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Cystic neoplasms of the adult 
kidney are a diverse group of 
pathologically distinct tumors 

with variable clinico-biological profiles. 
Cystic tumors may be histo-biologically 
benign or malignant. Benign tumors in-
clude lymphangioma, cystic nephroma, 
and mixed epithelial and stromal tumor. 
Cystic renal cell carcinoma (RCC), 
multilocular cystic RCC, and primary 
renal synovial sarcoma constitute ma-
lignant cystic neoplasms. Recent ad-
vances in pathology have expanded the 
spectrum of cystic renal neoplasms. 
Indeed, new tumors such as tubulocys-
tic RCC, acquired cystic disease-asso-
ciated RCC, and angiomyolipoma with 
epithelial cysts have been identified as 
‘distinct tumor entities’ as they show 
characteristic pathological and imaging 
findings (Table 1).1,2 Radiologists play 

an important role in the detection, char-
acterization, treatment follow-up, and 
long-term surveillance of cystic masses. 
The major responsibility of radiolo-
gists is to segregate renal cystic masses 
into three different groups: lesions that 
can be safely ignored, lesions that need 
regular follow-up, and masses that re-
quire surgical resection. In this article, 
we will describe the imaging findings of 
various cystic renal neoplasms and how 
we can differentiate these from benign 
cysts; additionally, current imaging and 
pathological update regarding select tu-
mors will also be presented.

Bosniak classification of renal cysts: 
Impact on patient management

This is a classification system of 
renal cysts based on the specific imag-
ing findings to separate surgical le-
sions from nonsurgical ones; proper 
understanding and application of Bos-
niak classification is the key step in the 
management of cystic renal masses.3 
Contrast-enhanced multiphasic CT 
and/or MRI are the imaging modalities 
commonly used to characterize renal 
cysts. Based on morphology and en-
hancement patterns, renal cysts can be 

grouped into 5 categories that can as-
sess natural history and guide manage-
ment (Figure 1, Table 2).3,4 Category I 
and II cysts are benign and require no 
follow-up, except in some rare cases; 
category III and IV lesions carry high 
risk of malignancy and need surgical re-
section.5 Category IIF cysts are slightly 
more complicated than category II 
cysts and are indeterminate lesions that 
should undergo regular follow-up.5,6 
Image-guided radiofrequency ablation 
of category III and IV cysts is a safe and 
effective management strategy in surgi-
cally high-risk patients.7 Novel imaging 
techniques such as contrast-enhanced 
ultrasound, diffusion-weighted and 
blood-oxygen level dependent (BOLD) 
MR imaging are extremely helpful in 
differentiating categories IIF and II 
masses in patients with compromised 
renal function as they are not suited for 
contrast-enhanced MRI or CT.8  

Benign neoplasms 
Lymphangioma

Renal lymphangioma is a rare, be-
nign mesenchymal neoplasm that com-
monly presents as a cystic lesion in 
the renal sinus and perinephric space; 
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Table 1. Spectrum cystic renal neoplasms in adults

Benign Tumors Malignant Tumors Recently Described Tumors
Lymphangioma Cystic variants of renal cell carcinoma Tubulocystic renal cell carcinoma
 
Cystic nephroma Multilocular cystic renal cell carcinoma Acquired cystic disease-associated  
  renal cell carcinoma
 
Mixed epithelial  Primary renal synovial sarcoma Angiomyolipoma with epithelial cysts 
and stromal tumor   

Table 2. The Bosniak classification of cystic masses of the kidney 

 Bosniak Imaging Findings  Management 
 Category

 I Simple cyst with a thin wall, without any septae,  Nothing to be done 
	 	 calcifications,	or	solid	components.		 	

 II A simple cyst that may contain a few thin  No follow-up needed (Rarely, select patients 
	 	 septae	and	fine	calcifications	in	the	wall		 may	need	follow-up	ultrasound). 
	 	 or	within	the	septae.	

 IIF Bosniak type II cyst with mildly thickened wall  Follow-up CT/MRI at yearly intervals; most of 
	 	 or	septations	without	definite	enhancement;		 these	are	benign,	complicated	cysts 
	 	 nodular	and	thick	calcifications.	Uniformly		 and	less	than	5	%	are	malignant. 
  high attenuation cysts of size > 3 cm without  
	 	 any	enhancement.	

