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 Kidney

Fine needle aspiration (FNA) has high sensitivity (80–100%) 
[1–3], specificity (91.9–100%) [1, 3, 4], positive predictive 
value (89.9%) [3], negative predictive value (94%) [3], and 
efficacy (92.2%) [3] in the diagnosis of malignant neoplasms 
of the kidney. As such, cytologic evaluation of renal lesions 
provides accurate and critical information for appropriate 
patient management.

 Normal Renal Tissue

 Renal Tubular Cells
Most epithelial cells seen in FNA smears of non-neoplastic 
kidney are renal tubular cells.

• They present as flat honeycomb tubules with parallel 
sharp borders, nests, or occasional gland-like structures 
(Fig. 5.1a).

• Tubular cells varying in size with indistinct cell borders 
and with scant to moderate amount of cytoplasm which is 
delicate or finely granular in texture.

• Tubular cells with small and round nuclei containing 
finely granular and evenly distributed chromatin, small 
or inconspicuous nucleoli, and smooth nuclear 
membrane.

 Glomeruli
• Consist of large clusters of capillary loops and mesan-

gial cells that are surrounded by Bowman capsule 
(Fig. 5.1b).

• Appropriate identification of this normal structure is criti-
cal so as to not misinterpret them as tumor cells.

 Renal Cysts

Clinical

• Very common.
• Possibly congenital or acquired, single or polycystic, non- 

neoplastic or neoplastic, and benign or malignant.

Cytology of FNA or Touch Preparation of Core
The adequacy rate for FNA of renal cystic disease is esti-
mated to be 56%, and the false negative rate 6.25% [4].

• Benign cysts: yield clear or pale, yellow fluid with few 
small, bland, or mildly atypical epithelial lining cells in 
small three-dimensional clusters; macrophages are seen 
in most cases. Additionally, neutrophils and occasionally 
Liesegang rings (three-dimensional laminated ring-like 
acellular structures) are also observed [5–7]. Epithelial 
cells seen within these benign specimens demonstrate 
round nuclei and ill-defined cell borders.

• Malignant cysts: generally bloody or “chocolate”-like 
fluid and the presence of atypical epithelial cells, macro-
phages, and lymphocytes [7]. Fluid from cystic renal cell 
carcinoma (RCC) may show features similar to those of 
benign cysts [7].
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Comments

 1. Benign epithelial cells with reactive atypia, especially 
with vacuolated cytoplasm; should be distinguished from 
RCC with cystic degeneration or cystic RCC.

 2. Proximal renal tubule cells should be distinguished from 
oncocytoma or chromophobe type RCCs [8].

 3. Chronic interstitial inflammation: Inflammatory changes 
can be seen in the kidneys, and the resultant distribution 
and nonspecific imaging characteristics may appear more 
nefarious in nature.

 4. Renal infection: Pyelonephritis may result in wedge- 
shaped areas of hypoenhancement in the renal paren-
chyma. Renal abscesses demonstrate findings of 
abscesses elsewhere in the body, including a central area 
of fluid with an enhancing rim. On MRI, these restrict 
diffusion.

 Benign Renal Neoplasms

 Angiomyolipoma
Angiomyolipoma (AML) is a benign mesenchymal tumor 
composed of a variable proportion of adipose tissue, spindle 
and epithelioid smooth muscle cells, and abnormal thick- 
walled blood vessels. Angiomyolipomas are the most com-
mon benign tumors of the kidney and are more prevalent in 
the female population [9, 10].

Clinical

• Overall an uncommon entity, thought to represent 0.5–2% 
of all renal tumors. Some angiomyolipomas are associ-
ated with tuberous sclerosis [11–13].

• Male-to-female ratio is 1:4 to 1:10 in nontuberous sclero-
sis and 1:1 in tuberous sclerosis [11–13]. Average age is 
45–55 years for patients without tuberous sclerosis and 25 
to 35 for those patients with tuberous sclerosis [11–13].

• Usually asymptomatic. Patients may present with flank pain, 
hematuria, palpable mass, and retroperitoneal hemorrhage.

Radiology
Radiologic diagnosis of AML is complicated by the range of 
lipid content that an AML may contain, ranging from com-
plete lack of fat to exhibiting macroscopic fat on cross- 
sectional imaging [9].

• On MRI, it is challenging to distinguish the microscopic 
fat of AMLs from that of clear cells on in-phase and out- 
of- phase T1-weighted imaging (Fig.  5.2) [14]. In addi-
tion, AMLs with lower lipid content are difficult to 
distinguish from papillary RCCs on T2-weighted images.

• Though AMLs are the most common benign tumor, there are 
abundant imaging pitfalls. Of note, if AML is >4 cm, pro-
phylactic embolization is recommended because of the risk 
of rupture. Angiographically, AMLs have high vascularity 
and appear different from surrounding renal parenchyma.

a bFig. 5.1 Cytology of normal 
renal tissue. (a) Proximal 
renal tubule, Diff-Quik stain, 
400×. (b) Glomerulus and 
proximal renal tubule, 
Diff-Quik stain, 400×
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Cytology of FNA and Touch Preparation of Core

• Characteristically demonstrate a variable proportion of 
blood vessels and spindle and epithelioid smooth muscle 
spindled cells arranged in loosely cohesive or cohesive 
clusters as well as mature fat cells (Fig.  5.3) [15]. The 
nuclei of smooth muscle cells are oval to elongated with 
evenly distributed chromatin and no or inconspicuous 
nucleoli [15]. Naked nuclei are common. The cytoplasm 
is delicate and sometimes finely vacuolated [16]. 
Occasionally, smooth muscle cells and adipocytes may 
show atypia [15]. Mitoses and necrosis are absent [15]. 
Adipose tissue is not universally present [15].

• Fat necrosis can be seen, including histiocytes, multinucle-
ated giant cells, and pleomorphic nuclei of adipocytes [17].

