and subsequent 
nephrogenesis in rodents [ 22 ]. However, the specifi c implications of this neural dif-
ferentiation factor for the development of renal PNETs have not been elaborated, 
and further research is needed to determine the cell of origin of renal PNETs.  

    Clinical Presentation 

 The most common symptoms of renal PNETs at presentation are fl ank pain (67.5 %), 
hematuria (33.8 %), and a palpable abdominal mass (33.8 %) [ 11 ]. This triad of 
symptoms, once typical for patients with advanced RCC, tends to be an often 
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encountered scenario at presentation of renal PNETs, given the rapid natural pro-
gression of PNETs [ 23 ]. Risi et al. [ 7 ] showed in a systematic review of 116 patients 
with renal PNETs that 98 % of the patients had at least one of these three symptoms 
at presentation and 2 % each had dysuria, fever, weight loss, and fatigue. Although 
these symptoms are nonspecifi c, this triad may raise suspicions for an unusual his-
tology such as PNETs. 

 Patients with renal PNETs tend to present with locally advanced or metastatic 
disease. In one of the largest single-institution case series, Thyavihally and col-
leagues found that of 16 patients with renal PNETs, 5 (31 %) had metastatic disease, 
with a median age of 27 years at presentation. Thyavihally and colleagues proposed 
that young patients with a renal mass and distant metastasis at presentation should 
be suspected of having renal PNETs [ 24 ]. Systematic studies have reported that at 
PNET diagnosis, approximately 20–50 % of patients have distant metastatic dis-
ease, with the regional lymph nodes, bone marrow, liver, and lungs being the most 
common metastatic sites [ 19 ]. 

 Tumor thrombus extension has also been described in renal PNET. Cuesta 
Alcala and colleagues reported two patients presenting with atrial tumor throm-
bus extension at diagnosis [ 25 ]. Many other case series have also reported this 
finding. In a series of ten patients, Lee and colleagues reported that most 
patients had a large necrotic and hemorrhagic mass, eight patients had renal 
vein invasion, and four patients presented with inferior vena cava invasion [ 26 ]. 
Moreover, in a 2010 literature review, Xu and colleagues showed that of 103 
patients, 49 % had tumor thrombus into the renal vein and 33 % had inferior 
vena cava involvement, exemplifying that tumor thrombus is not a rare phe-
nomenon in PNETs and highlighting the importance of suspecting renal PNETs 
in young patients with renal masses and inferior vena cava involvement [ 27 ]. 
Although these findings raise a suspicion of PNETs, no clinical characteristics 
pathognomomonic of renal PNETs have been identified, and accurate diagno-
sis relies predominantly on the histopathological, IHC, and cytogenetic fea-
tures of the disease [ 28 ].  

    Histology and IHC Findings 

 On gross examination, renal PNETs are usually large (commonly over 10 cm in 
diameter), gray, encapsulated masses with focal areas of tumor necrosis and 
hemorrhage [ 29 ]. On microscopic examination, renal PNETs exhibit small round 
cells arranged as perivascular Homer Wright rosettes or pseudorosettes [ 24 ]. 
These microscopic fi ndings have also been described in neuroblastoma and 
extraskeletal Ewing sarcoma [ 30 ]. The most common microscopic fi ndings for 
PNETs are densely cellular sheets of primitive, largely undifferentiated cells 
with round hyperchromatic nuclei and pale to lightly amphophilic cytoplasm 
[ 19 ]. Mitotic fi gures may be numerous, and intracytoplasmic glycogen can be 
detected on periodic acid- Schiff staining [ 31 ]. On electron microscopy, renal 
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PNETs demonstrate neurosecretory granules, microtubules, and multiple periph-
eral microfi laments [ 32 ]. 

 Positive IHC staining for neuron-specifi c enolase facilitates the diagnosis of 
PNETs but is not pathognomonic [ 6 ]. Renal PNETs stain positive most com-
monly for glycoprotein CD99, a product of the  CD99  gene located on the short 
arm of chromosomes X and Y [ 33 ]. CD99 is a distinctive feature in peripheral 
PNETs and is present in approximately 90 % of the cases. In a 1997 series of 
four patients aged between 4 and 20 years, tumor tissue samples from all four 
patients stained positive for CD99 [ 22 ]. Despite the fact that 90 % of PNETs/
ESFTs stain positive for CD99, this marker is not pathognomonic for these 
tumor, as CD99 can be expressed in other round blue cell tumors [ 13 ]. 
Additionally, these tumors are commonly negative for markers such as pan-
keratin, cytokeratin, vimentin, S100 protein, and chromogranin A. Pomara and 
colleagues described the need for an extensive IHC panel to diagnose PNETs 
because there is not a specifi c marker for this disease, and depending on the 
technique, false-negative results could occur [ 32 ]. Furthermore, although rele-
vant for the differential diagnosis, IHC results are not recommended as the sole 
means of diagnosis, as molecular fusion studies should be used to validate and 
confi rm the diagnosis [ 32 ].  

    Molecular Analysis 

 While IHC analysis facilitates and increases the specificity of a diagnosis of 
renal PNETs, molecular analysis is recommended when an atypical renal mass 
is suspected to be a PNET. Cytogenetic studies such as karyotyping and fluo-
rescence in situ hybridization are now required for identifying a Ewing sar-
coma aberration commonly found in PNETs. The translocation of t(11:22)
(q24:q12) with the fusion transcript between the Ewing sarcoma gene ( EWS , 
22q12) and the erythroblast transformation-specific oncogene (11q24) occurs 
in 88–95 % of PNET cases, and this translocation has been described as an 
important oncogenic step leading to a hybrid transcript and oncogenic chimeric 
protein [ 32 ,  34 ]. This unique genetic characteristic reclassified PNETs as part 
of the ESFT [ 35 ]. 

 Antibodies against the Friend leukemia integration 1 (FLI1) transcription factor, 
present in some renal PNETs, also may aid in the molecular diagnosis of this entity 
[ 36 ]. In the largest systematic review of 116 patients with renal PNETs, Risi and 
colleagues found that 72 % of the patients had chromosomal translocation that 
resulted in the fusion gene  EWS - FLI1  on chromosome 11, and this fi nding was 
associated with the IHC expression of FLI1 protein ( p  = 0.03) [ 7 ]. Some studies 
have suggested that the type of fusion may have prognostic signifi cance and that 
patients carrying the  EWS - FLI1  translocation may have longer cancer-specifi c sur-
vival than those without this translocation [ 11 ]. However, Risi and colleagues found 
that cancer-specifi c survival did not differ signifi cantly among their patients with or 
without this translocation [ 7 ].  
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    Differential Diagnosis 

 The diagnosis of PNETs poses a signifi cant challenge. Table  4.1  summarizes the 
most common clinicopathological characteristics of renal PNETs and differential 
diagnosis. Despite its distinctive small round cell histology, renal PNETs are diffi -
cult to distinguish from other primitive tumors such as blastemal-predominant 
Wilms tumors, embryonal rhabdomyosarcomas, neuroblastomas, small cell carci-
nomas, and synovial sarcomas [ 21 ]. Homer Wright rosettes are found more typi-
cally in PNETs than in these other tumor types; however, Homer Wright rosettes 
also occur in neuroblastoma [ 32 ].

   To distinguish renal PNETs from these other entities, IHC and chromosomal 
fi ndings, rather than clinical or radiological fi ndings, are used. CD99 has been 
linked almost universally to all peripheral PNETs, with an incidence of approxi-
mately 90 %. Strong positive staining for CD99 protein on IHC analysis can help 
distinguish PNETs from other small round cell tumors [ 32 ]. Although frequently 
confused with blastemal-predominant Wilms tumors, PNETs usually stain negative 
for WT1 gene expression [ 19 ]. 

 The diagnosis of PNEt also can be confi rmed by demonstrating the reciprocal 
translocation between the long arms of chromosomes 11 and 22 t(11:22)(q24:q12) 
or the  EWS - FLI1  gene fusion with the help of fl uorescence in situ hybridization 
techniques or reverse transcription polymerase chain reaction [ 37 ]. Although IHC 
and cytogenetic analysis are commonly recommended, further diagnostic analyses 
should be performed because the results of a single method do not exclude many of 
the tumor types in the differential diagnosis [ 9 ].

       Imaging 

 The radiological fi ndings for renal PNETs presented in the literature thus far, 
although nonspecifi c, as commonly present in locally advanced RCC, highlight four 
characteristics as the most common features of renal PNETs: tumor thrombus, mul-
tifocal necrosis, irregular septae and calcifi cations, and weak enhancement [ 38 ]. 

 Tumor thrombus has been repeatedly described in patients with renal PNETs. 
Renal PNETs tend to be multifocal and diffuse, whereas RCC is characterized by 
central hemorrhage or necrosis. Wu and colleagues found that magnetic resonance 
imaging studies of a series of patients with renal PNETs showed peripheral necrosis 
and hemorrhages rather than central necrosis [ 39 ]. A similar observation has been 
documented for PNETs of the uterus and retroperitoneum [ 39 ]. 

 Irregular septae and calcifi cations in both the necrotic and solid portions of the 
tumor have been reported in several series of patients with renal PNETs, and studies 
have reported similar fi ndings for PNETs of the retroperitoneum [ 26 ]. Several 
reports of primary renal PNETs have described weak heterogeneous contrast 
enhancement on computed tomography studies. Despite typically large tumor 
masses, renal PNETs show very weak enhancement or do not enhance in arterial 
and delayed contrast phases, unlike RCC [ 26 ]. Although the radiological 
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appearance of renal PNETs is nonspecifi c, the presence of these four characteristics 
should raise suspicion when one encounters a large renal mass with aggressive 
features.  

    Treatment 

 Only a few case studies have reported recurrence-free survival after treatment with 
surgery alone [ 40 ]. The preferred treatment for localized and locally advanced renal 
PNETs is radical nephrectomy combined with cytotoxic chemotherapy and radia-
tion therapy [ 41 ]. The role of radiation therapy in renal PNETs, however, is not 
clearly defi ned. Most studies have differed on the indications for radiation therapy 
and the dosage, with a limited consensus only for patients with evidence of positive 
margins or other residual diseases or when the renal fascia is involved [ 24 ]. 

 Radical nephrectomy, on the other hand, has been shown to be essential in local 
control, and most case series advocate early surgical resection to maximize survival 
[ 13 ,  21 ]. In a systematic review of 116 patients with renal PNETs, Risi and col-
leagues found that 89 % of the patients underwent surgical resection of the primary 
tumor, and 95 % of those underwent radical nephrectomy. The patients who under-
went surgery had a 2-year overall survival (OS) rate of 80 % compared with 30 % 
for patients who did not undergo surgery ( p  = 0.017) [ 13 ]. These results, however, 
were not adjusted for performance status or taken from a homogeneous cohort 
because of the rarity of the disease. In addition, in a series of 16 patients with renal 
PNETs, Thyavihally and colleagues found that patients with localized disease and 
negative margins after nephrectomy had signifi cantly longer median OS (60 months) 
than patients who had locally advanced disease or distant metastasis (OS, 15 months) 
[ 24 ]. Unfortunately, up to 38 % of patients with renal PNETs present with a locally 
advanced mass that has invaded adjacent organs by the time of resection. Therefore, 
additional postoperative treatment is needed to diminish the risk of recurrence. 

 Although PNETs are generally chemosensitive [ 36 ], there is no consensus about 
the best adjuvant treatment for renal PNETs, and regimens are extrapolated from 
those used for other ESFTs [ 42 ]. A range of responses to cytotoxic chemotherapy, 
depending on differentiation and tumor extension, have been described, and stan-
dard therapies include doxorubicin plus cyclophosphamide; vincristine, doxorubi-
cin, and cyclophosphamide with optional dactinomycin; or vincristine, doxorubicin, 
and cyclophosphamide alternating with ifosfamide plus etoposide [ 43 ]. These pro-
tocols are based on the Intergroup Ewing Sarcoma Study guidelines and on signifi -
cantly improved survival outcomes in phase III clinical trials in patients with Ewing 
sarcoma/PNETs [ 44 ]. One study showed that alternating cycles of ifosfamide plus 
etoposide signifi cantly improved 5-year recurrence-free survival compared with the 
standard treatment of doxorubicin plus cyclophosphamide (69 % versus 54 %, 
respectively) [ 34 ]. Studies have also demonstrated effective results in patients with 
refractory primary or recurrent disease with the addition of ifosfamide and etopo-
side to the standard regimes [ 45 ]. Fergany and colleagues found that adjuvant ther-
apy with ifosfamide and etoposide along with cytoreductive nephrectomy had 
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favorable results and may be recommended for those whom complete surgical exci-
sion was not guaranteed; in a case reported one patient with IVC thrombus and lung 
metastasis experienced complete response after 12 cycles of chemotherapy and 
2-year disease-free survival [ 46 ]. 

 The high response rates to adjuvant therapy in patients with metastatic PNETs 
have sparked interest in the possible role of presurgical therapy [ 13 ]. Studies have 
demonstrated that presurgical therapy is benefi cial for patients with large unresect-
able masses or with distant metastasis [ 36 ]. Richey and colleagues reported that a 
patient with a PNET and metastases to the infradiaphragmatic and supradiaphrag-
matic lymph nodes experienced an 8-year response after induction and maintenance 
chemotherapy. Further, Richey et al. suggested that cytoreductive nephrectomy 
could limit tolerance for subsequent adjuvant therapy and advised that patients with 
PNETs and metastatic disease be treated with up-front chemotherapy [ 31 ]. 

 The management of renal PNETs remains diffi cult. The rare incidence of PNETs 
precludes single-institution and large-scale prospective or randomized trials, and 
aggressive multimodal management that is based on previous case reports remains 
the standard of care. Careful interpretation of diagnostic results could clarify man-
agement strategies and defi ne prognostic factors.   

    Leiomyosarcoma 

 Renal leiomyosarcoma (LMS) is the most common primary renal sarcoma, account-
ing for 50–60 % of cases (Table  4.2 ), but it is nevertheless rare [ 47 ,  48 ]. In one of 
the largest published series, Kendal reported that of 95,935 patients with kidney 
cancer identifi ed in the Surveillance, Epidemiology, and End Results (SEER) data-
base, only 112 patients had primary renal LMS (0.12 % of renal malignancies) [ 49 ]. 
In another series, Miller and colleagues identifi ed only 27 patients from three high-
volume cancer institutions in the United States during a 23-year period [ 50 ]. 

 Compared with patients with renal PNETs, patients presenting with renal LMS 
tend to be older; most patients reported in the literature were older than 20 years, 
with a mean age at diagnosis in the sixth decade. LMS occurs more frequently in 
women (60 %), and right-sided renal masses are more common [ 50 ,  51 ]. 

   Table 4.2    Most common malignant mesenchymal renal tumors   

 Tumor type  Percentage of renal sarcomas (%) 

 Leiomyosarcoma  50–60 

 Liposarcoma  15 

 Hemangiopericytoma  9 

 Fibrosarcoma  7 

 Rhabdomyosarcoma  5 

 Primary renal synovial sarcoma  5 

 Malignant fi brous histiocytoma  1 

  Data from Moudouni et al. [ 47 ]  
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 The clinical presentation of renal LMS varies, but nearly all patients present with 
symptoms similar to those of RCC, including fl ank pain, a palpable abdominal 
mass, and hematuria. Other symptoms include fever of unknown origin, weight 
loss, and urinary frequency. Life-threatening conditions, such as spontaneous renal 
neoplasm rupture, have also been reported at presentation in a few cases [ 48 ,  52 ]. 

 Renal LMS tends to be highly aggressive, with a median tumor size of 13.4 cm, 
and approximately 55 % of patients have direct tumor extension beyond the kid-
ney capsule at initial presentation [ 50 ]. Metastasis to the lungs, liver, and bone is 
common at diagnosis, and the 3-year progression-free survival rate is as low as 
10 % [ 50 ]. 

 Primary renal LMS is thought to originate from renal blood vessels, the smooth 
muscle fi bers of the renal pelvis, or the renal capsule [ 47 ,  53 ]. Macroscopically, 
primary renal LMSs are solid, gray-white, and well-circumscribed, with a soft con-
sistency and a propensity for cystic degeneration [ 54 ]. Microscopically, renal LMSs 
have a typical smooth muscle morphology alternating with clusters of spindle cells 
with non-tapering nuclei and eosinophilic cytoplasm. Renal LMS tumors tend to 
have moderate to severe pleomorphism, cellular necrosis, and greater than fi ve to 
ten mitotic cells per high-power fi eld. These fi ndings differentiate LMSs from 
benign leiomyomas [ 55 ]. Often LMSs exhibit a myxoid morphology; however, the 
prognostic implications of this feature remain unclear [ 50 ]. On IHC staining, LMS 
tissue expresses mesenchymal markers such as alpha-smooth muscle actin, vimen-
tin, desmin, calponin, and h-caldesmon and typically is negative for epithelial mark-
ers such as cytokeratin or S100 protein [ 51 ,  56 ]. 

 The differential diagnosis of primary renal LMS includes angiomyolipoma 
(AML), leiomyoma, and sarcomatoid RCC (sRCC). There are no pathognomonic 
criteria to distinguish between LMS and other histological types. Furthermore, sim-
ilar smooth muscle tumors within the kidney, such as AML, may mimic the radio-
logical and pathological fi ndings of LMS. 

 AML is often included in the differential diagnosis of LMS. AML is found in the 
context of tuberous sclerosis disease in over 40 % of cases and is composed of 
mixed mature fat, smooth muscle, and thick-walled blood vessels [ 57 ]. Although 
considered benign, AML often resembles aggressive disease with local infi ltration 
and may even present with lymph node invasion and local recurrence [ 57 ]. 
Specimens should be reviewed extensively for the combination of adipose tissue, 
abnormal blood vessels, and smooth muscle indicative of AML. Additionally, the 
diagnosis of AML is confi rmed by high expression of human melanoma black 45 
(HMB-45) on IHC analysis, whereas LMS has low HMB-45 expression [ 50 ]. Given 
the diffi culty in diagnosing LMS, it is not surprising that renal LMS has a reported 
misdiagnosis rate of up to 50 % [ 49 ]. 

 sRCC is an aggressive spindle cell tumor arising from the kidney that is com-
monly included in the differential diagnosis of LMS. Although rare, sRCC occurs 
more commonly than renal LMS, accounting for 4–32 % of all RCC [ 50 ,  58 ]. More 
importantly, sRCC has a distinctive malignant epithelial component that is reactive 
with epithelial markers on IHC staining and lacks the characteristic fascicular for-
mation seen in AML [ 59 ]. 
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 Few distinctive radiological features have been associated with LMS. On renal 
angiography, LMS shows a vascular distribution with hypervascular and tortuous 
intrarenal vessels, but this fi nding is nonspecifi c [ 54 ]. Computed tomography stud-
ies of LMS typically show a well-delineated, multinodular mass of low parenchy-
mal density with delayed enhancement along with high-density septum-like 
structures in the early contrast phase. On T2-weighted magnetic resonance imaging, 
the multinodular structures appear as low-signal intensity areas, and the septum-like 
structures appear as high-signal intensity areas [ 60 ,  61 ]. Nonetheless, a renal biopsy 
is recommended when LMS is suspected, since this last cannot be distinguished 
accurately from leiomyoma by radiological fi ndings. 

 No standard treatment for LMS has been established. Radical nephrectomy has 
been the frontline therapy; however, prognosis is poor even with aggressive en bloc 
resection [ 62 ]. Only a few patients have survived long-term, and the CSS duration 
remains at 2 years after surgery alone [ 54 ]. 

 The outcomes and prognostic factors have been study recently in an effort to 
address these concerns. In a study by Dominici and colleagues, favorable prog-
nostic factors included tumor size less than 4 cm, low tumor grade, lack of 
nodal involvement, and radical surgery [ 63 ]. The investigators reported a 
5-year OS rate of 29–36 %. In the largest series to date by Kendal et al., the 
major predictors for survival in patients with renal LMS were tumor stage and 
patient age at diagnosis. Results from this series reported a median OS of 
25 months, a 5-year OS rate of 25 %, and a 5-year CSS rate of 60 % [ 49 ]. The 
lack of follow-up data from case reports prevents the estimation of accurate 
survival rates and outcomes [ 49 ]. 

 In light of the poor survival data for patients with LMS, adjuvant therapy has 
been proposed to address micrometastatic disease and positive margins [ 64 ]. 
Objective response rates of 47 % have been observed in patients with locally 
advanced disease treated with adjuvant chemotherapy regimens consisting of dacti-
nomycin, cyclophosphamide, and vincristine [ 64 ]. Furthermore, chemosensitivity 
testing in soft tissue sarcomas has shown promise and increasingly has been used to 
develop tumor sensitivity and resistance profi les for approved and experimental 
agents [ 65 ]. Despite these advancements, neither chemotherapy nor radiation ther-
apy has consistently demonstrated objective response for renal LMS, and outcomes 
are heterogeneous [ 64 ]. Owing to the rarity of LMS, there are no open clinical trials 
aimed solely at any of these diseases.  

    Liposarcoma 

 Renal liposarcoma (LPS) is a rare malignancy derived from the mesenchymal tissue 
of the kidney parenchyma. Isolated renal LPS is uncommon and must be differenti-
ated from LPS of retroperitoneal origin. Renal LPS most commonly arises from the 
renal pelvis; LPS originating from the renal capsule has been reported in only 18 
cases [ 66 ], and few instances of LPS with concomitant extension of tumor thrombus 
into the renal vein have been reported [ 67 ]. 
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 Renal LPS usually presents in the fi fth to sixth decades of life and is seen in 
patients with end-stage renal disease or a family history of polycystic kidney dis-
ease [ 68 ]. The clinical presentation is consistent with the classic triad of symptoms 
seen in patients with other kidney masses (fl ank pain, a palpable abdominal mass, 
and hematuria) along with weight loss. 

 The natural history of this entity depends largely on the degree of tumor differ-
entiation. Well-differentiated LPS tends to progress slowly, while undifferentiated 
may present with large tumor invading adjacent organs. The most common sites of 
metastases are the lungs, lymph nodes, and liver, and case reports often describe 
disseminated intra-abdominal masses [ 66 ]. 

 Macroscopically, primary renal LPS tumors are well differentiated and yellow 
and have a median diameter of 5 cm [ 68 ]. Microscopically, renal LPS is categorized 
as well-differentiated, dedifferentiated, pleomorphic, round cell, or myxoid. While 
well-differentiated renal LPS has recurrence rates of less than 30 % and virtually no 
distant metastasis, dedifferentiated LPS has the potential for metastasis. In a review 
by Singer and colleagues, patients with dedifferentiated retroperitoneal LPS had the 
most aggressive clinical course, with an 83 % local recurrence rate, a 30 % distant 
recurrence rate, and a 60 % higher risk of death than patients with well- differentiated 
tumors [ 69 ]. Another study found that the grade of tumor differentiation was the 
most signifi cant predictor of survival [ 70 ]. LPS prognosis is associated with the 
degree of histological dedifferentiation, tumor size, and tumor stage [ 68 ]. Tissue and 
clinical data analysis to characterize treatments for LPS on the basis of histopatho-
logical characteristics could improve patient outcomes for this rare malignancy. 

 Early reports may have misdiagnosed LPS as AML, many LPS tumors have been 
described in the context of tuberous sclerosis syndrome, and revisions of early 
series revealed that the LPSs had identical morphological features to those of AML 
[ 71 ]. Because the management and survival outcomes differ between these two 
tumors, it is paramount to diagnose the disease correctly. For an accurate diagnosis 
of primary renal LPS, involvement of the renal parenchyma on imaging should be 
established to eliminate retroperitoneal soft tissue LPS abutting the kidney [ 72 ]. 
Furthermore, LPS tends to be a diagnosis of exclusion. LPS tissue typically is nega-
tive for IHC markers such as alpha-smooth muscle actin, HMB-45, desmin, and 
actin [ 73 ]. The absence of IHC staining for alpha-smooth muscle actin helps estab-
lish the diagnosis of LPS. 

 Unlike many other sarcomas, LPS can display signifi cant neovascularization. On 
computed tomography studies, many LPSs exhibit inner fat density (−20 to 
−50 Hounsfi eld units), with heterogeneous and dense septae that can be used to 
distinguish LPSs from tumors with more homogeneous borders, such as AML and 
renal lipomas [ 2 ]. 

 Radical surgery with or without adjuvant chemotherapy is the preferred treat-
ment approach, and evidence of negative surgical margins remains the most signifi -
cant prognostic factor [ 66 ]. Binder and colleagues reported that cytoreductive 
resection of retroperitoneal LPS should be used only in a palliative fashion for 
symptomatic patients since results showed that patients who underwent partial exci-
sion had survival rates similar to those who underwent only tumor biopsy [ 74 ]. 
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 Adjuvant chemotherapy and radiation therapy have been used for high-risk dis-
ease. Doxorubicin and ifosfamide, the most common agents used to treat LPS in 
advanced stages, have resulted in a median recurrence-free survival duration of over 
9 months [ 75 ]. The combination of doxycycline and ifosfamide has also produced 
responses in the metastatic disease setting in patients with soft tissue sarcomas; 
however, cytotoxic chemotherapy has been minimally effective [ 76 ]. Radiation 
therapy also has shown minimal effectiveness; initial reports described renal LPS as 
highly radiation resistant [ 77 ]. However, for patients with positive resection mar-
gins, radiation therapy and cisplatin-based adjuvant therapy have been reported to 
improve overall survival [ 78 ].  

    Hemangiopericytoma 

 Hemangiopericytoma (HPC) is a rare soft tissue sarcoma that arises from the peri-
cytes of the walls of capillaries. Pericytes normally surround capillaries and venules 
and regulate blood fl ow and capillary permeability [ 79 ]. The fi rst HPC was reported 
by Stout and colleagues in 1942 when they described the presentation of an uncon-
trolled proliferation of pericytes enveloping a perivascular tumor [ 80 ]. HPC arises 
most commonly from the extremities, head or neck, meninges, and pelvis and very 
rarely from the kidney [ 81 ]. Since the initial report of renal HPC by Black and 
Heinemann in 1955 [ 82 ], approximately 50 cases of primary renal HPC have been 
reported. 

 This tumor typically presents in patients between the ages of 16 and 50 years; 
most patients are 30 years old or younger [ 83 ]. In contrast to other renal sarcomas, 
HPCs often are associated with paraneoplastic syndromes, including secondary 
hypertension, hypoglycemia, electrolyte abnormalities, and cachexia [ 84 ]. The 
hypertension is thought to be due to the overstimulation by endothelial cells for the 
production of renin. Many theories to account for the hypoglycemia have been pro-
posed, but most researchers agree that it results from an excess of carbohydrate 
storage or increased tumor metabolism [ 85 ]. 

 Macroscopically, primary renal HPCs are well-delineated, encapsulated, yellow 
tumors. Microscopically, HPC sections reveal spindle cells alternating with small 
fascicles of cells in a characteristic “staghorn” perivascular distribution with moder-
ate to high cellularity [ 81 ,  86 ]. HPC has high levels of reactivity with CD34 anti-
body and vimentin, characteristic of cells of mesenchymal origin. Primary renal 
synovial sarcoma (PRSS) and sRCC are included in the differential diagnosis of 
HPC. IHC analysis often assists in confi rming the diagnosis: HPC is negative for 
both cytokeratin and epithelial membrane antigen, but both PRSS and sRCC stain 
strongly positive for these markers [ 83 ]. 

 On computed tomography imaging, renal HPC typically presents as a well- 
differentiated, strongly enhancing solid mass with necrosis and calcifi cations. 
Magnetic resonance imaging fi ndings are generally nonspecifi c. Necrosis and hemor-
rhage appear as areas of low intensity or iso-intensity on T1-weighted imaging and 
high signal intensity on T2-weighted imaging [ 87 ]. In one series of renal HPCs, 
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angiography revealed a common pattern during the arterial phase: displacement of the 
main arteries, large vessels surrounding the tumor, and a well- demarcated stain [ 88 ]. 

 Although the clinical course of HPC has been poorly characterized, early reports 
suggest several prognostic factors. Enzinger and colleagues reported a 10-year OS 
rate as high as 80 % in patients with low-grade disease (defi ned as fewer than three 
mitotic bodies per high-power fi eld), compared with less than 30 % in patients with 
4 or more mitotic bodies per high-power fi eld [ 89 ]. While HPC has a more indolent 
course than other primary renal sarcomas, increased mitotic fi gures, cellularity, 
hemorrhage, and necrosis may identify those with more aggressive behavior. 

 Surgical excision remains the main treatment for HPC. Associated symptoms 
usually disappear spontaneously after tumor excision [ 84 ]. Preoperative angiogra-
phy may allow for clarifi cation of the vascular anatomy when HPC is suspected and 
thus allow for a more complete resection. As with many sarcomas, complete exci-
sion with negative margins is associated with long-term disease-free survival [ 83 ]. 

 Radiation therapy is not commonly used. Only seven patients were reported to 
have undergone postoperative radiation treatment; one of them survived 11 years, 
but the remainder had a mean OS of only 32 months [ 90 ]. 

 Cytotoxic chemotherapy has been used in an adjuvant setting, and anthracyclines 
are the most common agents. However, survival remains poor for the majority of 
patients. The highly vascular nature of this tumor suggests a role for vascular endo-
thelial growth factor receptor inhibitors for unresponsive disease. Lee and col-
leagues reported the use of pazopanib to treat several patients with metastatic HPCs: 
one patient achieved a partial response after 1 month of treatment, and two patients 
had stable disease during 8 months of treatment [ 86 ].  

    Fibrosarcoma 

 Renal fi brosarcoma originates from the mesenchymal tissue of the renal capsule and 
most frequently occurs in patients 40–70 years old. Because fi brosarcoma symp-
toms are similar to those of RCC, renal fi brosarcomas are often found incidentally 
in asymptomatic patients [ 91 ]. Advanced renal fi brosarcoma frequently invades the 
gastrointestinal tract, and patients sometimes present with upper gastrointestinal 
bleeding or obstruction [ 92 ]. 

 On gross examination, renal fi brosarcomas tend to be large, encapsulated, and 
lobulated with a fl eshy consistency [ 93 ]. Microscopically, fi brosarcomas are formed 
by various types of collagen and have a fascicular growth pattern. Renal fi brosarco-
mas typically show spindle cells organized in parallel rows intersecting at acute 
angles in a broken zigzag pattern. Cells have moderately eosinophilic cytoplasm 
and oval nuclei, with irregularly distributed chromatin [ 94 ]. Fibrosarcomas are not 
reactive to cytokeratin and desmin antibodies but are highly reactive to vimentin and 
proliferation-related Ki-67 antigen [ 94 ]. 

 Fibrosarcoma is a diagnosis of exclusion that is based on histology and IHC 
analysis [ 95 ]. Multiple case reports and series have highlighted the challenges in 
differentiating fi brosarcoma, sRCC, and LMS with IHC analysis [ 96 ]. Retrospective 
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IHC analysis has shown that some reported cases of sRCC were actually primary 
renal fi brosarcoma. Cavaliere and colleagues presented such a case in a retrospec-
tive series of 17 patients with primary renal sarcomas [ 97 ]. The advances in IHC 
analysis, as well as the routine use of this tool, are improving the accurate diagnosis 
of fi brosarcomas. 

 Radical nephrectomy is the treatment of choice, and resection of the adrenal 
gland and surrounding lymph nodes is recommended owing to the aggressive 
behavior of fi brosarcomas [ 91 ]. The vague data reported thus far on this entity high-
lights the aggressive behavior and dismal prognosis. According to a review of renal 
sarcomas by Srinivas and colleagues, primary renal fi brosarcoma has the worst 
prognosis, with a 5-year CSS rate of less than 10 % [ 98 ]. Moreover, adjuvant ther-
apy does not appear to improve survival, and long-term survival is rare: in a review 
of 21 cases, Pettirssen and colleagues found only two patients who survived over 
10 years [ 99 ].  

    Malignant Fibrous Histiocytoma 

 Malignant fi brous histiocytoma (MFH) is a mesenchymal tumor that most com-
monly arises from the extremities or the retroperitoneum. In 2014, the World Health 
Organization redefi ned MFH as a pleomorphic undifferentiated sarcoma, a category 
that includes tumors with undefi nable lines of differentiation [ 100 ]. Although fewer 
than 100 cases of renal MFH have been reported, this entity may be underdiag-
nosed, as accurate diagnosis remains challenging. 

 MFH of the kidney arises from the renal capsule and primarily occurs in patients 
in the fi fth to sixth decades of life. The clinical presentation of MHS does not differ 
from other renal masses; however, an infl ammatory variant may mimic pyelonephri-
tis, with symptoms such as fever, chills, dysuria, and marked neutrophilic leukocy-
tosis. Recent reports of renal MFH associated with renal calculi, although extremely 
rare, illustrate the possibility of a simultaneous presentation [ 101 ]. 

 MFH is highly aggressive; most patients present with retroperitoneal invasion 
and/or extension into the renal vein and inferior vena cava [ 102 ]. MFH commonly 
metastasizes to the lungs (82 %) and lymph nodes (32 %) [ 103 ]. 

 There are four histological subtypes of MFH: storiform-pleomorphic, giant cell, 
myxoid, and infl ammatory. Storiform-pleomorphic, the most frequent form, con-
sists of pleomorphic spindle cells arranged in sheets with an irregular whorled pat-
tern [ 102 ]. MFH can be diffi cult to differentiate from other tumors such as LMS and 
sRCC. On IHC analysis, MFH stains positive for CD34 and CD68 and is negative 
for cytokeratin, unlike LMS and sRCC [ 95 ]. The diagnosis of MFH therefore relies 
heavily on IHC analysis and extensive tissue sampling to rule out carcinoma or 
epithelial components. 

 Previous studies reporting on MFH have described the radiological characteris-
tics [ 104 ,  105 ]. On computer tomography studies, MFH often presents as a large, 
lobulated soft tissue mass with central necrosis or myxoid materials [ 105 ]. Less 
than 20 % of the cases are reported with calcifi cations. On MRI, MFH is exhibit as 
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isointense on T1-weighted images and hyperintense on T2-weighted images. The 
myxoid and fi brous features are best observed on T2-weighted images. 
Heterogeneous enhancement is also seen on contrast-enhanced CT and MR images 
[ 104 ]. On certain occasions, MFH may present as a cystic lesion when extensive 
necrosis or hemorrhage is present. 

 Radical nephrectomy is the preferred treatment modality since MFH is com-
monly suspected to be RCC preoperatively. Despite aggressive surgical manage-
ment, local recurrence occurs in up to 44 % of patients from 3 to 24 months after 
nephrectomy [ 106 ] and the 1-year CSS rate is less than 40 % after surgery alone 
[ 107 ]. The majority of patients with MFH present at an advanced stage, but long- 
term survival in patients with small renal MFHs who underwent only partial 
nephrectomy suggests the effectiveness of early treatment [ 108 ]. Adjuvant therapy 
with ifosfamide and doxorubicin is often given after resection, but no signifi cant 
benefi t has been shown, with recurrence reported between 3 and 24 months after 
adjuvant therapy [ 101 ,  109 ].  

    Rhabdomyosarcoma 

 Rhabdomyosarcoma (RMS) is a malignant mesenchymal tumor of embryonal ori-
gin that arises from striated skeletal muscle. Among soft tissue sarcomas, RMS is 
the most common sarcoma in children, accounting for 5–10 % of pediatric solid 
tumors but for only 1–3 % of all renal sarcomas. RMS has been categorized as one 
of the least frequent sarcomas of the kidney, on the basis of large series reports. 
Primary renal RMSs are highly aggressive with a poor prognosis despite aggressive 
management. 

 There are three histological subtypes of RMS: alveolar, embryonal, and pleo-
morphic [ 110 ]. The embryonal and alveolar subtypes are most commonly found in 
children. The alveolar subtype exhibits more aggressive behavior than the embryo-
nal subtype. RMS stains positive for cytokeratin [ 112 ], and for myogenin and myo-
blast determination protein 1, two myogenic regulatory proteins expressed early in 
skeletal muscle differentiation [ 111 ]. The largest series of pediatric renal RMS, pre-
sented by the Intergroup RMS Study Group [ 108 ], included only six patients diag-
nosed with primary renal RMS between 1975 and 2005. All six patients presented 
with embryonal histology [ 112 ]. Lastly, Sola and colleagues described a case of a 
child with RMS with an unusual variant of embryonal histology known as botryoid. 
This particular variant is associated with favorable prognosis; the patient, despite 
having distant metastasis to the lungs, was free of recurrence 28 months after surgi-
cal resection and chemotherapy [ 113 ]. 

 Renal RMSs have deregulated cell-cycle checkpoints, high genome instability, 
and v-myc avian myelocytomatosis viral oncogene homolog family amplifi cation 
[ 114 ]. The signature genetic changes resulting in the paired box 3-forkhead box O1 
fusion gene in alveolar RMS, produced from the translocation of chromosomes 2 
and 13, have been strongly linked with the malignant phenotype in pediatric RMS 
[ 113 ,  114 ]. 
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 Primary renal RMS in adults has been described in fewer than 20 patients. The 
pleomorphic histology was the most common subtype [ 115 ], and all patients had a 
dismal prognosis. The most comprehensive report of adult renal RMS included 
eight patients with a 14-month OS rate of 50 % [ 112 ]. The authors emphasized the 
diffi culty of distinguishing sarcomas of the kidney, such as RMS, from RCC and 
suggested that a previous history of sarcoma should be ruled out to eliminate the 
possibility of distant metastatic disease. Imaging studies and pathology should dem-
onstrate that the tumor arises from renal parenchyma instead of from the retroperi-
toneum or adjacent structures. In addition, sRCC should be excluded if epithelial 
subcomponents of this entity stain positive for cytokeratin antibodies on IHC analy-
sis [ 116 ]. 

 Management of renal RMS consists of radical nephrectomy followed by adju-
vant chemoradiation therapy. An aggressive excision is recommended, as evidence 
of negative margins is one of the most signifi cant prognostic factors for survival. 
Lymph node dissection is also advised to help determine whether radiation therapy 
is needed [ 112 ]. Adjuvant systemic therapy with vincristine, dactinomycin, and 
cyclophosphamide has resulted in moderate responses after the fi rst year of treat-
ment [ 117 ].  

    Primary Renal Synovial Sarcoma (PRSS) 

 PRSS is a newly recognized, aggressive form of kidney sarcoma, previously known 
as embryonal sarcoma of the kidney. Fewer than 80 cases have been reported [ 118 ]. 
Synovial sarcomas usually occur adjacent to joints in the extremities, and only a few 
cases have been reported in other sites including the abdominal wall, retroperito-
neum, and solid organs. 

 The clinical presentation of PRSS is similar to that of other sarcomas, with a 
peak incidence in the fourth to fi fth decades of life [ 73 ]. A recent series has sug-
gested that PRSS occurs more frequently in adolescents and young adults (mean 
age, 27 years; range, 15–43 years) [ 119 ]. Patients with PRSS typically present with 
advanced disease, and most patients (98 %) present with fl ank pain, an abdominal 
mass, and/or hematuria. This tumor characteristically develops cystic degeneration 
and, when the majority of the renal parenchyma is affected, patients present with 
secondary hypertension [ 120 ]. Although most patients with PRSS present with 
locally advanced disease, only 8–10 % of patients present with concurrent meta-
static disease, with the most common site of metastasis being the lungs [ 121 ]. 

 Macroscopically, PRSSs are rubbery, homogeneous masses, often exhibiting 
necrosis with focal and/or extended hemorrhage. Characteristically, these tumors 
are solid, cystic masses with a pseudocapsule [ 122 ]. PRSS tumors are classifi ed as 
either monophasic (composed solely of spindle cells) or biphasic (composed of both 
epithelial and spindle cells and poorly differentiated). The monophasic subtype 
occurs more frequently and is associated with a more favorable prognosis than the 
biphasic subtype [ 123 ]. PRSS tissue consistently stains positive for markers such as 
BCL2 (B-cell chronic lymphocytic leukemia/lymphoma 2), vimentin, CD99 
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antigen, epithelial membrane antigen, and CD56 antigen and negative for S100, 
desmin, alpha- smooth muscle actin, hematopoietic progenitor cell antigen CD34, 
and WT1. 

 Genetic analysis of PRSS has shown that these tumors harbor unique, pathogno-
monic chromosomal abnormalities. PRSS are almost exclusively associated with 
gene fusion of the synovial sarcoma translocation gene on chromosome 18 to the 
synovial sarcoma X breakpoint 1, synovial sarcoma X breakpoint 2, or, rarely, the 
synovial sarcoma X breakpoint 4 genes on chromosome X [ 120 ]. These three typi-
cal chromosomal rearrangements were previously considered to represent embryo-
nal sarcoma of the kidney until Argani and colleagues molecularly characterized 
PRSS [ 118 ]. Further studies have validated these genetic aberrations; thereby, 
molecular analysis by reverse transcription polymerase chain reaction is currently 
recommended to distinguish these tumors from poorly differentiated renal sarcomas 
[ 124 ]. 

 The differential diagnosis of PRSS includes sRCC, primary renal PNET, and 
Wilms tumor. The distinction between the four should be made cautiously since 
agents used for Wilms tumor are not optimal for PNETs or PRSS. Renal PNETs 
typically stain positive for neuron-specifi c enolase, and approximately 50–70 % of 
PNETs express S100, while PRSS tissue is negative for both markers [ 125 ]. Core 
biopsy often reveals an epithelial component with stromal differentiation in Wilms 
tumor, which excluded PRSS. sRCC can be excluded by the expression of specifi c 
epithelial markers; if a sRCC has a predominantly mesenchymal component, paired 
box gene 8 is at least focally expressed. Genetic testing remains the most accurate 
diagnostic method [ 125 ]. 

 PRSSs also have unique characteristics on radiological imaging. On computed 
tomography, these tumors are large, well-defi ned masses with heterogeneous 
enhancement and extend into the perinephric fat or renal pelvis [ 121 ]. PRSS fre-
quently presents as a cystic mass with enhancing septa and solid components [ 119 ]. 
Hemorrhage, calcifi cation, air-fl uid levels, and septations are common [ 121 ,  126 , 
 127 ]. 

 Patients with metastatic PRSS have a poor prognosis. Although PRSSs tend to 
growth slow, they are characterized by high recurrence rates and hematogenous 
metastasis in the fi rst year. In 2012, Iacovelli and colleagues studied 64 patients 
with PRSS who underwent radical nephrectomy [ 117 ]. The median disease-free 
survival was only 33 months, and 36 % of patients developed metastatic disease 
within the fi rst year of follow-up [ 121 ]. Other studies have shown a poor prognosis 
for patients who developed metastasis after radical nephrectomy, with a median OS 
of 6 months [ 119 ]. 

 There are no standard adjuvant systemic therapy regimens for PRSS. Combinations 
of anthracyclines with ifosfamide most commonly are used, as for other sarcomas 
[ 121 ]. Neoadjuvant systemic therapy with high-dose ifosfamide has resulted in 
moderate response rates in soft tissue synovial sarcomas [ 128 ]. Park and colleagues 
reported complete remission in a patient with metastatic PRSS treated with a com-
bination of ifosfamide and doxorubicin [ 129 ]. In 13 patients with metastatic soft 
tissue synovial sarcomas treated with high-dose ifosfamide, Rosen et al. noted 
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partial responses in nine patients and complete responses in four [ 130 ]. Because 
synovial sarcomas often respond favorably to high-dose chemotherapeutic agents, 
molecular analysis is valuable in identifying patients with suspected disease par-
ticularly for young patients with a poorly differentiated cystic renal mass.  

    Conclusion 
 Despite advances in IHC and molecular analysis and radiological characteriza-
tion, the diagnosis of renal sarcomas remains diffi cult, and most diagnoses are 
made postoperatively. Prognosis is poor in most patients. Owing to the rarity of 
these tumors, adequate accrual for prospective clinical trials is not feasible. 
Collaborations among high-volume centers are necessary to better differentiate 
these malignancies and develop standard treatment regimens.     
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  5      Adult Wilms’ Tumor                     

     Ankit     Madan      and     Guru     Sonpavde     

          Introduction 

 Wilms’ tumor or nephroblastoma, named after nineteenth-century German surgeon 
Carl Max Wilhelm Wilms, is an embryonal kidney tumor that occurs primarily in chil-
dren. It is a rare tumor and represents 5–6 % of all childhood cancer cases in Europe 
and United States and is the most common pediatric primary malignant tumor of the 
kidneys [ 1 ]. The median age at diagnosis for children is 3–4 years, and 90 % of children 
are diagnosed before the age of 7 years [ 2 ]. In Europe and the United States, the inci-
dence rate of Wilms’ tumor in children (0–14 years) is about ten per million [ 3 ]. 
Approximately 510 children are diagnosed every year in the United States [ 4 ]. 

 Wilms’ tumor is extremely rare among the adolescent and adult population. Until 
2004, only 300 cases had been reported in adults worldwide [ 5 ]. According to a 
population-based European epidemiological study from European cancer registries’ 
study on cancer patients’ survival and care (EUROCARE) project, which included 
data from years 1983 to 1994 from 67 cancer registries that covered a combined 
population of 100 million in 22 European countries, the overall crude incidence rate 
was 0.19 per million adults. The proportion of adult Wilms’ tumor among all kidney 
cancers was 0.33 % or less in most registries. Recent data indicates that approxi-
mately 70 new cases arise in adults in Europe each year [ 2 ].  

mailto:gsonpavde@uabmc.edu


80

    Pathogenesis 

    Histopathology 

 The histology and cytology of Wilms’ tumor in adults are similar to that of pediatric 
patients [ 6 ]. During embryonic development, the fetal kidney and collecting ducts 
from the ureteric bud and the metanephric mesenchyme or blastema form the stroma 
and proximal tubular structures, glomeruli, proximal and distal tubules, and loop of 
Henle (which requires mesenchymal to epithelial transition) [ 7 ]. The blastema usu-
ally disappears by 36 weeks of gestation. However, at birth approximately 1 % of 
infants retain residual blastema within their kidney [ 8 ,  9 ]. These abnormally persis-
tent cells were defi ned by Beckwith as nephrogenic rests [ 8 ]. Interestingly, in 40 % 
of Wilms’ tumor patients, nephrogenic rests can be identifi ed. Nephrogenic rests are 
thought to be the precursor lesions of Wilms’ tumors [ 10 ]. Although nephrogenic 
rests may regress or lie dormant, a proportion will proliferate and may undergo 
neoplastic transformation into Wilms’ tumor. 

 Progression of disease is thought to result from the acquisition of stable somatic 
changes, either in the form of genetic mutations or epimutations [ 8 ,  10 ]. 
Morphologically, three major components are present in most tumors – undifferen-
tiated blastema, mesenchymal stroma, and epithelial cells (Fig.  5.1 ). The blastema 
is extremely cellular and composed of small round to oval primitive cells or spindle 

  Fig. 5.1    Histopathology of Wilms’ tumor. This image shows all the three components of Wilms’ 
tumor – epithelial component ( black arrow ), blastemal component ( yellow arrow ), and mesenchy-
mal component ( Blue arrow ) (Courtesy of Jennifer Beth Gordetsky, MD, Dept. of Pathology, UAB 
Birmingham, AL)       
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cells with scanty cytoplasm. The pattern of growth may be diffuse, nodular, cord- 
like, or basaloid. The mesenchymal elements usually have a spindle-cell fi broblastic 
confi guration but may exhibit a varied differentiation, including smooth and striated 
muscle cells and neurons. The epithelial component is characterized by the forma-
tion of embryonic tubular or glomerular structures, which closely recapitulates the 
appearance of normal developing metanephric tubules and glomeruli. The key to 
recognizing Wilms’ tumor in a biopsy is to identify these three components of the 
tumor in the renal mass; the most conspicuous being the blastemal component [ 11 ].

   Immunohistochemistry (IHC) can provide supportive evidence with the presence 
of WT1 in the malignant blastemic and epithelial components. Additionally, IHC for 
cytokeratin, vimentin, desmin, and actin helps to distinguish Wilms’ tumor from 
other malignancies such as renal sarcoma and clear cell sarcoma as well. Kilton and 
colleagues established diagnostic criteria for adult Wilms’ tumor which include: [ 12 ]

•    Primary renal neoplasm  
•   Presence of primitive blastemic spindle- or round-cell component  
•   Formation of abortive or embryonal tubules or glomerular structures  
•   No areas of tumor diagnostic of renal cell carcinoma  
•   Pictorial confi rmation of histology  
•   Age >15 years    

 Blastemal-predominant Wilms’ tumor is more aggressive than other types and 
confers poor outcomes. In contrast, epithelial and stromal component predominant 
tumors confer intermediate risk. Anaplastic features, i.e., the presence of substantial 
nuclear and mitotic atypia, have also been associated with a poorer outcome and 
resistance to chemotherapy [ 13 ].  

    Histologic Classification 

 The International Society of Pediatric Oncology (SIOP) approach classifi es tumor 
into three prognostic risk groups (low, intermediate, and high) based on histology 
which captures chemotherapy-induced regressive changes and has allowed the use of 
tailored therapy (Table  5.1 ) [ 14 ]. In contrast, the National Wilms’ Tumor Study 
Group (NWTSG) approach which is used by the Children’s Oncology Group (COG) 
classifi es Wilms’ tumor into two groups based on presence or absence of anaplasia.

       Genetics 

 Wilms’ tumor is known to be genetically heterogeneous in the pediatric. Thus far, 
the paucity of data available in adults makes it diffi cult to determine whether Wilms’ 
tumor in adults and children is biologically comparable and similar tumor entities 
occurring in a different age group as suggested by their morphological similarities. 
More research needs to be done to elicit the genetic landscape of adult Wilms’ 
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tumor. Wilms’ tumor is generally a sporadic disease. Nevertheless, congenital dis-
orders due to germline WT1 gene alterations that predispose to pediatric Wilms’ 
tumor, like the WAGR (Wilms’ tumor, aniridia, genitourinary anomalies, and men-
tal retardation) syndrome, Denys-Drash syndrome (renal disease, male pseudoher-
maphroditism, and Wilms’ tumor), and the Beckwith-Wiedemann syndrome 
(associated with microduplication mutations in the 11p11.5 regions of imprinting 
genes), do not seem to be associated with adult Wilms’ tumor [ 15 ]. 

 Somatic mutations in Wilms’ tumor 1 (WT1) gene located on the short arm of 
chromosome 11 at position 13 (11p13), Wilms’ tumor gene on the X chromosome 
(WTX; also known as AMER1), β-catenin (CTNNB1), and TP53 occur either singly 
or in combination in a third of cases (Fig.  5.2 ) [ 16 – 18 ]. Cytogenetic analysis of germ-
line DNA from patients with the rare congenital WAGR syndrome detected deletion 
of band 13 of the short arm of chromosome 11, which led to the identifi cation and 
isolation of WT1 tumor suppressor gene from that region [ 19 ,  20 ]. Data suggest that 
WT1 expression plays a role in metanephric stem cell differentiation [ 21 ]. Consistent 
with its vital role in the development of the kidney and gonad, in addition to predispo-
sition to Wilms’ tumor, WT1 germline mutations can engender genitourinary tract 
anomalies and glomerulosclerosis, leading to renal failure [ 22 ,  23 ]. The CTNNB1 or 
catenin (cadherin-associated protein) beta 1 gene encodes β-catenin and upregulates 
the WNT pathway leading to tumorigenesis. A positive correlation exists between 
CTNNB1 mutation and WT1 gene mutation with many WT1-mutated Wilms’ tumors 
also harboring CTNNB1 mutations [ 24 ]. The WTX (Wilms’ tumor on the X, Xq11.1) 
tumor suppressor gene is altered in 7–29 % of Wilms’ tumors, with two-thirds of these 
tumor’s carrying deletions of the entire WTX gene [ 16 ,  25 – 28 ]. The remaining one-
third of WTX-mutated Wilms’ tumors carry mutations such as nonsense mutations 
and insertions and deletions that cause frameshifts that can result in termination 
codons or missense mutations [ 24 ]. The WTX gene encodes a protein that negatively 
regulates the WNT pathway. WTX mutations appear to be equally frequent in tumors 
with and without mutations in WT1 [ 16 ,  28 ]. Although p53 tumor suppressor gene 
alterations are the most common genetic abnormality detected in adult tumors, they 
are rare in pediatric malignancies, including Wilms’ tumor with the exception of the 
anaplastic histologic subtype of Wilms’ tumor. This fi nding provides a biologic ratio-
nale for the poor outcomes in anaplastic tumors with current chemotherapy. Their 
p53-dependent apoptotic pathway may have become inactivated [ 29 ].

   Table 5.1    Histological subtyping and risk grouping of renal tumors in children according to 
SIOP initial treatment approach [ 14 ]   

 Low risk tumor  Intermediate risk tumor  High risk tumor 

 Mesoblastic nephroma  Epithelial type  Blastema type 

 Necrotic nephroblastoma  Stromal type  Diffuse anaplasia 

 Cystic partially differentiated 
nephroblastoma 

 Regressive type  Clear cell sarcoma of kidney 

 Mixed type  Rhabdoid tumor of kidney 

 Focal anaplasia 

  Adapted from Vujanić et al. [ 14 ]  
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   Other loci, including 11p15, 1p, 2q, 7p, 9q, 14q, 16q, and 22, have also been 
implicated in the etiology of Wilms’ tumor. Patients with LOH for chromosome 16q 
had relapse rates three times higher and a signifi cantly higher mortality, i.e., more 
than ten times higher than patients without this alteration, suggesting that a gene 
within this site may be responsible for more aggressive biology [ 30 ]. National 
Wilms’ Tumor Study (NWTS) Group-5 trial also identifi ed that in favorable histol-
ogy Wilms’ tumors, the presence of both LOH of chromosome 16p and 1p was 
associated with an increased risk of relapse and death [ 31 ]. Genome loss at 4q and 
14q has been identifi ed for anaplastic tumors as well [ 32 ]. Additionally, gain of chro-
mosome 1q observed in approximately 25 % of cases appears to be associated with 
poor survival as demonstrated in the NWTS-4 favorable histology cohort [ 33 ,  34 ].   

    Clinical Features 

    Clinical Presentation 

 Adult Wilms’ tumor presents with fl ank or abdominal pain in approximately 80 % 
of patients. This is accompanied by nonspecifi c symptoms including weight loss, 
anorexia, gross or microscopic hematuria, and decline in performance status. Rarely, 
it can present as a palpable abdominal mass. The median age of diagnosis reported 
in adults with Wilms’ tumor has varied between 18 and 34 years in different case 
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  Fig. 5.2    Common somatic mutations in Wilms’ tumor. CTNNB1, AMER1, WT1, and TP53 
appear to be the most commonly mutated genes in Wilms’ tumors (Courtesy of   cancer.sanger.ac.uk     
and Forbes et al. COSMIC: exploring the world’s knowledge of somatic mutations in human 
 cancer 2014 [ 16 – 18 ])       
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series [ 35 ,  36 ]. In contrast, children typically present with an asymptomatic abdom-
inal mass, malaise, pain, and either microscopic or gross hematuria. Approximately 
25 % of children with Wilms’ tumor have hypertension presumably due to increased 
renin activity [ 20 ].  

    Imaging 

 Imaging plays an important role in the early diagnosis of Wilms’ tumor. Ultrasound 
is the most common method for initial diagnosis of Wilms’ tumor. It is noninvasive 
and affordable [ 37 ]. However, it provides poor cross-sectional anatomical informa-
tion and is less accurate than computerized tomography (CT) scan in tumor staging. 
Intravenous urography (IVU) can assess physiological or functional ability of the 
kidney(s) and is also helpful in preoperative differentiation between neuroblastoma 
and Wilms’ tumor [ 38 ]. However, IVU is suboptimal to differentiate between solid 
tumors and benign lesions. CT and magnetic resonance imaging (MRI) are superior 
to conventional ultrasound and IVU in the preoperative evaluation of patients with 
Wilms’ tumor, owing to their better accuracy and detail [ 37 ,  39 ]. CT chest may be 
performed to detect pulmonary metastases. CT scan provides excellent visualiza-
tion of the renal mass, intravascular extension of tumor, and contiguous structures 
like vessels and lymph nodes along with status and function of the contralateral 
kidney. On CT, Wilms’ tumor usually appears as a bulky, spherical intra-renal mass, 
usually with a well-defi ned rim of compressed renal parenchyma or surrounding 
pseudo capsule (Fig.  5.3 ) [ 39 ]. Some tumors may arise from the periphery of the 
cortex and grow in an exophytic manner. A heterogeneous mass replacing the kid-
ney and displacing adjacent organs can also be observed. The tumor is hypodense 
as compared to the surrounding normal renal parenchyma on contrast-enhanced CT 

  Fig. 5.3    The Wilms’ 
tumor is shown by the 
 white arrows  (Courtesy of 
Mark Lockhart, MD Dept. 
of Radiology UAB 
Birmingham, AL)       
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scans with the areas of low attenuation coinciding with tumor necrosis, fat deposi-
tion, or both [ 40 ]. MRI may be superior to CT for determining the extent of intra-
vascular involvement [ 41 ]. Wilms’ tumor in adults can be indistinguishable from 
the more common adult renal neoplasm renal cell carcinoma [ 42 ].

        Management 

    Staging 

 Available adult series report a higher incidence of advanced stage 3 or 4 disease in 
greater than 50 % of patients compared with the pediatric series where approxi-
mately one-third of children are classifi ed as stage 3 or 4 disease [ 5 ,  43 ]. Staging 
investigations should include a CT scan of the chest and abdomen to detect pulmo-
nary and hepatic metastases and to assess tumor extension, involvement of inferior 
vena cava, and function of the contralateral kidney. There are two main staging 
systems: a pre-chemotherapy, surgery-based system developed by the NWTS group 
and a post-chemotherapy-based system developed by the SIOP [ 14 ,  44 ]. Both stag-
ing systems are described in detail in Tables  5.2  and  5.3 .

   Table 5.2    Wilms’ tumor pre-chemotherapy staging by the National Wilms’ Tumor Study Group 
(NWTSG) [ 44 ]   

 NWTSG staging system (pre-chemotherapy) 

 Stage 1 

   Tumor is limited to the kidney and completely resected 

   Tumor was not ruptured before or during removal 

   Vessels of the renal sinus are not involved beyond 2 mm 

   There is no residual tumor apparent beyond the margins of excision 

 Stage 2 

   Tumor extends beyond the kidney but is completely excised 

   No residual tumor is apparent at or beyond the margins of excision 

   Tumor thrombus in vessels outside the kidney is stage 2 if the thrombus is removed en bloc 
with the tumor 

 Stage 3 

   Residual tumor confi ned to the abdomen 

   Lymph nodes in the renal hilum or the periaortic chains or beyond are found to contain the 
tumor 

   Diffuse peritoneal contamination by the tumor 

   Tumor extends beyond the surgical margins either microscopically or glossy 

   Tumor is not completely resectable because of local infi ltration into vital structures 

 Stage 4 

   Presence of hematogenous metastases or metastases to distal lymph nodes 

 Stage 5 

   Bilateral renal involvement at the time of initial diagnosis 
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        Treatment 

 To achieve the best outcomes in adults, a multimodality approach using pediatric 
protocols which includes surgery (nephrectomy), chemotherapy, and radiation treat-
ment is advocated. 

  Surgery:     In children, there are two protocols (SIOP and COG) for the treatment of 
Wilms’ tumor. The protocols differ on the timing of surgery (nephrectomy). The 
COG which took forward clinical trials run by NWTS in 1969 recommends resec-
tion of the primary tumor (nephrectomy) for precise pathologic assessment of tumor 
extent (stage) and histology before adjuvant chemotherapy is instituted. In contrast, 
the SIOP nephroblastoma group, which commenced its trials in 1971, favors 

   Table 5.3    Wilms’ tumor post-chemotherapy staging by the International Society of Pediatric 
Oncology (SIOP) [ 14 ]   

 SIOP staging system (post-chemotherapy) 

 Stage 1 

   Tumor is limited to kidney or surrounded with fi brous pseudocapsule. If outside the normal 
contours of the kidney, the renal capsule or pseudocapsule may be infi ltrated with the tumor, 
but it does not reach the outer surface and is completely resected (resection margins “clear”) 

   The tumor may be protruding into the pelvic system and “dipping” into the ureter (but it is 
not infi ltrating their walls) 

   The vessels of the renal sinus are not involved 

   Intra-renal vessel involvement may be present 

 Stage 2 

   The tumor extends beyond kidney or penetrates through the renal capsule and/or fi brous 
pseudocapsule into peri-renal fat but is completely resected (resection margins “clear”) 

   The tumor infi ltrates the renal sinus and/or invades blood and lymphatic vessels outside the 
renal parenchyma but is completely resected 

   The tumor infi ltrates adjacent organs or vena cava but is completely resected 

 Stage 3 

   Incomplete excision of the tumor, which extends beyond resection margins (gross or 
microscopic tumor remains postoperatively) 

   Any abdominal lymph nodes are involved 

   Tumor rupture before or intraoperatively (irrespective of other criteria for staging) 

   The tumor has penetrated through the peritoneal surface 

   Tumor thrombi present at resection margins of vessels or ureter transected or removed 
piecemeal by surgeon 

   The tumor has been surgically biopsied (wedge biopsy) prior to preoperative chemotherapy 
or surgery 

 Stage 4 

   Hematogenous metastases (lung, liver, bone, brain, etc.) or lymph node metastases outside 
the abdominopelvic region 

 Stage 5 

   Bilateral renal tumors at diagnosis 
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 preoperative (neoadjuvant) chemotherapy to reduce the complications of surgery 
and tumor spillage, at the time of delayed nephrectomy which takes place 4–6 weeks 
after chemotherapy [ 22 ].  

 Most adult patients are treated with initial nephrectomy because in majority of 
patients the diagnosis is made unexpectedly after nephrectomy is performed for 
presumed RCC. Even when Wilms’ tumor is diagnosed before nephrectomy, total 
nephrectomy is still recommended according to adult nephrectomy guidelines for 
any renal cancer. The surgery of choice is open total nephrectomy with lymph node 
sampling and immediate review by pathology [ 45 ]. A review of lymph node sam-
pling has demonstrated a false-negative rate of more than 30 % [ 46 ]. Hence although 
formal lymph node dissection is not considered necessary, lymph node sampling is 
critically important during the surgical procedure regardless of benign appearing 
nodes on preoperative imaging or during surgery. Conversely, enlarged lymph nodes 
seen on preoperative imaging may be “reactive,” and there is no defi nitive evidence 
that routine lymphadenectomy improves survival. The absence of node sampling 
may result in under-staging and undertreatment of the tumor as reported by NWTS 
group in 2005, which could result in an increase of relative risk of local recurrence 
[ 46 – 48 ]. The surrounding structures are infrequently invaded by Wilms’ tumors. 
The en bloc excision of the tumor with closely adherent structures is necessary 
when they cannot be cleanly separated, e.g., hepatic invasion [ 46 ]. 

 In the pediatric population, there was no difference in event-free or overall sur-
vival with immediate nephrectomy versus preoperative chemotherapy followed by 
nephrectomy in the United Kingdom Children’s Cancer Study Group (UKCCS 
group) trial [ 49 ,  50 ]. In this trial, 205 pediatric patients (186 had confi rmed Wilms’ 
tumor) with newly diagnosed potentially resectable renal tumors were randomly 
selected to undergo immediate nephrectomy, or percutaneous renal biopsy, fol-
lowed by 6 weeks of neoadjuvant vincristine and actinomycin-D chemotherapy fol-
lowed by nephrectomy. There was no difference between the two groups in 5-year 
event-free survival (~80 %), although clinical downstaging was observed with neo-
adjuvant chemotherapy. In a subsequent report of 520 pediatric patients from the 
UKCCS group including the aforementioned trial and other off-protocol patients, 
delayed nephrectomy preceded by preoperative chemotherapy was reported to be 
associated with fewer surgical complications including tumor rupture and spillage 
compared with immediate nephrectomy (1 % versus 20.4 %) [ 15 ]. For patients with 
bilateral Wilms’ tumor, surgical management is complicated and the risk of renal 
failure is a concern [ 46 ]. The treatment strategy relies on nephron sparing surgery 
after preoperative chemotherapy which often results in signifi cant reduction of 
tumor size [ 51 ]. The incidence of end-stage renal disease is approximately 15 % at 
15 years post-surgery [ 52 ]. 

  Chemotherapy:     Over the years, adopting pediatric regimens of chemotherapy for 
treating adults has proven to be effective in improving outcomes. Wilms’ tumor is 
quite sensitive to chemotherapy with partial or complete responses seen in 40–60 % 
of metastatic tumors. The backbone of chemotherapy regimens for Wilms’ tumor 
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comprises vincristine and actinomycin-D, which is administered as perioperative 
therapy for stage 1 and favorable stage 2 disease. Doxorubicin is added to this back-
bone, in high-risk stage 2, 3, and 4 disease. Ifosfamide, carboplatin, and etoposide 
(ICE) are generally reserved for recurrent advanced disease [ 45 ]. The duration of 
therapy requires further study. Currently, protocols are using 4–6 weeks of neoadju-
vant chemotherapy followed by 4–6 months of adjuvant chemotherapy for operable 
localized disease. For recurrent metastatic disease, the ICE regimen and clinical 
trials may be considered.  

 The COG protocol recommends metastatic or “inoperable” cases be diagnosed 
by preoperative biopsy to receive preoperative chemotherapy based on histology. In 
their current protocol, children with stage 2 favorable histology Wilms’ tumor are 
treated without doxorubicin. The recommendation for adults is to include doxorubi-
cin in patients who harbor LOH at 1p and 16q, since this molecular subset of patients 
exhibit poor outcomes with the two-drug regimen. Vincristine intensity is also 
decreased in these guidelines as compared with current childhood protocols, as 
adults frequently develop severe neurological toxicities. Sperm banking in males or 
ovarian preservation in females could be considered immediately before instituting 
chemotherapy, especially when delivering regimens containing cyclophosphamide 
or carboplatin [ 53 ]. 

  Radiation:     Nephroblastoma is a radiotherapy-sensitive cancer as well. In general, 
radiation therapy is a component of treatment for more advanced stages of Wilms’ 
tumor (stage 3–5). Minor differences in recommendations exist between the SIOP 
and COG protocol. According to SIOP, radiation therapy is also indicated as adju-
vant therapy for node-positive and stage >2 with high risk disease. For the 
intermediate- risk group, the dose recommended is 15 Gray (Gy) with 15 Gy boost 
and for the high-risk group, 30 Gy with 5 Gy boost [ 36 ]. In the COG protocol, in 
addition to stage >3, radiation therapy is also recommended for stage 1–2 with unfa-
vorable histology. Radiotherapy is usually instituted by day 14 post-nephrectomy 
although starting by day 30 is also considered acceptable [ 45 ]. Pulmonary 
 radiotherapy is reserved for patients with evidence of pulmonary metastases on 
chest imaging.   

    Outcomes 

 Adults with Wilms’ tumor were reported to have worse outcomes in the past as 
compared with pediatric patients, with historically recorded long-term survival rates 
of 18–27 % [ 54 ,  55 ]. These results are attributable in part to the fact that the disease 
usually presented at an advanced stage in adults. Patients with stage 3 and stage 4 
diseases were reported to account for more than 50 % of most adult series. Byrd 
et al. demonstrated that the prognosis was worse in adults than in children even 
stage for stage. Uncorrected for histology, the recorded 3-year actuarial survival 
rates in adults were 48 % for stages 1–2 aggregated and 11 % for stage 4, with an 
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overall survival of 24 %. In contrast, children of that era had corresponding survival 
rates of 87 %, 53 %, and 74 %, respectively, also uncorrected for histology [ 43 ]. This 
prompted treating adults with protocols that were designed for and used in pediatric 
patients involving different modalities of treatment. Using pediatric protocol, the 
experience of Arrigo and associates with 27 patients between 1979 and 1987 yielded 
3-year survival rates of 67 % when anaplastic tumors were included and 79 % when 
they were excluded (Table  5.4 ) [ 56 – 60 ]. This data represented an important improve-
ment over prior results and led to the following recommendations: perioperative 
two-drug chemotherapy for patients with stage 1 disease and perioperative three- 
drug chemotherapy and adjuvant radiotherapy to the tumor bed (2,000 cGy) for 
patients with stage ≥2 disease [ 56 ]. Subsequently, other retrospective case series of 
patients reported similar long-term outcomes with multimodality therapy (Table  5.4 ) 
[ 2 ,  5 ,  35 ,  36 ,  56 – 58 ].

   In one noteworthy study, a German group using the SIOP perioperative treatment 
protocol focused on 30 adult patients who were treated according to the SIOP 93-01 
study. All of the patients had a central pathology review, and six tumors (13 %) were 
classifi ed as having high-risk histology. Ten patients (33 %) were found to have 
distant metastases at the time of diagnosis. All patients underwent primary surgery, 
all received chemotherapy, and 14 of the 30 patients received radiation as well. At a 
median follow-up of 4 years, the event-free survival and the OS rates were 57 % and 
83 %, respectively [ 36 ].  

    Treatment Toxicity and Monitoring 

 Neurotoxicity secondary to vincristine and hepatotoxicity or veno-occlusive disease 
(VOD) due to actinomycin-D is also reported in adults similar to children [ 36 ,  58 ]. 
The SIOP 9301 study done by the German group reported that 13 out of 27 (48 %) 
adults suffered from severe (grade 3–4) neurotoxicity, resulting in treatment delay, 

    Table 5.4    Outcomes in adult patients with Wilms’ tumor reported by different studies   

 Study (year)  Year   n  (F/M) 
 Median age 
(years) 

 EFS 
(%) 

 OS,% 
5 years 

 Ref. 
no. 

 Mitry et al. (2006)  1983–1994  133 (69/64)  34 (15–60)  N/A  47.3  [ 2 ] 

 Izawa et al. (2008)  1973–2006  128  26 (15–73)  N/A  68  [ 57 ] 

 Terenziani et al. 
(2004) 

 1983–2001  17 (11/6)  17.5 (16–29)  45  62.4  [ 5 ] 

 Kattan et al. 
(1994) 

 1973–1992  22 (14/8)  24 (16–40)  41  55  [ 35 ] 

 Reinhard et al. 
(2004) 

 1994–2001  30 (13/17)  25.4 (15–62)  57  83  [ 36 ] 

 Kalapurakal et al. 
(2004) 

 1988–2001  23 (13/10)  21.9 (16–51)  77.3  82.6  [ 58 ] 

 Arrigo et al. 
(1990) 

 1979–1987  27 (N/A)  24 (16–74)  NA  67  [ 56 ] 
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dose reduction, or even discontinuation of treatment (40.7 %) [ 36 ]. In children, the 
incidence of VOD varies from 5 to 8 % [ 59 – 61 ]. If supportive management is initi-
ated adequately and timely, it is mostly reversible. The SIOP 9301 also reported 
severe VOD in 1 out of 30 (3 %) adult renal tumor patients (27 Wilms’ tumor and 3 
clear cell sarcoma of the kidney) that resolved without residual effects [ 36 ]. 
Kalapurakal and his associates reported 23 adult Wilms’ tumor patients of whom 3 
(13 %) died after treatment-related liver toxicity, 3–6 months after treatment with 
actinomycin-D [ 58 ]. 

