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INTRODUCTION

I\/I agnetic Resonancknaging(MRI)hasbeenusedfor noninvasiveassessmenbf the prostate

glandandsurroundingstructuressincethe 1980s Initially, prostate MRIwasbasedsolelyon
morphologicassessmentisingT I-weighted(T1W)and T2-weighted(T2W)pulsesequencesandits
rolewasprimarily for locoregionalstagingin patientswith biopsyproven cancerHowever it provided
limited capabilityto distinguishbenignpathologicaltissueandclinicallyinsignificantprostatecancer
from significantcancer.

Advances in technology (both in software and hardware) have led to the development of

multiparametric MRl (mpMRI), which combinesaomic T2W imaging with functional and

physiologic assessment, including diffusigveighted imaging (DWI) and its derivative apparent

diffusion coefficient (ADC) maps, dynamic contrasthanced (DCE) MRAnd sometimes other

techniques such as-mivo MRproton spectroscopy.These technologic advances, combined with a

growing interpreter experience with mpMRI, have substantially improved diagnostic capabilities for

addressing the central challenges in prostate cancer care: 1) Improving detection dlifinic

significant cancer, which is critical for reducing mortality; and 2) Increasing confidence in benign

AEOAAGAO AT A AT OT AT O 1T Al EcT AT AEAOh xEEAE AOA 110 1E
order to reduce unnecessary bhiopsies and treatment.

Consequently, clinical applications of prostate MRI have expanded to include not only locoregional
staging, but also tumor detection, localization (registration against an anatomical reference),
characterization, risk stratification, surveillance, asse®nt of suspected recurrence, and image
guidance for biopsy, surgery, focal therapy and radiation therapy.

In 2007, recognizing an important evolving role for MRI in assessment of prostate cancer, the
AdMeTech Foundation organized the InternatiofRrostate MRl Working Group, which brought
together key leaders of academic research and industry. Based on deliberations by this group, a
research strategy wadeveloped and a number of critical impediments to the widespread acceptance
and use of MRI weridentified. Amongst these was excessive variation in the performance,
interpretation, and reporting of prostate MRI exams. A greater level of standardization and
consistency was recommended in order to facilitate mgkinter clinical evaluation and
implementation.

In response, the European Society of Urogenital Radiology (ESUR) drafted guidelines, including a
scoring system, for prostate MRI known as Prostate ImagRegporting and Data System version 1
(PFRADS v1). Since it was published in 201-RADS v1 has been validated in certain clinical and
research scenarios. However, experience has also revealed several limitations, in part due to rapid
progress in the field. In an effort to makeRADS standardization more globally acceptable, the
American College of Radiology (ACR), ESUR and the AdMeTech Foundation established a Steering
Committee to build upon, update and improve upon the foundation eRRIDS v1. This effort

resulted in the development of FRADS v2.

PFRADS v2 was developed by members of th&RRDS Steering Committee, several working groups
with international representation, and administrative support from the ACR using the best available
evidence and expert consensus opinion. It is designed to ptemlobal standardization and

diminish variation in the acquisition, interpretation, and reporting of prostate mpMRI examinations,

American College of Radiol@®®019 1 PIRADSv2.1
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accrue.

Followirg its initial release, numerous studies validated the value ®RDS v2, but, as expected,
also showed some inconsistencies and limitations. For example,-otiserver agreement was good
to moderate, and a humber of specific assessment criteria wenetifiied that required clarification or
adjustment. Furthermore, certain technical issues concerning the acquisition of mpMRI data
warranted updating and refinement. To address these issues, HRABIS Steering Committee,
again using a consensidmased pra@ess, recommended several modifications teFADS v2,
maintaining the framework of assigning scores to individual sequences and using these scores to
derive an overall assessment category. The updated version is termBABPS v2.1.

American College of Radiol@®®019 2 PIRADSv2.1
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PFRADSv2. lisdesignedto improvedetection,localization,characterizationandrisk stratification in
patientswith suspectedcancerin treatment naiveprostateglands.The overallobjectiveisto improve
outcomesfor patients. Thespecificaimsareto:

1 Establishminimumacceptabletechnicalparametersfor prostatempMRI
1 Simplifyandstandardizethe terminology andcontent of radiologyreports
1 Facilitatethe useof MRIdata for targetedbiopsy

1 Developassessmentategoriesthat summarizelevelsof suspicionor riskandcanbe used
to selectpatientsfor biopsiesandmanagement(e.g.,observationstrategyvs.
immediateintervention)

1 Enabledatacollectionandoutcomemonitoring

1 Educateradiologistson prostate MRIreportingandreducevariabilityin imaging
interpretations

1 Enhanceanterdisciplinarycommunicationswith referringclinicians

PLRADS v2.1 isot a comprehensive prostate cancer diagnosis document and should be used in
conjunctionwith other current resources-or example, it does not address the use of MRI for

detection of suspected recurrent prostate cancer following therapy, progression glgtnveillance,

or the use of MRI for evaluation of other parts of the body (e.g. skeletal system) that may be involved
with prostate cancer. Furthermore, it does not elucidate or prescribe optimal technical parameters;
only those that should result in arcceptable mpMRI examination.