Comments

• Differential diagnosis includes perinephretic fat (misin-
terpreted as tumor adipose tissue), RCC (misinterpreted 

as epithelioid or atypical spindle smooth muscle cells), 
leiomyosarcoma (misinterpreted as atypical smooth mus-
cle cells), and liposarcoma (misinterpreted as atypical 
adipocytes).

• These lesions are often sparely cellular, and positive 
staining of tumor cells can be very helpful in definitive 
diagnosis. Tumor cells are positive for melanocytic mark-
ers (HMB-45, CD63, tyrosinase, and Mart1/Melan-A), 
smooth muscle markers (smooth muscle actin, muscle- 
specific actin, desmin, and calponin), CD68, 
 neuron- specific enolase, S-100, estrogen receptor, and 
progesterone receptor.

 Oncocytoma
Oncocytoma is a benign renal epithelial neoplasm composed 
of large cells with mitochondria-rich eosinophilic cytoplasm; 
it is thought to arise from intercalated cells.

Clinical

• Approximately 3–7% of all renal neoplasms [18, 19].

a

c

b

Fig. 5.2 Angiomyolipoma, radioimages. (a) Axial SHARP MRIs 
show a lesion in the right kidney that is isointense to the adjacent renal 
parenchyma. (b) Axial SHARP MRI at 17-minute delay shows a right 

renal lesion that is hypointense to renal parenchyma. (c) Axial SHARP 
postcontrast MRI sequence showing minimally increased ROI value 
consistent with enhancement
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• Wide age range, with a peak in the seventh decade. Male- 
to- female ratio is 2:1 [20].

• Mostly asymptomatic, and a small number of patients 
present with hematuria, abdominal pain, and flank mass.

• Central stellate fibrous scar.
• Can be bilateral and multicentric and solid or cystic.

Radiology

• Oncocytomas have a pathologic origin similar to that of 
the chromophobe subtype of RCC, resulting in similar 

imaging features such as homogeneous features, spoke- 
wheel enhancement, and central stellate scar as shown in 
CT scan (Fig. 5.4) [21].

Cytology of FNA and Touch Preparation of Core

• Characteristically show single or small loose clusters of 
monotonous oncocytes (Fig. 5.5) [22].

• Oncocytes are large, polygonal or rounded with abundant 
and finely granular cytoplasm with well-defined cell bor-
ders [22].

a b cFig. 5.3 Angiomyolipoma, 
cytology. (a–c) FNA biopsy 
of a renal mass, Diff-Quik 
stain, 400×

a b

Fig. 5.4 Oncocytoma, radioimages. (a) CT scan shows a hyperenhancing mass in the middle pole of the right kidney which contains a central 
region of low density that may represent necrosis. (b) Coronal CT scan images show a hyperenhancing mass with a central region of necrosis
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• The nuclei are usually small, round, regular, and centrally 
or eccentrically located (Fuhrman grade 2), with finely 
granular chromatin and no to conspicuous nucleoli [22, 
23]. However, hyperchromatic or bizarre nuclei, binucle-
ation, and nuclear enlargement can also be seen and are 
likely thought to represent degenerative change. Mitosis 
and necrosis are not usually observed.

Comments

• The differential diagnosis includes chromophobe RCC, 
clear cell RCC, normal renal tubular cells, and normal 
hepatocytes.

• The tumor cells are positive for CK7, epithelial mem-
brane antigen (EMA), CD117, napsin A [24], E-cadherin, 
and S-100A1; they are less frequently positive for CD10 
and alpha-methylacyl-CoA racemase (AMACR) [25]. 
Tumor cells are negative for the RCC antigen, vimentin 
[25]. There is no diffuse cytoplasmic Hale colloidal iron 
staining.

 Malignant Renal Tumors

 Renal Cell Carcinoma
RCC is a group of malignancies arising from the epithelium 
of the renal tubules. Based on the WHO classification 
(2016), it consists of familial renal cancer, clear cell RCC, 

multilocular cystic RCC, papillary RCC, chromophobe 
RCC, carcinoma of the collecting ducts of Bellini, renal 
medullary carcinoma, renal carcinomas associated with 
Xp11.2 translocations/TEF3 gene fusions, and clear cell 
papillary RCC [26]. Other tumors include RCC associated 
with neuroblastoma, mucinous tubular spindle cell carci-
noma, papillary adenoma of the kidney, and unclassified 
RCC [27].

The clear cell subtype of RCC has worse outcomes rela-
tive to chromophobe and papillary subtypes, with a greater 
likelihood of metastasizing and presenting at a later stage 
[27–30]. The chromophobe subtype of RCC is less fre-
quently seen than clear cell RCC and papillary RCC, with an 
incidence of approximately 5%. The papillary subtype of 
RCC is often discovered at a low grade stage and is small in 
size [30]. The size used to separate papillary RCC from pap-
illary adenoma was increased from 0.5 cm to 1.0 cm in the 
2016 WHO classification [27]. The five-year survival rate of 
papillary RCC is significantly better than that for clear cell, 
ranging from 82% to 92% [31, 32].

Clinical

• The ninth most common cancer in men and the fourteenth 
most common cancer in women [33] and >90% of all 
malignancies of the kidney [33].

• Male-to-female ratio is 2 to 3:1 [33, 34]. Its incidence 
increases steadily after 40 years of age [33].

a b
Fig. 5.5 Oncocytoma, 
cytology. (a, b) FNA biopsy 
of a renal mass, Diff-Quik 
stain, 600×
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• Clinical triad: hematuria, pain, and flank mass. 
Paraneoplastic endocrine syndromes can be seen [35].

• Can be solitary or cystic and single or multiple.

Radiology

• RCC, clear cell type: It typically exhibits heterogeneity 
caused by necrotic change, hemorrhage, or cystic change 

[32, 36]. It also exhibits features typical of most hyper-
vascular lesions on CT (Fig. 5.6) [30].

• RCC, chromophobe type: The CT scan of chromophobe 
RCC shows a solid, homogeneous appearance with pos-
sible spoke-wheel enhancement or a stellate central scar 
(Fig. 5.7) [30].