			 III	 Cystic	masses	that	have	thick,	irregular	walls		 Surgical	consultation;	approximately	40-60	%	of 
	 	 or	septae	that	show	perceivable	contrast		 these	lesions	are	malignant. 
  enhancement 

	 IV	 Cystic	lesions	containing	enhancing	soft-tissue		 Surgical	resection.	More	than	90	%	are	malignant. 
	 	 components	and	septae.

about 50 cases have been described so 
far in the literature.9 Lymphangioma is 
considered as a developmental malfor-
mation of the perirenal lymphatic sys-
tem rather than a true neoplasm; these 
lymphatics fail to communicate with 
retroperitoneal counterparts that result 
in lymphangioma formation.9,10 Adult 
patients are commonly affected without 
any sex predilection; many of them are 
asymptomatic. Histologically, these tu-
mors show multiple cystic spaces con-
taining clear fluid, lined by flattened 
endothelial cells.2     

On imaging, renal lymphangioma 
appears as a uni- or multilocular cystic 

mass in the perinephric space and/or in 
the renal sinus (Figure 2).9 Rarely, tor-
tuous, dilated lymphatic channels in 
the retroperitoneum can also be identi-
fied. The CT attenuation of the fluid 
can vary from water density to higher 
densities depending on fluid content; 
at MRI, fluid signal characteristics may 
be variable depending on the amount 
of protein or hemorrhage within it.10 
Spontaneous regression of these lesions 
is not uncommon and no treatment is 
required in select patients without any 
symptoms. Cyst marsupialization, aspi-
ration, and nephrectomy are treatment 
options in symptomatic patients.9 

Cystic nephroma
Cystic nephroma (CN) is an uncom-

mon, benign cystic neoplasm of the kid-
ney, composed of epithelial and stromal 
elements; CN typically develops in 
adults older than 30 years with a strong 
female sex predilection.11 Currently, 
this tumor is considered as a distinct, 
unrelated entity from pediatric cystic 
nephroma. Painless abdominal mass 
and flank pain are the common pre-
senting symptoms. At gross pathologic 
examination, CN is composed entirely 
of cysts and thin septae without any 
definite solid component; on histology, 
multiple interconnecting cystic spaces 
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FIGURE 2. Renal lymphangioma in a 54-year-old man. Axial 
T2-weighted MR image shows cystic masses in the right perinephric 
and renal sinus region; additionally, cystic lesions are also identified in 
the retroperitoneum in pericaval region. This MRI appearance is typical 
for renal lymphangioma.

FIGURE 3. Cystic nephroma in a 47-year-old man. Axial contrast- 
enhanced CT image shows a well-circumscribed, multiloculated cys-
tic mass with multiple, enhancing septations and herniation into the 
renal sinus. This was proven to be cystic nephroma on pathologic 
examination. 

FIGURE 1. (A) Bosniak category II cyst. Sagittal contrast-enhanced CT 
image shows a lobulated renal cystic mass with few thin septations that 
demonstrate fine calcifications. (B) Bosniak category IIF cyst. Axial con-
trast-enhanced CT image shows a left renal cyst with dense calcifications 
without any enhancing septations or solid components. (C) Bosniak cat-
egory III cyst. Axial contrast-enhanced MR image shows a well-defined 
cystic lesion in the left kidney with multiple enhancing septations. (D) Bos-
niak category IV cyst. Coronal contrast-enhanced CT image shows a well-
defined cystic lesion in the left kidney that enhancing solid components and 
septations. This was proven to be extensively cystic, clear cell renal cell 
carcinoma on pathologic examination. 

A
B

C
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lined by cuboidal or hobnail epithelium 
are observed.12    

At CT/MRI, cystic nephroma pres-
ents as a well-circumscribed, multilocu-
lar cystic mass with multiple minimally 
thickened septations that enhance on 
contrast administration; cystic spaces 
may contain simple or hemorrhagic 
fluid. However, discernible solid, en-
hancing nodularity is absent (Bosniak 
category IIF and III) (Figure 3).12,13 Al-
though rare, tumor herniation into the 
pelvicalyceal system and renal sinus is 
characteristic and may result in hydro-
nephrosis and hemorrhage.14 Septal 
calcifications may be seen in up to 30% 
of cases. On MRI, septae are usually 
hypointense on T1- and T2-weighted 
images due to fibrous content, and cyst 
fluid may have varying appearances 
depending on protein and hemorrhagic 
contents.15 Nephron-sparing surgery 
is the treatment of choice and select 
nonsurgical patients can be followed 
up with continued surveillance.16 CNs 
show excellent prognosis after surgi-
cal resection with very minimal risk of 
local recurrence.2 