The PIRADS Steering Committee strongly supports the continued development of promising MRI
methodologies for assessment of prostate cancer and local staging (e.g. nodal metastases) utilizing
novel and/or advanced researabals not included in PRADS v2.1, such a&svivo MRspectroscopic
imaging (MRSI), diffusion tensor imaging (DT]I), diffusional kurtosis imaging (DKI), multizé.ib
assessment of fractional ADC, intravoxel incoherent motion (IVIM), blood oxygenatieh le
dependent (BOLD) imaging, intravenous uksanall superparamagnetic iron oxide (USPIO) agents,
and MRPET. Consideration will be given to incorporating them into future versionsBABIS as
relevant data and experience become available

American College of Radiold®8019 3 PIRADSv2.1
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SECTION: CLINICAICONSIDERATIONSND
TECHNICABPECIFICATIONS

A. ClinicalConsiderations

1. Timing of MRIFollowing Prostate Biopsy

Hemorrhage, manifested as hyperintense signal on T1W, may be present in the prostate gland,
most commonly the peripheral zon@Z) and seminal vesicles, following systematic transrectal
ultrasoundguided systematic (TRUS) biopsy and may confound mpMRI assessment. When there
is evidence of hemorrhage in the PZ on MR images, consideration may be given to postponing
the MRI examintion until a later date when hemorrhage has resolved. However, this may not
always be feasible or necessary, and clinical practice may be modified as determined by individual
circumstances and available resources. Furthermore, if the MRI exam is peddoffeving a

negative TRUS biopsy, the likelihood of clinically significant prostate cancer at the site of post
biopsy hemorrhage without a corresponding suspicious finding on MRI is low. In this situation, a
clinically significant cancer, if presentliisely to be in a location other than that with blood

products. Thus, the detection of clinically significant cancer is not likely to be substantially
compromised by post biopsy hemorrhage, and there may be no need to delay MRI after prostate
biopsy if e primary purpose of the exam is to detect and characterize clinically significant cancer
in the gland.

However, post biopsy changes, including hemorrhage and inflammation, may adversely affect the
interpretation of prostate MRI for staging in some insts. Although these changes may persist
for many months, they tend to diminish over time, and an interval of at least 6 weeks or longer
between biopsy and MRI should be considered.

2. Patient Preparation

At present,thereisno consensugoncerningall patient preparation issues.

To reduce motion artifact from bowel peristalsis, the use of an antispasmodic agent (e.qg.
glucagon, scopolamine butylbromide, or sublingual hyoscyamine sulfate) may be beneficial in
some patients. However, in many others ihi® necessary, and the incremental cost and
potential for adverse drug reactions should be taken into consideration

The presence of stool in the rectum may interfere with placement of an endorectal coil (ERC). If
an ERC is not used, the presence ofaii/or stool in the rectum may induce artifactual distortion
that can compromise DWI quality. Thus, some type of minimal preparation enema administered
by the patient in the hours prior to the exam may be beneficial, especially if the exam is
performed without an ERC. However, an enema may also promote peristalsis, resulting in
increased motion related artifacts in some instances.

The patient should evacuate the rectum, if possible, just prior to the MRI exam.

Some recommend that patients refraindm ejaculation for three days prior to the MRI exam in
order to maintain maximum distention of the seminal vesicles. However, a benefit for
assessment of the prostate and seminal vesicles for clinically significant cancer has not been
firmly established

American College of Radiol@®®019 4 PIRADSv2.1
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3. Patient Information

Thefollowing information shouldbe availableto the radiologistat the time of MRlexam
performanceandinterpretation:

1 Recentserumprostate-specificantigen(PSA)evelandPSAhistory

1 Dateandresultsof prostatebiopsy,includingnumberof cores locationsand
Gleasorscores of positivebiopsies(with % coreinvolvementwhenavailable)

1 Otherrelevantclinicalhistory,includingdigital rectalexam(DREYindings,
medications (particularly in the setting of alphllockers, hormones/hormone
ablation), prior prostate infections, pelvic surgery, radiation therapy, and family
history.

B. Technical Specifications

Prostate MRI acquisition protocols should always be tailored to specific patients, clinical questions,
manageamnent options, and MRI equipment. Unless the MRI exam is monitored and no findings
suspicious for clinically significant prostate cancer are detected, at least one pulse sequence should
use a fieldof-view (FOV) that permits evaluation of pelvic lymph nede the &vel of the aortic
bifurcation. The supervising radiologist should be cognizant that superfluous or inappropriate
sequences unnecessarily increase exam time and discomfort, and this could negatively impact patient
acceptance and compliance

Thetechnologist performing the exam and/or supervising radiologist should marte scan for
quality control.If image quality of a pulse sequence is compromised due to patient motion or other
reason, measures should be taken to rectify the problem andsttgence should be repeated

1. MagneticFieldStrength

The fundamental advantage of 3T compared with 1.5T lies in an increased-tgnaise ratio

(SNR), which theoretically increases linearly with the static magnetic field. This may be exploited
to increase spatial resolutigriemporal resolution, or botiDepending on the pulse sequence and
specifics of implementation, power deposition, artifacts related to susceptibility, and signal
heterogeneity could increase at 3T, and techniques that mitigatse concerns may result in

some increase in imaging time and/or dease in SNRHowever, current stateof-the-art 3T MRI
scanners can successfully address these issues, and most members cRA®BISteering
Committee agree that the advantages of 3Tbstantially outweigh these concerns.

Therearemanyother factorsthat affectimagequality besidesmagneticfield strength,andboth
1.5Tand3.0Tcanprovideadequateandreliablediagnosticexamswhenacquisitionparameters
areoptimizedandappropriatecontemporarytechnologyisemployed.Althoughprostate MRIat

both 1.5T and3Thasbeenwell establishedmost membersof the PFRADSSteeringCommittee
prefer,use,andrecommend3Tfor prostateMRI.When a patient has an implanted devittet

has been determined to be MR conditional at 1.5T but not at 3T, 1.5T should be considered.
Additionally, 1.5T may be preferred when patients are safe to undergo MRI at 3T but the location
of an implanted device may result in artifact that could compise image quality (e.gbilateral
metallic hip prosthesis).