• RCC, papillary type: The papillary subtype of RCC 
exhibits low signal intensity on T2-weighted MRI and is 
also hypervascular (Fig. 5.8).

a b

Fig. 5.6 RCC, clear cell type, radioimages. (a) CT scan shows an exophytic mass arising from the inferior pole of the right kidney. There is evi-
dence of central necrosis. (b) CT scan on coronal view, in which the mass appears to have a central region of necrosis

a

b

c

Fig. 5.7 RCC, chromophobe type, radioimages. (a) CT scan shows a 
large, heterogeneously enhancing multilobulated mass arising from the 
left kidney. Low density regions may represent necrosis or poorly 
enhancing tissue. There are coarse calcifications within the mass. (b) 
CT scan shows another view farther inferior to the large mass with 

 associated compression and displacement of adjacent vessels. 
Hypoattenuating regions are again seen, possibly caused by necrosis. 
(c) CT scan shows that the true extent of the mass can be appreciated on 
the coronal image

X. Lin et al.
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a

c

b

Fig. 5.8 RCC, papillary type, radioimages. (a) MRI (axial T1) shows 
a 2.5-cm lesion in the superior pole of the left kidney, which is slightly 
heterogeneous and showing decreased intensity on T1-weighted 
images. (b) MRI (axial HASTE) shows a hypointense lesion in the left 

kidney. (c) MRI (in-phase image) shows signal loss when compared to 
the out-of-phase images. (d) MRI (postcontrast) sequence of the lesion 
demonstrates mild early enhancement, which increases slowly over 
time

• RCC, sarcomatoid differentiation: The sarcomatoid 
differentiation can be found in any subtype of RCC. Thus, 
imaging features would probably be reflective of the sub-
type, although with aggressive features and resultant poor 
prognosis as shown in the CT scan (Fig. 5.9) [30].

Cytology of FNA and Touch Preparation of Core

• RCC, clear cell type: The most common cell type. 
Characteristically shows single, sheets, nests, papillary 
or floral- like groups, or three-dimensional clusters of 
clear cells with or without capillaries transversing the 
cells (Fig. 5.10a, b). The clear cells are large with low 
nuclear/cytoplasmic ratios. The cytoplasm is abundant, 
pale, wispy, delicate, reticulated, foamy, vacuolated, or 
granular. The nuclei vary from small to large, uniform to 

pleomorphism, bland to bizarre, smooth to irregular 
nuclear membrane, fine and evenly distributed chromatin 
to coarse and unevenly distributed chromatin, and no 
nucleoli to prominent nucleoli, depending on the grade of 
the tumor [6]. Intranuclear cytoplasmic invaginations, 
intracytoplasmic hyaline globules, naked nuclei, and 
multinucleated giant tumor cells can also be seen [6]. 
Necrosis, frothy background, fibrosis, hemosiderin, cho-
lesterol, and fat may be seen in the background [6].

• RCC, chromophobe type: Characteristically shows clus-
ters or single large cells with granular cytoplasm, well- 
defined cell borders, and a low-to-high nuclear/
cytoplasmic ratio (Fig.  5.11a, b) [37]. The nuclei vary 
significantly in size, are often atypical, and have coarse 
and hyperchromatic chromatin, irregular nuclear 
membrane, smaller nucleoli, and peri-nuclear haloes [6]. 
 Binucleation or multinucleation is frequently seen [6, 37]. 

5 Kidney, Adrenal Gland, and Paraganglia
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a b

Fig. 5.9 RCC with sarcomatoid differentiation, radioimages. (a) CT 
scan shows a large, peripherally enhancing heterogeneous mass with 
suspected invasion of the proximal ureter as well as possible thrombosis 

of a renal vein branch. (b) CT again shows a large, heterogeneous mass 
obscuring the left upper pole and a portion of the renal pelvis

a b

c d

Fig. 5.10 RCC, clear cell type, cytology and histology. (a, b) Biopsy cytology of a renal mass, Diff-Quik stain (a) and Papanicolaou stain (b), 
400×. (c) Histology of core, hematoxylin and eosin stain, 400×. (d) Immunostain for CA9, 400×

X. Lin et al.
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The cells are often referred to as “vegetable cells.” 
Hemorrhage and necrosis are common, particularly in 
larger tumors.

• RCC, papillary type: Characteristically shows papillae 
composed of fibrovascular stalks surrounded by a layer of 
tumor cells, rounded spherules of tumor cells, single cells, 
and foamy or hemosiderin-laden macrophages 
(Fig. 5.12a). The fibrovascular stalks often contain histio-
cytes, with or without hemosiderin and/or lipid. The 
tumor cells are usually cuboidal to columnar. The nuclei 
are usually bland and uniform with fine chromatin, 
smooth to irregular nuclear membrane, small or incon-
spicuous nucleoli, and high nuclear/cytoplasmic ratios 
[6]. Pleomorphism, multinucleation, and mitotic figures 
are infrequent. Cytoplasm is scant and clear/pale in type 1 
and abundant/eosinophilic in type 2. The tumor cells 
often contain hemosiderin pigment and may also contain 
intracytoplasmic vacuoles. Psammoma bodies, necrosis, 
and hemorrhage can be seen.

• RCC, with sarcomatoid differentiation: 
Characteristically shows discohesive spindle and pleo-
morphic cells with prominent nucleoli and delicate cyto-
plasm (Fig.  5.13a, b). Necrosis is frequently seen [16]. 
These cells show epithelial features by immunohisto-
chemistry (IHC) and electron microscopy.

• Collecting duct carcinoma: Characteristically shows 
single or clusters of round or oval cells with tubule or pap-
illary architectures. The nuclei are large and mildly atypi-
cal and have hyperchromatic and coarse chromatin and 
inconspicuous to prominent nucleoli. The cytoplasm is 
small to moderate in amount and finely granular with 
well-defined cell borders [38].

