Prostate Cancer Diagnosis and Staging
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Prostate cancer is the most common cancer and second leading
cause of cancer death in American men. Imaging plays a central
role in the diagnosis and staging of prostate cancer, which makes the
role of the radiologist critical to the multidisciplinary management
of patients with prostate cancer. This necessitates a working knowledge of prostate anatomy, histologic grading and clinical staging,
and the role and utility of specific imaging modalities for detection
and staging.
Prostate cancer is the most common cancer in American men,
with approximately one in nine men diagnosed with prostate cancer
during his lifetime. The 2018 American Cancer Society estimates
there are 164,000 new cases of prostate cancer to be diagnosed in
2018 and nearly 30,000 deaths. Although most men diagnosed with
prostate cancer do not die of it, prostate cancer remains the second
leading cause of cancer death [1]. The Gleason score is assigned to
prostate histologic specimens on the architectural appearance of tumor and is defined as the sum of the two most commonly observed
grade patterns in a histologic specimen, with combined pathologic
scores ranging from 2 to 10, and with a higher number indicating
greater risks and higher mortality [2]. Together with the prostate-specific antigen (PSA) and tumor stage, Gleason score is incorporated
into a strategy of prostate cancer staging that predicts prognosis and
helps guide therapy [3]. The use of serum PSA as a screening tool
was adopted in the early 1990s, resulting in a dramatic increase in
the incidence of prostate cancer. Most of these cancers were clinically localized and associated with an increase in aggressive treatments
(radical prostatectomy and radiation therapy) for early stage disease
[4]. At present, prostate cancer is typically diagnosed in the setting
of a suspicious serum PSA concentration or digital rectal examination [2]. The primary goal during baseline evaluation is to establish
disease presence and extent. Diagnosis is possible via transrectal
ultrasound (TRUS)–guided biopsy, ultrasound (US)/MRI fusionguided biopsy, or MRI-targeted biopsy. Increasingly, initial staging
and diagnosis is done with multiparametric MRI (mpMRI) and MRI
directed biopsies. The Prostate Imaging and Reporting and Data
System version 2 (PI-RADSv2) provides a structured schema for

global standardization in the acquisition, interpretation, and reporting of prostate mpMRI examinations. PI-RADSv2 was published by
a steering committee comprising the joint efforts of the American
College of Radiology (ACR), European Society of Urogenital Radiology (ESUR), and AdMeTech Foundation [5]. Recent data describing mpMRI- and MRI-directed biopsies using PI-RADSv2 suggest
use of this system improves the detection of clinically significant
prostate cancers likely to cause harm and at the same time decreases
the detection of clinically insignificant cancers. To ensure the quality of the diagnostic process, the joint working of radiologists and
urologists, conducting biopsy procedures within multidisciplinary
teams, is encouraged [6]. In patients for whom pretreatment imaging and biopsy confirm the presence of intermediate- or high-risk
disease, bone scintigraphy and CT are primarily used to detect bone
and nodal metastases [2]. There are increasing data employing PET/
CT and, more recently, PET/MRI performed with prostate cancerspecific radiotracers, such as 11C and 18F choline, 18F fluciclovine,
68
Ga, and 18F prostate-specific membrane antigen (PSMA) for recurrence detection, particularly in the low PSA setting, with data, to a
lesser extent, on the role of these agents for primary tumor detection
and staging. Although discussion of these study findings is beyond
the scope of this chapter, these data are anticipated to contribute to
the management of prostate cancer patients in the future. PET/CT
and PET/MRI performed with tracers such as 11C choline and 68Ga
prostate-specific membrane antigen have the potential to improve
detection, staging, and recurrence detection in the low-PSA setting
and remain under study in the context of clinical trials; review of
these emerging data is beyond the scope of this chapter.