American College of Radiol@®®019 5 PIRADSv2.1
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The recommendations in this document focus only on 3T and 1.5T MRI scanners since they have
been the ones used for clinical validation of mpMRI. Prostate mpMRI at lower magnetic field
strengths (<1.5T) is not recommended unless adequate peer reviewed clinical validation becomes
available.

2. EndorectalCoil(ERC)

When integrated with external (surface) phased array coils, endorectal coils (ERCs) increase SNR
in the prostate at any magnaetifield strength. This may be particularly valuable for high spatial
resolution imaging used in cancer staging and for inherently lower SNR sequences, such as DWI
and high temporal resolution DCE.

ERCs can also be advantageous for larger patients wher&MNR in the prostate may be

compromised using only external phased array RF coils. However, use of an ERC may increase the
cost and time of the examination, deform tlggand, and introduce artifact$n addition, it may

be uncomfortable for patients anah¢rease their reluctance to undergo MRI.

With some 1.5T MRI systems, especially older ones, use of an ERC is considered indispensable for
achieving the type of high resolution diagnostic quality imaging nedfor staging prostate

cancer.At 3T without ug of an ERC, image quality can be comparable with that obtained at 1.5 T
with an ERC, although direct comparison of both strategies for cancer tieteand/or staging is
lacking.Importantly, there are many technical factors other than the use of an ERGrifluence

SNR (e.g. receiver bandwidth, coil design, efficiency of the RF chain), and some contemporary
1.5T scanners that employ a relatively high number of external phased array coil elements and RF
channels (e.g. 16 or more) may be capable of achieadequate SNRimany patients without

an ERC.

Credible satisfactory results have been obtained at both 1.5T3&ndithout the use of an ERC.
Taking these factors into consideration as well as the variability of MRI equipment available in
clinical usethe PIRADS Steering Committee recommends that supervising radiologists strive to
optimize imaging protocols in order to obtain the best and most consistent image quality
possble with the MRI scanner usedowever, cost, availability, patient preferencand other
considerations cannot be ignored.

If air is used to inflate the ERC balloon, it may introduce local magnetic field inhomogeneity,
resulting in distotion on DWI, especially at 3The extent to which artifacts interfere with MRI
interpretation will vary depending on specific pulse sequence implementations, but they can be
diminished using correct positioning of the ERC and distention of the balloon with liquids (e.g.
liquid perflurocarbon or barium suspension) that will not result in suscdipilairtifacts. When

liquid is used for balloon distention, all air should be carefully removed frorkR@ balloon prior

to placement.Solid, rigid reusable ERCs that avoid the need for inflatable balloons and decrease
gland distortion have been develogde

3. Computer-Aided Evaluation (CAE)Technology

Computeraided evaluation (CAE) technology using specialized software or a dedicated
workstation is not required foprostate mpMRI interpretationHowever, CAE may improve
workflow (display, analysis, interpretation, reporting, and communication), provide quantitative
pharmacodynamic data, and enhance lesion detection and discrimination performance for some
radiologists, especially those with lesgperience interpreting mpMRI exam&AE can also

facilitate integration of MRI data with some forms of MR targeted biopsy systems.

American College of Radiol@®®019 6 PIRADSv2.1
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SECTIONI:NORMALANATOMYAND BENIGN
FINDINGS

A.

Normal Anatomy

From superior to inferior, the prostate consists of the b§sst below the urinary bladder), the

midgland, and the apex. It is divided into four histologic zof@ghe anterior fibromuscular stroma,
contains no glandular tissuép)the transition zone (TZ), surrounding the urethra proximal to the
verumontanum, contains 5% of the glandular tissye)the central zone (CZ), surrounding the
ejaculatory ducts, contains about 20% of the glandular tissue;(@ijthe outer peripheral zone (PZ),
contains 70%80% of the glandular tissue. When benign prostatic hyperplasia (BPH) develops, the TZ
will account for an increasingercentage of the gland volume

Approximately 7675% of prostate cancers originate in the &x 2030% in the TZ. Cancers
originating in the CZ are uncommon, and the cancers that occur in the CZ are usually secondary to
invasion by PZ tumors.

Based on location and differences in signal intensity on T2W images, the TZ can often be @btugu

from the CZ on MR imageklowever, in some patients, agelated expansion of the TZ by BPH may

OAOOI O ET AT i POAOOEIT AT A AEODI AAAIT AT O T &£ OEA #: 8
combination of TZ and CZ is discouraged as it is not reéfteatf the zonal anatomy as visualized or

reported on pathologic specimens

! OEET h AAOE OEi PDPAOOEAI T U 006001 01 AET ¢ OEA DPOI OOAOA
It serves as an important landmark for assessment ofaptostaticextension of cancein fact, the

prostate lacks a true capsule; rather it contains an outer band of concentric fibromuscular tissue that is
inseparable from prostatic stroma. It is imoplete anteriorly and apically.

The prostatic pseudocapsule (somethld OA £ZAOOAA O1 AO OEA OOOOCEAAI AAE
rim at the interface of the TZ with the PZ. There is no true capsule in this location at histological
evaluation, and this appearance is due to compressed prostaseie.

Nerves that supply the corpora cavernosa are intimately associated with arterial branches from the
inferior vesicle artery and accompanying veins that course posterolateral at 5 and 7 o'clock to the
prostatebilaterally, and together they congtite the neurovascular bundlesAt the apex and base, small
nerve branches surround the prostate periphery and penetrate through the capsule, a potential route for
extraprostatic extension (EPE) of cancer.

