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Benign Conditions That Mimic 
Prostate Carcinoma: MR Imaging 
Features with Histopathologic 
Correlation1

Multiparametric magnetic resonance (MR) imaging combines ana-
tomic and functional imaging techniques for evaluating the prostate 
and is increasingly being used in diagnosis and management of pros-
tate cancer. A wide spectrum of anatomic and pathologic processes 
in the prostate may masquerade as prostate cancer, complicating the 
imaging interpretation. The histopathologic and imaging findings of 
these potential mimics are reviewed. These entities include the anteri-
or fibromuscular stroma, surgical capsule, central zone, periprostatic 
vein, periprostatic lymph nodes, benign prostatic hyperplasia (BPH), 
atrophy, necrosis, calcification, hemorrhage, and prostatitis. An un-
derstanding of the prostate zonal anatomy is helpful in distinguishing 
the anatomic entities from prostate cancer. The anterior fibromuscu-
lar stroma, surgical capsule, and central zone are characteristic ana-
tomic features of the prostate with associated low T2 signal intensity 
due to dense fibromuscular tissue or complex crowded glandular 
tissue. BPH, atrophy, necrosis, calcification, and hemorrhage all have 
characteristic features with one or more individual multiparamet-
ric MR imaging modalities. Prostatitis constitutes a heterogeneous 
group of infective and inflammatory conditions including acute and 
chronic bacterial prostatitis, infective and noninfective granuloma-
tous prostatitis, and malacoplakia. These entities are associated with 
variable clinical manifestations and are characterized by the histo-
logic hallmark of marked inflammatory cellular infiltration. In some 
cases, these entities are indistinguishable from prostate cancer at 
multiparametric MR imaging and may even exhibit extraprostatic ex-
tension and lymphadenopathy, mimicking locally advanced prostate 
cancer. It is important for the radiologists interpreting prostate MR 
images to be aware of these pitfalls for accurate interpretation. 
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After completing this journal-based SA-CME 
activity, participants will be able to:

 ■ List the spectrum of anatomic and 
pathologic findings that mimic prostate 
carcinoma at multiparametric MR im-
aging.

 ■ Describe the similarities and differenc-
es of the MR imaging findings between 
the mimics and prostate carcinoma.

 ■ Discuss how the imaging features of 
the mimics correlate with the histopatho-
logic findings.

See www.rsna.org/education/search/RG.

SA-CME LEARNING OBJECTIVES

Introduction
Prostate cancer was the most common new cancer diagnosis in the 
United States in 2014 and is the cause of 10% of cancer-related deaths 
in American men (1). Prostate cancer diagnosis is based on random 
transrectal ultrasonography (US)–guided prostate biopsies prompted 
by an elevated serum prostate-specific antigen (PSA) level or positive 
digital rectal examination. With the development of advanced mag-
netic resonance (MR) imaging techniques, MR imaging is increasingly 
playing a role in the clinical pathways of detection, local staging, active 
surveillance, and posttreatment follow-up. With the increasing influence 
that MR imaging has on clinical decision making, it is important to be 
aware of the potential pitfalls in imaging interpretation.

In this review, we discuss the multiparametric MR imaging find-
ings and histologic correlations of a range of anatomic and patho-
logic findings that mimic prostate carcinoma.
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functional imaging techniques increases the sen-
sitivity and specificity in identification of clinically 
significant prostate cancer. A multiparametric 
MR imaging protocol that includes T2-weighted 
imaging, diffusion-weighted (DW) imaging, and 
dynamic contrast-enhanced (DCE) imaging is 
widely embraced throughout the world as the rou-
tine prostate MR imaging protocol (3) (Table 1).

T2-weighted imaging delineates the anatomic 
details of the prostate carcinoma, with clear dif-
ferentiation between the peripheral and transition 
zones. Prostate cancer appears as focal low signal 
intensity against the background of the high-
signal-intensity glandular tissue (Fig 1c). Tumor 
in the transition zone has a lenticular shape with 
an “erased charcoal” appearance (4,5).

DW imaging is reflective of the motion of 
water in the imaged tissue. This correlates with 
properties that include cellular density, mem-
brane permeability, and space between cells (6). 
Prostate cancer appears bright on DW images 
and dark on ADC maps, indicating restricted dif-
fusion. A low ADC, reflective of greater diffusion 
restriction, has been shown to correlate with a 
higher Gleason score (7,8) (Fig 1d).