Prostate Anatomy
A fundamental understanding of normal prostate anatomy is
essential to diagnostic accuracy. In the coronal plane, the prostate gland can be subdivided into the base (the upper one-third of
the prostate just below the urinary bladder), the mid gland (the
middle one-third of the prostate that includes the verumontanum
in the mid prostatic urethra), and apex (the lower one-third of the
prostate) [7]. These anatomic descriptors are pertinent to lesion
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localization on transrectal US, US-guided
biopsy, and MRI.
In the axial plane, the prostate can be divided into three zones apparent on mpMRI
but typically poorly delineated or inapparent on TRUS or CT. These zones include the
outer peripheral zone, containing approximately 70% of all glandular tissue, which
is typically hyperintense in signal on T2weighted imaging. The periurethral transition zone, containing 5% of all glandular
tissue, is typically heterogeneous in signal
on T2-weighted imaging, particularly in
the setting of benign prostatic hypertrophy
(BPH). The central zone, comprising 20%
of all glandular tissue, typically appears as
a bandlike T2 hypointense structure located
between the periurethral transition zone and
outer peripheral zone, extending from below the ejaculatory ducts to the verumontanum [8]. The anterior fibromuscular stroma,
a continuation of the capsular gland margin
anteriorly, is devoid of glandular tissue. It
appears as a crescentic band of low signal on both T1- and T2-weighted imaging
that is relatively hypovascular on dynamic
contrast-enhanced (DCE) images [8, 9]. Because most prostate cancers arise from glandular tissue, knowledge of the distribution
of glandular tissue by anatomic location is
pertinent [8–11]. It is also important to note
that the peripheral zone varies from base to
apex, with the transition zone dominating at
the level of the bladder neck and prostate
base, whereas peripheral zone comprises
most of the prostatic apex [8–11].
At the periphery of the transition zone
in the axial plane, the surgical capsule
comprises a thin rim of tissue, typically
compressed in the setting of BPH. It can be
appreciated on axial T2-weighted MRI as a
bandlike crescentic area of reduced signal
on T2-weighted imaging and serves as one
of the anatomic landmarks to urologists
during transurethral resection of the prostate for BPH [12]. It is distinct from the anatomic (pseudo)capsule, located along the
outer aspect of the peripheral zone, which
serves as an important landmark for local
tumor staging because tumor extracapsular
extension upstages a patient and typically
indicates a poorer prognosis [10].
Important periprostatic structures include
the seminal vesicles, neurovascular bundles,
the bladder neck, external urethral sphincSubspecialist Tips

ter, and penile bulb. The seminal vesicles
appear as saccular cystic structures that are
anechoic on US, hypodense on CT, and hyperintense on T2-weighted MRI. They are
located above the base of prostate, join the
ejaculatory ducts at the prostate base, and
drain into the prostatic urethra through the
verumontanum [9, 10]. They are best evaluated on both axial and coronal T2-weighted
images, particularly when screening for
seminal vesicle tumor involvement [9].
Important periprostatic structures include the bladder neck, external urethral
sphincter, and neurovascular bundles.
Similar to the delineation of prostate subglandular anatomy, these structures are best
delineated on mpMRI as compared with
US or CT. Located either within or adjacent
to the prostate base is the bladder neck. In
some patients, a distinct bladder neck can be
seen on coronal T2-weighted MRI, located
superior to the prostate base. As the prostate enlarges, it expands, with obliteration
of the bladder neck by the central gland,
which typically projects into the bladder
lumen [9]. Adjacent and usually below the
prostate apex, the external sphincter is visualized by mpMRI. The external sphincter contains both the membranous urethral
sphincter, surrounding the urethra between
the prostate apex and penile bulb and the
intraprostatic sphincter that surrounds the
urethra from the verumontanum to the prostate apex [9]. The neurovascular bundles are
typically seen on mpMRI as discrete rounded structures on T2-weighted imaging and
apparent diffusion coefficient (ADC) imaging in the 5 and 7 o’clock positions relative
to the gland in the axial plane. The periprostatic venous plexus can be observed along
the lateral margins of the peripheral zone as
areas of relative signal void [9]. It should
be noted, however, as per prior studies,
that significant variability in neurovascular
bundle location and distribution around the
prostate gland is possible [13]. Moreover
but rarely, no neurovascular elements may
be apparent on imaging [9, 13].
The PI-RADSv2 structured reporting
schema uses a detailed anatomic sector
map. It uses 39 sectors or regions, which
the reader is encouraged to review [5]. The
sector map is meant to enable radiologists,
urologists, pathologists, and others to localize findings described in MRI reports

and to serve as a visual aid for discussions
with patients [5].