 A late adverse effect associated with a cumulative dose of anthracyclines exceeding 
300 mg/m 2  is cardiotoxicity. Anthracycline-mediated cardiotoxicity may be severe if 
pulmonary irradiation has been administered. Pulmonary irradiation can itself result in 
restrictive lung disease, whereas abdominal radiotherapy can cause fertility problems 
and impaired renal function. Renal dysfunction has been described after cyclophospha-
mide and carboplatin as well in adults [ 62 – 66 ]. Long-term survivors of Wilms’ tumor 
have an increased risk of developing subsequent secondary malignant neoplasms 
(6.7 % at 40 years from diagnosis) [ 67 ]. Secondary malignancies can include bone and 
soft-tissue sarcomas, breast cancer, lymphoma, leukemia, and melanoma [ 51 ]. 

 Toxicity monitoring should comprise of complete blood count and a complete 
metabolic panel before administration of each dose of chemotherapy. 
Disproportionate thrombocytopenia and signs of hepatotoxicity will alert the physi-
cian to the possibility of VOD. Monitoring for impaired renal function (both glo-
merular and tubular) as well as possible cardiac function by an echocardiogram 
(especially in cases with lung irradiation in combination with doxorubicin) or 
impaired lung function is recommended in patients bearing this risk. During and 
after therapy, tumor monitoring by chest and abdominal imaging is recommended 
periodically for 2 years, since most of the relapses occur within fi rst 2 years of 
completion of therapy [ 5 ,  15 ,  35 ,  36 ,  56 ].   

    Conclusion 
 Over the years, the outcomes in the adult Wilms’ tumor population have been 
steadily improving with the adoption of aggressive multimodality pediatric pro-
tocols. Further appropriate application of diagnostic and treatment strategies as 
applied to childhood Wilms’ tumor patients and more effective cooperation with 
pediatric oncologists and pediatric surgeons are important steps in achieving 
even more improved outcomes. Better understanding of the molecular biology of 
the disease is critical to make further advances.     
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  6      Urothelial Carcinoma with Variant 
Histology: Sarcomatoid, Plasmacytoid, 
and Micropapillary                     

     Stephen     B.     Williams      and     Ashish     M.     Kamat     

         Introduction 

 Approximately 80 % of bladder cancer is diagnosed as “conventional” urothelial 
carcinoma (UC) with 10–25 % nonurothelial and “variants” of urothelial carcinoma 
(UC) [ 1 ,  2 ]. For the current discussion, variant histology will refer to any bladder 
malignancy other than pure UC. Furthermore, we have limited our review to the 
specifi c histologic variants sarcomatoid, plasmacytoid, and micropapillary bladder 
cancer. Before we discuss each of these variants in detail, we should mention that 
each of these histologic descriptions is based on morphologic features from H&E 
pathologic sections with little insight into their biology. Moreover, mixed histolo-
gies are often present (including so-called urothelial and nonurothelial carcinomas), 
for which the term variant histology is generally used. Table  6.1  describes the histo-
logical classifi cation of tumors arising from the urinary tract and was adapted from 
the 2004 World Health Organization classifi cation of tumors.

       Challenges in the Study of Variant Histology 

 Sampling error and tumor heterogeneity at transurethral resection (TUR) have been 
reported to detect only 39 % of variant cancers [ 3 ,  4 ]. It has been estimated that up 
to 44 % of cases of histologic variants are not recognized or documented by com-
munity pathologists which further leads to underreporting and potential misman-
agement. Initial reports have suggested variant tumors were uniformly present at a 
high stage with invasion into muscularis propria [ 1 ]. However, more recent studies 
have shown variant histology present within non-muscle-invasive (NMI) tumors 
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  Table 6.1    Histological 
classifi cation of tumors 
arising from the urinary tract 
and was adapted from the 
2004 World Health 
Organization classifi cation of 
tumors  

  Urothelial tumors  

 Infi ltrating urothelial carcinoma 

   With squamous differentiation 

   With glandular differentiation 

   With trophoblastic differentiation 

   Nested 

   Microcystic 

   Micropapillary 

   Lymphoepithelioma-like 

   Lymphoma-like 

   Plasmacytoid 

   Sarcomatoid 

   Giant cell 

   Undifferentiated 

 Noninvasive urothelial neoplasias 

   Urothelial carcinoma in situ 

   Noninvasive papillary urothelial carcinoma, high grade 

   Noninvasive papillary urothelial carcinoma, low grade 

   Noninvasive papillary urothelial neoplasm of low 
malignant potential 

   Urothelial papilloma 

   Inverted urothelial papilloma 

  Squamous neoplasms  

 Squamous cell carcinoma 

 Verrucous carcinoma 

 Squamous cell papilloma 

  Glandular neoplasms  

 Adenocarcinoma 

   Enteric 

   Mucinous 

   Signet-ring cell 

   Clear cell 

   Villous adenoma 

  Neuroendocrine tumors  

 Small cell carcinoma 

 Carcinoid 

 Paraganglioma 

  Melanocytic tumors  

 Malignant melanoma 

 Nevus 

  Mesenchymal tumors  

 Rhabdomyosarcoma 

 Leiomyosarcoma 

 Angiosarcoma 
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[ 5 – 10 ]. In a large bladder cancer patient registry from the Netherlands, 23 % of all 
variant tumors identifi ed within the registry presented with NMI disease [ 11 ]. 

 While this is likely a refl ection of increased awareness and recognition within the 
scientifi c community, variant histology often carries an aggressive and lethal diag-
nosis. One early study proposed that up to 20 % variant histology within a bladder 
specimen was associated with worse survival outcomes [ 12 ]. However, no consis-
tency has been shown among subsequent studies, and it has become quite apparent 
that each bladder cancer variant behaves differently and needs to be addressed indi-
vidually to assess its impact on the overall biology of the disease. In a recent retro-
spective study evaluating pathologic and survival outcomes among patients with 
variant histology, micropapillary and plasmacytoid variants were independently 
associated with twice the risk of all-cause mortality compared with nonvariant UC 
[ 13 ]. The signifi cance of the extent of each specifi c variant remains an area of sig-
nifi cant interest. 

 Diagnosing variant histology has been the rate-limiting step at understanding the 
biology and development of appropriate treatment algorithms. Figure  6.1  illustrates 
the most common histologic appearances of sarcomatoid, plasmacytoid, and micro-
papillary bladder cancer. In an effort to combat these challenges, many groups are 
collaborating to outline standards and guidelines in the identifi cation and reporting 
of variant histology [ 4 ]. With the incorporation of collaborative efforts and central-
ized pathologic review, further improvements in the identifi cation and treatment of 
variant bladder cancer will result. Figure  6.2  provides a decision tree utilized for the 
diagnosis and treatment of non-muscle-invasive variant histology bladder cancer. 
When feasible in muscle invasive disease, we believe that up-front radical cystec-
tomy is the treatment of choice for reasons we will explain further in this chapter.

        Significance of Variant Histology 

 Variant histology often portends to worse oncologic outcomes when compared to 
conventional urothelial carcinoma. Several retrospective studies suggest to be the 
result of a higher propensity of locally aggressive disease, higher rates of distant 

 Osteosarcoma 

 Malignant fi brous histiocytoma 

 Leiomyoma 

 Hemangioma 

 Other 

  Hematopoietic and lymphoid tumors  

 Lymphoma 

 Plasmacytoma 

  Miscellaneous tumors  

 Carcinoma of Skene, Cowper, and Littre glands 

 Metastatic tumors and tumors extending from other organs 

  Reference: Eble et al. [ 50 ]  

Table 6.1 (continued)
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a

b

c

  Fig. 6.1    Histologic variants: 
sarcomatoid, plasmacytoid, 
and micropapillary. ( a ) 
Infi ltrative urothelial 
carcinoma. Sarcomatoid 
variant without heterologous 
elements showing spindle cell 
morphology. ( b ) Infi ltrating 
urothelial carcinoma of the 
bladder, plasmacytoid 
variant. ( c ) Micropapillary 
urothelial carcinoma 
(Reference: Eble et al. [ 50 ])       

metastasis, and a different response to chemotherapy or radiotherapy as compared 
to conventional UC. In a study of 448 consecutive TURBT cases with 295 subse-
quent cystectomies, mixed histology was present in 25 %, and the presence of vari-
ant architecture almost uniformly predicted the presence of locally advanced disease 
at cystectomy [ 1 ]. Another study observed that among 600 cystectomy patients, 
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variant histology predicted upstaging at the time of cystectomy with an odds ratio of 
2.77 [ 14 ]. The presence of variant histology has also been found to be associated 
with increased rates of pathologic lymph node metastasis leading to worse survival 
outcomes [ 15 ,  16 ]. In one of the largest multi-institutional studies pertaining to vari-
ant histology, identifi ed patients with adenocarcinoma, small cell carcinoma, or 
other histologic subtypes had worse disease-specifi c survival compared to conven-
tional UC even adjusting for stage, adjunctive treatment, and lymphovascular inva-
sion on multivariate analyses [ 17 ]. 

 However, other studies have presented confl icting evidence that these trends may 
not be true for all variant types of bladder cancer. The Southwest Oncology Group 
(SWOG)-randomized trial S8710 showed increased survival for neoadjuvant MVAC 
(methotrexate, vinblastine, Adriamycin, cisplatin) plus cystectomy over cystectomy 
alone in patients with locally advanced (cT2-T4a) bladder cancer [ 18 ]. In a second-
ary analysis they demonstrated that patients with mixed histology (squamous and 
glandular differentiation) had improved survival rates after neoadjuvant MVAC che-
motherapy as well as a higher rate of pT0 downstaging (34 %) versus cystectomy 
alone (4 %). This translated to improved survival rates for patients with mixed his-
tology after neoadjuvant chemotherapy, though statistical signifi cance was not 
achieved. This secondary analysis challenges the notion that all variant histology 
leads to a worse overall prognosis and outcome.  

Noninvasive
HG Ta, any

T1, TIS   

Restaging TUR
with EUA, cross-

sectional imaging  
Cystectomy  

Micropapillary  

Sarcomatoid  

Plasmacytoid  

Hydronephrosis  

Neoadjuvant
chemotherapy

 
 

No
hydronephrosis  

  Fig. 6.2    Decision tree for the clinical management of variant NMIBC       
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    Non-muscle-Invasive Variant Bladder Cancer 

 There is intense controversy regarding non-muscle-invasive bladder cancer with 
variant histology, both in terms of diagnosis, role of intravesical therapy, and aggres-
sive up-front radical cystectomy. Clinical staging for NMI variant bladder cancer is 
critical. While this is important for conventional UC, some argue that since variant 
tumors notoriously are associated with advanced disease, there may be a potentially 
higher risk of understaging for variant tumors. Thus, intravesical therapy would be 
less effective and potentially lead to missed opportunity for cancer cure. Several 
studies for cT1 NMI variant bladder cancer have reported local understaging rates 
ranging from 27 to 57 % [ 1 ,  4 ,  19 ]. Rates of occult metastatic disease have also been 
reported as high as 27–44 % among NMI variant tumors [ 5 ] with divergent histol-
ogy being associated with the presence of lymph node metastasis and decreased 
survival [ 20 ]. Thus, in the setting of NMI variant bladder cancer, a more aggressive 
treatment strategy might be warranted. However, other studies have reported pro-
gression rates of approximately 40 % which is similar to conventional UC with 
high-risk features [ 5 ,  10 ,  19 ,  21 ]. Caution must be made when extrapolating results 
from these studies as they included tumors with squamous or glandular differentia-
tion, nested variant, and micropapillary disease. The role of intravesical treatment 
for variant NMIBC should be considered based on the unique subtype and should 
be weighed against the risk of understaging in order to optimize oncologic 
outcomes.  

    Sarcomatoid 

 Carcinosarcomas (CS) are biphasic malignant neoplasms with morphological evi-
dence of both epithelial (carcinomatous) and mesenchymal (sarcomatous) differen-
tiation. It is different from sarcomatoid carcinoma (SaC) of the bladder, which is a 
malignant spindle cell neoplasm, in which epithelial differentiation may be demon-
strated by immunohistochemical or ultrastructural studies. However, World Health 
Organization classifi cation system acknowledges the controversy surrounding the 
terminology and histogenesis of these tumors of the bladder and now includes what 
used to be called carcinosarcoma together with sarcomatoid UC. 

 Sarcomatoid variant is a rare variant of UC, which accounts for approximately 
0.3 % of all urothelial tumors [ 22 ]. A history of radiation and intravesical cyclo-
phosphamide chemotherapy has been associated. Macroscopically, tumors are often 
polypoid with often advanced large intraluminal masses. 

 Microscopically, the sarcomatous component is usually a high-grade spindle cell 
neoplasm, whereas the epithelial component can be in the form of conventional UC, 
squamous cell carcinoma, adenocarcinoma, small cell carcinoma, or overlying car-
cinoma in situ. The immunohistochemical profi le of the sarcomatoid variant of UC 
includes positivity for epithelial markers, at least focally, including cytokeratin and 
epithelial membrane antigen. This immunohistochemical profi le distinguishes this 
entity from pure sarcomas [ 23 ]. 
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 Similar to other variants, sarcomatoid carcinoma also tends to present with 
advanced stage, distant metastasis, and local progression [ 10 ,  19 ]. The mean age of 
presentation is 66 years (50–77) with presentation similar to conventional UC with 
hematuria as the usual presenting symptom. These tumors are typically diagnosed 
at advanced local stage, and they often exhibit nodal or distant metastases. The sig-
nifi cance of this variant lies in its association with a poor prognosis [ 24 ]. After 
controlling for stage, patients with sarcomatoid disease have a worse survival and 
higher disease- specifi c mortality (almost twofold greater) than those with conven-
tional UC [ 10 ,  25 ]. Pathological stage is the best predictor of survival in sarcoma-
toid variants [ 24 ]. Good prognostic factors include negative surgical margins and 
absence of metastatic disease at the initial presentation; however, even with these 
favorable prognostic factors taken into account, 2-year mortality is almost 70 %. 

 Few case reports/series have been reported with few population-based analyses 
providing further information on this rare variant. Wright et al. presented a SEER 
database of patients with SaC, CS, and urothelial carcinoma (UC) treated between 
1988 and 2003 [ 10 ]. It was found that patients with both SaC and CS presented 
more frequently with locally advanced or metastatic disease. Survival was worse for 
sarcomatoid variants compared with UC in organ-confi ned and metastatic disease. 
Five-year survival was 17 % and 37 % in SaC and CS, respectively, compared with 
47 % in UCs. 

 Appropriate modalities and sequence of administration remain to be defi ned. 
However, given the aggressive behavior of the tumor precludes radical therapy 
whenever possible. A variety of treatment modalities have been described, but opti-
mal treatment requires rather a multimodality approach. The effectiveness of differ-
ent modalities is not known because of varying rates of usage of adjuvant radiation 
(15–45 %) and chemotherapy (5–60 %) and varying results of each case [ 26 ]. 
Transurethral resection and partial cystectomy carry the risk of incomplete tumor 
resection. Radical cystectomy with pelvic lymphadenectomy is the mainstay of 
treatment, although patients tend to develop local recurrence after surgery [ 10 ]. 

 Wang et al. presented SEER databases, which included 221 patients, between 
1973 and 2004. Median age of the patients was 75 years (range 41–96) [ 25 ]. 72.5 % 
had a locally advanced or distant stage. 53.9 % of patients underwent transurethral 
resection only, 35.8 % of patients had radical or partial cystectomy, and 15.8 % of 
patients received surgery followed by radiation therapy. The median overall survival 
was 14 months (95 % confi dence interval 7–21 months). The overall 1-, 5-, and 
10-year survival rates were 53.9 %, 28.4 %, and 25.8 %. The overall 5-year survival 
rate after cystectomy was only 20.3 %, suggesting a high risk of early dissemina-
tion. Cancer-specifi c survival was signifi cantly better for those who underwent cys-
tectomy instead of transurethral resection. 

 The rationale for the use of adjuvant chemotherapy in this variant is the aggres-
sive nature of the disease. Probability of metastasis is high (50–70 %). The combi-
nation of gemcitabine and cisplatin is an effective and well-tolerated chemotherapy 
regimen for the treatment of advanced UC. However, no data are available regarding 
its use in bladder sarcomatoid UC. The use of this chemotherapy regimen in sarco-
matoid variants was fi rst reported by Froehner in a single case of metastatic 
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(pulmonary) SC showing durable, complete local, and pulmonary remission, but, 
the pathological stage, was not reported (pTxNxM1) in this study, and hence no 
conclusion can therefore be drawn [ 27 ]. Other platinum-based regimens have been 
utilized with varying responses and include methotrexate, vinblastine, doxorubicin, 
and cisplatin as well as gemcitabine and cisplatin when concerned for nephrotoxic-
ity. As mentioned in most of the studies, favorable outcomes may be explained by 
good performance status, absence of nodal and metastatic involvement, and delivery 
of chemotherapeutic agents at the full dose. 

 The role of adjuvant radiation in SC can be justifi ed on the basis of high chances 
of local invasion and pelvic lymph node metastasis, known with this variant. 
Adjuvant radiotherapy to the dose of 50–60 Gy, along with the various combina-
tions of chemotherapy has been used in certain case reports, but has yielded incon-
sistent results. No defi nite effect of adjuvant radiation on local control can be 
concluded in view of limited case studies and high disease-specifi c mortality.  

    Plasmacytoid 

 Plasmacytoid urothelial carcinoma (PUC) is uncommon; however, as with other 
variant bladder cancers, it exhibits a unique clinical behavior. As is the case with the 
prior variants, PUC is associated with advanced local and distant disease at presen-
tation in an often younger subset of patients than conventional UC [ 28 ]. 
Morphologically, PUC presents with a discohesive, single cell growth pattern, with 
eccentrically located nuclei and an abundant eosinophilic cytoplasm [ 28 ]. PUC is 
usually diagnosed at an advanced pathological stage, and survival appears to be 
more unfavorable to what has been described for conventional UC [ 3 ]. PUC often 
expresses unfavorable molecular features, such as the loss of CK20, high prolifera-
tion index, p53 accumulation, and complete loss of membranous E-cadherin expres-
sion [ 29 ]. Loss of E-cadherin is a sign of epithelial-mesenchymal transition (EMT), 
and upregulation of transcriptional repressors of E-cadherin may contribute to the 
aggressiveness of these tumors which may portend to reduced sensitivity to chemo-
therapeutic agents [ 29 ,  30 ]. Interestingly, even in the setting of negative surgical 
margins, the peritoneum remains a site of major recurrence. Because of this predis-
position for peritoneal metastasis, CEA, CA125, and CA19-9 have been incorpo-
rated as potential tumor markers for PUC [ 31 ,  32 ]. 

 While few studies on PUC exist, a 31-patient case series has been published in 
patients with >50 % PUC at the time of TUR to determine the utility of neoadjuvant 
chemotherapy [ 32 ]. Median overall survival was 17.7 months (stage I–III vs IV; 45.8 
vs 13.3). In patients who presented with metastatic disease and were treated with 
chemotherapy, median survival was 12.6 months. Moreover, no survival difference 
was noted between those receiving neoadjuvant chemotherapy and those proceeding 
to up-front cystectomy, though some chemotherapeutic responses were observed. A 
recent study found therapeutic strategies with radical cystectomy, and cisplatin-based 
chemotherapy was not as effective for PUC as it was described for locally advanced 
UC or micropapillary bladder cancer, however, a complete response to adjuvant che-
motherapy administering MVAC and neoadjuvant chemotherapy using gemcitabine 
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and cisplatin may occur in a subgroup of PUC patients [ 33 ]. Therefore, chemother-
apy in a neoadjuvant or adjuvant setting should be included in the treatment para-
digm. PUC tumor biology represents a negative prognostic factor for patients 
suffering from this histologic variant. Because of the aggressive nature of PUC and 
the high rates of peritoneal metastasis, aggressive therapy incorporating radical cys-
tectomy is likely required for both invasive and NMI forms of PUC.  

    Micropapillary 

 Micropapillary bladder carcinoma (MPBC) has been a recent interest of many groups 
with a majority of variant studies published on this particular variant. MPBC is a 
distinct variant of conventional UC and resembles papillary serous carcinoma of the 
ovary. MPBC is typically found in the background of conventional UC to varying 
degrees of involvement but can also be associated with squamous cell carcinoma of 
the bladder [ 34 ], adenocarcinoma [ 35 ], small cell carcinoma [ 36 ], and sarcomatoid 
carcinoma [ 37 ]. Studies of MPBC have helped elucidate the void in our understand-
ing variant bladder cancer. Published literature has demonstrated not only that MPBC 
has a relatively poor recognition in community practices but great heterogeneity even 
among academic pathologists regarding the histologic diagnosis of micropapillary 
architecture with only classical cases of MPBC showing consensus [ 38 ]. 

 A majority of MPBC studies have consistently shown that muscle invasive 
MPBC is associated with high rates of locally advanced, metastatic disease associ-
ated with limited overall survival [ 6 ,  8 ,  35 ,  37 ,  39 ]. As previously mentioned, MPBC 
often exists within the background of conventional UC with small amounts of 
MPBC within the tumor being clinically signifi cant with >10 % MPBC associated 
with worse clinical outcomes [ 39 ,  40 ]. The largest single institution series to date 
from MD Anderson Cancer Center demonstrated that the overall prognosis of 
MPBC was poor with 5- and 10-year OS rates of 54 % and 27 %, respectively [ 21 ], 
despite a relatively high proportion of patients with NMI-MPBC at presentation 
(44 %). Moreover, there were high rates of upstaging at the time of radical cystec-
tomy (52.7 %) and occult lymph node metastases identifi ed in 27.3 % of patients. 
Others studies have reported rates of occult metastatic disease as high as 35 and 
86 % [ 6 ]. In the MD Anderson cohort, the lymph node metastases were often 
reported to contain micropapillary features, independent of percentage of involve-
ment of MPBC in the primary tumor, suggesting a predisposition of MPBC to 
spread by lymphatic invasion. Interestingly, case-matched studies with conventional 
UC have demonstrated that stage for stage, there is no survival difference in MPBC 
and conventional UC [ 41 ,  42 ]. 

 There remains limited consensus regarding the clinical management of MPBC 
[ 43 ]. The utilization of multimodality treatments including neoadjuvant chemother-
apy varies, and the defi nition of risk stratifi cation groups within the arena of MPBC 
remains to be elucidated. The MD Anderson experience suggested MPBC might not 
respond to chemotherapy with worse survival identifi ed among those receiving neo-
adjuvant chemotherapy after controlling for stage [ 21 ]. However, others have argued 
due to high rates of upstaging at surgery and high rates of lymph node metastasis, 
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systemic chemotherapy should be incorporated [ 6 ]. A retrospective cohort reported 
a 45 % pathologic pT0 downstaging rate among MPBC patients after neoadjuvant 
chemotherapy compared to 13 % downstaging in those patients who underwent up- 
front cystectomy. They also noted a survival advantage with neoadjuvant chemo-
therapy for patients that were downstaged [ 44 ]. While there are limitations to all of 
these studies including retrospective nature, small sample size, relatively short fol-
low- up, and few quality controls for chemotherapy regimens, the role of neoadju-
vant chemotherapy for organ-confi ned MPBC remains controversial. 

 The initial MD Anderson study was one of the fi rst to help develop an aware-
ness of variant histology among NMI-MPBC as well as diagnostic and thera-
peutic strategies needed to optimize oncologic outcomes. In one study, 44 
patients with NMI- MPBC were treated with intravesical bacillus Calmette-
Guérin (BCG) versus up-front radical cystectomy [ 5 ]. Cancer progression was 
67 % in the BCG group with progression to metastatic disease in 22 %. Patients 
who underwent delayed cystectomy after BCG failure were found to have worse 
disease-specifi c survival rates compared to up-front radical cystectomy. In a 
follow-up study, patients who received BCG had recurrence, progression, and 
lymph node metastasis in 75 %, 45 %, and 35 %, respectively [ 45 ]. Patients 
treated with up-front cystectomy had improved survival compared to patients 
treated with primary BCG (5-year disease- specifi c survival 100 % vs 60 %, 
 p  = 0.006) and patients who underwent delayed cystectomy after recurrence 
(5-year disease-specifi c survival 62 %,  p  = 0.015). Prognosis was especially poor 
in patients who waited for progression before undergoing radical cystectomy 
with an estimated 5-year disease-specifi c survival of only 24 % and a median 
survival of 35 months. In patients treated with up-front cystectomy, pathological 
upstaging was done in 27 %, including 20 % with lymph node metastasis. In 
these studies, the authors concluded that because of the high rates of occult 
metastatic disease and the poor prognosis associated with BCG failure, up- front 
radical cystectomy was the treatment of choice for cT1 MPBC. These fi ndings 
coincide with a recent population-based study which identifi ed 120 patients 
with MPBC. After controlling for stage, there was no difference in survival 
between MPBC and conventional UC except among patients with NMI-MPBC 
where worse survival outcomes was noted [ 8 ]. 

 Other authors have suggested intravesical BCG might be an appropriate therapy 
for NMI-MPBC. In a publication from Memorial Sloan Kettering Cancer Center, 
they noted equivalent survival outcomes between intravesical BCG and up-front 
radical cystectomy. While no survival difference was noted, there was a 21 % inci-
dence of metastasis in the BCG cohort with a 27 % rate of occult metastatic disease 
in those patients who underwent up-front cystectomy [ 46 ]. Other reports have 
made similar conclusions regarding intravesical BCG which have also suggested 
that BCG might be appropriate in patients with a small percentage of micropapil-
lary component in the tumor [ 9 ]. 

 While no universal guidelines exist for the management of MPBC, radical cys-
tectomy is encouraged for invasive disease. Confl icting evidence exists regarding 
the optimal management for NMI-MPBC; however, many experts still favor 
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up- front radical cystectomy over BCG due to high rates of distant metastasis and the 
poor survival after BCG failure [ 45 ,  47 ].  

    Future Therapy 

 In order to direct appropriate therapy for variant histologies including sarcomatoid, 
plasmacytoid, and micropapillary bladder cancer, we need precise diagnosis at the 
onset. Moreover, due to the limited diagnoses made relative to conventional UC, the 
likelihood of developing randomized controlled trials is dismal, and we must rely on 
data combined from large centers in order to direct future therapies. It appears 
aggressive local therapy with radical cystectomy when diagnosis is made and surgi-
cally feasible remains the mainstay of treatment. Tissue from these patients can then 
be studied in order to direct targeted therapies desperately needed among these 
aggressive histologic variants. Subtyping of bladder cancer has been performed by 
several groups, including our own [ 48 ], suggesting that several distinct classes of 
bladder cancer exist based on gene expression platform data. It is important that this 
is performed with tumors showing variant histologies, which would enhance our 
understanding of the innate biology of these subtypes and establish treatment para-
digms based on putative cell pathways and target identifi cation. Unfortunately, there 
are no targeted therapies to date as in the case of conventional UC; however, we are 
optimistic that further collaborative efforts among UC studies may help direct treat-
ment options for these aggressive histologic variants as well [ 49 ].  

    Conclusion 

 Precise identifi cation and staging of variants including sarcomatoid, plasmacy-
toid, and micropapillary bladder cancer is cornerstone to making appropriate 
treatment decisions. Radical cystectomy is the mainstay of treatment with multi-
modal chemotherapy treatments also considered when feasible. Further research 
directed at risk stratifi cation within each of the variant histologies is needed in 
order to identify appropriate treatments to ameliorate the often poor survival 
outcomes among these patients. As with the case of conventional UC, targeted 
therapies are needed, and further research among these variants as well as con-
ventional UC may elucidate targeted agents for these variant histologies.     
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          Introduction 

 Primary bladder sarcoma [ 1 ,  2 ] (PBS) and sarcomatoid carcinoma (formerly carci-
nosarcoma) [ 2 ] of the urinary bladder (SCUB) are both rare types of malignancy 
occurring in the urinary bladder. Although these tumors are widely considered to 
have a poor prognosis, the body of literature is limited to case reports and small, 
single institutional series. Because of the rarity of these tumors, there is no consen-
sus on their optimal management. 

 In this article, we aim to summarize the current understanding of PBS and SCUB 
and to provide an overview of epidemiology, and clinical features, as well as man-
agement options of these variants of bladder cancer.  

    Primary Bladder Sarcoma 

 Genitourinary sarcomas account for approximately 5 % of all sarcomas, representing 
about 1–2 % of genitourinary malignancies [ 3 – 6 ]. Russo [ 6 ] identifi ed 43 cases of geni-
tourinary sarcomas from 1,583 adults (2.7 %) with soft tissue sarcoma admitted to the 
Memorial Sloan Kettering Cancer Center (MSKCC) from July 1982 to December 1989. 
The most common site of origin of the tumor was paratesticular (33 %), followed by the 
prostate/seminal vesicle (28 %), bladder (23 %), and kidney (16 %). 
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    Histology, Epidemiology, and Risk Factors 

 Leiomyosarcoma is the most common malignant mesenchymal tumor of the urinary 
bladder in adults [ 5 – 11 ]. In a review of 19 patients with PBS at the University of 
Texas MD Anderson Cancer Center [ 8 ], the most common histological type of blad-
der sarcoma was leiomyosarcoma (74 %), followed by angiosarcoma (16 %), and 
unclassifi ed sarcoma (11 %). We identifi ed 470 cases of PBS treated in1973–2012 
using the Surveillance, Epidemiology, and End Results (SEER) national cancer reg-
istries, with the most common histological type being leiomyosarcoma (38.9 %), 
followed by embryonal rhabdomyosarcoma (18.5 %), sarcoma NOS (15.7 %), rhab-
domyosarcoma NOS (3.8 %), and other histological sarcoma categories (23 %). 
Figure  7.1  shows the histological distribution of PBS reported in the SEER database 
(1973–2012).

   Approximately 100 cases of leiomyosarcoma have been reported in the medical 
literature so far [ 4 – 10 ]. Rosser et al. [ 7 ] reported one of the largest series, consisting 
of 36 adult patients with leiomyosarcoma of the urinary bladder treated at MD 
Anderson between 1986 and 1998. The mean age of the patients was 63 years. 
Twenty-six patients were white men in their seventh decade. The most common 
presenting symptoms were gross hematuria (81 %), urinary frequency (28 %), and 
dysuria (19 %). 

 Information on the pathogenesis and risk factors of leiomyosarcoma is limited. 
Leiomyosarcomas have reportedly developed in patients 5–20 years after 
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  Fig. 7.1    Histologic distribution of primary bladder sarcoma reported in the SEER database 
(1973–2012)       
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cyclophosphamide treatment [ 12 ,  13 ]. It was hypothesized that accumulation of 
acrolein, a metabolite of cyclophosphamide, in the bladder increases the risk of 
bladder cancers, including epithelial and the rare nonepithelial cancers. Multiple 
cases also suggest an association between the hereditary retinoblastoma and uri-
nary bladder leiomyosarcoma [ 14 ]. Several reports have demonstrated abnormali-
ties in the p53 pathway [ 14 ] as well as in the Rb-cyclin D pathway [ 15 ] in 
leiomyosarcoma. 

 Rhabdomyosarcoma (RMS) is a tumor of childhood, and adult RMS in the uri-
nary bladder is rare [ 16 ]. RMS is classifi ed into embryonal (ERMS), alveolar 
(ARMS), and pleomorphic (PRMS) subtypes. ERMS, including botryoid variants, 
typically occurs in young children, ARMS typically occurs in older children and 
young adults, and PRMS occurs in older adults. Risk factors of RMS include a his-
tory of local irradiation, prior cyclophosphamide treatment, and schistosomiasis. 
Most cases of RMS appear to be sporadic, but the disease has been associated with 
familial syndromes (neurofi bromatosis, the Li-Fraumeni, Beckwith-Wiedemann, 
and Costello syndromes) [ 17 ]. 

 Angiosarcoma occurs very rarely in the genitourinary tract as either a primary or 
metastatic malignancy and can present great diagnostic diffi culty [ 18 – 21 ]. A litera-
ture search using PubMed revealed less than 20 cases of angiosarcoma affecting the 
bladder. This tumor is more frequent in older men with a history of radiotherapy to 
the pelvis. Prior radiation is a well-documented risk factor [ 19 ,  20 ] and should raise 
suspicion of angiosarcoma in patients with hematuria without evidence of urothelial 
carcinoma. Patients usually present with muscle invasive disease, and the prognosis 
is dismal.  

    Diagnosis and Management of Primary Bladder Sarcoma 

 Cystoscopy is the gold standard for the diagnostic evaluation of a patient with sus-
pected bladder cancer, regardless of subtype. Effort should be made to ensure that 
the tissue is processed properly. Review of the biopsy samples by a pathologist with 
special expertise in sarcoma should be strongly considered because of the profound 
implications of a precise diagnosis on treatment outcome. 

 Because of the rarity of PBS, there is no single accepted staging system. A stag-
ing system developed at the Sloan Kettering Cancer Center (MSKCC) constituting 
tumor grade, size (< or >5 cm), depth of invasion, presence of metastatic disease, 
and retinoblastoma gene product has proved useful in terms of prognosis and pre-
dicting survival rates [ 5 ]. 

 The treatment of pediatric soft tissue sarcoma has evolved considerably over the 
past several decades, largely due to the use of multimodal therapy and effort of large 
international cooperative groups [ 22 ]. By comparison, the literature on treatment of 
adult PBS is sparse. Currently, management of PBS follows principles of sarcoma 
management in other sites [ 3 ]. 

 In general, surgery is the mainstay of therapy [ 4 – 9 ]. In an MD Anderson series, 
the majority of patients (97 %) had a radical cystectomy, and 63 % of patients 
received either neoadjuvant or adjuvant chemotherapy [ 7 ]. In a SEER registry study 
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of leiomyosarcoma [ 23 ], most patients (92.9 %) received cancer-directed surgery 
(CDS), with 34 % having radical or partial cystectomy, 38 % having a transurethral 
resection, and 20 % having unspecifi ed CDS. 7.7 % of patients received radiation 
therapy in combination with surgery. 

 For patient with very large primary tumors, neoadjuvant chemotherapy is often 
recommended if the tumor has a histology for which a reasonable response is antici-
pated [ 7 ,  22 ]. Adjuvant chemotherapy and radiation therapy as a means to decrease 
the risk for disease recurrence in patients with localized soft tissue sarcoma at diag-
nosis has also been investigated [ 22 ,  24 ]. The available reports have been limited by 
patient heterogeneity, short follow-up, and low patient accrual. In cases of meta-
static disease, combination chemotherapy (doxorubicin, ifosfamide, cisplatinum, 
and docetaxel) is frequently used [ 22 – 25 ].  

    Prognosis 

 Poor prognosis associated with undifferentiated grade and advanced stage has been 
reported in previous studies [ 5 ,  7 ,  11 ,  23 ,  25 ]. In the MD Anderson Cancer Center 
series [ 7 ], the disease-specifi c survival rates at 1, 3, and 5 years were 88.6 %, 
62.0 %, and 62.0 %, respectively. Multivariate analyses demonstrated that only the 
MSKCC disease stage system was a signifi cant predictor of survival for patients 
with bladder leiomyosarcoma. Russo reported their 25-year MSKCC experience in 
adult genitourinary sarcoma [ 5 ]. On a univariate analysis, unfavorable prognostic 
variables for disease-specifi c survival were metastasis at presentation, high tumor 
grade, a lack of leiomyosarcoma and liposarcoma histological subtypes, prostate 
sarcoma, large tumor size, incomplete surgical resection, and positive surgical mar-
gin. On multivariate analysis, tumor size and metastasis at diagnosis remained sig-
nifi cant predictors of disease-specifi c survival. Rodríguez et al. identifi ed several 
poor prognostic factors including advanced age, undifferentiated tumor grade, dis-
tant disease, and failure to undergo CDS in their multivariate analysis [ 22 ]. In our 
analysis of 470 PBS cases, we found histological subtypes of PBS, along with 
patient age, gender, tumor stage, and CDS, which are signifi cant predictors of 
disease- specifi c survival (Table  7.1 ).

        Sarcomatoid Carcinoma of the Urinary Bladder 

 Sarcomatoid carcinoma of the urinary bladder (SCUB) is an unusual malignancy 
composed of both carcinomatous and sarcomatous components. It is a rare but 
aggressive form of bladder cancer, comprising less than 1 % of all bladder cancers 
[ 7 ,  26 ]. In most reported cases of SCUB, the epithelial component is urothelial car-
cinoma (UC), although squamous cell and small cell carcinoma components are 
also reported [ 27 – 34 ]. The mesenchymal component varies from homogeneous sar-
coma to more heterotopic elements such as malignant bone, cartilage, and other 
mesenchymal tissues [ 27 ,  32 ,  33 ,  35 ]. 
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 Multiple terms have been used to describe SCUB, including  malignant mesoder-
mal mixed tumor, spindle cell carcinoma, giant cell carcinoma, carcinosarcoma, 
pseudosarcomatous transitional cell carcinoma, and malignant teratoma  [ 29 ,  31 –
 34 ]. The current World Health Organization classifi cation recommends the usage of 
the term  sarcomatoid carcinoma (SC)  for all biphasic malignant neoplasms of the 
urinary tract exhibiting morphologic and/or immunohistochemical evidence of epi-
thelial and mesenchymal differentiation [ 26 ]. 

 Clinical observation suggests that tumors with larger proportion of sarcomatoid 
component appear to correlate with poorer outcomes. However, no published stud-
ies have looked at the effect of the percentage of sarcomatoid transformation on the 
prognosis of SCUB so far. In addition, there is no agreed-upon cutoff point for risk 
stratifi cation at this time. This highlights the need for developing a standardized 
pathological reporting system for SC to compare results across studies. 

    Epidemiology 

 Although the reported incidence of SCUB in single institutional studies has ranged from 
0.3 to 4.3 % of all the histological types of bladder carcinoma [ 27 ,  44 ], the incidence 
reported in an analysis of the SEER database is much lower [ 35 ,  36 ]. Evidence from a 
contemporary cohort revealed that the incident of variants of bladder cancer can increase 
over time [ 40 ]. Our analysis of SCUB in SEER databases showed that this is also true 
for SCUB (Fig.  7.2 ). This observation is likely due to heightened awareness of this 
aggressive subtype and improved immunohistochemistry techniques.

   Similar to the conventional urothelial carcinomas (UC), SCUB is a disease of 
advancing age. Lopez-Beltran et al. [ 26 ] reported that SCUB usually presents 
between the age of 50 and 77 years with a mean age of presentation at 66 years. The 
male preponderance (male to female ratio, 1.8:1) and age distribution were similar 
to those of ordinary UC. Wang and associates [ 36 ] reported a large cohort of 221 
patients with a median age at diagnosis of 75 years (range of 41–96 years).  

   Table 7.1    Multivariate analyses of factors associated with cancer-specifi c mortality in patients 
with primary bladder sarcoma (PBS)   

 Characteristics  Hazard ratio  95 % confi dence interval   p -value 

 Age  ≥65  3.10  1.73–5.55  <0.001 

 Gender  Female  2.05  1.22–3.43  0.01 

 Histology  EMS  1.00 

 LMS  3.44  1.19–9.98  0.03 

 RMS NOS  3.09  0.82–11.6  0.10 

 SC NOS  5.46  1.76–17.0  0.003 

 SEER stage  Distant  3.23  1.80–5.78  <0.001 

 CDS  Yes  0.26  0.09–0.79  0.02 

   LMS  leiomyosarcoma,  RMS  rhabdomyosarcoma, not otherwise specifi ed,  EMS  embryonal rhabdo-
myosarcoma,  SC NOS  sarcoma, not otherwise specifi ed,  CDS  cancer-directed surgery  
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    Etiology and Histogenesis 

 While no defi nite risk factors have been identifi ed to date, SCUB is usually associ-
ated with cigarette smoking; between 50 and 79 % of patients with SCUB are cur-
rent or former smokers [ 29 ,  31 ,  37 ,  38 ]. History of intravesical cyclophosphamide 
and radiation therapy for a prior conventional urothelial carcinoma has been reported 
to result in sarcomatoid transformation [ 27 ,  45 ]. 

 Several theories exist as to histogenesis of SCUB. Some investigators suggest 
that these tumors may develop as a result of undifferentiated, totipotent neoplastic 
cells that undergo multiple pathways of terminal differentiation into either mesen-
chymal or epithelial elements [ 46 ,  52 ]. Others conclude that SC might arise as mul-
ticlonal collision tumors [ 47 ]. Recently, the results of molecular/genetic studies 
have provided strong support for a common monoclonal origin of both epithelial 
and mesenchymal components in SCUB [ 39 ,  41 ,  49 – 51 ].  

    Clinical Presentation 

 The clinical presentation of patients with SCUB is similar to those with typical 
urothelial carcinoma. Hematuria is the most common presenting symptom [ 27 ,  37 , 
 38 ,  45 ]. Other frequently reported symptoms and signs of SCUB include dysuria, 
acute urinary retention, lower abdominal pain, and urinary tract infection [ 27 ,  38 ]. 
The diagnosis of SCUB should be considered in a clinical scenario of large bladder 
mass and rapid clinical progression. Cystoscopy usually shows one or more broad- 
based, often polypoid mass(es) with ulcerated and hemorrhagic surface(s). 
Macroscopically, SCUB is identical to transitional cell carcinoma, with tumor size 
typically ranging from 1.5 to 13.0 cm. The most common sites of SCUB are the 
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  Fig. 7.2    Cases of sarcomatoid carcinoma of urinary bladder (SCUB) reported in the SEER data-
base (1973–2012)       
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lateral wall and fundus of the bladder, though in some cases, the trigone may be 
involved [ 27 ,  30 ,  31 ,  36 ,  37 ]. Histologically, these tumors show a mixture of carci-
nomatous and sarcomatoid components in varying ratios. Many studies have defi ned 
a tumor as SCUB if even a small amount of sarcomatoid differentiation is present, 
whereas other studies have excluded tumors with a sarcomatoid component less 
than 20 % of the tumor volume or less than one microscopic low-power (10 xs) fi eld 
in size. However, some evidence indicates that even small amounts of sarcomatoid 
differentiation may be clinically relevant and should be included in the pathology 
report [ 35 – 37 ]. 

 SCUB typically presents at advanced stage and with more frequent regional and 
distant metastases compared with UC. In a SEER study, 98 % of tumors were graded 
as poorly differentiated or undifferentiated. The stage distribution was observed to 
be localized cancer in 25 % of the cases, regional spread in 52 %, distant metastasis 
in 15 %, and stage unknown in 8 % of the cases. In a retrospective review from the 
University of Nebraska Medical Center [ 37 ], 85 % of the patients had muscle inva-
sive disease and 50 % of the patients presented with stage IV disease.  

    Management of SCUB 

 Owing to the rareness of SCUB, and in the absence of randomized controlled trials, 
there is no standardized treatment protocol for this disease. Therefore, management 
for SCUB is usually extrapolated from the approach to patients with UC. Several 
retrospective studies have provided some insight into therapy for this disease [ 27 , 
 31 ,  32 ,  36 – 38 ,  42 ,  43 ]. 

 For non-muscle invasive SCUB, TURBT (transurethral resection for bladder 
tumor) or partial cystectomy carries very high risk of incomplete tumor removal 
[ 35 ]. Black et al. recommended forgoing transurethral bladder tumor resection and 
intravesical therapy, proceeding directly to cystectomy in patients well enough to 
undergo this procedure, an approach that was also supported by others [ 36 ,  42 ]. 

 For muscle invasive disease, multimodal therapy including radical cystectomy 
whenever possible was advocated [ 35 – 37 ,  42 ]. In a review of 221 patients with 
SCUB, the 2-year survival rate in patients treated with partial cystectomy was 14 % 
when compared with 52 % in patients treated with radical cystectomy [ 36 ]. 

 Given the high rate of local recurrence and metastasis of the tumor after radical 
cystectomy, various combinations of neoadjuvant or adjuvant chemotherapy and/or 
radiotherapy after radical surgery were advocated [ 35 ,  36 ]. Black et al. [ 42 ] reported 
that 45 % patients who were administered neoadjuvant chemotherapy for clinical 
stage T2 or T3 disease were downstaged to pT0. However, this fi nding could not be 
correlated to survival benefi t because of insuffi cient sample size. Spiess et al. [ 32 ] 
reported 17 patients with SCUB, out of which seven patients were treated with neo-
adjuvant chemotherapy followed by surgery. There are a few case reports that dem-
onstrated complete remission after multimodality treatment [ 37 ,  53 – 58 ]. 

 The hypothesis of common monoclonal origin of both epithelial and mesenchymal 
components in SCUB [ 46 ,  50 ,  52 ] would support the use of platinum-based regimens, 
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which are active in the treatment of UC. Several retrospective case reports and series 
showed that gemcitabine/cisplatin regimen is well tolerated and effective given its 
ability to induce complete remission in selected patients [ 11 ,  32 ,  36 ,  48 ,  54 ,  59 ] and 
long-term survival has been reported in selected patients who were treated with mul-
timodality therapy [ 27 ,  30 ,  37 ,  48 ,  53 ,  54 ]. However, response to chemotherapy has 
been variable in the current literature. For example, Baseskioglu et al. reported that 
most of their patients died before completing the chemotherapy protocol due to the 
rapid progression of the disease [ 38 ]. Multi-institutional clinical trials are needed to 
establish a better therapeutic protocol for this rare but aggressive cancer.  

    Prognosis 

 Most investigators have reported poor outcomes for patients with SCUB, regardless 
of the type of treatment [ 27 ,  35 ,  36 ]. Black et al. [ 42 ] also demonstrated that patients 
with SCUB have worse disease-specifi c and overall survival, even after adjusting 
for stage of tumor, in comparison with patients with high-grade pure UC. In the 
largest SEER cohort of SCUB, pathologic stage was identifi ed as the best predictor 
of survival. Patients with regional and distant spread of disease have a twofold and 
eightfold increased risk of mortality from SCUB, respectively [ 35 ,  36 ].  

    Multidisciplinary Approach 

 Signifi cant variation in treatment pattern (cystectomy, radiation, and chemotherapy) 
and outcomes was observed, when comparing single-institution studies to the SEER 
cohorts [ 60 ]. This discrepancy is likely related to differences in practice patterns. In 
consideration of the rarity of this tumor, a multidisciplinary approach in referral 
centers is highly recommended. The close collaboration between medical oncolo-
gists, urologists, radiation oncologists, radiologists, and pathologists is essential for 
optimal management of this rare disease.  

    Future Directions 

 The diagnostic classifi cation of PBS and SCUB is traditionally based on histologi-
cal features as defi ned by the World Health Organization (WHO) classifi cation [ 26 ]. 
Emerging technology including next-generation sequencing will continue to further 
our understanding of saromagenesis, enable more precise classifi cation and diagno-
sis of sarcomas, and identify actionable target therapies in the future [ 61 – 63 ]. 

 SCUB represents a complete phenotype with various pathways of epithelial- 
mesenchymal transition (EMT) [ 8 ]; conceivably, targeting EMT program could 
become a valid therapeutic strategy for these life-threatening tumors. Recently, the 
fi ndings of high EMT scores in mesenchymal non-small cell lung cancer (NSCLC) 
associated with distinct immune phenotypes with increased expression of immune 
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inhibitory molecules [ 64 ] provide a potential mechanism for EMT-associated 
immunosuppression. The higher PD-L1 expression levels in SC of lung cancer [ 65 ] 
support the potential use of anti-PD-1/PD-L1 targeted therapies.   

    Conclusion 
 PBS and SCUB are heterogeneous groups of tumors that pose signifi cant diag-
nostic and therapeutic challenge. The continuous evolution of radiographic 
imaging and molecular biology has led to a better diagnostic defi nition for these 
complex tumors. Multidisciplinary approach in tertiary centers is highly recom-
mended for optimal management. Future efforts should be directed at the early 
detection of these tumors and the development of more effective systemic thera-
pies including target therapy and immunotherapy.     
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  8      Neuroendocrine and Small Cell 
Carcinoma of the Urinary Tract                     

     Richard     Meijer      and     Axel     Bex     

          Introduction 

 Neuroendocrine and small cell carcinoma of the bladder (SCCB) are rare condi-
tions, accounting for approximately 0.5–0.7 % of urothelial malignancies [ 1 ,  2 ,  11 , 
 26 ] Due to this low incidence, the published single-institution reports on this topic 
contain limited numbers of patients (ranging from 5 to 125) and are mainly retro-
spective. A consensus on the optimal treatment strategy has not been reached [ 5 ,  36 , 
 57 ], though attempts at national guidelines have been made. Initially radical cystec-
tomy was considered the standard of care for patients with clinically localized dis-
ease. However, the high rate of metastases has led to the introduction of multimodality 
approaches with systemic chemotherapy combined with either surgery or radio-
therapy [ 2 ,  5 ,  8 ,  36 ,  57 ]. 

 In the 1980s it was recognized that the biological and clinicopathological 
features of SCCB are similar to those of small cell lung carcinoma (SCLC) [ 24 , 
 43 ]. Thus the treatment approach to this rare tumor has been greatly infl uenced 
by the treatment of the far more common SCLC. In the approach of SCLC, a 
distinction is made between patients with limited disease (tumor confi ned to the 
hemithorax, mediastinum, or supraclavicular lymph nodes) and patients with 
extensive disease (tumor outside these areas) [ 55 ]. Patients with limited disease 
(LD) SCLC are generally treated with a combination of systemic chemotherapy 
and local radiotherapy [ 22 ,  32 ,  59 ,  60 ]. This multimodality treatment is applied 
to address the risk of occult micrometastases at the time of diagnosis. Patients 
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with extensive disease (ED) SCLC are treated with palliative chemotherapy 
only [ 55 ]. Considering the similar tumor biology of SCCB and SCLC, some 
authors defi ne limited (LD) and extensive disease (ED) SCCB in analogy to 
SCLC to guide treatment decisions [ 8 ,  35 ,  44 ]. It has been suggested by some 
institutions that the treatment approach for LD-SCCB should follow the multi-
modality treatment applied for LD-SCLC (i.e., systemic chemotherapy com-
bined with external beam radiotherapy) rather than cystectomy subsequent to 
neoadjuvant therapy [ 8 ,  36 ].  

    Definition of Neuroendocrine and Small Cell Carcinoma 
of the Bladder 

 The fi rst case of primary small cell bladder cancer (SCCB) was reported in 1981 
[ 16 ]. Since then approximately 800–1,000 cases diagnosed according to World 
Health Organization (WHO) criteria [ 23 ,  24 ] have been published in small 
single- arm prospective studies, retrospective series, and case reports. Based on 
the WHO classifi cation, SCCB is defi ned as appearance of typical oat cell-shaped 
tumor cells at light microscopy. SCCB may consist of additional other bladder 
cancer subtypes and neuroendocrine cells but the diagnostic leading feature is 
the presence of small cells. In the literature, neuroendocrine tumors and SCCB 
are occasionally grouped together to describe outcome of treatment approaches 
[ 10 ]. However, they are not a single disease entity. SCCB may often contain 
neuroendocrine cells, but not exclusively and not consistently [ 21 ] (see also 
chapter “Diagnosis” and Table  8.1 ). The concomitant occurrence of other blad-
der cancer subtypes and neuroendocrine cells has prompted several theories 
about the origin of SCCB of which the theory of a common pluripotent stem cell 
in the urothelium leading to heterogeneity of tumor subtypes and a variety of 
epithelial and endocrine markers is favored [ 11 ]. Large cell neuroendocrine car-
cinoma (LCNC) is defi ned in the urinary bladder, as in other sites, as a high-
grade neoplasm exhibiting neuroendocrine features at light microscopy with 
hematoxylin-eosin staining (H&E), high mitotic activity, and evidence of neuro-
endocrine differentiation by immunohistochemistry [ 15 ,  53 ]. Paraganglioma 
(PG) of the urinary bladder is a rare neuroendocrine neoplasm, accounting for 
<0.1 % of all bladder tumors [ 42 ].

    Table 8.1    Neuroendocrine markers in small cell bladder cancer   

 Marker 
 Number of studies and 
patients per study (range)  % of SCCB  Reference 

 Neuron specifi c enolase (NSE)  4 (18–51)  25–100  [ 3 ,  11 ,  21 ,  28 ] 

 Serotonin  1 (22)  78  [ 21 ] 

 Synaptophysin  3 (18–51)  67–76  [ 3 ,  11 ,  28 ] 

 Chromogranin A  4 (2–51)  22–89  [ 3 ,  11 ,  28 ,  45 ] 
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       Epidemiology 

 Neuroendocrine bladder carcinoma and SCCB are rare diseases. Of all bladder can-
cers, their frequency is less than 1 %. Based on the WHO defi nition of small cell 
carcinoma, which includes neuroendocrine variants, SCCB is a form of extrapulmo-
nary small cell carcinoma (ESPCC). Small cell carcinoma accounts for one fi fth of 
lung cancer cases but is rarely observed in extrapulmonary tumors [ 27 ]. In a recent 
Surveillance, Epidemiology and End Results (SEER) Program analysis, 55,722 
cases of small cell carcinoma were diagnosed among the analyzed population 
between 1992 and 2010 (incidence rate = 81.8/million patient years). The incidence 
of SCLC ( n  = 51,959; incidence rate = 76.3) was 22 times more than that of extrapul-
monary SCC ( n  = 2,438; incidence rate = 3.5). While SCLC accounted for 93 % of 
cases of small cell carcinoma, the urinary bladder seems to be among the most com-
mon extrapulmonary site. Of the extrapulmonary sites, incidence rates were low for 
the renal pelvis and ureter (incidence rate of urinary bladder 1.48 for men and 0.30 
for women versus 0.07 for men and not assessable for women in the upper urinary 
tract). Small cell carcinoma IR was 35 % higher among men than women, with the 
greatest gender disparities for urinary bladder (male-to-female incidence rate ratio 
= 4.91) [ 18 ]. 

 Extrapulmonary neuroendocrine tumors are rare. Neuroendocrine bladder can-
cer has been reported in only eight cases over a period of 3 years (2010–2012) in 
collective data from ten oncological centers in Germany [ 39 ]. This report did not 
distinguish between LCNC and neuroendocrine SCCB. Pure LCNC seems to be a 
rare disease and possibly underreported in the literature. A recent case report 
reviewed the literature and found only 12 cases of pure LCNC. The authors hypoth-
esized that prior to the introduction of immunohistochemistry, most of these tumors 
which have a very aggressive course of disease were probably being diagnosed as 
high-grade undifferentiated urothelial cell carcinoma [ 51 ]. Due to the rarity of 
LCNC and absence of treatment recommendations, this chapter will predominantly 
focus on SCCB.  

    Clinical Presentation 

 SCCB often presents with large bladder tumors (Fig.  8.1a ) and, in elderly patients, 
gross hematuria in up to 94 % and early metastasis [ 21 ]. This is similar to the pre-
sentation of neuroendocrine bladder tumors, both SCCB or LCNC. A case series 
demonstrated that neuroendocrine bladder cancer is predominantly a disease of the 
elderly, who present with distant metastatic disease at the time of diagnosis in up to 
50 % cases [ 10 ]. Patients with SCCB are typically elderly men and in some series 
more than half of the patients were over 70 years of age [ 13 ,  14 ]. A SEER study of 
SCCB ( n  = 642) confi rmed the predominance of elderly Caucasian men with a 
median age of 73 years. Thirty-six percent of the patients presented with distant 
metastatic disease at the time of diagnosis [ 35 ]. Advanced disease stage in an elderly 
population poses particular problems regarding treatment options. In a series of 32 
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patients with LD-SCCB, 4 patients (12.5 %) with a median age of 80 years (range 
79–87 years) did not receive chemotherapy due to age-related comorbidity and were 
treated with radiotherapy only. One patient refused any treatment [ 7 ]. Preferred 
metastatic sites are the pelvic and retroperitoneal lymph nodes (Figs.  8.1d  and  8.2b ), 
liver, lung, bone, and brain [ 44 ]. With up to 12 % brain metastases, intracranial sec-
ondaries are more common than in conventional transitional cell carcinoma but less 
common than in SCLC [ 9 ]. In comparison to the already high percentage of clini-
cally evident metastatic disease, occult micrometastases are a very common feature 
of SCCB and responsible for the poor outcome reported.

    Another difference between SCLC and SCCB is observed in the percentage of 
patients with extensive disease. Sixty to 70 % have extensive SCLC at presenta-
tion, whereas some authors reported only 30 % in SCCB. This may be due to a 
difference in defi nition or clinical signs such as hematuria leading to an early 
diagnosis, but it is known that extent of disease and prognosis is partially depend-
ing on the primary disease site [ 38 ]. Whether this is due to distinct anatomical 
features of a particular site or underlying differences in genetic patterns remains 
to be determined. 

a b

c d

  Fig. 8.1    Computed tomography (CT) of the abdomen demonstrating a large small cell carcinoma 
of the bladder (SCCB) with extravesical extension ( a ); CT of the abdomen with extensive liver 
metastasis at diagnosis in a patient with extensive disease stage ( b ); fl uorodeoxyglucose (FDG)-
positron emission tomography (PET) of a primary SCCB after image attenuation for physiological 
excretion in the urine ( c ); FDG-PET in a patient with limited disease stage demonstrating pelvic 
lymph node metastasis       
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 Paraneoplastic symptoms have been described such as hypercalcemia, Lambert- 
Eaton myasthenic syndromes, or symptoms originating from ectopic ACTH secre-
tion [ 14 ,  44 ,  54 ].  

    Diagnosis 

 Usually the diagnosis is made by histopathological examination of the transurethral 
resection (TUR) specimen revealing appearance of typical oat cell-shaped tumor 
cells at light microscopy (Fig.  8.2a ). This can be challenging in case of smaller 
tumors and non-muscle invasive bladder cancer (NMIBC) because of limited tissue 
sample sizes and because the clinical appearance does not suggest the presence of a 
more aggressive variant [ 56 ]. In these cases immunohistochemistry may be of addi-
tional value as SCCB expresses a variety of neuroendocrine markers (Table  8.1 , 
Fig.  8.2c–d ). The presence of neuroendocrine and small cell components is of poor 
prognostic relevance with increased risk for recurrence and progression. However, 
the prognostic signifi cance of neuroendocrine marker expression in addition to an 
existing small cell cancer type remains controversial. Nevertheless, patients with 
small cell NMIBC need to be clearly identifi ed as they are not candidates for blad-
der instillation therapies but should receive treatment as outlined in the following 
sections. Unfortunately, this is often not the case in both non-muscle invasive and 

a b

c d

  Fig. 8.2    Typical oat cell-shaped appearance of small cell bladder cancer in a transurethral resec-
tion (TUR) specimen (20×) ( a ); lymph node metastasis of SCCB with peripheral remnants of 
lymph node tissue (10×) ( b ); TUR specimen of SCCB staining positive for chromogranin A (20×) 
( c ); TUR specimen of SCCB positive for synaptophysin (20×) ( d )       
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muscle-invasive bladder cancer. Paraganglioma or LCNC of the bladder may be 
misdiagnosed as undifferentiated high-grade urothelial cell carcinoma [ 42 ]. Often 
small cell components are not recognized in the specimen collected at TUR or are 
not part of the resected material. In a series of 32 patients with LD-SCCB, 7 patients 
(21.9 %) were treated with cystectomy without neoadjuvant chemotherapy because 
the small cell component was only revealed in the fi nal specimen and not at TUR 
[ 7 ]. Combined SCCB is observed between 23 % and 75 % and the transitional cell 
carcinoma, adenocarcinoma, or squamous cell components have no apparent prog-
nostic infl uence [ 11 ,  13 ,  21 ,  26 ]. The proportion of the non-SCCB component may 
exceed the resected volume. There are several reports in the literature suggesting 
that the presence of SCCB in combined bladder tumors is the leading prognosticator 
and that these combined tumors should be managed like pure SCCB [ 6 ,  38 ].  

    Staging and Prognosis 

 Bladder cancer, including neuroendocrine and SCCB, is staged according to the 
UICC TNM classifi cation. Clinical staging depends on imaging with computed 
tomography (CT) of the chest and abdomen. Fluorodeoxyglucose (FDG)-positron 
emission tomography (PET) may further help to identify systemic disease 
(Fig.  8.1c–d ). Several TNM versions have been used in the past and differences 
need to be taken into account when evaluating the reported outcome in the litera-
ture. However, in a large retrospective analysis of SCCB [ 38 ], tumor stage was not 
independently associated with survival suggesting that micrometastases are often 
present in clinically localized disease. Due to very early micrometastasis at diagno-
sis, some authors favor the division of patients with SCCB into groups with limited 
(LD-SCCB) and extensive disease (ED-SCCB) in analogy to the far more common 
SCLC [ 44 ]. 

 In this staging approach patients with tumor confi ned to the pelvis are defi ned as 
limited disease. Furthermore, it provides a useful classifi cation for both treatment 
and prognosis. Patients with LD-SCCB have a signifi cantly better outcome com-
pared to patients with ED-SCCB. 

 In general the prognosis of SCCB is poor, with 5-year OS ranging from 8 % to 
44 % for limited disease [ 2 ,  7 ,  36 ]. In earlier reports only platinum-based combina-
tion chemotherapy has been associated with signifi cant improvement of survival 
regardless of the regimen used [ 37 ,  38 ,  57 ]. 

 Neuroendocrine variants and SCCB with components of other bladder tumor 
subtypes have been studied with regard to a different prognosis. Evidence from the 
literature supports that the presence of SCCB in combined bladder tumors is the 
leading prognosticator [ 21 ,  38 ] and that it should be managed like pure SCCB with 
cisplatin-based chemotherapy. If the component obtained at TUR was predomi-
nantly transitional cell carcinoma (>50 %), some authors applied MVAC as sug-
gested in the literature [ 7 ,  8 ,  41 ]. The transitional cell carcinoma, adenocarcinoma, 
or squamous cell components have no apparent prognostic infl uence, although a 
retrospective series in which patients were treated with cystectomy only suggested 
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that mixed subtypes tended to have a better outcome than pure SCCB ( p  = 0.064) 
[ 52 ]. However, this series of 25 patients also included 5 LCNC. In a more recent 
series of 18 neuroendocrine tumors, 14 of which were SCCB including other vari-
ous subtypes, an OS analysis revealed no difference between pure neuroendocrine 
tumors and those with mixed subtypes [ 10 ]. 

 Due to the paucity of LCNC bladder cancer, there is considerable uncertainty 
regarding the prognosis of this disease in comparison to SCCB or neuroendocrine 
SCCB. A retrospective analysis of 572 bladder tumors revealed 14 cases of neuro-
endocrine SCCB and 4 LCNC bladder cancers [ 10 ]. The authors compared the 
course of disease and outcome of these patients. Interestingly, one patient had 
SCCB on the primary site and large LCNC on the metastatic site. Overall survival 
did not differ between SCCB and LCNC; however, the study was limited by differ-
ent treatment modalities and very low numbers of patients with LCNC [ 10 ].  

    Treatment 

 The paucity of SCCB has not encouraged to design and conduct prospective ran-
domized trials and the optimal therapeutic strategy is still unknown. Suffi cient data 
demonstrate a similarity of the clinical course of SCCB and SCLC which in the past 
has been used as a rationale to introduce chemotherapy into the treatment algorithm 
of SCCB [ 6 ]. In SCLC survival increased only after the introduction of multi-agent 
chemotherapy regimens. Most of the benefi t occurred in patients less than 65 years 
of age [ 22 ]. The defi nition of limited SCLC takes early metastasis into account with 
tumor confi ned to the hemithorax of origin, the mediastinum, or the supraclavicular 
lymph nodes [ 32 ]. All patients with tumor beyond these limits are considered to 
have extensive disease. The current treatment of limited SCLC consists of a combi-
nation of cisplatin and etoposide plus irradiation of the chest preferably during the 
fi rst or second cycle of chemotherapy [ 25 ,  49 ]. Prophylactic brain radiation follows 
in patients with a complete response [ 32 ]. This strategy leads to median survival of 
18–24 months and 50 % 2-year survival. Due to early micrometastasis, the overall 
survival of SCLC remains poor with 5–10 % after 5 years [ 55 ]. 

 Currently, there is no consensus regarding the optimal treatment for limited dis-
ease SCCB. A 12-year National Cancer Database analysis on clinical characteristics 
and treatment patterns of 625 patients with SCCB revealed that most patients were 
treated with a multimodal bladder-preserving approach [ 48 ]. Upfront cystectomy 
with adjuvant chemotherapy has been propagated [ 21 ] as well as combinations of 
neoadjuvant chemotherapy with transurethral resection (TUR), cystectomy, and 
partial cystectomy and radiotherapy [ 26 ,  38 ,  43 ]. A contemporary report on 107 
cases from an International Rare Cancer Network revealed a broad range of surgical 
or bladder-sparing approaches with or without adjuvant or neoadjuvant chemother-
apy in the current era [ 47 ]. A Canadian consensus guideline from 2013 established 
the evidence base in a robust narrative review from the English language literature 
from 1946 until 2013 for the role of neoadjuvant chemotherapy in combination with 
either cystectomy or radiotherapy of the bladder [ 44 ]. Retrospective series suggest 

8 Neuroendocrine and Small Cell Carcinoma of the Urinary Tract



128

that platinum-based chemotherapy is essential. The benefi t of cisplatin-based che-
motherapy for SCCB has been observed in early studies [ 36 ,  38 ,  57 ]. Conversely, in 
SCLC, two or more drugs are needed for maximal effect but most regimens pro-
duced similar survival outcomes regardless of cisplatin [ 25 ]. In SCCB, combina-
tions without cisplatin were not associated with prolonged survival [ 38 ], though this 
should be interpreted with caution. Good performance status required for cisplatin- 
based chemotherapy may explain the observed association of this drug with 
improved survival in retrospect. Chemotherapy is the only treatment option for 
patients with distant metastatic disease (extensive SCCB). 

    Limited Disease SCCB 

    Cystectomy as Single Treatment Modality 
 Historically, cystectomy was the preferred treatment for SCCB although the poor 
prognosis of the disease became rapidly apparent after its fi rst description in 1981. 
Due to early micrometastases, cystectomy only is no longer recommended in 
reviews of the literature or national consensus documents [ 44 ]. This applies mainly 
to SCCB but is probably also true for LCNC of the bladder. There are patients, par-
ticularly in earlier stages (pT1–2 N0M0) in whom cure has been reported after 
cystectomy only [ 34 ]. In a retrospective analysis of the Mayo Clinic on 44 patients 
with SCCB, 12 patients had pT1–2 N0M0. Five-year survival for this group was 
reported at 63.3 % and six of eight who underwent cystectomy only were considered 
cured [ 14 ]. Finally, retrospective studies that compared patients with neoadjuvant 
chemotherapy and cystectomy to those with cystectomy only or adjuvant chemo-
therapy clearly suggest that cystectomy as single treatment modality or followed by 
adjuvant chemotherapy is far inferior in terms of survival and downstaging, includ-
ing lower stages who are often clinically understaged [ 57 ] (Table  8.2 ).

       Neoadjuvant Chemotherapy 
 Due to the inferior results with cystectomy, only some institutions have propagated 
neoadjuvant chemotherapy as an essential modality in the treatment of 
SCCB. Neoadjuvant chemotherapy has been chosen in analogy to regimens accepted 
in the treatment of SCLC (Table  8.3 ). Some institutions chose methotrexate 30 mg/
m 2 , vinblastine 3 mg/m 2 , doxorubicin 30 mg/m 2 , and cisplatin 70 mg/m 2  (M-VAC) 
for patients with <50 % SCCB in combination with urothelial carcinoma in the pri-
mary TUR-BT specimen. The number of courses differs, but often four courses 
were given with response evaluation after the fi rst two courses. The optimal number 
of cycles of neoadjuvant chemotherapy is currently unknown. In a clinical trial of 
neoadjuvant chemotherapy for SCCB [ 58 ], 18 patients received four cycles of alter-
nating chemotherapy. While patients with cT2N0 disease had a high likelihood of 
cure with this approach, those with stage cT3a-4 N0 did not fare as well, with SCCB 
remaining at cystectomy. This may refl ect either poor biology or the need for addi-
tional chemotherapy in the setting of more bulky disease. Over the past years the 
cisplatin-based SCLC regimens changed. Four courses of ifosfamide 1.2 g/m 2  
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     Table 8.2    Outcome after cystectomy with or without adjuvant or neoadjuvant chemotherapy   

 Reference  Study design 

 Number 
of 
patients a  

 TNM stage/extent 
of disease 

 Treatment 
modality 

 Median 
OS/CSS 

 5-year 
OS/
DSS a  

  Neoadjuvant chemotherapy plus cystectomy  

 Lynch 
[ 37 ] 

 Retrospective  48  ≤cT4aN0M0/
LD-SCCB 

 Neoadjuvant 
CTx + 
cystectomy 

 159.5  79 % 

 Siefker-
Radtke 
[ 58 ] 

 Prospective  18  ≤cT4aN0M0/
LD-SCCB 
[cT2N0M0] 
{cT3a-4} 

 Neoadjuvant 
CTx + 
cystectomy 

 58 [80] 
{38} 

 NR 

 Siefker-
Radtke 
[ 57 ] 

 Retrospective  21  cT2-T4N0M0  Neoadjuvant 
CTx + 
cystectomy 

 Not 
reached a  

 78 % a  

  Cystectomy plus adjuvant chemotherapy  

 Ismaili 
[ 29 ] 

 Retrospective  4  LD-SCCB  Cystectomy 
+ adjuvant 
CTx 

 38.6  NR 

 Kaushik 
[ 34 ] 

 Retrospective  18  cT2b-
T4bN0-1M0 

 Cystectomy 
+ adjuvant 
CTx 

 NR  43 % 

  (Majority) cystectomy only  

 Kaushik 
[ 34 ] 

 Retrospective  50  cT1-T4bN0-
N1M0 

 Cystectomy  NR  20 % 

 Cheng 
[ 13 ] 

 Retrospective  37  cT1-T4N0-N1M0  Cystectomy  20  16 % a  

 Ismaili 
[ 29 ] 

 Retrospective  5  LD-SCCB  Cystectomy  22.5  NR 

 Siefker-
Radtke 
[ 57 ] 

 Retrospective  25  cT2-4N0M0  Cystectomy 
(+ adjuvant 
CTx in 7) 

 23 a   36 % a  

 Lynch 
[ 37 ] 

 Retrospective  47  ≤ cT4aN0M0/
LD-SCCB 

 Cystectomy 
(+ adjuvant 
CTx in 21) 

 18.3  20 % 

   a Actual number of patients receiving the described treatment; the total number reported in the 
respective publications may differ 
  NR  not reported  

   Table 8.3    Recommended chemotherapy regimen for SCCB   

 Regimen  Drug and dose  Schedule 

 EP  Etoposide 100–120 mg/m 2  on days 
1–3, cisplatin 60–100 mg/m 2  on day 
1 

 Days 1–3, repeated 
after 21 days 

 ECa in patients where cisplatin 
is contraindicated 

 Etoposide 100–120 mg/m 2  on days 
1–3, carboplatin AUC 5–6 on day 1 

 Days 1–3, repeated 
after 21 days 
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(maximum 1.75 g), VP-16 (etoposide) 75 mg/m 2 , and cisplatin 20 mg/m 2  (VIP) on 
days 1–4 repeated after 21 days were later replaced by 4 courses of cisplatin 75 mg/
m 2  day 1 with etoposide 100 mg/m 2  intravenous (CE) on days 1–3, repeated after 
21 days [ 32 ]. In one study patients with SCCB and contraindications for cisplatin 
but a performance score of WHO ≤2 received fi ve courses of cyclophosphamide 
1 g/m 2  (day 1), doxorubicin 45 mg/m 2  (day 1), and etoposide 100 mg/m 2  (days 1–3) 
(CDE) repeated after 21 days. Later that regimen was changed to carboplatin AUC 
5 (day 1) with etoposide 100 mg/m 2  intravenous (CaE) on days 1–3, repeated after 
21 days [ 7 ]. One prospective phase II trial investigated alternating chemotherapy 
with cisplatin/etoposide and doxorubicin/ifosfamide until cystectomy [ 58 ].