Sector Map (Appendixll)

The segmentation model used in-RADS v2.1 was adapted from a European Consensus Meeting and
the ESWR Prostate MRI Guidelines 201t2employs fortyone sectors/regions: thirteight for the
prostate, two for the seminal vesicles and one for the external urethral sphincteref#gix I1).

Use of the Sector Map will enable radiologists, urologists, pathologists, and others to localize findings
described in MRI reports, and it will be a valuable visual aid for discussions with patients about biopsy
and treatment options.

American College of Radiol@®z019 7 PFRADSv2.1
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Divisionof the prostate andassociatedstructuresinto sectorsstandardizeseporting andfacilitates
preciselocalizationfor MR-targetedbiopsyandtherapy,pathologicalcorrelation,andresearch.
Sincerelationshipsbhetweentumor contours,glandularsurfaceofthe prostate,andadjacent
structures,suchasneurovasculabundles,externalurethral sphincter,andbladderneck,arevaluable
information for periprostatictissuesparingsurgery the SectorMap mayalsoprovidea useful
roadmapfor surgicaldissectionat the time of radicalprostatectomy.

Eitherhardcopy(on paper)or electronic(i.e. on computer)recordingon the SectorMapisacceptable.

Forinformation aboutthe useof the SectorMap, seeSectionllland Appendixil.

C. BenignFindings
Manysignalabnormalitieswithin the prostatearebenign. Themostcommoninclude:

1. Benignprostatic hyperplasia(BPH)

Benign prostatic hyperplasia (BPH) develops in response to testosterone, afteoitisrted to
dihydrotesosteroneBPH arises in the TZ, althougixophytic and extruded BPH nod@ean be

found in the PZ or CBPH consists of a mixture of stromal and glandular hyperplasia and may
appear as bandike areas and/or encapsulated round nodules with circumscribed or encapsulated
margins. Predominantly gindular BPH nodules and cystic atrophy exhibit moderatarked T2
hyperintensity and are distinguished from malignant tunsdoy their signal and capsule.
Predominantly stromal ndules exhibit T2 hypointensitfMany BPH nodules demonstrate a

mixture ofsignal intensitiesBPH nodules may be highly vascular on DCE and can demonstrate a
range of signal intensities on DWI.

Although BPH is a benign entity, it may have important clinical implications for biopsy approach

and therapy since it can increasegt volume, stretch the urethra, and impede the flow of urine.

Since BPH tissue produces prostapecific antigen (PSA), accurate measurement of gland

Ol 6i A AU -2) EO Al EI PI OOAT O I AOGOEA O All11x Al O
calculae the PSA density (PSA/prostate volume).

2. Hemorrhage

Hemorrhage in the PZ and/or seminadsicles is common after biopsl.appears as focal or
diffuse hyperintense signal on T1W and-sgpointense signal on T2W. However, chronic blood
products may appear hypointense on all MR sequences.

3. Cysts

A variety of cysts can occur in theggtate and adjacent structure#\s elsewlere in the body,

AUOOO ET OEA DPOI OOAOA 1T AU Al 1T OAET OOEI pi Ao & OEA
dark on TW.However, they can also contain blood products or proteinaceous fluid, which may

demonstrate a variety of signal characteristics, irdihg hyperintense signal on T1W.

4. Calcifications

Calcificationsjf visible,appearasmarkedlyhypointensefoci (e.g. signal voidg)n all pulse
sequences
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5. Prostatitis

Prostatitisaffects many men, altough it is often suklinical.Pathologically, it presents as an
immune infiltrate, the character of which depends on the agent causing the inflammation. On
MRI, prostatitis can result in decreased signal in the PZ on both T2W a@e(appaent

DCE resultHowever, the morphology is commonly batlile, wedgeshaped, or diffuse rather

than focal, round, oval, or irregular, and theallease in signal on the ADC map is generally not as
pronounced nor as focal as in cancer

6. Atrophy

Prostatic atrophy can occur as a normal part of aging or from chronic inflammation. It is typically
associated with wedgehaped areas of low signal on T2Wdamildly decreased signal on the

ADC magrom loss of glandular tissu@he ADC is generally not as low as in cancer, and there is
often contour retraction of the involved prostate.

7. Fibrosis

Prostatic fibross can occur after inflammatiot may be assciated with wedge or bandshaped
areas of low signal on T2W.

American College of Radiol@g019 9 PIRADSv2.1
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SECTION IHASSESSMENAND REPORTING

A major objective of a prostate MRI exam is to identify and localize abnormalities that correspond to
clinically significant prostate cancer, ama@pMRI is able to detect intermediate to high grade cancers
with volumes <56mm, depending on the location and background tissue within the prostate gland.
However, there is no universal agreement of the definition of clinically significant prostate cancer.

In PIRADS v2.1, the definition of clinically significant cancer is intended to standardize reporting of
mpMRI exams and correlation with pathology for clinical and research applications. Based on the current
uses and capabilities of mpMRI and M&igeted procedures, for FIRADS v2.1 clinically significant cancer

is defined on pathology/histology as Gleason scaie(including3+4 with prominent but not predominant
Gleason 4 component), and/or volureé®.5cc, and/or extraprostatic extension (EPE).

PLR $ 3 {12.1assessment uses a@pint scale based on the likelihood (probability) that a combination
of mpMRI findings on T2W, DWI, and DCE correlates with the presence of a clinically significant cancer
for each lesion in the prostate gland.