Histology of Core or Cell Block

• RCC, clear cell type: Sections show nests or sheets of 
large polygonal cells with capillary networks, foamy, 
clear, or granular cytoplasm, and centrally located nuclei 

a b

c d

Fig. 5.11 RCC, chromophobe type, cytology and histology. (a, b) FNA biopsy of a renal mass, Diff-Quik stain (a) and Papanicolaou stain (b), 
400×. (c) Histology of core, hematoxylin and eosin stain, 600×. (d) Immunostain for CK7, 600×

5 Kidney, Adrenal Gland, and Paraganglia
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a b

c d

Fig. 5.12 RCC, papillary type, cytology and histology. (a) FNA cytology of a renal mass, Diff-Quik stain, 400×. (b) Histology of core, hematoxy-
lin and eosin stain, 600×. (c, d) Immunostain for AMACR (c) and CA9 (d) 600×

a bFig. 5.13 RCC, high grade, with 
sarcomatoid feature. (a, b) FNA biopsy 
of a renal mass, Diff-Quik stain, 600×

X. Lin et al.
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that possibly contain nucleoli, depending on grading 
(Fig. 5.10c).

• RCC, chromophobe type: Sheets of polygonal cells with 
abundant granular cytoplasm, well-defined cytoplasmic 
borders, and round or oval nuclei with perinuclear halos 
(Fig. 5.11c).

• RCC, papillary type: Papillae lined by atypical epithe-
lial cells with nuclear atypia with or without prominent 
nucleoli, depending on grading of tumor; scant to abun-
dant eosinophilic, granular, or vacuolated cytoplasm, 
depending on type of papillary RCC (type 1 versus type 
2) (Fig. 5.12b).

Comments

• For clear cell RCC, the differential diagnosis includes 
chromophobe RCC, papillary RCC, clear cell papillary 
RCC histiocytes [39], degenerated tubular cells, benign 
adrenal cortical cells, adrenocortical neoplasms, meta-
static clear cell carcinoma from other primary tumors, 
and angiomyolipoma. Tumor cells are positive for cyto-
keratins (CAM5.2, CK19, AE1), RCC antigen, CA9 
(Fig. 5.10d), CD10, EMA, napsin A [24], and vimentin 
and less frequently or weakly and focally positive for 
AMACR [AU: see earlier query Already added above], 
CD117, and E-cadherin [25]. Tumor cells are negative for 
CK7 and CK20.

• For chromophobe RCC, the differential diagnosis 
includes oncocytoma/oncocytic carcinoma, clear cell 
RCC, and benign proximal renal tubular cells [22]. Tumor 
cells are positive for pan-cytokeratins, including CK7 
(Fig. 5.11d), EMA, and CD117, and less frequently posi-
tive for RCC antigen, napsin A [24], E-cadherin, and 
CD10. The tumor cells are negative for vimentin, 
AMACR, and CK20 [25]. There is diffuse cytoplasmic 
Hale colloidal iron staining [37].

• For papillary RCC, the differential diagnosis includes 
papillary adenoma (≤1 cm), well-differentiated papillary 
transitional cell carcinoma, clear cell RCC [27], and car-
cinoma of the collecting ducts of Bellini. Tumor cells are 
positive for cytokeratins (CAM5.2, AE1/AE3, and CK7), 
RCC antigen, CD10, EMA, AMACR (Fig. 5.12c), napsin 
A [24], vimentin, and S-100; they are less frequently posi-
tive for CD117 and CA9 (Fig.  5.12d) [40]. The type 1 
tumor cells are negative for E-cadherin, and type 2 tumor 
cells are less frequently positive for E-cadherin [25].

• If FNA only shows sarcomatoid features, differential 
diagnosis includes leiomyosarcoma, angiomyolipoma, 
and spindle squamous cell carcinoma or urothelial carci-
noma. The tumor cells are positive for both keratins and 
vimentin.

• For carcinoma of the collecting ducts of Bellini, tumor cells 
are positive for high molecular weight cytokeratins (34βE12, 

CK19), vimentin, CD15, EMA, and possibly mucin. Tumor 
cells are negative for CD10 and CD117 [25, 41].

 Urothelial Carcinoma
Clinical

• Incidence is 1.2/100,000. Accounts for about 8% of all 
urothelial tumors [42].

• Predominantly found in older patients (mean age 70 years) 
with male-to-female ratio of 2:1 [42].

• Usually multifocal [42].
• Hematuria and flank pain are the chief presenting 

symptoms.

Radiology

• CT imaging features of urothelial carcinoma show possi-
ble thickening of the urothelial lining or a pelvi-calyceal 
filling defect (Fig. 5.14).

• Occasionally, these may present as masses much like 
RCC; however, location in the collecting system, slight 
enhancement, and the absence of necrotic or cystic change 
increase the likelihood that the lesion is more likely to be 
urothelial carcinoma [43].

Cytology of FNA and Touch Preparation of Core

• Low-grade urothelial carcinoma: characteristically shows 
papillary aggregates of minimally atypical urothelial cells.

• High-grade urothelial carcinoma: characteristically shows 
single or papillary aggregates of obvious malignant uro-
thelial cells (Fig. 5.15). The nuclei are markedly pleomor-
phic and have coarse, irregular chromatin and prominent 
nucleoli. The cytoplasm is scant to moderate, glassy to 
dense, and occasionally vacuolated [6].

• Micropapillary architecture might be seen in urine cytol-
ogy [44] and biopsy.

• Squamous differentiation, glandular cells, clear cells, or 
bizarre cells may be seen.

Comments

• Differential diagnosis includes reactive urothelial cells 
caused by stones, inflammation, and instrumentation, 
metastatic carcinoma, sarcoma, high grade RCC, and 
papillary RCC.

• Urothelial cells are positive for CK7, p63, p40, GATA3, 
CK20, CK5/6, K903, and thrombomodulin. GATA3 is 
more sensitive than traditional markers for conventional 
urothelial carcinoma and micropapillary urothelial carci-
noma [45]. High-grade urothelial carcinoma tends to lose 
expression of p63 and p40, while it retains GATA3 expres-
sion [45]. Tumor cells are negative for napsin A [24].

5 Kidney, Adrenal Gland, and Paraganglia
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 Nephroblastoma (Wilms Tumor)
Nephroblastoma is a malignant embryonal neoplasm derived 
from nephrogenic blastemal cells that both replicates the his-
tology of developing kidneys and often shows divergent pat-
terns of differentiation [46].