DCE imaging consists of a series of axial 
T1-weighted gradient-echo sequences covering 
the prostate during and after intravenous bolus 
contrast material injection. Tumor angiogen-
esis leads to neovessels that are highly irregular 
and tortuous with increased permeability (9). 
This is proposed as the basis for the early rapid 
enhancement and subsequent contrast enhance-
ment washout or plateau observed in prostate 
carcinoma (10–12). The data can be assessed 
qualitatively, semiquantitatively with enhance-
ment curves, or quantitatively with pharmacoki-
netic parameter mapping (Fig 1e).

Mimics of Prostate  
Carcinoma at MR Imaging

Anterior Fibromuscular Stroma
The anterior fibromuscular stroma is a band of 
fibromuscular tissue anterior to the transition 
zone, contiguous with the bladder smooth muscle 
and the skeletal muscle of the sphincter (13). It 
is also continuous with the pseudocapsule of the 
prostate. It covers the anterior and anterolateral 
surface of the glandular prostate. Histologically, it 
comprises dense irregular connective tissue with 
a large amount of smooth muscle fibers inter-
posed with adjacent skeletal muscle fibers of the 
urethra (Fig 2a).

The anterior fibromuscular stroma has mark-
edly low T2 signal intensity and low ADC due to 
its compact muscle and fiber composition (14). 
The anterior fibromuscular stroma varies in its 

Histopathologic  
Features of Prostate Carcinoma

Prostatic adenocarcinoma ranges from a rec-
ognizable glandular pattern to cords, nests, or 
sheets of cells. The Gleason grade is used by pa-
thologists to grade the histologic pattern of car-
cinoma cellular arrangement (2). Addition of the 
primary and secondary grade patterns gives rise 
to the Gleason score, which is a major predictor 
of disease outcome. With a higher Gleason grade, 
there is less resemblance of the adenocarcinoma 
to the normal glandular formation.

The malignant acini are small and closely 
spaced, with little intervening stroma. The glands 
may form a papillary or cribriform pattern, and 
the cells have larger nuclei in general (Fig 1a). 
This histologic appearance contrasts with that 
of the normal prostate peripheral zone, which 
consists of glands with single-layered columnar 
epithelium with abundant background support-
ing stroma (Fig 1b). The key histologic features 
of prostate carcinoma pertinent to MR imaging 
are increased cellular density, decreased lumi-
nal volume, reduced extracellular space, and 
neoangiogenesis.

MR Imaging Appearance  
of Typical Prostate Carcinoma

State-of-the-art MR imaging of the prostate 
incorporates anatomic and functional techniques 
in a multiparametric approach. The addition of 

TEACHING POINTS
 ■ The key histologic features of prostate carcinoma pertinent to 

MR imaging are increased cellular density, decreased luminal 
volume, reduced extracellular space, and neoangiogenesis.

 ■ The normal central zone appears homogeneously hypoin-
tense on T2-weighted images and dark on ADC maps in 
patients aged 42–84 years. With these characteristics, it can 
mimic prostate cancer. A symmetric appearance of the central 
zone and its expected location can be helpful to differentiate 
it from prostate cancer, but in 20% of cases, the central zone 
may be asymmetric.

 ■ Homogeneous low signal intensity (erased charcoal sign), ill-
defined margins, lack of capsule, lenticular shape, and inva-
sion of the anterior fibromuscular stroma are the MR imaging 
findings suggestive of transition zone cancer on T2-weighted 
images. Stromal hyperplasia tends to be more well defined, 
with a rounded encapsulated appearance.

 ■ A clinical history of urinary and/or sexual symptoms, fluctuat-
ing PSA level, or PSA response to antibiotics can alert the radi-
ologist and the clinician to the possibility of prostatitis.

 ■ Florid granulomatous prostatitis may demonstrate extrapros-
tatic extension. In patients with a histologic diagnosis of gran-
ulomatous prostatitis and prostate cancer, it is difficult to pre-
dict whether the findings of extraprostatic extension are sec-
ondary to prostate cancer or to granulomatous disease, since 
both entities may have a similar appearance at MR imaging.
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Figure 1. Histologic and multiparametric MR imaging findings in prostate carcinoma. (a, b) High-power photomicrographs show 
poorly differentiated grade 5 prostate carcinoma with dispersed nests of carcinoma cells (arrows in a) and normal peripheral zone 
glandular tissue with well-formed glands (arrows in b). (Original magnification, 200; hematoxylin-eosin [H-E] stain.) (c–e) Axial T2-
weighted image (c), axial apparent diffusion coefficient (ADC) map (d), and axial ktrans image (e) show characteristic multiparametric 
MR imaging findings of high-grade (Gleason 8) prostate carcinoma in the midline apical peripheral zone (arrows).

part of the network of supporting fibromuscular 
tissue in the prostate, including the anterior fibro-
muscular stroma. Poor definition of the surgical 
capsule on T2-weighted images can sometimes be 
seen adjacent to a transition zone cancer.