P2 ! $ 3v2.1AssessmenCategories

PIRADSLz Verylow (clinicallysignificantcanceris highly unlikelyto be present)
PIRAD2 z Low (clinicallysignificantcanceris unlikelyto bepresent)

PIRADS37 Intermediate(the presenceof clinicallysignificantcancerisequivocal)
PIRADS! z High (clinicallysignificantcancerislikely to be present)

PIRADS z Veryhigh (clinicallysignificantcanceris highly likely to be present)

AssignmentofaPF2 ! $ 3v2.1AssessmenCategoryshould be based on mpMRI findings oalyd

should not incorporate other factors such as serum prostate specific antigen (PSA), digital rectal exam, or
clinical history, or planned treatments. Although biopsy should be considered fBARIS 4 or 5, but not

for PERADS 1 or 2, RADS v2.1 daenot include recommendations for management, as these must

take into account other factors besides the MRI findings, including laboratory/clinical history and local
preferences, expertis and standards of car@hus, for findings wh PFRADS Assessmentatzgory 3,

biopsy may or may not be appropriate, depending on factors other than mpMRI alone.

It is anticipated that, as evidence continues to accrue in the field of mpMRI andakéeted biopsies and
interventions, specific recommendations and/gorithms regarding biopsy and management will be
included in future versions dPF2 ! $ 31 8

When T2W and DWI are of diagnostic quality, DCE plays a minor role in determiriRACF8 Assesseamt
Category.Absence of early enhancement within a lesion usually adds little information, and diffuse
enhancement not localized to a specific T2W or DWI abnormality can beisé¢lea setting of prostatitis.
Moreover, DCE does not contribute to the overall assessmdren the finding has a low (RADS 1 or 2)
or high (PIRADS 4 or 5) likelihood alinically significant canceHowever, when DWI is fRADS 3 in the
PZ, a positive DCE may increase the likelihood that the finding corresponds to a clinically significant
cancer and may upgrade the Assessment Category {BADS 4.

American College of Radiol@®z019 10 PFRADSv2.1
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PIRADSAssessment

PeripheraZone(PZ)

PFRADS

1 Any* Any 1
2 Any Any 2
Z 3
3 Any
+ 4
4 Any Any 4
5 Any Any 5

*O! 1intlicatesl-5

TransitionZone(TZ)

PFRADS

1 Any* Any 1
I Q Any 2
2
2 Any 3
(] Any 3
3
5 Any 4
4 Any Any 4
5 Any Any 5

* 01 1indigatesl-5
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A. Reporting (see Appendix ReportTemplates)

Measurementof the Prostate Gland

The volume of the prostate ghd should always be reportetf. may be determined using
manual or automated segmentation or calculated using ellipsoid formulation;(maximum AP
dimension) x (maximum longitudinal dimension)djtn placed on the miesagittal T2W image] x
(maximum transverse dimension) [placed on the axial T2W image] x 0.52.

Prostate volume may also be useful to calculate PSA density (PSAD=PSA/prostate volume reported in
ng/mi?)

MappingLesions

Prostate canceis often multifocal. The largest tumor focus usually yields the highest Gleason score and is
most likely to contribute to extraprostatic extension (EPE) and positive surgical margins.

ForPL2 ! $ 3v2.1, up to four lesions with a FRADS Assessment Categoof 3, 4, or 5 may each
be assigned on the Sector Map (Appendix II), and the index (dominant) intrapmtaton should
be identified.The index lesion is the one with the highestFADS Assessment Category. If the
highest PIRADS Assessment Categois assigned to two or more lesions, the index lesiovusth

be the one that shows EPEhus, a smaller lesion with EPE should be defined as the index lesion
despite the presence of a larger tumor with the ideati®tRADS Assessment Categotfnone of
the lesions demonstrate EPE, the largest of the tumors with the highe®ADS Assessment
Category should be considered the index lesion.

If there are more than four suspicious lesions, then only the four with the highest likelihood of
clinicallysignificant cancer (i.e. highest4RADS AssessméiCategory) should be reportedhere
may be instances when it is appropriate to report more than four suspicious lesions.

Reporting of additional findings with RADS Assessment Category 2 or definitenign findings
(e.g. cyst) is optional, but may be helpful to use as landmarks to guide subsequent biopsy or for
tracking lesions on subsequent mpMRI exams.

If a suspicious finding extends beyond the boundaries of one sector, all neighboring involvers sec
should be indicated on the Sector Map (as a single lesion).

Measurementof Lesions

With current techniques, mpMRI has been shown to underestimate both tumor volume and tumor
extent compared to histologyespecially for Gleason gradeRurthermore, the most appropriate
imaging plane and pulse sequence for measuring lesion size on MRI has not been definitely
determined, and the significance of differences in lesion size on the various MRI pulse sequences
requires further investigationn the face of these limitations, the fRADS Steering Committee
nevertheless believes that standardization of measurements will facilitategdfRological

correlation and research and recommends that the following rules be used for measurements

The mininum requirement is to report the largest dimension of a saipis lesion on an axial image.

If the largest dimension of a suspicious lesion is on sagittal and/or coronal images, this measurement
and imagirg plane should also be reportela lesion is natlearly delineated on an axial image,

report the measurement on the image which best depicts the finding.
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Alternatively, if preferred, lesion volume may be determined using appropriate software, or three
dimensions of lesions may be measured so thalesiolume may be calculated (maxpadiameter x
max tr diameter x max-€ diameter x 0.52).

Inthe PZ lesionsshouldbe measuredon ADCln the TZ lesionsshouldbe measuredon T2W.

If lesionmeasurementsdifficult or compromisedon ADQ(for PZ)or T2W(for TZ),measurement
shouldbe madeon the sequencehat showsthe lesionbest.

Inthe mpMRIreport, the imagenumber(s)/serieandsequenceaisedfor measurementshouldbe
indicated.