Clinical

• 1/8000 children [46] and 85% of malignant renal tumors 
of children.

• Male-to-female ratio is 1:1 to 1:3 [46, 47]; 98% of cases 
are under 10 years old [46].

• Usually unilateral [46].
• Usually presents with an asymptomatic abdominal 

mass.

a

c

b

Fig. 5.14 Urothelial carcinoma, radioimages. (a) CT scan shows a 
large infiltrating mass occupying the upper half of the left kidney 
involving the central collecting system. Few pathologic lymph nodes 

are seen in the adjacent region. (b) Another CT scan view of the large 
left renal mass which enhances after contrast administration. (c) Early 
excretory phase of CT scan again shows an extensive, infiltrative mass

Fig. 5.15 Urothelial carcinoma, high grade. FNA biopsy of a renal 
mass from a patient with an enlarged retroperitoneal lymph node; Diff- 
Quik stain, 600×

X. Lin et al.
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Cytology of FNA and Touch Preparation of Core

• Characteristically shows various combinations of disco-
hesive three-dimensional sheets/groups of blastemal cells 
in all cases, epithelial cells in 60% of cases, stromal com-
ponent in one third of cases, tubular differentiation in 
26.6–85.7% of cases, and glomeruloid differentiation in 
23.8–33.3% of cases [47–49]. Frequent mitoses can be 
seen [49].

• Blastemal cells are small- to medium-sized and round to 
oval. The cytoplasm is scant [48, 50]. The nuclei are 
round and hyperchromatic with fine chromatin, irregular 
nuclear membranes, and inconspicuous to distinct nucle-
oli [47–49]. Nuclear overlapping and molding can be seen 
[49]. In some cases the cells are strongly periodic acid- 
Schiff (PAS) -positive.

• The epithelial cells are larger than blastema cells [47, 48]. 
Nuclei are slightly larger than blastema nuclei, and the 
cytoplasm is more abundant [51]. Cohesive clusters of 
epithelial cells forming nests, glands, and tubules or glo-
meruloid bodies may be seen [47, 48].

• The stromal cells include spindle cells with a small 
amount of delicate cytoplasm and elongated, active nuclei 
(most commonly seen) set in a metachromatic, myxoid 
stroma [47, 48].

• Acute or chronic inflammatory cells, macrophages, and 
necrosis are common [50].

Comments

• The differential diagnosis includes a variety of other small 
blue cell tumors: embryonal rhabdomyosarcoma, Ewing 
sarcoma, lymphoma, desmoplastic small round cell 
tumor, and neuroblastoma [48].

• Tumor cells are positive for PAS, vimentin, neuron spe-
cific enolase (NSE), desmin, and cytokeratin. WT-1 is 
typical but not expressed in all nephroblastomas [46].

 Metastasis

Clinical

• Metastases to the kidney are more common than pri-
mary renal neoplasms. Metastatic disease is the most 
common malignancy discovered in the kidney on 
autopsy [52].

• Common cancers that metastasize to the kidneys are 
lung, breast, colon, and malignant melanoma [53]. 
Several primary renal tumors (mucin-positive RCC, 
urothelial carcinoma, collecting duct carcinoma) can be 
mistaken for metastatic lesions based on cytomorphol-
ogy alone. In these instances, ICH staining is very 
helpful.

Radiology

• Both primary and secondary lymphomas of the kidney can 
be seen; however, secondary lymphoma is significantly 
more common. If a patient has widespread lymphoma, 
direct extension from adjacent lymph nodes or hematoge-
nous spread can result in renal involvement. The elevated 
nucleus-to-cytoplasmic ratio and the large number of cell 
results restricted diffusion on MRI, along with intermedi-
ate signal intensity on both T1- and T2-weighted sequences.

• On CT scan, the nephrographic phase allows for maximal 
spatial resolution to aid in evaluation for metastatic 
 disease (Fig. 5.16) [54]. Renal melanoma is rare. However, 
when it does occur, it usually follows the features of mel-
anoma, which are nonspecific on ultrasound and 
CT. However, on MRI, there is a T1 hyperintense signal 
and T2 hypointense signal. In addition to these findings, 
there is hyperenhancement.

Cytology and Histology

• Cytomorphology/histomorphology differ, depending on 
type of metastatic malignancy.

• Comparison with morphology of primary malignancy is 
important.

• A panel of immunostains can be performed to confirm the 
diagnosis.

IHC for napsin A has been widely used to support a diag-
nosis of lung adenocarcinoma with reported high sensitivity 
[24]; however it is also expressed in many renal neoplasms 
[24], therefore, care should be taken when trying to separate 
a renal primary from a lung primary using Napsin.

 Adrenal Glands

Use of FNA biopsy for incidentally discovered adrenal 
masses or “incidentalomas” is controversial [55–57]. 
Incidental findings can be seen in approximately 0.4–4.4% 
of all CT studies [58, 59]. Adrenal lesions are often identi-
fied on cross-sectional imaging in symptomatic and asymp-
tomatic patients. Because of the uncertain nature of certain 
adrenal imaging findings, the utility of radiologic and patho-
logic correlations is high in this clinical scenario. By classi-
fying key features of different biopsy-proven pathology, 
imagers will find that radiologic findings can potentially 
streamline downstream clinical care [56]. Using FNA may 
make it difficult in some cases to distinguish benign from 
malignant adrenal cells with certainty [60]. However, reports 
have stated that image-guided FNA cytology is a safe and 
sensitive procedure and should be performed in all patients 
with incidentally discovered adrenal masses with high sensi-
tivity (83.3–100%) [61, 62], specificity (96.3–100%) [61, 
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62], positive predictive value (95.8–100%) [61, 62], negative 
predictive value (100%) [62], and accuracy (97.6%) [62]. 
FNA biopsy may cause fatal hypertensive crisis or hemor-
rhage in pheochromocytoma, therefore biochemical testing 
should be performed before biopsy of adrenal masses. 
Complications include hypertension, hematoma of the liver, 
thorax, and duodenum [50], and pneumothorax [56].