A normal surgical capsule has low signal inten-
sity on both T2-weighted images and ADC maps 
due to the dense compacted fibromuscular tissue 
(Fig E1b–E1d [online]). It can mimic a small 
tumor that is growing within the confines of the 
lateral peripheral zone in a linear fashion. The ana-
tomic morphology is linear rather than masslike.

Central Zone
The central zone is a layer of tissue that sur-
rounds the ejaculatory ducts from the level of 
the prostatic base down to the verumontanum 
(17). It is most prominent at the base of the 
prostate and has a conical shape, with its apex at 
the verumontanum. Embryologically, the central 

prominence among individuals. It is less prominent 
in men with increased age and gland size, likely due 
to the compressive effect of benign prostatic hyper-
plasia (BPH) (15). When it is bulky, it may mimic 
anterior tumor in its lentiform morphology, low T2 
signal intensity, and low ADC (Fig 2b). The distin-
guishing feature of normal anterior fibromuscular 
stroma is its midline and symmetric position. The 
anterior fibromuscular stroma is often hypovascu-
lar, possibly due to its fibrous nature (Fig 2c).

Surgical Capsule
At the junction between the transition zone and 
peripheral zone, there is a concentrically placed 
band of fibromuscular and compressed glandular 
tissue that demarcates the transition zone. It is 
more pronounced in the setting of BPH (Fig E1a 
[online]). This band of fibromuscular demarca-
tion has been described in the older surgical 
literature as a “surgical capsule” (16). It forms 
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Table 1: Sample MR Imaging Parameters for Evaluation of the Prostate

Sequence and Orientation
TR/TE  
(msec)

Field of  
View (mm) Matrix

Section  
Thickness (mm)

T2-weighted FSE
 Axial 3300/96 180.0 3 180.0 320 3 320 3.0
 Coronal 3300/96 180.0 3 180.0 320 3 288 3.0
 Sagittal 3300/96 180.0 3 180.0 320 3 320 3.0
Axial T1-weighted SE 776/10 319.0 3 284.0 384 3 274 4.0
Axial single-shot EP DW (b = 50,  

600, and 1200 sec/mm2)
4700/90 189.0 3 220.0 134 3 200 3.0

Axial 3D GRE T1-weighted DCE  
(temporal resolution, 5.8 sec)

4.83/1.87 259.0 3 259.0 133 3 192 3.3

Note.—Performed at 3 T with a pelvic phased-array coil and no endorectal coil. There may be varia-
tion of the parameters between the three centers involved in this article. EP = echo-planar, FSE = 
fast spin-echo, GRE = gradient-echo, SE = spin-echo, 3D = three-dimensional, TR/TE = repetition 
time/echo time.

Figure 2. Histologic and multiparametric MR imaging 
findings of the anterior fibromuscular stroma. (a) High-
power photomicrograph shows fibromuscular tissue in-
terspersed with skeletal muscle fibers (arrow). (Original 
magnification, 200; H-E stain.) (b, c) Axial T2-weighted 
(b) and DCE (c) images show normal anterior fibromus-
cular stroma, which is T2 hypointense and hypovascular 
(arrow).

zone originates from the wolffian duct, whereas 
the transition zone is a derivative of the urogeni-
tal sinus. The central zone accounts for 25% 
of the total prostate volume but almost 40% of 
the epithelium because of its high epithelial-to-
stromal ratio (18). Its volume starts to decrease 
in a gradual fashion after the age of 35 years due 

to reduced mean glandular activity, reduction of 
acinar size, and epithelial atrophy (19).

Compared to the peripheral zone, the glands 
of the central zone are larger and more complex, 
with tall columnar cells and papillary folding (Fig 
3a) (18). There is also increased apposition of the 
glands with denser stroma. Central zone cancers 
are rare, accounting for 0.5%–2.5% of all pros-
tate cancer and 3%–8% of index tumors (20). 
They are usually associated with a high incidence 
of seminal vesicle invasion, extracapsular exten-
sion, high Gleason grade, and early biochemical 
failure after attempted curative surgery (20).

The normal central zone appears homoge-
neously hypointense on T2-weighted images and 
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dark on ADC maps in patients aged 42–84 years 
(Fig 3b, 3c) (21,22). With these characteristics, it 
can mimic prostate cancer. A symmetric appear-
ance of the central zone and its expected location 
can be helpful to differentiate it from prostate 
cancer, but in 20% of cases, the central zone may 
be asymmetric (21). Enlargement of the transition 
zone can lead to compression of the central zone 
and increased displacement to the base. At DCE 
imaging, the central zone has been shown to be as-
sociated with type 1 (progressive) and type 2 (early 
enhancement and plateau) rather than type 3 (early 
enhancement and washout) enhancement curve 
types (22). It is important for radiologists to be 
familiar with the normal appearance of the central 
zone so as not to “overcall” it as prostate cancer.