Evaluation of lesions in specific anatomic regions of the prostate

Evaluation of the TZ

BPH manifests as a varying number of hyperplastic nodules and intervening tissue in the TZ in
almost all men undergoing MRI for assessrthef prostate cancerOften, it is challenging on MRI to
determine which, if any, findings in such a background should be scored and assigh&RADS
assessment categorfPFRADS v2.1 advises that the shape and margin features of TZ findings should
be assessed in at least twplanes on T2W MRI using the described TZ assessment criteria.

What to Score in the TZ: Focal lesions, nodules, or regions in the TZ with features known to be
associated with malignancy on T2W or DWI and that differ from the predominant imaging
characteistics of the background should be scored. For example, a lesion/region between nodules
with more restricted diffusion than background, or a nodule with clearly more restricted diffusion
than the background (on high-alue images and ADC maps) should bersd. A focal lesion that is
different from other (background) nodules in having obscured margins, lenticular shape, or invasive
behavior on T2W images should also be scored, even if without differing restricted diffusion
compared to background, shouldsal be scored.

Other findings should not be scored. For example, if there is restricted diffusion in multiple, similar
appearing nodules scattered throughout the TZ, thus making restricted diffusion a feature of the
background, these should not be scored.

How to Score in the TZ: The T2W score is the dominant factor that determines {RABB

assessment category in the TZ, and a T2W score of 1 indieatesmal appearance of the T&ince

MRI findings of ageelated BPH are present in the TZ in almostadin undergoing prostate mpMRI

for the assessment of csPCa, and typical BPH nodules are highly unlikely to harbor csPCA, findings of
BPH alone are considered a normal variant and should be assigned a T2W score of 1. These types of
nodules do not have todseparately reported. Since every MRI exam should be assigneRADP$
assessment category-3, when there are no findings with aRADS assessment category >1, the

overall PIRADS assessment category for the MRI exam should be reportedRAPS 1: ahically
significant cancer is highly unlikely.

When circumscribed nodules in the TZ are incompletely or almost completely encapsulated, these
atypical nodules are assigned a T2W score of 2.

Although the T2W score is the dominant factor that determirtbs PFRADS assessment category in
the TZ, restricted diffusion ialso a feature of malignancccasionally, atypical nodules in the TZ
may contain cancer, and DWIlay be helpful to identify themGiven the increased likelihood of PCa
associated with hig DWI scores in atypical TZ nodules, atypical TZ nodules (T2W score of 2) are
upgraded to PIRADS assessment category 3 if they have a DWI scal4 (fe., with markedly
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restricted diffusion).

Mildly/moderately restricted diffusion is commongncountered in mostly encapsulated and
unencapsulated lesions in the T&uch lesions may represent areas of stromal hyperplasia and
should not be upgraded on the basis of mildly/devately restricted diffusionTherefore, findings
with a T2W score of 1 @should not be upgraded to a-RIADS assessment category of 2 or 3,
respectively, based on a DWI score of a 3 (i.e., mildly/moderately restricted diffusion).

Evaluation of the central zone

The normal CZ is usually visible on T2W and ADC images &eraila symmetric low signal intensity
tissue encircling the ejaculatory ducts from the pratit base to the verumontanunit is

symmetrically, mildly hyperintense on high\mlue DWI, and it does not demonstrate early
enhancement nor asymmetric increassinalintensity on high bvalue DWIPCa originating in the

CZ is uncommon, and most of these arise in either the adjacndPTZ and extend into the CZ.
Focal early enhancement and/or asymmetry between the right and left CZ on T2W, ADC orhigh b
valueimages are findings that may indicate the presence of PCa. However, asymmetry in size alone
may be a normal variant, especially in the setting of benign prostatic hyperplasia (BPH) in the TZ,
which may deform, displace or causeyasmetry of the CZOccasbnally, the normal CZ may appear
as a discrete nodule in the midline above the level of the verumontanum; symmetric signal on
ADC/DWI images and/or lack of early contrast enhancement may help differentiate benign from
malignant tissue.

Evaluation of the anterior fiboromuscular stroma (AFMS)

4EA 1101 Al 1&-3 OEIi xO AEI AOGAOAT T U OUii AGOEA OEADPA j
intensity (similar to that of obturator or pelvic floor muscles) on T2W, ADC, and higtiue DWI

without early enhancement. Abormalities with increased T2W signal intensity relative to the pelvic
muscles, with high signal intensity on highvialue DWI, low signal on ADC compared to adjacent

pelvis muscle signal intensity (and hence relatively lower signal on ADC than normal) AFMS
asymmetric enlargement or focal mass, and early enhancement may all be helpful to detect PCa that
has extended into the AFMS. Since PCa does not originate in the AFMS, when reporting a suspicious
lesion in the AFMS, criteria for either the PZ or TZ dtdae applied, depending on the zone from

which the lesion appeanmnost likely to be originatinglt is understood that the zone of origin is not
always certain, an inevitable limitation of RADS assessment methodology.

Caveatsfor Overall Assessment

1 Inorderto facilitate correlationandsynchronizedscrollingwhenviewing, it isstrongly
recommendedhat imagingplaneangle,location,andslicethicknessfor allsequencegT2W,
DWI,andDCE)areidentical.

1 Changedrom prostatitis (includinggranulomatousprostatitis) cancausesignalabnormalities
in the PZwith all pulsesequencesMorphologyandsignalintensitymay be helpfulto stratify
the likelihoodof malignancy.Inthe PZ,mild signalchangeson T2Wand/orDWiIthat arenot
roundedbut ratherindistinct, linear,lobar, or diffusearelesslikely to be malignant.

1 Forthe PZ,DWIisthe primarydeterminingsequencgdominanttechnique).Thus,if the DWI
scoreis4 andT2Wscoreis 2, PIRADSAssessmenCategoryshouldbe4.