 Adrenal Epithelial Cells

Cytology of FNA or Touch Preparation

• Adrenal cortical cells present ias cords, small aggre-
gates, or singly (Fig. 5.17). The cells are generally uni-
form and polygonal, with small to moderate, uniform 
and round nuclei with granular chromatin and a distinct 
nucleolus. Marked nuclear atypia, pleomorphism, 

a

c

b

Fig. 5.16 Metastatic malignancy to the kidney, radioimages. (a) CT 
scan shows bilateral, poorly defined hypodense masses scattered 
throughout both kidneys. The largest is a hypodense mass in the upper 

pole of the left kidney. (b) Additional CT scan view of hypodense 
lesions within both kidneys. (c) Additional CT scan view of hypodense 
lesions within both kidneys

Fig. 5.17 Benign adrenal cortex cells, cytology; Diff-Quik stain, 600×
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 multiple large nucleoli, and binucleation may be seen. 
Naked nuclei are common. The cytoplasm is abundant, 
finely vacuolated or finely granular, and delicate with 
frayed cell borders.

• Adrenal medulla cells are polygonal and variable in size 
and shape. The nuclei have granular chromatin and a dis-
tinct nucleolus. The cytoplasm is finely granular and fre-
quently contains lipofuscin. Intracytoplasmic hyaline 
globules are also commonly observed.

 Inflammatory Lesions

Clinical

• When FNA is utilized to exclude a neoplasm, an inflam-
matory lesion may be encountered. Since it may or may 
not be due to infectious organisms; triage for cytologic 
material for microbiology studies should be be 
utilized.

Radiology

• It is often challenging to distinguish between inflamma-
tory changes and neoplastic lesions in the adrenal gland.

• The overall MRI features are nonspecific, bringing adeno-
mas, adrenal hematomas, or infection within the realm of 
possibility. Upon biopsy, the lesion often is found to be 
inflammatory change (Fig. 5.18).

Cytology of FNA and Touch Preparation of Core

• The presence of inflammatory cells (neutrophils, lympho-
cytes, macrophages) and benign adrenal cells (Fig. 5.19). 
Necrosis and/or granulomas may be seen.

Comment

• Special stains and microbiologic cultures should be per-
formed to detect and definitively identify organisms (e.g., 
bacteria, mycobacteria, viruses, fungi).

a

c

b

Fig. 5.18 Adrenal gland, inflammation, radioimages. (a) MRI 
(T1-weighted image) of the right adrenal nodule demonstrates hetero-
geneous signal intensity on precontrast images. (b) MRI (out of phase 

image) shows no definitive loss of signal on out of phase images. (c) 
MRI (postcontrast image) shows peripheral enhancement with low sig-
nal intensity
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 Benign Adrenal Neoplasms

 Adrenal Myelolipoma
Myelolipomas are benign tumors that exhibit macroscopic 
fat that is prominent on both CT and MRI [63]. Myelolipomas 
have a prevalence of 0.08–0.2% [64]. Patients are usually 
asymptomatic, and rarely myelolipomas may result in func-
tional symptoms [65].

Clinical

• Uncommon benign neoplasm, 2.5% of primary adrenal 
tumors [66].

• In middle to late adult life without sex predilection.
• No clinical symptoms.

Radiology

• Macroscopic fat; on MRI exhibits decreased signal inten-
sity on fat-saturated T2-weighted images and increased 
intensity on T1-weighted sequences (Fig. 5.20).

Fig. 5.19 Adrenal gland, inflammation, cytology. FNA biopsy of a 
lesion in the adrenal gland shows abundant neutrophils; Diff-Quik 
stain, 600×

a

c

b

Fig. 5.20 Adrenal myelolipoma, radioimages. (a) MRI (T2-weighted 
image) shows an approximately 4-cm mass in the left adrenal gland 
with heterogeneous signal intensity, also shown to be mildly hyperin-
tense on T2-weighted images. (b) MRI (in-phase image) is shown 

above, and there is heterogeneous loss of signal intensity on subsequent 
out-of-phase images. (c) MR (axial SHARP) sequence image shows 
increased peripheral signal intensity
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Cytology of FNA and Touch Preparation of Core

• Characteristically bone marrow hematopoietic cells 
(megakaryocytes, myeloid blasts, premyelocytes, myelo-
cytes, and erythrocytic precursors) and mature adipose tis-
sue in variable proportions are present (Fig. 5.21a) [67].

Histology of Core

• Bone marrow trilineage hematopoiesis and adipose tissue 
(Fig. 5.21b).

Comments

• Special stains (chloroacetate esterase, myeloid peroxi-
dase) or immunostains (factor VIII) can also confirm the 
myeloid nature of the immature cells.

• The differential diagnosis includes well-differentiated 
liposarcoma and hematopoietic tumors.

 Adrenal Cortical Adenoma
Adrenal adenomas are the most common benign tumor of the 
adrenal gland with a prevalence of up to 8.9% [59].

Clinical

• Incidence on autopsy series is 1.5–7% and increases with 
age [68].

• No sex predilection [69].
• Eighty-five percent of adenomas are nonfunctional [68].

Radiology
The increased vascularity and elevated lipid content of adre-
nal adenomas results in certain key imaging characteristics 
on CT and MRI.

CT Scan
• Density evaluation of an adrenal lesion is highly sensi-

tive and specific, since 70% of adrenal adenomas con-
tain intracellular fat.

• On noncontrast imaging, <0 Hounsfield Units has a 
100% specificity for adrenal adenoma and <10 
Hounsfield Units has 98% specificity for adrenal ade-
noma. Lipid-poor adenomas are more difficult to diag-
nose because the CT density increases and approaches 
that of soft tissue. For lipid-poor lesions, the contrast 
washout rate can be calculated at CT.

• Adenomas typically have rapid contrast washout, 
whereas non adenomas tend to wash out more slowly 
(Fig.  5.22a, b). A 15-minute postcontrast washout 
image has great sensitivity (Fig. 5.22c). A >60% abso-
lute washout and >40% relative washout are consistent 
with adrenal adenoma.