Mixed epithelial and  
stromal tumor

Mixed epithelial and stromal tumor 
(MEST) is a rare neoplasm, composed 
of both epithelial and stromal elements 
and demonstrating solid and cystic ar-
chitecture. MEST occurs predominantly 

in female patients with a mean age of 52 
years, and especially in those with a his-
tory of estrogen therapy, which could in-
dicate an underlying association between 
estrogen and MEST.17,18 Most patients 
are asymptomatic and tumors are inci-
dentally detected on imaging done for 
unrelated reasons. Pathologically, tumor 
is composed of multiple cysts with thick 
septations and solid components; on mi-
croscopy, an admixture of ovarian-like 
stroma and epithelial-lined cysts and tu-
bules is identified.1,19

On imaging, MEST appears as a 
well-defined, multilocular cystic mass 
with a variable proportion of solid and 
cystic components; multiple thickened 
internal septae and solid nodules that 
demonstrate heterogeneous contrast 

material enhancement  (Bosniak cat-
egory III and IV) (Figure 4).20 Calcifi-
cations and hemorrhagic areas may be 
identified rarely. Partial nephrectomy 
is the treatment of choice and tumors 
show a good prognosis after surgi-
cal resection. As there are significant 
pathologic, genetic, and clinical simi-
larities between CN and MEST, it has 
been proposed that these tumors are two 
ends of the spectrum of the same entity, 
which is best described as ‘Renal Epi-
thelial and Stromal Tumor’ (REST).21 
The major morphologic difference 
between adult CN and MEST is the 
amount of solid component; while CN 
is mostly cystic with thin septae, MEST 
demonstrates thicker septations and 
solid components.1

FIGURE 4. Mixed epithelial and stromal 
tumor (MEST) in a 62-year-old woman. 
Axial contrast-enhanced CT image depicts 
a well-defined Bosniak category III cystic 
lesion in the right kidney with multiple sep-
tations. This mass was proven to be MEST 
on pathology.

FIGURE 5. Cystic RCC with a mural nodule in a 54-year-old man. Coronal T2-weighted (A) 
and contrast-enhanced (B) MR images demonstrate a cystic mass containing an enhanc-
ing mural nodule in the periphery. This was proven to be a cystic clear cell RCC with mural 
nodule.  

A B

FIGURE 6. Multilocular cystic RCC in a 47-year-old woman. Coronal contrast-enhanced MR 
image shows a well-defined, cystic mass arising from the right kidney with multiple, enhancing 
internal septations consistent with a Bosniak category III cyst and was histologically proven as 
multilocular cystic RCC. 
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Malignant neoplasms 
Cystic renal cell carcinoma

Cystic change in RCCs could be sec-
ondary to intrinsic growth pattern of 
the tumor or extensive tumor necrosis.2 
Based on morphology, cystic RCCs can 
be subdivided into four types: multiloc-
ular cystic RCC, unilocular cystic RCC, 
cystic tumor with one or more tumor 
nodules, and RCC with extensive ne-
crosis.2 About 15% of all RCCs are al-
most completely cystic; both clear cell 
and papillary types can present as cystic 
RCC.14

At CT/MR imaging, cystic RCCs ap-
pear as Bosniak category III/IV cysts 
with irregularly thickened, enhancing 
septations and solid components; cys-
tic RCCs with extensive necrosis are 
mostly of clear cell type and demon-
strates necrotic and hemorrhagic areas  
(Figure 5).18 Most cystic RCCs demon-
strate indolent growth with no recurrent 
or metastatic potential and with excel-
lent clinical outcomes; among all, cys-
tic RCC with extensive necrosis is the 
most aggressive with metastases and 
death in up to 40% of cases.2,22