Periprostatic Vein
The periprostatic venous plexus is closely as-
sociated with the pseudocapsule of the prostate 
and is also known as the Santorini venous plexus 
(Fig E2a [online]). It lies predominantly anterior 
and lateral to the prostate. The calibers of the 
veins vary between individuals and are larger in 

younger patients and smaller glands (15). At MR 
imaging, periprostatic veins are mostly tubular 
rounded structures with high T2 signal intensity 
(14). However, the veins can have low signal 
intensity on T2-weighted images and ADC maps, 
depending on the velocity and turbulence of the 
blood movement (Fig E2b [online]) (23).

Prominent periprostatic veins with low T2 and 
ADC signal intensity may be difficult to differ-
entiate from intraprostatic lesions, particularly at 
the apex. At the apex, there is sparseness of the 
pseudocapsule with intermixing of the peripros-
tatic supporting tissue and glandular tissue (24). 
The partial voluming of the axial sections and the 
horizontal oblique orientation of the veins at the 
apex also contribute to the difficulty in delineat-
ing between intra- and extraprostatic structures. 
The veins enhance avidly with the DCE se-
quence. Unlike tumor, the veins tend to have a 
linear morphology (Fig E2c [online]). Careful 
examination of the other planes as well as the 
axial sections above and below the venous struc-
ture can help demonstrate the continuity with the 
remainder of the periprostatic venous plexus.

Figure  3.  Histologic and multipa-
rametric MR imaging findings of the 
central zone. (a) Low-power photo-
micrograph shows the central zone 
(CZ) with complex glandular archi-
tecture compared to the more sparse 
simple glands of the peripheral zone 
(PZ). The central zone is close to the 
adjacent ejaculatory duct (X) sur-
rounded by fibromuscular tissue. 
(Original magnification, 20; H-E 
stain.) (b,  c) Axial (b) and coronal 
(c) T2-weighted images show the 
normal symmetric central zone (ar-
rows) adjacent to the ejaculatory 
ducts (arrowheads) in a 61-year-old 
man with Gleason 7 cancer (* in c).
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Periprostatic Lymph Nodes
Periprostatic lymph nodes are not common and 
are detected in 4.4% of specimens from radi-
cal prostatectomy (Fig E3a [online]) (25).They 
are most commonly located at the base of the 
prostate laterally or posterolaterally. Pathologic 
analysis of the prostatectomy specimen has 
shown malignant involvement of the peripros-
tatic lymph node in 15% of cases (26). The 
prognostic significance of isolated periprostatic 
lymph node involvement versus pelvic lymph 
node involvement is uncertain.

Similar to lymph nodes elsewhere, peripros-
tatic lymph nodes have rounded morphology 
with low T2 signal intensity and marked diffu-
sion restriction (Fig E3b, E3c [online]). The 
degree of diffusion restriction does not imply 
metastatic involvement. On the low-spatial-reso-
lution DW images and ADC maps, periprostatic 
lymph nodes may appear to be intraprostatic 
structures. The anatomic T2-weighted imag-
ing helps define their periprostatic location and 
likely cause.

Benign Prostatic Hyperplasia 
BPH is enlargement of the transition zone and is 
characterized by hyperplasia of the prostatic stromal 
and epithelial cells, resulting in formation of large 
discrete nodules. The histologic subtypes of BPH 
nodules include glandular proliferation/dilatation 
and fibromuscular proliferation of the stroma (Fig 
4a). BPH gives a heterogeneous appearance to the 
transition zone on T2-weighted images (27).

BPH nodules may be hypo-, iso-, or hyper-
intense on T2-weighted images, depending on 
the ratio of glandular to stromal tissue. It has 
been shown that high signal intensity is due to 
hyperplastic glandular elements, which are filled 
with secretion, and the presence of cystic ectasia. 
These cystic BPH nodules do not mimic prostate 
cancer. However, mixed and stromal BPH nod-
ules can demonstrate low T2 signal intensity due 
to the presence of prominent sclerotic, fibrous, or 
muscular elements and may mimic transition zone 
cancer (Fig 4b) (28–30). Stromal BPH nodules 
also demonstrate restricted diffusion on DW 
images and early enhancement on DCE images, 

Figure 4. Stroma-rich BPH nodule confirmed with MR imaging–guided biopsy in a 58-year-old man. (a) High-
power photomicrograph of MR imaging–guided biopsy specimen shows stroma-rich BPH with proliferation of 
mesenchymal spindle cells (arrows) and absence of glandular tissue. (Original magnification, 200; H-E stain.) 
(b–d) Axial T2-weighted image (b), axial ADC map (c), and axial DCE image (d) show a well-defined nodule 
(arrow) in the right transition zone with low T2 signal intensity, diffusion restriction, and hyperenhancement.
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similar to prostate cancer (Fig 4c, 4d) (28). Rec-
ognition of the different histologic subtypes of 
BPH is important for radiologists to improve the 
diagnosis of transition zone cancer.