Overview of Imaging Modalities
for Detection and Staging
As summarized in the most recent ACR
Appropriateness Criteria for the Pretreatment Detection, Surveillance, and Staging
of Prostate Cancer, the common modalities used to evaluate prostate cancer are
TRUS, MRI, CT, and bone scintigraphy
[3]. At present, TRUS and MRI are used
to diagnose and stage local disease extent,
whereas CT and bone scintigraphy are
used to evaluate for metastatic disease,
which typically involves either lymph
nodes or osseous structures [3].
An increased likelihood of locally advanced or distant disease has been observed in patients with intermediate- and
high-risk disease, underscoring the importance of risk stratification [3]. The National
Comprehensive Cancer Network (NCCN)
criteria for high-risk disease include a PSA
of 20 ng/mL or more, Gleason score higher
than 8, clinical stage T3 or higher or any
two of the following: T2b or T2c clinical
stage, Gleason score of 7 or more, PSA of
10–20 ng/mL [14].

Transrectal Ultrasound
and Transrectal Ultrasound–
Guided Biopsy
The role of TRUS is primarily for the
localization of the prostate gland before
systematic biopsy [3] and is typically performed by urologists or, in some instances,
by interventional radiologists. A minority
of prostate cancers are apparent on US, and
it has limited value for tumor detection and
local staging. Despite significant concerns
related to both underdiagnosis and overdiagnosis, TRUS-guided systematic prostate
biopsy remains the standard of care for
diagnosis in patients with clinically suspected prostate cancer [3].

Multiparametric MRI

Multiparametric MRI reflects a combination of anatomic T1- and T2-weighted
sequences and functional MR-imaging sequences (DWI and DCE). Historically, given
the standard use of TRUS-guided systematic biopsy for prostate cancer diagnosis, MRI
has not been widely used in biopsy-naïve
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patients with clinically suspected prostate
cancer on the basis of an abnormal digital
rectal examination or serum PSA concentration [3]. However, the superior spatial resolution of mpMRI as compared with US and
CT for the assessment of the prostate and
periprostatic anatomy and the emerging literature on the use of MRI targeting to guide
baseline prostate biopsy support routine use
of MRI for tumor localization [3, 15]. The
reader is encouraged to review references
describing the advantages of endorectal coil
(ERC) use for dedicated prostate mpMRI
use [16–20]. As described in PI-RADSv2,
for some 1.5-T MRI systems, particularly
older ones, use of an ERC is considered
indispensable to achieve diagnostic highresolution imaging of the prostate [5]. At
the same time, previous studies suggest that
3-T field strength without an ERC may offer sufficient image quality to identify clinically significant prostate cancers [21, 22],

although direct comparison of both strategies for cancer detection or staging is lacking. Taking these factors and the variability
of MRI equipment available in clinical use
into consideration, the PI‐RADS Steering
Committee recommends that supervising
radiologists strive to optimize imaging protocols to obtain the best and most consistent
image quality possible with the MRI scanner used, while bearing in mind cost, availability, and patient preference [5].
Prostate cancers typically present as
foci of hypointense signal on T2-weighted
imaging, associated with restricted diffusion, i.e., increased signal on DWI and corresponding reduced signal on ADC maps.
Prostate cancers in the peripheral zone typically stand out as foci of reduced signal on
T2-weighted imaging, relative to the normal
surrounding glandular tissue that is hyperintense on T2-weighted imaging (Fig. 1).
Transition zone cancer foci are more chal-
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Fig. 1—72-year-old man with biopsy-confirmed Gleason 9 cancer of left prostatic apex.
A, Axial T2-weighted MRI of prostate shows focus of reduced T2 signal in left prostatic apex (arrow).
B, Corresponding apparent diffusion coefficient map shows reduced signal corresponding to signal
abnormality on T2-weighted images (arrow).