Multilocular cystic renal cell 
carcinoma

Multilocular cystic renal cell carci-
noma (MCRCC) is a subtype of clear 

cell RCC and constitutes approximately 
5% of all clear cell RCCs.23 Most of 
the patients with MCRCCs are as-
ymptomatic and incidental detection 
is common. Pathologically, the tumor 
wall is lined by single or multiple lay-
ers of clear cells and septae consisting 
of dense collagenous stroma with epi-
thelial cells.24 Solid nodules contain-
ing clear cells are very uncommon. 
On imaging, MCRCC demonstrates 
variable imaging appearances ranging 
from a Bosniak IIF to IV cystic lesion, 
although multilocular cystic masses 
containing thick, enhancing septations 
surrounded by a well-defined fibrous 
capsule (Bosniak III) is the commonest 
presentation (Figure 6).18,24 Intracystic 
fluid may show varied signal intensi-
ties depending on its contents and sep-
tal and/or wall calcification can be seen 
in up to 20% of cases.14 The important 
differential diagnosis is cystic RCC 
with extensive necrosis, which usually 
demonstrates thicker and nodular sep-
tations, decreased number of locula-
tions, and presence of enhancing mural 
nodules, whereas these findings are 
typically absent in MCRCC.25 MCRCC 
shows excellent prognosis with no 
known evidence of recurrence or meta-
static disease so far; considering this 
fact, MCRCC is being designated as a 

‘tumor with low malignant potential’ 
and follow-up guidelines are changing 
accordingly.26 

Primary renal synovial sarcoma
Primary renal synovial sarcoma 

(PRSS) of the kidney is an extremely 
rare, mesenchymal neoplasm of the 
kidney, first described by Argani and 
colleagues as a distinct subset of em-
bryonal sarcomas of the kidney that 
shows characteristic cytogenetic and 
pathologic features.27 About 90 cases 
of PRSS have been described so far in 
the literature; young adults and ado-
lescents are commonly affected with 
a mean age of 35 years with equal in-
cidence in both sexes27. Abdominal 
pain and hematuria are the most com-
mon presenting symptoms. PRSS is 
characterized by a translocation, t(X; 
18) (p11; q11) resulting in a fusion 
between the SYT gene on chromo-
some 18 and SSX family genes on 
chromosome X that produces a SYT-
SSX gene transcript.28,29 A solid mass 
with multiple smooth walled cysts 
and/or scattered areas of necrosis and 
hemorrhage are the common gross 
pathologic appearances of PRSS. At 
histology, PRSS consists of monomor-
phic spindle cells interspersed with 
hobnail epithelium lined cysts.27    

FIGURE 7. Tubulocystic renal cell carcinoma in a 67-year-
old man. Axial CT contrast-enhanced image during excre-
tory phase depicts a large, multiloculated cystic mass with 
minimally enhancing septations and solid components. This 
tumor was proven as tubulocystic RCC on surgical excision.

FIGURE 8. Acquired cystic disease-associated RCC in a 64-year-old man. 
Axial contrast-enhanced CT image demonstrates bilateral atrophic kidneys 
with few cysts consistent with acquired cystic kidney disease and a well-cir-
cumscribed enhancing mass in the right kidney, which was proven to be renal 
cell carcinoma on pathologic examination.
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On imaging, PRSS presents as a large, 
well-circumscribed, solid-cystic mass 
with a pseudo-capsule and heteroge-
neous enhancement; solid components 
demonstrate a ‘rapid wash-in and slow 
wash-out’ pattern of enhancement; ret-
roperitoneal lymphadenopathy is rare.30 
In addition, this tumor may appear as a 
solid renal mass with multiple smooth 
walled cysts.31 On T2W MR imaging, 
PRSS may demonstrate marked hetero-
geneity with areas of  high, intermediate, 
and low signal intensity, which has been 
described as ‘‘triple sign.”32 Surgical re-
section is the main stay of treatment; ra-
diation and chemotherapy are beneficial 
in treating local spread and metastatic 
disease. PRSS is an aggressive tumor 
with poor patient outcome despite appro-
priate management.29 PET/CT is useful 
for surveillance and monitoring of treat-
ment response.33 

Emerging entities 
Tubulocystic renal cell carcinoma 

Previously referred to as ‘low-grade 
collecting duct carcinoma’ or ‘Bellin-
ian epithelioma’, tubulocystic renal 
cell carcinoma (TC-RCC) is a unique, 
recently identified subtype of renal 
cell carcinoma. This tumor was vari-
ably thought to arise from collecting 
duct, proximal convoluted tubule or of 
intercalated cell origin.34,35 However, 
TC-RCC is currently considered as a 
distinct morphological entity that is 
separate from the biologically aggres-
sive collecting duct carcinoma but is 
closely related to papillary RCC.1,36 
About 70 cases have been reported so 
far in the English literature with a male 
predominance. Many of the previously 
identified cases were incidentally de-
tected in patients in their 5th or 6th de-
cade.36 On gross pathology, TC-RCC 
appears as a well-circumscribed, encap-
sulated, multicystic tumor with a char-
acteristic “bubble wrap” or “sponge” 
appearance.36 On histology, small to 
medium-sized tubules combined with 
cystically dilated larger tubules are 
commonly identified.26,37