Homogeneous low signal intensity (erased 
charcoal sign), ill-defined margins, lack of cap-
sule, lenticular shape, and invasion of the anterior 
fibromuscular stroma are the MR imaging findings 
suggestive of transition zone cancer on T2-weighted 
images (4). Stromal hyperplasia tends to be more 
well defined, with a rounded encapsulated appear-
ance. Despite some overlap between the ADCs of 
transition zone cancer and stromal hyperplasia, the 
ADC can help differentiate transition zone cancer 
from glandular hyperplasia and, to a lesser degree, 
stromal hyperplasia (28). The role of DCE imaging 
in this differentiation is limited.

Rarely, BPH nodules can also be seen in the 
peripheral zone and mimic prostate cancer (31). 
In our experience, their well-defined rounded 
appearance and internal heterogeneity at T2-
weighted imaging may hint at the diagnosis of 
BPH and allow its differentiation from prostate 
cancer (Fig E4 [online]).

Bacterial Prostatitis
Bacterial prostatitis can manifest as acute or 
chronic prostatitis. It has an estimated preva-
lence of 9.7% (32). Acute bacterial prostatitis is 

Figure 5.  Nodular acute prostatitis confirmed with MR imaging–guided biopsy in a 69-year-old man. (a) Low-power photomi-
crograph of MR imaging–guided biopsy specimen shows acute prostatitis with a nodular area (arrows) of predominantly neutrophil 
infiltration. (Original magnification, 20; H-E stain.) (b, c) Axial T2-weighted image (b) and axial ADC map (c) show a rounded 
nodule (arrow) in the right peripheral zone with diffusion restriction and moderate enhancement (not shown).

uncommon and more likely to occur in young 
men. It occurs from intraprostatic reflux of 
urine infected with organisms such as Esch-
erichia coli, Enterococcus, and Proteus or from 
instrumentation such as prostatic biopsy. The 
cellular hallmark of acute prostatitis is an influx 
of neutrophils (Fig 5a).

Chronic bacterial prostatitis may result from 
undertreated acute prostatitis and recurrent 
infection but can also occur without prior history 
in older men with lower urinary tract obstruction. 
Routine cultures often do not allow identification 
of the common organism. Lymphocytes are seen 
in chronic prostatitis (Fig 6a), often accompanied 
by glandular atrophy. The clinical presentation 
of acute prostatitis tends to be a combination of 
both local and systemic symptoms. In compari-
son, chronic prostatitis tends to be more indo-
lent, with lower urinary tract symptoms and no 
systemic symptoms (33).

Prostatitis can be diffuse or focal in morphol-
ogy (Fig 5; see also Fig E5 [online]). At MR 
imaging, it tends to have low T2 signal intensity 
with mild to moderate diffusion restriction due 
to the increased inflammatory cellular infiltrates 
(Fig 5a, 5b). The degree of diffusion restriction 
in chronic prostatitis tends to be less than in 
prostate carcinoma (34). DCE imaging shows 
increased and early enhancement compared with 
normal prostate tissue, similar to prostate car-
cinoma (35). While bacterial prostatitis is most 
commonly visualized in the peripheral zone at 
MR imaging, it can also occur in the transition 
zone, where it may mimic the “erased charcoal” 
appearance of prostate carcinoma (Fig 6b–6d).

It is important to be aware that enlarged reac-
tive lymph nodes may also be seen in the setting of 
acute prostatitis. A clinical history of urinary and/



RG  •  Volume 36  Number 1  Kitzing et al  169

or sexual symptoms, fluctuating PSA level, or PSA 
response to antibiotics can alert the radiologist 
and the clinician to the possibility of prostatitis.

Granulomatous Prostatitis
Clinically, granulomatous prostatitis is often 
mistaken for prostate cancer. Five types are de-
scribed: idiopathic (nonspecific and nonnecrotic), 
infective (specific, nonnecrotic or necrotic), iatro-
genic (postsurgical), malacoplakia, and associated 
with systemic granulomatous disease (36).