lenging to identify on T2-weighted images
owing to the heterogeneous appearance of
the transition zone, which can contain stromal benign prostatic hypertrophy (BPH)
nodules, both of which are hypointense on
T2-weighted imaging and can mimic the
appearance of cancer [10]. There is known
overlap in the quantitative T2 signal intensity, ADC values, and DCE Ktrans values between stromal BPH nodules and transition
zone cancers [23, 24]. To detect transition
zone cancers, scrutiny of the margins of
a lesion can be helpful because transition
zone cancer foci typically have poorly defined margins, which have been described
as having a smudged or erased charcoal
appearance [10] (Fig. 2). Irrespective of
their site within the prostate, high-grade
cancers tend to have lower signal intensity
than low-grade cancers and will generally
appear lower in signal on T2-weighted images relative to the surrounding prostate parenchyma [10, 25]. T2-weighted MRI has
a reported range in sensitivity of 27–100%
and specificity of 32–99% for cancer detection [10, 26–28]. Alongside assessment of
the T2-weighted images, it is important to
review the T1-weighted images to identify
the presence of postbiopsy hemorrhage.
These appear as foci of increased signal on
T1-weighted images, most often within the
peripheral zone or within lumen of the seminal vesicles [10]. Hemorrhagic foci with
increased signal on T1-weighted images
will show corresponding reduced signal on
T2-weighted images, which should not be
confused with cancer. Cross correlation of
the T1-weighted and T2-weighted images
is crucial to avoid this pitfall.
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Fig. 2—70-year-old man with biopsy-confirmed Gleason 8 prostate cancer involving left transition zone.
A, Axial T2-weighted MRI of prostate shows lentiform focus of reduced T2 signal in left transition zone (arrow, +).
B, Corresponding apparent diffusion coefficient map show reduced signal corresponding to signal abnormality on T2-weighted images (arrow, +).
C, Contrast enhancement time curve at level of abnormal focus shows type 3 (washout) curve appearance most commonly associated with malignancy.
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On DWI, prostate cancers show restricted diffusion manifest as increased signal
on DWI and corresponding low-signal intensity on ADC maps [10]. When used in
conjunction with T2-weighted image, DWI
and ADC maps increase the sensitivity for
prostate cancer detection (54–98%) [10,
26, 29]. Using a high b value for DWI is
helpful to distinguish prostate cancer from
normal prostatic parenchyma and prostatitis [10]. Per PIRADSv2, DWI should
include an ADC map and high b-value images, defined as a b-value greater than or
equal to 1400 s/mm2 [5]. DWI is also useful to assess tumor aggressivity, with prior
work having shown that tumors with high
Gleason scores exhibit lower ADC values
than lower Gleason grade tumors [30, 31].
DCE-MRI serves as a complementary
tool alongside DWI and T2-weighted images, with prior studies describing a specificity of 93.8% and positive predictive
value of 94.7% [32]. DCE images can be
evaluated qualitatively and quantitatively.
Qualitative assessment involves the assessment of contrast enhancement time curves
at the level of tumor as compared with the
normal parenchyma. The appearance of the
time–signal intensity curves has been subdivided into progressive (type 1), plateau
(type 2), or washout (type 3). The washout curve, showing a drop-off in signal intensity with time after a rapid initial rise
in the beginning, is considered the most
suspicious for prostate cancer, especially
if there is a focal asymmetric enhancing
lesion, although type 1 and 2 curves can
be observed for prostate cancers as well
[33]. Quantitative assessment uses a pharmacokinetic model that, after softwarebased postprocessing, may be displayed as
color-coded maps. Regions of the prostate
that are low in T2 signal and show corresponding rapid wash-in and washout or
high K trans or K ep relative to the normal
prostatic parenchyma are more suspicious
for cancer [10]. The high specificity of
DWI and DCE-MRI can help to enhance
diagnostic accuracy and reduce the number of lesions targeted when MRI is used
in the setting of prostate biopsy [10, 34].

MRI-Targeted Biopsy
TRUS or MRI may be combined with
biopsy. MRI-targeted biopsy can be perSubspecialist Tips