1 Forthe TZ, T2Wisthe primarydeterminingsequenceThus,if the T2Wscoreis4andDWI
score is2, PIRADSAssessmenCategoryshouldbe4.
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9 Since the dominant sequences forRADS assessment are T2W for the TZ and DWI for the
Pz, identification of the zondbcation of a lesion is vitahreas where this may be especially
problematic include the interface of the CZ and PZ at the base of the gland and the interface
of the anterior horn of the PZ with TZ and anterior fiboromuscular stroma (AEMS)

1 Currently,the capabilityof reliablydetectingandcharacterizingelinicallysignificantprostate
cancerwith mpMRIin the TZislessthanthat in the PZ.

1 Homogeneous or heterogeneous nodules in the TZ that are round/ovakaivelimscribed,
and encapsulated are comon findngs as men aged 40 and abo@ften, they demonstrate
restricted diffusion and/or focal contrast enhancement, Iy are considered to be BPH.
These do not have to be assignadPtRADS Assessment CategoBdthough such nodules
may on occasion contain clinically significant prostate cancer, the probability is very low.

91 Bilateral symmetric signal abnormalities on any sequence are often due to normal anatomy
or benign changes.

1 If a component of the mpMRI ar (T2W, DWI, DCE) is technically inadequate or was not
performed, it should be assigned-Rl! $3 | OOAOOI AT O #AOACi Ou 086 & O Ol
This occurs most commonly with DWI. Since DWI is often crucial for diagnosis of clinically
significant cancers ithe PZ, inadequate or absent DWI data should usually prompt repeat of
this component of the mpMRI examination if the cause of failure can be remedied. If this is
not possible, assessment may be accomplished with the other pulse sequences that were
obtained using the tables below. However, this is a substantial limitation, and it should be
clearly acknowledged in the exam report, even if it applies to only one area of the prostate
gland.
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AssessmentWithout Adequate DWI

PeripheralZone(PZ)and TransitionZone(TZ)

T2W DWI DCE PFRADS
1 X Any 1
2 X Any 2
Z 3
3 X
+ 4
4 X Any 4
5 X Any 5

Assessment Without AdequateDCE

Peripheralzone(PZ): Determinedby DWIAssessmenCategory

TransitionZone(TZ)
T2W DWI DCE PFRADS
1 Any X 1
R X 2
2
Lt X 3
(| X 3
3
5 X 4
4 Any X 4
5 Any X 5

If both DWIandDCEareinadequateor absent,assessmenshouldbe limited to
stagingfor determinationof EPE.
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SECTIONV:MULTIPARAMETRIMRI(MPMRI)

A. T1-Weighted (T1W)and T2-Weighted (T2W)

Both T1W and T2W sequences should be oted for all prostate MR exam$1W images are used
primarily to determine the presence of hemorrhage within the prostate and seminal vesicles and to
delineate the outline of the gland. T1W images may also useful for detection of nodal and skeletal
metastases, especially following intranous administration of a gadolininibased contrast agent
(GBCA).

T2W images are used to discern prostatic zonal anatomy, assess abnormalities within the gland, and
to evaluate for seminal vesicle invasion, EPE, and nodal involvement.

On T2W images, dlically significant cancers in the PZ usually appear as rounddefitied
hypointense focal lesions. However, this appearance is not specific and can be seen in various
conditions such as prostatitis, hemorrhage, glandular atrophy, benign hyperplaisipsy related
scars, and after therapy (hormone, ablation, etc.).

The T2W features of TZ tumors include roincumscribed homogeneous, moderately hypointense

1 AGEI T O | OAOAOAA AEAOAT AT 6 1 O O0i OACU MmEapeCAODOET 06
absence of a complete hypointense capsule, and invasion of the urethral sphinctangeribr

fibromuscular stromaThe more features present, the higher the likelihood of a clinically significant

TZ cancer.

TZ cancers may be difficult to idengibn T2W images since the TZ is often composed of variable
amounts of glandular (T-Ryperintense) and stromal (FRypointense) tissue intermixed with each
other, thus demonstratindneterogeneous signal intensitireas where benign stromal elements
predominate may mimic or obscure clinically significant cancer.

Both PZ and TZ cancers may extend across anatomical boundaries. Invasive behavior is noted when
there is extension within the gland (i.e. across regional parts of the prostate), into the semircésges
or outside the gland (EPE).

1. TechnicalSpecifications
T2W

T2W images should always be obtained in the axial plane (either straight axial to the patient or in
an oblique axial plane matching the long axis of the prostate) and a minimum of onecawdditi
orthogonal plane (i.e., sagittal and/or coronal). T2W images are usually obtained with 2D RARE
(rapid acquisition with relaxation enhancement) pulse sequences, more commonly known as fast
spinecho (FSE) or tmo-spin-echo (TSE)In order to avoid blring, excessive echo train lengths
should be avoided.

1 Slicethickness:3mm,nogap.Imaging planes should be the same as those used for
DWI and DCE

1 FOV:generallyl2-20cmto encompasghe entire prostateglandandseminal
vesicles
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f Inplanedimensioni @ 8 £(phasex| ® 8 T (freljuency)

3Daxialacquisitionsmay be usedasanadjunctto 2D acquisitionsIf acquiredusingisotropic
voxels,3Dacquisitionamay be particularlyusefulfor visualizingletailedanatomyand
distinguishingbetweengenuinelesionsandpartial volumeaveragingeffects. However the soft
tissuecontrastis not identicalandin somecaseanaybeinferior to that seenon 2D T2Wimages,
andthe in-planeresolutionmay be lowerthan their 2D counterpart.