Idiopathic granulomatous prostatitis is the 
most common type, making up 60%–77.7% of 
granulomatous prostatitis cases in reported series 
(36–38). It has no clear cause and no associ-
ated systemic diseases and is often self-limiting. 
Iatrogenic granulomatous prostatitis is the second 
most common type and relates to transurethral 
resection of the prostate or bladder as a result of 
reaction to altered epithelium and stroma from 
the intervention (36,38). Histologically, it is char-
acterized by palisaded histiocytoid granulomas 
with central necrotizing or fibrinoid necrosis and 
surrounded by infiltrative eosinophils (39).

Sarcoidosis is an idiopathic multisystem nonca-
seating granulomatous disease with a predilection 

among African-Americans (40). Involvement of 
the prostate is rare, with only 14 cases reported 
in the literature (40,41). Most of the patients are 
asymptomatic with elevated PSA level. The histo-
logic features are not specific, with the diagnosis 
based on clinical-radiologic correlation and exclu-
sion of other granulomatous disease entities (42).

Infective Granulomatous Prostatitis.—Infective 
granulomatous prostatitis can be caused by My-
cobacterium tuberculosis (via hematogenous spread 
or direct extension from adjacent organs) or de-
velop after intravesical bacillus Calmette-Guérin 
therapy for bladder cancer. It is characterized by 
well-formed granulomas with epithelioid cell and 
multinucleated giant cell infiltration with or with-
out central necrosis (caseation) (Fig 7). Other 
rare infectious agents are Treponema pallidum, 
viruses (herpes zoster), and fungi (Cryptococcus, 
Candida, Aspergillus) (Fig E6 [online]) (43,44).

Nonnecrotic granulomatous prostatitis is 
highly cellular and may simulate prostate cancer 
at MR imaging. In the peripheral zone, it ap-
pears as an area of hypointensity on T2-weighted 
images associated with diffusion restriction and 
with moderate or marked enhancement on DCE 

Figure 6. Focal chronic prostatitis of the transition zone con-
firmed with MR imaging–guided biopsy in a 62-year-old man. 
(a) High-power photomicrograph of MR imaging–guided bi-
opsy specimen shows extensive lymphocyte infiltration (ar-
rows), in keeping with chronic prostatitis. (Original magnifi-
cation, 200; H-E stain.) (b–d) Axial T2-weighted image (b), 
axial ADC map (c), and axial DCE image (d) show a low-signal-
intensity mass (arrow) in the left transition zone with diffusion 
restriction and early rapid enhancement.
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Figure  7.  Necrotic (caseating) mycobacterial granulomatous prostatitis and prostate cancer in a 
64-year-old man with rising PSA level 2 years after completing intravesical bacillus Calmette-Guérin ther-
apy. Transrectal US–guided biopsy revealed Gleason 6 prostate cancer and granulomatous prostatitis in 
the right lobe. (a–e) Axial T2-weighted image (a), coronal T2-weighted image (b), axial DW image (c), 
axial ADC map (d), and axial DCE image (e) show cavitating mycobacterial granulomatous prostatitis 
with extraprostatic extension. Cavitation (X) appears as high signal intensity on the T2-weighted images, 
hyperintensity on the high-b-value DW image, low ADC, and lack of enhancement. The abscess is sur-
rounded by granulomatous infiltration, which appears as low T2 signal intensity, diffusion restriction, and 
moderate enhancement. The caseating process shows extraprostatic extension on the axial T2-weighted 
image with capsular irregularity and bulging (arrow in a). It also extends through the apex of the prostate 
(arrow in b) on the coronal T2-weighted image. (f) Low-power photomicrograph shows inflammation 
with granuloma formation (arrows). (Original magnification, 40; H-E stain.)
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images. In necrotic granulomatous prostatitis, 
central necrosis (caseation) has high signal inten-
sity on T2-weighted images, with focal hyperin-
tensity on high-b-value images, marked diffusion 
restriction, and total lack of enhancement on 
DCE images (45) (Fig 7). Florid granuloma-
tous prostatitis may demonstrate extraprostatic 
extension. In patients with a histologic diagnosis 
of granulomatous prostatitis and prostate cancer, 
it is difficult to predict whether the findings of 
extraprostatic extension are secondary to prostate 
cancer or to granulomatous disease, since both 
entities may have a similar appearance at MR 
imaging (Fig 7a, 7b).