   Response to neoadjuvant chemotherapy should be evaluated according to 
RECIST 1.1 and based on CT scan and cystoscopy. In doubtful cases TUR-BT or 
biopsy should be performed [ 19 ]. 

 Two strategies are currently followed and recommended with level 3, grade C 
according to Oxford Centre of Evidence-Based Medicine (OCEBM) [ 44 ].  

    Neoadjuvant Chemotherapy and Cystectomy 
 Several studies including a prospective single-arm phase II trial revealed that for 
LD-SCCB, neoadjuvant chemotherapy followed by surgery can result in a 5-year 
survival of up to 80 % as reported in a subset of patients with resectable LD-SCCB 
[ 57 ,  58 ] (Table  8.2 ). In a series of 88 patients with neuroendocrine SCCB, 46 under-
went cystectomy including 21 after neoadjuvant chemotherapy. Of the 25 patients 
with cystectomy, only 7 were treated with adjuvant chemotherapy. Independent of 
the fact that adjuvant therapy did not improve outcome, median cancer-specifi c sur-
vival (CSS) for initial cystectomy was 23 months, with only 36 % disease-free at 
5 years. Contrary, for patients receiving neoadjuvant chemotherapy, median CSS 
had not been reached ( p  = 0.026) at the time the study reported, with a CSS at 5 
years of 78 % and no cancer-related deaths observed beyond 2 years [ 57 ]. The most 
impressive outcome was reported in a large retrospective comparison performed by 
the authors of the prospective phase II trial. In a series of 95 patients with LD-SCCB 
who underwent cystectomy, 48 received neoadjuvant chemotherapy, and 47 under-
went initial cystectomy. Neoadjuvant treatment was associated with improved OS 
and disease-specifi c survival compared with patients who underwent initial cystec-
tomy. Median OS was 159.5 months versus 18.3 months, ( p  < 0.001) and the 5-year 
disease-specifi c survival (DSS) 79 % versus 20 % ( p  < 0.001). Moreover, neoadju-
vant chemotherapy resulted in pathologic downstaging to ≤ pT1N0 in 62 % of 
tumors compared with only 9 % in patients treated with initial cystectomy and 
lymphadenectomy. Even in patients with clinically node-positive disease, neoadju-
vant therapy and cystectomy led to clinical complete responses by chemotherapy 
and surgery in eight patients with a median OS of 23.3 months and 5-year OS of 
38 % [ 37 ]. The majority of patients in these studies received cisplatin/etoposide or 
ifosfamide/doxorubicin alternating with cisplatin/etoposide [ 37 ,  57 ,  58 ]. Of note, 
these impressive survival outcomes are better than those reported after neoadjuvant 
chemotherapy for conventional urothelial bladder cancer and may be due to selec-
tion. In the randomized phase three trial of neoadjuvant chemotherapy for bladder 
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cancer, the median OS for those receiving chemotherapy was 56 months at inclu-
sion of cT1–4a cN0/x cM0 patients [ 20 ]. 

 However, the results clearly suggest the benefi cial roles of neoadjuvant chemo-
therapy in combination with cystectomy. Neoadjuvant chemotherapy results in sig-
nifi cant pathological downstaging which may not only improve outcome but 
facilitate surgery [ 37 ]. Conversely, adjuvant chemotherapy following cystectomy 
was not shown to be superior to cystectomy alone although the numbers of patients 
receiving adjuvant therapy were small (7 of 25 and 21 of 47) [ 37 ,  57 ] (Table  8.2 ). In 
a retrospective SEER database analysis, chemotherapy improved outcome across all 
stages, but not in addition to cystectomy [ 35 ].  

    Bladder Preservation with Chemoradiotherapy 
 Despite cystectomy after neoadjuvant chemotherapy, SCCB remains to portend a 
dismal prognosis. Most institutions have reported a median OS for nonmetastatic 
SCCB of 13–23 months [ 44 ], although exceptional median OS of 58 months has 
been reported with this approach [ 58 ]. This has prompted investigation of bladder 
preservation with chemoradiotherapy (Table  8.4 ). Sequential chemoradiation for 
LD-SCCB results in a reasonable outcome with a high bladder preservation rate [ 4 ]. 
In general in SCLC patients, radiotherapy is applied concomitantly with the chemo-
therapy [ 29 ]. However, experience with an increased risk for local toxicity in the 
bladder after concurrent chemoradiation has led some institutions to schedule exter-
nal beam radiotherapy (EBRT) after the neoadjuvant chemotherapy. EBRT has been 
applied using 8–18 MV photons with a three- or four-fi eld technique. The median 

   Table 8.4    Outcome of bladder-sparing chemoradiotherapy series   

 Reference  Study design 

 Number 
of 
patients 

 TNM stage/
extent of 
disease 

 Treatment 
modality 

 Median 
OS/CSS a  

 5-year 
OS/DSS 

 Bex [ 7 ]  Retrospective  17  LD-SCCB  TURB + 
CTx + RT 

 32.5  36 % 

 Meijer 
[ 41 ] 

 Retrospective  27  LD-SCCB  TURB + 
CTx + RT 

 47 a   39.6 % 

 Lohrisch 
[ 36 ] 

 Retrospective  10  LD-SCCB 
[ED 1] 

 TURB + 
CTx + RT 

 41  44 % 

 Ismaili 
[ 29 ] 

 Retrospective  1  LD-SCCB  TURB + 
CTX + 
RT 

 49.7  NR 

 Bastus [ 5 ]  Retrospective  5  cT2N0M0 
cT3bN1M0 

 TURB + 
CTX + 
RT 

 45  NR 

 Asmis [ 4 ]  Retrospective  8  LD-SCCB  TURB + 
CTX + 
RT 

 19.8  NR 

   a Actual number of patients receiving the described treatment; the total number reported in the 
respective publications may differ 
  NR  not reported  
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dose was 60 Gy. The target area consisted of the bladder and the tumor. When the 
total dose was 70 Gy, 50 Gy was given to the bladder and tumor with a 20 Gy boost 
to the tumor area only [ 7 ]. Early reports of small patient series with LD-SCCB 
reported long-term survival with three of fi ve patients alive and free of disease 60, 
48, and 27 months after diagnosis [ 5 ]. In another series of ten patients treated with 
sequential chemoradiation from British Columbia, fi ve patients were alive and 
disease- free an average of 82 months following diagnosis [ 36 ].

       Neoadjuvant Chemotherapy Followed by Cystectomy 
Versus Bladder Sparing with Sequential Chemoradiation 
 There are no prospective randomized studies comparing treatment modalities for 
SCCB. Recently Koay et al. reported on a large subset of patients from the 
Surveillance, Epidemiology, and End Results (SEER) Medicare database with 
SCCB treated with chemotherapy and radiotherapy versus cystectomy with chemo-
therapy, showing no signifi cant differences in OS between the two treatment modal-
ities [ 35 ]. Chemotherapy was shown to improve outcome in all stages of disease 
including those patients who were treated with TUR as their only surgical proce-
dure. A bladder-sparing approach involving TUR combined with chemotherapy and 
radiation showed no signifi cant difference in OS compared with patients undergo-
ing at least a cystectomy (of whom over 90 % received radical cystectomy) with 
chemotherapy ( p  > 0.05). However, this report has several limitations and did not 
distinguish between neoadjuvant or adjuvant chemotherapy in combination with 
cystectomy. Nevertheless, outcome data of several studies suggest that upfront che-
motherapy may be the most important therapeutic modality with local therapeutic 
treatment options such as cystectomy, radiotherapy, or even complete TUR being 
secondary. 

 As with conventional transitional cell carcinoma of the bladder, the risk of blad-
der sparing has to be balanced against the local recurrence rate. The risk of local 
recurrence of transitional cell carcinoma after primary mixed tumors has been 
reported in several studies, especially in long-term survivors after chemoradiation 
[ 5 ,  36 ]. Though 5-year OS following bladder sparing with chemoradiation has been 
reported in a small case series [ 36 ], this approach has been criticized for the rela-
tively high rate of local recurrences. Local recurrence rates of 20–69 % have been 
reported [ 5 ,  36 ] in small series of fi ve and eight patients, respectively. In a larger 
retrospective analysis of 27 LD-SCCB treated with sequential chemoradiation, 
local recurrence in the bladder was seen in 29.6 % of patients [ 41 ]. Histopathology 
of the recurrences in the bladder revealed small cell carcinoma in two patients 
(7.4 %) and transitional cell carcinoma in six patients (22.2 %). The median time to 
local recurrence was 29 months. In some cases local recurrence in the bladder can 
be treated with conservative therapy (e.g., TUR-BT and adjuvant intravesical BCG 
instillations). In the group with LD-SCCB and sequential chemoradiation, the blad-
der preservation rate was 85.2 %. 

 Considering the nature of retrospective analyses with their inherent bias which 
infl uences the comparability of data, it appears that overall and progression-free 
survival is similar for local therapies such as cystectomy and radiotherapy as long 
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as systemic chemotherapy had been applied. Cheng et al. retrospectively analyzed 
64 cases and found no survival difference between those who had cystectomy and 
those who had not. Interestingly, none of the parameters age, gender, presenting 
symptoms, smoking history, the presence of a non-small cell carcinoma component, 
chemotherapy, or radiation therapy were associated with survival. Consequently, 
the authors raised doubt about the effectiveness of cystectomy as treatment modal-
ity. The 1- and 5-year survival times of those who had a cystectomy were 57 % and 
16 % versus 55 % and 18 % for those who had no cystectomy [ 13 ]. However, the 
chemotherapy in those who underwent cystectomy was applied as adjuvant therapy 
which does not appear to be as effective as the neoadjuvant approach. As has been 
discussed in the previous paragraph, the majority of retrospective studies and one 
prospective study support neoadjuvant therapy when cystectomy is planned. 
Consequently, these data should be compared to the bladder-sparing chemoradio-
therapy data. In a retrospective series of 17 patients with LD-SCCB treated with 
sequential chemoradiation, the 1- and 5-year survival estimate was 82 % (C.I. 0.56–
0.92) and 36 % (C.I. 0.14–0.61), respectively [ 7 ].  

    Treatment Options for Elderly Comorbid Patients 
 Patients with SCCB are predominantly elderly men and in some series more than 
half of the patients were over 70 years of age [ 48 ]. Though there have been reports 
that chemotherapy for SCLC is feasible in elderly patients, a high rate of age-related 
comorbidity among patients older than 70 years has been observed [ 8 ]. In a series 
of 25 patients with SCCB, 48 % of patients were older than 70 years (12/25). In 
patients with limited disease unfi t for chemotherapy, radiotherapy subsequent to a 
macroscopically complete TUR can be considered as a treatment option, especially 
if the disease is localized. Long-term survivors have been reported in a retrospective 
series with this strategy [ 26 ]. A more recent SEER database analysis of 533 patients 
with SCCB revealed that the majority of patients (54 %) received a TUR as their 
only surgical treatment [ 35 ]. A subset analysis of these patients indicated that che-
motherapy played a role in all stages of disease ( p  < 0.05) whereas radiation 
improved overall survival in regional-stage disease ( p  < 0.05) [ 35 ]. These data how-
ever are retrospective and prone to selection bias. Exceptionally, cystectomy as 
single treatment modality can be considered if severe locoregional symptoms and/
or contraindications for radiotherapy were present. In a series of 17 patients with 
LD-SCCB, ultimately 9 patients (52.9 %) could not be treated with chemotherapy 
and sequential radiotherapy, mostly because of PS WHO 3 ( n  = 7) [ 8 ].   

    Distant Metastatic SCCB (Extensive Disease) 

 Patients with clinically evident extensive disease or distant metastasis have a poor 
outcome. The mainstay of therapy is systemic chemotherapy in analogy with the 
regimen given for SCLC described in the section on neoadjuvant chemotherapy. 
Reported median OS in the literature does not exceed 5–8 months and palliation is 
the main objective of therapy [ 30 ,  35 ].   
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    Follow-Up and Prophylactic Cranial Irradiation 

 Due to frequent and late local recurrences in case of a bladder-sparing approach, 
regular follow-up with cystoscopy is mandatory for a prolonged period. In some 
instances, recurrences were diagnosed after almost 5 years of follow-up. No general 
imaging recommendations exist but cross-sectional imaging with computed tomog-
raphy of chest and abdomen as for conventional bladder carcinoma is suggested. 
Patients with SCLC have a signifi cant risk for the development of brain metastases 
(up to 60 % within 2–3 years after starting treatment). Therefore patients with com-
plete response to chemotherapy are offered prophylactic cranial irradiation [ 32 ]. 
Similarly patients with SCCB show a risk for the development of brain metastases. 
Siefker-Radtke et al. reported up to 26.7 % brain metastases in patients with SCCB 
[ 58 ]. In a retrospective long-term analysis of patients with SCCB, 12.1 % developed 
symptomatic brain metastases [ 41 ]. An earlier analysis and review of the literature 
reported a pooled estimate of cumulative incidence of symptomatic brain metasta-
ses of 10.5 % [ 9 ]. This incidence is higher than brain metastases from transitional 
cell carcinoma of the bladder (approximately 3 %) but far lower than for 
SCLC. Differences in frequency of brain metastasis reported in the literature can be 
explained by routine brain scanning during follow-up versus cross-sectional imag-
ing performed in symptomatic patients only. There are no studies indicating superi-
ority of prophylactic cranial irradiation to cranial irradiation in SCCB patients with 
symptomatic brain metastases.  

    Conclusion: Future Therapeutic Strategies 

 There have been reports on the benefi cial effects of concurrent administration of 
radiosensitizing agents (e.g., chemotherapy) potentiating the cytotoxic effect of 
radiotherapy for bladder cancer [ 31 ]. As the techniques of EBRT have evolved in 
recent years and the risks of local toxicity have been further reduced, the use of 
concurrent chemoradiation may be expected to gain terrain. Regarding chemother-
apy for SCCB, new regimens are primarily investigated in the more common 
SCLC. Some authors suggest that PEI (platinum, etoposide, ifosfamide) is more 
effective than PE based on a randomized trial [ 12 ] but this is not supported by a 
systematic review [ 61 ]. Somatostatin may increase the effi cacy of chemotherapy in 
SCLC [ 17 ]. 

 There are very limited data on the second-line therapeutic options for patients 
who fail platinum-based chemotherapy. In a series including three patients with 
SCCB, single-agent weekly vinorelbine had shown promising safety and effi cacy 
profi le [ 33 ]. Targeted agents are being investigated but the paucity of the disease 
may require comparison with SCLC [ 50 ]. Expression of c-kit was investigated in 52 
cases of SCCB [ 46 ]. Overall, 14 of 52 (27 %) SCCB were positive for c-kit expres-
sion when defi ning less than 10 % staining as negative. Outcome in the entire series 
was as reported previously. During a median follow-up of 11 months, 60 % of the 
patients died of disease. While no association was found between c-kit expression 
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and survival or other clinicopathological parameters, 27 % of SCCB expressed c-kit, 
which may be a therapeutic target for imatinib. In addition, mTOR inhibitors have 
been investigated in preclinical models as has been the mechanism of resistance to 
everolimus [ 40 ].     
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  9      Urachal and Non-urachal 
Adenocarcinomas of the Bladder                     

     Arlene     O.     Siefker-Radtke     

         Primary Bladder Adenocarcinoma (Non-urachal) 

   Background 

 Pure adenocarcinomas of the bladder are a very rare entity. It is important to under-
stand the distinctions between the different types of adenocarcinomas that may be 
found in the bladder, as it may have an impact on their treatment. Urachal carcino-
mas, traditionally found in the mid-line or dome of the bladder, require a surgical 
procedure that is different from the typical cystectomy. Metastatic adenocarcinomas 
can occur from direct extension of local organs including colon and rectum, from 
drop implants/peritoneal seeding from other adenocarcinomas of the abdominal 
cavity, and even from hematogenous metastases from primary sites both within and 
outside the abdominal cavity. Often, a careful medical history of previous cancer, 
clinical symptoms which are not typically associated with a bladder primary, and 
radiological fi ndings suggestive of other potential primaries, can aid in diagnosing 
a metastasis to the bladder. Adenocarcinomas of the urethra, which are addressed in 
a separate chapter, can also invade the bladder base and trigone secondarily. Only 
when none of these above fi ndings are present, should one consider the patient a 
true primary adenocarcinoma of the bladder.  

    Introduction 

 Primary adenocarcinomas of the bladder account for 0.5–2.0 % of bladder tumors 
[ 1 ] and have a similar age of onset as conventional urothelial cancer with an 
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estimated male-to-female ratio of at least 2:1 [ 2 ]. It is the most common cancer in 
patients with bladder exstrophy [ 3 ], a rare developmental anomaly affecting less 
than 1 out of 50,000 births. They may be associated with the presence of intestinal 
metaplasia or cystitis cystica [ 1 ], which is felt to arise from metaplasia of Von Brunn 
nests resulting in columnar mucin-producing cells. Chronic irritation and infection 
in the bladder is also felt to play a role in the development of these lesions and is 
also felt to account for the higher incidence of bladder adenocarcinomas among 
patients with bilharziasis [ 4 ,  5 ]. 

 The clear cell variant observed in bladder adenocarcinomas has a more distinct 
phenotype, most commonly arising in females with a 2:1 female predominance. 
A large number of these cases appear to arise from the urethra or periurethral glands, 
with some evidence suggesting a Mullerian etiology [ 6 ]. These tumors may be more 
responsive to taxane-based chemotherapy, similar to other gynecologic malignancies. 
Since these clear cell adenocarcinomas most commonly arise in the urethra and invade 
the bladder secondarily, they will be discussed more fully in the urethral chapter.  

    Pathology 

 Adenocarcinomas of the bladder are often classifi ed based upon their histologic 
appearance [ 1 ]. Enteric adenocarcinomas have architectural characteristics includ-
ing glandular features seen in adenocarcinomas of the colon. Mucinous adenocarci-
nomas often have single cells or nests of cells fl oating in lakes of extracellular 
mucin. Signet ring cell histology has been reported as well, with one large series 
suggesting adverse outcomes when present [ 7 ]. Plasmacytoid tumors, which also 
have a poor prognosis [ 8 ], may also be mistaken for the signet ring cell variant. 
However, the eccentric nucleus in plasmacytoid tumors contains an eosinophilic 
cytoplasm [ 9 ] as compared to the clear cytoplasmic vacuole seen in signet ring cell 
adenocarcinomas [ 1 ]. Hepatoid adenocarcinoma of the bladder, an extremely rare 
and aggressive variant primarily affecting elderly men, derives its name from the 
resemblance to hepatocellular carcinoma and positive staining for alpha-fetoprotein 
[ 10 ]. Hyaline globules and bile production have been observed on microscopy. 
Adenocarcinoma, not otherwise specifi ed, is used when the pattern does not fi t into 
the characteristics of the abovementioned types. An additional important feature is 
the absence of transitional cell/urothelial histology. When transitional cell histology 
is present, it is unlikely that one is dealing with an adenocarcinoma of the bladder.  

    Immunohistochemical Markers 

 Adenocarcinomas of the bladder often share immunohistochemical markers similar 
to adenocarcinomas of the gastrointestinal tract. CK7 and CK20 are not useful in 
distinguishing primary adenocarcinomas of the bladder from colonic adenocarci-
noma. These two markers have been reported positive in over 50 % of primary ade-
nocarcinomas of the bladder [ 11 ,  12 ]. The typical CK7-negative and CK20-positive 
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panel seen in colonic adenocarcinomas unfortunately may be positive in up to 29 % 
of adenocarcinomas of the urothelium [ 11 ]. CDX-2, a homeobox gene implicated in 
the regulation of cell growth and differentiation of intestinal cells which was ini-
tially thought to be specifi c for colonic adenocarcinomas, was found to be positive 
in nearly 100 % of adenocarcinomas of the bladder [ 13 ]. Nuclear versus membra-
nous staining for beta-catenin has been reported as a good marker for distinguishing 
between colon and bladder adenocarcinomas, with the nuclear staining pattern 
restricted to adenocarcinomas of the colon and membranous staining in both [ 11 , 
 14 ]. Given the signifi cant overlap in marker staining, often “clinical correlation” is 
advised. The presence of cystitis cystica in the bladder may also be helpful in deter-
mining bladder origin.  

    Clinical Presentation/Diagnosis 

 Many patients experience urinary symptoms including dysuria and frequency. The 
progression to gross hematuria often motivates the patient to seek medical care. The 
presence of gastrointestinal symptoms predating the urinary symptoms may be 
more suggestive of a gastrointestinal primary. A history of other malignancies will 
also aid in determining the possibility of metastases to the bladder. Radiographic 
imaging is an important aid in the diagnosis. The presence of a tumor in the midline 
or the dome of the bladder should suggest the possibility of this being a urachal 
carcinoma. Likewise, occurrence among the urethra, especially in women, would be 
consistent with a clear cell adenocarcinoma of the urethra. Diffuse thickening of the 
bladder on imaging may be consistent with “linitis plastica” which has been 
observed in this disease. However, radiographic imaging alone cannot confi rm the 
diagnosis. A cystoscopy and urethroscopy may be extremely helpful in determining 
site of origin. The absence of tumor inside the bladder on cystoscopy would be 
much more consistent with a metastasis to the bladder. However, the presence of 
tumor inside the bladder is less helpful, since metastases, drop implants, or locally 
invading tumors can invade the bladder.  

    Staging and Prognostic Classification 

 Non-urachal adenocarcinomas of the bladder are believed to arise from the urothe-
lial lining; therefore, the current TNM staging system appears appropriate when 
staging non-urachal adenocarcinomas. One large study using the Surveillance, 
Epidemiology, and End Results (SEER) database did not observe any signifi cant 
difference in stage- or grade-adjusted cancer-specifi c mortality when comparing 
primary adenocarcinomas of the bladder with urothelial cancer patients [ 2 ]. The 
authors did note that patients with adenocarcinomas of the bladder were more likely 
to have advanced disease at radical cystectomy. In addition, they reported a higher 
frequency of bladder adenocarcinomas among female patients and non-Caucasian 
patients. Tumor grade and stage have been adverse prognostic factors [ 1 ,  2 ,  7 ,  15 ].  
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    Treatment 

    Surgery 
 There are currently no published clinical trials regarding the optimal treatment for 
non-urachal adenocarcinomas of the bladder. Radical cystectomy remains the 
mainstay of treatment for these tumors. However, the survival rates remain poor 
with a treatment failure occurring in at least 50 % of patients undergoing cystec-
tomy [ 1 ,  2 ,  7 ,  15 ]. Even in the setting of non-organ-confi ned, node-positive dis-
ease, the long- term survival rate may be as high as 15–30% [ 1 ,  2 ,  7 ,  15 ] in patients 
with clinically negative lymph nodes. These results should not be used to encour-
age surgical debulking procedures in patients with clinical evidence of lymph 
node disease where cure is not likely. Patients with organ-confi ned disease have a 
much better prognosis with a cure fraction that may be as high as 70 % at 5 years 
[ 1 ,  2 ,  7 ,  15 ].  

    Radiotherapy 
 Zaghloul et al. [ 16 ] reported that the use of postoperative radiation impacted the 
local control of adenocarcinomas of the bladder with a 5-year disease-free survival 
(DFS) rate of 56 % compared to 38 % in the cystectomy alone group ( p  = 0.066). 
Since the two-thirds of patients in this study had grade 2 or less disease, it is not 
clear whether the use of radiation therapy would impact the treatment of high-grade 
disease as the 5-year DFS in patients with grade 3 disease undergoing cystectomy 
was 40 % as compared to 10.8 % in patients receiving radiation therapy ( p  = 0.34) 
[ 16 ]. Distant metastases remained the leading cause of death in those receiving 
radiation. A larger series by Zaghloul et al. [ 7 ] published 3 years later showed a 
similar survival fraction that achieved a signifi cant p-value with postoperative radia-
tion, although 78 % of patients in this series had grade 2 or less disease.  

    Systemic Chemotherapy 
 The literature on non-urachal adenocarcinomas of the bladder has focused mainly 
on the role of surgery and a potential role for radiation. Most retrospective series 
have included any non-urothelial cancer histology for treatment and are not relevant 
to the pure adenocarcinomas of the bladder. In practice, patients with metastatic 
adenocarcinoma of the bladder commonly receive a cisplatin-based chemotherapy 
regimen, as they would for the more typical urothelial carcinoma. Given the limited 
information available, this author’s preference would be to consider a 5- fl uorouracil/
cisplatin combination based upon the experience observed with urachal adenocarci-
nomas where a response rate has been observed in approximately 30 % of patients 
[ 17 ]. Combinations including 5-fl uoruracil, leucovorin, gemcitabine, and cisplatin 
(GEM-FLP), or other adenocarcinoma regimens including FOLFOX (5-fl uoruracil 
with oxaliplatin) and FOLFIRI (5-fl urouracil with irinotecan), with the addition of 
bevacizumab, or cetuximab, used in the treatment of adenocarcinomas of the colon 
may be relevant. There are also limited data with respect to taxane-cisplatin combi-
nations, such as paclitaxel, methotrexate, and cisplatin (TMP) [ 17 ] and ifosfamide, 
paclitaxel, and cisplatin (ITP) [ 18 ] in urachal adenocarcinomas of the bladder, 
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where the response rate is estimated to be approximately 15 % of patients. These 
data may be potentially relevant to the non-urachal adenocarcinomas of the bladder 
as well.    

    Urachal Adenocarcinomas of the Bladder 

    Introduction 

 Urachal adenocarcinomas of the bladder are also a very rare form of carcinoma aris-
ing from the ligament which connects from the midline dome of the bladder to the 
umbilicus. The pathogenesis of this malignancy is distinct from a typical urothelial 
carcinoma of the bladder which has an implication on staging and surgical proce-
dures. Urachal tumors arise from the ligament outside the bladder and invade the 
bladder secondarily; therefore, the traditional bladder cancer TNM staging which 
was derived from tumors arising from the urothelial lining is not applicable in this 
disease. A defi nitive resection should include en bloc resection of the urachal liga-
ment with the umbilicus and bladder dome and a node dissection. Partial cystecto-
mies are appropriate when there is adequate functional bladder remaining. There is 
also evidence suggesting that a 5-fl uoruracil/cisplatin-based chemotherapy regimen 
is more likely to be active as compared to the typical urothelial cancer regimens. 
Therefore, it is important to recognize these tumors prior to surgery and chemo-
therapy in order to achieve the best clinical outcomes.  

    Epidemiology 

 Urachal cancers arise in a much younger patient population with several series sug-
gesting a median age of diagnosis in the fi fth decade [ 17 ,  19 – 21 ], with a fairly even 
distribution between the male and female gender. There have been rare reports of 
urachal tumors in a pediatric population [ 22 ]. Since most estimates suggest urachal 
tumors occur in less than 1 % of all bladder tumors, the available literature is com-
prised mostly of small case series. There are currently no defi nitive risk factors 
associated with the development of this cancer. However, one small case series sug-
gested microsatellite instability in six out of seven cases of urachal carcinoma [ 23 ].  

    Anatomy 

 Urachal tumors arise from the urachal ligament which connects to the dome of the 
bladder inferiorly and superiorly connects via the ligamentum commune to the 
umbilicus [ 19 ]. This ligament is a vestigial structure which is formed during 
embryogenesis when the cloaca divides both anteriorly and posteriorly, with the 
anterior portion developing into the sexual organs and bladder and the posterior por-
tion developing into the rectum. When the bladder descends into the pelvis, the 
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lumen of the allantois is obliterated, forming the urachal ligament. However, in up 
to one-third of adults, there remains luminal continuity between urachal ligament 
and bladder [ 24 ]. This luminal continuity may even extend superiorly to the umbi-
licus. However, the low overall incidence of urachal tumors despite this fi nding 
suggests that there is no defi nitive association between a urachal cyst and the ulti-
mate development of urachal carcinoma.  

    Pathology 

 Urachal tumors are nearly always adenocarcinomas and appear histologically identical 
to adenocarcinomas of the gastrointestinal tract [ 1 ,  19 ]. Enteric, mucinous, glandular, 
and even signet ring cell features can be found in urachal tumors. Other features of 
colorectal cancer, including microsatellite instability and KRAS mutations, have been 
reported in urachal cancers as well [ 23 ]. Rarely, transformation of these adenocarcino-
mas to sarcomatoid and small cell tumors has been reported [ 19 ,  21 ]. The presence of 
transitional cell histology or carcinoma in situ should raise the clinical suspicion that 
this is not a urachal tumor but rather a urothelial carcinoma that is involving the urachal 
ligament secondarily. The presence of cystitis cystica or cystitis glandularis transition-
ing between the tumor and the urothelium would raise the clinical suspicion that this is 
a non-urachal adenocarcinoma of the bladder. There is often a sharp demarcation 
between the tumor and normal urothelium which will aid in the diagnosis. Remnants 
of normal or even ulcerated urothelium may overlie a urachal tumor as well. 

 Two theories have been proposed regarding the development of urachal adeno-
carcinomas. With their similarities to adenocarcinomas of the GI tract, one theory is 
that these tumors may arise from enteric rests which did not migrate to the hindgut 
during embryogenesis. An alternate hypothesis is that these tumors may arise from 
a metaplastic pathway, since adenocarcinomas have been seen to arise from cystitis 
glandularis and bladder exstrophy.  

    Diagnostic Criteria 

 Sheldon et al. initially proposed strict criteria regarding the diagnosis of the urachal 
tumor [ 19 ] (Table  9.1 ), acknowledging that “strict application of these criteria would 
exclude early or far advanced urachal carcinomas.” Cystitis cystica occasionally may 
be encountered in bladders with urachal tumors [ 25 ]. Urachal tumors may also arise 
anywhere along the midline of the bladder and not necessarily at the bladder dome 
[ 24 ]. Furthermore, a residual urachal remnant may not be easily found even with 
surgical resection [ 21 ]. Additional criterion requiring the exclusion of a primary 
adenocarcinoma located outside the bladder [ 25 ] with endoscopic procedures of the 
gastrointestinal tract and mammograms also seems rather extreme, especially when 
there is no clinical evidence or history of an alternate primary tumor. A more practi-
cal approach has been adopted at the MD Anderson Cancer Center (Table  9.1 ) [ 26 ].
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       Clinical Presentation and Diagnostic Workup 

 Urachal tumors may arise anywhere along the urachal ligament. While the majority 
of patients present with hematuria and urinary symptoms once the tumor erodes into 
the bladder lining, there are patients who present instead with umbilical pain or 
umbilical discharge. Unfortunately, this also means that a large number of patients 
present with more advanced disease, since urachal tumors may remain relatively 
asymptomatic or with vague abdominal symptoms until invasion into a local struc-
ture occurs. 

 Diagnostic imaging studies including CT or magnetic resonance imaging of the 
abdomen and pelvis provide strong support in the clinical diagnosis of a urachal 
adenocarcinoma. The presence of a midline, cystic mass with calcifi cations is con-
sidered a pathognomonic fi nding (Fig.  9.1 ) [ 26 ]. Unfortunately peritoneal carcino-
matosis [ 17 ] may occur frequently in this disease in addition to pseudomyxoma 
peritonei [ 27 ]. Serum tumor markers including CEA, CA-125, and CA19-9 may be 
elevated in 40–60 % of patients [ 17 ] and may be helpful in evaluating response and 
progression to treatment especially in the treatment of peritoneal carcinomatosis. A 
cystoscopy can be helpful in obtaining tumor tissue to confi rm the presence of ade-
nocarcinoma when invasion into the bladder has occurred. However, given the risk 
of rupture of these often cystic masses, this author would recommend against a 
percutaneous biopsy of the cystic mass when a potentially curative resection is 
being planned.

    Table 9.1    Sheldon and MD Anderson Cancer Center criteria for the diagnosis of urachal 
carcinoma   

 Sheldon criteria  MD Anderson criteria 

 1. Tumor located in the dome of the bladder  1. Location in the bladder dome or 
elsewhere in the midline of the bladder 

 2. Absence of cystitis glandularis and cystitis 
cystica 

 2. Sharp demarcation between the tumor 
and normal surface epithelium 

 3. Predominant invasion of the muscularis or 
deeper tissues with a sharp demarcation between 
tumor and the surface epithelium which is free 
of glandular of polypoid proliferation 

   Supportive criteria 

 4. Presence of a urachal remnant in association 
with the neoplasm 

    Adenocarcinoma histology 

 5. Tumor invading the bladder wall with 
extension to the space of Retzius, anterior 
abdominal wall, or umbilicus 

    Absence of urothelial dysplasia or 
transitional cell histology 

    Absence of cystitis cystica or cystitis 
glandularis transitioning to the tumor 

    Absence of primary adenocarcinoma 
of another organ 
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       Staging 

 Since urachal tumors arise outside the bladder and invade the bladder secondarily, 
the typical TNM bladder cancer staging criteria are not applicable in this malig-
nancy. Sheldon et al. initially proposed an extensive staging system for urachal car-
cinoma (Table  9.2 ) [ 19 ]. Unfortunately, most patients with urachal tumors present 
with stage III–IV diseases, since their symptoms may be vague or minimal until 
invasion into a local structure occurs. Given the lack of a confi rmed staging system 
to date, it appears reasonable to use the Sheldon staging criteria until additional 
evidence is available suggesting a benefi t from a more appropriate staging 
paradigm.   

  Fig. 9.1    A midline, cystic bladder mass with calcifi cations ( arrow ) is considered a pathogno-
monic fi nding in the diagnosis of urachal carcinoma       

   Table 9.2    Sheldon staging system for urachal carcinoma   

 Sheldon staging: 

 Stage I: No invasion beyond the urachal mucosa 

 Stage II: Invasion confi ned to the urachus 

 Stage III: Local extension into the: 

  Bladder (IIIA) 

  Abdominal wall (IIIB) 

  Peritoneum (IIIC) 

  Viscera other than bladder (IIID) 

 Stage IV: Metastases to the: 

  Regional lymph nodes (IVA) 

  Distant sites (IVB) 

 

A.O. Siefker-Radtke



147

    Surgical Management 

 Early recognition of a urachal carcinoma is extremely important as it requires plan-
ning for control of the primary site with an en bloc resection of the urachal ligament 
together with the bladder or bladder dome and umbilicus. Urachal tumors may 
occur anywhere along the urachal ligament and/or ligamentum commune, with one 
series suggesting involvement of the umbilicus in 8 % of cases [ 19 ]. Cystic com-
munications along the extent of the urachal ligament/ligamentum commune can 
occur as well, which is another important reason to do a resection which is en bloc 
with the bladder dome and umbilicus. This author has seen operative reports where 
transection of the ligament at the umbilicus resulted in rupture of cystic contents 
contaminating the peritoneal cavity which was a likely contributor to the develop-
ment of peritoneal carcinomatosis. Lack of complete resection of the umbilicus has 
been associated with an increased risk of relapse [ 17 ,  28 ]. 

 A partial cystectomy with en bloc resection of the urachal ligament and umbili-
cus is most commonly used to treat surgically resectable urachal carcinomas. Long- 
term survival outcomes have been reported, including a median survival around 
48 months and 5-year survival rates of 45–49 % [ 17 ,  28 – 30 ]. A complete cystec-
tomy is indicated if it is impossible to have enough bladder remaining to maintain a 
functional reservoir. As with many cancers, margin status has been an important 
contributor to long-term cure. It is also important to achieve negative margins with 
the resection as the presence of positive margins has been associated with relapse. 
Contemporary series with the approach suggests median survival of around 
48 months with fewer survival rates from 45 % to 49 %. 

 A lymph node dissection is also recommended due to the risk for occult metas-
tasis in clinically negative lymph nodes. As one might anticipate, the presence of 
lymph node involvement has been associated with poor prognosis [ 17 ,  28 ,  29 ]. 
While the series at MD Anderson suggested no long-term survivors in the setting of 
node-positive disease [ 17 ], Herr et al. reported a 25 % 5-year survival at Memorial 
Sloan Kettering Cancer Center [ 30 ]. Currently, surgical debulking procedures of 
clinically involved lymph nodes cannot be routinely recommended as a curative 
procedure. However, this author has observed a few patients with clinically enlarged 
nodes treated with chemotherapy with an excellent response in their lymph nodes. 
There are now several cases treated with surgical consolidation with partial cystec-
tomy and en bloc resection of the umbilicus and extended lymph node dissection 
who remain alive and cancer-free for more than 5 years [ 26 ].  

    Risk Factors for Relapse Following Surgery 

 An early retrospective study from the MD Anderson Cancer Center identifi ed sev-
eral factors increasing the risk for relapse of urachal cancer following surgery [ 17 ], 
with similar fi ndings reported by other institutions as well [ 28 – 30 ]. While the likeli-
hood of long-term survival is close to 50 % in all patients going to surgery, when any 
of these adverse risk factors are present, the likelihood of relapse appears to increase 
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to 75 % or greater. As is common with many other cancers, the ability to achieve 
negative margins has had a strong impact in overall survival [ 17 ,  28 ,  30 ]. Lack of en 
bloc resection of the umbilicus with the ligament has also been shown to impact 
outcomes [ 17 ,  28 ], likely due to the risk of having tumor at the umbilicus [ 19 ] and/
or cystic communications along the ligament. The presence of tumor involving the 
peritoneal lining [ 17 ,  28 ,  29 ,  31 ] and lymph node involvement have also been asso-
ciated with a poor prognosis [ 17 ,  28 – 31 ]. Although there is no proven benefi t for 
adjuvant chemotherapy, the presence of these factors appears to select for patients 
at high enough risk of relapse to justify the development of adjuvant therapy.  

    Systemic Chemotherapy for Urachal Carcinoma 

    Metastatic Setting 
 The lack of standard chemotherapy for urachal carcinoma in the historical literature 
is readily apparent, described by some as “invariably unsatisfactory” [ 32 ] or even has 
a “history of defeat.” [ 33 ]. Standard urothelial cancer regimens such as gemcitabine 
with cisplatin and MVAC (methotrexate, vinblastine, doxorubicin, and cisplatin) 
have been rather unsatisfying with few responses reported [ 17 ]. In a series from the 
Mayo Clinic where the majority of patients with metastatic urachal carcinoma were 
treated with a urothelial cancer-type regimens, the median survival was less than 
1 year [ 31 ]. There was early evidence of clinical activity with 5-FU-based combina-
tions including 5-FU with doxorubicin and mitomycin-C [ 34 ] and 5-FU, cisplatin 
with alpha-interferon [ 17 ], an early regimen attempting to modulate the immune 
system which was too toxic for further development [ 35 ]. Another 5-FU-based regi-
men of 5-FU with leucovorin, gemcitabine, and cisplatin (Gem-FLP) suggested a 
response rate in around 33 % of patients [ 17 ]. This author has also seen activity with 
a combination of capecitabine and gemcitabine, a regimen initially developed in 
renal cell cancer [ 36 ]. Taxane-cisplatin combinations have a response rate around 
15 %, for example, with ifosfamide, paclitaxel, and cisplatin (ITP) [ 18 ], or a combi-
nation of paclitaxel, methotrexate, and cisplatin (TMP) [ 17 ,  37 ]. Additional responses 
have been reported with FOLFOX6 [ 38 ], S-1/cisplatin [ 39 ], and irinotecan [ 40 ]. This 
author has also observed activity with other colorectal-like regimens including irino-
tecan with cetuximab and FOLFIRI. Although the survival with urothelial cancer-
based regimens has been reportedly poor with a median survival less than 1 year by 
the Mayo Clinic [ 31 ], the historical experience at MD Anderson with 5-FU-/cispla-
tin-based options was around 24 months [ 17 ]. With the similarities in histology, 
response, and survival between urachal cancer and colorectal cancer, it seems that the 
use of 5-FU-based therapy is most appropriate given the limited data available.  

    Neoadjuvant and Adjuvant Setting 
 There currently is no proven role for the use of neoadjuvant or adjuvant chemo-
therapy for urachal carcinomas. Therefore, in a patient with node-negative, surgi-
cally resectable cancer (i.e., no invasion of the pelvic sidewall), the standard 
treatment would be a cystectomy or partial cystectomy with en bloc resection of the 
urachal ligament and umbilicus with a node dissection. Although there is no proven 
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role for adjuvant chemotherapy, investigators at MD Anderson have been offering 
adjuvant Gem-FLP chemotherapy to patients in whom the risk of recurrence is high. 
When these high-risk features are present, the risk of relapse without any further 
intervention is high, likely around 75 % [ 17 ]. Adjuvant chemotherapy has had an 
impact in adenocarcinomas of the GI tract, which, as noted above, urachal cancer 
appears very similar. This author is currently advocating for fi ve to six cycles of 
adjuvant Gem-FLP for patients with positive margins, lymph node involvement, 
peritoneal involvement, or when the umbilicus has not been resected en bloc.   

    Surgical Consolidation of Metastatic Disease 

 While the majority of patients with stage 4 metastatic tumors do ultimately suc-
cumb to their disease, there have been patients who benefi ted from surgical consoli-
dation with resection of metastatic disease. These cases remain largely anecdotal; 
however, there is evidence supporting resection of solitary or low-volume meta-
static sites in gastrointestinal cancer. Given the similarities between these two dis-
eases, this may be relevant in some patients with urachal carcinomas as well. This 
has been most frequently offered to patients with slowly progressive disease with 
resection or metastasectomy in a solitary site such as lung metastases. These patients 
are typically given a trial of chemotherapy fi rst to assess their sensitivity to chemo-
therapy and determine whether the biology of their urachal tumor suggests the 
potential for benefi t. Surgical consolidation would be avoided for patients with 
bulky or rapidly progressive disease. This author has also observed anecdotal 
cases with patients presenting with bulky lymph nodes who responded well to che-
motherapy and had surgical consolidation with partial (or complete) cystectomy 
with en bloc resection of the urachal ligament with umbilicus and an extended node 
dissection. We now have several patients who remain alive and disease-free for 
more than 5 years.   

    Conclusion 
 Urachal carcinomas and non-urachal adenocarcinomas of the bladder remain 
extremely rare malignancies. It is unlikely that there will be any randomized tri-
als completed in this author’s lifetime to confi rm the benefi t of different treat-
ments. In the setting of surgically resectable disease, surgery may result in 
long-term disease- specifi c survival. It is important to note the differences in sur-
gical planning when treating a urachal carcinoma. In the setting of metastatic 
disease, it appears that colorectal-like regimens, and in particular a combination 
of Gem-FLP, may have the most activity, with taxane-cisplatin combinations as 
a second-line option. A defi nitive role for neoadjuvant or adjuvant chemotherapy 
is as yet largely unknown. In the setting of urachal tumors, the presence of high 
risk factors associated with a high risk of relapse may help select the group of 
patient most likely to need adjuvant treatment. With the similarities between 
urachal carcinomas, non-urachal bladder adenocarcinomas, and adenocarcino-
mas of the colon, it seems reasonable to use regimens approved for the treatment 
of colorectal cancer as relevant options in this disease.     
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         Background and Epidemiology 

 Primary urethral carcinomas (PUCs) account for <1 % of all genitourinary malig-
nancies [ 1 ]. According to the Surveillance, Epidemiology, and End Results 
(SEER) database, over the past three decades, the annual incidence has ranged 
from 1.5 per million in women and a nearly threefold larger incidence in men 
(4.3 per million). The prevalence of all histological subtypes increases with age, 
with the peak annual incidence of 32 per million in men and 9.5 per million in 
women, seen in the 75–84- year age group, with disease being extremely uncom-
mon in population younger than 55 years old (0.2 per million). The incidence of 
the disease has been reported to be twice as high in the African-American com-
pared to the White population [ 2 ]. In Europe, the age standardized ratio is esti-
mated as 1.6 per million in men and 0.6 per million in women, with a similar 
male-to-female ratio [ 3 ]. 

 In men, chronic irritation associated with urethral stricture is identifi ed as the 
cause of PUC in over 70 % of the cases. Other etiological factors include chronic 
infl ammation associated with sexually transmitted disease, high-risk human papil-
lomavirus (HPV) infections, intermittent catheterization, urethroplasty, and external 
beam and permanent seed radiation therapy. Chronic irritation is also attributed to 
the development of PUC in majority of female cases with urethra diverticula, leuko-
plakia, HPV infection, recurrent lower urinary tract infections, and child birth iden-
tifi ed as other potential etiological factors [ 4 – 8 ].  
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    Histological Variation 

 Table  10.1  summarizes the distribution of histological subtypes from various insti-
tutional reports. Traditionally, mainly single institution data have reported that in 
men, up to 80 % of urethral cancers are squamous cell in origin, with 15 % urothelial 
cell origin and the remaining 5 % being adenocarcinoma as well as other rare sub-
types such as lymphoma, sarcoma, or melanoma.

   In females, similarly it is often reported that squamous cell carcinoma is the most 
common histology (40–70 %), followed by adenocarcinoma (15–35 %) and urothe-
lial carcinoma (15 %). In female, primary urethral carcinoma can affect the entire 
urethra in over 40 % of the cases; however, the majority of lesions involve the distal 
urethra (35–50 %) [ 9 – 11 ]. 

 In men overall, 60 % of malignant lesions are seen in the bulbomembranous ure-
thra, followed by a frequency of 30 % in the distal (penile) urethra and 10 % in the 
prostatic urethra. Squamous carcinoma is more common in the distal urethra, with 
90 % of all distal urethral cancers being squamous in origin, followed by 80 % of all 
bulbar urethral and 10 % of all prostatic urethral malignancies. Urothelial carci-
noma in seen in 10 %, 20 %, and 90 % of distal, bulbar, and prostatic urethral malig-
nancies, respectively [ 10 ,  12 ]. 

 More recent population-based reports from USA and Europe have suggested that 
urothelial carcinoma of the urethra is the predominant histologic type of primary 
UC (54–65 %), followed by squamous cell carcinoma (16–22 %) and adenocarci-
noma (10–16 %). An analysis of SEER data from 1988 to 2006 reported that in men, 
urothelial carcinoma was the most common primary urethral carcinoma subtypes 
(78 %) followed by squamous cell carcinoma (12 %) and adenocarcinoma (5 %) 
[ 13 ]. SEER data report from 1983 to 2008 identifi ed rates of 30 %, 29 %, and 28 % 
for urothelial, squamous cell, and adenocarcinoma in female patients, respectively 
[ 14 ]. A 1989–2008 report from the Netherlands National Cancer Registry reported 
that in female, urothelial carcinoma was the common histological subtypes (45 %), 
followed by adenocarcinoma (29 %), squamous cell carcinoma in (19 %), and other 
rare subtypes (6 %) [ 15 ].  

    Clinical Presentation and Diagnostic Workup 

 PUC often presents at a relatively advanced stage, with almost all lesions being 
symptomatic at presentation (Table  10.2 ) [ 10 ,  15 ,  16 ]. Unfortunately the majority of 
patients also present months after initiation of symptoms [ 17 ], with a median time 
to presentation of 4.5 months in female and 7.5 months in male patients [ 10 ,  17 ].

   Patient evaluation should include physical examination of the genital region, pel-
vis, and the inguinal lymph nodes. In men, the size, location, and the mobility of the 
lesions have to be assessed, in order to evaluate the potential for organ preservation. 
Anterior urethra in men and the distal two-thirds of the female urethra drain into the 
inguinal lymph nodes. Therefore, assessment of regional lymph nodes is essential in 
patients presenting with primary UC, as unlike penile carcinoma, adenopathy in this 
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group often indicates metastatic disease [ 17 – 19 ]. Table  10.3  summarizes the ure-
thral lymphatic drainage.

   Further assessment should include examination under anesthesia, urethrocystos-
copy, biopsy, as well as cross-sectional radiological assessment of the chest, abdo-
men, and pelvis. Magnetic resonance imaging may provide excellent details for 
assessment of the local disease. In female patients, MRI with endovaginal coil has 
been used for the assessment of urethral disease extent with great effect. In men 
with PUC, experience in penile cancer has shown that MRI can provide excellent 
details with regard to local stage and invasion beyond corpus spongiosum which can 
assist in surgical planning [ 20 – 23 ]. Similarly, 18F-fl uorodeoxyglucose PET/CT 
scan has been used for the evaluation of inguinal nodal metastases in patients with 
penile carcinoma with reported sensitivity of 88 % and a specifi city of 98 % [ 24 ]. 
Based on these reports, 18F-FDG-PET/CT may also have utility in assessing 
patients with primary urethral carcinoma.  

    Staging 

 American Joint Committee for Cancer (AJCC) TNM staging system [ 25 ] described 
staging for primary urethral carcinoma, and this distinguished between prostatic or 
distal urethral lesions. In penile urethra and female urethra, invasion of subepithelial 
connective tissue is distinguished between Ta and T1 lesions. Invasion of deeper lay-
ers (corpus spongiosum in male and periurethral muscle in female) denotes stage T2 
disease. Similar to penile carcinoma, invasion of corpus cavernosum is classifi ed as 
T3 disease in male. In female, T3 disease involves anterior vaginal wall or the blad-
der neck. T4 tumors invade adjacent organs. Invasion of a single lymph node, less 

  Table 10.2    Symptoms 
associated with PUC at 
presentation  

 Symptoms  Male (%)  Female (%) 

 Obstructive voiding  43  28 

 Irritative lower urinary tract 
symptoms 

 20  41 

 Spotting  20  35 

 Hematuria  17  16 

 Urethral mass  20  20 

 Discharge/abscess  31  7 

 Incidental  4  2 

   PUC  primary urethral carcinoma  

   Table 10.3    Lymphatic drainage of the urethra [ 37 ]   

  Male  

 Anterior urethra  The superfi cial and deep inguinal lymph nodes 

 Posterior urethra  Pelvic lymph nodes (external, obturator, and internal iliac) 

  Female  

 Proximal third  Pelvic lymph nodes (external, obturator, and internal iliac) 

 Distal two-thirds  Superfi cial and deep inguinal nodes 
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than two centimeters, is considered N1 disease, and any other nodal involvement is 
N2, and distant metastasis is classifi ed as M1. There is no N3 defi ned for PUC. 

 In prostatic urethra, carcinoma in situ of the urethra (Tis pu) and carcinoma in 
situ of the prostatic ducts (Tis pd) are individually identifi ed. Ta stage does not exist 
for prostatic PUC. Invasion of the subepithelial connective tissue (T1), prostatic 
stroma (T2), and beyond prostatic stroma (T3) denotes other stages, with similar 
defi nition of T4 disease as the penile urethra.  

    Treatment Options in Men with PUC 

 In men, distal urethral PUC, compared to more proximal disease, is associated with 
better clinical outcomes. It has been shown that compared to local tumor stage, 
nodal stage is a more important factor in predicting survival. Therefore, surgical 
strategies which aim to preserve penile length and function are oncologically 
acceptable as long as adequate assessment and treatment of nodal disease is per-
formed [ 26 ]. 

 In distal penile lesions, an organ-preserving approach, such as transurethral 
resection, local excision, or distal urethrectomy and perineal urethrostomy, may 
provide adequate treatment in selected patients with low-grade, noninvasive disease 
[ 27 ]. More locally advanced disease (T2 or higher), located at distal urethra and 
penis, may be treated with partial penectomy as long as negative margins can be 
achieved. However, carcinoma extending to the more proximal urethra, where 
resection-free margins are not possible, will require total penectomy. In men with 
anterior urethral pT1-3 N0-2 disease, following partial penectomy, local recurrence 
was not observed as long as surgical resection margins were negative, even if the 
tumor-free margin was less than 5 mm [ 28 ]. In older series, recurrence rates of 13 % 
have been reported following total penectomy [ 29 ]. 

 Disease involving the bulbar urethra requires more careful assessment and plan-
ning. For limited, noninvasive disease, transurethral resection or partial excision of 
the urethra with primary anastomosis has been described. Although owing to rela-
tive late presentation and more advanced disease in men with bulbar urethral PUC, 
suitable candidates for these local therapies are not commonly encountered. 
Adequate surgical therapy in most men presenting with lesions at the bulbar urethra 
requires radical cystoprostatectomy and total penectomy, followed by adequate 
nodal staging [ 30 ].  

    Treatment Options in Females with PUC 

 The distal third of the female urethra may be excised without signifi cant impact on 
the continence mechanism. Small distal lesions, near the meatus, may be amenable 
to circumferential excision of the urethra and the anterior vaginal wall. In these 
circumstances, adequate steps, such as frozen section sampling, must be taken to 
ensure complete excision and tumor-free margins. Incontinence rate of 42 % has 
been reported in a series of patients treated with partial urethrectomy [ 16 ]. 

10 Primary Urethral Carcinomas



158

 In more advanced disease (T2–3), preservation of urethra may result in inadequate 
oncological control, with local recurrence rates of up to 21 % reported, even in T2 dis-
ease [ 16 ]. However, bladder-preserving strategies are still possible. In these circum-
stances, primary radical urethrectomy should be performed. This includes removal of 
all the periurethral tissue from the bulbocavernosus muscle bilaterally and distally, 
extending to the pubic symphysis and the bladder neck. Subsequently, the bladder neck 
is closed and proximal diversion can be accomplished with a catheterizable stoma 
(appendicovesicostomy or ileovesicostomy) [ 16 ,  26 ,  31 ]. More extensive disease will 
require cystectomy, with wide excision of the urethra and urinary diversion [ 16 ].  

    Management of Regional Lymph Nodes 

 There is no data supporting prophylactic inguinal or pelvic lymphadenectomy in 
PUC. As reported earlier, lymphadenopathy in PUC is often indicative of metastatic 
disease. Clinical examinations and cross-sectional anatomical and functional imag-
ing as well as needle-guided biopsy can be used to confi rm nodal metastases. In 
these patients, regional lymphadenectomy should be considered as part of the initial 
management. This approach may be curative in patients who have no evidence of 
distant metastases [ 26 ,  31 ]. 

 Radiation therapy, combined with concurrent systemic chemotherapy, has also 
been used for the treatment of regional lymph nodes in both male and female 
patients. In this setting, the radiation fi elds were extended to include inguinal and 
pelvic nodes [ 32 ,  33 ]. Current National Comprehensive Cancer Network (NCCN) 
guidelines recommend concurrent chemoradiation or neoadjuvant chemotherapy 
followed by consolidative surgery for cN1-2 patients with PUC.  

    Radiation Therapy 

 Radiation therapy has been used both as the primary treatment and in combination 
with surgery and systemic therapies. 

 There are reports of primary radiation therapy in female for primary urothelial, 
squamous, as well as adenocarcinoma of the urethra. The administrated dose has 
ranged from 40 to 106 Gy and has included external beam radiation alone, brachy-
therapy alone, or combination of radiation modalities as well as radiation to the 
regional lymph nodes in selected patients [ 10 ,  32 ,  34 ,  35 ]. 

 Reported local recurrence rates are 35 % with this approach, and relapse rates of 
around 30 % are also reported in patients with inguinal disease who had treatment 
to the nodes. One reported 38 % of patients were disease-free at median follow-up 
of 7.6 years, and another group reported a 5-year overall survival of 41 %, with local 
control rate of 64 % at 5 years [ 30 ,  32 ]. 

 In patients who achieved local control, high rates of complications have been 
reported with severe complications rate of approximately 15 % including urethral 
stenosis, fi stulae, necrosis, and radiation cystitis [ 32 ,  35 ]. 
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 Current recommendations for radiotherapy in primary PUC include 66–70 Gy of 
external beam radiation for cT2N0 disease. In cT3–4 or cN1–2 patients, it is recom-
mended to deliver 45–50 Gy to the primary lesion and to the regional nodes with boost 
to the gross primary disease to 66–70 Gy and gross nodal disease to 54–66 Gy [ 36 ].  

    Systemic Chemotherapy 

 Contemporary cisplatin-based chemotherapy regimens have been associated with 
signifi cant clinical response in PUC patients. A report of 44 PUC cases from 2005 
to 2009 (39 % SCC, 30 % adenocarcinoma, 19 % UC, 18 % mixed/others; 98 % T3–
T4, 43 % N+, and 16 % M+) demonstrated a 72 % response rate to neoadjuvant 
chemotherapy, with only a single patient advancing while on therapy. Table  10.4  
summarizes the therapeutic regimens used in this study. In this cohort, patients with 
no metastatic disease who were treated with curative intent had a survival rate of 
50 % at 42 months. Long-term survival was also observed in patients who presented 
with nodal disease, with over 40 % being alive at 3 years. Patients who underwent 
surgery after chemotherapy had signifi cantly improved overall survival compared 
with those who were managed with chemotherapy alone [ 19 ].

   Cohen and colleagues reported on their experience with combination of sys-
temic chemo- and radiation therapy in 18 men. Fifty-fi ve percent were cT3–T4 and 
34 % were cN+. Majority of cases were SCC (95 %). Patients were concurrently 
treated with 5-fl uorouracil and mitomycin-C as well as radiation therapy. The latter 
included 45–55 Gy in 25 fractions during 5 weeks to the genitalia, perineum, and 
inguinal and external iliac lymph nodes. Complete response rate was 83 % with 
5-year overall and disease-specifi c survival rates of 60 and 83 %. Thirty percent of 
responder developed recurrence. Patients undergoing salvage surgery after chemo-
radiotherapy experienced a higher 5-year disease-free survival than those without 
salvage surgery (72 % vs. 54 %). All patients who did respond to chemoradiation 
developed urethral strictures requiring further management [ 33 ]. Others have also 
reported on the use of 5-fl uorouracil and cisplatin for the management of adenocar-
cinoma and squamous cell carcinoma and MVAC in the treatment of urothelial 
carcinoma as part of multimodal therapies for the management of PUC in both 
male and female patients [ 34 ]. 

 According to the current guidelines, in locally advanced disease (T3–T4, cN0), 
neoadjuvant therapy followed by consolidative therapy (surgery or radiation) is the 
recommended treatment. In cN1–2 patients, neoadjuvant chemotherapy followed 
by consolidative surgery or concurrent chemoradiation is recommended [ 36 ].  

   Table 10.4    Systemic chemotherapy for PUC   

 Urethral carcinoma histology  Systemic therapy regimen 

 SCC  Cisplatin, gemcitabine, and ifosfamide 

 Adenocarcinoma  5-fl uorouracil, gemcitabine, and cisplatin 

 Urothelial  Methotrexate, vinblastine, doxorubicin, and cisplatin 
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    Long-Term Results and Prognosis 

 Population-based data from Europe and USA estimated 5-year overall survival of 
46–54 %, with a 5-year cancer-specifi c survival rate of 68 % in the USA [ 2 ,  3 ]. 

 Reported overall survival rates in men range from 83 % in noninvasive disease to 
36 % in invasive disease [ 17 ]. In female, low-stage disease has reported 5-year sur-
vival of 78 % and higher stage tumor reported survival of 22 % [ 10 ]. 

 A number of factors have been identifi ed as prognostic indicators, including 
tumor pathology (stage, histology, grade, nodal involvement, and metastatic disease), 
tumor size and location, as well as age, race, and treatment modality [ 3 ,  13 – 15 ].  

    Conclusion 
 Secondary to its low incidence, there is no prospective data on the management 
of PUC. All reports in the literature are based on single institutional experience 
spanning many decades. Subsequently there is a signifi cant variation in reported 
patient selection, assessment, and management strategies. The reports suggest 
that all modalities may have similar overall treatment outcomes, with different 
long-term side effects. Potentially the best outcomes can be achieved with mul-
timodal therapies that are individualized to a given patient.     

   References 

    1.    Gatta G, van der Zwan JM, Casali PG, et al. Rare cancers are not so rare: the rare cancer burden 
in Europe. Eur J Cancer. 2011;47:2493.  

     2.    Swartz MA, Porter MP, Lin DW, et al. Incidence of primary urethral carcinoma in the United 
States. Urology. 2006;68:1164.  

      3.    Visser O, Adolfsson J, Rossi S, et al. Incidence and survival of rare urogenital cancers in 
Europe. Eur J Cancer. 2012;48:456.  

    4.    Van de Voorde W, Meertens B, Baert L, et al. Urethral squamous cell carcinoma associated 
with urethral stricture and urethroplasty. Eur J Surg Oncol. 1994;20:478.  

   5.    Mohan H, Bal A, Punia RP, et al. Squamous cell carcinoma of the prostate. Int J Urol. 
2003;10:114.  

   6.    Cupp MR, Malek RS, Goellner JR, et al. Detection of human papillomavirus DNA in primary 
squamous cell carcinoma of the male urethra. Urology. 1996;48:551.  

   7.    Wiener JS, Liu ET, Walther PJ. Oncogenic human papillomavirus type 16 is associated with 
squamous cell cancer of the male urethra. Cancer Res. 1992;52:5018.  

    8.    Chung DE, Purohit RS, Girshman J, et al. Urethral diverticula in women: discrepancies 
between magnetic resonance imaging and surgical fi ndings. J Urol. 2010;183:2265.  

    9.    Weghaupt K, Gerstner GJ, Kucera H. Radiation therapy for primary carcinoma of the female 
urethra: a survey over 25 years. Gynecol Oncol. 1984;17:58.  

         10.    Dalbagni G, Zhang ZF, Lacombe L, et al. Female urethral carcinoma: an analysis of treatment 
outcome and a plea for a standardized management strategy. Br J Urol. 1998;82:835.  

    11.    Anderson KA, McAninch JW. Primary squamous cell carcinoma of anterior male urethra. 
Urology. 1984;23:134.  

    12.    Srinivas V, Khan SA. Male urethral cancer. A review. Int Urol Nephrol. 1988;20:61.  
     13.    Rabbani F. Prognostic factors in male urethral cancer. Cancer. 2011;117:2426.  
    14.    Champ CE, Hegarty SE, Shen X, et al. Prognostic factors and outcomes after defi nitive treat-

ment of female urethral cancer: a population-based analysis. Urology. 2012;80:374.  

K. Zargar-Shoshtari et al.



161

       15.    Derksen JW, Visser O, de la Riviere GB, et al. Primary urethral carcinoma in females: an epi-
demiologic study on demographical factors, histological types, tumour stage and survival. 
World J Urol. 2013;31:147.  

         16.    Dimarco DS, Dimarco CS, Zincke H, et al. Surgical treatment for local control of female ure-
thral carcinoma. Urol Oncol. 2004;22:404.  

        17.    Dalbagni G, Zhang ZF, Lacombe L, et al. Male urethral carcinoma: analysis of treatment out-
come. Urology. 1999;53:1126.  

   18.    Heyns CF, Fleshner N, Sangar V, et al. Management of the lymph nodes in penile cancer. 
Urology. 2010;76:S43.  

      19.    Dayyani F, Pettaway CA, Kamat AM, et al. Retrospective analysis of survival outcomes and 
the role of cisplatin-based chemotherapy in patients with urethral carcinomas referred to medi-
cal oncologists. Urol Oncol. 2013;31:1171.  

    20.    Kim B, Kawashima A, LeRoy AJ. Imaging of the male urethra. Semin Ultrasound CT MR. 
2007;28:258.  

   21.    Neitlich JD, Foster Jr HE, Glickman MG, et al. Detection of urethral diverticula in women: 
comparison of a high resolution fast spin echo technique with double balloon urethrography. 
J Urol. 1998;159:408.  

   22.    Ryu J, Kim B. MR imaging of the male and female urethra. Radiographics. 2001;21:1169.  
    23.   Hanchanale V, Yeo L, Subedi N, et al. The accuracy of magnetic resonance imaging (MRI) in 

predicting the invasion of the tunica albuginea and the urethra during the primary staging of 
Penile Cancer. BJU Int. 2016;117:439–43.  

    24.    Schlenker B, Scher B, Tiling R, et al. Detection of inguinal lymph node involvement in penile 
squamous cell carcinoma by 18F-fl uorodeoxyglucose PET/CT: a prospective single-center 
study. Urol Oncol. 2012;30:55.  

    25.    Edge SB, American Joint Committee on Cancer, American Cancer Society. AJCC cancer stag-
ing handbook: from the AJCC cancer staging manual. 7th ed. New York: Springer; 2010. p. 
xix–718.  

      26.    Gakis G, Witjes JA, Comperat E, et al. EAU guidelines on primary urethral carcinoma. Eur 
Urol. 2013;64:823.  

    27.    Hakenberg OW, Franke HJ, Froehner M, et al. The treatment of primary urethral carcinoma – 
the dilemmas of a rare condition: experience with partial urethrectomy and adjuvant chemo-
therapy. Onkologie. 2001;24:48.  

     28.    Smith Y, Hadway P, Ahmed S, et al. Penile-preserving surgery for male distal urethral carci-
noma. BJU Int. 2007;100:82.  

    29.    Kaplan GW, Bulkey GJ, Grayhack JT. Carcinoma of the male urethra. J Urol. 1967;98:365.  
     30.    Dinney CP, Johnson DE, Swanson DA, et al. Therapy and prognosis for male anterior urethral 

carcinoma: an update. Urology. 1994;43:506.  
     31.    Karnes RJ, Breau RH, Lightner DJ. Surgery for urethral cancer. Urol Clin North Am. 

2010;37:445.  
        32.    Milosevic MF, Warde PR, Banerjee D, et al. Urethral carcinoma in women: results of treatment 

with primary radiotherapy. Radiother Oncol. 2000;56:29.  
      33.    Cohen MS, Triaca V, Billmeyer B, et al. Coordinated chemoradiation therapy with genital 

preservation for the treatment of primary invasive carcinoma of the male urethra. J Urol. 
2008;179:536.  

      34.    Gheiler EL, Tefi lli MV, Tiguert R, et al. Management of primary urethral cancer. Urology. 
1998;52:487.  

      35.    Garden AS, Zagars GK, Delclos L. Primary carcinoma of the female urethra. Results of radia-
tion therapy. Cancer. 1993;71:3102.  

     36.    Clark PE, Agarwal N, Biagioli MC, et al. Bladder cancer. J Natl Compr Canc Netw. 
2013;11:446.  

    37.    Carroll PR, Dixon CM. Surgical anatomy of the male and female urethra. Urol Clin North Am. 
1992;19:339.    

10 Primary Urethral Carcinomas



163© Springer International Publishing Switzerland 2016
L. Pagliaro (ed.), Rare Genitourinary Tumors, 
DOI 10.1007/978-3-319-30046-7_11

        P.  J.   Eifel ,  MD       
  Department of Radiation Oncology ,  The University of Texas MD Anderson Cancer Center , 
  1515 Holcombe Blvd. ,  Houston ,  TX   77030 ,  USA   
 e-mail: peifel@mdanderson.org  

  11      Adenocarcinoma of the Urethra                     

     Patricia     J.     Eifel     

         Epidemiology 

 Primary urethral carcinomas of any histologic type are very rare, constituting 
fewer than 1 % of genitourinary malignancies; from a SEER review for the years 
1973–2002, the estimated annual age-adjusted incidence rates were 4.3 per million 
and 1.5 per million men and women, respectively [ 1 ]. Adenocarcinomas are even 
more rare, accounting for only 15 % of all primary urethral cancers. 

 The racial and gender distributions differ between adenocarcinomas and other sub-
types. The most common histologic subtype of urethral cancer, transitional cell carci-
noma, is much more common in men than women and has a similar incidence in 
African-Americans and Whites. However, in the United States, adenocarcinoma of 
the urethra is predominantly a disease of African-American women who have an 
annual incidence rate of 2.2 per million, approximately ten times the rate observed in 
White women and four times the rate observed in African-American men [ 1 ]. Differing 
racial demographics may explain the apparently lower incidence of female urethral 
cancer in Europe than in the United States [ 2 ,  3 ]; in an epidemiologic study of female 
urethral carcinomas in the Netherlands, the annual incidence of adenocarcinomas was 
only 0.2 per million [ 2 ]. For US women, the incidence of urethral adenocarcinoma 
peaks at about age 50 with a fairly constant incidence up to about age 75.  
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    Pathology and Differential Diagnosis 

  Clear Cell Carcinomas     The most frequently reported subtype of urethral adenocar-
cinoma in women is clear cell carcinoma. Histologically, these cancers are charac-
terized by abundant glycogen-rich clear cytoplasm and hobnail cells that are 
typically arranged in papillary structures although some cancers may have a tubular 
or diffuse architectural pattern [ 4 ]; in some cases, several growth patterns may be 
present in the same tumor [ 5 ]. The morphologic appearance of urethral and bladder 
clear cell carcinoma is virtually identical to that of clear cell carcinomas arising in 
the ovary or endometrium [ 4 ,  6 – 8 ].  

 Data regarding immunophenotyping of urethral clear cell carcinomas are sparse. 
However, clear cell carcinomas of the urethra appear to be similar to ovarian and 
endometrial clear cell carcinomas in that they usually express CA-125, an antigen 
that is expressed by many Müllerian carcinomas (although CA-125 is also expressed 
in a minority of urothelial transitional carcinomas) [ 9 ]. Vang et al. [ 8 ] compared 
tumor marker immunohistochemical expression of two urinary tract clear cell carci-
nomas (one urethral and one bladder) with that of 17 gynecologic clear cell carcino-
mas and found very similar patterns of expression in all of these tumors; nearly all 
(including the two urinary tract cancers) showed expression of CK7, CAM 5.2, 
34βE12, CEA, Leu-M1, bcl-2, p53, and Ca-125, and most were negative for CK 20, 
estrogen receptor, and progesterone receptor. In a study that included ten clear cell 
carcinomas of the bladder, Oliva et al. [ 9 ] also reported a staining pattern similar to 
that of gynecologic clear cell carcinomas. Sun et al. [ 10 ] noted that urinary tract 
clear cell carcinomas tend to be positive for P504S and negative for p63, suggesting 
a non-urothelial origin. Finally, Brimo et al. [ 11 ] reported positive staining for hepa-
tocyte nuclear factor-1β (a marker known to distinguish ovarian clear cell carcino-
mas from other Müllerian subtypes) in 18/18 clear cell carcinomas of the bladder 
and urethra; in contrast, only 1/35 transitional cell carcinomas and 1/21 non-clear 
cell adenocarcinomas expressed this marker. 

 Although more study is needed, the evidence suggests that the histogenesis of 
clear cell carcinomas of the urethra, bladder, ovary, endometrium, and cervix is 
similar. That said, the precise nature and origin of these cancers remains obscure. 
Although Fadare et al. [ 12 ] have reported fi nding potential benign precursor lesions 
with cleared cytoplasm in many endometrial clear cell carcinomas, the origin of 
these putative precursors is uncertain. To cloud the picture further, Sung et al. [ 5 ] 
described two cases of concurrent clear cell carcinoma and urothelial neoplasia (one 
invasive and one in situ); they reported fi nding identical patterns of nonrandom X 
chromosome inactivation in the clear cell and urothelial components, suggesting a 
common clonal origin. 