MRI
• The protons in fat and water differ and respond differ-

ently to sequences, with resultant weakening of signal 
intensity on out-of-phase sequences.

• Chemical shift imaging is an important parameter 
when assessing adrenal adenomas. The presence of fat 
within the lesion does not assure benignity, for many 
malignant lesions such as clear cell RCC and pheo-
chromocytomas contain significant lipid content [70].

• Adrenal adenomas do not demonstrate restricted 
diffusion.

Cytomorphology of FNA and Touch Preparation of Core

• Presence of loose aggregates, fascicles, or microacini of 
polygonal cells (Fig. 5.23) [62, 71]. The specimen is less 
cellular than adrenal cortical carcinoma, and cells are 
smaller than carcinoma [62].

a b

Fig. 5.21 Adrenal myelolipoma, cytology and histology. (a) Biopsy cytology of an adrenal lesion, Diff-Quik stain, 600×. (b) Histology of core, 
hematoxylin and eosin stain, 600×
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a

c

b

Fig. 5.22 Adrenal cortical adenoma, radioimages. (a) CT (T1-weighted 
image) precontrast images show a heterogeneous focal lesion arising 
from the left adrenal gland. (b) CT scan (out-of-phase image) shows 

signal dropout in the inferior portion of the lesion; however, the more 
cranial portion of the lesion demonstrates no significant signal dropout. 
(c) CT (postcontrast) image

d e

f

Fig. 5.23 Adrenal cortical adenoma, cytology. FNA biopsy of an adrenal lesion, Diff-Quik stain, 600×
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• The nuclei are uniform and round or oval and have granu-
lar chromatin and distinct nucleoli [62, 71]. Abundant 
naked nuclei and intranuclear pseudoinclusions may be 
present [62, 71]. The cytoplasm is moderate to abundant 
and clear, delicate, vacuolated, or granular with indistinct 
cell borders [71]. Marked cytologic atypia may be 
present.

• A foamy background of lipid droplets is always seen [62].

Comment

 1. Differential diagnosis includes non-neoplastic adrenal 
cortex, nodular hyperplasia, adrenal cortical carcinoma, 
pheochromocytoma, metastatic RCC, hepatocellular car-
cinoma, and small blue-cell tumor (when in the presence 
of aggregates of naked nuclei). It can be very difficult to 
distinguish cortical adenoma from adrenal cortex tissue 
and adenocarcinoma by FNA cytology alone. It has been 
reported that FNA cytology combined with clinical pre-
sentation (symptoms and endocrine function) and imag-
ing studies (CT scan, MRI, and norcholesterol 
scintigraphy) may increase diagnostic accuracy to 100% 
[56]. However, others have stated that the cytologic 
 features of non-neoplastic adrenal cortical tissue and ade-
nomas are indistinguishable [72].

 2. Adrenal cortical adenoma cells are positive for inhibin 
and melan A while negative for CK7, CK20, and 
chromogranin.

 Primary Adrenal Malignancy

 Adrenal Cortical Carcinoma
Clinical

• Frequency is 1–2 cases per 1,00,000/year with a biphasic 
age distribution [69, 73, 74]; comprise 3% of endocrine 
neoplasms and 0.02% of all malignant neoplasms 
[75–77].

• Mean age is 40–50 years [69]. The male-to-female ratio is 
1:2.5 [69].

• Eighty percent of adrenal cortical carcinomas are func-
tional (45% glucocorticoid, 45% glucocorticoid and 
androgen, and 10% androgen alone) [69]. The clinical 
presentation may vary; some individuals may have symp-
toms of hyperaldosteronism, virilization, or Cushing syn-
drome [73, 74, 78].

• Associated syndromes include Li-Fraumeni syndrome, 
Beckwith-Wiedemann syndrome, and Carney complex.

Radiology

• These masses may have calcification or regions of necro-
sis and hemorrhage [63].

MRI
• Heterogeneously high T2 signal and possible loss of 

signal on out-of-phase sequences (Fig. 5.24) [79].

Cytology of FNA and Touch Preparation of Core

• Characteristically, cellular specimen consisting of single 
and discohesive clusters of bland to highly pleomorphic 
plasmacytoid or polygonal epithelial cells (Fig. 5.25) [62, 
80]. The cells are larger than those of adrenal adenoma 
[62].

• The nuclei may be eccentrically located and variably 
enlarged and contain hyperchromatic chromatin and 
inconspicuous to prominent nucleoli [62, 80]. Nuclear 
pleomorphism, bizarre-shaped nuclei, binucleation or 
multinucleation, spindle-shaped nuclei, and occasional 
naked nuclei can be seen [62, 80]. A variable number of 
mitoses, including atypical mitotic figures, are fre-
quently seen [62, 80]. The cytoplasm is moderate to 
abundant and finely granular or vacuolated [80]. With 
increasing atypia, the cytoplasmic lipid content tends to 
decrease [62].

• Necrosis is frequently seen [62, 80]. Lipid drops and neu-
trophils may also be seen [80].

Comment

• The differential diagnosis includes metastatic RCC, 
adrenal adenoma, pheochromocytoma, neuroendocrine 
tumor, metastatic melanoma, and metastatic adenocarci-
noma.

• ICH stains: At most focally positive for cytokeratins other 
than CAM5.2. Common reactive for inhibin, melan-A, 
and calretinin [72].

 Pheochromocytoma
Clinical

• Most common tumor in adrenal medulla.
• Generally associated with clinical symptoms caused by 

overproduction of catecholamines, intermittent paroxys-
mal hypertension accompanied by sweating, palpitations, 
headache, diaphoresis, nervousness, nausea, vomiting, 
weakness, and abdominal or chest pain.
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Cytology of FNA and Touch Preparation of Core

• FNA findings of pheochromocytoma are similar to those 
of paraganglioma (see paraganglioma below in this chap-
ter). Characteristically, bland to pleomorphic epithelioid or 
spindle cells; seen singly or in discohesive nests (zellbal-
len) and acinar-microglandular structures or rosettes simi-
lar to those seen in paraganglioma (below) (Fig. 5.26) [81].