formed via direct or in-bore sampling,
via US/MRI fusion, or with cognitive fusion. With the direct or in-bore approach,
real-time MRI guidance is used for lesiondirected biopsy. With US/MRI fusion,
the patient undergoes a standard TRUSguided biopsy, with MRI targets selected
from a preacquired MRI scan whose data
are coregistered to the intraprocedural US
images via common anatomic landmarks;
additional cores are taken from the areas
of suspicion delineated on MRI [3]. With
cognitive fusion, the patient undergoes a
standard TRUS-guided biopsy, but the operator also biopsies the MRI target on the
basis of visual anatomic coregistration and
freehand needle insertion. Several studies
[35–37] have illustrated the inferiority of
cognitive fusion as compared with US/
MRI fusion [3]. In contrast, advantages for
both targeted MR/US fusion-guided prostate biopsy and direct MRI-targeted biopsy
over standard sextant US-guided biopsy
have been shown [38, 39]. In a prospective cohort study of 1003 men undergoing
both targeted and standard biopsy referred
for elevated PSA or abnormal digital rectal
examination results, targeted MRI/US fusion biopsy, compared with standard extended-sextant US-guided biopsy, showed
increased detection of high-risk prostate
cancer and decreased detection of low-risk
prostate cancer [38]. A prior meta-analysis
found that MRI-targeted biopsy significantly increased the detection rate for all
cancers and significantly decreased the
detection of clinically insignificant cancers
[39]. These and similar data are anticipated to change current approach to prostate cancer diagnosis in the future, which
has historically involved a TRUS-guided
sextant biopsy before or in the absence of
dedicated prostate imaging [3]. At present,
MRI-guided biopsy may be used for baseline diagnosis in patients who have had a
negative TRUS-guided biopsy and elevated PSA or other cause for clinical concern,
for reevaluation of tumor grade in patients
on active surveillance, and for diagnosis of
local recurrence [3]. Experience with MRItargeted biopsy suggests that this approach
is associated with fewer false negatives,
better tumor characterization, improved
tumor localization, and better treatment
stratification as compared with traditional

systematic biopsy, particularly for lowerrisk cohorts that may be appropriate for active surveillance or focal therapy [38–43].
It is anticipated that MRI-targeted biopsy
will supplant TRUS-guided sextant biopsy
as the clinical standard for prostate cancer
diagnosis in the future [3].

CT
The primary role of CT in prostate cancer is the detection of nodal metastases. On
occasion, the primary tumor can be seen
as an area of focal enhancement within the
prostate on contrast-enhanced CT [3]. A
prior meta-analysis has showed a pooled
sensitivity of 0.42 (95% CI, 0.26–0.56) and
specificity was 0.82 (95% CI, 0.8–0.83)
[44]. Similar findings have been shown in
other prior studies [45]. These results likely
reflect limitations of the assumption that
nodal size reflects nodal histologic composition; it is known that this assumption has
limited accuracy [3]. The NCCN guidelines
recommend CT if clinical stage is T3 or
T4 or if a nomogram-based probability of
lymph node involvement exceeds 10% [14].

Bone Scan
Technetium-99m-methyl diphosphonate
(99mTc-MDP) radionuclide bone scan remains the standard test used for detection
of bone metastases in high-risk patients.
There are data to suggest that emerging
techniques like PET/CT with radiotracers
such as sodium fluoride, prostate cancer
specific radiotracers such as 11C and 18F
choline, 18F fluciclovine, and 68Ga, and 18F
PSMA, or possibly whole-body MRI may
replace the traditional bone scan in the future [3]. In the absence of these techniques,
it is preferable for bone scintigraphy to be
performed with SPECT/CT capability to
maximize anatomic localization of suspected metastatic foci [3]. Meta-analysis
data have described a sensitivity of 0.79
(95% CI, 0.73–0.83) and specificity of
0.82 (95% CI, 0.78–0.85) for the diagnosis
of bone metastases by bone scintigraphy
[46]. NCCN guidelines [14] recommend
bone scintigraphy if baseline PSA is 20
or more, clinical stage is T2 and PSA is
10 or higher, clinical stage is T3 or T4,
Gleason score is 8 or more, or any symptoms are suggestive of osseous metastatic
involvement [3].
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Clinical Staging of Prostate Cancer
Staging of prostate cancer is based on
local, nodal, and distant disease extent
[10, 47, 48]. Once a focal lesion consistent with prostate cancer is detected, e.g.,
on mpMRI, there is the opportunity to determine the degree of locoregional tumor
extent. The most important overall assessment is whether the tumor is confined to the
gland (T stage ≤ 2) or extends beyond the
prostate gland (≥ T3). When the capsular
margin or anterior fibromuscular stroma is
involved by a focus of cancer, it is reported
as capsular invasion. When the cancer focus extends into the periprostatic adipose
and vascular or venous tissue, it is interpreted as extraglandular or extracapsular
extension, consistent with T3a disease [10,
47, 48]. A characteristic pattern of spread
involves the obliteration of the normally
T2-hyperintense wedge shape of the rectoprostatic angle seen on axial T2-weighted
images by posteriorly located prostate cancers. Seminal vesicle invasion (SVI) indicates T3b disease and typically occurs at
the prostate base by direct extension across
the base into the inferior seminal vesicles
[13]. Signs of SVI include seminal vesicle
wall thickening or replacement of the normal seminal vesicles by cancer [10]. T4
disease includes tumor involvement of the
muscular wall of the bladder or rectum or
tumor extension to the pelvic side wall or
levator muscles [10, 47, 48].
Nodal staging involves detection of metastasis in regional nodal stations, including the external iliac, internal iliac, and obturator nodes. Prior studies have suggested
an association between the number of
nodes involved and prognosis, with one to
two positive nodes associated with a recurrence-free survival of 70% and with more
than five positive nodes associated with a
recurrence-free survival of 49% [10, 49].
Nodal staging with MRI relies primarily on
size to determine the level of suspicion for
metastatic involvement. Size criteria have
limitations given the significant overlap
with nonmalignant nodes, with specificity
decreased when sensitivity is maximized
and vice versa [10]. In general, nodes measuring greater than 0.8 cm in short axis in
the internal iliac, external iliac, and obturator stations are considered enlarged and
suspicious for metastatic involvement.
146