 In the late 1970s, a sharp increase was noted in the rate of clear cell carcinoma 
of the cervix and vagina in girls and young women; when investigated, nearly all 
of these patients were found to have had in utero exposure to diethylstilbestrol 
(DES), a drug commonly used in the 1950s and 1960s to prevent miscarriage. 

P.J. Eifel



165

There is currently no evidence that any clear cell carcinomas of the urethra have 
been associated with in utero DES exposure. Nearly all of the known cases of 
DES-associated clear cell carcinomas were in women less than 40 years of age, 
while non-DES-related genitourinary clear cell carcinomas almost always occur in 
women over the age of 40. 

 Although, in the past, the term “mesonephric” was sometimes used to describe 
urethral and bladder clear cell carcinomas, these cancers lack the typical features of 
mesonephric (wolffi an) tumors, which generally form small glands and solid masses 
of cells with little or no glycogen [ 4 ]. Although renal cell clear cell carcinomas do 
in rare cases metastasize to the bladder or urethra, the histologic features are suffi -
ciently different from primary clear cell carcinomas of the bladder or urethra that 
they should not be confused [ 8 ,  9 ]. The main differential diagnostic consideration is 
nephrogenic adenoma, a benign metaplastic condition that is usually associated 
with a history of trauma to the urethra [ 13 ]. Nephrogenic adenoma lesions generally 
lack the degree of nuclear pleomorphism characteristic of clear cell carcinoma; they 
also tend to be smaller, often incidental fi ndings and often occur in younger indi-
viduals than typical for clear cell adenocarcinoma [ 4 ,  13 ]. Nephrogenic carcinomas 
also generally are negative for hepatocyte nuclear factor-1β expression [ 11 ]. 

 Clear cell carcinomas are extremely rare in males, with fewer than ten cases 
reported in the literature [ 14 ]. 

  Non-clear Cell Adenocarcinomas     Extremely rare primary urethral adenocarcino-
mas having morphologic and immunohistochemical characteristics of colon carci-
noma have been reported in males and females [ 15 ,  16 ]. It is thought that some of 
these may arise in areas of intestinal-type metaplasia of urinary tract epithelium 
[ 16 ]. More commonly seen (though still extremely rare) are colonic-type adenocar-
cinomas originating in the periurethral vagina or soft tissue, which may obstruct or 
secondarily involve the urethra [ 17 – 19 ]. Other very rare adenocarcinomas that have 
been reported to arise in the urethra include high-grade serous carcinoma [ 20 ], 
endometrioid adenocarcinoma [ 21 ], signet ring cell adenocarcinoma [ 22 ], and 
glassy cell carcinoma [ 23 ].  

  Secondary Involvement of the Urethra by Adenocarcinoma     Adenocarcinomas of 
the vagina [ 24 ] or prostate can obstruct or secondarily involve the urethra. 
Adenocarcinomas can also, rarely, metastasize to the urethra from other sites [ 25 ].   

    Presenting Signs and Symptoms of Urethral Carcinoma 

 The most common presenting symptom is gross hematuria. However, patients with 
urethral adenocarcinomas may also present with dysuria, urgency, frequency, incon-
tinence, or urethral obstruction [ 4 ,  6 ,  26 ,  27 ]. These symptoms may be associated 
with or confused with urinary tract infection. Tumors that arise in diverticula may 
achieve considerable size before producing symptoms of obstruction.  
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    Anatomy and Natural History 

 Urethral adenocarcinomas are frequently found to be arising in urethral diverticula 
[ 4 ,  28 ,  29 ]. Although the exact proportion of cancers presenting with this feature is 
uncertain, there are many descriptions of the association in the literature. The pre-
cise nature of this relationship is unclear. Although most urethral diverticula are 
benign, a study of diverticula from 90 female patients revealed invasive adenocarci-
noma in 5 (6 %), high-grade dysplasia in 3, villous adenoma in 1, intestinal metapla-
sia in 5, and nephrogenic adenoma in 10 [ 30 ]. 

 Urethral cancers may extend proximally to involve the base of the bladder. In 
females, they can invade locally to involve paraurethral tissues including the vagina 
or vulva and may become fi xed to pubic bone. 

 Adenocarcinomas frequently metastasize to lymph nodes. In general, tumors of 
the distal urethra in both females and males drain preferentially to the inguinal 
lymph nodes, while cancers involving the proximal urethra metastasize to the inter-
nal iliac, external iliac, or even presacral nodes. 

 Distant metastases can occur, most frequently to the lung but also to the bone, 
liver, supradiaphragmatic nodes, or other sites.  

    Diagnostic Evaluation and Staging 

 Because clear cell carcinomas may arise in the vagina, cervix, uterus, or ovaries, 
evaluation of women should include pelvic examination, including careful inspec-
tion of the external genitalia and urethral meatus; speculum examination of the 
vagina should be performed in a way that permits visualization of the entire vaginal 
mucosa and (if present) cervix; digital examination of the vagina and rectovaginal 
examination should also be performed. In men, the external genitalia should be 
palpated for evidence of nodularity or induration. In some cases, examination under 
anesthesia may be warranted to achieve a high-quality examination. The inguinal 
regions should also be palpated for evidence of lymphadenopathy. 

 Any patient suspected of having a urethral carcinoma should have a urethrocys-
toscopy with detailed description of the site and extent of tumor involvement and 
biopsy of any suspicious lesions. Voided urine cytology is an unreliable method of 
diagnosing invasive lesions [ 31 ]. 

 For the evaluation of the extent of local tumor in the urethra and periurethral tis-
sues, magnetic resonance imaging (MRI) is generally superior to computed tomog-
raphy [ 32 ,  33 ]. A high-quality MRI study can provide important information about 
the size and location of tumor and about the extent of paraurethral tissue infi ltration. 
However, the quality of the study is dependent on optimal preparation of the patient 
and the method of image acquisition. MRI also may not detect areas of superfi cial 
mucosal extension, particularly in the vagina. CT or MRI can provide valuable 
information about possible regional lymph node involvement; however, because the 
diagnostic criteria for nodal involvement by tumor are based primarily on tumor 
size, the accuracy of these studies is only modest, particularly in the groin where 
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infl ammatory responses frequently cause benign enlargement. For groin nodes, 
ultrasound, sometimes accompanied by fi ne-needle aspiration biopsy, is a very 
accurate method for the detection of lymph node involvement. Few data are avail-
able about the value of FDG-PET in the management of urethral adenocarcinoma. 

 Cancers are usually staged using a TNM staging system designated by the 
American Joint Committee on Cancer (Table  11.1 ).

       Treatment 

 Because most reports either include fewer than fi ve cases, depend on pooled data 
lacking treatment-related details [ 6 ], or span many years [ 34 – 36 ], it is extremely 
diffi cult to draw meaningful conclusions about the relative benefi ts of different 
treatments. In four of the largest experiences, the Mayo Clinic had only 14 cases 
of urethral adenocarcinoma treated with primary surgery over 51 years (1948–
1999) [ 34 ]; Garden et al. reported 34 cases treated at MD Anderson in 34 years 
(1955–1989) [ 35 ], Grigsby et al. reported 13 cases treated in 36 years at 
Washington University [ 27 ], and Princess Margaret Hospital had 6 cases treated 
over a 30-year period [ 36 ]. Because these experiences span many years of evolv-
ing radiation therapy technique, surgical practice, and chemotherapy recommen-
dations, there tend to be almost as many treatment approaches used as there are 
patients treated. 

 However, several conclusions may be drawn from available data. Outcome seems 
to depend greatly on the ability to achieve local disease control. In the surgical 
series reported by DeMarco et al. [ 34 ], 7 of 14 patients treated with initial surgery 
recurred in the pelvis; the 5-year cause-specifi c survival rate for the series was 47 %, 
suggesting that local recurrence played a role in most disease-related deaths. 
Similarly, in a series of 97 urethral carcinomas treated with radiation [ 35 ], approxi-
mately two-thirds of treatment failures had a component of local recurrence; 
although recurrence patterns were not detailed for different histologic types, the 
results were said to be similar for the squamous and adenocarcinomas that made up 
most of the cases in this series. 

 Both radiation and primary surgery have been recommended to treat primary 
urethral carcinomas. However, the effectiveness of these treatments is diffi cult to 
compare, in part because surgery (usually radical cystourethrectomy) has tended to 

   Table 11.1    American Joint Committee on Cancer (AJCC) staging of urethral cancer   

 Stage 0  Limited to the mucosa 

 Stage I  Tumor invades subepithelial connective tissue (T1); nodes negative (N0) 

 Stage II  Tumor invades corpus spongiosum, prostate, or periurethral muscle (T2); nodes 
negative (N0) 

 Stage III  Tumor invades corpus cavernosum, beyond the prostatic capsule, anterior vagina 
or bladder neck (T3); or metastasis to a single lymph node ≤2 cm in diameter (N1) 

 Stage IV  Tumor invades other adjacent organs (T4); or metastasis in one node ≥2 cm or 
multiple nodes (N2); or distant metastases (M1) 
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be used to treat smaller cancers, while radiation therapy is often recommended for 
large, unresectable cancers. 

 Retrospective studies of urethral cancer suggest that surgical treatment is most 
successful for early lesions. Overall, for patients treated with anterior exenteration 
for locally advanced disease, local recurrence rates are about 67 % and survival rates 
<20 % [ 37 ]. DiMarco et al. reported an overall 5-year relapse-free survival rate of 
73 % for patients with T1–T2 cancers but only 36 % for T3–4 cancers and 15 % for 
N1–2 cancers treated with primary surgery. The results of surgery were about the 
same for patients treated throughout the study period from 1948 to 1999. Only 14 of 
the 54 patients included in the study by Dimarco et al. had adenocarcinomas; how-
ever, the overall relapse-free and disease-specifi c survival rates were similar for 
adenocarcinomas, squamous, and transitional cell carcinomas. 

 When early stage tumors are treated with radiation therapy, local control rates 
appear to be 80–90 % and most patients retain bladder function [ 27 ,  35 ,  38 ]; how-
ever, the number of reported cases (particularly adenocarcinomas) is very low. Even 
advanced cancers can often be cured with radiation alone. Although most of the 97 
women reported by Garden et al. [ 35 ] appear to have had stage III or IV disease, the 
5-year and 10-year disease-specifi c survival rates after primary treatment with radi-
ation were 49 % and 45 %, respectively. Histologic type was not found to be a pre-
dictor of outcome. Milosevic et al. [ 36 ] reported no correlation between histologic 
type and outcome, although their series included only six adenocarcinomas. 
Although most authors have reported similar outcomes for adenocarcinomas as for 
other histologies, Grigsby et al. [ 27 ] found adenocarcinoma to be a poor prognostic 
factor for women with urethral cancer. All of these studies are severely limited by 
the outdated techniques used to treat with radiation. Few if any of the reported cases 
were treated with the modern, image-based conformal radiation therapy techniques 
that, when expertly applied, can improve the accuracy, conformality, and homoge-
neity of external beam treatments. Clinicians are increasingly exploring the use of 
concurrent chemotherapy for gynecologic cancers (including clear cell carcinomas) 
treated with defi nitive radiation therapy, and a few investigators have reported using 
this approach for urethral cancers [ 39 ,  40 ], but very few data are available to guide 
the use of such treatment for urethral adenocarcinoma. 

 Some clinicians have also explored the use of neoadjuvant chemotherapy before 
surgical resection of urethral carcinomas with encouraging results [ 37 ,  41 ]. 
However, the number of adenocarcinomas treated in this way is small. Clear cell 
carcinomas of the ovary are known to respond more poorly to chemotherapy than 
Müllerian carcinomas of other types [ 42 ], but the relevance of this fi nding to clear 
cell carcinomas of the urethra is uncertain. However, some urethral adenocarcino-
mas do respond to cisplatin-based chemotherapy (Fig.  11.1 ). Hong et al. reported a 
median time to progression of 8 months for advanced and recurrent urethral adeno-
carcinomas treated with chemotherapy; they reported one complete response in a 
patient treated with cisplatin and 5-fl uouracil and 4 partial responses in 14 patients 
treated with various chemotherapy regimens. At least one complete clinical response 
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to ifosfamide, carboplatin, and paclitaxel has been reported in a patient with colonic- 
type carcinoma [ 16 ], but data are extremely sparse for this subtype.

   The prognosis of recurrent urethral adenocarcinoma is poor, but local recur-
rences are occasionally salvaged with pelvic exenteration [ 34 ] or radiation therapy 
(Fig.  11.2 ).

a b

c d

  Fig. 11.1    A large T3N0M0 clear cell carcinoma of the urethra in a 60-year-old African-American 
woman with a past history of a resected urethral diverticulum. The patient presented with acute 
urinary retention after a several-month history of a weak urine stream. MRI ( a ) showed a 4.5 × 6 cm 
urethral mass that abutted but did not infi ltrate the vaginal wall. She initially received neoadjuvant 
chemotherapy with cisplatin, paclitaxel, and methotrexate; this was changed to methotrexate, vin-
blastine, doxorubicin, and cisplatin because of paclitaxel-related neuropathy. After 14 weeks of 
chemotherapy, her MRI demonstrated an excellent partial response ( c ) and she was referred for 
radiation therapy. The primary site and inguinal and iliac lymph nodes were treated using intensity- 
modulated radiation therapy (IMRT) ( d ); she also received concurrent weekly cisplatin. At 
4.5 years she has no evidence of disease and normal urinary function       
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  12      Primary Urethral Melanoma                     

     Austen     Slade      ,     Michael     Tetzlaff      ,     Van     Anh     Trinh      , 
    Wen- Jen     Hwu      , and     Curtis     A.     Pettaway     

          Background 

 Urethral melanomas are an exceedingly rare malignancy. A recent review of col-
lected patient information over the past 40 years yielded approximately 150 cases 
[ 1 ]. Most of what is known is derived from case reports, with the largest single 
series to date consisting of only 15 patients [ 2 ]. Urethral melanoma arises on a 
mucosal surface and shares many characteristics with mucosal melanomas at other 
sites. The overall prognosis tends to be worse when compared to cutaneous mela-
noma [ 3 ]. The difference in prognosis is believed to be multifactorial including 
delay in presentation or diagnosis, inadequate margins from surgical removal due to 
anatomic constraints or procedure choice, and the rich lymphatic and vascular sup-
ply to the urethra which may aid in early metastatic dissemination [ 4 ,  5 ]. It is impor-
tant to note that these differences are likely not attributable to the intrinsic biology 
of urethral melanoma but rather its presentation at a higher stage. We expect that 
urethral and mucosal melanomas behave similarly when compared at similar stages 
of presentation. 
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 In females, melanomas comprise 5 % of all urethral malignancies with an inci-
dence of roughly 1.5 per million [ 3 ]. Melanoma of the urethra is three times more 
common in women than in men; the overall incidence in both men and women is 
less than 1.5 per million [ 1 ,  2 ]. When considering all melanomas, mucosal mela-
noma represents less than 1 % [ 1 – 3 ]. Approximately 50 % of mucosal melanomas 
arise from the head and neck region, 25 % begin in the anorectal region and 20 % in 
the female genital tract [ 6 ]. The rarity of melanoma in the urethra is likely to be at 
least partially attributed to the embryologic origins of the urethra, which arises from 
endoderm, compared to the ectodermal origins of the skin that give rise to cutaneous 
melanomas [ 1 ]. Among females, the higher concentration of melanocytes in the 
area of the vulvar mucosa may in part explain why melanoma is more common in 
females than males [ 1 ].  

    Etiology 

 Little is known about the etiology of urethral melanomas. The relative rarity of ure-
thral melanoma makes identifying the risk factors for the disease all the more chal-
lenging [ 7 ]. In contrast to its cutaneous counterpart, sun exposure is not a risk factor 
for urethral melanoma [ 3 ]. Aside from there being a higher occurrence in women, 
urethral melanomas also predominately occur in the white race [ 7 ]. Interestingly, 
BRAF, a serine/threonine kinase which has been shown to be mutated in 66 % of 
cutaneous malignant melanomas, is rarely mutated in mucosal and urethral melano-
mas [ 7 ,  8 ]. Conversely, c-KIT, a tyrosine kinase mutated in only 5 % of cutaneous 
melanomas, has a mutation rate of 15–20 % in mucosal melanomas and has emerged 
as a rational target for systemic therapies [ 9 ].  

    Presentation, Natural History, and Survival 

 The most common symptom leading to presentation is a urethral mass [ 1 ,  3 ]. Other 
symptoms include dysuria, local bleeding, hematuria, incontinence, and pain 
(Table  12.1 ) [ 1 ,  3 ,  4 ,  9 ]. As previously stated, patients often present with advanced 
disease [ 1 ,  3 ]. Indeed, one study found the mean delay from onset of symptoms to 
presentation to be 2 years [ 2 ]. This delay likely contributes to the fact that 50 % of 
patients have metastases at diagnosis [ 1 ] and have a mean thickness of melanoma at 
presentation of 7.1 mm which correlates with advanced stage (i.e., stage T4), metas-
tases, and decreased survival [ 3 ,  10 ]. Common sites of metastasis in decreasing 
frequency include inguinal lymph nodes, lungs, central nervous system, and bones 
[ 1 ,  2 ]. Tumor sizes generally range from 0.8 to 6.0 cm with a mean size of 2.6 cm 
in the largest dimension [ 2 ]. The most common location of urethral melanomas in 
both males and females is at the meatus followed by the distal urethra [ 1 – 4 ,  11 ]. 

 Late presentation has an adverse effect on survival; most patients do not survive 
beyond 3 years [ 2 ]. One study of 11 female patients found the overall and disease- 
specifi c survival at 3 years to be 27 % and 38 %, respectively [ 4 ]. A large review that 
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included case reports of 112 female patients found the 5-year survival to be 10 % 
[ 3 ]. The reported median survival varies between around 1.5–2 years. El-Safadi 
et al. reported a median survival of 25.6 months, with only 12 patients alive beyond 
4 years [ 1 ]. 

 Average recurrence-free interval among all urethral melanoma patients has been 
estimated to be around 12.5 months [ 1 ]. Little is known about prognostic factors 
that predict survival; however, similar to its cutaneous counterpart, tumor thickness 
has been shown to infl uence prognosis [ 1 ]. Tumor thickness less than 2 mm is asso-
ciated with better survival [ 2 ]. Unfortunately due to the prominent vertical growth 
phase found in most urethral melanoma, thickness >2 mm is more the rule than the 
exception [ 2 ]. Up to 71 % of patients with urethral melanoma will recur after initial 
surgery, and when they do, El-Safadi et al. found 55 % recur locally and 28 % recur 
as metastases in the inguinal lymph nodes, 38 % in the lungs, and 6 % in the bones 
[ 1 ,  11 ]. The same study also showed that surgical treatment of recurrence positively 
infl uenced survival and should be performed in eligible patients [ 1 ].

       Tumor Characteristics and Pathologic Features 

 One of the challenges of diagnosing urethral melanomas is up to 25% are amela-
notic and, thus, do not always share the hyper-pigment features typical of cutane-
ous melanoma [ 3 ]. Even when pigmentation is evident, there are also benign 
pigmented skin and mucosal lesions that may appear in the urethra that should be 
considered in evaluating a pigmented urethral lesion. These include genital len-
tiginosis, atypical lentiginous melanocytic hyperplasia, and melanocytic nevi of 
the genital type [ 2 ]. Of note, a diagnosis of atypical melanocytic hyperplasia/
proliferation should be pursued in the context of the clinical presentation. In par-
ticular, if the biopsy represents a small portion of a larger pigmented lesion, addi-
tional biopsies or a complete excision should be considered to exclude melanoma. 
Furthermore, urethral melanomas only rarely arise in association with a preexist-
ing nevus [ 2 ]. Urethral melanomas are frequently polypoid in appearance, leading 
to confusion with urethral polyps, caruncles, mucosal prolapse, or other tumors, 
including urothelial carcinoma [ 2 ]. 

 Urethral melanomas often exhibit an intraepithelial pattern of growth reminis-
cent of that seen in acral lentiginous melanomas [ 12 ]. Namely, the epithelium often 
exhibits variable hyperplasia (Fig  12.1a ). Within this hyperplastic epithelium, 
there is a contiguous proliferation of mostly single and occasionally nested mela-
nocytes along the basilar epithelium. At its apex, these melanocytes can entirely 
replace the basilar epithelium. Upward pagetoid migration is frequently seen 

   Table 12.1    Common presenting symptoms in males versus females   

 Males  Females 

 Palpable tumor, hematuria, bleeding, dysuria, 
obstruction, urethral pain, and incontinence 

 Hematuria, obstruction, spraying urinary 
stream, dysuria, and pain 
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(Fig.  12.1b–f ). The melanocytes typically exhibit prominent cytologic atypia 
including increased amphophilic cytoplasm and enlarged, irregular nuclei with 
prominent nucleoli. Two features of in situ urethral melanomas merit particular 
emphasis. First, frozen section evaluation can be challenging because the diagnos-
tic features which are readily identifi ed following formalin fi xation and paraffi n 
embedding are typically not apparent on frozen section slides (Fig.  12.1.  g–i ). 
Second, peripheral aspects of in situ mucosal melanomas may exhibit more subtle 
features than that seen toward the center of the lesion [ 13 ,  14 ]. These features 
emphasize the importance of avoiding frozen section analysis for marginal assess-
ment as well as the need to perform multiple mucosal biopsies for accurate diagno-
sis and effective transparent communication with the pathologist regarding clinical 
features (e.g., size, color, borders).

a b c

d e f

g h i

  Fig. 12.1    Histopathologic features of urethral melanoma. ( a ) Low-power examination reveals 
urethral mucosa and subjacent rich vascular tissue (H&E, 4×). ( b ,  c ) There is a disorganized, con-
tinuous proliferation of single and nested melanocytes replacing the basilar epithelium ( c ) with 
focal areas of upward pagetoid migration ( arrows ; H&E, 100×). ( d ,  e ) Invasive melanoma consist-
ing of atypical epithelioid melanocytes infi ltrating the submucosa (H  c : 100×,  d : 200×). ( b ) 
Lymphovascular invasion by tumor cells. ( g ) Frozen section evaluation of urethral margin en face 
reveals only rare atypical epithelioid cells diffi cult to distinguish from surrounding epithelial cells 
( arrows ; H&E, 100×). ( h ) Permanent section of same urethral melanoma margin reveals conspicu-
ous melanoma in situ (H&E, 100×). ( i ) An immunohistochemical study on the same specimen 
using an anti-melanocytic cocktail (HMB45 and anti-tyrosinase) highlights the confl uent intraepi-
thelial proliferation of single and nested melanocytes along the basilar epithelium and confi rms the 
diagnosis of melanoma in situ at the en face urethral margin (100×)       
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   Most invasive urethral melanomas display a vertical growth phase and may also 
have a prominent nodular architecture [ 2 ]. The invasive component may exhibit a 
wide histologic spectrum including diffuse, nested, fascicular, or storiform prolif-
erations of usually markedly pleomorphic variably epithelioid and/or spindled 
tumor cells [ 2 ,  15 ]. In our experience, examination of mucosal melanoma resection 
specimens often reveals an associated lichenoid lymphohistiocytic infl ammatory 
infi ltrate, and the tendency for lymphohistiocytic exocytosis into the overlying 
squamous mucosa is an important mimic and pitfall, necessitating immunohisto-
chemical characterization to exclude a melanocytic proliferation—especially when 
evaluating en face margins. 

 The histopathologic differential diagnosis most often confronted in mucosal sites 
is urothelial carcinoma. This is particularly true when lesions are either poorly dif-
ferentiated with a solid growth pattern if there is papillary architecture (or a pseudo-
papillary pattern) and the cells are devoid of melanin [ 2 ]. Urethral melanoma may 
also resemble a small cell carcinoma although this would most likely have origi-
nated in the bladder or prostate with secondary involvement into the urethra [ 16 ]. 
A variety of immunohistochemical stains are available to confi rm melanocytic 
 differentiation including antibodies for S-100, Sox-10, HMB-45, and melan 
A. Together with cytokeratins and GATA-3, these stains may be necessary for 
 distinguishing among cancer types [ 17 ].  

    Evaluation 

    Primary Urethral Tumor in Males and Females 

 It is critical to establish whether the urethral site represents the primary tumor or a 
metastasis from another site such as the bladder or regional spread from the vulva 
or vagina. As such, a thorough examination is essential for establishing the origin of 
the neoplasm and guiding subsequent treatment [ 2 ]. Many of the presenting symp-
toms such as hematuria and dysuria can be nonspecifi c, making a thorough initial 
evaluation all the more important. 

 Borrowing from the experience of patients with urethral carcinoma, the recom-
mended process of evaluation in both males and females begins with a genital 
examination, seeking to identify protruding lesions or masses. A careful examina-
tion of the inguinal lymph nodes should follow, as clinical involvement carries 
important prognostic and therapeutic implications. Next, patients must undergo cys-
tourethroscopy with biopsy of random sites along the urethra and bladder to map the 
extent of disease. Additionally, any other pigmented lesions in the area should also 
be biopsied to determine their histology and potential relationship to the index mel-
anoma lesion. An exam under anesthesia in order to defi ne the local extent of dis-
ease is an important part of the examination to determine the size of the lesion as 
well as involvement of surrounding structures [ 18 ]. Cross-sectional imaging of the 
pelvis and urethra with MRI is particularly useful in defi ning soft tissue anatomy 
and locoregional extent of disease at diagnosis [ 18 ].  
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    Evaluation of Inguinal Region, Pelvis, and Distant Sites 

    Inguinal Palpation 
 Understanding the patterns of urethral lymphatic drainage plays an integral role in 
evaluating lymph node status. In males, preprostatic, prostatic, and membranous 
urethras correspond to lymphatic drainage of the prostate, which drains into pelvic 
lymph nodes associated with the iliac vessels and obturator fossa. Distally, the 
penile urethra and glans drain into the inguinal and subinguinal lymph nodes [ 9 , 
 19 ]. In females, the proximal two thirds of the urethra drains to internal iliac (hypo-
gastric) lymph nodes, whereas the distal one third drains to inguinal and subinguinal 
lymph nodes [ 20 ]. Given the extent of urethral lymphatic drainage depending on 
tumor location, inguinal palpation may detect some but not all involved nodes 
requiring additional techniques for complete evaluation.  

    Dynamic Sentinel Lymph Node Biopsy 
 The role of dynamic sentinel lymph node biopsy (DSNB) in the evaluation of ure-
thral melanoma remains a controversial and largely unexplored topic. Unlike cuta-
neous melanoma where DSNB is recommended in all lesions >1 mm and selected 
pT1 lesions (lesions <1 mm with high-risk histopathologic features, including those 
with thickness >0.75, ulceration, mitotic fi gures, extensive regression, and thin 
lesions that are transected at the biopsy base), defi nite guidelines for the recom-
mended use of DSNB sampling in urethral melanoma are lacking [ 21 ,  22 ]. Several 
studies and case reports have identifi ed patients who underwent DSNB, but it was 
unclear if the information generated by DSNB improved the prognosis or enhanced 
survival [ 3 ,  4 ,  11 ,  23 ]. Currently, several authors believe that DSNB is technically 
feasible for urethral melanoma, may improve staging of the disease, and is preferred 
to inguinal lymph node dissection to limit morbidity [ 3 ,  11 ]. DSNB is known to 
improve survival in penile carcinoma over surveillance among patients with clini-
cally negative nodes. Therefore, it is reasonable but as yet unproven to expect simi-
lar results in urethral melanoma [ 4 ,  24 ].  

    Ultrasound 
 The use of ultrasound for detecting lymph node involvement in cutaneous mela-
noma patients has been shown to have a sensitivity and specifi city of 20–34 % and 
87–90 %, respectively, and 4.7 % and 100 %, respectively, when combined with 
fi ne-needle aspiration [ 25 ,  26 ]. Although ultrasound can be used to identify involved 
lymph nodes, thus avoiding costlier and more invasive DSNB, its poor sensitivity 
limits its routine use. Therefore, ultrasound and biopsy of suspicious inguinal nodes 
are of benefi t when metastases are discovered but negative results do not preclude 
DSNB. While the use of ultrasound in patients with urethral melanoma has yet to be 
studied, it likely shares a limited role as seen in cutaneous melanoma.  

    CT or CT/PET 
 Imaging with CT and PET and brain MRI are recommended prior to surgical man-
agement and allow for more accurate staging [ 3 ,  18 ]. Given the often-delayed 
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presentation of urethral melanomas, these imaging modalities allow for the evalua-
tion of potential occult metastatic lesions in regional or distant nodal sites, lung, 
bone, and brain.    

    Staging 

 Whereas the prognosis of cutaneous melanoma is based largely on tumor thickness 
together with the presence of ulceration (for all lesions) or dermal mitotic fi gures 
(for pT1 lesions only), studies in urethral melanoma report confl icting information 
over its utility; however, the largest study to date shows thickness can be a prognos-
tic factor [ 1 – 3 ,  27 ]. Improvement in survival has been noted for tumor thickness 
<2.0 mm, but these superfi cial tumors are rare in the urethra (mean thickness 
7.1 mm) [ 2 – 4 ]. Nevertheless, we recommend application of the cutaneous staging 
system for the present time because of its superior ability to predict prognosis [ 10 ]. 
It is clear that a national registry of collected cases would be of tremendous value in 
determining the optimal staging method for this rare tumor (Table  12.2 ).

       Treatment 

 With no established criteria on the surgical management of urethral melanoma, 
patients have undergone a wide variety of procedures with little data on their sur-
vival benefi t. Margins of 2–2.5 cm are generally agreed upon in the literature to 
establish local control [ 3 ,  4 ]. Achieving adequate margins often requires extensive 
procedures in both males and females but remains an important step as failure to do 
so may result in up to 70 % rate of local recurrence [ 3 ]. While determining the pres-
ence of melanoma in situ at surgical resection margins is unreliable by frozen sec-
tion, assessing the margin to rule out invasive melanoma is feasible and can allow 
the surgeon to remove additional tissue as needed. 

    Treatment of Primary Tumor 

    Surgical Management of the Primary Tumor in Males 
 Of the 50 procedures in males reported by El-Safadi et al. [ 1 ], 21 (42 %) underwent 
penectomy, 17 (34 %) partial penectomy, 7 (14 %) prostatectomy, and 6 (12 %) cys-
tectomy with a median overall survival of 23.1 months. In a review by Papes et al. 
[ 9 ] among 14 patients with distal urethral melanoma who survived for 5 years, the 
median tumor thickness was 2 mm. These patients were treated with organ-sparing 
approaches including urethrectomy, partial urethrectomy, or partial penectomy with 
established local control; however, lesions >2 mm, which are more common, require 
more aggressive management [ 9 ,  23 ]. Although one study showed no survival ben-
efi t in radical procedures (i.e., anterior pelvic exenteration) versus less radical (local 
excision, partial or total urethrectomy), achieving adequate margins often requires a 
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more radical approach as in the case of melanomas located in the proximal penile, 
bulbar, or prostatic urethra [ 9 ,  23 ]. Figure  12.2  outlines a suggested surgical man-
agement of melanoma involving the male urethra. In the latter scenarios where 
debilitating surgery is considered to achieve negative margins, systemic therapy 
should also be considered as an initial approach. This is especially true where clini-
cal trial participation is available (see discussion on systemic therapy).

       Surgical Management of the Primary Tumor in Females 
 Among the 56 procedures in females reported by El-Safadi et al., 27 (48 %) under-
went excision and total urethrectomy and 21 (38 %) received partial urethrectomy, 
14 (25 %) cystectomy, and 12 (21 %) vulvectomy with median overall of 28.6 months 
[ 1 ]. In general, wide local excisions have shown similar results as more radical 
approaches while having decreased morbidities [ 3 ]. One study found that none of 

   Table 12.2    Cutaneous melanoma TNM classifi cation system [ 12 ,  34 ]   

 T classifi cation 

 Thickness  Ulceration status 

 T1  ≤1.0 mm  (a) Without ulceration and level II/III 

 (b) With ulceration or level IV/V 

 T2  1.01–2.0 mm  (a) Without ulceration 

 (b) With ulceration 

 T3  2. 01–4.0 mm  (a) Without ulceration 

 (b) With ulceration 

 T4  >4.0 mm  (a) Without ulceration 

 (b) With ulceration 

 N classifi cation 

 No. of metastatic nodes  Nodal metastatic mass 

 N1  One node  (a) Micrometastasis 

 (b) Macrometastasis 

 N2  Two to three nodes  (a) Micrometastasis 

 (b) Macrometastasis 

 N3  Four or more metastatic nodes 
or matted nodes or in-transit 
metastases/satellite(s) with 
metastatic node(s) 

 (a) Micrometastasis 

 (b) Macrometastasis 

 (c) In-transit metastases/satellite(s) 
without metastatic nodes 

 M classifi cation 

 Site  Serum LDH 

 M1a  Distant skin, subcutaneous 
tissue, or nodal metastases 

 Normal 

 M1b  Lung metastases  Normal 

 M1c  All other visceral metastases  Normal 

 Any distant metastasis  Elevated 
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the female patients who underwent partial urethrectomy experienced recurrence in 
the bladder, suggesting cystectomy may not be necessary [ 2 ,  4 ]. Rather than cystec-
tomy, when indicated, DiMarco et al. proposed radical urethrectomy with bladder 
preservation and a continent catheterizable stoma as a more appropriate option [ 4 ]. 
The proposed procedure would include excision of the bladder neck, periurethral 
tissues, anterior vagina, and labia to achieve a negative surgical margin [ 4 ]. 

 In some women, depending on the location within the urethra, cystourethrec-
tomy and lymph node dissection or pelvic exenteration may be necessary to achieve 
adequate margins. However, if initial bladder neck biopsies performed at the time of 
disease assessment are free of tumor, we prefer to attempt to preserve the bladder 
and will assess the bladder neck margin at surgery using frozen section. In this set-
ting, the margin is assessed for invasive melanoma only since melanoma in situ is 
not effi caciously addressed at frozen section (see tumor characteristics and patho-
logic features). If the fi ndings at frozen section are not suspicious for invasive mela-
noma, the bladder will be spared. If the margin is suspicious at surgery, we will 
remove the bladder or take a second wide margin if feasible. Radical procedures are 
contraindicated when inguinal metastases are present or with large tumors found be 
to invading adjacent organs given the poor prognosis for such patients [ 3 ]. In this 
setting (as in male patients with advanced melanoma), we recommend neoadjuvant 
systemic therapy preferably in the context of a clinical trial as an initial approach. 
Figure  12.3  is a suggested approach for surgical management of the primary tumor.

       Radiation Management of Primary Tumor 
 The role of radiation-based treatments is unknown as its use is limited to a few iso-
lated cases with little known about the tumor thickness or stage of disease prior to 
treatment [ 2 ]. The data available so far has found radiation to be an ineffective pri-
mary treatment method [ 3 ,  4 ]. Although postoperative adjuvant radiation has been 
found to reduce local recurrence in desmoplastic subtype of cutaneous melanoma, 
its benefi t in urethral melanoma has yet to be shown [ 2 ,  28 ].   

Consider glans
preserving partial
penectomy/distal
urethrectomy   

Partial
penectomy 

Consider
urethrectomy or
partial penectomy  

Penectomy with
urethrectomy
and perineal
urethrostomy   

En bloc penectomy,
total urethrectomy
with anterior
exenteration   

Male urethra

Fossa navicularis Penile Posterior+

2 mm*          >2 mm* 2 mm*               >2 mm*≤ ≤

  Fig. 12.2    Surgical management of male urethral melanoma (Adapted from Sanchez-Ortiz et al.) 
* Tumor thickness.  +  Includes bulbar, prostatomembranous urethra. For lesions <2mm, total ure-
threctomy with en bloc prostatectomy sparing the bladder and penis may be considered       
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    Treatment of the Inguinal Nodes 

    Surgical Management 
 Prophylactic lymph node dissection is not recommended in patients with clinically 
negative nodes [ 29 ]. DSNB has signifi cantly affected the management of clinically 
node-negative patients with cutaneous melanoma where the survival among patients 
with microscopic lymph node metastases found subsequent to DSNB is superior to 
patients with clinically discovered lymph node metastases [ 10 ]. In addition, DSNB 
in clinically node-negative penile cancer has been shown to have a disease-specifi c 
3-year survival advantage of 91 % over 79 % for surveillance [ 22 ]. Some authors 
have suggested that such a benefi t could also be realized in urethral melanoma and 
have recommended DSNB as a procedure to stage the inguinal region in all patients 
with invasive urethral melanoma [ 4 ,  11 ]. 

 In patients with palpable inguinal nodes, the decision to perform inguinal versus 
ilioinguinal lymph node dissection is a common dilemma. For cutaneous melanoma 
patients with suspected inguinal metastases, guidelines from the United Kingdom 
(UK) recommend inguinal dissection if there is a single clinically involved inguinal 
or femoral triangle node or a single positive superfi cial inguinal sentinel node [ 30 ]. 
According to the same guidelines, ilioinguinal dissection is recommended if there is 
more than one palpable metastatic inguinal node, radiological evidence of more 
than one metastatic inguinal node or at least one pelvic node metastasis, a conglom-
erate of inguinal metastatic nodes, or involvement of Cloquet’s node [ 30 ]. 

 Some have argued palpable inguinal nodes are commonly associated with pelvic 
nodal metastasis. Therefore, given the poor prediction of nodal involvement by CT, 
ilioinguinal dissection should be offered to these patients [ 31 ]. One study found the 

In situ Invasive <2 mm ≥2 mm In situ <2 mm ≥2 mm

Wide local 
excision to 
achieve negative
margin

Total 
urethrectomy

excision 
portion of 
vaginal wall

Total 
urethrectomy 
with excision of 
vaginal wall

Total 
urethrectomy

radical 
cystectomy with 
excision of 
vaginal wall  

Total 
urethrectomy
with excision of 
portion of 
vaginal wall

Female urethra

Urethral meatus/distal third Proximal 

Total 
urethrectomy

  Fig. 12.3    Surgical management of female urethral melanoma       
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5-year overall survival to be just 12 % in patients with palpable inguinal nodes that 
underwent ilioinguinal dissection, making the case that these dissections should be 
reserved for patients with radiologic evidence of pelvic involvement [ 32 ]. Routine 
ilioinguinal dissections would also lead to a substantial number of patients with no 
pelvic nodal involvement undergoing this more invasive procedure, which carries a 
higher morbidity versus inguinal dissection alone [ 32 ]. 

 More recently, another study from the United Kingdom found that among 
patients presenting with palpable adenopathy, the 5-year survival in patients with 
cutaneous melanoma metastasis in the inguinal nodes alone was 51 and 28 % when 
both inguinal and pelvic nodes were involved [ 33 ]. Of note, the sensitivity of CT 
scan was only 57 %. Thus, this study provides evidence that prophylactic pelvic dis-
section may be worthwhile in patients with palpable inguinal adenopathy. Pelvic 
dissection provides important prognostic information, and with recent advances in 
systemic therapy, survival in the future may improve. Given these fi ndings, we sug-
gest that it is reasonable to offer pelvic dissection in patients with palpable inguinal 
adenopathy from urethral melanoma.    

    Treatment of Advanced Disease 

 The rarity of urethral and/or mucosal melanoma makes the performance of prospec-
tive randomized trials to assess treatment effects in patients with these melanoma 
subtypes challenging. Guidelines directing the decision to offer systemic treatment 
to patients with advanced mucosal melanoma are mostly extrapolated from the 
experience of the management of cutaneous melanoma, factoring in the limited data 
from a few retrospective or non-randomized studies in small groups of patients with 
mucosal histology. 

    Resected High-Risk Disease 

 The standard-of-care adjuvant options in patients with resected high-risk cutaneous 
melanoma included high-dose interferon alfa-2b (HDI) or pegylated interferon alfa-
 2b (PEG-IFN). Recently, adjuvant ipilimumab, an anti-cytotoxic T-lymphocyte 
antigen 4 (CTLA-4) monoclonal antibody, has demonstrated a relapse-free survival 
(RFS) advantage when compared with observation [ 35 ]. However, none of these 
adjuvant trials enrolled patients with mucosal melanoma [ 35 – 37 ]. 

 At present, information on the effi cacy of adjuvant therapy in patients with 
mucosal melanoma is confi ned to a randomized phase II study comparing HDI with 
cisplatin plus temozolomide chemotherapy. A total of 189 Asian patients with 
resected high-risk mucosal melanoma were randomly assigned into three groups: 
observation (group A), HDI for a year (group B), and cisplatin-temozolomide com-
bination for six cycles (group C). At a median follow-up of 26.8 months, the median 
RFS were 5.4, 9.4, and 20.8 months in groups A, B, and C, respectively. Both adju-
vant treatment options were superior to observation in terms of RFS ( p  < 0.001 for 
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both comparisons). When evaluating groups B and C, chemotherapy signifi cantly 
improved RFS as compared with HDI ( p  < 0.001). The median overall survival (OS) 
was 21.2 months in group A, 40.4 months in group B, and 48.7 months in group 
C. Comparison between groups B and C also revealed an OS advantage favoring 
chemotherapy ( p  = 0.009). However, subgroup analyses suggested that the survival 
impact associated with chemotherapy appeared less prominent in patients with ano-
rectal or genitourinary primary as compared with those with head and neck primary 
[ 38 ]. Despite the positive result of this phase II randomized study, the role of adju-
vant chemotherapy in patients with resected high-risk mucosal melanoma requires 
larger phase III confi rmatory study.  

    Unresectable or Metastatic Disease 

 Much progress in the development of systemic therapies for patients with unresect-
able or metastatic melanoma of cutaneous origin has recently been achieved with 
the advent of novel immunotherapies, e.g., the anti-CTLA4 and anti-programmed 
cell death-1 (PD-1) monoclonal antibodies, and targeted therapies targeting the 
mutation-driven constitutive activation of the mitogen-activated protein kinase 
(MAPK) pathway. 

    Immune Checkpoint Blockade Therapy 
 Since its approval by regulatory agencies worldwide, ipilimumab has become a 
standard treatment option for patients with unresectable or metastatic cutaneous 
melanoma, demonstrating a response rate of 10–15 % and a median OS of 
10–11 months in both frontline and second-line settings [ 39 ,  40 ]. However, the only 
data on the effi cacy of ipilimumab in patients with advanced mucosal melanoma 
were from retrospective analyses. Three reports of ipilimumab experience in the 
United States, Italian expanded access program, and Australia indicated clinical 
activity of this agent in advanced mucosal melanoma, with a response rate of 7–11 % 
per immune-related response criteria and a median OS of approximately 6 months 
[ 41 – 43 ]. Although these results are numerically inferior to those achieved in cuta-
neous melanoma, single-agent ipilimumab appears active against advanced mucosal 
melanoma, thus warrants further investigations. 

 The anti-PD-1 monoclonal antibodies, e.g., pembrolizumab and nivolumab, with 
more robust clinical activity and favorable safety profi le compared with ipilim-
umab, have emerged as the standard front- and second-line therapy for patients with 
advanced melanoma of cutaneous origin [ 44 ]. Although the clinical trials evaluating 
the anti-PD-1 antibodies did not provide any specifi c effi cacy and safety data in 
patients with mucosal melanoma, the study investigating nivolumab against investi-
gators’ choice of chemotherapy in patients with advanced melanoma whose disease 
progressed after ipilimumab, and if BRAF V600 mutation positive, a BRAF inhibi-
tor, did include 11 % patients with mucosal melanoma [ 45 ]. At present, little is 
known regarding the effi cacy of these novel immunotherapies in advanced mucosal 
melanoma except for a few case reports [ 46 ,  47 ] demonstrating anti-melanoma 
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activity. The effi cacy and safety profi les of the anti-PD-1 antibodies will need to be 
prospectively evaluated in patients with advanced mucosal melanoma.  

    Small-Molecule Targeted Therapy 
 For patients with advanced mutated  BRAF  V600 melanoma (approximately 45–50 % 
cutaneous melanoma), dual MAPK pathway blockade with combined BRAF and 
MEK inhibitors has been shown superior to BRAF inhibitor monotherapy in terms 
of response rate, progression-free survival (PFS), and OS [ 48 ,  49 ]. Adverse events 
secondary to paradoxical MAPK pathway activation by BRAF inhibitor are also 
reduced with combination therapy. Thus, the combination of BRAF and MEK 
inhibitors is an effective therapeutic option for patients with advanced mutated 
 BRAF  V600 melanoma, especially those who have rapidly progressing disease. 
However, the infrequent occurrence of  BRAF  mutations in mucosal melanoma lim-
its the utility of this active regimen. 

 In contrast to  BRAF V600  mutation,  KIT  gene aberrations, i.e., mutations or 
amplifi cations, are more prevalent in mucosal melanoma. Therefore, targeting KIT 
kinase using small-molecule inhibitors is a sound therapeutic strategy. Three phase 
II studies have examined the effi cacy and safety of imatinib, an inhibitor of KIT 
kinase, in patients with advanced melanoma harboring  KIT  mutations and/or ampli-
fi cations [ 50 ]. 

 In the study by Carvajal et al., imatinib 400 mg orally twice a day produced a 
durable response rate of 16 % (95 % CI, 2–30 %), with a median time to progression 
of 12 weeks (95 % CI, 11–18 weeks) and a median OS of 46.3 weeks (95 % CI, 
28 weeks-not reached), in 25 evaluable patients with advanced  KIT -mutated or  KIT - 
amplifi ed melanoma of mucosal, acral, or chronically sun-damaged cutaneous ori-
gin. Of note, objective responses seemed to cluster in tumors with L576P or K642E 
mutations or those with a mutant to wild-type allelic ratio of greater than 1 [ 51 ]. 

 Two other studies evaluating imatinib 400 mg orally daily, with provision for 
dose increase to 600–800 mg per day at disease progression, reached similar clinical 
fi ndings in comparable patient populations. Overall response rates ranged 23–29 %, 
with median time to progression of 3.5–3.7 months and median OS of 12.5–
14.0 months [ 52 ,  53 ]. Mutations in  KIT  exons 11 or 13 appeared to predict clinical 
response to imatinib in one study, whereas  KIT  amplifi cations were correlated with 
low likelihood of response to imatinib in the other trial.  

    Combination Chemotherapy and Biochemotherapy 
 Evidence of the antitumor activity of chemo- and biochemotherapy in patients with 
advanced mucosal melanoma mostly originated from small retrospective studies. In 
the frontline and second-line settings, dacarbazine-containing combinations gener-
ated an overall response rate of 26.3 % and a median OS of 12.1 months in 95 
patients with advanced melanoma of non-cutaneous origin, 22.1 % of whom had 
mucosal primaries in the gastrointestinal or genitourinary tracts [ 54 ]. Likewise, bio-
chemotherapy (a combination of dacarbazine, vinblastine, cisplatin, interferon alfa-
 2b, interleukin-2) demonstrated robust clinical activity as both fi rst- and second-line 
therapies in patients with advanced mucosal melanoma arising from the head and 
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neck, vulvovaginal, or anorectal area, with response rates in the range of 30–40 % 
and median OS durations of 10–22 months [ 55 – 57 ]. 

 In the salvage setting after a median of three prior systemic chemotherapeutic 
regimens, carboplatin-paclitaxel was shown effective in a retrospective study 
involving 32 patients, among whom ten had advanced mucosal melanoma. This 
heavily pretreated group of patients achieved an overall response rate of 21.9 % and 
a median OS of 5.2 months with the combination [ 58 ]. There were no statistically 
signifi cant differences in response rates, PFS, and OS between patients with cutane-
ous and non-cutaneous melanoma. 

 Collectively, the aforementioned systemic treatments represent a valuable addi-
tion to the therapeutic arsenal for advanced mucosal melanoma; nevertheless, the 
survival impact of current systemic options remains limited in this patient subset. 
Thus, if appropriate, patients should be encouraged to participate in clinical trials 
evaluating new treatment strategies. For those who cannot take part in clinical trials, 
systemic therapy should be individualized according to patient- and disease-specifi c 
factors, such as mutation status, symptomatology, and disease tempo. Without suf-
fi cient evidence, it is diffi cult to determine with certainty the best therapeutic 
sequence.    

    Conclusion 

 Treatment decision for patients with advanced mucosal melanoma, specifi cally 
those with urethral melanoma, should be individualized by a multidisciplinary 
team of health-care professionals with skills and expertise in treating mucosal 
melanoma.     
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Carcinomas of the Prostate: 
Sentinels of Lethal Evolution                     
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         Introduction 

 Neuroendocrine carcinomas and small cell carcinomas [NE/SCCs] encompass 
a broad range of neoplasms that arise from pulmonary and extra-pulmonary 
sites. Although pulmonary small cell carcinomas in smokers and the functional 
carcinoid tumors of the foregut associated with paraneoplastic endocrine syn-
dromes are perhaps the best recognized of these diverse tumors, various organs 
can generate well- differentiated and poorly differentiated tumors from differ-
ent cells of origin and with different genetic associations [ 1 ,  2 ]. In the prostate 
gland specifically, histopathological features distinguish high-grade poorly 
differentiated NE/SCCs from adenocarcinomas with Paneth cell differentiation 
and truly rare large cell neuroendocrine carcinomas and well-differentiated 
carcinoid tumors [ 3 ] from other histological variants of prostatic neoplasms [ 4 , 
 5 ]. For the diagnostic pathologist, immunohistochemical stains for neuroendo-
crine markers including chromogranin, neuron-specific enolase, CD56, and 
synaptophysin are useful and important adjuncts to light microscopic findings 
but are not strictly required for the diagnosis [ 1 ]. For the clinician, the essential 
consideration is the awareness of the unique behavior and lethal potential of 
this entity which has major implications for management strategies. For the 
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translational research scientist, the clonal origins and genetic traits associated 
with this tumor provide an essential window into the evolutionary biology of 
the disease through which integrated strategies toward prevention and therapy 
may be conceived [ 6 ,  7 ].  

    Pathological Classification of Neuroendocrine Carcinomas 
of the Prostate 

 A recent consensus conference has suggested that there are six histological subtypes 
of neuroendocrine prostate cancer for consideration [ 3 ]:

    1.     Usual prostate adenocarcinoma with neuroendocrine (NE) differentiation 
 This is defi ned as a morphologically typical acinar or ductal adenocarcinoma 

in which NE differentiation is demonstrated by immunohistochemistry (IHC), 
but would not otherwise be suspected. It is estimated that perhaps all prostatic 
adenocarcinomas will have at least some degree of NE differentiation, but this 
has no established clinical signifi cance.   

   2.     Adenocarcinoma with Paneth cell-like neuroendocrine differentiation 
 This is defi ned as typical adenocarcinoma containing a proportion of cells 

expressing Paneth cell-like change – which is characterized by prominent eosin-
ophilic cytoplasmic granules visible on routine light microscopy, positivity for 
chromogranin, and neurosecretory granules as seen by electron microscopy. 
Though it is a distinct pathologic entity with features of NE differentiation, usu-
ally marked after androgen deprivation therapy, its natural history is felt to be 
favorable [ 1 ]. Interestingly  AURKA  amplifi cation has been recently associated 
with this entity [ 8 ].   

   3.     Carcinoid tumor 
 This is defi ned as a well-differentiated NE tumor occurring in the prostate 

showing classic morphology of carcinoid found in other sites, but is not associ-
ated with usual prostate carcinoma and does not arise from the urethra or extend 
from the bladder. This entity is extremely rare, with only fi ve cases in the litera-
ture meeting the strict defi nition, with IHC showing positivity for NE markers 
and negative for PSA. Because of its rarity, clinical implications are unknown 
though it has been seen in young patients and in those with multiple endocrine 
neoplasia IIB syndrome and is thought to have a favorable prognosis.   

   4.     Small cell carcinoma (SCC) 
 This is a high-grade tumor featuring lack of prominent nucleoli, nuclear 

molding, fragility, and crush artifact. There is a high nuclear to cytoplasmic 
ratio, indistinct cell borders, and high apoptotic rate. These morphologic features 
are identical to small cell carcinomas of other sites such as the lung. NE markers 
are positive in the vast majority of cases, but PSA or other prostatic markers can 
be positive as well, though only in the minority of cases and often with less 
robust positivity. TTF-1 can be positive in small cell carcinoma of the prostate 
over 50 % of the time, limiting the use of this marker in differentiating from 
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metastatic primary lung disease. CD44 expression overlaps signifi cantly with 
adenocarcinoma reducing its utility [ 9 ].   

   5.     Mixed neuroendocrine carcinoma – acinar adenocarcinoma 
 This entity is defi ned by distinct NE components and conventional adenocar-

cinoma. Most commonly the mixture is small cell carcinoma with acinar carci-
noma, though the NE component can be large cell NE and the adenocarcinoma 
component can be ductal or another variant. The transition between the two com-
ponents is usually distinct and usually dominated by the NE component. Only 
the adenocarcinoma component is assigned a Gleason score and it is typically 
high grade. Uncommonly, the distinction among the neuroendocrine component 
and adenocarcinoma component is not clear, and the tumor appears to have fea-
tures consistent with both morphologies.   

   6.     Large cell neuroendocrine carcinoma 
 This subtype is characterized as a high-grade tumor showing neuroendocrine 

differentiation and morphology consisting of large nests with peripheral palisad-
ing and often geographic necrosis. Cytology is characterized as non-small cell 
carcinoma with prominent nucleoli, vesicular clumpy chromatin, and/or large 
cell size with abundant cytoplasm. There is also a high mitotic rate. 
Immunohistochemistry is consistent with neuroendocrine differentiation. This 
subtype is also exceedingly rare. It has been reported to arise after typical pros-
tate adenocarcinoma in the setting of hormonal therapy and can be seen in asso-
ciation with adenocarcinoma or small cell carcinoma. The limited clinical 
literature is suggestive of this being an aggressive malignancy with rapid dis-
semination [ 10 ].    

  The focus of this chapter will refer to the common subset of neuroendocrine 
prostate cancers, specifi cally high-grade neuroendocrine and small cell carcinomas 
[NE/SCCs]. Clinical syndromes in prostate cancer that mirror the natural history 
and chemotherapy responsiveness of these entities without containing histological 
evidence of NE/SCCs point to the diversity of aggressive prostate cancers [ 11 ,  12 ].  

    Clinical Management Considerations 

    Localized and Locally Advanced Disease 

 The frequency of incidental discovery of high-grade NE/SCCs coexistent with adeno-
carcinoma in needle biopsies of the prostate gland, performed in a general population 
as a result of screening or symptom-directed diagnostic efforts, is well under 0.1 % of 
all tumors. This attests to the rarity of the entity in this disease state. When detected, 
the tumor can comprise a minor or dominant component of the neoplastic volume, 
admixed with high-grade acinar [ 13 ] or less commonly ductal variant of adenocarci-
noma. Very occasionally it can be found with low-grade Gleason 6 tumors with a 
sharp topographical demarcation. Given the rarity of this presentation, an evidence-
based approach to management is undefi ned. Given the lethality of this disease, 
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however, a  multidisciplinary approach  integrating systemic chemotherapy and local 
control measures is strongly recommended toward curative intent [ 14 – 16 ]. 

 Given the proclivity for early hematogenous dissemination of these high-grade 
tumors analogous to the pulmonary counterpart, staging with computed tomogra-
phy of the chest, abdomen, and pelvis, bone scan, and magnetic resonance imaging 
of the brain should be considered. It is uncertain if positron emission tomography 
(PET) scanning offers specifi c advantages over these studies [ 17 ]. 

 Four to six cycles of etoposide and platinum adjuvant or neoadjuvant therapy 
may be integrated with local control enforced by surgery or radiotherapy as has 
been accomplished successfully in small cell bladder carcinoma [ 18 ]. There are no 
rules outside of the usual considerations in this setting including age and comorbidi-
ties, to choose one local control modality over another. However, as NE/SCCs are 
typically androgen-receptor (AR) negative, adjunctive hormonal therapy if given 
with radiation therapy is assumed to target only the PSA-expressing AR-positive 
component of the tumor which is usually present as well and theoretically cannot 
synergize with radiation therapy for control of the NE/SCC component. Toward 
optimal local control therefore, a combination of surgery and radiotherapy may be 
optimal, particularly in bulky tumors. Brain metastases are particular complications 
of NE/SCCs, but the use of prophylactic cranial irradiation in clinical settings of 
localized or locally advanced disease following defi nitive therapy is unsettled given 
the variable but low incidence of these events [ 19 ,  20 ]. 

 A patient who presents with a bulky locally advanced high-grade adenocarci-
noma associated with a disproportionately low PSA should be suspected of harbor-
ing elements of NE/SCC. Although this may not be present on initial diagnostic 
needle biopsies, rebiopsy after initial therapy with hormonal ablative therapy may 
disclose the presence of this tumor, particularly if there is a persistent bulky mass or 
regrowth of tumor following the fi rst 8–12 weeks of initial castration therapy. For 
bulky tumors with NE/SCC elements, in a young otherwise fi t man with minimal 
evidence of threatening distant disease, local control with radical surgery should be 
considered after initial efforts with etoposide-cisplatin-based chemotherapy, fol-
lowed by postoperative radiotherapy. Such efforts toward local control may forestall 
invasion by the progressive tumor into the bladder, rectum, or pelvic sidewall with 
dire consequential morbidity that may prove more debilitating and life-threatening 
than distant disease.  

    Metastatic Disease 

 It is far more common to harbor suspicion of NE/SCC evolution in patients with 
metastatic castration-resistant prostate cancer as compared to primary castration- 
naïve presentations. Clinical features that suggest NE/SCC elements in this context 
include a PSA that is disproportionately low [ 21 ] compared to the systemic burden 
of the illness, the emergence of a bulky asymmetric mass in a nodal station or the 
prostate itself, lytic bone metastases with exophytic soft-tissue components, multi-
ple liver metastases, or brain metastases [ 22 ]. Paraneoplastic syndromes such as 
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ectopic ACTH production, hypercalcemia, inappropriate secretion of antidiuretic 
hormone, and the Lambert-Eaton myasthenia have been described and are 
uncommon. 

 Soluble blood markers including carcinoembryonic antigen, chromogranin, and 
neuron-specifi c enolase may be elevated, but no single marker is suitably diagnostic 
nor specifi c for the NE/SCC component. Of these, serum and tissue expression of 
chromogranin may be the best marker of neuroendocrine differentiation [ 23 ]. 
Nevertheless elevated values at baseline allow for selection of a panel of markers as 
adjunctive monitoring of therapy outcomes over time. A rising PSA or prostatic 
acid phosphatase testifi es to progression in coexisting adenocarcinoma. 

 Histological evidence is essential to secure the diagnosis and biopsy of meta-
static sites deemed suspect should be performed in a timely fashion. Morphological 
assessment of circulating tumor cells (CTCs) is a current research focus toward a 
liquid biopsy defi nition of NE/SCC. Etoposide and platin-based combination ther-
apy is preferred over a secondary hormonal or a standard docetaxel strategy when a 
signifi cant component of NE/SCC is histologically defi ned. When NE/SCC is the 
dominant disease, the role of continued hormonal ablation is questionable. 
Sequential docetaxel-carboplatin and etoposide-cisplatin regimens have been 
employed in syndromes of aggressive disease, and sequential responses were seen 
with the second regimen when reserved for disease progression after the fi rst [ 24 ]. 
Median time to progression was short, 5.1 months and 3.0 months, respectively. 
Other chemotherapy agents such as doxorubicin [ 25 ] or topotecan have not been 
demonstrated to be active. Given the challenging outcomes with this disease state 
and rarity of durable control with chemotherapy with median survival of 9–16 months 
[ 24 ,  26 – 28 ], participation in a clinical trial that seeks to link the cellular and molec-
ular phenotype of the disease with therapy outcome is strongly encouraged. In prac-
tical terms, initial systemic therapy with etoposide and platinum combination 
therapy may be conceived of as a bridge toward an effort with experimental thera-
peutics. Additional care should be taken in this context to monitor the CNS with 
periodic surveillance as preferential progression of disease in the brain has been 
observed. 

 As stated earlier, it is not uncommon to encounter mixed NE/SCC and high- 
grade adenocarcinoma in histological specimens with intermediate entities being 
increasingly discerned [ 29 ]. Following etoposide-cisplatin therapy, complete regres-
sion of the NE/SCC phenotype may be observed with persistence of the PSA- 
expressing disease which may subsequently dominate the progressive phenotype. 
Secondary hormonal strategies will continue to be relevant and appropriate in this 
context. Parenthetically, a theoretical concern is that the efforts toward more com-
prehensive ablation of AR signaling will perpetuate a microenvironment that fosters 
the reemergence or progression of the NE/SCC clone. 

 Current data suggests that NE/SCCs represent as much as 25 % of the lethal phe-
notype of the disease [ 6 ]. The apparent rise in incidence of NE/SCCs without dis-
cernible changes in mortality outcomes may relate to increased diagnostic awareness 
of this entity [ 30 ]. Although NE/SCCs have been defi ned as a histological entity 
associated with particular clinical presentations as described above, high-grade 
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adenocarcinomas without histologically identifi able NE/SCC components can pres-
ent with clinical features similar to that of NE/SCCs with short-lived hormonal 
control or bulky rapidly progressive disease, with or without robust PSA expression. 
Some of these aggressive tumors share molecular features of NE/SCCs [ 11 ]. This 
points to the broader spectrum of aggressive prostate cancer that requires elucida-
tion in terms of genotype-phenotype linkage [ 12 ]. Other tumors may be driven by 
ligand-independent splice variants, amplifi ed or mutant ARs, other steroid hormone 
receptors, and others by alternate stem progenitor phenotypes [ 31 ]. Until recently 
[ 32 ], there were no molecular narratives defi ned to allow demarcation of these 
advanced tumors with personalized therapy. This is the leading edge of the chal-
lenge toward the control of advanced prostate cancer given the limited control 
exerted by existing chemohormonal strategies. 

 In this sense, NE/SCCs represent a sentinel at the evolutionary front of the dis-
ease, but only one of several which may coexist and present distinctive challenges 
toward molecular solutions [ 33 ]. High-resolution data sets from the integrated 
genomic [ 34 ,  35 ] and proteomic landscape of prostate tumors when linked to care-
fully curated clinical and histological phenotypes may allow for a progressive insight 
into this heterogeneity and a clinically applicable reclassifi cation of the disease.   

    Current Cellular and Molecular Themes in NE/SCCs 
of the Prostate 

    Translational Implications 

 A fusion between the  TMPRSS2  and  ETS  family of genes is observed in up to 70 % 
of primary adenocarcinomas of the prostate [ 36 ] and also in preinvasive PIN (pros-
tatic intraepithelial neoplasia) lesions [ 37 ]. The  TMPRSS2-ERG  fusion gene is pres-
ent in 50–70 % of NE/SCCs usually associated with interstitial deletion of  ERG  and 
concordant with the usual acinar component suggestive of shared clonal origins [ 38 , 
 39 ], similar to that described with p53 mutation [ 40 ]. In mixed NE/SCCs and ade-
nocarcinomas, perfect concordance in  TMPRSS2-ERG  status by FISH was seen in 
both components with loss of AR and AR-regulated  ERG  expression in the NE/SCC 
component [ 41 ], with sharp demarcation between these components. From an 
applied perspective, determination of the presence of the  TMPRSS2-ERG  fusion in 
a NE/SCC lesion may be useful to distinguish between bladder and prostatic origin 
of a locally advanced pelvic NE/SCC [ 39 ,  42 ]. There is no good evidence in humans 
to suggest that high-grade NE/SCCs arise from the supportive neuroendocrine cells 
in the basal layer of the normal prostate gland. A similar evolutionary pedigree of 
clonal origins is suggested in pulmonary small cell carcinomas that arise from the 
background of EGFR-mutant non-small cell lung cancers treated with EGFR inhibi-
tors; these SCCs display the EGFR mutation defi ned in the primary non-small cell 
carcinoma [ 43 ]. Concordant patterns of allelic loss of heterozygosity and nonran-
dom X chromosome inactivation between urothelial and small cell bladder carcino-
mas also support linked clonal origins in these tumors [ 44 ]. 
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 A suite of additional genomic anomalies have been described in association with 
NE/SCCs.  PTEN  losses with dysregulated PI3-kinase and Akt expression are 
observed in the majority of high-grade prostate cancers.  PTEN  loss functions as a 
cooperative oncogene with  ERG  [ 45 ] but does not occur in discernibly higher fre-
quency in NE/SCCs. In signifi cant contrast, Rb protein loss is seen in 90 % of SCCs 
compared to 43 % of concurrent acinar carcinomas, 7 % of primary acinar carcino-
mas, and 15 % of metastatic castration-resistant acinar carcinomas. The  RB  pathway 
may be an essential gatekeeper of SCC transition [ 46 ]. Furthermore, loss of cyclin 
D1 expression in 88 % of small cell carcinomas (compared with only 2 % of acinar 
carcinomas) with a high p16 to cyclin D1 ratio refl ecting functional Rb inactivation 
was recently described [ 47 ]. Rare adenocarcinomas that demonstrated loss of cyclin 
D1 were associated with clinical features of SCC. High-frequency nuclear p53 
expression in NE/SCCs secondary to mutation is associated with inactivation of the 
IL8-CXCR2-p53 inhibitory pathway which regulates neuroendocrine differentia-
tion [ 48 ]. However, combined inactivation of the  RB  and  TP53  tumor suppressor 
pathways may be the most potent explanatory factor in the pathogenesis of NE/
SCCs across organ sites. Conditional inactivation of both p53 and Rb targeted to the 
murine prostatic epithelium generates carcinomas with luminal epithelial and neu-
roendocrine differentiation [ 49 ]. Overexpression and gene amplifi cation of  AURKA  
and  MYCN  in 40 % of NE/SCCs contrasted with only 5 % of adenocarcinomas. 
Experimental evidence of the cooperativity between  AURKA  and  MYCN  in the 
induction of neuroendocrine phenotype in prostate cancers with sensitivity to 
Aurora kinase inhibitor therapy has led to ongoing clinical trials in NE/SCCs [ 41 ]. 
 REST , a transcriptional complex that functions as a master repressor of neuroendo-
crine differentiation, was found to be downregulated in a signifi cant proportion of 
tumors [ 50 ]. Taken together, the consequences of these genetic alterations include 
activation of neural pathways, cell cycle, and mitotic programs, which are a hall-
mark of NE/SCCs. 

 A gene signature specifi c for human prostatic basal cells is differentially enriched 
in varying phenotypes of late-stage castration-resistant prostate cancers. Metastatic 
samples with a NE/SCC phenotype were found to be more stemlike [ 51 ] than either 
adenocarcinoma or a recently described atypical carcinoma which is intermediate to 
small cell carcinoma and adenocarcinoma [ 29 ]. The NE/SCC tumors had higher 
CD49f Hi Scores with enrichment of E2F and SOX2 targets implicated in self- 
renewal capacities [ 51 ]. Lentiviral transduction of  NMYC  and myristoylated  AKT  
into benign human prostate CD49f Hi cells can initiate biphenotypic tumors with 
adenocarcinoma and NE/SCC components, supporting the idea that a tissue stem 
cell is the source of these tumor populations when faced with specifi c genomic chal-
lenges [ 51 ]. A castrate microenvironment may interact with these genomic chal-
lenges to accelerate the evolution of these biphenotypic histological entities to 
explain their rarity in castration-naïve primary tumors versus advanced castration- 
resistant tumors. Emergence from a common stem precursor under these conditions 
may therefore represent the source of these NE/SCC tumors rather than dedifferen-
tiation or transdifferentiation. The molecular programs that regulate the stem com-
ponent of NE/SCCs may therefore represent targets for therapy. 
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 In this regard, several decades previously, experiments in the Shionogi model of 
AR-positive rat mammary carcinoma with androgen cycling, i.e., castration therapy 
alternated with acute testosterone replacement therapy, had demonstrated the 
delayed emergence of castration resistance when compared to chronic castration 
therapy, as a result of inhibition of stem population expansion. The related clinical 
trials of intermittent hormonal therapy which failed to demonstrate a clinical advan-
tage have not reproduced the cycling procedures employed in this model [ 52 ]. It 
remains to be determined whether such modifi ed androgen therapy could slow the 
emergence of NE/SCCs in prostate cancers. 

 Given the multiplicity of losses of major tumor suppressor genes with attendant 
genomic complexity and the emergence of stem transcriptional programs, it is 
unlikely that single-pathway inhibitors will have a discernible impact on the illness. 
Induction of synthetic lethality with combinatorial therapeutics will require addi-
tional insight into the wiring of survival pathways in NE/SCCs. Mutational inactiva-
tion of the p53 and Rb tumor suppressors may contribute to the acquisition of 
additional genetic damage including loss of homologous DNA damage repair capac-
ity and vulnerability to inhibitors of DNA damage repair such as that recently dem-
onstrated with olaparib in heavily pretreated metastatic castration-resistant disease 
[ 32 ]. A higher incidence of triple-negative breast carcinomas is seen in patients with 
germline BRCA-mutant backgrounds, but it is as yet undetermined if a higher risk of 
AR-negative prostatic NE/SCCs emerges in men with  BRCA  germline mutations 
who develop prostate cancer. Acquisition of diverse genetic lesions in  BRCA - mutant 
tumors may spur the development of tumor neoantigens which may serve as targets 
for derepressed immunosurveillance with immune checkpoint inhibitors. Durable 
responses with PD-1 inhibitors in pulmonary small cell carcinomas in the second-
line setting suggest a potential for this strategy in NE/SCCs of the prostate [ 53 ,  54 ]. 

 Refi nements in therapeutic concepts such as these may emerge from increasingly 
diversifi ed experimental models of NE/SCCs. It has been suggested that the com-
monly employed bone-derived AR-PSA- PC-3 cell line is more accurately a repre-
sentative of small cell carcinoma [ 55 ]. Investigators are now moving to 
immune-competent murine models, patient-derived xenografts [ 42 ,  56 – 58 ], tumor 
organoids [ 59 ], and biobanks [ 60 ] toward a more accurate and representative set of 
resources for translational studies. 

  Case Presentation 1 
 A 62-year-old South Asian male presented with a screening PSA of 10.6 ng/ml. 
Digital rectal examination revealed a palpable nodule in the left lobe of the prostate. 
Transrectal ultrasound-directed biopsy showing Gleason 5 + 5 = 10 adenocarcinoma 
in 9/12 scores. Staging studies were negative for metastases. He was treated with 
oral bicalutamide and external beam radiation for his localized high-risk prostate 
cancer to a PSA nadir to 0.46 ng/ml, 5 months after diagnosis. His PSA thereafter 
increased to 2.1 ng/ml in 6 months. He initiated GnRH agonist therapy 6 months 
later. Eighteen months later, pelvic lymphadenopathy was noted on a PET scan and 
his PSA rose to 8.6 ng/ml. With progressive disease in the lung and nodes identifi ed 
on repeat imaging, he sought another opinion. A strong family history of ovarian 
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and breast carcinoma among fi rst-degree relatives led to a diagnosis of a germline 
 BRCA - 2  mutation. He received sequential nilutamide, abiraterone and prednisone, 
and enzalutamide with initial response but presented with left hip pain and lower 
extremity swelling within 14 months. Restaging studies demonstrated multiple new 
liver metastases, progressive sclerotic bone metastases, and a bulky left external 
iliac node with lytic erosion of tumor directly into the ipsilateral hemipelvis abut-
ting the acetabulum (Fig.  13.1a ). Despite the apparent heavy burden of disease, PSA 
was 15 ng/ml. CT-guided needle biopsy of the bulky left external iliac node showed 
metastatic high-grade neuroendocrine carcinoma (Fig.  13.1b ). Immunohistochemistry 
demonstrated that the tumor was pancytokeratin, CAM 5.2, CD56, chromogranin, 
and synaptophysin positive; Ki-67 was >90 % and PSA and PSAP were negative. 
Serum CEA and neuron-specifi c enolase were elevated, but chromogranin was nor-
mal. He was treated with four cycles of carboplatin with etoposide with complete 
resolution of his liver metastases and partial response in the bulky nodal mass, 
which was consolidated with involved-fi eld radiation therapy. His leg swelling and 
pain resolved. He was started on an oral polyadenosine-ribose polymerase-1 (PARP- 
1) inhibitor on a clinical trial and remained on this for 8 months at which time his 
PSA rose to 30 ng/ml with increasing sclerotic bone metastases and mediastinal 
adenopathy. His CEA remained at a stable nadir and his neuron-specifi c enolase 
normalized without recurrence of liver metastases and no evidence of brain metas-
tases. His PARP-1 inhibitor was discontinued and docetaxel therapy initiated for 
control of the acinar component of his disease.