At CT/MR imaging, TC-RCC pres-
ents as a multiloculated cystic mass 

with ‘spider web’ enhancing septae 
and/or enhancing mural nodules sug-
gestive of the Bosniak III/IV category. 
Hemorrhagic and necrotic areas are 
very uncommon (Figure 7).14 In ad-
dition, multiple small, uniform-sized 
cysts giving a “spongy appearance” is 
another imaging appearance. Although 
most of the TC-RCCs show an indolent 
course with excellent prognosis after re-
section, an exact biologic profile has not 
been fully characterized.38 

Acquired cystic disease-associated 
renal cell carcinoma 

Acquired cystic disease-associated 
RCC (ACD-RCC) is being identified 
as a distinct renal neoplasm and is the 
most common RCC subtype in end-
stage kidneys, especially in patients 
with acquired cystic kidney disease 
(ACKD); clear cell papillary subtype is 
the second most common one in these 
patients.26 This tumor is strongly as-
sociated with longer duration of dialy-
sis (>10 yrs.); multifocal and bilateral 
tumors are very frequent.39 At gross 
pathologic examination, ACD-RCC 
may appears as a small nodule attached 
to cyst wall or solid lesion filling a cyst, 
or solid mass separate from the under-
lying cysts. Histologically, cribriform/
sieve-like growth pattern with intratu-
moral oxalate crystals and abundant eo-
sinophilic cytoplasm is characteristic of 
ACD-RCC.26 

On imaging, ACD-RCC appears as a 
heterogeneously enhancing solid mass 
either within the atrophic kidneys or 
kidneys with multiple cysts secondary 
to acquired cystic kidney disease (Fig-
ure 8).14 Development of enhancing 
solid components, diffuse wall thicken-
ing, and multiple septations within the 
pre-existing cysts indicate development 
of RCC.14 However, no characteristic 
imaging findings have been described 
so far to differentiate ACD-RCC from 
clear cell papillary RCC. ACD-RCC 
demonstrates aggressive behavior than 
other RCC subtypes in end-stage kid-
neys. However, the prognosis is rela-
tively good because of early detection 
secondary to continued surveillance.26

Angiomyolipoma with  
epithelial cysts

Angiomyolipoma with epithelial 
cysts (AMLEC) is a rare, distinct cys-
tic variant of angiomyolipoma, charac-
terized by multiple cysts and minimal 
or no macroscopic fat; AMLEC was 
first described by Davis et al. as cys-
tic AML and renamed as AMLEC by 
Fine and colleagues.40,41 Fewer than 20 
cases have been reported in the litera-
ture so far with slight female predomi-
nance.40 Although etiopathogenesis of 
AMLEC is unclear, histogenesis of the 
Müllerian-like stroma with subsequent 
cyst development has been proposed 
due to the embryological proximity be-
tween the urinary and genital systems.41 
On imaging, AMLEC may appear as a 
cystic lesion with enhancing solid com-
ponents (Bosniak 4) or as a solid mass 
with scattered cystic foci.42 As the pres-
ence of macroscopic fat is rare, it is 
difficult to differentiate AMLEC from 
more common RCCs and other cystic 
neoplasms. Biopsy could be considered 
in these cases to potentially confirm this 
benign lesion and to avoid unnecessary 
surgery.42 

Conclusion
Complex cystic renal masses may 

be benign or malignant. Diagnosis and 
management of these masses predomi-
nantly is based on cross-sectional imag-
ing findings. The Bosniak classification 
system is the most commonly used to 
separate cystic lesions requiring surgery 
from those that can be safely ignored 
or followed-up. Contrast-enhanced 
CT and MRI are the imaging modali-
ties of choice in characterizing cystic 
kidney masses. On imaging, it is very 
important to identify thick, enhanc-
ing septations and/or solid components 
within the cystic mass that differentiate 
Bosniak category III/IV lesions from 
the remaining non-surgical masses. In 
addition to existing neoplasms, novel 
cystic renal tumors such as tubulocystic 
RCC and ACKD-associated RCC have 
been identified and likely to be added 
to World Health organization classifi-
cation in the near future. Awareness of 
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the wide spectrum of benign and ma-
lignant cystic renal neoplasms and non-
neoplastic cystic masses and familiarity 
with their characteristic imaging find-
ings should afford appropriate patient 
management. 
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