Patients with mycobacterial granulomatous 
prostatitis are mostly asymptomatic. Indurated 
prostate at digital rectal examination and elevated 
PSA level are features common to both prostate 
carcinoma and mycobacterial granulomatous 
prostatitis. Prediposing risk factors that should 
raise the possibility of mycobacterial granuloma-
tous prostatitis include history of tuberculosis 
infection, bacillus Calmette-Guérin therapy, and 
immunosuppressive state (46,47). With treat-
ment, the swelling of the prostate reduces and 
the caseous abscess cavity resolves (45). There 
may be residual fibrosis and calcification based 
on previously reported computed tomographic 
features of mycobacterial granulomatous prosta-
titis (48,49). In our experience, there are residual 
patchy areas of markedly low T2 signal intensity 

within the prostate due to a combination of calci-
fication, fibrosis, and noncaseating necrosis.

Malacoplakia.—Malacoplakia is a rare granulo-
matous inflammatory condition associated with 
recurrent infection. It predominantly affects the 
genitourinary tract, particularly the renal collect-
ing system, and is more common in women than 
men. In men, it can rarely involve the prostate 
(50). The pathognomonic finding is granuloma-
tous infiltration with Michaelis-Gutmann bodies, 
which may represent abnormality of intraphago-
somal digestion of macrophages (Fig 8a) (51).

Owing to the inflammatory cellular infiltrate 
in malacoplakia, multiparametric MR imaging 
shows diffuse low T2 signal intensity, diffusion 
restriction, and hyperenhancement at DCE imag-
ing, thus simulating prostate cancer (Fig 8b–8d). 
Bulging and irregularity of the prostate capsule 
mimicking tumoral extraprostatic extension may 
also be present.

Atrophy
Atrophy is characterized by crowded glands 
with scant cytoplasm and crowding of nuclei 
compared to normal prostatic tissue. Histologic 
subtypes include simple, sclerotic with cyst for-
mation, and post-atrophic hyperplastic. Focal at-
rophy, particularly the post-atrophic hyperplas-
tic subtype, may mimic prostate malignancy at 
MR imaging due to its glandular crowding and 

Figure 8. Malacoplakia in a 49-year-old man with recurrent 
episodes of acute prostatitis 6 months earlier and elevated 
PSA level. Transrectal US–guided biopsy showed malacoplakia.  
(a) High-power photomicrograph shows inflammatory infiltrate 
with pathognomonic intracellular Michaelis-Gutmann inclusion 
bodies (arrow). (Original magnification, 600; H-E stain.) (b–
d) Axial T2-weighted image (b), axial ADC map (c), and axial 
ktrans image (d) show diffuse peripheral zone abnormality (ar-
rows) with low T2 signal intensity, low ADC, and enhancement.
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complex glandular architecture (Fig 9a). Causes 
of atrophy include inflammation, radiation, anti-
androgens, and chronic ischemia resulting from 
local arteriosclerosis.

There is a positive association between the 
extent of atrophy at biopsy and the total or free 
serum elevation of PSA level (52). This is possi-
bly due to PSA release from damaged epithelial 
cells in atrophic acini. The atrophy may account 
for the elevated PSA level in the absence of 
prostate cancer. However, this benign and fre-
quent histopathologic finding at prostate biopsy 
is not usually mentioned by the pathologists in 
their report.

Focal atrophy occurs more frequently in the 
peripheral zone and on multiparametric MR 
images appears as a focal or geographic appear-
ance of low T2 signal intensity with moderate 
diffusion restriction and moderate enhancement 
on DCE images (Fig 9b–9d). The degree of diffu-
sion restriction and tissue enhancement is usually 
less marked than with prostate cancer. In cases of 
geographic appearance, volume loss of affected 
tissue is usually present.

Necrosis
Necrosis can be seen following treated infective 
prostatitis as the florid inflammatory changes and 
abscesses resolve. Increasingly, it is also seen after 
focal therapy (radiofrequency ablation, cryoabla-
tion, high-intensity focused ultrasound, irrevers-
ible electroporation, laser ablation) for prostate 
carcinoma. Histologically, there is a central well-
defined zone of coagulative necrosis of glands 
and stroma, with peripheral chronic inflamma-
tory cellular infiltrate and atrophy (Fig 10a).

Necrosis shows low T2 signal intensity and 
diffusion restriction due to the coagulative ne-
crosis with reduced water movement, as well as 
the adjacent inflammatory infiltrate and atrophy 
(Fig 10b–10d). There is absence of enhancement. 
The marked low T2 signal intensity and lack of 
enhancement are MR imaging features suggestive 
of necrosis and fibrosis. The T2 signal intensity is 
lower than that of tumor, possibly due to the fibro-
sis and early calcification. After focal therapy for 
prostate cancer, DCE imaging is useful for delin-
eating the treatment zone and is the most sensitive 
technique for detection of recurrent disease (53).