    Case 1 Discussion : The disproportionately low PSA, asymmetric bulky nodal 
mass, and multiple liver metastases together lent suspicion for the existence of a 
NE/SCC component to his disease that was confi rmed on biopsy. Etoposide and 
platinum-based systemic therapy resulted in a complete resolution of disease in the 
liver, and the control of the solitary bulky mass was consolidated with radiation 
therapy. This effectively allowed for a bridge to PARP-1 inhibitor therapy which 
likely contributed signifi cantly toward maintenance of remission of the NE/SCC 
component until the adenocarcinoma component progressed, requiring 

a b

  Fig. 13.1    ( a ) Bulky left external iliac node with direct lytic erosion into the left hemipelvis. ( b ) 
The arrow shows small blue cells positive for cytokeratin consistent with high-grade neuroendo-
crine carcinoma       
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conventional taxane chemotherapy. The discordant pattern of progression infl u-
enced by the PARP-1 inhibitor is intriguing. Whether germline BRCA-2 mutation 
or somatic biallelic inactivation of BRCA-2 or other forms of homologous DNA 
repair defi ciency [ 32 ,  34 ] also infl uences the emergence of the NE/SCC phenotype 
in advanced castration-resistant disease has not been reported. Tumors with germ-
line BRCA mutations may harbor neoantigens in higher frequency and PD-1 
expressing immune infi ltrates, which may predict for response to immune check-
point inhibitors, as have been suggested in BRCA-mutant ovarian tumors [ 61 ].  

  Case Presentation 2 
 A 59-year-old Caucasian male presented with new-onset obstructive urinary symp-
toms and a PSA of 10.1 ng/ml. Digital rectal examination revealed a very bulky 
nodular tumor involving both lobes extending to bilateral sulci and seminal vesicles. 
Staging studies revealed pelvic and retroperitoneal adenopathy but no bone metas-
tases or other visceral disease. On MRI imaging, the tumor involved the bladder 
neck and abutted the rectal wall without clear invasion. There was no elevation in 
serum CEA, chromogranin, or neuron-specifi c enolase. Initial hormonal ablative 
therapy was accompanied by improvement in voiding symptoms and decline in 
PSA to a nadir of 0.7 ng/ml with regression yet persistence of the bulky mass in the 
prostate in the left lobe. Rebiopsy of the gland indicated high-grade carcinoma and 
neuroendocrine differentiation with immunohistochemical staining but no frank 
histological features of NE/SCC. He was treated with six cycles of docetaxel and 
carboplatin. After the completion of the sixth cycle, an impression of tumor regrowth 
in the left lobe of his prostate was suggested by digital rectal examination, and 
restaging CT scans indicated regrowth of disease in a single pelvic node. 
Retroperitoneal and other pelvic nodes remained stable and there was no evidence 
of bone or visceral metastases. Radical prostatectomy and bilateral pelvic lymph 
node dissection were performed, and pathology revealed mixed high-grade and neu-
roendocrine carcinoma with areas suggestive of small cell carcinoma (Fig.  13.2a ). 
Immunohistochemical stains showed focal positivity for PSA and PAP but also syn-
aptophysin (Fig.  13.2b ) and chromogranin. One of nine lymph nodes harbored 

H&E stain 

a b

  Fig. 13.2    ( a )  Thick arrow  indicates larger tumor cells and  thin arrow  shows crushed tumor cells 
with lymphocytes imparting a small cell appearance. ( b ) Tumor cells staining for synaptophysin       
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metastatic carcinoma, and multiple surgical margins were positive. Postoperative 
radiation therapy followed by consideration of etoposide-cisplatin chemotherapy 
was recommended. A screen for a germline  BRCA  mutation prompted by a history 
of multiple fi rst-degree relatives with breast and prostate carcinoma was negative.

    Case 2 Discussion : Although several features of his initial presentation sug-
gested the possibility of a NE/SCC component, histological and biochemical evi-
dence supportive of this entity was diffi cult to obtain. Nevertheless the phenotype of 
the illness with its unusual bulk, local aggressiveness, low PSA phenotype, and 
unimpressive regression with castration therapy pointed to a highly aggressive or 
“anaplastic” phenotype. A multimodality regimen of neoadjuvant docetaxel- 
carboplatin followed by surgery and postoperative radiotherapy was planned. In 
shared decision-making, the patient was counseled that this multidisciplinary effort 
would not be curative, given the presence of extra-pelvic nodal metastases at diag-
nosis, but might contribute toward reduced morbidity from uncontrolled locally 
invasive tumor and prolong his survival.    

    Conclusion 

 These highly aggressive phenotypes of illness, like the NE/SCC counterparts, rep-
resent sentinels of disease evolution that may be explained by the cellular and 
molecular themes summarized in this chapter. Additional measures for tumor con-
trol would require specifi c insights into the biology of this disease and linked thera-
peutics. These frontiers of prostate cancer biology will continue to be explored.     
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         Prostate Cancer 

 Prostate cancer is the second most common malignancy in men after lung cancer 
[ 1 ]. In the USA alone, there will be an estimated 221,000 new cases and 27, 500 
deaths due to prostate cancer in 2015 [ 2 ]. The most common type of prostate cancer 
is prostate adenocarcinoma. Conventional prostate adenocarcinoma is well studied 
both pathologically and clinically. There are standardized histological criteria for 
conventional prostate adenocarcinoma which demonstrates typical acinar morphol-
ogy. The sum of the two most common patterns is combined to provide the  Gleason 
score , which correlates well with the clinical course of the disease. National 
Comprehensive Cancer Network (NCCN) guidelines describe clinical and patho-
logical parameters for assigning risk categories to the patient and provide a clear 
guidance on how to treat conventional prostate adenocarcinoma [ 3 ]. 

 However, there are morphologic subtypes of prostate adenocarcinoma and other 
carcinomas which are rarely observed in prostate, either alone or in combination 
with conventional adenocarcinoma. Gleason grading and the clinical course of these 
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subtypes is less well understood, and guidelines for treatment do not exist. A knowl-
edge of appropriate pathological diagnosis and appropriate treatment is important 
for improved outcomes of these patients. The following sections describe some of 
these rare subtypes of prostate adenocarcinoma and suggest optimal treatment 
options based on the current literature.  

    Mucinous Adenocarcinoma 

    Epidemiology 

 Primary mucinous adenocarcinoma, also known as colloid adenocarcinoma of the 
prostate, is a rare histologic variant of prostate cancer. The incidence of mucinous 
prostate cancer varies in different reports but is considered to occur in the range of 
0.21–0.43 % of all cases [ 4 – 7 ]. Boyd is credited with the fi rst description of a case 
of mucinous prostate adenocarcinoma in 1882 [ 8 ]. Recently, in a large series of 
prostatectomies, the mean age at diagnosis of patients with this subtype was 
observed to be 56 years (range, 44–69) [ 9 ]. Elbadawi and colleagues proposed for 
the fi rst time the diagnostic criteria for mucinous adenocarcinoma: (1) abundant 
secretion by tumor cells of histochemically proven acidic or neutral mucin, (2) spar-
ing of or only secondary involvement of prostatic ducts and prostatic urethral uro-
thelium, (3) nonpapillary growth with colloid carcinoma pattern, and (4) the absence 
of an extraprostatic mucinous carcinoma [ 10 ]. Epstein and colleagues further modi-
fi ed the diagnostic criterion to require the following: lakes of extracellular mucin to 
be present in ≥25 % of tumor resected during a single procedure [ 5 ]. Mucinous 
adenocarcinoma is generally considered to have a more aggressive clinical course; 
however, recent reports suggest that this may not be the case [ 11 ,  12 ].  

    Pathology 

 Grossly, the prostate in mucinous adenocarcinoma demonstrates a mucoid or gelati-
nous cut surface. Histologically, mucinous adenocarcinoma is characterized by 
extracellular pools of mucin containing free-fl oating tumor cells that demonstrate a 
variety of patterns including solid, cribriform, microacinar, or potentially signet 
ring like cells. The cells usually have an oval to round nuclei with clear or eosino-
philic cytoplasm. Chromatin is fi nely dispersed with occasional prominent nucleoli. 
Mitoses are rarely observed in these specimens [ 13 ]. The proportion of mucinous 
component varies among patients. It is generally accepted that at least 25 % of the 
total tumor volume should be composed of mucin to establish the diagnosis [ 5 ,  10 ]. 
Previously, any mucinous component was graded as Gleason 4. More recently, pri-
mary emphasis is based on the underlying architectural pattern of the glands [ 9 ]. 
This refl ects observations that the clinical course of pure mucinous adenocarcinoma 
may be more indolent and similar to conventional adenocarcinoma of the prostate. 
The International Society of Urological Pathologists has stated no consensus on 
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Gleason grading for this subtype leaving it to the evaluating pathologist to decide 
how to most appropriately grade the tumor [ 14 ]. Biopsies of metastatic sites in 
patients with advanced diseases have demonstrated both mucinous and non- 
mucinous components [ 15 ]. 

 Primary prostatic mucinous adenocarcinoma is positive for PSA and prostatic 
acid phosphatase (PAP) and usually negative for CEA. The positivity observed can 
be both diffuse and focal [ 13 ]. ERG gene expression is observed in up to 50 % of 
these specimens [ 16 ]. MUC2 expression has been observed in nearly 100 % of the 
samples analyzed and reported in literature [ 17 ]. MUC2 expression is considered a 
key factor in morphogenesis of mucinous adenocarcinoma. In conventional prostate 
adenocarcinoma, MUC2 expression was observed focally in 24 % of cases and 
mainly in areas with extensive mucinous metaplasia [ 17 ]. 

 Up to 70 % of prostate adenocarcinoma may demonstrate glandular areas with 
intraluminal mucin or focal mucin lakes. It is now believed that there is aberrant 
cellular secretion from the mucin-secreting epithelium normally found in the pros-
tate. These tumors should not be labeled as mucinous adenocarcinoma [ 18 ]. It has 
been observed in histochemical studies that the mucin present in mucinous prostate 
adenocarcinoma is heavily O-acetylated as compared to mucin secreted in conven-
tional prostate adenocarcinoma [ 19 ]. It is not clear if there is an association between 
the amount of mucin production and disease course.  

    Clinical Features and Management 

 Mucinous adenocarcinoma is very similar in its presentation to conventional adeno-
carcinoma of the prostate. In addition to the symptoms of urinary frequency, 
urgency, obstruction, hematuria, nocturia, suprapubic discomfort, and weight loss, 
some patients may have mucosuria after prostatic massage, and some rarely have 
hydronephrosis on presentation. The metastatic pattern of mucinous prostate carci-
noma closely follows the conventional counterpart with bone being the most com-
mon site of metastases followed by lymph nodes and lung [ 9 ,  20 ]. Seventy-seven 
percent of the reported cases with mucinous adenocarcinoma of the prostate had 
PSA elevation [ 15 ]. The mean preoperative PSA level reported in a large series was 
9.0 ng/ml (range, 1.9–34.3 ng/ml) [ 9 ]. Magnetic resonance (MR) images show 
bright signal intensity on long TR/TE images, and in comparison, a conventional 
adenocarcinoma nodule in the peripheral zone is of lower signal intensity than the 
surrounding glandular stroma [ 21 – 23 ]. MR spectroscopy may not be a good imag-
ing modality for evaluating mucinous prostate carcinoma because large mucin lakes 
render a tumor metabolically less active [ 22 ]. 

 Secondary involvement of the prostate with mucinous adenocarcinoma of the 
colon, bladder, or urethra may mimic primary mucinous prostate carcinoma. Hence, 
the initial work-up of men with prostatic mucinous adenocarcinoma on biopsy 
should include ruling out a primary mucinous adenocarcinoma in other organs. 
Primary prostatic adenocarcinoma can be differentiated easily by light microscopy 
and immunohistochemical techniques. A prostatic origin is characterized by 

14 Mucinous, Signet Ring, Ductal, and Sarcomatoid Variants of Prostate Cancer



208

positive PSA, PAP expression, and negative CK7, CK20, and 34betaE12 expression 
in the biopsy specimens [ 24 ]. Both ERG and MUC2 expression are observed in 
mucinous adenocarcinoma of prostate [ 16 ,  17 ]. ERG expression may suggest sub-
type of conventional prostate adenocarcinoma. 

 The majority of men (up to 77 %) with primary mucinous adenocarcinoma of the 
prostate respond to androgen deprivation therapy [ 15 ]. The prognosis and long-term 
outcomes for mucinous adenocarcinoma of the prostate are not clearly established 
because of the rare nature of this disease, with reports describing aggressive and 
indolent disease courses. The standardization of diagnostic criteria and exclusion of 
mixed mucinous and signet-type carcinoma from the exclusive mucinous group has 
helped to improve our understanding of the biology of this disease [ 5 ,  10 ]. In a 
series, 47 patients with localized mucinous prostate cancer managed with prostatec-
tomy alone, the 5-year actuarial PSA progression-free survival was 97.2 %. A 
matched group of conventional prostatic adenocarcinoma, using Kattan nomogram, 
had 5-year actuarial PFS of 85.4 % [ 9 ]. The authors concluded that patients with 
localized disease should be treated with defi nitive surgery or radiation therapy as 
described for conventional prostatic adenocarcinoma, as their outcome may be sim-
ilar to that in conventional prostate adenocarcinoma. The prognosis of patients with 
advanced mucinous adenocarcinoma is considered to be similar to high-grade con-
ventional prostatic adenocarcinoma with survival of 50 % at 3 years [ 15 ]. The pres-
ence of signet ring cells confers a relatively worse prognosis [ 15 ].   

    Signet Ring Cell Carcinoma (SRCC) of the Prostate 

 Primary SRCC of the prostate is a rare disease with reported incidence being less 
than 0.5 % of all prostate cancers. It was fi rst described in 1981 by Giltman [ 25 ]. 
The signet ring cell is described traditionally as a cell whose nucleus is displaced by 
a large intracytoplasmic vacuole composed of mucin, as seen in gastrointestinal, 
breast, and bladder cancer. Prostatic signet ring cells may be negative or minimally 
positive for mucin, but morphologically appear similar to signet ring carcinomas 
from other sites (Fig.  14.1 ). Considering the rarity of the disease, diagnostic criteria 
are not standardized. It is widely accepted that more than 25 % cells should demon-
strate signet ring cell morphology for it to be designated as SRCC [ 26 ,  27 ].

       Pathology 

 SRCC of the prostate is characterized by large number of signet ring cells without 
obvious gland formation. They are arranged in the pattern of sheets, small clusters, 
or as single cells. The presence of signet ring cells is considered Gleason grade 5. 
Traditional stains for mucin including alcian blue, PAS-D, and mucicarmine may be 
negative or only focally positive [ 27 ]. The cells are characterized by nuclear dis-
placement with clear cytoplasm. Electron microscopic analysis demonstrates that 
signet ring morphology is a result of intracytoplasmic lumina or vacuoles. These 
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lumina contain rod-shaped crystalloids which do not possess limiting membrane 
and are devoid of substructure [ 28 ]. Most of the tumors described in literature are 
associated with other forms of high-grade prostatic adenocarcinoma [ 27 ,  29 ]. 

 These tumors are strongly immunoreactive to PSA, PAP, and cytokeratin AE1/
AE3 and are often negative for other mucin markers, CEA, CK7, and CK20. The 
proliferative fraction of the SRCC of the prostate, as measured by MIB-1, is gener-
ally lower than SRCC of other sites such as the bladder or stomach [ 27 ]. 

    Clinical Features and Management 

 The clinical course described in literature for SRCC prostate cancer is variable and 
likely may refl ect the retrospective nature of reports and the rarity of disease. Many 
investigators have reported this variant to follow an aggressive clinical course with 
inferior outcomes, compared to conventional prostatic adenocarcinomas [ 30 – 32 ]. 
Others have reported long-term survival especially for clinically localized disease 
which has undergone defi nitive treatment [ 33 – 35 ]. The mean age of reported cases 
in the literature is 68.2 years (range, 50–84 years). More than 40 % patients reported 
in the literature presented with advanced stages of disease [ 36 ]. 

 As in conventional prostatic adenocarcinomas, the prognosis of primary SRCC 
of the prostate correlates with the stage of the disease, with higher stages being 
associated with poorer outcomes [ 32 ,  36 ]. The clinical presentation is similar to 
prostate adenocarcinoma with localized disease commonly presenting with obstruc-
tive urinary symptoms. Elevated serum PSA levels may not be seen in all patients. 
Metastatic SRCC from other sites, artifactual signet ring cells, and SRC lymphoma 
should be ruled out at the time of initial work-up. Artifactual SRC that are observed 
sometimes after TURP or transrectal biopsies are actually vacuolated lymphocytes 

  Fig. 14.1    Poorly differentiated prostate adenocarcinoma with signet ring cells (400×). Note the 
malignant cells with prominent intracytoplasmic inclusions       
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or smooth muscle cells [ 37 ]. The patients with SRCC of the prostate may not 
respond to androgen deprivation therapy [ 15 ]. 

 There are reports of patients with localized SRCC of the prostate treated with 
aggressive local therapy who had a good long-term outcome [ 30 ,  31 ,  35 ,  36 ]. For 
those patients who are identifi ed at an early localized disease stage, we recommend 
defi nitive therapy including either radical prostatectomy or defi nitive radiation with 
androgen deprivation therapy. 

 Based on anecdotal reports of response to androgen deprivation therapy, although 
short lasting, we recommend that patients presenting with advanced SRCC of the 
prostate undergo surgical or medical castration [ 32 ,  38 ]. It should be noted, how-
ever, that in 1 case series of men with mucinous and signet ring features, none of the 
11 patients who had advanced stage pure signet ring or mixed histology features 
demonstrated response to androgen deprivation therapy [ 15 ]. Clinical trials evaluat-
ing chemotherapy upfront with androgen deprivation for newly diagnosed meta-
static or advanced prostate cancer have not included these subtypes of prostate 
cancer. In the absence of data from randomized controlled trials, clinical judgment 
should be used in considering combining docetaxel with androgen deprivation in 
patients with widely metastatic disease [ 39 ].   

    Ductal Carcinoma of the Prostate 

 Ductal carcinoma, also known as endometrioid carcinoma or papillary carcinoma of the 
prostate, was fi rst described in 1967 by Melicow and Pachter. The initial description 
suggested its possible origin from prostatic utricle, which is considered to be the rem-
nant of mullerian ducts in men [ 40 ]. This was based on the histopathological appearance 
and proximity to the utricle which had dysplasia present in its epithelium [ 18 ]. This 
misnomer led the initial investigators to not use androgen deprivation or estrogen for 
treatment [ 41 ]. Later reports showed positivity of these tumor cells for PSA, PAP, and 
androgen receptor, indicating a prostatic rather than mullerian origin [ 42 ]. 

    Epidemiology 

 Pure ductal carcinoma of the prostate is rare with incidence varying from 0.2 to 
1.3 % of all prostate cancers among large series. Prostatic adenocarcinoma with 
both acinar (convention prostatic adenocarcinoma) and ductal features is observed 
in up to 6 % of patients (Figs.  14.2  and  14.3 ) [ 43 ]. Immunohistochemical evidence 
showing ER receptor negativity and AR receptor positivity suggest that this disease 
may respond to androgen ablation. The patients who are diagnosed with ductal car-
cinoma on transurethral (TUR) biopsy should undergo transrectal biopsies to rule 
out concurrent conventional (acinar) tumors. The clinical presentation of this cell 
type resembles to that in conventional prostate adenocarcinoma. These tumors are 
now believed to arise from periurethral or prostatic ducts and grow into the urethra 
as papillary tumors lined with columnar epithelium. These papillary lesions may be 
responsible for hematuria commonly noticed in these patients [ 44 ]. The tumors 
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arising from the secondary or peripheral ducts may not have urethral component. 
Ductal carcinoma should not be confused with intraductal carcinoma of the prostate 
observed in higher-grade cases of conventional acinar adenocarcinomas [ 45 ].

        Pathology 

 Microscopically ductal carcinoma of the prostate has two distinct subtypes: cribri-
form subtype, which is characterized by solid tumor, and papillary subtype, charac-
terized typical papillary areas [ 42 ]. These tumors are composed of papillary fronds 
supported by a complex, branching fi bro-connective tissue core, usually lined with 
tall columnar epithelium. The epithelial cells have elongated nuclei with prominent 

  Fig. 14.2    Large duct prostate adenocarcinoma (100×)       

  Fig. 14.3    Large duct prostate adenocarcinoma (200×)       
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nucleoli. Needle biopsies usually demonstrate tumor fragmentation and stromal 
reaction [ 46 ]. 

 Ductal carcinoma can be confused with high-grade prostatic intraepithelial neo-
plasia (PIN). Several features can help distinguish these two lesions. Firstly, ductal 
carcinomas demonstrate true papillary fronds with a well-established fi brovascular 
core. Secondly, they are characterized by stromal fi brosis, hemosiderin deposition, 
and perineural invasion indicating the true invasiveness of the carcinoma [ 46 ]. 
These features are absent in high-grade PIN. Papillary urothelial carcinoma in the 
TUR specimen may also resemble papillary ductal carcinoma of the prostate. In 
urothelial carcinoma, the nuclei of the cancer cells are pleomorphic with angulated 
nuclear outlines and variable numbers and site of nucleoli. Ductal carcinoma on the 
other hand generally has more uniform nuclei [ 6 ]. Immunohistochemistry shows 
that ductal carcinomas are strongly positive for PSA, PAP [ 44 ], and AR and nega-
tive for ER [ 42 ]. Our experience has also shown negative staining for GATA-3, in 
comparison to urothelial carcinoma which is often GATA-3 positive.  

    Clinical Features and Management 

 Prostatic ductal carcinoma is clinically associated with elevated serum levels of PSA 
and PAP. Since these tumors are uniformly androgen receptor positive, these patients 
respond to androgen deprivation, albeit for shorter durations than those seen with con-
ventional prostatic adenocarcinoma [ 42 ,  47 ]. In one of the largest retrospective reviews 
of 54 men with ductal carcinoma of the prostate, the actuarial risk of biochemical 
progression after radical prostatectomy was 34 %. A retrospective comparison with 
other large series of conventional carcinoma prostate showed a statistically signifi cant 
shorter time to progression after defi nitive treatment ( p  < 0.00001) [ 46 ]. The prognosis 
of prostatic ductal carcinoma is not well defi ned. Overall, these patients are considered 
to have aggressive disease since they progress quickly after initial response to androgen 
deprivation as compared to those seen in conventional prostatic adenocarcinoma. A 
retrospective study of 29 ductal carcinoma patients with matched 116 conventional 
prostate carcinoma patients, for age, clinical stage, margin status, PSA, and follow-up, 
showed poorer prognosis than the conventional group ( p  = 0.016) [ 48 ]. 

 Based on the reported data, we recommend stage and risk-based defi nitive treat-
ment of localized ductal carcinoma of the prostate, as done for men with conven-
tional prostatic adenocarcinomas. Patient with advanced stage should be offered 
medical or surgical castration, and subsequently novel androgen synthesis and AR 
inhibitors, and chemotherapeutic agents once they experience progression.   

    Sarcomatoid Carcinoma 

 Sarcomatoid carcinoma is another very rare variant of prostate adenocarcinoma 
which is characterized by spindled and/or pleomorphic sarcomatoid morphology 
admixed with conventional acinar adenocarcinoma or found in subsequent sections. 
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Most of the patients have either prior history of conventional adenocarcinoma or are 
diagnosed concurrently. The presence of sarcomatoid component refl ects the ability 
of high-grade prostate adenocarcinoma to dedifferentiate into a more primitive 
mesenchymal- like state. Some investigators have hypothesized that androgen depri-
vation and radiation may induce or facilitate epithelial to mesenchymal transforma-
tion [ 49 ,  50 ]. Patients with predominant sarcomatoid carcinoma may not have 
elevated PSA. 

 These patients should be differentiated from primary sarcoma of the prostate. 
Primary sarcoma of the prostate resembling rhabdomyosarcoma, leiomyosarcoma, 
angiosarcoma, fi brosarcoma, high grade pleomorphic sarcoma, osteogenic sarcoma, 
and neurogenic sarcoma had been described in the literature. Light microscopy and 
immunohistochemistry can easily help to differentiate these tumors from sarcoma-
toid differentiation [ 51 ]. 

    Pathology 

 The sarcomatoid component of sarcomatoid prostate cancer can demonstrate a vari-
ety of morphologic appearances. The sarcomatoid areas most commonly demon-
strate spindle cells with large, pleomorphic, hyperchromatic nuclei (Figs.  14.4  and 
 14.5 ). Occasionally, the cells appear more plump, with abundant eosinophilic cyto-
plasm and pleomorphic or vesicular nuclei – resembling high-grade pleomorphic 
sarcoma (malignant fi brous histiocytoma) [ 51 ,  52 ]. The sarcomatous component 
may also demonstrate focal or widespread resemblance to other types of sarcoma 
such as fi brosarcoma, chondroblastic osteosarcoma, and others [ 53 ]. The conven-
tional adenocarcinoma component associated with this subtype shows typical pat-
terns including glandular, cribriform, comedo, or papillary and usually demonstrates 
a higher Gleason score (Fig.  14.6 ). In a retrospective case series of 32 patients with 

  Fig. 14.4    Sarcomatoid prostate adenocarcinoma (100×)       
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sarcomatoid carcinoma of the prostate, 93 % of the specimens showed 8 or higher- 
grade Gleason sum scores in the acinar component [ 54 ]. The sarcomatoid compo-
nent in these specimens ranged from 5 to 99 %. Undifferentiated spindle cell 
appearances were observed in a majority of the cases.

     The sarcomatoid component is observed to be positive for vimentin. Other mark-
ers like desmin, myoglobin, and S-100 staining are variable as described in the 
reported cases. These sarcomatous areas are PSA, PAP, and AR negative. A recent 
study using FISH for analyzing ERG deletion demonstrated that sarcomatoid com-
ponent was positive for this deletion in the absence of positive ERG IHC [ 55 ]. This 
fi nding is supportive of an epithelial rather than mesenchymal origin. The adenocar-
cinoma component is classically positive for prostate cancer-specifi c immunostains 
like PSA and PAP.  

  Fig. 14.5    Sarcomatoid prostate adenocarcinoma (200×)       

  Fig. 14.6    Sarcomatoid prostate adenocarcinoma (same case as Figs.  14.5  and 14.6) with compo-
nent of high-grade conventional adenocarcinoma (200×)       
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    Clinical Features and Management 

 It is generally considered that sarcomatoid carcinoma of the prostate is a very 
aggressive variant. The patients presenting with advanced disease have a very poor 
prognosis and die within months of their diagnosis. There are case reports of patients 
who were diagnosed in early stages, underwent surgery followed by radiation and 
androgen deprivation therapy, and had longer survival [ 56 ]. However, in a larger 
series of 21 patients from Mayo Clinic, including both localized (10/21) and 
advanced disease patients (11/21), 7-year survival was observed to be 14 % [ 53 ]. In 
another study of 42 patients with sarcomatoid carcinoma of the prostate, actuarial 
risk of death at 1 year was 20 %. No correlation was observed between patient sur-
vival and morphologic features, prior therapy, or coexistent high-grade acinar carci-
noma. Treatment with single-agent chemotherapy agents, such as docetaxel, 
carboplatin, and cisplatin, has not been shown to improve outcomes in patients with 
advanced sarcomatoid carcinoma [ 54 ]. 

 We recommend to treat these patients aggressively if diagnosed at an early stage 
with surgery, followed by defi nitive radiation, and concomitant androgen depriva-
tion therapy. Patients with advanced stage should receive androgen deprivation 
therapy, especially if sarcomatoid carcinoma is admixed with conventional acinar 
adenocarcinoma. Chemotherapy may be considered early since the sarcomatous 
component may not respond to androgen deprivation.   

    Future Directions 

 The different histological subtypes noted herein have two common facets: (1) a lack 
of well-defi ned biology and (2) a lack of a well-defi ned treatment strategy. Recent 
genomic profi ling studies of conventional prostatic adenocarcinoma suggests a high 
frequency of aberrations outside of the canonical androgen receptor signaling axes 
[ 57 ]. These studies point toward new potential treatment paradigms for advanced 
disease, targeting genes related to DNA repair (e.g.,  ATM ,  BRCA1 , or  BRCA2 ) or 
unique signal transduction cascades (e.g.,  PIK3CA ,  BRAF , etc.). The same approach 
should be taken to characterize rare histologies of prostate cancer. Only when the 
biological underpinnings of the disease are better understood that we will begin to 
defi ne personalized treatment strategies for these orphan diseases.     
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         Introduction 

 Primary prostate sarcomas are rare tumors arising from nonepithelial mesenchy-
mal components of the prostate stroma. These tumors account for less than 0.1 % 
of prostate malignancy in adults [ 1 ]. Leiomyosarcomas are the most common his-
tological subtype in adults, whereas rhabdomyosarcoma is more common in pedi-
atric patients. Surgery remains the mainstay in treatment and the surgical approach 
varies depending on tumor extent. Radical prostatectomy is appropriate for those 
patients whose tumors are confi ned to the prostate. Cystoprostatectomy or total 
pelvic exenteration is the preferred approach for those patients with signifi cant 
bladder or rectal invasion. Systemic chemotherapy and preoperative radiation ther-
apy may be considered preoperatively in locally advanced cases or as defi nite treat-
ment in those patients with metastatic disease. Although the overall prognosis for 
patients with prostate sarcomas remains poor, surgical resection with or without 
preoperative chemotherapy and radiation can cure select patients without meta-
static disease. 

 Squamous cell carcinoma of the prostate is very rare also constituting less than 
0.1 % of all prostate cancers in a pure form. Patients typically present with obstruc-
tive urinary symptoms. Prostate squamous cell carcinoma has a tendency to recur 
locally (after initial treatment with surgery or radiation therapy) and also spreads 
distantly to the bones (osteolytic metastasis), liver, and lungs. The cancer is very 
aggressive with a median survival time of only 14 months. A multimodality treat-
ment approach with systemic therapy combined with local treatment with surgery 
and/or radiation therapy should be considered. 
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 This chapter focuses on pure prostate sarcomas and squamous cell carcinomas 
including patient evaluation and management. High-grade prostate adenocarcinoma 
can rarely differentiate into sarcomatoid or squamous cell carcinoma phenotypes, 
and an extensive discussion of these mixed histology prostate cancers is beyond the 
scope of this chapter.  

    Sarcoma: Patient Presentation and Evaluation 

 Most patients with leiomyosarcoma present in the fi fth to eighth decade of life, 
whereas most adults with rhabdomyosarcoma of the prostate present in their late 
teens or twenties [ 2 ]. The most common symptoms are urinary obstruction in 76 % 
of patients followed by pelvic or perineal pain in almost 50 % [ 2 ]. Other less com-
mon symptoms include urinary frequency, rectal pain, constipation, and hematuria 
or pain with ejaculation [ 2 ]. Physical examination may reveal an enlarged prostate 
or prostate mass on digital rectal examination or palpable lower abdominal mass in 
the context of a large prostate sarcoma. Many prostate sarcomas have a relatively 
smooth posterior surface and may be diffi cult to distinguish from enlargement of the 
prostate with benign prostatic hypertrophy (BPH) on digital rectal examination. 
Rhabdomyosarcoma of the prostate should be suspected in any young adult with 
urinary obstruction and an enlarged prostate or pelvic mass on digital rectal exami-
nation. PSA values are not elevated in patients with prostate sarcoma. Ultrasonography 
(either transrectal or transabdominal) or cross-sectional imaging with CT or MRI 
will demonstrate a prostate mass that may be either relatively homogeneous or het-
erogeneous (Fig.  15.1 ). Cross-sectional imaging of the lungs and liver is an impor-
tant component of initial staging, since these are the most common metastatic sites. 
Pelvic or retroperitoneal lymph node metastases are less common but occasionally 
occur, particularly with rhabdomyosarcomas. Other less common metastatic sites 
are the brain, kidney, and abdominal wall. A biopsy is helpful in establishing a 
pathologic diagnosis and distinguishing sarcoma from other atypical prostate 
lesions such as benign leiomyoma or stromal tumor of uncertain malignant potential 
(STUMP). An image-guided needle biopsy using transrectal ultrasound or CT may 
be optimal as different regions of a heterogeneous tumor may be sampled. 
Transurethral resection of the prostate is sometimes performed on a patient with 
obstructive symptoms and suspected BPH with fi nal pathology demonstrating sar-
coma. Once a diagnosis of prostate sarcoma is made, consideration should be given 
to referring the patient to a tertiary center specializing in sarcoma treatment.

      Specific Types of Prostate Sarcoma 

    Leiomyosarcoma 
 Although leiomyosarcoma is the most common subtype of prostate sarcoma, there 
are less than 250 cases in the literature [ 3 – 7 ]. Leiomyosarcomas vary in size from 1 
to 25 cm, with the majority of lesions between 5 and 10 cm [ 3 – 7 ].The majority of 
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prostate leiomyosarcomas have been high grade with frequent mitosis and necrosis. 
Rare cases of low-grade leiomyosarcoma have been reported. Smooth muscle mark-
ers such as actin, desmin, and calponin are typically positive on immunohistochemi-
cal studies [ 2 ]. Focal keratin positivity can be seen in epithelioid cases. Positivity 
for estrogen receptor has been reported for both prostate leiomyosarcoma and 
STUMPs [ 2 ]. 

 Prostate leiomyosarcomas often have aggressive behavior similar to high-grade 
leiomyosarcomas arising in other sites. Approximately one quarter of patients have 
metastatic disease at presentation, and many develop metastatic disease in spite of 

a
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  Fig. 15.1    A 61-year-old 
male presented with 
urinary retention and was 
found to have a 10 cm 
sclerosing epithelioid 
fi brosarcoma of the 
prostate. ( a – c ) Axial 
computed tomography 
images of the tumor at 
presentation. Note the 
position and deviation of 
the urethral catheter by the 
tumor. He was treated with 
5,000 cGy preoperative 
radiation therapy followed 
by radical prostatectomy 
with negative margins and 
was cancer-free with 
6 months of follow-up       
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local and systemic treatments. The overall prognosis for prostate leiomyosarcoma is 
poor with 50–75 % of patients dying within 2–5 years. All ten patients in a recent 
Chinese report of prostate leiomyosarcoma died, in spite of six of them having no 
metastatic disease at presentation [ 3 ]. However, many of the patients in the Chinese 
report had locally advanced tumors with most being greater than 10 cm in size [ 3 ]. 
The completeness of surgical resection is important, and negative surgical margins 
have been associated with improved survival [ 4 ].  

    Rhabdomyosarcoma 
 Embryonal rhabdomyosarcoma involving the prostate is far more common in chil-
dren than in adults. The other two types of rhabdomyosarcoma, pleomorphic and 
alveolar, are exceedingly rare in the prostate [ 2 ]. There are 52 cases of adult prostate 
rhabdomyosarcoma in the literature [ 3 – 11 ]. Most patients with prostate rhabdo-
myosarcoma present with urinary obstruction. Tumors are often advanced and a 
signifi cant number of patients have metastatic disease at presentation. Patients typi-
cally have a large mass; most rhabdomyosarcomas are greater than 7 cm in diame-
ter. The presence of anaplasia may indicate a more aggressive rhabdomyosarcoma 
[ 2 ]. Sarcoma botryoides is a rare subtype of embryonal rhabdomyosarcoma with 
rare prostate cases reported [ 12 ,  13 ]. Pathologists should confi rm the diagnosis of 
rhabdomyosarcoma with immunostaining for markers of skeletal muscle differen-
tiation including Myo-D1 and myogenin [ 2 ]. Unfortunately, adults with rhabdo-
myosarcoma do not respond as well as children to either systemic chemotherapy or 
radiation. In spite of this, neoadjuvant systemic chemotherapy and radiation should 
be considered prior to surgical intervention for those patients who do not have meta-
static disease at presentation, due to the aggressive nature of these malignancies. In 
the report by Musser, patients with rhabdomyosarcomas had signifi cantly worse 
survival than those with leiomyosarcoma (hazard ratio, 3.00; 95 % confi dence inter-
val 1.13–7.92,  p  = 0.27) [ 5 ].  

    Prostate Angiosarcoma 
 Angiosarcoma is an exceptionally rare prostate sarcoma that is remarkably aggres-
sive and often leads to mortality within a year of diagnosis. Patients with angiosar-
coma often present with hematuria and dysuria. Other presenting symptoms include 
abdominal or pelvic pain, urinary frequency, or constipation. There are about 10 
reported cases in the world [ 14 – 20 ]. Although the mean age at diagnosis is 40 years, 
angiosarcoma has been reported in a wide range of ages from 2 to 80 years [ 14 – 20 ]. 
Three of the ten cases reported in the literature had received prior radiation therapy 
for prostate adenocarcinoma, leading to the hypothesis that radiation therapy may 
have been causal in the development of the angiosarcoma. Although some patients 
have initially presented with locally advanced disease, metastatic progression is 
predictable. Common metastatic sites include the lymph nodes, spleen, lung, and 
liver. 

 From a pathologic perspective, immunostaining for endothelial markers CD31, 
CD34, and ERG can confi rm endothelial cell differentiation [ 2 ]. Factor VIII-related 
antigen is a less sensitive marker for angiosarcoma since it may be lost in some 
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cases [ 2 ]. Importantly, some angiosarcomas may be keratin positive on immunohis-
tochemistry which is especially true for the epithelioid variant of angiosarcoma [ 2 ]. 
The keratin positivity of some angiosarcomas may lead to a misdiagnosis of carci-
noma [ 2 ]. 

 Prostate angiosarcoma is a challenging malignancy to treat because it has been 
resistant to all systemic chemotherapy, radiation, and surgery. Since this sarcoma 
type has been resistant to all standard sarcoma treatment regimens, consideration 
should be given to going directly to an experimental approach. Patients could par-
ticipate in a phase I study or consider a personalized medicine approach based on 
the molecular profi le of a patient’s malignancy.  

    Stromal Tumor of Uncertain Malignant Potential (STUMP) 
 In 1998, a proposal was made to unify a wide variety of prostate stromal lesions 
under the term stromal tumors of uncertain malignant potential (STUMP) [ 21 ]. The 
stromal lesions encompassed under the STUMP category were previously known as 
atypical stromal hyperplasia, atypical spindle cell proliferation, prostatic stromal 
hyperplasia, phyllodes tumor, and cystic epithelial-stromal tumors [ 21 – 26 ]. 
Although most of the STUMPs have a benign clinical course, some are believed to 
progress into prostate stromal sarcoma, and hence the term “uncertain malignant 
potential” should be included according to Herawi and Epstein [ 26 ]. However, it 
should be noted that in general it is exceedingly rare for a benign mesenchymal 
tumor to become a sarcoma. Although sarcomatous transformation of a neurofi -
broma into a neurofi brosarcoma has been described, benign mesenchymal tumors 
almost never transform into malignant counterparts, such as lipoma transforming 
into liposarcoma or hemangioma developing into hemangiosarcoma. There are four 
different histologic patterns of STUMP [ 2 ]. The most common histologic pattern is 
normal to hypercellular stroma with spindle cells showing degenerative atypia 
admixed with benign prostate glands [ 2 ]. The second pattern also occurs with an 
admixture of normal prostate glands and consists of hypercellular bland fusiform 
stromal cells with eosinophilic cytoplasm [ 2 ]. The third pattern consists of hyper-
cellular stroma with or without atypia associated with prostate glands in a pattern 
that bears a resemblance to phyllodes tumor of the breast (these tumors were previ-
ously referred to as phyllodes hyperplasia or phyllodes tumor) [ 2 ]. The fourth pat-
tern of STUMP consists to sheets of myxoid stroma with bland stromal cells, 
typically lacking admixed prostate glands [ 2 ]. In general, STUMP cases have few or 
no mitotic fi gures and no necrosis. If a signifi cant number of mitotic fi gures or 
necrosis is present, then prostate stromal sarcoma should be considered [ 2 ]. 

 Although there is a wide variation in age of presentation, many patients with 
STUMP are 60 years or older [ 21 – 26 ]. Symptoms associated with STUMP include 
bladder outlet obstruction, hematuria, or palpable rectal mass [ 21 – 26 ]. Some 
patients have presented with an elevated PSA level [ 21 – 26 ], but this may be due to 
the presence of a separate cause for the elevated PSA such as benign prostatic 
hyperplasia, prostate infl ammation, or prostate adenocarcinoma. The stromal com-
ponent of STUMPs does not produce PSA, but the elevated PSA in these patients 
may lead to a transrectal ultrasound examination that reveals the STUMP. In general 
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STUMPs do not metastasize and radical prostatectomy with negative surgical mar-
gins is curative. In Herawi’s report, 7 of 14 stromal sarcomas were associated with 
STUMP, raising the possibility that STUMPs may dedifferentiate into sarcomas in 
rare cases [ 26 ]. As a result, patients with STUMP should either undergo radical 
prostatectomy or be closely observed if they are not good surgical candidates or 
decline surgery.  

    Prostate Stromal Sarcoma 
 Stromal sarcomas may arise de novo or may rarely develop from a pre-existing 
STUMP and can occur in any zone of the prostate [ 26 ]. These sarcomas were previ-
ously known as malignant phyllodes tumors. Although there is a wide and overlap-
ping range of age at diagnosis for prostate sarcoma and STUMP, most patients with 
prostate stromal sarcoma are less than 50 years old and tend to be younger than 
patients with STUMP [ 21 ,  27 – 31 ]. Symptoms of prostate stromal sarcoma include 
urinary retention, hematuria, and hematospermia [ 21 ,  30 – 32 ]. Prostate stromal sar-
comas frequently extend directly into the seminal vesicles and occasionally involve 
the bladder (Fig.  15.2 ) and rectum. Size does not seem to correlate well with meta-
static potential, and the reported dimensions range from small microscopic tumors 
to tumors as large as 18 cm [ 21 ,  26 ,  31 ,  33 ]. Prostate stromal sarcomas can metas-
tasize to the liver and lung [ 26 ,  29 ,  31 ]. Prostate stromal sarcoma in general appears 
to be less aggressive than rhabdomyosarcoma and angiosarcoma with better sur-
vival. The principal treatment for prostate stromal sarcoma is surgical extirpation 
with less data supporting radiation therapy or chemotherapy [ 26 ,  30 – 33 ].

   Pathologically prostate stromal sarcoma resembles STUMPs morphologically 
but has increased cellularity, stromal cellular atypia, mitosis, and necrosis. Leafl ike 
structure, resembling breast phyllodes tumor, is the most common pattern. Prostate 
stromal sarcomas are progesterone receptor positive and most cases are diffusely 
positive for CD34 and vimentin. Prostate stromal sarcomas may express estrogen 
receptor and cases are occasionally focally positive for desmin. High-grade prostate 
stromal sarcomas frequently express beta-catenin, high Ki-67 labeling index, and 
p53 expression [ 2 ].  

    Treatment of Adult Prostate Sarcoma 
 Surgery remains a mainstay in the treatment of adult prostate sarcoma. Surgery 
must be individualized based on the extent of disease and may include radical pros-
tatectomy, cystoprostatectomy, or total pelvic exenteration. The goals of surgical 
treatment are to obtain local control and potentially cure those patients that do not 
have metastatic disease. The surgeon should make every effort to obtain negative 
surgical margins, since positive margins are associated with worse survival [ 4 ]. 
Consideration should be given to preoperative chemotherapy or radiation therapy in 
those patients who present with locally advanced lesions in whom negative surgical 
margins may be diffi cult to obtain [ 4 ]. Neoadjuvant therapy may improve the likeli-
hood of negative surgical margins and may improve local control, but there is no 
clear data to show a survival advantage for any specifi c neoadjuvant therapy. Patients 
with metastatic disease, including those with limited regional lymph node 
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involvement, often die of progressive disease. Local treatment may be considered 
for palliation of select symptomatic patients with metastatic disease, but patients 
should have a clear understanding of the palliative nature of such treatment. 

 Since the prognosis for many patients with prostate sarcoma is adverse, it seems 
reasonable to extrapolate data from extremity sarcoma literature and apply it to 
those with prostate sarcoma. Radiation therapy may improve local control [ 34 ], but 
cannot compensate well for large-volume or grossly positive margins [ 35 ]. A meta- 
analysis of adjuvant chemotherapy for localized soft tissue sarcoma demonstrated 
improved progression-free survival but unchanged overall survival [ 36 ]. For those 
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  Fig. 15.2    A 45-year-old male presented with urinary obstruction and was found to have a large 
prostate stromal sarcoma. ( a – e ) Axial computed tomography images. Note suprapubic tube and 
involvement of bladder and right pelvic sidewall structures. ( f ) Axial T2 magnetic resonance 
images demonstrating right pelvic sidewall involvement. The patient was treated with preoperative 
doxorubicin and ifosfamide, prior to a planned radical cystoprostatectomy       
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patients with locally advanced prostate sarcoma and signifi cant bladder or rectal 
wall invasion, it seems reasonable to consider neoadjuvant radiation and/or sys-
temic chemotherapy prior to surgery to try to improve local control and delay or 
prevent systemic progression. Although adjuvant radiation can be given after cysto-
prostatectomy or pelvic exenteration, small bowel often falls down into the local 
fi eld making it harder to deliver a meaningful dose of radiation. For this reason, it 
seems reasonable to consider preoperative radiation for locally advanced cases. 
Although there are no strong data to support the routine use of intraoperative radia-
tion, this modality may be helpful in select patients. Intraoperative radiation can be 
used to treat focal regions where the surgical margins may be compromised at sur-
gery. Since the overall dose of radiation delivered intraoperatively is too low to be 
effective as a stand-alone modality, patients who have received preoperative radia-
tion may be the best candidates for this approach. 

 For those patients who develop a local recurrence following initial surgery, sal-
vage surgery may rarely be curative and can be considered in select patients, espe-
cially those with a prolonged initial disease-free interval [ 4 ]. 

 Patients with metastatic disease and those with angiosarcoma have an adverse 
prognosis and should be considered for experimental trials. Existing targeted thera-
pies such as imatinib might be benefi cial in select patients [ 37 ]. However, personal 
targeted therapy based on molecular profi les of the tumor from biopsy or surgical 
resected specimens may be the future for such patients.    

    Prostate Squamous Cell Carcinoma (PSCC) 

 PSCC is extremely rare in pure form and represents less than 0.1 % of all prostate 
malignancies. Kanthan conducted a review of the Saskatchewan Cancer Agency 
records over the past 30 years and found a total of six pure PSSS among 13,497 
cases of prostate malignancies (0.004 %) [ 38 ]. PSCC is most frequently seen as a 
mixed tumor following treatment with radiation or hormonal therapy for prostate 
adenocarcinoma. In these mixed cases, it has been hypothesized that the SCC com-
ponent may be derived from squamous metaplasia which undergoes malignant 
transformation in response to the radiation or hormonal therapy [ 39 ]. There are rare 
cases of pure PSCC that occur in the setting of chronic infl ammation with urinary 
tract infection or prostatitis [ 40 ,  41 ]. The cell of origin of PSCC is uncertain – basal 
or reserve cells of the prostatic acini as proposed by Sieracki [ 42 ] or the transitional 
epithelium lining the urethra or major ducts as proposed by Kahler [ 43 ] and 
Thompson [ 44 ]. 

    Presentation and Evaluation 

 Most patients with pure PSCC present with urinary obstructive symptoms and are 
60 years or older. Digital rectal examination may show a mass involving the prostate 
with or without involvement of the seminal vesicles and bladder base. Pure PSCC 
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does not express PSA and the serum PSA level is usually normal. An elevated PSA 
may indicate a mixed tumor with adenocarcinoma component. Cystoscopy may 
reveal irregular friable mucosa. An extensive prostate biopsy with sampling of mul-
tiple regions is essential in making the diagnosis. Mott has suggested fi ve criteria for 
the diagnosis of pure PSCC: (1) a clearly malignant neoplasm as judged by disor-
dered growth and cellular anaplasia; (2) defi nite squamous features of keratiniza-
tion, squamous pearls, and/or numerous distinct intercellular bridges; (3) a lack of 
any glandular or acinar pattern (indicative of adenocarcinoma with squamous trans-
formation); (4) no prior estrogen therapy; and (5) the absence of primary SCC else-
where, particularly within the bladder [ 41 ]. Patients with mixed tumors with both 
adenocarcinoma and PSCC have high-grade adenocarcinoma elements [ 45 ]. 
Therefore, if a patient has a prior history of low-to-intermediate-grade prostate ade-
nocarcinoma and is found to have PSCC, it is important to extensively re-biopsy the 
patient to evaluate for focal high-grade adenocarcinoma elements. PSCC can 
involve the rectum resulting in a rectal mass for which the differential diagnosis 
includes SCC of anal origin. Any patient with a prior history of prostate adenocar-
cinoma who develops SCC of the rectum or anus should be evaluated for a mixed 
tumor. Many patients with PSCC with rectal invasion have mixed tumors; extensive 
biopsies with immunostaining for PSA usually help make the correct diagnosis and 
exclude SCC of anal origin [ 45 ]. Cross-sectional imaging is essential to evaluate 
local tumor extent and evaluate the patient for metastatic disease. The possible met-
astatic sites for PSCC include the pelvic and retroperitoneal lymph nodes, liver, 
lungs, and bone. Some patients present with bone pain and a bone metastases are 
lytic lesions on imaging. 

 Once the diagnosis of PSCC is made, consideration should be given to referring 
the patient to a tertiary medical center due to the poor prognosis.  

    Treatment of PSCC 

 PSCC has an adverse prognosis with a median overall survival of only 14 months. 
PSCC is prone to both local recurrence after initial local therapy and distant metas-
tasis. Both surgery and radiation therapy can be used as local treatments. Since 
PSCC occurs in patients who are typically greater than 60 years, treatment selection 
must take into account the patient’s overall health. In a healthy patient with a nega-
tive metastatic evaluation, the current optimal therapy may be neoadjuvant chemo-
radiation prior to surgical extirpation with consideration of intraoperative radiation 
therapy in select cases if there is concern regarding a focal positive margin. In an 
older patient who may not tolerate extirpative surgery, chemoradiation alone may be 
best. Rare cases of long-term disease-free survival have been reported with either 
surgery [ 46 ] or radiation [ 42 ]; however, combining these treatments may improve 
local control. Pure PSCC does not respond to hormonal therapy [ 41 ], but a mixed 
prostate adenocarcinoma/SCC might have a slight response. A variety of single and 
multi-agent chemotherapy regimens have been employed with none showing clear 
superiority [ 47 – 51 ]. Several possible advantages to using preoperative 
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chemotherapy include possible shrinking of the tumor mass, possible treatment of 
subclinical metastatic disease, and the added benefi t of giving the patient a 3-month 
or so window of time to allow the biology of their disease to be determined. Although 
PSCC is a potentially aggressive cancer, the literature is replete with case reports of 
patients with either pure PSCC or mixed PSCC that have died within a few weeks 
or months of diagnosis. Patients with these “super” aggressive pure or mixed PSCCs 
are unlikely to benefi t from surgical extirpation, and these patients could be spared 
surgery. Patients who experience disease progression during a period of initial sys-
temic chemotherapy could be considered for alternative chemotherapy or experi-
mental therapy. Similar to other aggressive malignancies, personal targeted therapy 
based on molecular profi les of the tumor from biopsy or surgical resected specimens 
may be the future for such patients.   

    Conclusion 

 Both adult prostate sarcoma and PSCC are potentially aggressive malignancies 
that are best managed in a tertiary care center. Accurate pathology for both 
malignancies may be challenging and extensive biopsy is likely to render the 
correct diagnosis. Multimodality therapy including surgery, radiation therapy, 
and systemic treatment is currently the best approach. Future therapy may 
include targeted treatments based on the molecular profi le of a patient’s tumor.     
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          Leydig Cell Tumor of the Testis 

    Background 

 Leydig cells are an essential component of normal testicular stroma and are respon-
sible for the development of male phenotype of the fetus and secretion of testoster-
one throughout life under the infl uence of the luteinizing hormone. The pathogenesis 
of Leydig cell tumors is poorly understood. The most common presentation is as a 
unilateral testicular mass, and metastatic disease is uncommon. Surgical resection is 
the mainstay of treatment as this tumor type is not sensitive to chemotherapy or 
radiotherapy. The prognosis is excellent for surgically resectable disease.  

    Incidence 

 Leydig cell tumors of the testis (LCT) are the commonest sex cord-stromal tumors, 
constituting about 3 % of testicular neoplasms overall and up to 9 % of all testicular 
neoplasms in prepubertal males [ 1 ,  2 ]. Although these can occur at any age, a 
bimodal distribution has been reported, with most cases occurring between 5–10 
and 30–60 years of age. Approximately 10 % are bilateral, and 10 % are malignant. 
Malignant LCT has not been described in prepubertal males. 
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 Historically, about 10 % of patients were thought to have metastatic disease at 
presentation, as defi ned by distant spread beyond the testis. This is suggested to be 
a signifi cant overestimate in the current era due to increasingly earlier incidental 
detection of LCT because of wider use of scrotal ultrasound [ 3 ].  

    Presentation 

 The commonest initial manifestation is unilateral painless testicular mass, occurring 
in about 50 % of patients. Most patients are asymptomatic at diagnosis. 

 Because of the pivotal role of Leydig cells in the androgen axis, these tumors 
frequently elaborate androgens, and the majority of prepubertal patients present 
with precocious puberty manifested as pubic hair growth, accelerated skeletal and 
muscle development, and mature masculine voice. Adults with excessive androgen 
production are usually asymptomatic. 

 In about 8–15 % of patients, secretion of excessive estrogens may lead to femini-
zation with gynecomastia, infertility, and genital underdevelopment. In adults, loss 
of libido, erectile dysfunction, and infertility may result. Older patients are more 
likely to present with metastatic disease with symptoms of a shorter duration, and 
without any endocrine manifestations [ 1 ].  

    Workup 

    Laboratory Workup 
 In pure Leydig cell tumors, testicular tumor markers including serum alpha- 
fetoprotein (AFP), beta subunit of human chorionic gonadotropin (β-HCG), and 
lactate dehydrogenase (LDH) should be within the reference range [ 3 – 5 ]. Serum 
testosterone levels are usually elevated. Serum estradiol levels may be increased 
when clinical feminization is evident [ 4 ,  5 ].  

    Imaging Workup [ 6 ] 
 Historically, the majority of patients with LCT underwent diagnostic imaging for a 
unilateral testicular mass/swelling. However, LCT are being increasingly detected 
in asymptomatic patients who undergo evaluation for infertility. Scrotal ultrasound 
is usually the initial imaging test. LCT are commonly hypo-echoic peripheral well- 
defi ned masses, but may also be iso- or hyper-echoic. Color Doppler most often has 
decreased central signal and increased peripheral signal. Ultrasound is unable to 
reliably distinguish between LCT and other tumors of the testis. 

 MRI of the testis is a useful diagnostic modality for LCT, which are nonenhanc-
ing on non-contrast T1-weighted sequences. These demonstrate a distinctive strong 
homogenous enhancement on T1 with contrast sequences, supposedly due to 
increased vascularity and myxoid-fi brous stroma. T1 delayed post-contrast 
sequences show a central washout of the contrast. T2 sequences commonly show a 
well-defi ned peripheral rim. 
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 Staging workup for suspected malignancy includes a CT scan of the abdomen for 
the evaluation of retroperitoneal spread and chest radiography.   

    Pathology 

 Grossly, Leydig cell tumors are usually well circumscribed and have a solid or lobu-
lated appearance on sectioning. They are usually yellow-tan to brown-gray in color. 
About 25 % have foci of necrosis and/or hemorrhage. Most are less than 4 cm in 
diameter, and tumors less than 1 cm are more common in the pediatric population. 
LCT are generally confi ned to the testis, but local extratesticular spread may be seen 
in 10–15 % of cases [ 1 ]. 

 Microscopically, LCT may show a variety of patterns of growth: most commonly 
solid/diffuse (Fig.  16.1 ) or nodular, but trabecular or cord-like, pseudoglandular, 
tubular, nested, and microcystic patterns of growth may also be seen [ 21 ]. Sometimes 
multiple patterns may be seen in one tumor (Fig.  16.1 ). Fibrous septa and myxoid 
or edematous stroma (Fig.  16.1 ) have been described. Rarely, there may be associ-
ated calcifi cation or ossifi cation [ 22 ]. The cells of LCT generally resemble nonneo-
plastic Leydig cells: they are large and polygonal with abundant eosinophilic 
cytoplasm and have round nuclei containing a single prominent nucleolus (Fig.  16.2 ). 
Occasionally, due to lipid accumulation, LCT may have vacuolated or clear cyto-
plasm [ 22 ], and rarely the cells may be spindled or appear small, with scant cyto-
plasm. In up to 40 % of LCT, crystalloids of Reinke may be seen: these are strongly 
eosinophilic needle-shaped or rhomboid crystals present focally within the cyto-
plasm (Fig.  16.2 ).

    About 90 % of LCT are immunoreactive for alpha-inhibin, melan-A, and cal-
retinin. CD99 is positive in two thirds. Tumors are negative or focally positive for 
cytokeratins and S-100 and are negative for various markers of germ cell tumors 
such as OCT3/4, CD30, and CD117. 

  Fig. 16.1    Leydig cell 
tumor: tumor is present as 
eosinophilic cells with a 
diffuse sheetlike 
architecture and also 
focally as small nests 
embedded within some 
edematous stroma (100× 
magnifi cation)       
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 The pathologic differential diagnosis for LCT is wide, especially if the LCT 
shows variant architecture or cytology. It includes Leydig cell hyperplasia, the 
“tumors” that occur with adrenogenital syndrome and Nelson syndrome, other sex 
cord-stromal tumors, including large cell calcifying Sertoli cell tumor, yolk sac 
tumor (vs. microcystic LCT), seminoma (vs. LCT with clear cytoplasm), malako-
plakia, and various non-testicular malignancies such as lymphoma, sarcoma, mela-
noma, and carcinoma such as prostatic adenocarcinoma [ 21 ]. 

 Up to 10 % of LCT behave malignantly, and the only defi nitive criterion for 
malignancy in LCT is the presence of metastatic disease. Malignancy is not seen in 
prepubertal cases and is rare in adult patients with endocrine manifestations. In a 
study of the largest series of LCT [ 1 ], Kim et al. describe a number of clinicopatho-
logic features, that, when taken together, may be useful in predicting subsequent 
malignant behavior: older age at tumor presentation, tumor size larger than 5 cm, 
infi ltrative tumor margins, lymph-vascular space invasion, signifi cant nuclear 
atypia, and increased mitotic rate (>3 per 10 high-power fi elds). All malignant LCT 
in this series had four or more of these fi ndings, whereas 12 of 14 benign LCT had 
none. A more recent study by Cheville et al. [ 2 ] confi rmed these fi ndings in general, 
but recommended a cutoff of >5 mitoses per 10 high-power fi elds. This study also 
found that 7 out of 7 malignant LCT had aneuploidy as compared with 7 out of 18 
benign LCT and that the proliferation index as measured by MIB-1 immunohisto-
chemistry is 18.6 % in malignant LCT versus 1.2 % in benign LCT. They noted, 
however, that the results of aneuploidy and MIB-1 staining did not add additional 
information to the conventional clinicopathologic variables. In another smaller 
study [ 23 ], McCluggage et al. also fi nd support for the clinicopathologic criteria of 
Kim, but in addition found MIB-1 staining helpful, in that all of the benign tumors 
had MIB-1 index of 0–2 %, whereas three of four malignant tumors had staining of 
20–50 % of cells (one malignant tumor had 1 % staining). They also describe more 
than 50 % of cells with nuclear staining for p53 in two of the four malignant tumors 
as compared to 1–2 % staining in all benign (and two of the malignant) LCT. 

  Fig. 16.2    Leydig cell 
tumor: tumor cells are 
large polygonal cells with 
abundant eosinophilic 
cytoplasm, round nuclei 
with prominent nucleoli. 
This case shows minimal 
nuclear atypia. A 
crystalloid of Reinke is 
present as a eosinophilic 
rhomboid structure 
centrally in the slide 
(400× magnifi cation)       
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 None of the clinicopathologic features outlined above (apart from metastasis) is 
defi nitive for malignancy; however, as outlined, the presence of multiple of these 
features in patient/tumor allows some risk stratifi cation for subsequent malignant 
behavior and helps identify which patients require extended follow-up.  

    Treatment 

    Type of Surgery 
 Surgical management is the mainstay of treatment for LCT. Two approaches have 
been described in the literature: radical inguinal orchiectomy (RIO) and testis- 
sparing surgery (TSS). The former has been the most commonly performed surgical 
procedure and remains the standard of care for patients with LCT. If performed, 
careful attention should be paid to early control of the spermatic cord and without 
violation of the scrotal skin to prevent hematogenous and cutaneous dissemination, 
respectively. 

 TSS warrants a multidisciplinary approach and preferably should be performed 
at specialized centers. An intraoperative ultrasound may be used to locate the mass, 
which is then enucleated with a rim of normal testicular parenchyma using an 
 inguinal approach. A frozen section analysis can then be performed [ 7 – 10 ], and if 
features worrisome for malignancy are detected, a RIO is then performed. If the 
mass is benign, the testis is irrigated and returned to the scrotal sac.  

    Retroperitoneal Lymph Node Dissection (RPLND) 
 Studies evaluating the role of RPLND in LCT are limited. In one series, among 
the six patients who underwent RPLND for malignant phenotype LCT, three with 
stage I disease remained disease-free at follow-up (range, 25–135 months), and 
three with stage II disease subsequently died (range, 11–52 months) despite fur-
ther treatment (including surgery, chemotherapy, or radiotherapy). The patients 
with stage II disease had initially presented with stage I disease and were being 
managed by surveillance [ 11 ]. 

 In another series with younger patients (median age, 36 years), three patients with 
stage I and two patients with stage II disease had no disease recurrence at follow- up 
(range, 24–214 months) [ 12 ]. A series evaluating utility of minimally invasive 
RPLND in young patients (median age, 41 years) with stage I malignant phenotype 
LCT had no disease recurrence at follow-up (range, 3–29 months). Unfortunately, 
two intraoperative vascular complications required an open conversion [ 13 ]. 

 Finally, a recent series evaluated the outcomes of RPLND in four patients with 
stage I and two patients with stage II malignant phenotype LCT. The number of 
adverse pathological features was the dominant determinant for disease recurrence 
and survival. Two patients with stage I disease, both of which had fi ve adverse 
pathological features, developed early relapse and died of metastatic disease within 
24 months of surgery. Two other patients with stage I LCT remained disease-free at 
follow-up. One patient with stage II LCT had disease recurrence, but was alive at 
49 months after surgery. 
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 In summary, RPLND with or following RIO should be considered for patients 
with LCT irrespective of clinical stage if having a malignant pathological pheno-
type, as the risk of metastatic disease increases signifi cantly with increasing number 
of high-risk features.  

    Surveillance 
 Most recurrences occur within 2 years of the initial diagnosis, but late recurrences 
occurring as far as 8 years after surgery have been reported. Recurrent disease 
shares the original tumor’s histopathological features, and metastasis may occur in 
the retroperitoneal lymph nodes (70 %), liver (45 %), lung (40 %), and bone (25 %) 
[ 14 ]. The frequency of surveillance imaging remains undefi ned. The suggested fol-
low- up for tumors with malignant features is similar to that for non-seminomatous 
germ cell tumors with chest imaging and abdominal CT every 4 months during the 
fi rst year, every 6 months during the second year, and yearly thereafter. Patients 
should be adequately monitored for at least 10–15 years after surgery due to the 
possibility of late recurrences.  

    Chemotherapy and Radiotherapy 
 LCT are chemo- and radiotherapy-resistant tumors. Combination chemotherapy 
with the bleomycin-etoposide-platinum used for germ cell malignancies is not par-
ticularly effective in LCT, resulting in only transient responses [ 11 ,  15 – 18 ]. 
Combination of mitotane and doxorubicin has been ineffective as well [ 14 ]. The 
tyrosine kinase inhibitor imatinib failed to demonstrate effi cacy in human trials 
after showing promising results in animal models [ 19 ,  20 ]. The effi cacy of taxanes, 
gemcitabine, and anti-angiogenic agents remains undetermined. Radiation therapy 
has not been shown to be benefi cial in any setting in malignant LCT.   

    Prognosis 

 Benign LCT have an excellent prognosis after defi nitive treatment. Median survival 
for malignant phenotype LCT is variable and is worse for patients with advanced 
stage disease with more high-risk features.   

    Sertoli Cell Tumor of the Testis 

    Background 

 Sertoli cells play a critical role in spermatogenesis and regulation of testicular 
homeostasis. Inhibin and activin hormones produced by Sertoli cells modulate the 
secretion of follicle-stimulating hormone by the hypothalamus. Sertoli cell tumor 
(SCT) of the testis is an exceedingly rare entity. The majority of cases are sporadic, 
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but the association of Sertoli cell neoplasms and hamartomatous proliferations with 
genetic syndromes, such as Peutz-Jeghers syndrome [ 24 – 26 ], androgen insensitiv-
ity syndrome (testicular feminization syndrome) [ 27 ], and Carney complex [ 26 ,  28 ], 
has been well described. The World Health Organization classifi es these tumors into 
Sertoli cell tumor “not otherwise specifi ed” (NOS), large cell calcifying SCT, and 
sclerosing SCT subtypes [ 29 ]. SCTs are mostly benign neoplasms, but malignancy 
does occur.  

    Incidence 

 Sertoli cell tumors of the testis constitute around 1 % of testicular neoplasms in the 
reported literature. Patients can present at any age with no known peak incidence 
[ 30 ]. Malignant cases form a small proportion (10 %) of cases [ 31 – 33 ].  

    Presentation 

 The commonest manifestation is as a slowly enlarging unilateral painless testicular 
mass. In younger patients, these may be discovered as testicular masses on ultraso-
nography done for workup of gynecomastia [ 25 ]. 

 As compared to their malignant counterparts, benign SCTs are more likely to 
occur in younger patients (mean age, 17 versus 39 years old), be small (mean, 1.4 cm 
versus 5.4 cm), and multifocal or bilateral (28 % vs. 0 % of malignant tumors). 
Retroperitoneal lymph nodes are the commonest metastatic site, but hematogenous 
spread to the lungs, liver, and bone has been described in the literature [ 32 ].  

    Workup 

    Laboratory Workup 
 In pure Sertoli cell tumors, testicular tumor markers including serum alpha- 
fetoprotein (AFP), beta subunit of human chorionic gonadotropin (β-HCG), and 
lactate dehydrogenase (LDH) should be within the reference range. In young 
patients with clinical syndromes such as Peutz-Jeghers, Sertoli cell neoplasia has 
been associated with gynecomastia. This is thought to be a direct result of elevated 
levels of aromatase – an enzyme that converts testosterone and androstenedione to 
estradiol – within neoplastic cells [ 25 ].  

    Imaging Workup 
 Scrotal ultrasound is usually the initial imaging performed and shows a hypo- to 
hyper-echoic inhomogeneous lesion containing cystic areas. Large cell calcifying 
SCT tends to present as a well-circumscribed diffusely hyper-echoic intratesticular 
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mass with heavy acoustic shadowing due to the presence of calcifi cations and mod-
erate hypervascularity [ 34 ,  35 ]. MRI fi ndings are varied and nondiagnostic. 
T1-weighted images show homogenous intermediate signal intensity with markedly 
enhanced well-defi ned thin walls. T2-weighted images show high signal intensity of 
the lesion [ 36 ]. 

 Imaging of contralateral testis should be considered because a substantial pro-
portion of Sertoli cell tumors are multifocal and bilateral (although multifocal and/
or bilateral SCTs tend to be benign). In addition, CT of the chest and abdomen 
should be performed after a diagnosis has been established, because some SCTs are 
metastatic at the time of initial diagnosis.   

    Pathology 

 Sertoli cell tumors of the usual type (not otherwise specifi ed (NOS)) are generally 
unilateral well-circumscribed yellow-white or tan masses, usually less than 4 cm in 
diameter and confi ned to the testis at initial presentation. Cystic change may be 
seen. There may be foci of hemorrhage, but necrosis is rare [ 21 ]. Microscopically, 
the characteristic fi nding is that of tubule formation (Figs.  16.3  and  16.4 ). These 
tubules may be hollow or solid. Cords, solid nests and sheets, trabeculae (Fig.  16.3 ), 
and rarely a retiform pattern may also be seen [ 21 ]. The tumor cells show a moder-
ate amount of pale to eosinophilic cytoplasm (Fig.  16.4 ) and may appear clear or 
vacuolated if intracellular lipid is prominent. The nuclei tend to be bland, with small 
nucleoli, and generally there are few mitoses (Fig.  16.4 ). Occasional tumors may 
show signifi cant cellular pleomorphism and mitotic activity. By immunohistochem-
istry, SCTs show staining for vimentin and variable staining for inhibin, calretinin, 
and cytokeratins. The pathologic differential diagnosis includes the nonneoplastic 
Sertoli cell nodules (“Pick adenomas”) commonly seen in cryptorchid testes, the 

  Fig. 16.3    Sertoli cell 
tumor: the tumor in this 
case shows a variety of 
architectural patterns, 
including hollow and solid 
tubular, nested, and solid 
patterns (100× 
magnifi cation)       
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benign hamartomatous and adenomatous Sertoli cell lesions of androgen insensitiv-
ity syndrome, Leydig cell tumor, undifferentiated sex cord-stromal tumor, and even 
occasionally seminoma. SCTs (NOS) are usually benign, but about 10 % show 
malignant behavior [ 30 – 44 ]. Malignant behavior in SCT (NOS) may also be seen in 
children. Metastases are generally to retroperitoneal or inguinal lymph nodes, but 
may also be to lung and skin. As with Leydig cell tumor, the best criterion for malig-
nancy in SCT is metastasis, but malignant behavior is associated with a number of 
pathologic features: tumor size of 5 cm or greater, mitotic rate of greater than 5 per 
10 high-power fi elds, signifi cant nuclear atypia, necrosis, and lymph-vascular space 
invasion [ 21 ,  30 ,  31 ,  47 ]. Young and colleagues diagnose SCT as malignant if it has 
two or more of these features, and if there is one of the features they diagnose 
“uncertain malignant potential” [ 21 ]. Otherwise, they note that the SCT has a very 
low risk of malignant behavior. Two other features that correlate with malignancy 
are a MIB-1 proliferation index of >30 % [ 48 ] and a predominance of a diffuse 
growth pattern [ 31 ].