Common iliac nodes larger than 0.8 cm
and retroperitoneal nodes greater than 1.0
cm in short axis are generally considered
suspicious for metastatic disease [10]. For
normal vs suspicious nodes in the perirectal region, 5-mm short-axis diameter
nodes may be considered the cutoff [10,
50]. Shape and internal signal intensity
can be useful in nodal assessment. A node

that is round (instead of ovoid) or irregular in contour is more likely to be metastatic. Heterogeneous signal intensity on
T2-weighted MRI is observed for prostate
cancer nodal metastases as demonstrated
for other cancer histologies [10, 51, 52].
Distant metastases include nonregional
nodes and osseous metastases. On prostate MRIs, these areas can be evaluated on
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Fig. 3—70-year-old man with biopsy-confirmed
Gleason 8 prostate cancer.
A and B, Axial T2-weighted MR images from
prostate base (A) and corresponding axial
apparent diffusion coefficient (ADC) map
from prostate base (B) denote foci of reduced
signal on T2-weighted imaging (arrows, A) and
ADC map (arrows, B) corresponding to sites of
biopsy-confirmed Gleason 8 cancer within right
and left peripheral zones.
C and D, Large FOV T1-weighted images show
metastatic left external iliac adenopathy (arrow,
C) and osseous metastases to left iliac bone and
right sacral ala (arrows, D).
E, Technetium-99m methylene diphosphonate
bone scan confirms presence of left iliac
and right sacral alar osseous metastases and
delineation of multiple additional osseous
metastases to left parietal calvaria, left scapular
spine, and lumbar vertebral bodies (arrows).
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whole pelvis, large FOV axial T1-weighted
images, for example. Common sites for osseous metastatic involvement include the
axial and proximal appendicular skeleton,
including the pelvic bones and proximal
femurs, which may be detectable on whole
pelvis, large FOV imaging obtained as part
of a prostate MRI or diagnosed on CT of
the abdomen and pelvis with administration of IV contrast agent, the latter being
an appropriate staging modality in patients
with clinically established high-risk prostate cancer [3]. Radionuclide bone scan
permits whole-body osseous metastatic
involvement and is complementary to MRI
or CT for evaluation of possible bone metastases [3] (Fig. 3).

Conclusion
Prostate cancer remains a common
malignancy and leading cause of cancer
death in men. Radiologic imaging plays
an integral role in its diagnosis and staging. Knowledge of prostate anatomy, the
indications and imaging findings on US,
mpMRI, CT and scintigraphy, staging criteria, and risk stratification metrics enables
the practicing radiologist to contribute optimally to patient care.
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