Figure 9.  Focal prostatic atrophy in a 65-year-old man with a history of progressively elevated PSA level 
and three previous negative biopsies. Repeat biopsy targeting the MR imaging–identified region showed 
atrophy. (a) High-power photomicrograph shows prostatic atrophy changes with glands of well-formed 
open lumina lined by cells with scant cytoplasm and hyperchromatic nuclei (arrows). (Original magni-
fication, 400; H-E stain.) (b–d) Axial T2-weighted (b), axial DW (c), and axial DCE (d) images show 
left peripheral zone geographic low T2 signal intensity with mild volume loss, diffusion restriction, and 
enhancement (arrow).



RG  •  Volume 36  Number 1  Kitzing et al  173

Calcification
Calcification is seen within the prostate due to con-
creted prostatic secretions or calcified corpora amy-
lacea (54). It is also seen adjacent to the prostate 
due to phlebolith in the periprostatic venous plexus. 
While intraprostatic calcification can be related to 
lower urinary tract symptoms, in most cases it is 
asymptomatic and an incidental finding.

Owing to the diamagnetic effect of the cal-
cium, calcification has low signal intensity on 
T2-weighted and ADC images (Fig E7 [online]). 
It is commonly seen at the junction between the 
transition zone and peripheral zone against the 
background of BPH. Lack of enhancement, per-
sistent marked low signal intensity with the DW 
sequence at all b values, and the occasional low 
signal intensity with the T1-weighted sequence 
help confirm its nature.

Hemorrhage
Hemorrhage is commonly seen in the prostate after 
biopsy. It is more common in the peripheral zone 
than in the transition zone (55). Several studies have 
shown a mixed relationship between the amount of 
hemorrhage and the interval since biopsy (55,56). 
Most institutions advocate waiting 6–8 weeks after 
biopsy before performing MR imaging.

Hemorrhage can limit the ability of multipa-
rametric MR imaging to delineate the extent or 
location of the tumor owing to the associated 
variably low T2 signal intensity. Depending on 
the age of the hemorrhage, it can also show diffu-
sion restriction compared with the normal tissue 
and mimic tumor. In general, however, prostate 
cancer has lower ADC than benign peripheral 
zone hemorrhage (57). Hemorrhage is bright on 
T1-weighted images, which can limit qualitative 
interpretation of DCE images, with reduced de-
lineation between the enhancing tumor foci and 
the background hemorrhagic high signal inten-
sity. Subtraction images are useful to eliminate 
the background high signal intensity.

Areas of hemorrhage in the prostate af-
ter biopsy are suggestive of sampling during 
biopsy. Tumor has a lower rate of hemor-
rhage compared with normal tissue, report-
edly 2%–10.5% (57,58). Prostate carcinoma 
is known to have lower levels of citrate, which 
has an anticoagulant effect (59). This may lead 
to faster resolution of hemorrhage within the 
tumor foci compared to hemorrhage within 
the normal peripheral zone. Areas of prostate 
without hemorrhage may indicate the sites of 
biopsy-proved tumor (Fig E8 [online]) (58). 

Figure 10.  Prostatic necrosis and atrophy in a 58-year-old man with ba-
cillus Calmette-Guérin vaccine–related granulomatous prostatitis 3 years 
earlier with subsequent treatment but ongoing elevation of PSA level. 
MR imaging–guided biopsy showed necrosis and atrophy. (a) Low-power 
photomicrograph shows a zonation effect of central necrosis (N), periph-
eral inflammatory infiltrate (I), and atrophy (A). (Original magnification, 
10; H-E stain.) (b–d) Axial T2-weighted image (b), axial high-b-value 
DW image (c), and axial ADC map (d) show two areas of markedly low 
T2 signal intensity in the peripheral zone (arrows). These areas have low 
signal intensity on the high-b-value DW image, low ADC, and nonen-
hancement (not shown).
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Correlation with the T1-weighted images would 
help reduce misinterpretation of hemorrhage-
related changes with the other multiparametric 
MR imaging sequences.

Conclusion
Multiparametric MR imaging combines anatomic 
and functional imaging techniques for evaluation 
of prostatic carcinoma. Several normal anatomic 
findings and pathologic conditions of the prostate 
have multiparametric MR imaging characteristics 
that overlap with those of prostate carcinoma. Sev-
eral of the mimics have histologic features similar 
to those of prostate carcinoma, with increased 
cellularity, reduced loose supporting stroma, and/
or increased mean vascular density (Table 2). Even 
though a definitive diagnosis can be established 
only with histopathologic examination, awareness 
of these entities by the radiologists interpreting 
prostate MR images is crucial.
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