    Large cell calcifying SCT is a variant with an unusual clinical association: 
30–40 % of cases are associated with Carney complex, an inherited condition that is 
associated with mucocutaneous pigmentation, cardiac myxomas, myxomas of other 
sites, pituitary adenoma, and bilateral adrenal cortical hyperplasia. About half of 
cases are associated with germline mutation in the  PRKAR1A  gene. The association 
with large cell calcifying SCT is important to remember when diagnosing this 
tumor, because patients with Carney syndrome are at risk for sudden death second-
ary to cardiac myxomas. Large cell calcifying SCTs are generally well- circumscribed 
yellow-tan masses, usually less than 4 cm in diameter. Some have a gritty texture on 
sectioning, due to calcifi cation. Microscopically, there are nests, cords, and sheets 
of cells with abundant eosinophilic cytoplasm in a fi brocollagenous or myxoid 
stroma [ 32 ,  45 ,  46 ]. Usually there is associated stromal microcalcifi cation, and there 
may be a characteristic stromal neutrophilic infi ltrate. Intratubular tumor is fre-
quently present. Nuclei appear round, with prominent nucleoli. Mitoses are usually 

  Fig. 16.4    Sertoli cell 
tumor: characteristic 
tubular architecture is 
present, with tumor cells 
showing pale cytoplasm 
and quite uniform bland 
nuclei with small nucleoli. 
Nuclear grooves are not 
seen (400× magnifi cation)       
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scant. The main morphological differential diagnosis is with Leydig cell tumor. 
Malignant behavior is seen in up to 20 % of cases, typically in older patients and 
typically not associated with Carney complex [ 31 ,  47 ]. Pathological features that 
have been associated with malignancy include tumor size >4 cm, extratesticular 
spread, mitotic count >3 per 10 high-power fi elds, signifi cant nuclear atypia, lym-
phovascular invasion, and necrosis [ 32 ]. Kratzer and colleagues found that malig-
nant tumors had two or more of these features [ 32 ]. 

 Sclerosing SCT is an uncommon variant that usually presents as a testicular mass 
alone. Microscopically, the characteristic fi nding is of cells that are similar to SCT 
(NOS) set in a densely fi bro-sclerotic stroma [ 42 ,  43 ]. About 40 cases have been 
reported in the literature, and only 1 showed malignant behavior [ 43 ]. 

 Intratubular large cell hyalinizing Sertoli cell neoplasia is a form of Sertoli 
cell proliferation that is associated with, and very characteristic of, Peutz-
Jeghers syndrome (thus associated with  STK11 / LKB1  gene mutations) [ 25 ]. 
Clinically, it is usually associated with gynecomastia. Microscopically, this 
lesion comprises an intratubular Sertoli cell proliferation that is multifocal and 
bilateral, with large eosinophilic cells and associated intratubular incorporation 
of globules of basement membrane material [ 25 ], (Fig.  16.5 ). Intratubular large 
cell hyalinizing Sertoli cell neoplasia is itself benign, but in about 30 % of cases, 
an invasive tumor develops, that is morphologically reminiscent of large cell 
calcifying SCT [ 25 ].

   Androgen insensitivity syndrome (testicular feminization syndrome) is associ-
ated with hamartomatous and adenomatous Sertoli cell proliferations. These may be 
multifocal and bilateral, but are clinically benign [ 27 ,  49 ].  

    Treatment 

    Type of Surgery 
 There are several commonalities between the management of Leydig cell tumors 
and Sertoli cell tumors, with surgical resection being the mainstay of treatment for 
both. Radical inguinal orchiectomy (RIO) and testis-sparing surgery (TSS) have 
been performed with the former being the standard of care. 

 While RIO has the advantage of familiarity for the surgeons, TSS may offer 
fertility and sexual function preservation. TSS warrants a greater multidisciplinary 
approach and preferably should be performed at specialized centers. It involves 
localization of testicular mass using intraoperative ultrasound followed by enucle-
ation with a rim of normal testicular parenchyma using an inguinal approach. If 
malignant features are detected on a frozen section, a RIO is then performed. If the 
mass lacks adverse pathologic features, the testis is irrigated and returned to the 
scrotal sac. A series of 55 patients with Leydig cell tumors and 11 with Sertoli cell 
tumors evaluated outcomes of TSS versus RIO [ 38 ]. Patients undergoing TSS had 
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100 % relapse-free and overall survival at 5 years, but none had two or more adverse 
pathological features, and the median tumor size was only 0.7 cm (range, 0.6–1.3). 
One patient treated with TSS initially developed a local recurrence 26 months later 
and required orchiectomy.  

    Retroperitoneal Lymph Node Dissection (RPLND) 
 Studies evaluating the role of RPLND in SCT are limited. In one series, among the 
four patients who underwent RPLND for Sertoli cell tumors, two patients with stage 
I disease remained disease-free at follow-up (range, 9–63 months). One patient with 
stage II-B having three adverse histological features and one with III-A disease and 
having two adverse histological features died of the disease after 9 and 69 months, 
respectively [ 14 ]. 

 Immediate RPLND for stage I disease is controversial as a low proportion of 
these patients have nodal metastasis. However, immediate RPLND is recommended 
for all clinical stage II-A or higher (due to the lack of effective subsequent therapies 
and inadequate data about optimal surveillance strategies), and if tumor size is large 
and three or more risk factors are present [ 14 ,  37 ,  38 ].  

    Chemotherapy 
 Chemotherapy and radiation therapy are not consistently effective, although occa-
sional tumors have responded [ 32 ].  

    Additional Workup 
 Because of the known association of SCT and other Sertoli cell proliferations with 
genetic syndromes, careful attention should be paid to the presenting features, espe-
cially in younger patients with large cell calcifying Sertoli cell tumors and with 

  Fig. 16.5    Intratubular 
large cell hyalinizing 
Sertoli cell tumor: the 
microscopic section shows 
a seminiferous tubule that 
is completely replaced by 
large eosinophilic Sertoli 
cells and prominent 
globular eosinophilic 
basement membrane 
material. This entity is very 
characteristic of Peutz- 
Jeghers syndrome (400× 
magnifi cation)       
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intratubular large cell hyalinizing Sertoli cell neoplasia. Depending on the specifi cs 
of the pathologic fi ndings, these patients should be evaluated for Carney complex, 
Peutz-Jeghers syndrome, or androgen insensitivity syndrome. Carney complex is 
particularly concerning because of association with cardiac myxoma, which may 
result in sudden death if undiagnosed.  

    Surveillance 
 Patients undergoing TSS must be carefully followed for local recurrence with 
testicular ultrasound. Additionally, in one series, on a mean of 3.8 years of 
 follow-up of 16 patients with Sertoli cell tumors after radical orchiectomy, 3 of 
12 patients who had no metastasis at presentation developed late metastasis. 
Retrospectively, histologic fi ndings of these three patients showed adverse 
 features: lymph-vascular space invasion in 2, nuclear atypia in 2, and necrosis in 
one patient [ 30 ]. 

 For some young patients with small multifocal and bilateral large cell calcify-
ing SCT, conservative treatment may be considered, with testicular surveillance 
and antiestrogenic therapy if there are estrogenic symptoms [ 21 ,  50 ]. Similarly, 
when on clinical and radiologic grounds the lesions associated with Peutz-Jeghers 
syndrome are regarded to be confi ned to the tubules (intratubular large cell hyalin-
izing Sertoli cell neoplasia), careful surveillance in combination with aromatase 
inhibitors could be considered [ 21 ,  25 ,  51 ,  52 ]. Evidence for invasion should 
prompt orchiectomy. 

 Owing to the rarity of these tumors, the frequency of surveillance imaging 
remains undefi ned. Suggested follow-up is similar to non-seminomatous germ cell 
tumors with chest imaging and abdominal CT every 4 months during the fi rst year, 
every 6 months during the second year, and yearly thereafter. There has been only 
one late metastasis beyond 5 years after diagnosis, and hence, a minimal of 5 years 
of follow-up is recommended [ 39 ].  

    Prognosis 
 Malignant Sertoli cell tumors have a median survival of around 2 years [ 40 ,  41 ].    

    Granulosa Cell Tumor of the Testis 

    Background 

 Granulosa cell tumors of the testis (GRCT) are exceedingly rare neoplasms, occur-
ring much more commonly in the ovary than in the testis. Granulosa cell tumors of 
the testis have been classifi ed into adult and juvenile subtypes based on their histo-
pathological characteristics. Malignant forms of adult-type GRCT have been 
reported, and these are resistant to the radiotherapy and chemotherapy regimens 
used in germ cell tumors. Surgical resection is the mainstay of treatment and results 
in excellent cure rates in localized disease.  
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    Incidence 

 Adult-type GRCT is exceedingly uncommon, with total number of cases between 
50 and 100 in the literature. Peak incidence of adult GRCT is around 40 years of age 
with a range of 12–87 years, and with more than half of the cases occurring in 
patients in fi fth and sixth decades of life [ 55 ,  56 ]. Juvenile GRCT is the commonest 
testicular tumor in males younger than 6 months of age, with most reported cases 
diagnosed under 2 years of age [ 53 ,  54 ]. They may occur in undescended testes of 
infants with disorders of sex development and anomalies of sex chromosomes [ 70 ].  

    Presentation 

 The commonest manifestation is as a unilateral painless testicular mass. Some adult 
GRCT may present with endocrine symptoms: gynecomastia (up to 20 %) and loss 
of libido and potency. Hormonal features are not seen in patients with juvenile 
GRCT. There is considerable heterogeneity in clinical presentation in adult GRCT, 
with time from symptom onset to clinical evaluation ranging between few months 
to as long as a decade [ 55 ]. 

 Metastasis has not been reported in juvenile GRCT, and only a small proportion 
of adult GRCT metastasize, with retroperitoneal lymph nodes being the commonest 
site [ 57 ].  

    Workup 

    Laboratory Workup 
 Elevations of tumor markers including alpha-fetoprotein, lactate dehydrogenase, 
and inhibin-B have been reported, but their prognostic value is unclear [ 58 ,  59 ].  

    Imaging Workup 
 Scrotal ultrasound is usually the initial imaging performed and shows a well- 
circumscribed hypo-echoic lesion possibly containing cystic areas [ 60 ]. A “Swiss 
cheese” pattern with effacement of normal testicular parenchyma by tumor mass 
containing multiple septated cysts and color Doppler showing a hypervascular rim 
has been described [ 58 ]. CT may show a hypo-echoic lesion with rim enhancement 
on T1 contrast weighted images [ 61 ].   

    Pathology 

 Adult-type granulosa cell tumors are usually well-circumscribed, solid, and/or cystic 
yellow-to-tan-to-gray masses. They usually measure 3–5 cm but may measure up to 
18 cm. Microscopically, the most common pattern is microfollicular, with 
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Call- Exner bodies, but other patterns may be seen, including macrofollicular, tra-
becular, insular, gyriform, and diffuse (Fig.  16.6 ). The tumor cells have scant pale 
cytoplasm, and pale round-to-oval nuclei, often with nuclear grooves, thus resem-
bling a “coffee bean” (Fig.  16.6 ). Mitoses are generally infrequent, but occasionally 
a high mitotic rate may be seen [ 67 ]. Tumor cells are usually positive by immunohis-
tochemistry for alpha-inhibin, vimentin, estrogen, and progesterone receptors and 
may show variable positivity for cytokeratins [ 67 ]. Typical germ cell tumor markers, 
including OCT3/4 and alpha-fetoprotein (AFP), are negative. The pathologic differ-
ential diagnosis may include unclassifi ed sex cord-stromal tumor, Sertoli cell tumor, 
or mixed germ cell-sex cord-stromal tumor [ 21 ]: careful attention to morphology and 
the use of selective immunostains (to exclude a germ cell component) will aid in the 
correct diagnosis.

   Most adult-type GRCT are benign, but malignancy has been described. The 
small number of malignant cases limits the prognostic power of features other than 
metastasis, but the following have been described as indicating a greater risk for 
malignant behavior: large tumor size (>7 cm), lymph-vascular space invasion, 
tumor hemorrhage, and tumor necrosis [ 67 ,  69 ]. In a review of the literature, one 
group of authors suggests that tumor size >5 cm is the only feature statistically 
associated with malignancy [ 66 ]. 

 Juvenile-type GRCT are solid and/or cystic yellow-to-gray nodules. The corre-
sponding microscopic appearance shows a variably sized follicular and/or solid 
appearance. The tumor cells have a moderate amount of cytoplasm and round-to- 
oval hyperchromatic nuclei without grooves [ 21 ]. The mitotic index may be high. 
By immunohistochemistry, the tumor cells usually stain for alpha-inhibin and are 
negative for AFP. Because of the young age of presentation of juvenile-type GRCT, 
an important differential diagnosis is yolk sac tumor: careful examination for fol-
licular architecture, positive immunostaining for alpha-inhibin, and negative stain-
ing for AFP should aid in the diagnosis of GRCT. 

  Fig. 16.6    Granulosa cell 
tumor: tumor cells are 
present in a diffuse 
architectural pattern in this 
case, and the cells show a 
scant amount of pale 
cytoplasm, and fairly 
uniform round-to-oval 
“coffee bean” nuclei with 
visible longitudinal nuclear 
groove (400× 
magnifi cation)       

 

M. Barry et al.



245

 Juvenile GRCT are benign, without reported metastatic disease, despite the fi nd-
ing that occasional tumors may have a high mitotic index.  

    Treatment 

    Type of Surgery 
 The majority of reported cases of juvenile GRCT underwent radical inguinal 
orchiectomy (RIO), and all had excellent outcomes with no local or distant recur-
rences on prolonged follow-up [ 53 ,  54 ,  58 ,  62 – 64 ]. Orchiectomy using a pre-
scrotal approach has also been described, but careful attention must be paid to 
avoid tumor spillage [ 59 ]. Testis-sparing surgery (TSS) may be feasible for small 
tumors with normal preoperative tumor markers (in particular, a normal alpha-
fetoprotein level), and intraoperative frozen section that is consistent with this 
entity [ 64 ,  65 ]. 

 RIO has been the procedure of choice for adult GRCT as well. The role of pre-
operative and/or intraoperative staging using RPLND is unknown. Treatment deci-
sions must be individualized, and risks of retroperitoneal exploration balanced 
against the lack of good surveillance strategy and treatment options for patients with 
recurrent disease.  

    Retroperitoneal Lymph Node Dissection (RPLND) 
 Owing to the benign nature of juvenile GRCT, routine RPLND is not recommended. 
Routine RPLND has not been shown to improve outcomes in adult GRCT, and deci-
sion to perform the procedure must be individualized. As noted above, the following 
features are regarded as indicating a greater risk for malignancy: large tumor size 
(>7 cm), lymph-vascular space invasion, tumor hemorrhage, and tumor necrosis 
[ 67 ,  69 ].  

    Chemotherapy 
 Chemotherapy is not of proven value in patients with GRCT.  

    Surveillance 
 Surgical resection of tumor is thought to be curative for patients with juvenile 
GRCT, and no further follow-up is suggested. 

 Adult GRCT tend to recur mostly within the fi rst 3 years of resection, but 
there are several important caveats. Patients with slow-growing tumors (longer 
time from symptom onset to clinical diagnosis) may develop late recurrence and 
need longer surveillance duration, although such an association is not well estab-
lished. We suggest a frequency of clinical evaluation of every 3 months for the 
fi rst 2 years and every 6 months thereafter. If transition to a primary care provider 
is considered at the 5-year mark, the patient and receiving provider must be made 
aware about the possibility of recurrences as late as 10 years from initial 
diagnosis.  
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    Prognosis 
 Juvenile GRCT and stage I adult GRCT without high-risk features have a cure rate 
approaching 100 %. Survival drops signifi cantly for adult GRCT presenting at 
stages higher than II-A, and recurrence and/or widespread metastasis are not 
uncommon.    

    Tumors of the Fibrothecoma Group 

    Background 

 Fibrothecomas of the testis are exceedingly rare neoplasms. Most reported testicu-
lar fi brothecomas are actually fi bromas of gonadal stromal origin. Thecomas are 
vanishingly rare, with only two possible cases reported [ 29 ,  71 ,  72 ]. Establishing an 
accurate diagnosis is critical because of the overlap with testicular sarcomas and 
undifferentiated sex cord-stromal tumors. No malignant cases of fi brothecoma have 
been reported and these tumors carry an excellent prognosis.  

    Incidence 

 No incidence data is available due to the rarity of these tumors. In one review, 
median age at diagnosis was 31 years (range, 5–67 years) [ 73 ].  

    Presentation 

 The commonest presentation is painless unilateral scrotal swelling, but scrotal pain can 
be the presenting symptom. No hormonal symptoms have been described in cases of 
fi brothecoma; unlike ovarian thecomas, testicular fi brothecomas have not been associ-
ated with feminizing symptoms or elevation of serum levels of estrogen. Metastatic 
spread or recurrences have not been reported with testicular fi brothecomas [ 73 ]. 
Ovarian fi brothecomas occur in about 25 % of patients with nevoid basal cell carci-
noma syndrome (Gorlin syndrome), which is caused by mutations in the  Protein 
patched homolog 1  ( PTCH ) gene. One of the cases of testicular thecoma occurred in a 
young male with this syndrome, which may point toward an association [ 72 ]. Evaluation 
for this syndrome might be considered for young patients with testicular thecoma.  

    Workup 

    Laboratory Workup 
 No cases have been associated with elevation of tumor markers including alpha- 
fetoprotein, lactate dehydrogenase, and inhibin-B. Perioperative assessment of 
estradiol, testosterone, luteinizing hormone, and follicle-stimulating hormone is 
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likely not useful even in cases of testicular thecomas because surgery is considered 
curative.  

    Imaging Workup 
 Scrotal ultrasound in cases of pure fi bromas may show heterogeneous echotexture, 
and larger masses may have abundant free fl uid. Fibrothecomas are usually well 
circumscribed, but these may abut the tunica albuginea [ 75 ]. Average tumor size is 
around 2 cm.   

    Pathology 

 Grossly, testicular fi brothecomas are usually solid, well-circumscribed, tan-to- yellow/
white masses. They generally lack necrosis and hemorrhage. Occasional tumors may 
show infi ltration into the surrounding testicular parenchyma [ 75 ]. Microscopically, 
these tumors resemble their ovarian equivalents: most resembling typical or cellular 
variants of ovarian fi bromas [ 21 ]. Fibrothecomas are composed of spindled-to-ovoid 
uniform cells in short fascicular and/or storiform arrangements, with variable amounts 
of collagen deposition. The degree of cellularity may be moderate to very cellular. 
Mitotic activity may be seen: most tumors have less than fi ve mitoses per 10 high-power 
fi elds, but some tumors show nine to ten mitoses per 10 high-power fi elds [ 21 ,  75 ,  76 ]. 
Fibrothecomas show variable immunohistochemical staining, with frequent positivity 
for inhibin, calretinin, vimentin, pan keratin, Melan-A, S-100, muscle-specifi c actin, 
BCL2, CD34, and desmin [ 75 ]. An important pathologic differential diagnosis is 
between fi brothecoma and unclassifi ed sex cord-stromal tumor, as the latter may behave 
malignantly. Although unclassifi ed sex cord-stromal tumors may have areas that resem-
ble fi brothecoma, areas of transition to epithelial areas should be seen [ 21 ].  

    Treatment 

    Type of Surgery 
 The majority of patients with fi brothecoma undergo radical inguinal orchiectomy 
(RIO) and they have had excellent outcomes with no local or remote recurrences on 
prolonged follow-ups of up to several years [ 74 – 76 ]. Testis-sparing surgery (TSS) 
has been described in one case of pure fi broma, and excisional biopsy in a case of 
fi brothecoma, and may be considered for small tumors that allow sparing of suffi -
cient testicular parenchyma [ 76 ].  

    Retroperitoneal Lymph Node Dissection (RPLND) 
 RPLND is not routinely recommended for pure fi broma or pure fi brothecomas as no 
malignant spread has been demonstrated in reported literature.  

    Chemotherapy 
 Testicular fi brothecomas are benign tumors and no chemotherapy is indicated.  
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    Surveillance 
 In a recent study, 16 cases of testicular fi brothecoma were followed for an average 
of 71.8 months (range, 3–144 months), and no recurrences or metastasis were 
detected. Follow-up beyond 5 years is not recommended and can be abbreviated 
further based on the patient’s preference.  

    Prognosis 
 Testicular fi brothecomas have uniformly excellent prognosis with no documented 
recurrences or disease-specifi c mortality.       
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         Introduction 

 Granulosa cell tumors (GCTs) of the testis are rare testicular neoplasms, and there 
are less than 200 cases reported in the medical literature (Table  17.1 ). While sex 
cord-stromal tumors account for approximately 5 % of testicular tumors, the exact 
incidence of GCTs is not entirely known [ 1 ]. Clinically testicular GCTs are divided 
into two subgroups, adult-type GCT (AGCT) and juvenile-type GCT (JGCT). In 
adults Leydig and Sertoli cell tumors are more common than GCT of the testis, 
while in children JGCTs account for approximately a third of sex cord-stromal 
tumors of the testis [ 2 ,  3 ]. In AGCTs the tumors typically occur in the early to mid- 
fi fth decade of life, while in JGCTs almost all cases occur in prepubertal males less 
than 1 year of age [ 2 – 6 ]. A painless scrotal mass is the most common presentation 
of GCT, while occasional cases have been discovered due to pain resulting from 
testicular torsion, and metastases to retroperitoneal lymph nodes or other organs at 
the time of diagnosis can be seen in up to 20 % of adult cases but are rare for JGCT 
[ 7 ,  8 ]. For JGCT, inguinal and abdominal masses have been reported due to the 
tumor occurring in an undescended testis [ 9 – 11 ].

       Genetics and Clinical Associations 

 The exact etiology of testicular GCT remains unclear. More biologic and genetic 
data are available for ovarian GCTs due to their increased frequency over GCTs of 
the testis, and there have been some studies investigating if ovarian and testicular 
GCTs share common genetic aberrations. One specifi c somatic mutation involving 
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the transcription factor forkhead box L2 (FOXL2) gene at 402C;G(C134W) has 
been described to be involved in nearly all ovarian GCTs [ 12 – 14 ]. The presence of 
the FOXL2 mutation has been demonstrated in both adult and juvenile-type testicu-
lar GCTs but at a lower prevalence compared to ovarian GCTs [ 15 ,  16 ]. Kalfa et al. 
reported aberrant immunohistochemical expression of FOXL2 in three cases of 
juvenile-type testicular GCT and also noted cytoplasmic expression of SOX9 in two 
cases instead of the expected nuclear localization [ 16 ]. SOX9 is a transcriptional 
factor that is known to be involved with testis differentiation, but the relationship of 
the cytoplasmic SOX9 expression is unknown and should be taken with caution 
given the small sample size [ 17 ]. Among the critical functions of the FOXL2 gene 
is the suppression of transdifferentiation of the ovary to testis [ 18 ,  19 ]. Yet the exact 
mechanisms involving disruption of normal FOXL2 function leading to formation 
of either ovarian or testicular GCTs still remain unclear. Boyer et al. also recently 
demonstrated that dysregulation between the WNT/CTNNB1 and PI3K/AKT path-
ways may play a synergistic role in the development of testicular GCTs [ 20 ]. In a 

   Table 17.1    Summary of largest reported series of granulosa cell tumors of the testis with clinical 
data in the last 20 years   

 Study 

 Number of 
cases and 
subtype  Treatment  Comments 

 Cornejo and Young 
[ 4 ] 

 32 adult  30 OR, 2 WR/EN  19 patients with follow-up at 
mean of 51 months. 18 are 
NED and one patient with alive 
with lung metastasis 

 Rane et al. [ 5 ]  4 adult/2 
juvenile 

 6 OR and 2 adults 
received BEP and 1 adult 
received cisplatin/
paclitaxel 

 4 NED and 1 adult died from 
embryonal carcinoma 

 Kao et al. [ 33 ]  70 juvenile  62 OR, 6 WR/EN, and 2 
biopsy only 

 24 patients with follow-up at 
median 61 months and all were 
NED 

 Hofmann et al. [ 3 ]  16 juvenile  Reported as part of 42-patient 
cohort of sex cord-stromal 
tumors. At median follow-up 
of 3.8 years for the entire 
cohort, all patients were NED 

 Cecchetto et al. [ 2 ]  4 juvenile  3 OR and 1 WR/EN  Reported as part of 11-patient 
cohort of sex cord-stromal 
tumors. At mean follow-up of 
59 months for the entire cohort, 
all patients were NED 

 Harms and Kock 
[ 37 ] 

 11 juvenile  8 OR and 1 WR/EN  8 NED at median follow-up 
41 months. 3 LTFU 

 Thomas et al. [ 6 ]  9 juvenile  Unknown  All NED at mean follow-up of 
25 months 

   OR  orchiectomy,  WR/EN  wedge resection/enucleation,  NED  no evidence of disease,  BEP  bleomy-
cin, etoposide, and cisplatin,  LTFU  lost to follow-up  
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mouse model that expressed CTNNB1 but loss of phosphatase and tensin homolog 
(PTEN), testicular tumors were generated that histologically appeared similar to 
GCTs and also expressed FOXL2. Other investigators demonstrated development 
of similar testicular tumors in murine Sertoli cells through activation of both 
CTNNB1 and KRAS [ 21 ]. 

 Another study noted that in-frame duplications of AKT1 have been found in 
60 % of juvenile ovarian GCTs [ 22 ]. These tandem duplications resulted in altera-
tions of the pleckstrin-homology domain which resulted in AKT1 activation. Other 
preclinical studies have examined the role of other genes, such as FOXO1, GATA4, 
and TGF-beta, for ovarian GCTs, but these studies have not been evaluated for tes-
ticular GCT [ 23 – 25 ]. 

 Both adult- and juvenile-type GCTs have not been linked to any familial genetic 
disorders or syndromes. However, some cases of JGCTs have presented in children 
with chromosomal abnormalities involving either the Y chromosome, chromosome 
4, or X/XY mosaicism presenting with ambiguous genitalia [ 3 ,  10 ,  26 – 29 ]. As pre-
viously mentioned, JGCT has also been associated with undescended testis. No 
consistent chromosomal aberrations have been noted for adult-type testicular GCTs. 
Gynecomastia as a presenting symptom at diagnosis has been reported in several 
cases of AGCT, but gynecomastia and other hormonal disorders have not been 
reported in juvenile cases [ 30 – 32 ].  

    Pathologic Findings 

 On gross examination adult-type testicular GCTs tend to be well circumscribed and 
solid, while JGCTs can be more multicystic. One clinicopathologic study of 70 
cases of juvenile GCT of the testis noted that 63 % of the tumors were multicystic 
[ 33 ]. Involvement of the seminiferous tubules is often seen for both types of testicu-
lar GCTs, while lymphovascular invasion is uncommon. Invasion of the rete testis 
appears to be more common in AGCTs. Under microscopic examination AGCTs 
mainly exhibit a diffuse, solid histologic pattern of tumor cells, but spindled 
(Fig.  17.1 ), insular, corded, and microfollicular patterns of tumor cells often can be 
observed in tumors [ 4 ]. This variability of histologic patterns is comparable to what 
has been observed in ovarian GCTs. Juvenile-type GCTs are more likely to exhibit 
a mixed follicular and solid pattern of tumor cells (Fig.  17.2 ). The tumor cells tend 
to be small to medium in size and contain round or oval nuclei with variable amounts 
of somewhat eosinophilic cytoplasm. Mitotic rate of visualized tumor cells tends to 
be variable for both adult- and juvenile-type GCTs, but one study of JGCTs did fi nd 
abundant apoptotic bodies in almost half of the examined tumor samples [ 33 ].

    Both adult and juvenile testicular GCTs display strong positivity to inhibin, 
vimentin, calretinin, WT1, steroidogenic factor-1 (SF-1), and FOXL2 on immuno-
histochemistry. However, inhibin and FOXL2 are not just specifi c for GCTs. Inhibin 
has been found to be expressed in fi brothecomas, Leydig cell tumors, and Sertoli 
cell tumors [ 2 ,  34 ]. FOXL2 expression has also been found on sclerosing stromal 
tumors, Leydig cell tumors, and Sertoli cell tumors [ 12 ]. Interestingly, one study of 
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adult testicular GCTs found that tumors displayed FOXL2 immunohistochemical 
expression, but most of the tumors were negative for the somatic mutation [ 35 ]. 
Alpha-fetoprotein (AFP), SALL4, desmin, and epithelial membrane antigen (EMA) 
staining tend to be negative [ 36 ,  37 ]. 

  Fig. 17.1    Spindle pattern 
of tumor cells seen in adult 
granulosa cell tumor of 
testis (From Cornejo and 
Young. Permission 
obtained from Lippincott 
Williams and Wilkins)       

  Fig. 17.2    Low power 
microscopic view of 
juvenile granulosa cell 
tumor of testis exhibiting 
variable- sized follicles 
(From Kao et al. 
Permission obtained from 
Lippincott Williams and 
Wilkins)       
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 The differential diagnosis for GCTs is quite extensive and includes semino-
mas, germ cell tumors, teratomas, and other sex cord-stromal tumors, such as 
Leydig cell tumors, Sertoli cell tumors, and thecomas. The majority of these enti-
ties have histologic characteristics that are distinct from GCTs. In children there 
are several small, round cell malignancies that can mimic JGCTs including para-
testicular rhabdomyosarcoma or metastases from neuroblastoma or lymphoma. 
Primitive neuroectodermal tumors have been found in testicular tumors but usu-
ally as a component of a mixed germ cell tumor [ 38 ]. However, these malignan-
cies will also have distinct histologic and immunohistochemical characteristics 
that differentiate them from GCTs, such as myogenin and desmin positivity in 
rhabdomyosarcomas.  

    Clinical Management and Prognosis 

 Complete surgical resection of tumor is considered the mainstay of therapy. Most 
reported cases have been treated with orchiectomy via a high inguinal approach. 
Enucleation/testis-sparing surgery has also been reported in a few cases in which 
there was enough normal-appearing testicular tissue to consider this approach [ 2 ,  4 , 
 33 ]. For JGCTs, however, special attention should be given to the serum AFP level, 
since yolk sac tumors are in the differential diagnosis. For those patients with sus-
pected retroperitoneal lymph node involvement, then lymph node dissection can be 
considered. However, there are not enough cases with suffi cient long-term data to 
determine if this approach truly improves survival [ 39 ]. 

 Overall the prognosis for cure is excellent for those patients with localized tes-
ticular GCT. In the largest series of reported JGCTs, follow-up data and disease 
status were available for 24 patients, and there were no deaths at a median follow-up 
interval of 61 months [ 33 ]. In adult patients similar results were seen for those with 
localized disease [ 4 ]. For those patients who have exhibited metastatic disease or 
recurrence, the most common clinical feature has been a primary tumor larger than 
5 cm at the time of initial diagnosis [ 5 ,  40 ]. However, there are too few cases to 
determine signifi cant clinical or pathologic prognostic indicators, such as lympho-
vascular invasion or high mitotic rate. 

 In patients with metastatic or unresectable disease, the role and effi cacy of 
conventional cytotoxic chemotherapy is not clear. Ovarian GCTs have been 
treated with cisplatin-based regimens, such as bleomycin, etoposide, and cisplatin 
(BEP) or cisplatin, vinblastine, and bleomycin [ 41 – 43 ]. Thus, a regimen, such as 
BEP, would be considered acceptable for treatment of testicular GCTs. There has 
been one report of an adult patient with recurrent, metastatic disease with partial 
response to pazopanib, an anti-angiogenic tyrosine kinase inhibitor, for 5 months, 
but there are scant data regarding the role of targeted agents for testicular GCTs 
[ 44 ]. Less data are available regarding the utility of chemotherapy in an adjuvant 
role. Isolated cases have been reported, but the follow-up intervals are relatively 
short [ 5 ,  37 ]. 
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 There are also no defi nitive data regarding the utility of radiation therapy espe-
cially for those patients with retroperitoneal lymph node involvement, although 
there has been one case report in which radiation therapy was used following orchi-
ectomy and retroperitoneal lymph node dissection in an adult patient with no evi-
dence of disease recurrence after 14 years of follow-up [ 30 ].  

    Conclusion 

 In summary granulosa cell tumors of the testis are rare neoplasms in both chil-
dren and adults. While there have been recent data regarding some genetic fi nd-
ings, such as aberrations involving the FOXL2 gene, much is still unknown 
regarding the pathophysiology of this disease. Surgery remains the primary 
mode of therapy for GCTs, and the overall prognosis for cure is very good, espe-
cially for those with localized disease that is completely resected. New therapies 
are needed for those patients with distant metastatic disease.     
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     Robert     A.     Huddart       and     Anna     Patrikidou     

         Introduction 

 The majority of testicular tumours (90–95 %) are germ cell tumours, arising from 
the germinal epithelium. More rare forms of testicular tumours arise from the sex 
cord (gonadal stromal tumours such as Sertoli cell tumours and Leydig cell tumours). 
Paratesticular tumours are defi ned as an intra-scrotal mass without testicular origin; 
this includes tumours originating from the spermatic cord, testicular tunics, epididy-
mis, appendices and vestigial remnants. Such tumours occur in all ages, from the 
infantile period to adult life. This chapter will focus on malignant paratesticular 
tumours in adolescents/young adults and adults. 

 Paratesticular tumours arise from histogenetically diverse tissues, notably from 
mesenchymal, connective or lymphoid tissues. Primary paratesticular tumours are 
rare, only accounting for 7–10 % of all intra-scrotal tumours [ 1 ]. In adults, the vast 
majority (over 75 %) of paratesticular tumours arise from the spermatic cord [ 2 ,  3 ]. 
Although infrequent, they have a high incidence of malignancy (approximately 
30 %) [ 5 ]. Tumour grade, stage, histological type and lymph node involvement are 
independently p. 

 The most frequent benign paratesticular tumours are lipomas, leiomyomas and 
adenomatoid tumours (the latter usually at the head of the epididymis), followed by 
epididymal cystoadenoma (von Hippel-Lindau syndrome), well-differentiated 

mailto:robert.huddart@icr.ac.uk
mailto:anna.patrikidou@icr.ac.uk


262

papillary mesothelioma (not related to asbestos exposure), angiomyxoma, angio-
myofi broblastoma, haemangioma and fi broma [ 5 ]. 

 Generally, paratesticular tumours present as extra-testicular scrotal masses, fre-
quently painless. However, malignant tumours are generally more likely to be 
symptomatic, large and rapidly growing. A secondary hydrocoele may be occasion-
ally associated. Differential diagnosis includes inguinal hernia, hydrocoele, sper-
matocoele, hematocoele, cyst, benign tumours or even chronic infections. 
Ultrasonography has an excellent sensitivity (95–100 %) for distinguishing extra-
testicular from intra-testicular tumours [ 6 ,  7 ] and should be always performed, fol-
lowed by further imaging as indicated. 

 It should be highlighted that, owing to the rarity of these tumours, most data 
come from small single-institution series; hence, the level of evidence is low, espe-
cially for consensus management recommendations. 

 A concise outline of aetiology, presentation and management principles of the 
main entities of paratesticular tumours is presented in Table  18.1 .

       Sarcomas 

 Primary paratesticular mesenchymal malignant tumours occur as various histologi-
cal subtypes (rhabdomyosarcoma, liposarcoma, leiomyosarcoma, fi brosarcoma, 
chondrosarcoma, peripheral neuroectodermal tumour/PNET, desmoplastic round 
cell tumour, etc.). In adults, the most common histotype is liposarcoma (20–45 %), 
followed by leiomyosarcoma (20–30 %) and rhabdomyosarcoma (16–24 %) [ 5 ,  8 ]. 
In children, the most common malignant tumour is rhabdomyosarcoma (20 %) [ 9 ]. 

 In adults, more than 75 % of these lesions arise from the spermatic cord [ 3 ]. 
Spermatic cord sarcomas, which account for 90–95 % of spermatic cord tumours, 
frequently arise from the distal spermatic cord and appear as a scrotal mass or 
hydrocoele. 

 The cornerstone of management with curative intent is surgery, notably complete 
resection via radical orchidectomy with high ligation of the spermatic cord [ 4 ]. 
However, the anatomical constraints of the area often render diffi cult obtaining an 
adequate, oncologically correct surgery as per sarcoma guidelines. Retroperitoneal 
lymph node dissection (RPLND) has a role in other types of paratesticular sarcomas 
such as rhabdomyosarcomas, fi brosarcomas and high-grade sarcomas. Adjuvant 
radiotherapy has an indication in specifi c subtypes, such as leiomyosarcoma, and in 
cases of positive margins or local recurrence and poor prognostic factors. With the 
exception of rhabdomyosarcoma where adjuvant therapy is indicated, chemother-
apy has a role only in the metastatic setting in paratesticular sarcomas. Close fol-
low- up is indicated over the fi rst 3 years when most relapses occur, although relapses 
may be as late as 15 years [ 10 ,  11 ]. Monitoring should be with regular CT scan, 
chest X-ray and bone scan if clinically indicated (bone pain). 
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    Paratesticular Liposarcoma 

 Paratesticular liposarcoma (LPS) typically affects adults and has a long clinical his-
tory with large palpable scrotal masses and common recurrences [ 3 ,  5 ,  12 ,  13 ]. They 
most commonly arise from the spermatic cord (76 %), testicular tunics (20 %) and 
epididymis (1.4 %) [ 14 ]. Spermatic cord liposarcoma accounts for 37 % of all sper-
matic cord tumours and 3–7 % of all LPS [ 1 ,  15 ]. Paratesticular LPS may arise de 
novo from the paratesticular adipose tissue or by malignant transformation of a 
benign lipoma [ 5 ]. In less than 6 % of cases, there is history of scrotal surgery or 
trauma [ 15 ]. 

 The most frequent age of presentation is the sixth decade, with a range of 16–85 
years [ 16 ]. They may be frequently mistaken for inguinal hernias or hydrocoeles. 
Specifi c markers included S100 protein (positive in up to 90 % of cases), MDM2, 
CDK4 and desmin in high-grade tumours. Treatment relies on radical inguinal 
orchi-funicolectomy, whilst radiotherapy and chemotherapy do not have established 
roles in the management of paratesticular LPS [ 12 ,  16 ,  17 ]. Although liposarcomas 
(especially myxoid LPS) are one of the most radiosensitive sarcomas, the results are 
less clear in paratesticular LPS [ 16 ,  18 ]. Adjuvant radiotherapy should be consid-
ered in cases of positive margins or high-grade tumours. There is insuffi cient evi-
dence to support prophylactic RPLND [ 11 ,  19 ]. 

 As for other LPS localisations, there is a correlation between tumour grading, 
subtype and clinical behaviour and prognosis. Well-differentiated liposarcomas 
grow slowly, but have a high rate of recurrence especially if excision is insuffi cient. 
Dedifferentiation occurs in a minority of cases, and distant metastases may also 
occur [ 20 ]. The pleomorphic liposarcoma is the rarest subtype and considered to be 
a high-grade sarcoma, with a high rate of recurrence and metastasis [ 5 ]. Five-year 
survival rates are 80 % for the myxoid and well-differentiated subtypes and 20 % for 
the round cell and pleomorphic liposarcomas [ 21 ].  

    Paratesticular Leiomyosarcoma 

 Paratesticular LMS originates from the spermatic cord (cremaster muscle and vas 
deferens), the scrotum (dartous layer) or the epididymis (smooth muscle surround-
ing the basement membrane). The fi rst two types drain into the retroperitoneal 
lymph nodes, whilst epididymal LMS drains into the inguinal, external and internal 
iliac nodes [ 22 ]. Spermatic cord LMS corresponds to 24 % of spermatic cord 
tumours [ 1 ]. Peak incidence is in the sixth and seventh decade [ 23 – 25 ]. It typically 
presents as unilateral, fi rm, painless extra-testicular, intra-scrotal or inguinal canal 
mass, occasionally accompanied by a hydrocoele [ 26 ]. Its aetiology is unknown, 
although there are reports of radiation-induced tumours [ 27 ,  28 ] and even one report 
of an LMS complicating chronic infl ammation of the testis [ 29 ]. 

 Histologically, such tumours display classic features of soft tissue LMS, i.e. per-
pendicularly oriented fascicles of cells with brightly eosinophilic cytoplasm con-
taining longitudinal fi brils and blunt-ended nuclei; although some lesions have 
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numerous pleomorphic nuclei, typical features of smooth muscle differentiation are 
retained [ 22 ]. A pseudocapsule that favours a local infi ltrative pattern encloses the 
tumour. 

 Up to 25 % present with or develop metastatic disease. Survival rate is estimated 
at 50–80 % [ 30 ]. Most cases are low-grade LMS featuring indolent course and a 
good prognosis; however, high-grade tumours are aggressive and often develop 
metastases (most commonly to the lungs) with signifi cant mortality [ 31 ]. Unlike 
other LMS localisations, spermatic cord sarcoma frequently disseminates to regional 
lymphatics, up to 30 %, although this incidence has never been accurately docu-
mented [ 10 ,  18 ,  32 ]. Radical inguinal orchi-funicolectomy is the recommended 
treatment, but the reported recurrence rates (approximately 50 %), principally due to 
anatomical diffi culties to obtain suffi cient excision margins, indicate the need for 
adjuvant treatment [ 30 ]. Higher risk of local recurrence occurs with large tumour 
size, inguinal location, narrow or positive margins and prior intralesional surgery 
[ 33 ]. Adjuvant radiation seems to effectively prevent recurrence (60–65 Gy in 
30–35 fractions to the inguinal canal and ipsilateral pelvis and scrotum) [ 10 ,  18 , 
 19 ]; the 5-year locoregional control, disease-free and overall survival rates follow-
ing adjuvant RT are reported to be 81 %, 77 % and 71 %, respectively, declining to 
61 %, 58 % and 70 %, respectively, at 8 years [ 18 ]. 

 Retroperitoneal lymph node dissection is indicated in cases of positive nodes on 
imaging [ 22 ]. No study has shown a signifi cant survival benefi t from the addition of 
RPLND in node-negative patients.  

    Paratesticular Rhabdomyosarcoma 

 Paratesticular rhabdomyosarcoma (RMS) corresponds to 7 % of all RMS [ 34 – 37 ] 
and up to 25 % of adult paratesticular tumours. The majority of these tumours (80 %) 
occur in the fi rst two decades of life with a bimodal age distribution (5 years, ado-
lescence), whilst the remaining 20 % are distributed across all other ages. The 
majority of paratesticular RMS occur in the spermatic cord. All known RMS histo-
logical subtypes are described in this localisation: embryonal (most common, 
70–90 % of paratesticular RMS), alveolar, pleomorphic (rarest), botryoid, undiffer-
entiated and mixed [ 35 ,  36 ,  38 ,  39 ]. 

 It clinically presents as an enlarging, most frequently painless intra-scrotal mass, 
occasionally compressing or invading the testis or epididymis. Cytogenetically, 
alveolar RMS is characterised by translocations t(2;13)(q35;q14) or t(1;13)
(p36;q14), which result in the creation of PAX-FKHR fusion protein [ 40 ,  41 ]. 
Rhabdomyosarcomas may also occur as part of the Li-Fraumeni syndrome, von 
Recklinghausen’s disease, type 1 neurofi bromatosis and Beckwith-Wiedemann, 
Costello and Noonan syndromes. 

 On histopathology, it usually presents macroscopically as an encapsulated grey- 
white mass with areas of haemorrhage and cystic degeneration. Microscopically, it 
is characterised by small round cells, typically appearing with a “tadpole” or 
“tennis- racket” confi guration [ 42 ]. 
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 Rhabdomyosarcomas have a high propensity for lymphatic and haematogenous 
spread. Most patients (up to 80 %) present with metastasis to the regional lymph 
nodes and up to 25 % present with distant parenchymal metastases [ 39 ,  43 ]. 
Metastatic sites include the liver, bone marrow and lung. 

 Given their rarity, adult rhabdomyosarcoma management guidelines stem from 
the paediatric experience and the respective guidelines. A diagnosis of paratesticu-
lar RMS of any variant typically warrants initial treatment with radical inguinal 
orchidectomy, which allows for confi rmation of diagnosis and removal of primary, 
followed by systemic chemotherapy [ 44 ]. Patients aged >10 years have been shown 
to have a higher risk of lymph node involvement. Retroperitoneal lymph node dis-
section in these patients led to an improved 5-year survival from 64 to 86 %, although 
its role remains controversial [ 45 ]. The use of a more intense chemotherapy sched-
ule in such patients seems to be superior, as indicated by the IRS-III trial: the 5-year 
survival rates were 69 % and 96 % in patients with clinically negative nodes treated 
with and without RPLND followed by chemotherapy, respectively [ 46 ]. Radiation 
therapy for positive lymph nodes appears to improve the 5-year overall survival in 
older patients [ 39 ,  47 ]. In case of residual disease post-chemotherapy, surgery is 
indicated prior to growth completion and surgery or radiotherapy in post-pubertal 
patients (inverted-Y fi eld, 40 Gy) [ 42 ]. 

 RMS prognosis is generally more sombre in adults compared to children 
[ 39 ]. Prognosis varies according to histological subtype, with alveolar and 
pleomorphic RMS having a poor prognosis, whilst embryonal RMS has a more 
favourable prognosis [ 39 ]. A special variant of embryonal RMS, spindle-cell 
RMS, accounting for 3 % of all adult RMS, has a favourable prognosis in chil-
dren (5-year survival rate of 95 %), but substantial data are lacking in adults 
[ 48 ,  49 ]. For this reason, its management is the same as for all paratesticular 
RMS [ 50 ]. 

 About a third of patients with paratesticular sarcomas die from metastatic dis-
ease [ 51 ]. Five-year survival for adult RMS is 30–40 % [ 52 ,  53 ].  

    Desmoplastic Round Cell Tumour 

 Desmoplastic round cell tumour (DRCT) is a highly aggressive sarcoma sub-
type. They are rare in the paratesticular region and occur in the young adult, 
with an age distribution of 17–43 years. Cytogenetically, DRCTs have a unique 
translocation, t(11;22)(p13;p12), that results in fusion of the exon 9 of the 
EWSR1 gene to exon 9 of the WT1; the EWSR1-WT1 chimera acts as an onco-
genic transcription factor [ 5 ]. Long-term survivors in DRCT are rare (median 
survival, 17 months; 5-year OS, 18 %) [ 54 ,  55 ]. Management should be with 
radical surgery followed by adjuvant chemotherapy. Although DCRTs are sensi-
tive to chemotherapy and radiotherapy, the response is rarely lasting, and most 
cases recur within 6 months [ 56 ].   
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    Malignant Mesothelioma of the Tunica Vaginalis 

 Malignant mesothelioma of the tunica vaginalis (MMTV) most commonly arises 
from the tunica vaginalis, which is part of the peritoneum, although it may also arise 
from the spermatic cord and the epididymis [ 5 ]. Asbestos exposure is an established 
risk factor for malignant mesothelioma. Other suggested, although not confi rmed, 
aetiological factors include chronic immunosuppression, chromosomal abnormali-
ties, radiation, Simian virus, trauma and previous hernia repair [ 42 ]. 

 MMTV is extremely rare, corresponding to <5 % of all mesotheliomas [ 42 ]. 
Peak incidence is at 55–75 years (median age, 60 years; range 7–87 years) [ 5 ]. The 
tumour usually presents as a painless scrotal mass associated with a hydrocoele, 
frequently recurrent [ 5 ]. Macroscopically it presents as a papillary structure or nod-
ules on a smooth sac lining. Microscopically it features a solitary, papillary or 
biphasic pattern [ 42 ]. 

 Management is by radical inguinal orchidectomy. Transscrotal procedures are 
associated with local recurrence. The role of adjuvant treatment is not fully assessed; 
adjuvant radiotherapy or RPLND has been recommended by some authors but 
remains controversial [ 42 ,  57 ]. The role of radiotherapy and chemotherapy (peme-
trexed, doxorubicin-based regimens) is limited to recurrent and metastatic disease 
with short-lasting responses. 

 MMTV is an aggressive tumour, with 15 % of patients being metastatic at pre-
sentation, whilst 50 % present with local recurrence or distant metastasis after pri-
mary surgery [ 5 ]. Locoregional relapses ought to be managed with salvage surgery, 
with consideration of adjuvant radiotherapy according to margin status [ 42 ]. 
Metastatic sites include the lung, the liver, the pleura and rarely the brain. Patients 
relapsing with disseminated disease are managed with palliative chemotherapy. 
Median time to recurrence is 10 months (range, 2–180 months). Approximately 
40 % of patients die from their disease, with a median survival of 24 months [ 58 , 
 59 ]. Poorer outcome is seen in patients over 60 years, in non-localised disease and 
with history of asbestos exposure [ 58 ].  

    Adenocarcinoma of the Rete Testis 

 Adenocarcinoma of the rete testis (ART) is an extremely rare neoplasm (approxi-
mately 65 cases in the literature) arising from the non-spermatogenic epithelium of 
the testicular excretory ducts [ 60 ]. It usually occurs in men over the age of 60 years 
(range of 17–91 years) [ 61 ]. Adenocarcinoma of the rete testis is described primar-
ily in Caucasians. Its aetiology is unknown, although associations with history of 
undescended testes, chronic epididymitis or trauma have been reported [ 42 ]. It pres-
ents as a scrotal mass (1–7 cm), located in the hilum or epididymis, occasionally 
painful or associated with a hydrocoele. Differential diagnosis from other parates-
ticular tumours is diffi cult, often leading to delayed, histopathology-based 
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diagnosis. The greatest resemblance is with MMTV, but also germ cell tumours. 
AFP and βHCG levels may aid in the earlier detection [ 60 ], and cytological diagno-
sis may also aid in early diagnosis and treatment planning. Histopathologically, 
solid, tubular or papillary patterns with stromal invasion are described, with foci of 
haemorrhage and necrosis. Slit-like spaces in solid nests of tumour and intra-rete 
growth are common [ 62 ,  63 ]. 

 Management is primarily surgical, by high inguinal orchidectomy/hemiscrotec-
tomy and RPLND [ 42 ,  64 ]. ART is traditionally resistant to adjuvant therapy, nota-
bly to radiotherapy and to a lesser degree to chemotherapy. It is an aggressive 
neoplasm with poor prognosis; 3-year and 5-year OS is 49 % and 13 %, respectively, 
with up to 40 % of patients dying within the fi rst year of disease [ 61 ], although sur-
vival up to 7 years has been reported [ 65 ]. Frequent metastatic sites include the 
lymph nodes, liver and lung. Early diagnosis and radical therapy are crucial to 
improve outcomes, and organ-confi ned and smaller lesions (<5 cm) have better 
prognosis.  

    Adenocarcinoma of the Epididymis 

 Epididymal tumours are malignant in 25 %, including sarcomas, germ cell tumours, 
squamous carcinomas, adenocarcinomas and lymphomas [ 78 – 80 ]. Given its rarity, 
with approximately 25 cases reported in the literature, limited data exist for this 
paratesticular tumour [ 5 ,  78 – 81 ]. Histopathologically, these tumours have the 
microscopic and immunohistochemical profi le of adenocarcinomas (positivity for 
cytokeratin and epithelial membrane antigen), showing tubular, tubulocystic or 
tubulopapillary patterns [ 81 ]. It presents as a scrotal mass or epididymal thickening 
that may invade the adjacent testicle, with non-specifi c clinical characteristics to 
distinguish it from other paratesticular tumours. Differential diagnosis from meta-
static adenocarcinoma might be challenging. Management of these tumours in the 
literature is surgical, by inguinal radical orchidectomy and RPLND in case of posi-
tive nodes, although a staging RPLND has also been recommended [ 79 ]. Adjuvant 
radiotherapy or chemoradiotherapy has also been reported. Choice for chemother-
apy regimens could be guided by the adenocarcinoma of other localisations, notably 
platinum-based regimens for the fi rst-line regimens and gemcitabine-based salvage 
chemotherapy [ 81 ]. Data on survival are scanty, ranging from a few months to 30 
years [ 78 ,  79 ,  81 ].  

    Ovarian-Type Epithelial Tumours of the Testis 

 The ovarian-type epithelial (Mullerian) tumours (OTETs) are neoplasms occurring 
rarely in the paratesticular area, histologically corresponding to the respective ovar-
ian tumours [ 72 ]. They may arise from the tunica vaginalis, tunica albuginea, epi-
didymis, rete testis and paratesticular soft tissue. The most frequent subtype is the 
serous tumour of borderline malignancy, but mucinous, endometrioid, Brenner 
(transitional cell) and squamous subtypes, as well as serous adenocarcinomas, may 
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also occur. OTETs of the testis originate either from the remnants of Mullerian 
ducts in paratesticular connective tissue, epididymis and spermatic cord, from 
Mullerian metaplasia of the mesothelium of the tunica vaginalis or from testicular 
embryonic mesothelial inclusions. 

 These tumours usually occur in middle-aged man (mean age, 47 years), with 
reported age of presentation between 14 and 68 years [ 73 ,  74 ]. No specifi c aetio-
logical factor has been described, although one case with bilateral cryptorchidism 
has been reported [ 75 ]. They present as painless scrotal mass, occasionally associ-
ated with a hydrocoele and frequently situated in the epididymo-testicular groove 
[ 76 ]. Normal AFP, HCG and LDH levels aid in the differential diagnosis from germ 
cell tumours. They express ovarian epithelial tumour markers such as epithelial 
membrane antigen (EMA), CA-125 (cancer antigen 125), cytokeratin 7, CD15 
(Leu-1), Ber-EP4 and PAX8 (paired box gene 8). Differential diagnosis is mainly 
with MMTV, but also with adenocarcinoma of the rete testis and of the epididymis 
[ 73 ]. Typical microscopical features are the cystic nature and papillary budding of 
the serous borderline tumours. Detection of BRAF and KRAS mutations has been 
reported, indicating a common pathogenesis with the ovarian serous borderline 
tumours [ 73 ,  77 ]. A rare occurrence of a metastatic deposit to the testis from another 
site ought to be excluded. 

 Management is by complete surgical excision by radical inguinal high orchidec-
tomy. Adjuvant therapy is indicated only in carcinomas. The prognosis of the bor-
derline tumours is generally good, with low risk of progression or metastasis; most 
patients with localised disease show no recurrence in the fi rst 2 years, although late 
recurrences have also been reported [ 75 ,  76 ]. The mucinous subtypes may be locally 
aggressive, although usually they do not metastasise. Brenner tumours are of a typi-
cally benign nature.  

    Very Rare Paratesticular Tumours 

 Reports of other very rare malignant paratesticular tumours occurring in adults 
include primary paratesticular germ cell tumours [ 66 ], extra-testicular sex cord- 
stromal tumours [ 67 ], plasmocytoma [ 68 ] and extrarenal Wilms’ tumour [ 69 ].  

    Metastatic Paratesticular Disease 

 The testis and paratesticular tissues represent rare sites of metastatic disease. 
Reported cases of such primary tumours include prostate, lung and gastrointestinal 
malignancies and melanoma and even more rarely retinoblastoma, neuroblastoma, 
bladder, ureter and bile duct malignancies and even carcinoid [ 70 ]. Infrequently, a 
testicular mass could even be the only presenting sign of an occult primary [ 71 ]. 
Disease metastatic to the testicle occurs with greater frequency in children rather 
than adults and it is usually of lymphopoietic origin [ 7 ]. Metastatic disease to the 
testes should also be considered in patients presenting with bilateral intra-scrotal 
tumours.  
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    Epidemiology of Malignant Paratesticular Tumours: 
An Update on Incidence and Mortality Trends in the UK 

 Incidence and mortality data on malignant paratesticular tumours for the period 
2001–2013 are presented below, provided by the National Cancer Intelligence 
Network, Public Health England (data source: United Kingdom National Cancer 
Registry Service). Data capture was based on the combination of relevant ICD 
10 anatomical localisation codes (C62 comprising C620, C621, C629: malig-
nant neoplasm of testis; C630: epididymis; C631: spermatic cord; CC632: scro-
tum) and of morphology codes corresponding to carcinoma, sarcoma, 
mesothelioma, Mullerian mixed tumours and all their subtypes (a total of 88 
codes). Incidence data has been estimated based on relevant ICD 10 anatomical 
site codes and morphology codes, whilst mortality data was selected using the 
ICD 10 codes of interest only, as there are no morphology codes captured for 
underlying cause of death. Data pertaining to testicular neoplasms of uncertain 
or unknown behaviour of testis (ICD 10 code D40.1) were excluded from this 
analysis. 

 A total of 524 paratesticular tumours of all ages were identifi ed for the pre- 
specifi ed period. Epididymal and spermatic cord tumours accounted for 5 % and 
25 % of tumours, respectively, whilst the remaining tumours were recorded as tes-
ticular (45 %) or scrotal localisations (25 %), without further precision. Incidence by 
year of diagnosis, age-standardised incidence rates and incidence by age group in 
England in the period 2001–2013 are presented in Fig.  18.1 . Case numbers and age- 
standardised rates for the same period are presented in detail in Table  18.2 . The vast 
majority of tumours (92 %) occurred in Caucasian patients (British or other white 
background).

    A graphic representation of the incidence of malignant paratesticular tumours by 
morphological subtype is shown in Fig.  18.2 , confi rming the higher percentage of 
sarcomas amongst all paratesticular tumours (84 %). Similarly, the incidences of the 
different sarcoma subtypes are also concordant with the international literature, 
with LPS being the most common histotype (43 %), followed by LMS (22 %) and 
RMS (19 %) (Fig.  18.2 ). A detailed account of all recorded tumours by individual 
morphological type is given in Table  18.3 . In terms of histological grade, over half 
of recorded cases for which information on grade was available were grade 1 
tumours (59 %), with grade 2 and 3 tumours accounting for the remaining 15 % and 
23 %, respectively.

    Sarcoma subtypes constitute the greatest percentage of paratesticular 
tumours (Fig.  18.2 ). Despite these types of tumours generally being much more 
frequent in children, the paratesticular localisation seems to be more frequent 
in the older age groups, with peak incidence in the eighth decade of life 
(Fig.  18.1c ).

   Cancer-specifi c mortality for the above cohort was 7.8 % (41 of 524 patients) 
(Table  18.4 ). Amongst the tumour types, sarcomas (notably LMS and RMS) had the 
highest mortality incidence (approximately 60 % of all cancer-related deaths), fol-
lowed by adenocarcinoma (17 %). However, adenocarcinoma was found to be the 
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  Fig. 18.1    ( a ) Incidence of malignant paratesticular tumours by year of diagnosis in England, 2001–
2013. ( b ) Age-standardised incidence rates of malignant paratesticular tumours by year of diagno-
sis, for rolling three-year periods in England, 2001–2013. ( c ) Incidence of malignant paratesticular 
tumours by age group in England, 2001–2013. Case numbers are shown (percentages in brackets)       
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most aggressive neoplasm, as it featured the highest cancer-specifi c mortality 
(22.6 %) as a percentage of individuals with that tumour type (Table  18.4 , Fig.  18.4 ). 
The rarest histological subtypes, here categorised as Other (and listed individually 
in Table  18.3 ), also had a high mortality as a percentage of their incidence (16.7 % 
[9 of 54 patients]), whereas LPS had a relatively low such mortality (3 %).

   Table 18.2    Age-standardised incidence rates of malignant paratesticular tumours for rolling 
3-year periods (per million men) in England, 2001–2013   

 Year  Cases  ASR  ASR LCI  ASR UCI 

 2001–2003  101  1.7  1.3  2.0 

 2002–2004  105  1.7  1.3  2.0 

 2003–2005  111  1.8  1.4  2.1 

 2004–2006  108  1.7  1.3  2.0 

 2005–2007  106  1.6  1.3  1.9 

 2006–2008  123  1.9  1.5  2.2 

 2007–2009  129  2.0  1.6  2.3 

 2008–2010  134  2.0  1.7  2.4 

 2009–2011  124  1.8  1.5  2.2 

 2010–2012  137  1.9  1.6  2.3 

 2011–2013  149  2.1  1.8  2.5 

   ASR  age-standardised rate,  LCI  lower confi dence interval,  UCI  upper confi dence interval  
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  Fig. 18.2    Incidence of malignant paratesticular tumours by morphological type in England, 
2001–2013       
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    The majority of these deaths (28 patients, 68 %) occurred within 2 years from 
diagnosis (Fig.  18.3 ). Cancer-specifi c survival was 96 %, 94.6 %, 93 % and 92.2 % 
at 1, 2, 5 and 9 years from diagnosis, respectively. Grade 3 tumours accounted for 
50 % of deaths, followed by grade 2 tumours (30 %). When mortality was assessed 
by age band, the majority of deaths were found to have occurred in the 60–69 years 
age group (24 %), followed by the 70–79 years (22 %) and 10–19 years (20 %).     

    Table 18.3    Incidence of malignant paratesticular tumours by morphological type in England, 
2001–2013   

 Morphology 
code  Morphological type  Cases  Percentage 

 8890/3  Leiomyosarcoma, NOS  115  21.9 

 8850/3  Liposarcoma, NOS  98  18.7 

 8851/3  Liposarcoma, well-differentiated type  78  14.9 

 8910/3  Embryonal rhabdomyosarcoma/sarcoma botryoides  49  9.4 

 8858/3  Dedifferentiated liposarcoma  43  8.2 

 8140/3  Adenocarcinoma, NOS  31  5.9 

 8900/3  Rhabdomyosarcoma, NOS  24  4.6 

 8920/3  Alveolar rhabdomyosarcoma  19  3.6 

 8800/3  Sarcoma NOS  18  3.4 

 8801/3  Spindle cell sarcoma  10  1.9 

 8991/3  Embryonal sarcoma  7  1.3 

 8852/3  Myxoid liposarcoma  5  1.0 

 8804/3  Epithelioid sarcoma  4  0.8 

 8810/3  Fibrosarcoma  3  0.6 

 8830/3  Fibrous histiocytoma  3  0.6 

 8902/3  Mixed-type rhabdomyosarcoma  3  0.6 

 8802/3  Giant cell sarcoma  2  0.4 

 8811/3  Fibromyxosarcoma  2  0.4 

 8854/3  Pleomorphic liposarcoma  2  0.4 

 8901/3  Pleomorphic rhabdomyosarcoma  2  0.4 

 8803/3  Small cell sarcoma  1  0.2 

 8832/3  Dermatofi brosarcoma, NOS  1  0.2 

 8891/3  Epithelioid leiomyosarcoma  1  0.2 

 8950/3  Mullerian mixed tumour  1  0.2 

 9050/3  Mesothelioma, malignant (C45)  1  0.2 

 9133/3  Epithelioid hemangioendothelioma  1  0.2 

 Total  Total  524  100.0 
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tumour diagnosed between 2001 and 2013, in England       

    Table 18.4    Cancer-specifi c mortality of malignant paratesticular tumours (diagnosed 2001–
2013), by morphological type, in England   

 Tumour type  Cases  Percentage of deaths 
 Percentage of subgroup 
incidence 

 Leiomyosarcoma, NOS  9  22  7.7 

 Rhabdomyosarcoma  9  22  9.3 

 Adenocarcinoma, NOS  7  17  22.6 

 Liposarcoma  7  17  3 

 Other  9  22  16.7 

 Total  41  100 
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and Scrotum                     

     Lance     Pagliaro     

         Introduction 

 Penile and scrotal cancers are rare in developed countries. In the United States, the 
estimated number of new cases of penile cancer for 2015 was 1,820 [ 1 ]. Scrotal 
cancer is even less common, with an incidence rate of about one case per million 
men per year [ 2 ]. New cases of male genital cancers are estimated to number 
approximately 26,000 per year worldwide, and by far the most common histologic 
classifi cation is squamous cell carcinoma (SCC) [ 3 ]. The incidence increases with 
age and is highest between 50 and 70 years.  

    SCC of the Penis 

    Epidemiology 

 Penile cancer occurs almost exclusively in men who did not undergo circumcision 
at birth [ 3 ]. The disease is especially rare among religious groups that practice 
childhood circumcision [ 4 ]. Among Israeli Jews, for example, the incidence rate is 
0.1 per 100,000 per year [ 5 ]. The highest reported incidence is from Brazil, where 
the rate is 2.9–6.8 per 100,000 per year and affects predominantly low-income, 
Caucasian, uncircumcised men [ 6 ]. In the United States, Hispanics and African 
Americans appear to be at higher risk than non-Hispanic Caucasians. Lower rates of 
childhood circumcision among Hispanic men may explain the higher reported inci-
dence of penile cancer compared to non-Hispanic men [ 3 ]. 

 The overall incidence rate for penile cancer in the United States, where it 
accounts for just under 1 % of new cancers in men, was 0.58 per 100,000 per year in 
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the period 1993–2002 and 0.81 cases per 100,000 per year in the period 1998–2003. 
The most likely explanation for the apparent rise in incidence is higher exposure to 
human papillomavirus (HPV) brought about by changes in sexual behavior [ 3 ]. 
A similar trend was seen in the United Kingdom (UK). In Europe there is consider-
able geographic variation, with incidence of penile cancer that is highest in Spain 
and lowest in Italy. 

 Aside from HPV exposure and lack of childhood circumcision, other risk factors 
for penile cancer include phimosis, lichen sclerosis, tobacco use, poor personal 
hygiene, penile trauma, sexual history, marital status, and a history of treatment with 
ultraviolet A photochemotherapy (PUVA) [ 7 ]. Phimosis is seen in 35–90 % of men 
diagnosed with penile cancer. Phimosis prevents adequate penile hygiene, leading to 
accumulation of smegma in the preputial sac. Circumcision allows better penile 
hygiene and may also lower the risk of HPV infection. These are potential mecha-
nisms for the protective effect of circumcision, but it is unclear whether circumcision 
is benefi cial when adequate penile hygiene is being practiced [ 3 ]. Treatment of pso-
riasis with PUVA was associated with a higher risk of genital tumors [ 8 ]. In a study 
of men receiving methoxsalen and PUVA for psoriasis, the incidence of penile and 
scrotal cancer was 1.6 %. The incidence of penile neoplasms among the subgroup 
who had received high levels of exposure to PUVA was 7.1 times greater than those 
who had received lower levels, showing that the effect was dose dependent. 

 The cancer risk associated with lack of circumcision, phimosis, and inadequate 
genital hygiene suggests that chronic infl ammation is important for the pathogene-
sis of penile cancer. Penile cancer has also been reported in patients with longstand-
ing lichen sclerosis, a chronic infl ammatory skin disease that affects the anogenital 
area.  

    Pathology 

 There are several histologic variants of penile SCC. These included basaloid, warty, 
and verrucous subtypes, which are collectively referred to as “unusual” SCC vari-
ants, and the remainder are the majority of cases, which are termed “usual” type, or 
keratinizing SCC [ 7 ]. Within a tumor, there may be more than one histologic pattern 
(Fig.  19.1 ).

      Role of HPV 
 Human papillomavirus is the principal etiologic agent in a number of sexually trans-
mitted diseases including genital condylomata, cervical dysplasia, and SCC of the 
cervix. Of the many serotypes of HPV, types 16, 18, 31, 33, 35, and 39 are most 
associated with malignant disease. Evidence of HPV infection has been found in 
SCC of the penis, including both the usual-type SCC and unusual histologic vari-
ants. Approximately 31–66 % of all penile SCC tumors are HPV related, with type 
16 virus being the most prevalent [ 9 ,  10 ]. The basaloid and warty subtypes are 
associated with HPV in 80–100 % of cases, whereas usual-type SCC is less com-
monly associated and the verrucous subtype is least associated [ 11 ,  12 ]. 
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 The viral genes  E6  and  E7  are expressed in HPV-transformed cells and are 
known to interact with the  RB1  and  TP53  tumor suppressor pathways [ 11 ]. These 
pathways are therefore implicated in penile cancer. Mutations of  TP53  are found in 
a subset of penile SCC and were associated with higher incidence of lymph node 
metastasis and lower overall survival [ 13 ,  14 ]. It is likely that somatic mutations in 
the  RB1  and  TP53  pathway genes are more common in HPV-unrelated tumors 
where those pathways are not already inactivated by viral proteins [ 15 ]. Thus, there 
are possibly distinct molecular mechanisms underlying HPV-related and HPV-
unrelated penile cancer. A similar dichotomy has been proposed in HPV- related and 
HPV-unrelated oropharyngeal SCC [ 16 ]. 

a b

c d

  Fig. 19.1    Tissue microarray spots of penile tumors with and without basaloid/warty features. 
( a ) Grade 1, usual-type squamous cell carcinoma. ( b ) Grade 3, usual-type squamous cell carci-
noma. ( c ) Warty-basaloid carcinoma. ( d ) Basaloid carcinoma (Reproduced with permission from 
Chaux et al. [ 12 ])       
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 HPV-related penile cancers appear to have better prognosis than those that are 
unrelated. For example, one population-based study found that the detection of HPV 
DNA in penectomy specimens was associated with 96 % disease-specifi c survival 
versus 82 % for HPV-negative tumors [ 9 ]. Clinical determination of HPV-“positive” 
or HPV-“negative” penile SCC, however, is not straightforward [ 12 ]. In situ hybrid-
ization assays for HPV DNA are limited by poor sensitivity. Immunohistochemical 
detection of p16 as a marker of HPV infection has been utilized, with positive stain-
ing for p16 protein also associated with improved survival [ 17 ].   

    Evaluation and Staging 

    Diagnosis 
 The primary tumor is often symptomatic with either a nonhealing fl at/ulcerative lesion 
or exophytic mass located in the glans, foreskin, or coronal sulcus [ 7 ]. It is often clini-
cally obvious but may be hidden under a nonretractable foreskin. Small or occult 
primary tumors can present with bulky inguinal lymphadenopathy as the chief com-
plaint. Physical examination should include careful inspection and palpation of the 
penis and inguinal regions [ 18 ]. Enlarged inguinal lymph nodes indicate the likely 
presence of metastatic disease, although reactive lymph nodes are also common in 
this location. Computed tomography (CT) or magnetic resonance imaging (MRI) may 
be necessary in obese patients in whom inguinal palpation is unreliable. Suspicious 
lymph nodes should be biopsied to confi rm metastatic involvement. 

 A personal history of genital HPV infection, (e.g., genital condylomata) or phi-
mosis, should increase diagnostic suspicion for penile cancer. Less common patterns 
of presentation include tumors located on the shaft of the penis or at the penoscrotal 
junction. While most men presenting with penile SCC are uncircumcised, it should 
be noted that circumcision performed after puberty is not protective. Also, occa-
sional cases have occurred despite neonatal circumcision. Care should be taken not 
to confuse SCC of the urethra (a variant of urothelial carcinoma) with penile 
SCC. This may be challenging for tumors located at or near the urethral meatus.  