• The cells have single or multiple eccentrically located 
(plasmacytoid) round to oval nuclei with prominent 
nucleoli and granular chromatin [81]. Large intranu-
clear inclusions, binucleation or multinucleation, and 
naked nuclei are commonly seen [81]. The cytoplasm is 
abundant and is delicate, granular, or “squamoid” with 

ill- defined cell borders [81]. Hyaline globules and rarely 
melanin pigment may be seen in the cytoplasm [82].

• In cell blocks, characteristic nesting of the tumor cells 
(zellballen pattern) may be seen.

Comment

• Differential diagnosis: adrenal cortex neoplasm, meta-
static adenocarcinoma, melanoma, and neuroendocrine 
neoplasms.

• Tumor cells are positive for chromogranin, synaptophy-
sin, and NSE and negative for EMA and cytokeratins 
[72]. Sustentacular cells are positive for S-100.

a

c

b

Fig. 5.24 Adrenal carcinoma, radioimage. (a) MRI (T1-weighted 
image) precontrast images show a large heterogeneous mass abutting 
the liver without evidence of hepatic invasion. The mass is in the 

expected region of the right adrenal gland. (b) MRI (out-of-phase 
image) shows heterogeneous enhancement with an overall loss of sig-
nal intensity. (c) MRI (postcontrast image) shows heterogeneous 
enhancement
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a b

c

Fig. 5.25 Adrenal cortical carcinoma, cytology. FNA biopsy of a large adrenal mass; Diff-Quik stain, 600×

a bFig. 5.26 Paraganglioma, 
cytology. FNA biopsy of a 
3-cm retroperitoneal mass; 
Diff-Quik stain, 600×
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• FNA biopsy should be used with caution in cases suspi-
cious for pheochromocytoma owing to possible fatal 
hypertensive crisis or hemorrhage; therefore biochemical 
testing for pheochromocytoma should be performed 
before biopsy of adrenal masses.

 Metastatic Malignancy

Clinical

• There is a wide range of stated prevalence of adrenal met-
astatic disease within adrenal incidentalomas, ranging 
from 2% to 30% depending on certain risk factors such as 
a pre-existing cancer diagnosis [63]. Metastatic malig-
nancies are far more common than primary malignancies 
of the adrenal gland [83]. The adrenal is the fourth most 
frequent site of spread of tumors after the lungs, liver, and 
bone [83, 84]. Carcinomas are the most common tumor 
type to metastasize to the adrenal glands followed by lym-
phomas and melanoma [85]. Adrenal metastases are 
found in 27% of patients dying with carcinomas [83, 86].

• The most common primary sites are the breast, lung, kid-
ney, stomach, pancreas, ovary, and colon [83].

• Lymphomatous involvement of the adrenal glands is an 
uncommon occurrence. Secondary lymphoma of the adre-
nal is more common than primary lymphoma, which is 
defined as being found only within the adrenal gland [87].

Radiology

• It is of note that the imaging features of metastatic disease 
are nonspecific, and that it is essential to take the patient’s 
clinical history into consideration.

• The distribution (bilateral) and size of the lesions (>3 cm) 
may increase the likelihood of their being metastatic in 
nature [88].

• Imaging findings in lymphoma can be both discrete and 
diffuse. On CT evaluation, discrete lymphomatous lesions 
are mildly enhancing and homogeneous. Diffuse involve-
ment of the adrenal gland may present on imaging as 
enlargement caused by infiltrative disease [87]. However, 
these classic findings are not always present, and there is 
significant variability in CT findings, especially in the set-
ting of primary lymphoma [89].

Cytology of FNA and Touch Preparation of Core

• FNA and CNB are important tools to diagnose adrenal 
metastases.

• FNA findings vary depending on metastatic malignancies. 
Morphologic comparison with any known primary malig-
nancy should be performed.

Comment

• IHC stains are very useful in differential diagnosis. 
Adrenal tumors are positive for melan-A and inhibin and 
negative for epithelial membrane antigen and keratins.

 Paraganglia

 Paraganglioma

Clinical

• Uncommon.
• Locations: distribution along the parasympathetic or sym-

pathetic chains or nerves or outside the usual distribution 
of sympathetic and parasympathetic paraganglia, such as 
in the bladder, carotid body, central nervous system, gall-
bladder, and middle ear.

• The “ten rule”: 10% are extra-adrenal, 10% are bilateral, 
10% are extra-abdominal, 10% are familial (VHL, NF 1, 
MEN 2A/2B), 10% are pediatric, 10% are not associated 
with hypertension, and 10% are malignant.

• FNA should be carefully performed because of possible 
development of a hypertensive episode during the FNA 
procedure [81].

Cytology of FNA and Touch Preparation of Core

• FNA findings are similar to those of adrenal 
pheochromocytoma.

• Characteristic presence of single or discohesive groups of 
cells showing size and shape pleomorphism, forming 
sheets, acinar-microglandular, zellballen-type, and peri-
vascular patterns (Fig. 5.26) [81, 90, 91].

• The cells may be round, oval, plasmacytoid, or spindled 
[91]. The cytoplasm is moderate to abundant and vacuo-
lated, finely granular or “squamoid” with ill-defined cell 
borders [81, 90–93]. Intracytoplasmic metachromatic 
granules and melanin-like pigment can be seen. The 
nuclei are round to oval and eccentrically located with 
“salt and pepper” chromatin and may have prominent 
nucleoli [81, 90, 93]. Binucleation, multinucleation, intra-
nuclear pseudoinclusions, nuclear grooves, and naked 
nuclei are commonly seen [81, 90]. Mitotic figures are 
more frequently seen in malignant cases [91, 92].

Comment

• Tumor cells are positive for chromagranin A, NSE, syn-
aptophysin, and HepPar-1 (11%), while they are negative 
for EMA and cytokeratins. Sustentacular cells are posi-
tive for S-100.
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