    Staging and Prognostic Factors 
 Depending on the pattern of presentation, biopsy for establishing tissue diagnosis 
may consist of shave biopsy, needle biopsy, or excisional biopsy of a penile lesion, 
circumcision, or fi ne-needle aspirate of inguinal lymph node. Prognostic predictors 
include perineural and lymphatic invasion, grade (G2–3), and stage (T2–4) [ 18 – 20 ]. 
Basaloid, sarcomatoid, and poorly differentiated types are also high risk. Verrucous, 
papillary, and warty types are low risk for metastasis, although they can be locally 
destructive [ 7 ]. The more common usual-type SCCs are associated with an interme-
diate risk, with presence of inguinal lymph node metastases having adverse progno-
sis. Invasive lymph node staging is recommended for patients with clinically 
negative inguinal lymph nodes and high-risk pathology [ 21 ,  22 ]. For those with 
enlarged inguinal lymph nodes, the number, size, and mobility should be noted, and 
CT or MRI should be done to assess the pelvic lymph nodes [ 23 ]. Patients with 
evidence of regional lymph node metastasis should also have chest x-ray or CT.   
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    Treatment 

    Localized Disease 
 Treatment of the primary tumor is aimed at radical removal of the tumor and, when 
possible, organ preservation. Factors affecting the choice of treatment include tumor 
size, proximal or distal location, risk factors such as stage and grade, confi nement 
to the foreskin, and patient preference. Topical chemotherapy such as imiquimod or 
5-fl uorouracil (5-FU) is fi rst-line treatment in cases of carcinoma in situ (CIS) [ 24 ]. 
Other options are laser ablation or total or partial glans resurfacing [ 25 ,  26 ]. For Ta/
T1a lesions, circumcision may be suffi cient, or glansectomy with intraoperative 
assessment of surgical margins. Penis-sparing techniques allow better quality of life 
than with partial penectomy [ 27 ]. While there are no controlled trials to compare 
different treatment methods, local recurrence rates are generally higher with organ- 
sparing compared with partial penectomy (5–12 % vs 5 %) but with good salvage 
results and minimal impact on survival. Larger (T3–T4) or more proximal tumors 
may require total penectomy with perineal urethrostomy [ 18 ]. 

 Radiotherapy is another penis-sparing option for tumors that are less than 4 cm 
and T2 or less [ 28 ,  29 ]. Circumcision must be performed prior to radiotherapy as a 
prophylactic measure, regardless of tumor involvement, for prevention of phimosis. 
Treatment consists of either brachytherapy or external beam radiotherapy with a 
brachytherapy boost. Potential complications include glans necrosis, meatal steno-
sis, and urethral stenosis.  

    Metastatic Disease: Regional Lymph Nodes 
 Some patients with regional lymph node metastases are curable, and radical ingui-
nal lymphadenectomy (ILND) is the mainstay of treatment [ 18 ]. Multimodal treat-
ment is often indicated, and controversy exists over the optimal treatment strategy 
for pelvic lymph node involvement. Lymphatic spread occurs fi rst to uni- or bilat-
eral superfi cial and deep inguinal lymph nodes. Pelvic lymph nodes are the second 
regional group to be involved, and metastasis to pelvic lymph nodes does not appear 
to occur without ipsilateral inguinal node involvement (Fig.  19.2 ). Patients with 
pelvic lymph node metastases are rarely cured with surgery alone, so the role of 
pelvic lymph node dissection remains controversial. Some authors recommend neo-
adjuvant chemotherapy followed by unilateral or bilateral pelvic lymph node dis-
sections in patients with stable or responding disease [ 30 ,  31 ]. Spread to lymph 
nodes above the aortic bifurcation is classifi ed as distant metastasis; those patients 
are not considered curable with current treatment methods [ 20 ].

     Non-palpable Inguinal Nodes (cN0) 
 The choice in management of patients with clinically negative groins is between 
surgery (staging ILND) or surveillance and intervention at the point of recurrence 
(therapeutic ILND). There is currently no role for adjuvant radiotherapy to lymph 
nodes or chemotherapy in patients with clinically nonmetastatic (cN0) penile can-
cer. The risk of nodal recurrence for this group is about 25 % and varies according 
to low-, intermediate-, and high-risk features in the primary [ 18 ]. In comparative 
series for higher-risk tumors, invasive staging with early ILND gives survival 
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>90 %, whereas surveillance and therapeutic ILND for clinical recurrence carries 
survival <40 % [ 21 ]. Accordingly, only patients with clinically negative inguinal 
nodes and low-risk primary tumors should be offered surveillance.  

   Palpable Inguinal Nodes (cN1/cN2) 
 Ultrasound-guided fi ne-needle aspirate biopsy is recommended when there is rea-
sonable doubt as to whether enlarged inguinal nodes are reactive or malignant. 
Biopsy is generally not required when there is obvious metastatic disease such as a 
bulky, fi xed, or ulcerated inguinal mass. Radical ILND can be curative in a subset of 
patients with nodal metastases. Postoperatively, patients with fi nding of one involved 
inguinal lymph node without extranodal extension (pN1) can be observed. Patients 
with two or more nodes involved (pN2), bilateral, or with extranodal extension 
(pN3), however, are at higher risk of recurrence and death (Fig.  19.3 ) [ 20 ,  32 ]. 
Several multimodal treatment strategies have been studied in this N2/N3 patient set, 
whether they are identifi ed on the basis of pathologic staging (post-ILND) or by 
clinical criteria (e.g., two or more nodes involved, or enlarged pelvic lymph nodes 
on CT or MRI) [ 30 ,  33 – 36 ]. Patients with inguinal recurrence after a therapeutic 
ILND have a poor prognosis, with reported 5-year overall survival of 16 % [ 37 ].

      Multimodal Therapy for Advanced Nodal Disease (N2 or N3) 
 The standard of care for patients with pN2-N3 disease found on ILND is ipsilateral 
PLND, which may be performed at the same time or as a second procedure [ 18 ,  31 ]. 
Unfortunately, the fi nding of positive pelvic lymph node involvement carries a poor 
prognosis for survival [ 32 ]. Potentially effective strategies to improve the survival 

  Fig. 19.2    The pattern of lymphatic metastasis in penile cancer       
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for such patients include (1) adjuvant chemotherapy following upfront PLND, (2) 
neoadjuvant chemotherapy before PLND based on the high-risk ILND pathology 
results, or (3) neoadjuvant chemotherapy prior to ILND or PLND based on clinical 
staging [ 30 ,  38 ,  39 ]. The lack of randomized controlled trials in penile cancer has 
led to some variation in published guidelines and treatment practice. 

 Evidence to support neoadjuvant chemotherapy with paclitaxel, ifosfamide, and 
cisplatin (TIP) consists of a phase 2 clinical trial in patients with clinical N2-3 M0 
metastatic penile cancer [ 30 ]. Importantly, this prospective trial included some 
patients who were not necessarily candidates for upfront surgery, for example, those 
with an initially nonmobile (unresectable) groin mass or enlarged pelvic lymph 
nodes on CT or MRI. Objective response with clinically meaningful downstaging 
was observed in 50 % of patients, and 73 % of patients in the study were able to 
complete 4 courses of TIP and undergo post-chemotherapy surgery (bilateral ILND 
and uni- or bilateral PLND, usually in the same procedure). Ten percent (3/30) of 
patients enrolled had a pathologic complete response. Long-term disease-free sur-
vival was observed in 37 % of these high-risk patients. In a univariable analysis, 
objective response to neoadjuvant TIP was signifi cantly associated with overall and 
progression-free survival. 

 Both the European Association of Urology and National Comprehensive Cancer 
Network (NCCN) endorse neoadjuvant TIP for initially unresectable or very 
advanced regional nodal disease [ 18 ,  31 ]. There is also general acceptance of 
upfront ILND and surveillance in the postoperative period for cN1/pN1 disease. 
There are differences, however, in the approach to regional lymph node metastases 
that are resectable but also high risk. In the United States, patients who are clinical 
N2-3 and technically resectable often receive neoadjuvant TIP prior to any surgery, 
as was done in the phase 2 clinical trial, and likewise for those found to be pN2-3 on 

S
ur

vi
va

l p
ro

ba
bi

lit
y

Months

N1

N2
N3

N1

N2
N3

1.
0

0.
8

0.
6

0.
4

0.
2

0.
0

16
22
22

14
9
5

13
6
1

3
3 3 3 25

1 1

0 24 48 72 96 120 144 168 192

  Fig. 19.3    Survival curves of patient subgroups by 7th AJCC N staging system (staged with 
upfront surgery) (Reproduced with permission from Zhu et al. [ 32 ])       

 

19 Squamous Cell Carcinoma of the Penis and Scrotum



288

the basis of ILND and before a prophylactic PLND [ 38 ]. The European Association 
of Urology guidelines, on the other hand, advocate upfront surgery (ILND ± PLND) 
for all patients with initially resectable disease and adjuvant 5-FU and cisplatin for 
those found on pathology to have pelvic nodal involvement [ 39 ]. 

 Advantages of neoadjuvant chemotherapy compared to adjuvant include the 
opportunity to observe the tumor response during treatment. Response to neoadju-
vant TIP can be assessed with CT or MRI after two cycles (6 weeks) and a different 
strategy chosen if there is no response. Also tolerance of chemotherapy is better 
prior to surgery. One disadvantage of neoadjuvant chemotherapy is that potentially 
curative surgery is delayed. It is therefore best reserved for those patients who are 
unlikely to be cured with surgery alone, such as those with enlarged pelvic lymph 
nodes. Also, patient selection can be refi ned by fi rst performing ILND and identify-
ing those with extranodal extension (pN3) or bilateral inguinal nodes involved 
(pN2), as they have a high risk of pelvic nodal involvement and should receive 
neoadjuvant TIP prior to PLND. 

 By comparison, the individual response to adjuvant chemotherapy is impossible 
to assess because in that setting, there is no measurable disease. Patients may already 
be cured and survive despite the chemotherapy. Only a randomized controlled trial 
can prove a clinical benefi t for adjuvant chemotherapy. Moreover, adjuvant chemo-
therapy is often not possible in the postoperative period if the recovery time is pro-
longed or there are other complications. Retrospective data with adjuvant 5-FU and 
cisplatin [ 39 ] must be interpreted with caution for these reasons and also because of 
the inherent patient selection bias. 

 Chemoradiotherapy to the pelvis has been suggested as an alternative to PLND 
in patients with metastatic penile cancer. There is a lack of positive evidence for this 
approach in penile cancer specifi cally [ 40 ]. By way of extrapolation, however, suc-
cessful use of radiotherapy instead of PLND for women with metastatic SCC of the 
vulva [ 41 ] has generated interest in this approach for penile cancer. At the present 
time, chemoradiotherapy to the pelvis remains a valuable option for men with meta-
static penile cancer who are not operable, refuse surgery, or do not respond to neo-
adjuvant TIP [ 42 ,  43 ].   

    Metastatic Disease: Distant and/or Visceral 
 Advanced metastatic penile cancer is rapidly lethal. It is an aggressive disease typi-
cally with rapid progression, involvement of lungs, liver, bone, skin, muscles, and 
other unusual sites. It is often associated with hypercalcemia. In the non-curative 
setting, goals of treatment are palliation of symptoms and improved survival 
duration. 

   Chemotherapy 
 Chemotherapy-naïve patients with distant metastases may respond initially to 
cisplatin- based chemotherapy. There have been no randomized controlled trials 
for treatment of metastatic penile cancer and hence no single standard chemo-
therapy regimen. As previously discussed, TIP was studied prospectively in a 
phase 2, single- center trial for patients with regional lymph node metastases 
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(N2-3 M0), and while none had clinical evidence of distant metastasis at the time 
of study entry, all of them had measurable disease in lymph nodes [ 30 ]. The 
objective response rate by RECIST (CR + PR) was 50 % (15/30) with median 
overall survival of 17 months. 

 The 5-FU and cisplatin combination was studied retrospectively in a small series 
of patients from several institutions, with a reported overall response rate of 32 % 
(8/25) and median overall survival of 8 months [ 44 ]. These were patients with either 
regional lymph node or distant metastases. Published guidelines endorse either TIP 
or 5-FU and cisplatin as fi rst-line chemotherapy for patients with metastatic penile 
cancer [ 31 ]. Small phase 2 trials with other platinum-based regimens have demon-
strated a comparatively higher risk of toxicity compared to TIP or 5-FU/cisplatin, 
without improved effi cacy [ 34 ,  45 – 49 ]. Whenever possible, patients should be 
encouraged to participate in clinical trials. 

 There is no standard second-line chemotherapy for metastatic penile cancer [ 31 ]. 
In a small phase 2 study, paclitaxel single-agent therapy (175 mg/m 2  every 3 weeks) 
as second line after 5-FU and cisplatin had a response rate of 20 % (5/25); all were 
partial responses and the median overall survival was 23 weeks [ 50 ]. A retrospec-
tive study of treatment in the second line from MD Anderson Cancer Center found 
a median overall survival of 5.7 months (range, 1.4–30 months) from the time of 
fi rst-treatment failure [ 51 ]. The study group consisted of 19 patients who had ini-
tially received neoadjuvant TIP for regional lymph node metastasis (N2-N3 M0) 
and had progressed, recurred, or never completed the treatment. A variety of sec-
ondary treatments had been attempted, including surgery, chemoradiotherapy, other 
cisplatin-based chemotherapy, and investigational therapies. Two patients had 
received supportive care only. In a comparison of those who received some form of 
platinum-based systemic therapy (after TIP) versus those who had received other 
treatment or supportive care, there was no discernible difference in median overall 
survival of less than 6 months.  

   Targeted Therapy 
 Several case reports and two case series have reported on the antitumor activity of 
EGFR-targeted therapies in metastatic penile SCC [ 52 – 57 ]. While none of these 
studies is conclusive, they do collectively point to a meaningful clinical benefi t for 
a subset of patients. Studies of EGFR expression by immunohistochemistry show 
high levels of expression in the majority of penile SCC tumors [ 58 ]. 

   Cetuximab 
 Case reports of cetuximab alone or in combination are summarized in Table  19.1  
[ 52 ,  53 ]. In a series reported from MD Anderson, 20 patients had been treated with 
cetuximab alone, cetuximab plus cisplatin, or cetuximab plus TIP (Table  19.2 ) [ 54 ]. 
Of the 17 patients who had received cetuximab with or without cisplatin, there were 
four partial responses (24 %). Most patients in that series had received at least one 
prior cisplatin-based regimen. Patients with only lymph node metastases had sig-
nifi cantly better overall survival than patients with visceral or bone metastases 
(median 49.9 weeks and 24.7 weeks, respectively).
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       Panitumumab 
 Published reports of panitumumab alone or in combination are summarized in 
Table  19.3  [ 53 ,  55 ,  56 ]. A series was reported from the Istituto Nazionale dei Tumori 
in Milan, in which 11 previously treated patients with metastatic penile cancer 
received panitumumab 6 mg/kg every 2 weeks [ 56 ]. There were one partial and two 
complete responses, for an overall response rate of 27 %. Responses were seen in 
skin and lymph node metastases. The median overall survival was 9.5 months; the 
subgroup of patients with visceral metastases had shorter survival, as had been 
observed with cetuximab in the MD Anderson study.

          Future Directions 

 Looking ahead, further research into the role of HPV in penile cancer is likely 
to reveal distinct molecular pathways for the pathogenesis of HPV-related and 
HPV- unrelated penile cancer. The HPV-related tumors appear to have a slightly 
better prognosis overall, but so far the association with HPV is not predictive of 
response to treatment. HPV-related penile and scrotal tumors may be more 

   Table 19.1    Case reports of cetuximab treatment for penile cancer   

 Author 
(year)  Drug(s) 

 Prior systemic 
chemotherapy 

 Site(s) of 
metastasis 

 Best 
response 

 Time to 
progression 

 Overall 
survival 
(months) 

 Rescigno 
et al. 
(2012) 

 Cetuximab 
and 
docetaxel 

 Yes  Inguinal 
lymph nodes 

 PR  NR  NR 

 Brown 
et al. 
(2014) 

 Cetuximab  Yes  Inguinal and 
pelvic lymph 
nodes 

 PR  Censored at 
12 weeks a  

 >42 

 Brown 
et al. 
(2014) 

 Cetuximab  Yes  Inguinal, 
pelvic, and 
mediastinal 
lymph nodes 

 Progression  4 weeks  8 

   PR  partial response,  NR  not reported 
  a The patient received radiotherapy to inguinal and pelvic lymph nodes  

   Table 19.2    MD Anderson series of 20 patients treated with cetuximab alone or with chemotherapy   

 Treatment 
 No. 
patients 

 Prior systemic 
chemotherapy 

 Response 
(PR/CR) 

 Response 
rate (%) 

 Median TTP 
(range), weeks 

 Cetuximab  5  5  1/0  20  8.1 (6.7–40.1) 

 Cetuximab + 
cisplatin 

 12  11  3/0  25  13.6 (1.6–27) 

 Cetuximab + 
TIP 

 3  2  2/0  67  12.3 (10.4–27.3) 

   PR  partial response,  CR  complete response,  TTP  time to progression,  TIP  paclitaxel, ifosfamide, 
and cisplatin  
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immunogenic than their HPV-negative counterparts. New oncology drugs that 
target the programmed cell death-1 (PD-1) protein will presumably be studied 
in penile cancer. PD-1 is a co-inhibitory receptor found on B cells, T cells, and 
NK cells. Interaction of PD-1 with its ligand (programmed cell death-1 ligand 
[PD-L1]) results in inhibition of T-cell proliferation and cytokine production. 
Immunohistochemistry has revealed that a subpopulation of tumor cells express 
PD-L1 in penile cancer, and it was seen in both HPV-related and HPV-unrelated 
penile SCC tumors [ 59 ]. Other solid tumors that express PD-L1 have been suc-
cessfully treated with anti-PD-1 monoclonal antibodies [ 60 ]. Indeed, an expan-
sion cohort of patients with oropharyngeal SCC was treated in the KEYNOTE-012 
study with pembrolizumab, irrespective of their tumor PD-L1 expression level 
or HPV status [ 61 ]. The investigators reported preliminary results at a meeting 
presentation in 2015; they had observed an overall response rate of 24.8 % and 
stable disease in 25 %, adding to an approximately 50 % disease control rate. 
Moreover, the response rates for HPV- positive and HPV-negative oropharyngeal 
carcinoma were similar (20.6 % and 26.3 %, respectively). This fi nding in an 
HPV-related cancer is analogous to penile cancer, and the results of PD-L1 
immunohistochemistry in penile SCC suggest that future trials of anti-PD-1 or 
anti-PD-L1 immune checkpoint inhibitors should include men with both HPV-
related and HPV-unrelated penile cancer. 

 Future efforts to control penile cancer should include measures aimed at cancer 
prevention. Neonatal circumcision is protective but is unlikely to be widely accepted 
as a public health measure because of cultural attitudes. Multivalent vaccines for 
HPV are also protective, both for the vaccinated individual and for his or her sexual 
contacts [ 62 ]. Unfortunately, cultural attitudes have in some cases opposed the 
widespread vaccination of boys and girls against HPV infection, despite multiple 
health benefi ts that include prevention of cancer. 

   Table 19.3    Reports of panitumumab plus or minus chemotherapy   

 Author 
(year)  Drug(s) 

 Type 
of 
report 

 Prior systemic 
chemotherapy 

 Site(s) of 
metastasis  Response 

 Time to 
progression 

 Overall 
survival 

 Necchi 
et al. 
(2011) 

 Panitumumab  Case 
report 

 Yes (TPF)  Skin and 
base of penis 

 Yes (PR)  NR  NR 

 Brown 
et al. 
(2014) 

 Panitumumab 
and cisplatin 

 Case 
report 

 Yes (TIP, 
TPF) 

 Lymph 
nodes and 
base of penis 

 Yes (PR)  Censored at 
15 weeks a  

 NR 

 Necchi 
et al. 
(2015) 

 Panitumumab  Pilot 
study 
  N  = 11 

 10/11  Lymph 
nodes ( N  = 8), 
skin ( N  = 4), 
viscera ( N  = 6) 

 3/11 
 (2 CR, 
 1 PR) 

 Median 
1.9 months 

 Median 
9.5 months 

   TPF  docetaxel, cisplatin, and 5-FU,  TIP  paclitaxel, ifosfamide, and cisplatin,  PR  partial response, 
 CR  complete response 
  a The patient underwent consolidative surgical resection of all visible disease; he recurred 
2 months later  
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 There have been no randomized controlled trials of treatment for penile cancer. 
An international, multicenter, randomized trial is in development and hopefully 
will answer basic questions about the optimal management of locally advanced 
SCC of the penis. The  In ternational  P enile  A dvanced  C ancer  T rial (InPACT; 
NCT02305653) is a 400-patient trial to be conducted in the United Kingdom, the 
United States, and Canada [ 63 ]. The trial has two independent randomizations, 
addressing key questions in the clinical pathway: fi rst, the role of neoadjuvant 
therapy before standard surgery, by randomizing to chemotherapy, chemoradio-
therapy, or no neoadjuvant therapy, and second, the role of prophylactic PLND 
following the standard surgery with therapeutic ILND. The primary outcome 
measure is overall survival.   

    SCC of the Scrotum 

 Scrotal SCC is less common than penile cancer; however, SCC is the most prevalent 
histologic pattern found in scrotal tumors. Scrotal SCC was historically linked to 
occupational exposure to carcinogens. In 1775, Sir Percivall Pott was fi rst to 
describe an apparent cause and effect between soot lodged in the scrotal skin of 
chimney sweeps and their risk of scrotal cancer [ 2 ]. The carcinogen was later identi-
fi ed as 3,4-benzpyrene [ 64 ]. Other occupational groups at risk for this disease 
include paraffi n and tar workers, creosote workers, shale oil workers, pitch workers, 
machine tool setters and operators, and lathe workers. 

    Etiology 

 The incidence of scrotal cancer has remained stable over time despite improved 
occupational health measures and avoidance of carcinogens [ 65 ]. Although not 
proven, some have speculated that the reason for the sustained incidence over time 
has been the emergence of newer causes such as HPV exposure and PUVA treat-
ment for psoriasis [ 2 ,  66 ]. The Photochemotherapy Follow-up Study [ 8 ] was a pro-
spective study of 892 men who had undergone prolonged ultraviolet radiation for 
psoriasis, of whom 5 developed scrotal SCC. Patients who had received high levels 
of exposure to PUVA had 286 times the general population risk of invasive genital 
SCC (scrotal or penile). 

 Detection of HPV in scrotal tumors has been reported in only a few cases, and its 
actual signifi cance has not been fully characterized. As was reported for penile can-
cer, HPV-related scrotal cancers are more likely to display a basaloid or warty his-
tologic pattern and p16 positivity [ 67 ,  68 ]. The frequency of HPV detection in two 
small case series of scrotal SCC was 24–42 %. 

 Other suspected contributing factors include chronic mechanical irritation, poor 
hygiene, smoking, ionizing radiation, exposure to carcinogenic metals (arsenic, 
nickel, chromium), and chronic scrotal lymphedema [ 2 ].  
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    Pathology 

 Scrotal SCC occurs more commonly in the left scrotum and in lower/anterior areas 
[ 2 ,  69 ]. The most common presentation is as an erythematous nodule or plaque and 
may be accompanied by pruritus. Presentation as an abscess or ulcerative lesion is 
uncommon [ 70 ]. Multiple scrotal SCCs in the same patient have been reported. 
Scrotal SCC in situ has been rarely reported. The differential diagnosis includes 
extramammary Paget’s disease, verrucous carcinoma, and Bowenoid papulosis.  

    Epidemiology 

 The incidence of scrotal cancer is about 1 case per million men per year. Median age at 
diagnosis of SCC of the scrotum is 52–57 years [ 67 ,  71 ]. The incidence in Caucasian 
men exceeds that of men who are African American, Asian, and other ethnicities. There 
have been, however, several reports of scrotal SCC from Japan, Africa, and the Indian 
subcontinent [ 66 ,  72 ,  73 ]. Immunosuppressed men appear to be at increased risk, includ-
ing transplant patients and those with acquired or inherited immunodefi ciency [ 2 ].  

    Evaluation and Staging 

 There are notable differences in the staging of penile and scrotal cancers. The 
American Joint Committee on Cancer (AJCC) TNM classifi cation for scrotal cancer 
designates any nodal metastasis as N1, N2 or N3 based on size, and there is no site-
specifi c classifi cation as there is for penile cancer. The T classifi cation is based on 
both size and invasiveness: T1 ≤ 2 cm, T2 >2 cm and <5 cm, T3 ≥5 cm, and T4 
describing invasion into any of the deeper extradermal structures. The Lowe staging is 
another system for scrotal cancer; developed in 1983, it is still in use (Table  19.4 ) [ 74 ].

   Depth of invasion can be assessed with ultrasound or MRI of the scrotum. 
Clinical staging of lymph nodes includes a physical examination of inguinal lymph 
nodes, ultrasound-guided biopsy of suspicious or enlarged lymph nodes, and CT 
scan or MRI for evaluation of both the pelvic lymph nodes and inguinal nodes. In 
selected cases, PET/CT may be helpful based on extrapolation from published 
results in penile cancer [ 2 ,  75 ].  

   Table 19.4    Lowe system for staging scrotal cancer   

  A1   Disease localized to scrotum 

  A2   Locally extensive disease involving adjacent structures (penis, perineum, 
testis or cord, and pubic bone) by continuity but without evident metastasis 

  B   Superfi cial lymph node metastasis, resectable 

  C   Pelvic lymph node metastasis or any unresectable metastasis 

  D   Distant metastasis beyond regional nodes 
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    Treatment 

 For the primary tumor, wide local excision is the mainstay of treatment. Primary 
closure is often possible owing to the redundancy and laxity of scrotal skin [ 76 ]. 
Hemiscrotectomy may be necessary for larger tumors. There does not appear to be 
a benefi t from postoperative radiotherapy, although the experience with it in scrotal 
SCC is very limited [ 68 ]. One study estimated the 5-year overall survival for scrotal 
SCC was 77 % [ 71 ]. 

 For treatment of locally advanced and metastatic scrotal SCC, there are too 
few studies to develop an algorithm specifi c to the disease. Treatment essentially 
follows the algorithm for penile cancer. For example, systemic chemotherapy is 
appropriate for inoperable scrotal SCC. Platinum-based chemotherapy regimens 

a

b

  Fig. 19.4    Right inguinal 
metastasis ( arrows ) from 
squamous cell carcinoma 
of the scrotum. The 
metastasis had recurred 
after a primary inguinal 
resection. ( a ) Appearance 
on computed tomography 
scan after two courses of 
paclitaxel, ifosfamide, and 
cisplatin chemotherapy 
(TIP) without response. 
( b ) Appearance on 
computed tomography 
scan after two courses 
of cetuximab plus 
TIP (Reproduced 
with permission from 
Carthon et al. [ 54 ])       
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such as TIP for 5-FU/cisplatin are reasonable options, although neither has been 
evaluated systematically in patients with scrotal cancer. Carthon et al. reported a 
series of 24 men with invasive genital SCC who received EGFR-targeted thera-
pies [ 54 ]. One of these patients had SCC of the scrotum with primary tumor 
excised and metastasis in the right groin. He had fi rst received two courses of TIP 
with no response. Cetuximab was added, and after two courses of TIP + cetux-
imab, followed by cetuximab monotherapy, there had been a clinically meaning-
ful response allowing surgical resection of residual tumor from the groin 
(Fig.  19.4 ). This patient was reported to be disease- free on surveillance at 
38 months after receiving EFGR-targeted therapy.

        Conclusion 
 Squamous cell carcinoma of the penis and scrotum are rare malignancies with a 
distinctive pathogenesis. Preventive strategies are now possible, such as HPV 
vaccination, genital shielding during prolonged ultraviolet radiation exposure, 
and neonatal circumcision. Treatment has become more standardized with the 
fi rst publication of NCCN guidelines for penile cancer in 2012. Improved 
understanding of molecular heterogeneity in genital SCCs has led to refi ne-
ments in the interpretation of pathology and identifi cation of potential therapeu-
tic targets. Without the benefi t of randomized controlled trials, the evolution of 
new treatment strategies has been slow, but it has occurred nevertheless, and we 
may see the fi rst randomized clinical trial for penile cancer opening in the near 
future.     
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         Introduction 

 Basal cell carcinomas (BCCs) are the most common malignant (cutaneous) neo-
plasms worldwide, with an incidence of approximately 2.8 million in the United 
States [ 1 ]. The lifetime risk of developing a BCC is about 30 % in Caucasians, and 
most of the tumors develop in patients older than 50 years of age [ 2 ]. Individuals 
with Fitzpatrick type I and II complexions have the highest risk of developing BCC 
[ 3 ]. Though exposure to the ultraviolet component of sunlight is the most common 
cause, about 0.27 % cases of BCC occur in the non-sun-exposed genital skin [ 4 ,  5 ].  

    Etiopathogenesis 

 Intermittent, intense exposure to ultraviolet light at younger age is the most com-
mon cause of BCC. However, in sun-shielded regions, other factors including poor 
hygiene, smoking, exposure to ionizing radiation, combination of oral methoxsalen 
(psoralen) and ultraviolet A radiation (PUVA therapy), arsenic, polycyclic aromatic 
hydrocarbons and other chemicals including coal tar-derived compounds, chronic 
irritation (e.g., long-term use of diapers), and even immune defi ciency have been 
implicated to be causative and/or permissive for development of BCC [ 5 – 7 ]. Some 
BCCs have developed at scars or sites of prior trauma caused by burns, vaccination, 
varicella, venous stasis ulcer, tattoo, and other conditions such as pilonidal sinuses 
[ 8 – 10 ], suggesting that chronic infl ammation and the resultant tissue regeneration/
remodeling may be contributing factors. In addition to Gorlin (basal cell nevus) 
syndrome, there are other genodermatoses that also increase the risk of developing 
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BCC including xeroderma pigmentosum, Rombo syndrome, Bazex-Dupré-Christol 
syndrome, Dowling-Meara-type epidermolysis bullosa simplex, or multiple heredi-
tary infundibulocystic BCC [ 5 ,  11 – 18 ]. 

 Most BCCs likely originate from the hair follicle bulge stem cells or from the 
interfollicular epidermal progenitor cells [ 19 ,  20 ]. Activation of the sonic hedgehog- 
signaling pathway is the most common genetic event in the development of BCCs, 
and about up to 90 % of sporadic BCCs exhibit this abnormality. Loss-of-function 
mutations of the PTCH1 (most common), activating mutations of SMO, and over-
expression of GLI1 or GLI2 likely contribute to basal cell carcinogenesis. Mutations 
of the p53 gene have also been identifi ed in approximately 50 % of the cases [ 21 ]. 
Polymorphisms of glutathione S-transferase and the cytochrome p450 enzyme 
CYP2D6 have also been associated with increased risk of developing BCC [ 22 ]. 
Human papillomavirus (HPV) DNA has been detected in BCCs although a caus-
ative role of HPV has not been demonstrated in BCC [ 23 ,  24 ].  

    Clinical Features 

 The diagnosis of genital BCC is almost never made on the grounds of clinical exam-
ination alone, even when there is a history of a defi ned cancer susceptibility syn-
drome. The lesions are typically slow growing and painless and may ulcerate after 
a long period of time because patients usually do not present early in the course of 
the disease. The diagnosis may be delayed further since the differential diagnoses of 
a long-standing lesion at these anatomic sites typically do not include BCC. Therefore, 
there should be a low threshold for biopsy of such lesions. Itching is the most com-
mon presenting symptom, followed by local discomfort, pain, mass, ulcer, bleeding, 
or rarely even genital swelling. 

 Clinically, BCCs of the genitalia, when presenting as single or discrete lesions, 
often evoke the possibility of a syphilitic chancre, lichen simplex chronicus, squa-
mous cell carcinoma, or melanoma. When the lesions are more numerous or diffuse, 
the initial clinical diagnoses include candidiasis and infl ammatory dermatoses such 
as psoriasis, contact dermatitis, lichen sclerosus, and Paget disease. Several clinical 
variants have been described: nodular/ulcerative, superfi cial/multifocal, diffuse/
infi ltrating/morpheaform, pigmented, polypoid, and fi broepithelioma of Pinkus. Of 
these the former two constitute the most common types seen in the genitalia (see 
also Pathology features; Figs.  20.1 ,  20.2 , and  20.3 ).

         Pathologic Features 

 Grossly, the lesions can be vegetating, ulcerated, infi ltrative, nodular, pigmented, or 
pedunculated. Histologic features are similar to BCCs found elsewhere [ 25 ]. Of the 
several histologic variants, superfi cial and nodulocystic patterns are most prevalent 
in the genitalia (Figs.  20.1 ,  20.2 , and  20.3 ) [ 26 ]. As with most BCCs, the tumor is 
composed of nests of small basaloid cells displaying high nuclear-to-cytoplasmic 
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ratio, with monomorphic ovoid hyperchromatic nuclei and scant cytoplasm. 
Epidermal connection can often be identifi ed. Mitotic fi gures and apoptotic cells are 
frequently seen within the same nest. Although peripheral palisading of the tumor 
cells is a typical characteristic, it may be inconspicuous in infi ltrative lesions and 
those with smaller nests. The stroma surrounding the tumor cells is loose and mucin- 
rich, with an abundance of hyaluronic acid, leading to retraction artifacts due to 
mucin shrinkage during tissue processing. The presence of perineural infi ltration 

a b

c d

e f

  Fig. 20.1    Penile basal cell carcinoma. Hematoxylin- and eosin-stained sections show the most 
common types of BCCs at this site. ( a ,  b ) Nodular type with focal micronodular pattern, ( b ) focal 
epidermal connection can be seen, ( c ,  d ) nodulocystic variant, ( e ,  f ) superfi cial variant with pig-
mentation of the tumor cells. Peripheral palisading and retraction artifact are seen mostly in super-
fi cial and nodular variants. Magnifi cations: ( a ,  c ,  e ) 20×, ( b ) 200×, ( d ,  f ) 100×       
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a

b

c

  Fig. 20.2    Scrotal basal 
cell carcinoma. 
Hematoxylin- and 
eosin-stained sections 
show ( a ) a nodular basal 
cell carcinoma overlying 
the smooth muscle fi bers 
of dartos muscle (bottom 
half, magnifi cation: 20×). 
The areas marked by the 
white rectangles are seen at 
higher magnifi cations 
(400×) revealing ( b ) solid 
growth pattern with 
peripheral palisading and 
retraction artifact and ( c ) 
adenoid growth pattern 
within the same tumor       
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and lymphovascular space involvement may be associated with an aggressive 
behavior. Also, dartos muscle involvement has been seen more frequently in meta-
static BCC [ 27 ]. 

 The tumor cells are diffusely positive for keratin (e.g., with a pancytokera-
tin cocktail), high-molecular-weight cytokeratin, cytokeratin 5/6, p53, p63, 
p40, epithelial cell adhesion molecule, and B-cell CLL/lymphoma 2. Epithelial 

a b

c d

e f

  Fig. 20.3    Scrotal basal cell carcinomas. Hematoxylin- and eosin-stained sections show various 
patterns of BCC ( a ) nodular and focal infi ltrative patterns with focal epidermal ulceration, ( b ) nodu-
lar pattern without ulceration, ( c ) adenoid and solid patterns with mucinous peritumoral stroma, ( d ) 
nodular pattern with focal retraction artifact and peripheral palisading, ( e ) superfi cial pattern with 
focal pigmentation, and ( f ) superfi cial with focal deposition of keratin-derived amyloid within the 
peritumoral stroma. Magnifi cations: ( a ) 20×, ( b ) 40×, ( c ) 400×, ( d ,  e ) 40×, ( e ,  f ) 100×       
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membrane antigen is usually negative unless there is squamous differentiation. 
Carcinoembryonic antigen is expressed focally only in the rare cases with areas 
of eccrine differentiation [ 28 ]. 

 Histologic differential diagnoses include other basaloid neoplasms such as 
trichoblastoma, trichoepithelioma, desmoplastic trichoepithelioma, basaloid squa-
mous cell carcinoma, and cutaneous neuroendocrine (Merkel cell) carcinoma [ 29 ]. 
In general, all these lesions typically lack the peripheral palisade, clefting along the 
tumor-stroma interface, and myxoid stroma characteristic of BCC. Trichoblastoma 
is a neoplasm of basaloid cells showing primitive follicular differentiation. 
Trichoepithelioma is another lesion showing more advanced follicular differentia-
tion, including papillary mesenchymal bodies and fi brotic stroma. Desmoplastic 
trichoepithelioma shows, in addition to the features of a standard trichoepithelioma, 
thin infi ltrating strands of epithelium in a markedly fi brotic stroma resembling an 
infi ltrative BCC. It is very important to distinguish between BCC and basaloid squa-
mous cell carcinoma and Merkel cell carcinoma, since the latter two entities have 
more aggressive behavior than BCC. Although BCC may occasionally have neuro-
endocrine immunohistochemical features [ 30 ], Merkel cell carcinoma shows not 
only expression of synaptophysin and chromogranin but also commonly of CK20, 
with a perinuclear dot-like pattern, a fi nding not characteristic of BCC. Basaloid 
squamous cell carcinoma is another aggressive lesion, typically involving the 
cutaneous- mucosal interface (as in the mouth, anus, and urethra) with variably sized 
clusters of basaloid cells but usually without peripheral palisade or myxoid stroma.  

    Specific Genital Locations 

    Penis 

 BCCs are uncommon tumors of the penis and comprise 0.5–5 % of all malignant 
neoplasms at this site [ 31 ]. While majority of the cases are seen in elderly white 
males, the age at diagnosis ranges from 22 to 87 years [ 26 ,  32 ], and they are rarely 
seen in darkly pigmented men [ 26 ,  33 ,  34 ]. Most of the tumors occur on the shaft 
[ 35 ,  36 ], and less likely on the glans, prepuce, base of the penis, or the urethral 
meatus [ 33 ,  36 – 38 ]. Most of tumors are usually superfi cially invasive, involving the 
dartos or sometimes Buck fascia. Rarely, large tumors may invade deep into the 
underlying structures including tunica albuginea involving corpus cavernosum, 
even up to the urethra [ 39 ]. Average duration of tumor before presentation/diagnosis 
is quite variable, ranging from 3 months to 50 years. Findings associated with some 
of these cases include local trauma, phimosis, dermatitis, usage of truss for inguinal 
hernia, remote surgery, chronic balanoposthitis, syphilis, and exposure to sunlight, 
pesticides, and wood products [ 26 ]. 

 Most patients complain of slow-growing lesions with late ulceration and rarely 
bleeding or discharge. Clinically the lesions are erythematous and/or pigmented, 
irregularly shaped, fairly well-demarcated, thin plaques to large ulcerated nodules. 
The lesions are typically single ranging in size from 0.7 to 5 cm and only rarely 
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multifocal BCC [ 40 ]. Elevated, rolled, pearly tumor borders and telangiectasia may 
be conspicuous. The tumors are usually freely mobile, since most are superfi cially 
invasive. Induration should raise the concern for deeper invasion. Metastases from 
the penile BCCs are rare, and the site of metastases is usually inguinal or other 
regional lymph nodes [ 41 ,  42 ].  

    Scrotum 

 BCCs constitute 5–18 % of all scrotal neoplasms [ 27 ,  43 ] and usually develop in 
elderly Caucasian males (age range: 42–82 years). Scrotal BCCs have also been 
described in the Asian population [ 27 ,  44 ,  45 ]. While majority of the cases have a 
long duration of at least a few years (1–51 years), some patients may seek clinical 
advice within 3–6 months of noticing the lesion [ 46 – 48 ]. Though obvious contribut-
ing factors are not present in most of the cases, some patients report chronic expo-
sure to arsenic, cleaning chemicals used in laundry, coal dust, organic solvents, and 
ultraviolet rays or local radiation therapy [ 46 – 50 ]. 

 Most patients present with a history of long-standing pruritic, plaque-like lesions 
that then develop focal erosions and ulcerations. In such cases, the patients are treated 
usually for a long period of time for dermatitis before a biopsy is performed. Patients 
may also present with single, painless, ulcerated nodules. The lesions are typically 
0.5–5.5 cm in size [ 47 ,  51 ]. A rare case of giant, ulcerated BCC (40 × 20 cm) involv-
ing the entire genital and lower abdominal area has been reported with deep invasion 
and extensive involvement of external iliac and femoral vessels [ 52 ]. Clinically, the 
lesions range in appearance from erythematous plaques with scattered erosions to 
papulo-nodular lesions to frank ulcers. There may be pigmentation and lichenifi ca-
tion of the lesions. Uncommon variants including linear and polypoid BCCs have 
also been reported at this anatomic location [ 44 ,  53 ]. Local recurrence is extremely 
rare after complete excision of the lesion with adequate margins. 

 BCCs arising from the scrotum may develop metastasis at a rate higher than that 
seen in other sites (10.7–13 % vs 0.0028–0.5 %) [ 54 – 56 ]. Most of the metastases 
occur as recurrence of the disease a few months after wide local resection, fre-
quently to the inguinal lymph nodes but also to lung [ 27 ,  48 ,  55 ,  57 – 62 ], with or 
without simultaneous local recurrence [ 62 ]. Larger size of the primary tumor and 
infi ltrative growth patterns are associated with metastases [ 27 ].   

    Management 

 A thorough physical examination and imaging studies including CT scan, PET-CT, 
and MRI can be helpful in determining the extent of the disease and in examining 
for the presence of metastases [ 39 ]. Most cases of BCCs arising in the genital areas 
are small and have a low risk for local or distant recurrence. However, complete 
removal of the tumor, while preserving normal function and optimal cosmesis, can 
be a challenge. 
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 Surgical resection has long been the standard of care for treatment of genital 
BCC [ 63 ,  64 ]. Wide local excision to include up to 2 cm margin for scrotal BCCs 
and to the depth of tunica albuginea, where possible, usually has resulted in excel-
lent local control of disease [ 27 ]. With penile lesions, a margin of at least 2–5 mm 
is recommended. Mohs micrographic surgery or surgical excision with frozen sec-
tion examination is a reliable mode of resection and is associated with lower recur-
rence rates for both primary and secondary lesions [ 27 ,  39 ,  65 ]. Inguinofemoral 
lymph node sampling may also be considered for deep and/or large tumors, but 
regional node dissection is usually not recommended unless there is documented 
metastasis [ 63 ]. Curettage and electrodessication is rarely used as a primary modal-
ity of treatment at this site. 

 Radiation therapy is typically not recommended in the genital area due to poor 
cosmetic outcome [ 66 ], although rarely adjuvant or palliative radiation therapy may 
be used in patients who refuse surgical excision or in those that are poor surgical 
candidates. History of basal cell nevus syndrome and xeroderma pigmentosum are 
absolute contraindications for radiation. Age less than 60 years is a relative contra-
indication due to the increased risk of developing secondary tumors [ 27 ,  47 ]. 

 Cryotherapy using liquid nitrogen and laser therapy as well as topical therapy 
using immunomodulators such as topical imiquimod, 5-fl uorouracil, and photody-
namic therapy are usually not recommended in the treatment of genital BCCs [ 67 , 
 68 ]. In the past, immunotherapy with Bacillus Calmette-Guerin administered by 
scarifi cation has also been used for treatment of multifocal scrotal BCC [ 48 ,  69 ]. 
Some cases of metastatic BCC have been shown to respond to combination chemo-
therapy using cisplatin, bleomycin, doxorubicin, cyclophosphamide, and 
5- fl uorouracil [ 48 ,  57 ]. Inhibition of sonic hedgehog signaling by utilizing SMO 
antagonists, such as vismodegib, has been approved by the FDA only for recurrent 
and/or metastatic BCCs that cannot be treated with surgery or radiation [ 70 ].     
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         Epidemiology 

 Extramammary Paget’s disease (EMPD) is a rare intraepithelial malignancy that has 
only been a few hundred times in the literature with level 4 evidence. The precise 
incidence is unknown. However, little is known regarding optimal treatment and 
prognostic factors. Due to poor understanding of the condition, it can remain undi-
agnosed for a number of years prior to treatment, and with individual patient num-
bers remaining small across centers, it becomes diffi cult to build up a true 
understanding of the disease process. 

 Crocker fi rst described this epithelial adenocarcinoma with a predilection for 
apocrine glands in 1889, affecting the scrotum and penis [ 1 ]. The disease commonly 
affects patients in the sixth to eighth decades with a female predominance of 3:1 [ 2 ]. 
The most common sites affected are the vulval, perianal, axillae, and inguinoscrotal 
regions [ 3 ]. Clinically, EMPD frequently presents as a pink eczematoid area with 
white islands of hyperkeratosis that is accompanied by pruritus. Although this con-
dition is most commonly reported in postmenopausal Caucasian females, there is 
also a growing body of evidence that the condition may be more common in Asian 
men, in which the disease acts less aggressively [ 4 ,  5 ].  

    Disease Associations 

 This disease occurs most commonly in the anogenital region and was originally 
described as occurring anywhere along the “milk line”; however, it can arise in any 
area of the skin or mucosa. Although the disease arises most frequently on the vulva 
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of postmenopausal women, it comprises 2 % or less of primary vulval neoplasms, 
and extramammary Paget’s disease arising in other sites is even rarer. There are 
reports of the disease arising in other apocrine gland-rich areas, such as the axilla 
and ear, with a reported case from 1955 on the eyelid being associated with a Moll’s 
gland carcinoma [ 6 ,  7 ]. Extramammary Paget’s disease of the external male and 
female genitalia may be associated with neoplasms arising from the bladder and 
urethra and kidney and in the prostate in males [ 4 ]. Extramammary Paget’s disease 
of the perianal skin is often associated with colorectal neoplasia. Occasional cases 
have involved the skin of the extremities and abdomen. Cases have occurred in the 
squamous epithelial lining of an ovarian teratoma and in the lining of an epidermal 
cyst [ 8 ,  9 ]. The differential for this disease includes:

•    Basal cell carcinoma  
•   Bowen’s disease (squamous cell carcinoma in situ)  
•   Melanoma in situ  
•   Cutaneous candidiasis  
•   Contact dermatitis  
•   Seborrheic dermatitis  
•   Lichen simplex chronicus  
•   Plaque psoriasis  
•   Tinea cruris  
•   Intertrigo  
•   Langerhans cell histiocytosis     

    Cytogenetics and Pathogenesis 

 EMPD usually arises as a primary cutaneous adenocarcinoma. The epidermis 
becomes infi ltrated with neoplastic cells demonstrating glandular differentiation 
(see section “ Histopathological features ”). Tumor cells may originate from apocrine 
gland ducts or from keratinocytic stem cells. Approximately 25 % of the cases of 
EMPD are associated with an underlying in situ or invasive neoplasm. In all patients, 
the neoplasm most likely to be associated with EMPD is an adnexal apocrine carci-
noma. This associated neoplasm may represent infi ltration of the deeper adnexal 
tissues by epidermal Paget cells [ 10 ,  11 ]. 

 c-erbB-2 expression can be found in EMPD, but the staining patterns are not as 
intense as those found in Paget’s disease of the nipple. There is, however, discor-
dance among authors as to whether this oncogene, which is overexpressed in 
15–20 % invasive breast cancers, actually plays any role in EMPD. However, there 
is recent evidence to demonstrate that it may in fact confer a worse prognosis with 
EMPD [ 12 ]. Studies have also demonstrated a role for the ras p21 oncogene in 
mammary and extramammary Paget’s disease. Strong expression was found in 
mammary Paget’s disease (which was all associated with invasive carcinoma) and 
those cases of EMPD demonstrating invasion, and therefore it has been suggested 
that p21 staining positivity may be able to be used as a prognostic marker [ 13 ]. 
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p-FAK and p-ERK1/2 overexpression have also been shown to play a role in the 
tumorigenesis and malignant transduction of EMPD [ 14 ]. Flow cytometry has also 
shown 50–64 % cases of EMPD to be diploid. Aneuploidy in this condition has been 
found to be associated with aggressive biological behavior (recurrence, stromal and 
lymphatic invasion, and metastasis) [ 15 ]. 

 The proposal of EMPD arising as an intraepidermal adenocarcinoma from glan-
dular was based on the high expression of carcinoembryonic antigen (CEA) in this 
condition. It was then illustrated that antibodies to GCDFP-15 were found to react 
with both Paget cells and apocrine gland cells, but not with cells of eccrine glands 
[ 16 ,  17 ]. Further evidence for EMPD arising as an apocrine carcinoma stems from 
immunohistochemistry in which they usually stain positive for the androgen receptor 
(AR), but negative for both the estrogen (ER) and progesterone receptor (PR) [ 18 ]. 
Another study suggested that EMPD may be a proliferation of adnexal stem cells 
residing in the infundibulosebaceous unit of hair follicles and adnexal structures, 
since they both express the cytokeratins typical for follicular differentiation [ 19 ]. 

 Two other proposed mechanisms of pathogenesis exist: It has been suggested 
that EMPD arises from the malignant transformation in situ of a basal stem cell that 
expresses apocrine gland differentiation based on the theory that the squamous epi-
thelium and pilar apparatus, including apocrine and eccrine sweat glands, are 
derived from the pluripotent embryonal cell. This is supported by the strong expres-
sion of CK7, CEA, and CAM in both Paget’s disease and areas of full-thickness 
atypia in Bowen’s disease [ 20 ,  21 ]. The second mechanism suggests the migration 
of mammary ectopic cells (Toker cells) from the nipple. These cells have been 
regarded, on a morphological, histological, and ultrastructural point of view, to be 
EMPD precursors and have been found in association with mammary-like glands of 
the vulva [ 22 – 24 ].  

    Gross Appearance and Clinical Variants 

 The most common symptoms are pruritus, burning pain, and occasionally a painful 
erosion. A visible lesion, typically an erythematous plaque, is present in almost all 
patients (Fig.  21.1 ). The average lesion’s dimension is of about 5 cm, and the lesion is 
in the most of cases unilateral with no side prediction. Major labia are the most often 
involved site, followed by minor labia, clitoris, perineum, and the perineal area [ 25 ]. 
The usual clinical eczematous appearance of EMPD and other signs, such as localized 
depigmentation in the genital area, can however often lead to misdiagnosis [ 26 ].

   If a mass is palpable, invasive disease or underlying adenocarcinoma must be 
clinically suspected. There is an association with underlying adnexal carcinoma in 
up to 30 % cases [ 27 ]. Clinical variants include:

•    General/classical  
•   Apocrine carcinoma  
•   Depigmented  
•   Fibroepithelioma     
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     Histopathological Features 

 Mammary Paget’s disease was fi rst described by James Paget, in 1874. He stated that 
the malignancy originated in large lactiferous ducts from where it extended into the 
overlying epidermis and considered that the changes in the skin preceded and induced 
malignant change in the underlying breast tissue [ 28 ]. The histological fi ndings in 
EMPD are almost identical. Paget cells are large cells with abundant basophilic or 
amphophilic, fi nely granular cytoplasm, which tend to stand out in contrast to the sur-
rounding epithelial cells. On close inspection the nucleus is usually large, centrally 
situated, and sometimes contains a prominent nucleolus. Pronounced nuclear atypia 
and pleomorphism are also present. Signet ring cells might be present in small num-
bers, and mitotic fi gures are frequent. The Paget cells might be dispersed singly or 
form clusters, glandular structures, or solid nests. There may be infi ltration into upper 
strata of the epidermis, but most cells are concentrated in the lower portion, often 
being observed in the pilosebaceous apparatus. A dense infl ammatory infi ltrate is 
often seen associated with the epidermal malignancy. In >90 % of cases of extramam-
mary Paget’s disease, the tumor cells contain cytoplasmic mucin, staining positively 
with mucicarmine and periodic acid-Schiff reagent (Fig.  21.2a–c ).

   Cytological examination of skin scrapings from lesions of Paget’s disease reveals 
single malignant cells with vacuolated cytoplasm and eccentric nuclei, three- 
dimensional cell aggregates, and acinar groups consistent with glandular differen-
tiation. However, the material obtained is variably cellular and often shows a 
background of keratinous debris, which may lead to confusion with infl ammatory 
skin conditions or squamous neoplasia [ 29 – 31 ]. There are a number of diagnostic 
criteria, which aid in the diagnosis of EMPD:

•     Intraepithelial population of large atypical cells  ( Paget cells )  distinct from sur-
rounding normal epithelial cells : Formation of large nuclei, with prominent 
nucleoli, and abundant pale cytoplasm. These may be scattered individually and 
in clusters or may form small acini. They lack features of squamous differentia-
tion, with no visible intercellular bridges and no transition to surrounding squa-
mous cells.  

  Fig. 21.1    Clinical manifestation of EMPD with classical erythematous plaque formation       
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a

b

c

  Fig. 21.2    ( a ) High- 
powered microscopic view 
of EMPD demonstrating 
clusters of intraepidermal 
atypical cells and 
intracytoplasmic 
vacuolation. ( b ) 
Microscopic view of 
EMPD. Positive staining 
with periodic acid-Schiff 
(PAS). ( c ) Microscopic 
view of EMPD. Positive 
staining with 
carcinoembryonic antigen 
(CEA)       
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•    Most cases are mucin positive : They may form signet rings and underlying 
chronic infl ammation common.  

•    Epidermal hyperplasia and hyperkeratosis and parakeratosis frequently occur : 
Present in half of cases (>90 % of anal cases).    

 Although traditionally considered a single disease process, EMPD represents sev-
eral distinct entities and has been subclassifi ed into two distinct types, specifi cally 
primary (of cutaneous origin) or secondary (of non-cutaneous origin) [ 32 ]. Each 
classifi cation has three subtypes. The primary is divided into intraepithelial cutane-
ous Paget’s disease of the usual type, intraepithelial cutaneous Paget’s disease with 
invasion, and intraepithelial cutaneous Paget’s disease as a manifestation of underly-
ing adenocarcinoma of skin appendage or vulval glands. The cells are immunoreac-
tive for cytokeratin 7(CK7), gross cystic disease fl uid protein 15 (GCDFP-15), and 
carcinoembryonic antigen (CEA), but negative for cytokeratin 20 (CK20) and uro-
plakin III (UPK). Invasion is uncommon, but can occur. The secondary is divided 
into Paget’s disease of anorectal origin that demonstrates CK20 and CEA immuno-
reactivity but is usually nonreactive for CK7 and consistently non-immunoreactive 
for GCDFP-15 and UPK; Paget’s disease of urothelial origin, which is immunoreac-
tive for CK7 and UPK, may express CK20 but non- immunoreactive for GCDFP-15 
and CEA and Paget’s disease of other origin [ 33 ,  34 ]. 

 Another method used to identify invasive Paget cells is a combination of immu-
nohistochemical staining for MUC1 and MUC5AC. Reduced expression of 
MUC5AC demonstrates increasing malignant potential and consequently a higher 
tendency of Paget cells to invasion. A more noteworthy difference is met in the 
Ki67, and cyclin D1 expression levels are also signifi cantly higher in invasive 
lesions than in situ lesions [ 35 ,  36 ].  

    Prognosis 

 The prognosis of EMPD is generally favorable, especially with disease confi ned to 
the epidermis. There is an overall disease-specifi c mortality rate of 26 %, and those 
patients with an underlying cutaneous adnexal carcinoma have an odds ratio of 2.6 
of risk of death, with progression dependent on the underlying malignancy [ 37 ]. 
Progression is usually slow and may last 10–15 years without evidence of invasive 
cancer or metastatic spread. It has been shown that in patients without dermal inva-
sion, only a small percentage develops a local recurrence. Reciprocally, lymph node 
metastases were found in patients with reticular dermis or subcutaneous tissue inva-
sion. Furthermore, those with positive lymph nodes had a very poor outcome, with 
a 5-year survival of 0 % in those with inguinal lymph node metastases [ 38 – 40 ]. 

 The mean time to disease recurrence following treatment is 2.5 years. When 
EMPD reappears after 6 months from initial treatment, it is called recurrent; how-
ever, if the relapse happens within 6 months, it is termed persistent [ 41 ]. Recurrence 
of EMPD occurs in up to 40 % cases as a result of the disease’s multifocality and 
its behaviors to encroach over clinically visible borders. Clear surgical margins, 
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tumor cell DNA ploidy, ER receptor status, and p53 immunohistochemical expres-
sion are independent of disease recurrence [ 42 ]. Factors which positively correlate 
with disease recurrence include epidermal acanthosis, chronic infl ammation, and 
parakeratosis [ 43 ]. 

 Formal staging systems for EMPD do not exist, and currently two have been 
described. The fi rst dates to 1977 and was originally described for scrotal carci-
noma. The second and more modern applied specifi cally to perianal disease 
(Table  21.1 ) [ 44 ,  45 ].

       Treatment 

 Surgery remains the treatment of choice for EMPD. There have been reports of spon-
taneous regression; however, these are very rare [ 46 ]. Due to the multifocality of the 
disease, much like penile, bladder, and prostate, as well as the ability to extend out 
beyond clinical visibility, wide lateral margin control remains an issue. There have 
been reports of positive margin rates as high as 40 % with 2 cm visible margins and up 
to 74 % in the presence of palpable erythematous patches [ 47 ]. There have been two 
surgical modifi cations in an attempt to reduce this unacceptably high positive margin 
rate. The use of intraoperative frozen section (IOFS) has been shown to reduce the 
positive margin rate in one study to 13 % with no evidence of recurrence after follow-
up of up to 2 years [ 48 ]. One issue with IOFS is its ability to lead to false-negative 
results with multifocal disease. This has been reduced further with the use of wire 
localization; however, a further surgical modifi cation has been adopted for this disease 
in the form of Mohs micrographic surgery (MMS). This technique has been shown to 
assist in the microscopic evaluation of the entire lateral margin and has been shown to 
be equivalent to IOFS after 2 years median follow-up, with positive margin rates of up 
to 27 % [ 49 ,  50 ]. This type of dermatological surgery however is highly specialized, 
with limited availability and extremely time-consuming, and costly. It has also been 
generally withdrawn as a viable option in the treatment of penile cancer. The use of 
fl uorescein has also been described to improve margin delineation with a sensitivity of 
99.8 % and specifi city of 98 % [ 51 ]. As inguinal lymphadenectomy is associated with 
signifi cant morbidity in older patients, sentinel lymph node biopsy might be an appro-
priate procedure in those cases with dermal invasion. However, the survival benefi t of 
early lymphadenectomy currently needs further evaluation [ 52 ]. 

 There are a number of nonsurgical modalities which exist, such as radiation ther-
apy, chemotherapy, carbon dioxide (CO 2 ) laser ablation, and photodynamic therapy 

  Table 21.1    Proposed 
staging system for 
extramammary Paget’s 
disease (EMPD)  

 Stage  Description 

 I  Disease in dermis without visceral/adnexal carcinoma 

 IIA  EMPD associated with adnexal carcinoma 

 IIB  EMPD associated with visceral carcinoma 

 III  EMPD with involved regional lymph nodes 

 IV  EMPD with distant metastases 
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(5-aminolevulinic acid), that have been used as both primary and adjuvant treat-
ment. However, there is no consensus as to which of these provide an optimal treat-
ment modality, and no controlled trials exist. It would appear that radiation therapy 
provides reasonable results and is certainly an option for those deemed to be nonop-
erative candidates. However, there are also reports that radiation therapy may 
increase the aggressiveness of the disease [ 53 – 56 ]. Other proposed treatment 
options include chemotherapeutic regimes such as antineoplastic drugs (5-fl uoro-
uracil, mitomycin C, cisplatin, etoposide), immunomodulators (imiquimod), hor-
monal therapy (LHRH analogues), and trastuzumab for those lesions, which are 
erbB-2 positive. More studies are required to determine the effi cacy of these agents. 
Antineoplastic agents have been proposed for use in the adjuvant setting, especially 
in those with invasive adenocarcinoma or lymph node positivity [ 57 ]. 

 The largest series to date of 495 patients demonstrates that the incidence rates of 
EMPD in the USA have been increasing with an annual percent change of +3.2 % 
since 1978, while a relative incidence of EMPD in blacks was nearly four times 
lower and in Asians/Pacifi c islanders four times higher relative to whites. Overall 
survival among 495 patients was 60.2 % at 120 months post diagnosis and treat-
ment. On multivariate analysis, signifi cant factors negatively impacting survival 
were primary site in the perianal region compared to penoscrotal and truncal lesions, 
age older than 75 years, and the presence of distant versus localized disease [ 58 ]. 
The second largest series from Asia demonstrated that clinical lymphadenopathy 
was strongly correlated with pathological LN metastasis; however, the rate of occult 
LN metastasis detected by sentinel lymph node biopsy (SLNB) was 15 %. Survival 
was not affected by SLN status even when an advanced primary tumor was present 
in patients with positive SLN. The data indicated that SLNB should be considered 
for invasive EMPD even if clinical lymphadenopathy is not appreciated [ 59 ]. 
Following radical excision and regional lymph node dissection, it was demonstrated 
on univariate analysis that patients with one of the following poor prognostic fac-
tors, depth of invasion of lower dermis or deeper, the presence of lymphovascular 
invasion, and regional lymph node metastasis at diagnosis, had signifi cantly shorter 
cancer-specifi c survival time. Multivariate analysis found that depth of invasion was 
the only independent prognostic factor [ 60 ].     
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  22      Kaposi’s Sarcoma of the Penis 
and Scrotum                     

         Kimberly     A.     Maciolek      ,     E.     Jason     Abel     ,     David     F.     Jarrard     , 
and     Tracy     M.     Downs     

         Introduction 

 Over 20 years ago, Yuan Chang, Patrick Moore, and their colleagues [ 1 ] made the 
discovery of DNA from a novel herpesvirus in biopsy specimens of human Kaposi’s 
sarcoma (KS). That virus, now called KS-associated herpesvirus or human herpes-
virus 8 (HHV-8), has since been cloned [ 2 – 4 ] and sequenced [ 2 ,  5 ], grown in culture 
[ 6 ], and extensively studied in vitro. 

 Epidemiologic studies [ 7 ,  8 ] provide strong evidence that infection by Kaposi’s 
sarcoma herpesvirus (KSHV) is required for KS tumorigenesis and further links the 
viral genome to at least two rare lymphoproliferative disorders: primary effusion 
lymphoma (PEL) and multicentric Castleman disease (MCD) [ 9 ]. 

 Kaposi’s sarcoma is a systemic multifocal angiomatous tumor, characterized by 
multiple red to purple macular or papular skin lesions slowly evolving to nodules or 
plaques. Most commonly lesions fi rst appear in the distal part of the extremities and 
spreading later in a more disseminated multifocal pattern. Other common and less 
common sites of cutaneous lesions are described in Table  22.1 . Kaposi’s sarcoma 
has a strong male predominance. External genitourinary lesions, especially on the 
penis, are fairly common. Therefore, the focus of this chapter is specifi cally on 
penile manifestations of Kaposi’s sarcoma.

   Clinically Kaposi’s sarcoma is classifi ed into four clinical variants: (1) classic 
that predominantly affects elderly males of Jewish, Eastern Europe, or Mediterranean 
origin and represents the form originally described by Moritz Kaposi; (2) endemic 
(African) that affects children and adults in the eastern half of equatorial Africa; (3) 
iatrogenic, most commonly encountered in organ transplant recipients undergoing 
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immunosuppressive chemotherapy and cancer patients under chemotherapy or radi-
ation therapy; and (4) epidemic or AIDS related (Table  22.2 ) [ 10 ].

   Initially described in 1872 by Hungarian dermatologist Moritz Kaposi (1837–
1902) [ 11 ,  12 ] in fi ve male patients with aggressive “idiopathic multiple pigmented 
sarcoma of the skin,” Kaposi’s sarcoma was practically unheard of before the 1980s 
HIV/AIDS epidemic, comprising only 0.3 % of all cancers in men and 0.1 % in 
women in the United States and Europe. Afterward, the incidence of Kaposi’s 

    Table 22.1    Common and uncommon anatomical locations of Kaposi’s sarcoma   

 Common locations  Uncommon locations 

 Skin  Adrenal gland 

 Oral mucosa  Bones and skeletal muscles 

 Lymph nodes (superfi cial and deep)  Brain and spinal cord 

 Lungs, endobronchial tract, and pleura  Breast 

 Gastrointestinal tract  Eye and ear 

 External genitalia  Gonads 

 Oropharynx  Heart, kidney, and larynx 

 Tonsils  Pancreas and peripheral nerves 

 Nasal cavity  Salivary glands (major) 

 Liver  Thoracic duct and thyroid gland 

 Spleen  Ureter and urinary bladder 

 Bone marrow  Wounds and blood clots 

   Table 22.2    Clinical variants of Kaposi’s sarcoma   

 Variant  Risk group 
 Median 
survival  Notes 

 Classic  Elderly Eastern European or 
Mediterranean origin, Jewish 
(Ashkenazi) or Arabic 
ancestry: males > females 

 Years or 
decades 

 Nodular plaques on hands 
and feet proximally 
spreading to hands and feet 

 Endemic  African children and adults 
(“KS belt”), HIV+ and 
HIV−: males > females 

 Months 
or years 

 Localized disease Infection 
in childhood or adulthood 
is geographically 
dependent 

 Immunosuppression 
associated, transplant 
associated 

 Organ transplant recipients, 
especially kidney allograft 
recipients 

 Months 
or years 

 More aggressive 
presentation 

 Epidemic or AIDS 
associated 

 Persons infected with HIV 
with CD4 T-cell counts, 
especially homosexual or 
bisexual men 

 Weeks 
or 
months 

 Historical defi ning 
presentation of AIDS 

 HAART cause sustained 
KS decline 

  Modifi ed from Antman et al. [ 10 ] 
  KS  Kaposi’s sarcoma,  HIV  human immunodefi ciency virus,  AIDS  acquired immune defi ciency 
syndrome,  HAART  highly active antiretroviral therapy  
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sarcoma increased more than a thousandfold in homosexual/bisexual men and in 
individuals at high risk for HIV infection peaking in 1989 in the United States, 
annual incidence at 9.6 per 100,000. Rates have declined to pre-HIV/AIDS levels 
by the use of effective combination therapy for HIV disease (i.e., highly active anti-
retroviral therapy, HAART) [ 10 ]. 

 In light of recent discoveries regarding the viral pathogenesis of Kaposi’s sar-
coma, the four clinical variants have identical histologic features and most likely 
represent different manifestations of the same pathologic process [ 13 ].  

    Early History of Kaposi’s Sarcoma 

 Kaposi was a leading contributor to the development of the Vienna School of 
Dermatology. Among his several achievements in dermatology include the follow-
ing: the fi rst description of the cutaneous and systemic manifestations of lupus ery-
thematosus (1869/1872), idiopathic multiple pigmented sarcoma of the skin (1872) 
that bears his name, xeroderma pigmentosum (1882), lichen ruber moniliformis 
(1886), and varicelliform eruption (1887) [ 14 ]. 

 Kaposi described a new entity observed in fi ve men aged 40–68 years with skin 
lesions primarily involving the feet, which he initially named “idiopathic multiple 
pigmented sarcoma of the skin.” The lesions appeared on the ankles and forearms 
and in 2–3 years progressed to the face and trunk; later they ulcerate and become 
gangrenous and necrotic [ 10 ]. At autopsy similar lesions were found in the trachea, 
esophagus, stomach, liver, and bowel. On histologic examination Kaposi noted that 
“they presented a picture of small cell sarcoma, with cells appearing in masses and 
clumps” [ 14 ]. 

 In 1882, 10 years after Kaposi’s first description, the Italian dermatologist 
Tommaso de Amicis (1838–1924) delineated another group of 12 patients with 
Kaposi’s sarcoma. Except for one small child, all were Neapolitan men aged 
39–44 years [ 10 ]. In 1894, Kaposi suggested replacing the term pigmented 
with hemorrhagic in order to make a clear distinction from “melanosarcoma”, 
then the term for malignant melanoma [ 15 ]. Over time and after the suggestion 
of the dermatologist Heinrich Koebner (1838–1904), the disease instead 
became known as Kaposi’s sarcoma [ 10 ]. 

 Almost forgotten for more than a century, Kaposi’s sarcoma came to the fore-
front in the 1980s after Alvin Friedman-Kien’s report proving its association to HIV 
disease [ 16 ]. In 1994, Yuan Chang, Patrick Moore, and Ethel Cesarman, from 
Columbia University, linked the etiology of Kaposi’s sarcoma to human herpesvirus 
8 (HHV-8) [ 1 ,  17 ]. 

 Boshoff and Weiss in  Kaposi Sarcoma Herpesvirus: New Perspectives  [ 18 ] sum-
marized important events in the history of Kaposi’s sarcoma and its associated virus 
from 1872 to 2006 (Table  22.3 ).
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       Epidemiology 

    The Clinical Variants of Kaposi’s Sarcoma 

 The four recognized epidemiologic-clinical forms include classic, endemic (African), 
iatrogenic (transplant-associated), and epidemic (AIDS-associated) Kaposi’s sarcoma. 

    Classic Kaposi’s Sarcoma 
 Classic KS occurs predominantly in elderly individuals of Eastern European or 
Mediterranean countries or those of Jewish (Ashkenazi) or Arabic ancestry. The 
incidence rates of classic KS in European population-based registries are also mark-
edly variable. Low rates were reported in England, Wales, and Denmark [ 19 ]; inter-
mediate rates were reported in Sweden, France, and Spain [ 20 ], whereas higher 
rates were reported in Italy, Greece, Iceland, and the Faroe Islands [ 21 – 23 ]. The 
highest incidence rates in Europe were reported in two Mediterranean Italian 
islands: Sardinia (24.3 per million in men and 7.7 per million in women between 
1977 and 1991) [ 24 ] and Sicily (30.1 per million in men and 5.5 per million women 
between 1976 and 1984) [ 21 ]. Classic KS is much more common in men than in 
women, with a ratio as high as 15 to 1 [ 10 ]. It is an uncommon disease, and the 
median age at histologic diagnosis in one study of 67 men and 23 women was 
64 years (range, 26–90) [ 25 ]. Classic KS clinically manifests as purple nodular 
plaques initially on the hands and feet that eventually extend to the arms and legs. 
In a small number of cases, visceral involvement occurs (10 %).  Homosexual/bisex-
ual men may be at increased risk for classic Kaposi’s sarcoma, even in the absence 
of clinically detectable immunosuppression [ 10 ].  

   Table 22.3    Timeline: important events in the history of Kaposi’s sarcoma and its associated virus   

 Year  Discovery 

 1872  Skin sarcomas described 

 1895  Kübner coined term Kaposi’s sarcoma 

 1940  Kaposi’s sarcoma observed in Africa 

 1972  Giraldo showed herpesviral particles in Kaposi’s sarcoma 

 1981  Kaposi’s sarcoma and  Pneumocystis carinii  reported in Los Angeles and New York City 

 1988  Gallo and colleagues show role of cytokines in Kaposi’s sarcoma pathogenesis 

 1990  Beral and Jaffe suggest infectious cause for AIDS-Kaposi’s sarcoma 

 1994  Molecular identifi cation of herpesviral sequences in Kaposi’s sarcoma 

 1995  KSHV shown to be present in most tumor cells in KS lesions 

 1996  Serologic surveys established link between virus and disease 

 1998  Viral-encoded GPCR fi rst protein directly implicated in tumorigenesis 

 2001  Characterization of K3 and K5 leads way to identifying cellular homologues 
modulating immune responses (MIRs) 

 2006  Identifi cation of KSHV fusion-entry receptor 

  Modifi ed from Boshoff and Weiss [ 18 ]  
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    Endemic (African) Kaposi’s Sarcoma 
 Before the HIV epidemic, KS was an endemic tumor in Africa with greater geo-
graphic variation in incidence than any other cancer, representing up to 9 % of all 
cancers in men in certain parts of sub-Saharan Africa [ 26 ]. The highest prevalence 
of endemic KS in Africa lies in a broad strip running from the Uganda, Sudan, and 
Democratic Republic of Congo border southward through Rwanda and Burundi. In 
the Northeastern provinces of the Democratic Republic of Congo and in Rwanda 
and Burundi, KS accounts for up to 17 % of adult male malignancies [ 27 ,  28 ]. 
Prevalence diminishes rapidly away from this endemic region. 

 The endemic form or African KS typically presents as localized disease. It can 
be seen in both HIV-negative and HIV-positive patients and currently accounts for 
10–50 % of all cancers in adults and up to 25 % of cancers in children in certain parts 
of Africa. This form also affects males more than females [ 26 ].  

    Immunosuppression-Associated or Transplantation-Associated 
Kaposi’s Sarcoma 
 Iatrogenic KS or transplant-associated KS induced by immunosuppression therapy 
has a protracted but aggressive course. Fortunately, in transplant recipients, KS 
lesions may regress after removal of immunosuppression medication. This type of 
KS is not only aggressive, but tends to involve the lymph nodes, mucosa, and vis-
ceral organs in about half of the patients, sometimes in the absence of skin lesions 
[ 10 ]. The fi rst case of Kaposi’s sarcoma associated with immunosuppressive ther-
apy occurred in 1969, in a patient with renal transplantation. On average the median 
time from organ transplantation to the diagnosis of Kaposi’s sarcoma is 29–31 months 
(range, 3–124 months) [ 10 ,  29 ,  30 ]. 

 An epidemiologic study from the Cincinnati Transplant Tumor Registry showed 
that the incidence of KS in transplant patients was increased 400- to 500-fold over 
that seen in a control population of the same ethnic origin [ 31 ]. KS was observed 
mainly in kidney allograft recipients, with smaller incidence in recipients of other 
solid organs, mainly hearts and livers, but was rare in bone marrow (BM) allograft 
recipients. Another study from the Collaborative Transplantation Research Group 
of the Ile de France reported a higher incidence of KS in liver (1.24 %) than in kid-
ney (0.45 %) and heart (0.41 %) transplant recipients, but confi rmed the rarity of KS 
occurrence in BM transplant patients [ 31 ]. The incidence of posttransplant KS var-
ies in different ethnic groups, being higher in those which are at increased risk for 
classic KS, and originates from endemic areas for HHV-8 infection [ 10 ]. Consistent 
with this, despite similar immunosuppression regimens, KS was more frequent in 
transplant patients from Southern (2.98 %) compared with Northern Italy (1.6 %) 
refl ecting the distribution of HHV-8 seroprevalence rates in the same Italian regions 
[ 10 ]. It has been proposed that posttransplant KS is primarily due to HHV-8 reacti-
vation in endemic areas with high HHV-8 seroprevalence and to primary infection 
in non-endemic areas [ 32 – 34 ]. HHV-8 transmission is less common from the donor 
allograft but has been reported from the kidney allograft in two recipients, following 
transplantation, suggesting that the kidney might be a site for latent virus infection 
and a possible source of transmission [ 34 ]. 
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 The lack of a gold standard in the serologic assays for anti-KSHV/HHV-8 anti-
bodies represents a major obstacle to implementation of screening programs of 
organ donors/recipients in transplantation centers. The rapid immunostaining for 
latency-associated nuclear antigens (LANA) in the renal biopsies at the time of 
transplantation could be an additional useful tool to assess KSHV/HHV-8 status of 
potential organ donors.  

    Epidemic Kaposi’s Sarcoma 
 In 1981, a disseminated and fulminant form of Kaposi’s sarcoma was described in 
homosexual or bisexual men and was fi rst reported as part of an epidemic now 
known as AIDS [ 35 ]. The immune dysfunction and deregulation of the immune 
system predispose patients to the development of a wide range of opportunistic 
infections and unusual neoplasm such as Kaposi’s sarcoma. 

 In HIV-infected persons, KS is an AIDS-defi ning illness. This form of epidemic 
KS usually, but not exclusively, arises in HIV-positive patients with low CD4 T-cell 
counts. Epidemic KS is a more aggressive disease that typically manifests with dis-
seminated lesions and visceral involvement. This may be attributed to the fact that 
HIV infection augments human herpesvirus 8 (HHV-8) replication [ 36 ]. 

 The proportion of AIDS patients with Kaposi’s sarcoma has declined dramati-
cally since the outbreak of the disease was identifi ed in 1981 [ 37 ]. 

 Roughly 48 % of patients diagnosed with AIDS presented with Kaposi’s sar-
coma at diagnosis in 1981; by August 1987, this proportion had declined to less 
than 20 %. The introduction of highly active antiretroviral therapy (HAART) in 
1996 has led to a sustained decline in the incidence of Kaposi’s sarcoma among 
patients with AIDS [ 38 – 40 ]. Recent reports indicate that the incidence of KS has 
decreased from 30/1,000 patient-years in the pre-HAART era to 0.003/1,000 
patient-years in the HAART era [ 39 ]. While incidence rates have dramatically 
declined, KS remains the most common AIDS-associated cancer in the United 
States [ 10 ]. The clinician should be reminded that a less aggressive presentation in 
patients already receiving highly active antiretroviral therapy (HAART) can occur. 
This exacerbation, known as a KS fl are, can occur after therapy (i.e., corticoste-
roids, rituximab) or subsequent to immune reconstitution infl ammatory syndrome 
that may occur when initiating HAART in HIV-infected persons [ 41 ]. In the era of 
potent antiretroviral therapy (ARV), malignancies, such as Kaposi’s sarcoma, that 
were found to have high incidence in HIV-infected individuals, as mentioned pre-
viously, have decreased in developed nations, but still poses a major problem in 
developing and resource- limited countries where HIV-1 incidence is high and ARV 
is still not yet widely available [ 42 ].   

    Kaposi’s Sarcoma Belt: Seroprevalence in Sub-Saharan Africa 

 HHV-8 is a geographically restricted HHV [ 43 ]. On the basis of reported incidences, 
the world can be divided into three zones: (1) high incidence (>50 %) zones of 
Africa and parts of the Amazon basin; (2) intermediate incidence (5–20 %) zones in 
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Mediterranean countries, Middle-Eastern countries, and the Caribbean; and (3) low 
incidence (<5 %) zones of North America, Northern Europe, and Asia [ 44 ]. 

 Even prior to the HIV epidemic, the incidence of Kaposi’s sarcoma in equatorial 
Africa was among the highest in the world. In portions of Uganda, Tanzania, and 
what is now known as the Democratic Republic of Congo, the lifetime incidence of 
KS approached 16 per 1,000 [ 26 ], thus earning the region the name (Fig.  22.1 ).

   Due to challenges with accurate case reporting of KS, Dollard et al. analyzed 
regional differences in HHV-8 seroprevalence in three African countries with dif-
ferent pre-AIDS epidemic incidences of KS: Uganda with high KS incidence ver-
sus Zimbabwe and South Africa with lower KS incidence [ 45 ]. A total of 2,375 
study participants were examined for antibodies to KSHV with two enzyme 

Equator

< 1 per 1000

1 to ≤ 3 per 1000 

3 to ≤ 6 per 1000 

6 to ≤ 9 per 1000 

> 9 per 1000 

  Fig. 22.1    Cumulative incidence from birth to age 64 years of endemic (non-HIV-related) Kaposi’s 
sarcoma among men in Africa. Estimates are from Cook-Mozaffari et al. [ 26 ] (Graphic from 
Dollard et al. [ 45 ])       
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immunoassays (EIAs) and one indirect immunofl uorescence assay (IFA). In 
Uganda, HHV-8 seroprevalence was high early in adulthood (35.5 % by age 21) 
without signifi cant change thereafter. In contrast, HHV-8 seroprevalence early in 
adulthood was lower in Zimbabwe and South Africa (13.7 % and 10.8 %, respec-
tively) but increased with age. After adjusting for age, Ugandans had 3.24-fold 
greater odds of being HHV-8 infected than South Africans ( p  < 0.001) and 2.22-fold 
greater odds than Zimbabweans ( p  < 0.001). Not only is the overall level of HHV-8 
seropositivity higher in Uganda than in Zimbabwe and South Africa but the patterns 
of HHV-8 infection for these three countries also appear different. For instance, in 
Uganda, high levels of infection are already apparent by early adulthood with only 
minimal increases thereafter, suggesting scant primary infection during adulthood. 
In contrast, prevalence was low in the youngest adults in Zimbabwe and South 
Africa and increased steadily throughout adulthood suggesting ongoing transmis-
sion. Work by Butler and colleagues [ 46 ] found that HHV-8 seroprevalence among 
Ugandan children was much higher than among South African children. These two 
studies suggest that most HHV-8 transmission in Uganda occurs prior to adulthood, 
whereas most transmission in Zimbabwe and South Africa occurs after adulthood.   

    Etiology 

    Transmission of HHV-8 

 HHV-8 is transmitted through bodily secretions, with salivary transmission as the 
most common route [ 47 ]. In endemic regions, HHV-8 is commonly transmitted 
among individuals with close contacts. For instance, in Egypt, where HHV-8 is 
endemic, children as young as 1–4 years were reported to have HHV-8 seroprevalence 
of 41 %, including 30 % with positive HHV-8 DNA by polymerase chain reaction 
(PCR) of saliva [ 48 ]. Transmission to children within families in endemic regions 
such as the Mediterranean and subequatorial Africa is not likely to be sexually trans-
mitted, further supporting a salivary and close contact mode of transmission [ 49 ,  50 ]. 

 HHV-8 can also be acquired through sexual intercourse [ 33 ,  51 ]. Immunocompromised 
patient populations have higher rates of HHV-8 seroprevalence compared with healthy 
individuals [ 52 ], with rates from 13.7 to 44.9 % depending on geography [ 43 ]. Some 
reports describe higher seroprevalence among homosexual and bisexual men [ 43 ]. 
Sexual transmission predominates with low prevalence of HHV-8, typically in devel-
oped countries. There was a linear relationship between HHV-8 seropositivity and the 
number of male sexual partners especially with receptive anal intercourse and history 
of sexually transmitted diseases [ 10 ,  47 ]. Multiple studies have reported that HHV-8 
has been detected in seminal mononuclear cells and sperm in 90 % HIV+ endemic KS 
male’s semen samples compared to 33 % of control group HIV+ [ 53 – 55 ]. Furthermore, 
multiple studies have shown 100 % HHV-8 detection in prostate gland of HIV-positive 
men [ 56 ]. Intermittent replication of HHV-8 occurs in the prostate allowing subsequent 
shedding of the virus in semen [ 56 ,  57 ]. There is debate regarding the rates of preva-
lence of HHV-8 in the prostate gland of HIV-negative men [ 57 ,  58 ]. 
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 Pathologic changes in the skin due to friction from intercourse could allow the 
endothelial cells of the skin and eventually microvasculature to become susceptible 
to HHV-8 and other infectious agents. All herpesviruses can establish latent infec-
tion within specifi c tissues, which are characteristic for each virus. The penis repre-
sents 3 % of all primary cases of AIDS-related KS. In HIV-seronegative individuals, 
primary penile KS is less common and reported in a few published case reports. 
Additionally, the penis can represent a secondary site of infection (secondary penile 
KS) as part of the systemic disease [ 59 ] in which up to 20 % of individuals will have 
genital involvement. Micali et al. reviewed the non-HIV cases with penile KS in 
2003 and could collect only 12 documented cases of primary penile non-HIV KS in 
the English literature [ 60 ]. Micali and colleagues noted that most cases of primary 
penile KS reported since 1985, especially in young or middle-aged patients, are 
strongly associated with immunosuppression due to HIV infection. Penile KS in 
HIV-negative patients usually occurs in the elderly [ 60 ].  

    HHV-8 as a Sexually Transmitted Disease (STD): 
Does the Glove Fit? 

 Epidemiologic data showing much higher KS rates in gay men than IVDU with HIV 
led Beral and Jaffee to hypothesize that KS was a sexually transmitted disease caused 
by a pathogen distinct from HIV-1 [ 61 ]. However, what is still unclear is the mode of 
acquisition of HHV-8 – which mucosal sites in the genital tract harbor HHV-8 and 
whether any intervention in sexual practice reduces acquisition or transmission [ 62 ]. 

 The specifi c sexual activity or activities that appear to result in acquisition are at 
present unclear [ 63 ]. Traditionally, such studies are directed by evaluation of muco-
sal shedding patterns of the transmissible agent. Studies of mucosal and genital 
secretion shedding of HHV-8 have not defi ned a consistent genitourinary source of 
HHV-8 in either men or women for transmission of HHV-8. Early reports of high 
prevalence in semen were infl uenced by contamination in the PCR reaction [ 58 ,  64 ]. 
Detection of HHV-8 in genitourinary secretions, whether they be semen, urethral 
swabs, or prostatic secretions, is inconsistent [ 65 ]. Among 26 studies reporting on 
HHV-8 DNA detection in semen, HHV-8 DNA was detected in about 9 % of sam-
ples (59 of 681). Even among persons with KS, HHV-8 DNA has been found in only 
16 % of semen samples and invariably in low copy number. Prostatic biopsy sam-
ples have also shown relatively infrequent evidence of HHV-8 DNA (12 %). Urethral 
and anorectal secretions have given even lower rates of positivity [ 66 ]. Kival and 
colleagues tested rectal mucosal biopsies from 200 HHV-8- and HIV-1-seropositive 
men who have sex with men (MSM) who practiced anal receptive intercourse; none 
had HHV-8 DNA detected by solution- or tissue-based PCR (unpublished data; 
refer to this paper) [ 65 ]. Thus, available data indicate that shedding of HHV-8 DNA 
in the male genitourinary tract does occur, but it is uncommon, even among men 
with KS. Thus, the link between sexual activity and HHV-8 is at present one that is 
based upon sexual history data, has largely been defi ned among MSM, and is not 
well corroborated by virological studies.  

22 Kaposi’s Sarcoma of the Penis and Scrotum



332

    The Role of KSHV in Kaposi’s Sarcoma 

 Widespread occurrence of KS in AIDS patients in the 1980s leads investigators to 
initially suspect that HIV might be the etiologic cause. Two fi ndings put this idea to 
rest: (1) HIV proviral DNA was not present in the tumor; and (2) not all HIV- 
positive individuals were equally at risk of KS. KS risk was much greater in homo-
sexual men with AIDS than in any other AIDS risk group [ 61 ]. Despite the fi nding 
that individuals with parenteral and sexual transmission of HIV both became equally 
immunodefi cient, the cases linked to sexual transmission of HIV had higher risk of 
KS. This fi nding suggested that, in addition to HIV infection, a second agent, linked 
to sexual activity, must be involved, eventually leading to the discovery of KSHV by 
Chang and Moore [ 1 ]. 

 The discovery of the KSHV genome allowed rapid development of both PCR 
tests for viral DNA and serologic tests for antiviral antibodies. This important 
advancement made possible population-based research studies that delineated the 
key facts of KSHV epidemiology – all of which supported a central role for KSHV 
infection in KS development [ 36 ]. 

 The major pillars of this association can be summarized as follows: (a) all KS 
lesions whether HIV positive or HIV negative harbor KSHV DNA [ 67 – 69 ]; (b) 
in KS tumors, KSHV infection specifi cally localizes to the spindle cells, the cell 
type whose proliferation is thought to drive KS histogenesis [ 68 ]; (c) in any 
given locale, KSHV seroprevalence is high (30–60 %) in AIDS risk groups in 
which KS is frequent and low (2–4 %) in groups in which AIDS is rare [ 70 ,  71 ]; 
(d) globally, KSHV prevalence mirrors the distribution of classical KS, high [ 72 ] 
(15–60 %) in regions where classical KS is common (Southern Mediterranean 
and Africa) and low (1–5 %) in regions where classical KS is rare (e.g., the 
United States) [ 7 ,  71 ]; and (e) KSHV infection precedes KS development [ 73 ] 
and prospectively predicts elevated KS risk [ 74 ]. Taken together, these facts 
strongly imply that KSHV is the agent predicted by KS epidemiology and is 
necessary for KS development – KS is never observed in the absence of KSHV. It 
is also important to remember that while KSHV is necessary for KS develop-
ment, it requires additional events to trigger KS.   

    Pathogenesis 

    KSHV Virology 

 All forms of KS are associated with human herpesvirus type 8 infection (HHV-8), 
also known as KS-associated herpesvirus (KSHV). HHV-8 or KSHV is a DNA 
virus that belongs to the gammaherpesvirus subfamily. Several viral homologues 
exist in nonhuman primates, but HHV-8 is the only known member of the genus 
 Rhadinovirus  (RDV) that infects humans.  Rhadinovirus , a term of Greek origin that 
means “fragile” or “slender,” characterizes the appearance of the virus under elec-
tron microscopy [ 75 ]. 
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    Classification of Herpesviruses 
 More than 100 herpesviruses have been discovered, of which all are double-stranded 
DNA viruses that can establish latent infections in their respective vertebrate hosts; 
however, only eight regularly infect humans. The  Herpesviridae  family is subdi-
vided into three subfamilies: the  Alpha -,  Beta -,  or Gammaherpesvirinae  [ 75 ]. 

 The  Gammaherpesvirinae  have a host range that is found within organisms that 
are part of the family or order of the natural host. In vitro replication of the viruses 
occurs in lymphoblastoid cells, but some lytic infections occur in epithelial and 
fi broblasts for some viral species in this subfamily. Gammaherpesviruses are spe-
cifi c for either B or T cells with latent virus found in lymphoid tissues. Only two 
human gammaherpesviruses are specifi c for either B or T cells with latent virus 
found in lymphoid tissues. Only two human gammaherpesviruses are known, 
human herpesvirus 4, referred to as Epstein-Barr virus (EBV), and human herpesvi-
rus 8, referred to as HHV-8 or Kaposi’s sarcoma-associated herpesvirus (KSHV) 
[ 75 ]. HHV-8 is the only  Rhadinovirus  (RDV) discovered in humans, and several 
human host cells are permissive for HHV-8 infection: B cells of the body cavity- 
based lymphoma (BCBL) or pleural effusion lymphoma (PEL) [ 76 ] and the spindle 
cells characteristic of Kaposi’s sarcoma (KS) [ 77 ].  

    HHV-8 Immune Responses and Infectivity 
 Following primary infection, HHV-8 establishes lifelong latency in cells of lym-
phoid origin. The natural reservoirs of HHV-8 are CD19+ B cells [ 78 ]. HHV-8 also 
infects endothelium-derived spindle cells, macrophages, and epithelial cells [ 75 ]. 

 HHV-8 may exist in latent and lytic state. It exists “by default” in the latent state, 
where it is maintained as episomes attached to the chromosome [ 36 ]. Because most 
viral genes are not expressed during latency, there is no cytotoxicity in this subclini-
cal state. 

 The primary B cells infected with KSHV do not become immortalized nor trans-
formed, in contrast to Epstein-Barr virus (EBV) where in its latency phase infected 
B cells do become immortalized. One cell type that does show phenotypic changes 
when infected by KSHV is the primary endothelial cell. When these cells are 
exposed to KSHV, morphologic changes occur producing an elongated morphology 
strongly reminiscent of that of the spindle cell [ 79 ,  80 ]. 

 The best characterized latent proteins are latency-associated nuclear antigen 
(LANA), viral cyclin, viral FLICE-inhibitory protein, and kaposins A, B, and C 
[ 75 ]. LANA expression is necessary for persistent infection, although it also has a 
potential role in tumorigenesis [ 81 ]. LANA’s principal role in viral replication is to 
promote replication of the latent viral episome – a property mediated by its ability 
to bind specifi cally to sequences within the terminal repeats of the viral genome 
[ 82 – 87 ]. LANA likely makes additional and more direct biochemical contributions 
to tumorigenesis, since it has also been shown to bind and (partially) inhibit the cel-
lular tumor suppressor genes p53 [ 88 ] and Rb [ 89 ]. 

 The fi nding that KSHV encodes a functional cyclin D homologue (termed 
v-cyclin) [ 90 ] in latency provoked great interest, given the known roles of the family 
of proteins in the regulation of the cell cycle and the fact that v-cyclin-dependent 
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kinase 6 (cdk6) is more refractory to the inhibitory effects of cdk inhibitors such as 
p27 [ 91 – 93 ]. The role of the adjacent v-FLIP gene, which encodes a homologue of 
known cellular FLIPs, is much better understood. Cellular FLIPs are known to 
inhibit Fas-mediated caspase activation, promoting resistance to Fas-mediated 
apoptosis [ 94 ]. Kaposin A is a tiny (60 amino acid) transmembrane protein whose 
overexpression in fi broblasts can lead to their transformation in vitro suggesting that 
the molecule can stimulate signaling pathways linked to growth deregulation [ 95 ]. 
Kaposin B is a second latent gene product that promotes the proinfl ammatory 
microenvironment so characteristic of KS lesions. 

 From latency, HHV-8 can be “induced” to upregulate protein expression and 
transition to the lytic state. The signal that promotes reactivation is not well 
understood. 

 Using peripheral blood mononuclear cells (PBMCs) from KS patients and grown 
in culture, Monini et al. showed that reactivation of HHV-8 required at least the 
infl ammatory cytokine (IC) INF-  [ 96 ]. They also proposed that a likely scenario of 
KS pathogenesis is the recruitment of circulating monocytes into peripheral skin 
tissues, where upon exposure to infl ammatory cytokines, their latent HHV-8 
genomes enter into the lytic phase. The monocytes then rupture and free virus is 
available to infect local tissues. 

 In the human host, the principal site of lytic virus replication is the oropharynx, 
most likely in B cells of tonsillar or other pharyngeal lymphoid tissue; tough growth 
in pharyngeal epithelium is another possibility [ 97 ]. Careful clinical studies have 
shown that shedding of KSHV virions, refl ecting periodic bouts of lytic reactiva-
tion, is intermittent and generally asymptomatic [ 66 ,  98 ]. This biology underlies 
much of the epidemiology of KSHV, which is presumed to be driven by mucosal 
exposure to salivary virus, both in sexual transmission among adults [ 74 ] and in 
horizontal spread of virus among prepubertal children in the endemic zones of 
Africa and the Mediterranean basin [ 7 ].  

    Neutralizing Antibodies (nAb) and KSHV Disease Progression 
 Neutralizing antibodies (nAb) are an important component of the humoral immune 
response and have been implicated in controlling the progression of herpesvirus- 
associated disease [ 99 ]. Kumar et al. studied a cohort of patients in Zambia, located 
in the “KS belt,” and noted that the overall prevalence of neutralizing antibodies 
(nAb) in KS patients was 66.7 % (24 out of 36) and 6.5 % (15 out of 231) in asymp-
tomatic individuals ( p -value <0.001) [ 100 ]. A positive correlation between the 
KSHV antibody titer and neutralizing antibody titer was present in the KS patients 
(correlation coeffi cient 0.33) and asymptomatic patients (correlation coeffi cient 
0.40). KS patients had both higher KSHV antibody titers and higher neutralizing 
antibody titers than asymptomatic control patients. 

 This fi nding is different from Kimball et al. who found lower neutralizing anti-
body titers in a US cohort of KS patients [ 101 ]. These differences could be attribut-
able to different study populations that have vastly different KSHV prevalence in 
the general population. It is likely that neutralizing antibody titer increases over the 
course of KSHV infection and this increase is driven by higher levels of antigenic 
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stimulation. It is possible that neutralizing antibodies have very different roles dur-
ing primary KSHV infection than later in the disease process seen in patients’ with 
persistent long-term infection. For instance, in chronically infected patients, neu-
tralizing antibodies may be elevated and have a limited role only in controlling the 
spread of the virus. However, during primary infection, neutralizing antibodies may 
be lower but still able to prevent KSHV infection if they are present at the time of 
exposure as would be the case if elicited by a vaccine prior to primary infection.   

    Pathobiology of Kaposi’s Sarcoma 

 Kaposi’s sarcoma (KS) is an unconventional neoplasm that differs from more com-
mon tumors in many respects [ 102 ]. It is unfortunate that the term sarcoma was 
applied to the disease by Kübner in the nineteenth century [ 103 ]. The name implies 
a similarity of this entity to traditional mesenchymal tumors, but in fact the differ-
ences between KS and classical cancers outnumber their similarities [ 102 ]. Unlike 
most cancers, which are histologically monotonous clonal outgrowths of a single 
cell type, KS lesions display a remarkable diversity of cell types whose proportions 
vary with the stage of the disease [ 104 – 107 ]. 

  Patch lesions  are the earliest recognizable foci of KS; these are not masses, but 
fl at lesions in the dermis that display prominent numbers of infl ammatory cells (T 
and B cells, monocytes) and abundant neovascularity (Fig.  22.2 ). These features are 
equally as characteristic of granulation tissue as of cancer. At this initial stage, 
angiogenesis is so pronounced that gross lesions appear red to the naked eye. A key 
difference in KS and classical cancers is that neovascularity in KS begins prior to 
the establishment of a mass, in contrast to classical tumors, in which angiogenesis 
only begins after proliferation results in outgrowing the antecedent vascular supply 
(leading to upregulation of proangiogenesis genes termed the “angiogenic switch”) 
[ 108 ]. Patch lesions do in fact contain the elongated, spindle-shaped cells that will 
come to dominate the lesion at its later stages, but these so-called spindle cells are 
only one of many elements at this stage.

   Over time, dermal KS progresses to the  plaque stage  – whereby the lesion is 
more indurated, often becoming edematous, and characteristically is intensely red 
or even violaceous in color (Fig.  22.3 ). Next, as the spindle cell proliferation contin-
ues, the lesions progress to the  nodular stage , characterized by visible masses domi-
nated histologically by spindle cells but also accompanied by infl ammatory cells 
and the continued elaboration of slit-like neovascular spaces (Fig.  22.4a–c ). These 
new vessels, one of the histologic hallmarks of KS, are prone to leakage of fl uid and 
extravasation of red blood cells (RBCs). It is this extravasation of blood that gives 
the lesions their bruise-like purplish appearance.

    Spindle cells are recognized as the driver of KS pathogenesis and the principle 
target of KSHV infection in the lesion [ 68 ,  109 ]. While spindle cells are often 
referred to as the “malignant” cells of KS, this designation is not precisely correct. 
In fact, spindle cells have few properties in common with malignantly transformed 
cells: (1) they lack clonality, even in well-developed lesions; (2) they are typically 
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diploid, a sharp contrast to classical cancers, which are usually strikingly aneu-
ploidy; and (3) when put into culture, most spindle cells fail to display a malignant 
phenotype: a reduced dependence on extracellular growth factors. Spindle cells on 
the contrary display the opposite phenotype, an exaggerated dependence on growth 

  Fig. 22.2    Characteristic promontory sign (new vessels growing into vascular space) of KS lesion 
in patch stage (H&E stain) (Graphic from Grayson et al. [ 107 ])       

  Fig. 22.3    KS lesion in plaque stage. H&E staining reveals intra- and extracellular eosinophilic 
hyaline globules.  Arrows  indicate autolumination of extravasated effete erythrocytes in paranu-
clear vacuoles (Graphic from Grayson et al. [ 107 ])       
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factors, and cannot grow in culture without being incubated in a medium laden with 
cytokines and growth factors [ 110 – 112 ]. 

 Everything we know about the clinical behavior of KS also supports the distinc-
tion from traditional malignancy. In classical KS, the lesions progress very slowly, 
such that many patients do not require therapy. On the other hand, when these 
lesions do progress, most progression is local, with widespread dissemination being 
very uncommon. Epidemic or AIDS-associated KS can be widespread, involving 
large areas of the body surface; life-threatening complications can arise from its 
propensity for visceral involvement, especially of the lungs (respiratory failure) or 
the gastrointestinal tract (GI bleed). To underscore the nonmalignant phenotype, 
multifocal lesions in epidemic or AIDS-associated KS do not spread from a primary 
lesion, but instead appear to be from separate independent occurrences (multicen-
tricity) [ 113 ]. Molecular analysis of KSHV genomes from KS lesions has demon-
strated that different lesions from the same patient often harbor genomes of differing 
terminal structure, suggesting they arose from independent infection events [ 114 ]. 

 KS is a disease, in which three parallel processes, proliferation (spindle cells), 
infl ammation, and angiogenesis, are simultaneously at work from the inception 
(patch lesion) and remain continuously necessary for the lesion to progress. Our 
current paradigm for KS highlights that no single process is autonomous; instead, 

a

b c

  Fig. 22.4    KS lesion in nodular stage. ( a ) Expansion of the dermis by solid tumor as seen on H&E 
stain. ( b ) Slit-like vascular channels surrounded by monomorphic spindle cell fascicles. ( c ) Cell 
nuclei are immunoreactive to HHV-8 with LNA-1 immunohistochemical stain (Graphic from 
Grayson et al. [ 107 ])       
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all three processes are at work – spindle cells producing proinfl ammatory and pro- 
angiogenic factors leading to recruitment of infl ammatory cells and neovascular 
elements that in turn provide the necessary growth factors and other substances for 
spindle cell survival and proliferation [ 111 ,  115 ,  116 ].   

    Clinical Findings in Kaposi’s Sarcoma 

    General Manifestations 

 The course of Kaposi’s sarcoma (KS) ranges from indolent, with only skin 
manifestations, to fulminant with extensive visceral involvement [ 117 ]. KS 
occurs most frequently in mucocutaneous sites, typically the skin of the lower 
extremities, face, trunk, genitalia, and oropharyngeal mucosa (see Table  22.1 ). 
Kaposi’s sarcoma affects all ages, but lymph node involvement is more fre-
quent in children and adolescents. The disease predominantly affects men 
[ 118 ], and the lower limbs are reported to be the predominant site affected in 
Africans [ 118 – 121 ]. 

 Chalya et al. reported the 10-year experience of Kaposi’s sarcoma in 248 patients 
treated at a single tertiary care hospital in Tanzania [ 122 ]. The lower limb was the 
most frequently involved anatomical site in 28.9 %. Other anatomical sites of 
involvement included the following: the trunk (21.7 %), oropharynx (14 %), ocular 
(12.4 %), upper limb (11.6 %), lymph node (6.7 %), viscera (3.1 %), genitalia (1 %), 
and face (0.5 %). 

 Lesions present as palpable and non-pruritic macules, papules, nodules, or 
plaques. Sizes range in diameter from few millimeters to few centimeters. Lesions 
are discrete or confl uent, typically in a symmetrical linear distribution along tension 
skin lines. Colors range from pink to brown to violet. Lymphedema is found in 
dependent areas of the lower extremities or face due to lesions causing secondary 
obstruction of lymphatic vessels [ 38 ]. 

 Occasionally visceral disease precedes cutaneous disease. Lesions along the gas-
trointestinal (GI) tract are typically associated with an advanced HIV infection. 
Patients with GI involvement report symptoms of pain, GI bleeding, nausea, vomit-
ing, or intestinal obstruction. Pulmonary lesions can be incidental fi ndings on imag-
ing or cause exudative and/or hemorrhagic pleural effusion [ 38 ]. 

 The duration of symptoms of Kaposi’s sarcoma ranges from 1 to 14 months with 
a median of 6 months (IQR = 4–8 months) [ 122 ]. Symptoms of KS were present in 
212/248 patients (85.5 %). The most common symptoms were swelling of the 
extremities (58.5 %), pain (46.2 %), and cosmetic disabilities (25.5 %). Fourteen 
percent (14 %) of patients had no symptoms of KS, and the diagnosis was made 
during routine clinical evaluation of other diseases. In an endemic (African) cohort 
[ 122 ] of HIV patients, KS was the AIDS-defi ning disease in 67.2 % of patients, 
while in the remaining 32.8 %, KS was diagnosed between 1 and 15 months after 
the initial diagnosis of AIDS.  
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    Genitourinary Manifestations 

 Genitourinary manifestations of Kaposi’s sarcoma are nearly identical to that of 
other cutaneous sites and common to all four Kaposi’s sarcoma clinical variants. 
The most common site of genitourinary manifestations of Kaposi’s sarcoma involves 
the skin of the penis. Involvement of other genitourinary sites is exceedingly rare. 

    Urinary Tract 
 KS of the urinary system has only been rarely reported, despite the fact that HHV-8 
is shed in the urine from infected patients [ 123 ]. There have been three accounts of 
KS of the urinary bladder [ 124 – 126 ]. Interestingly, all three patients were renal 
transplant recipients. In one patient KS involved a transplanted kidney, ureter, and 
urinary bladder [ 125 ]. Infrequently, urethral meatal lesions may cause outlet 
obstruction and urinary retention [ 127 ,  128 ].  

    Kaposi’s Sarcoma: Penis and Scrotum 
 It is worth mentioning that Kaposi’s sarcoma is distinctively different from 
malignant and benign mesenchymal tumors, which represent 5 % of tumors 
involving the penis. These mesenchymal neoplasias are classifi ed as superfi cial 
or deep-seated if they derive from the structures forming the spongy body and the 
cavernous bodies [ 129 ]. 

 One of the earliest reports of Kaposi’s involving the scrotum was published 
by Dorffel in 1932 [ 130 ]. Hopkins and Hudson, in 1953, published a review of 
the literature on KS and two cases of patients with penile and scrotal KS lesions 
[ 131 ]. Linker et al. presented four cases with the initial lesion on the glans 
penis and 13 cases with secondary involvement of the external genitalia in 
1975 [ 132 ]. 

 Table  22.4  summarizes the well-documented cases ( N  = 29) of primary penile KS 
in HIV-negative subjects (age range, 34–80; mean age, 53 years), and Table  22.5  
summarizes an additional nine cases of primary penile KS, in immunocompetent 
aged patients (age range, 55–77; mean age, 67 years) not tested for HIV infection. 
Cases of primary penile KS reported before the introduction of HIV testing are dif-
fi cult to classify.

    Kaposi’s sarcoma lesions commonly present with a single nontender hyperpig-
mented nodules ranging from reddish or bluish purple to black or bruise-like in 
color. Typically the glans penis (most common site), coronal sulcus, or foreskin is 
involved. The shaft of the penis is rarely involved [ 144 ,  152 ,  156 ,  166 ]. Single pri-
mary lesions range from 5 to 20 mm in diameter (Figs.  22.5  and  22.6 ). The presence 
of multiple primary penile lesions has been well described in the literature [ 135 ,  
 139 ,  141 ,  142 ,  164 ,  167 ]. Lesions are typically soft and spongy initially and solidify 
over time. Verrucous or wartlike lesions are also possible (Fig.  22.7a ) [ 134 ,  161 , 
 169 ]. Kaposi’s sarcoma is not typically associated with enlarged lymph nodes.

     A wide variety of KS lesions have been reported in the literature. One report 
described a KS lesion in the same dermatome after herpes zoster fl are suggesting 
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role of local immunosuppression [ 170 ]. Outfl ow obstruction and urinary retention 
can result from urethral meatal lesions (Fig.  22.7b ) [ 171 ]. Lesions can progress to 
ulceration; this occurrence is uncommon, but has been described with severe dis-
ease and lymphatic involvement with severe deformity of the penis and surrounding 
pelvic structures [ 142 ,  165 ,  166 ]. Penile gangrene is rare and also associated with 
severe immunosuppression and advanced disease [ 172 ]. In cases of severe disease, 
lesions on the scrotum and surrounding groin skin have been reported [ 172 ]. 
Table  22.6  summarizes well-documented cases of primary penile KS in HIV- 
seropositive patients with unique presentations.

   Table 22.5    Cases of primary genitourinary Kaposi’s sarcoma in patients with nonspecifi ed HIV 
serology in English literature   

 Ref. # 
 Age 
(years)  Clinical features  Treatment  Course and follow-up 

 Girgis 
[ 159 ] 

 72  Pedunculated, verrucous, 
and ulcerated lesion on 
ventral glans (Ø 1 mm) 
that is rapidly progressing 
in size over 2 months 

 Excision  NS 

 Vyas [ 160 ]  74  Posterior ulcer with 
circumscribed small hard 
area with edema of the 
penis and scrotum 

 Orchiectomy  No recurrence at 1 year 

 Conger 
[ 161 ] 

 55  Single painless bluish 
wartlike lesion on the 
frenulum 

 Local excision  No recurrence at 
5 years 

 67  Single purplish nodule (Ø 
10 mm) on the glans near 
the frenulum 

 Local excision  Onset of new lesion on 
the toe at 1 year 

 Maiche 
[ 162 ] 

 70  Single nodule (Ø 5 mm) 
on the glans; local 
swelling 

 Local excision  Local recurrence after 
1.5 years; no 
recurrence at 3 years 

 Jaimowich 
[ 163 ] 

 74  Single painless, fi rm, 
smooth, and purple 
nodule (Ø 5 mm) on the 
glans 

 Not performed  Spontaneous regression 
of primary lesion, onset 
of a new lesion on the 
back, both legs and 
conjunctiva at 1 year 

 Casado 
[ 164 ] 

 77  Six red smooth 
papulonodules (Ø 
3–7 mm) on the glans and 
inner foreskin 

 Not performed  Spontaneous regression 
of the primary lesions 
at 1 year; no 
recurrences after 
1.5 years 

 Berkmen 
[ 165 ] 

 55  Single purplish ulcerated 
nodule on the glans 

 Local excision  NS 

 60  Single purplish ulcerated 
nodule on the glans 

 Local excision + 
chemotherapy 

 NS 

  Modifi ed from Micali et al. [ 60 ] 
 Ø diameter,  NS  not stated  
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  Fig. 22.5    Common penile 
presentation of KS. Five 
smooth, nontender, 2-mm 
diameter purplish papules 
on the dorsal aspect of the 
glans penis with no 
surrounding 
lymphadenopathy (Graphic 
from Ekmekci et al. [ 147 ])       

  Fig. 22.6    Common penile 
presentation of KS. Single 
raised translucent reddish 
8-mm nodule located on 
the glans penis near the 
coronal sulcus with no 
surrounding 
lymphadenopathy (Graphic 
from Cecchi et al. [ 154 ])       

a b

  Fig. 22.7    More severe presentation of KS. ( a ) Multiple pigmented confl uent violaceous nodules 
ranging from 5 to 10 mm in diameter circumferentially over the corona. ( b ) Multiple nonpig-
mented verrucous papules from 2 to 5 mm in diameter on the foreskin and glans penis (Graphics 
from Pinto-Almeida et al. [ 168 ])       
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   Additional diagnosis to consider in the differential diagnosis based on the physi-
cal examination includes pyogenic granuloma, condyloma acuminata, glomus 
tumor, and molluscum contagiosum.  

    Squamous Cell Cancer of the Penis Versus Penile Kaposi’s Sarcoma 
 Woldrich et al. identifi ed 2,870 cases of penile cancer from 1988 to 2004 in the 
California Cancer Registry (CCR). Squamous cell carcinoma accounted for 87 % of 
all penile cancer ( n  = 2507), and penile Kaposi’s sarcoma (PKS) was the second 
most common cancer, accounting for 4.6 % ( n  = 132) of cases of penile cancer. 
Patients diagnosed with PKS were signifi cantly younger at diagnosis (mean age 
43.7 years versus 62.6 years,  p  < 0.001) [ 175 ]. 

 Squamous cell carcinoma of the penis almost always presents with a skin abnormal-
ity or a palpable lesion on the penis of a male patient with an average age of 50 years or 
older. In a series of 243 men with newly diagnosed squamous cell cancer of the penis, 
the most common signs were a painless lump (25 %) or ulcer (13 %) [ 176 ]. Inguinal 
adenopathy is present in 30–60 % at diagnosis, and malignant infi ltration of the lymph 
node has been demonstrated in approximately half of these cases (range 47–85 %), 
while adenopathy in the remainder likely represents an infl ammatory reaction [ 176 ]. 

 In penile Kaposi’s sarcoma (PKS), the penile KS lesions have the classic hyper-
pigmented nodule appearance and typically involve the glans penis while sparing 
the shaft of the penis [ 144 ,  152   156 ,  166 ]. Squamous cell carcinoma of the penis can 
equally involve the glans penis along with the shaft of the penis. Unlike squamous 
cell carcinoma, PKS is not typically associated with enlarged lymph nodes. 

 To establish the diagnosis of squamous cell carcinoma, a biopsy is usually per-
formed (incisional, excisional) or fi ne-needle aspiration. For PKS, excisional biopsy 
of a single lesion can aid in establishing the diagnosis; there is no role for FNA, 
needle biopsy, or incisional biopsy for PKS. 

 Treatment options for patients with squamous cell carcinoma of the penis include 
surgery, radiation therapy, and chemotherapy (systemic and topical). Surgical treat-
ment options for squamous cell carcinoma of the penis range from circumcision, Mohs 
microscopic-guided surgery, laser surgery, partial penectomy, and total penectomy. 

 Likewise for PKS, several treatment options are available ranging from local 
excision, topical, chemotherapy, and HAART. To date there have been no reports of 
penectomy nor microscopically controlled surgery (Mohs surgery) being used to 
treat patients with PKS. Lastly, inguinal lymph node dissection (ILND) has a role in 
managing local and regional disease in squamous cell carcinoma of the penis, but 
there is no role for ILND in PKS given the fact that PKS is not typically associated 
with enlarged lymph nodes.   

    Diagnosis 

 High clinical suspicion of Kaposi’s sarcoma is often attributed to clinical history 
and appearance of skin lesions. Defi nitive diagnosis is made by excluding bacillary 
angiomatosis with biopsy; this is especially important for lesions with systemic 
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symptoms or rapid progression [ 38 ]. Complete clinical workup for suspected 
Kaposi’s sarcoma lesions includes clinical evaluation, histology, laboratory assess-
ment, and imaging. In cases of suspected penile KS, excisional biopsy should be the 
rule and needle biopsy avoided. 

    Histology 
 Kaposi’s sarcoma is a low-grade vascular neoplasm derived from mesenchymal 
multipotent cells. Lesions are characterized by activation of endothelial cells and 
immune dysregulation including CD8+ T cell activation, Th1 cytokines production, 
and angiogenesis [ 156 ]. Kaposi’s sarcoma progresses through the following three 
stages:  patch stage to plaque stage to nodular stage . 

 The earliest and most histologically variable phase of cutaneous KS is the  patch 
stage  (Fig.  22.2 ). Commonly the dermis appears hypercellular like mild infl amma-
tion. Close examination reveals abnormal outward proliferation of endothelial cells 
lining small blood vessels (promontory sign). This growth extends outward from 
native vessels to penetrate between adjacent collagen bundles. This process creates 
“stellate” and “ectatic” blood vessels that are open to surrounding tissue [ 107 ]. Tiny 
blood vessels lack basement membrane causing microhemorrhages and deposition 
of hemosiderin in tissue causing visual discoloration of the skin [ 38 ]. Erythrocytes 
in the vascular space are characteristic of the patch stage. Extravasation of red blood 
cells could contribute to hyperpigmented ecchymotic appearance of lesion upon 
gross inspection. Mild infi ltration of infl ammatory cells – lymphocytes, plasma 
cells, and hemosiderin-laden macrophages – is seen surrounding native vessels 
[ 107 ]. A broad differential diagnosis remains at this stage. 

 The intermediate  plaque stage  is characterized by more diffuse dermal vascular 
infi ltrate with many erythrocytes (Fig.  22.3 ). Some infi ltrations progress into adja-
cent subcutaneous adipose tissue. Infl ammation around vascular channels contin-
ues. Spindles are more readily seen and are arranged in fascicles that appear sievelike 
on cross section. Few mitotic fi gures and little cellular atypia are seen. Hyaline 
globules likely from extravasated effete erythrocytes are present intra- and extracel-
lularly. Autolumination occurs when an erythrocyte enclosed in clear paranuclear 
vacuole is seen inside the cytoplasm of a spindled epithelial cell. Differential diag-
nosis is more limited, including tufted angioma, targetoid hemosierotic hemangi-
oma, microvenular hemangioma, and acroangiodermatitis (“pseudo-Kaposi’s 
sarcoma”) [ 107 ]. Less than 10 % of cells in ectatic vessels contain HHV-8 [ 67 ]. 

  Nodular stage  histology is more readily identifi able as Kaposi’s sarcoma. Nodule 
is formed by circumscribed dermal expansion due to variable sized fascicles. 
Fascicles are composed of proliferated monomorphic neoplastic spindle-shaped 
cells. Intra- and extracellular hyaline globules, likely composed of old erythrocytes, 
are prominent [ 53 ,  148 ]. Hyaline globules are eosinophilic and periodic acid shift 
(PAS) positive. Tumor cells are fl anked by mixed infl ammatory reactions and 
hemosiderin- laden macrophages [ 148 ] (Fig.  22.4a–c ). 

 Positive immunohistochemical staining of endothelial nuclei for HHV-8-latent 
nuclear antigen (LNA-1) confi rms the diagnosis [ 53 ]. Using in situ polymerase 
chain reaction and immunohistochemistry, HHV-8 DNA can be detected in greater 
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than 90 % of the spindle cells and microvascular endothelial cells in all forms of KS 
[ 53 ,  67 ]. Normal endothelial cells will not stain for HHV-8. HHV-8 colocalizes with 
vascular endothelial growth factor receptor 2 (VEGFR-3). VEGFR-3 serves as a 
marker of lymphatic and precursor endothelium [ 67 ]. Less specifi c CD31 or CD34 
vascular markers are useful but do not delineate lesional and non-lesional endothe-
lial cells well [ 53 ,  152 ]. 

 Differential diagnosis includes bacillary angiomatosis, other vascular tumors, 
fi brohistiocytic tumors, resolving dermal fasciitis, spindle cell melanoma, and other 
spindle cell mesenchymal neoplasms [ 107 ]. Warthin-Starry staining of tissue is 
expected to be negative to rule out bacillary angiomatosis [ 178 ]. A small ulcerated 
lesion could be mistaken for a pyogenic granuloma, and therefore excisional biop-
sies are preferred over superfi cial shave biopsies [ 53 ]. 

 Other less common forms of KS are seen.  Anaplastic KS  is the only variant asso-
ciated with aggressive behavior. It is extremely rare and characterized by increased 
cellular pleomorphism and increased propensity for deep invasion or even metasta-
sis. It has not been reported following iatrogenic immunosuppression KS variant. 
KS from lymphatic origins shows intimate association of abnormal lymphatics and 
can occur after chronic lymphedema. Furthermore, reason or outcomes associated 
with progressive histology differentiation are unknown. Certain variants might have 
prognostic relevance, but further studies into the role of HHV-8 and host immune 
response may provide some insight [ 107 ].  

    Laboratory Assessment 
 Laboratory assessment is especially important to assess immune status, classify KS, 
and further investigate systemic symptoms. Possible workup includes complete 
blood count with differential, electrolyte panel, erythrocyte sedimentation rate, liver 
function tests, and kidney function tests. HIV-I and HIV-II enzyme-linked immuno-
sorbent assays should be performed twice at a 6-month interval. In the absence of 
positive HIV testing, lymphocyte subset analysis including CD4+/CD8+ ratio and 
assessment of other causes of immunocompromised diseases should be considered. 
Assessment for other sexually transmitted diseases should also be performed includ-
ing chlamydia and gonorrhea screening as well as Venereal Disease Research 
Laboratory test for syphilis. HHV-8 IgG antibody titers should be performed [ 178 ].  

    Imaging 
 Imaging is not required for diagnosis of cutaneous lesions but can be useful for evalu-
ation of systemic symptoms or exclusion of visceral disease. Patients with confi rmed 
KS lesions must undergo bronchoscopy as well as upper and lower gastrointestinal 
endoscopy for prognostic value (see Stage and Prognosis section). The appearance of 
lesions on computed tomography (CT) is commonly nonspecifi c [ 178 ]. Restrepo and 
Ocazionez reported that a distinctive feature of KS lymphadenopathy (pelvic and ret-
roperitoneal) is its rich vascularity, which manifests as increased density on contrast-
enhanced CT (80 % sensitivity and 79 % positive predictive value) [ 179 ]. 

 Additional studies have described using chest x-ray, abdominal ultrasounds, and 
esophagogastroduodenoscopy for further evaluation. One report used magnetic 
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resonance imaging (MRI) to evaluate KS. KS has a nonspecifi c appearance of a 
well-circumscribed contrast-enhancing mass on MRI. However, MRI provides con-
trast and multiplane imaging to demonstrate anatomic detail of tumor limits and 
absence of deep invasion to determine degree of excision required [ 137 ]. 

 FDG-PET/CT has been shown to be effective in detecting clinically occult KS 
lesions that are diffi cult to diagnose with traditional imaging techniques in more 
advanced stages of KS [ 180 ,  181 ]. Since visceral involvement predicts survival in 
patients with AIDS-associated KS [ 182 ], thus, accurate staging and identifi cation of 
more sites with FDG-PET/CT can be useful in the management of patients with 
advanced disease.   

    Stage and Prognosis 

 The AIDS Clinical Trial Group (ACTG) proposed a staging method for epidemic 
KS (associated with seropositive HIV status) that incorporates tumor load, immune 
status, and systemic involvement (Table  22.7 ). Each criterion was shown to be inde-
pendently associated with patient survival; worsening of the immune system, espe-
cially below a CD4 count of 150 cells/mm 3 , was the most important individual 
predictor of survival. Of note, ACTG studies were performed prior to ready avail-
ability of HAART [ 38 ]. 

   Table 22.7    ACTG classifi cation of Kaposi’s sarcoma for HIV-seropositive patients   

 Low risk (0)  High risk (1) 

 Any of the following fi ndings:  Any of the following fi ndings: 

 Tumor (T)  Confi ned to the skin and/or lymph 
nodes and/or minimum oral disease a  

   Edema or ulceration associated 
with tumor 

   Extensive oral disease 

   Gastrointestinal disease 

   Visceral disease other than 
lymph node 

 Pulmonary 
involvement (p) 

 Absence of pulmonary lesions  Presence of pulmonary lesions 

 Immune system (I)  Pre-HAART era: CD4 cells ≥200 μL −1   Pre-HAART era: CD4 cells <200 μL −1  

 Systemic 
disease (S) 

   Absence of history of opportunistic 
infections or canker sores 

   History of opportunistic 
infections or canker sores 

   Absence of symptoms B    Presence of symptoms B 

   Performance status    Performances <70 

 (PS) ≥70    Another HIV-related disease 
(neurological, lymphoma) 

  Adapted from AIDS Clinical Trials Oncology Committee (ACTG) [ 18 ,  38 ] 
 Symptoms B = unexplained fever, night sweats, >10 % weight loss, or persistent diarrhea lasting 
>2 weeks 
 PS = Karnofsky scale 
  a Non-nodular disease confi ned to the palate  
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 HAART era studies suggest elimination of the immune system (I) category to 
only use extent of tumor (T) and systemic disease (S) to predict survival. High risk 
of death is considered T1S1; low risk is considered T0S0, T1S1, and T0S1. The 
presence (p1) or absence (p0) of pulmonary involvement was the most prognostic 
indicator of tumor burden. Survival analysis with scoring involving pulmonary dis-
ease and systemic disease only provided the best distribution of risk. Hazard ratios 
progress toward death: Tp0S0 (HR = 1), Tp0S1 (HR = 2.68), Tp1S0 (HR = 4.98), 
and Tp1S1 (HR = 7.65) [ 183 ]. Pulmonary presentations had worse prognosis than 
systemic disease [ 38 ,  183 ].

   No universal staging or classifi cation method has been defi ned for classic 
KS. Mortality in individuals with classic KS is rarely from KS itself. Hiatt et al. 
reported outcomes of patients in the United States with classic Kaposi’s sarcoma 
from 1980 to 2000. A single lesion was reported in 77 % of classic Kaposi’s sar-
coma patients. Follow-up at mean of 4.8 years (range: <1–19 years) showed that 
24 % of patients died of second malignancy ( n  = 26), 22 % died of other medical 
conditions ( n  = 24), 2 % died of treatment-related complications ( n  = 2), and 2 % 
patients died of widespread disease ( n  = 2). Thirty-fi ve percent are alive with no 
evidence of disease ( n  = 38) and 15 % with persistent disease ( n  = 16) [ 184 ].  

    Treatment 

 Treatment goals include relief of symptoms, prevention of disease progression, and 
reduction in tumor size to alleviate subsequent edema, organ dysfunction, and psy-
chological stress (Fig.  22.8 ). 

    Highly Active Antiretroviral Therapy (HAART) 
 Highly active antiretroviral therapy (HAART) is a fi rst-line treatment for HIV and 
associated epidemic Kaposi’s sarcoma regardless of CD4 count. HAART is a com-
bination of nucleoside analogue reverse transcriptase inhibitors and protease inhibi-
tors or non-nucleoside reverse transcriptase inhibitors. HAART has signifi cantly 
increased survival associated with HIV. There are no randomized controlled trials 
comparing treatment of KS with and without HAART. 

 Increasing use of HAART correlates with dramatically decreased incidence and 
progression of KS in the HIV-seropositive population [ 185 ]. One cohort study found 
that the relative risk of development of Kaposi’s sarcoma during the HAART era 
(1997 and 1998) to pre-HAART era (1992–1994) was 0.08 (95 % CI, 0.03–0.22) 
[ 186 ]. A different study showed that pre-HAART era (1990–1996,  n  = 366) and 
HAART era (1997–2002,  n  = 40) patients had similar mean counts of CD4 and HIV 
RNA, but HAART era was associated with signifi cantly decreased overall risk of 
death (HR, 0.24) [ 187 ]. Furthermore, HAART has been shown to cause partial or 
complete disappearance of spindle-shaped cells manifesting as a parallel disappear-
ance of KS lesions [ 38 ,  188 ]. 

 Initiation of HAART can acutely exacerbate KS lesions. Immune reconstitu-
tion infl ammatory syndrome (IRIS) occurs when regeneration of the immune 
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system causes an exuberant immune attack on opportunistic infections and can-
cers. This is associated with an increase in CD4 cells and a decrease in HIV 
viral load. One study reported KS progression with initiation of HAART was 
reported in 7 % of treatment- naive patients [ 38 ]. Progression occurs at an aver-
age of 5 weeks after initiation of HAART [ 38 ]. Upregulation of steroid receptor 
expression was hypothesized as a similar exacerbation occurs with corticoste-
roid treatment [ 38 ]. 

 Effects of HAART on KS are not completely clear. HIV suppression with 
subsequent immune reconstitution is the obvious answer and the best predictor 
of response. HIV suppression results in inhibition of HHV-8 replication as well 
as decrease of HIV-associated Tat protein and subsequent decrease in its angio-
genic and anti-apoptotic effects. HAART may also have a direct anti-angiogenic 
effect on KS [ 185 ]. Immune reconstitution increases the ability to attack HHV-8 
[ 168 ,  185 ]. However, not all patients respond to HAART alone. KS has been 
reported in the presence of undetectable HIV levels [ 174 ]. Further studies are 
needed to understand the molecular pathways and also unlock new insights into 
novel-targeted therapies.

Clinical evalution

Initial evalution Diagnosis Management
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HIV I & II testing
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CD4+/CD8+ count
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  Fig. 22.8    Algorithm for management of penile KS       
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       Antiviral Agents 
 HHV-8 viremia is correlated with increased risk of KS lesion presentation. However, 
the use of antiviral agents has not shown clear therapeutic benefi t. Studies have shown 
confl icting HHV-8 sensitivities to acyclovir, ganciclovir, foscarnet, and cidofovir. 
Moreover, these medications have little effect on the latent form of the virus and there-
fore are unlikely that they are effective against established lesions. These drugs have 
signifi cant systemic side effects persuading against long-term prophylaxis [ 38 ].  

    Local Treatments 
 Local treatments are ideal for small localized cutaneous KS lesions. Single lesions 
can be adequately treated with excisional biopsy. In cases of suspected penile KS, 
excisional biopsy should be the rule and needle biopsy avoided. One study reported 
56 % (29 out of 52 patients) showed no recurrence for a median of 15 months (range: 
1–162 months). Common excision methods include surgical excision, electrodesic-
cation and curettage, and cryotherapy. Local radiotherapy of cutaneous and oral 
cavity lesions has achieved excellent results with 20 Gy or higher doses [ 38 ]. One 
study reported radiation doses ranging from 10 to 30 Gy according to tumor 
response, and toxicity resulted in complete response in 69.4 % (34 out of 49) of 
HIV-seropositive patients [ 189 ]. Radiotherapy is less effective for treatment of vis-
ceral lesions, especially pulmonary or gastrointestinal lesions. Topical imiquimod 
5 % cream (Aldara) was shown to treat a localized genital KS lesion in an HIV- 
seronegative man [ 190 ]. One study showed that conservative palliative treatment 
including serial urethral dilation with or without radiation was well tolerated and 
has been effective for resolution of hesitancy and improvement of urinary stream for 
rare presentation of KS lesion causing urethral obstruction [ 191 ].  

    Cytotoxic Agents 
 Systemic chemotherapy should be initiated in patients with severe disease, such as:

  All types of KS 
•   Pulmonary involvement  
•   Symptomatic visceral lesions  
•   Lymphedema secondary to Kaposi’s sarcoma  
•   Rapidly progressive skin disease   

  AIDS-related KS 
•   S1T1 status  
•   Progression of clinical disease after introduction of HAART (immune reconsti-

tution infl ammatory syndrome) by Kaposi’s sarcoma  
•   New lesions with regular use of HAART, regardless of disease stage    

 Additionally, systemic chemotherapy should be considered if there is delay to 
start HAART, there is failure of response to HAART or local therapy, or there are 
cosmetically disfi guring lesions [ 38 ].  
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    Immunotherapy 
 Before the availability of HAART and liposomal anthracyclines, the use of biologi-
cal response modifi er interferon-α was approved for the treatment of Kaposi’s sar-
coma. The objective response rate with interferon-α was 40 % in patients with 
epidemic Kaposi’s sarcoma [ 192 ,  193 ]. Response rates in patients differed signifi -
cantly based on extent of disease, prior or coexistent opportunistic infections, previ-
ous treatment with chemotherapy, CD4 lymphocyte counts <200 cells/mm 3 , the 
presence of circulating acid-labile interferon-α, and increased β2-microglobulin. 

 Response rates to interferon-α often require continuous treatment for 6 months 
or more, and the average time to response may take a minimum of 4 months. 
Interferon-α is contraindicated in progressive or visceral disease. Toxicity of high 
doses of interferon-α (i.e., fever, chills, neutropenia, and depression) is common. 
Patients with low CD4 cell counts are poor responders to immunotherapy. Currently, 
interferon-α is seldom used because it is less effective in patients with AIDS and has 
a high toxicity profi le (Ref. [ 28 ]). Interleukin-12 has also shown promise with a 
response rate of 71 % (95 % CI, 48–89 %) in the treatment of Kaposi’s sarcoma in a 
phase I study involving 24 patients [ 194 ].    

    Conclusion 
 Penile KS is a virus-induced neoplasm affecting primarily men who are HIV 
positive, have other forms of immunosuppression, or are of Mediterranean or 
African origin. The proportion of PKS tumors has declined in recent years, 
refl ecting improvements in HIV treatment. Excisional biopsy and histology 
including intralesional HHV-8 testing are done to establish the diagnosis.     
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          Introduction 

 Vulvar cancer is the fourth most common gynecologic cancer in the United States 
and comprises 5 % of cancers of the female genital tract. There are an estimated 
5,000 new vulvar cancer cases and 1,100 related deaths each year in the United States 
[ 29 ]. The most common type of vulvar malignancy is squamous cell carcinoma, 
which comprises over 90 % of cases and includes two subtypes: (1) keratinizing/
differentiated/simplex type and (2) classic/warty/Bowenoid type. The keratinizing/
differentiated/simplex type occurs in older women and is associated with vulvar 
dystrophies such as lichen sclerosis, and it is not associated with human papilloma-
virus (HPV) infection. In contrast, the classic/warty/Bowenoid type occurs in 
younger women and is associated with HPV infection. Both of these types of squa-
mous cell carcinoma of the vulva are preceded by a preinvasive phase known as 
vulvar intraepithelial neoplasia (VIN). Other less common types of vulvar cancer 
include melanoma (5–10 %), basal cell carcinoma (2 %), sarcoma (1–2 %), 
Bartholin’s gland carcinoma (<1 %), verrucous carcinoma (<1 %), and Paget’s 
 disease of the vulva (<1 %), all of which will be reviewed in this chapter.  
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    Vulvar Melanoma 

 Melanoma is the second most common histologic type following squamous cell 
carcinoma and accounts for 5–10 % of vulvar malignancies [ 8 ,  33 ]. It occurs primar-
ily in postmenopausal Caucasian women. The median age at diagnosis is 68 years, 
which is much higher than cutaneous melanomas at other sites where the age at 
diagnosis is often less than 45 years [ 31 ,  32 ]. Patients with vulvar melanoma usually 
present with a pigmented lesion, but amelanotic lesions are also possible. In gen-
eral, vulvar melanoma is very aggressive and prognosis is poor. Risk factors for 
melanoma of the vulva include chronic infl ammatory disease, viral infections, 
chemical irritants, as well as genetic factors [ 36 ]. 

 The most common symptoms for vulvar melanomas are a vulvar mass, pain, 
bleeding, and/or pruritus [ 35 ]. However, many patients are asymptomatic and the 
lesion is noted on routine gynecologic exam (Fig.  23.1 ). The most common sites are 
the periclitoral area and the labia majora. In addition, approximately 20 % of women 
have multifocal disease at diagnosis [ 26 ]. The recommended evaluation includes a 
complete physical exam and imaging to assess for metastatic disease. Stage at diag-
nosis is the most important prognostic factor with 5-year survival rates of approxi-
mately 70 % for stage I disease, 50 % for stage II, 48 % for stage III, and 24 % for 
stage IV [ 11 ].

   The primary treatment for vulvar melanoma is surgical resection. For localized 
disease, a wide radical excision of the vulva with sentinel inguinal lymph node 
biopsy is performed. A complete inguinofemoral lymphadenectomy is required for 
patients with positive sentinel lymph nodes. More radical surgery with pelvic exen-
teration has also been described but is associated with signifi cant morbidity. 
Neoadjuvant and adjuvant radiotherapy, chemotherapy, and/or biologic agents such 
as interferon may benefi t a select group of patients, although the response rates are 
limited and most patients with vulvar melanoma ultimately develop distant meta-
static disease regardless of the primary therapy. However, further research is ongo-
ing to develop novel targeted therapies for vulvar melanoma, particularly in the area 
of immunotherapy, which has been shown to improve survival in patients with 

a b

  Fig. 23.1    (a) Invasive vulvar melanoma. (b) Higher-pwer view of invasive vulvar melanoma       
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melanoma at other sites. It is suggested that all patients undergo molecular testing 
of their tumors including evaluation for c-KIT and BRAF V600E mutations. 
Furthermore, patients with this rare disease should be strongly encouraged to par-
ticipate in clinical trials [ 18 ].  

    Basal Cell Carcinoma 

 Basal cell carcinomas (BCCs) represent approximately 2 % of all vulvar cancers 
[ 13 ]. They are tumors derived from the nonkeratinized cells, which originate from 
the basal cell layer of the epidermis. BCC primarily affects postmenopausal 
Caucasian women. Risk factors include exposure to ultraviolet light, chronic arsenic 
exposure, radiation therapy, long-term immunosuppressive therapy, as well as some 
genetic factors and the basal cell nevus syndrome. BCCs may be locally invasive but 
they rarely metastasize. The recommended treatment is complete excision with 
negative histological margins. The prognosis for BCC is excellent, but long-term 
close follow-up is recommended due to the substantial risk (10–20 %) of local 
recurrence [ 1 ,  24 ].  

    Sarcoma 

 Sarcomas of the vulva are neoplasms with mesenchymal origin that arise from the 
soft tissues and viscera. They comprise 1–2 % of all vulvar cancers and include 
leiomyosarcomas, rhabdomyosarcomas, liposarcomas, angiosarcomas, neurofi bro-
sarcomas, epithelioid sarcomas, and undifferentiated/unclassifi ed soft tissue sarco-
mas [ 30 ]. Sarcomas of the vulva are characterized by rapid growth, high metastatic 
potential, frequent recurrences, aggressive behavior, and a high mortality rate [ 9 ]. 
Most patients present with a vulvar mass, bleeding, or pain. The recommended 
evaluation includes a comprehensive physical and pelvic examination with mea-
surement of the size of the primary tumor, palpation of regional lymph nodes, and 
assessment of direct tumor extension to adjacent structures. Imaging studies should 
also be performed to rule out metastatic disease given the aggressive nature of 
these tumors. 

 The most common histologic type of vulvar sarcoma is leiomyosarcoma [ 2 ,  28 ]. 
It can be diffi cult to distinguish leiomyosarcomas from benign leiomyomas patho-
logically. On gross inspection, both lesion types have a whorled-sectioned surface 
characteristic of benign smooth muscle tumors. However, if necrotic or hemor-
rhagic foci are present, careful evaluation is needed as these fi ndings are character-
istic of leiomyosarcoma [ 21 ]. A less common type of vulvar sarcoma is epithelioid 
sarcoma. This histologic type of vulvar cancer tends to occur in young to middle- 
aged women, and the tumor is often multinodular. Most patients are asymptomatic 
and unfortunately are diagnosed at advanced stages with a poor prognosis [ 15 ,  27 ]. 
A very rare form of vulvar carcinoma is rhabdomyosarcoma (RMS). In comparison 
to other vulvar sarcomas, RMS has a favorable outcome. 
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 Surgery is the primary treatment modality for all vulvar sarcomas and usually 
includes local excision with possible inguinal lymph node dissection. Given the 
rarity of vulvar sarcomas, there are limited data regarding adjuvant therapy with 
radiation therapy and/or chemotherapy, with the exception of RMS, which is che-
mosensitive [ 2 ].  

    Bartholin’s Gland Carcinoma 

 Primary Bartholin’s gland carcinoma (BGC) accounts for less than 1 % of all vulvar 
carcinomas. Criteria for the diagnosis of BGC were originally described by Honan 
in 1897 and subsequently revised by Chamlian and Taylor to include the following: 
(1) The tumor involving the area of Bartholin’s gland is histologically compatible 
with the origin from Bartholin’s gland, (2) areas of apparent transition from normal 
elements to neoplastic ones are found in histologic study, and (3) there is no evi-
dence of primary tumor elsewhere [ 7 ]. Presentation of primary BGC is usually late 
as lesions are deep within the vulva and often misdiagnosed as a Bartholin’s gland 
abscess or cyst. BGC is usually a slow-growing tumor with a marked propensity for 
perineural and local invasion. Approximately 50 % of BGCs are of squamous histol-
ogy and are thought to originate in Bartholin’s duct, and the remaining 50 % include 
adenocarcinoma and adenoid cystic carcinoma, which mimics the behavior of sali-
vary gland carcinoma of the same histology [ 10 ,  19 ,  22 ]. 

 The largest published series of patients with BGC is by Copeland and colleagues 
who retrospectively evaluated 30 years of clinical experience involving 36 patients 
diagnosed with BGC from 1954 to 1983 at MD Anderson Cancer Center [ 10 ]. They 
noted that 47 % of patients had nodal involvement at diagnosis. In addition, 25 % of 
patients developed recurrent disease and the 5-year overall survival rate was 84 %. 
In a similar study, Cardosi and colleagues reported a 15-year experience of 12 
patients with primary BGC [ 6 ]. Seven of 12 patients (58.3 %) had stage III/IV dis-
ease at presentation, and the majority of patients received adjuvant radiation and/or 
chemotherapy. The authors reported an overall survival rate of 67 %. A more recent 
study by Bhalwal et al. compared 33 patients with BGC to 396 patients with non- 
BGC vulvar carcinoma [ 3 ]. Twenty-nine of the 33 patients (87.9 %) had squamous 
cell histology and 4 (12.1 %) had adenocarcinoma. When compared with non-BGC- 
related vulvar carcinoma, patients with primary BGC had a younger age at diagno-
sis (median 57 vs. 63 years,  p  = 0.045), had higher rate of stage III/IV disease 
(60.6 % vs. 35.8 %,  p  = 0.008), and were more likely to receive radiation therapy. 
However, there were no signifi cant differences between the two groups with regard 
to histologic subtype, lymphovascular space involvement, perineural invasion, posi-
tive margins, recurrence-free survival, or overall survival. 

 The management of BGC is similar to the more common squamous cell carci-
noma of the vulva. For localized disease, radical vulvectomy with sentinel lymph 
node biopsy and/or groin lymphadenectomy is performed. Postoperative radio-
therapy is given to patients with positive margins, positive lymph nodes, or other 
high- risk features. For locally advanced disease, radiotherapy with weekly 
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cisplatin (chemoradiation) is preferred over radical surgery. Patients with meta-
static disease have a very poor prognosis and are treated with palliative chemo-
therapy and/or supportive care.  

    Verrucous Carcinoma 

 Verrucous carcinoma of the vulva is a rare variant of squamous cell carcinoma of 
the vulva that occurs primarily in elderly women. It is characterized by a well- 
differentiated squamous cell carcinoma morphology with minimal nuclear atypia 
[ 20 ]. The lesions typically have a large caulifl ower-like appearance. They grow 
slowly and rarely metastasize to lymph nodes, but may be locally destructive [ 8 ,  16 ]. 
Local excision is usually adequate treatment but suspicious lymph nodes should be 
biopsied or excised. Radiation therapy has not been shown to provide any survival 
benefi t for verrucous carcinoma [ 5 ].  

    Paget’s Disease of the Vulva 

 Paget’s disease of the vulva is a rare vulvar neoplasm most commonly seen in post-
menopausal women. Mammary Paget’s disease involving the nipple and areola was 
fi rst described in 1874 by Sir James Paget [ 23 ]. The fi rst case of extramammary 
Paget’s disease was subsequently described in 1889 affecting the scrotum and penis 
[ 12 ]. This was followed by the fi rst description of Paget’s disease of the vulva in 
1901 [ 14 ]. The mean age at diagnosis of Paget’s disease of the vulva has been 
reported to range between 50 and 80 years, and it is most common in Caucasian 
women [ 4 ,  17 ,  25 ,  34 ]. It usually presents as a pink eczematous lesion with white 
islands of hyperkeratosis accompanied by pruritus (Fig.  23.2 ). Pathologically it 
resembles mammary Paget’s of the nipple and areola.

   Paget’s disease of the vulva is often limited to the epidermis and mucosa without 
invasion. The optimal management of Paget’s disease of the vulva remains unclear. 

  Fig. 23.2    Paget’s disease 
of the vulva       
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Surgical excision is usually the primary therapy; however, 30–60 % of patients develop 
recurrent disease. Furthermore, the lesions often extend past clinically apparent bor-
ders resulting in positive margins, and surgical excision is limited by the anatomy of 
the vulva. In addition, the disease is often multifocal. Many patients require multiple 
excisions resulting in signifi cant morbidity. Alternative treatment strategies with topi-
cal agents such as imiquimod are being investigated. It also appears that the risk of 
invasive disease is low and more conservative approaches are being considered. 
Interestingly, patients with Paget’s disease of the vulva have a high incidence of a 
second synchronous or metachronous neoplasm including colorectal adenocarci-
noma, cervical adenocarcinoma, carcinoma of the transitional epithelium from the 
renal pelvis to the urethra, and/or breast carcinoma [ 25 ]. Routine screening with colo-
noscopy, Pap/HPV test, and mammogram is therefore recommended.     
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