T1W

Axial TIW images dhe prostate may be obtained with or without fat suppression using spin

echo or gradient echo sequences. Locations should be the same as those used for DWI and DCE,
although lower spatial resolution compared to T2W may be used to decrease acquisitioortime
increase anatomic coverage.

2. PIRADSAssessmentfor T2W

Score PeripheralZone(PZz)

1 Uniform hyperintensesignalintensity (normal)

2 Linearor wedgeshapedhypointensityor diffusemild hypointensity,
usuallyindistinctmargin

3 Heterogeneousignalintensity or non-circumscribedrounded,
moderate hypointensity

Includesothersthat do not qualifyas2, 4, or5

4 Circumscribedhomogenousnoderatehypointense focus/mass
confinedto prostateand<1.5cmin greatest dimension

5 Sameas4butJ X 8 YhAréatestdimensionor definite extraprostatic
extension/invasive behavior

Score  TransitionZone(TZ)

1 Normal appearing TZ (rare) or a round, completely encapsulated nodule
(¢typical nodul€&)
2 A mostly encapsulated nodule OR a homogeneoinsumscribed

nodule without encapsulationdatypical nodulg&) OR a
homogeneous mildly hypointense area between nodules
3 Heterogeneousignalintensity with obscuredmargins

Includesothersthat do not qualifyas2, 4, or5

4 Lenticularor non-circumscribedhomogeneousmoderatelyhypointense,
and<1.5cmin greatestdimension

5 Sameas4,butJ X 8 Yh@réatestdimensionor definite extraprostatic
extension/invasivebehavior
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B.  Diffusion-Weighted Imaging (DWI)

Diffusionrweighted imaging(DWI) reflects the random motion of water molecules and is a key
component of the prostate mpMRI exam. It should include an ADC map and highub images

The ADC mapis a display of ADC values for each voxel in an image. In most current clinical
implementations, it uses two or more-talues and a monoexponential model of signal decay with
increasing bvalues to calculate ADC values. Most clinically significant cancers have
restricted/impeded diffusion compared to normal tissues and, thus, appear hygase on greyscale

ADC maps. Although ADC values have been reported to correlate inversely with histologic grades,
there is considerable overlap between BPH, low grade cancers, and high grade cancers. Furthermore,
ADC calculations are influenced by at® of bvalues and have been inconsistent across vendors.

Thus, qualitative visual assessment is often used as the primary method to assess ADC. Nevertheless,
ADC values, using a threshold of 7800 un/sec,may assist differentiation between benign and
malighant prostate tissues, with ADC values below the threshold correlating with clinically significant
cancers.

O( EGEAIAOA 6 utiide A BVAIG of at least 1400 sec/nfniThey display preservation of signal

in areas of restricted/impeded diffusioccompared with normal tissues, which demonstrate

diminished signal due to greater diffusion between application of gradients with differevdlbes.

Compared to ADC maps alone, conspicuity of clinically significant cancers is sometimes improved on

high b-value images, especially in those adjacent to or invading the anterior fibromuscular stroma, in

a subcapsular location, and tite apex and base of the glandigh b-value images can be obtained

in one of two ways: either directly by acquiring a highdiue DWI sequence (requiring additional

scan time), or by calculating (synthesizing) the highiddue image by extrapolation from the

acquired lower bvalue data used to create the ADC map (potentially less prone to artifacts because

it avoids the longer T&required to accommodate the strong gradient pulses needechigh b

value acquisitions)As the bvalue increases, the signréd-noise ratio (SNR) decreases, so that the

optimum high bvalue may be dependent on magnetic field strength, software, and ufacturer.
4EOOh OEAOA EO 11 AOOOAT GHAI OAB0A AN AU TA ARA AGREQRA A0 A RBaoEd AN
image setwitha® AT OA JXhT o OAATI I W8

1. TechnicalSpecifications

FreebreathingspinechoEPIsequenceombinedwith spectralfat saturationisrecommended.
1 TE:190msec;TR:J3000msec

§ Slicethicknessi 1 | indgap.Imaging planes should match or be
similar to those used for T2W and DCE

1 FOV:i1622cm
f Inplanedimension W8 Yphdseandfrequency

For ADCmaps,if only two b-valuescanbe acquireddueto time or scannerconstraints,it is

recommended to use one lowVrlue set at 6100 sec/mm?2 (preferably 5000 sec/mm?2) and one

intermediate bvalue set at 8041000 sec/mm2. The maximurmvalue used to calculate ADC is

OAAT I 1 AT A AGbo s8d/mmR b avioiX diffusion kurtosis effect that have been described

at higher bvalues. Nonetheless, a highA1T OA | JXhT oo OAAYI T wq Ei ACA O0OAOD
and preferably should be obtained from a separate acquisition or calculated from thenldw a

intermediate bvalue images. Additionaldvalues between 100 and 1000 may provide more

accurate ADC calculations and estimations of calculated highlbe images (>1400 sec/mm2).
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2. PHRADSAssessmentof DWI

Signalintensity in alesionshouldbe visuallycomparedto the averagesignalof OT I O1 Al 6
prostatetissuein the histologiczonein whichit islocated.

Peripheralzone(PZ)or TransitionZone(TZ)

1 Noabnormality(i.e.,normal)on ADCandhigh b-valueDWI

2 Linear/wedge shaped hypointense on ADC and/or linear/wedge shaped hyperinte
on high bvalue DWI

3 Focal (discrete and different from the background) hypointense on ADC and/or fo

hyperintense on high fvalue DWI; maype markedly hypointense on ADC or
markedly hyperintense on high-t)alue DWI, but not both.

4 Focal markedly hypontense on ADC and markedly hyperintense on higtiue
DWI; <1.5cm in greatest dimension

5 AT A AO T AOO JX8YAIldefift exGaprdstatitA OO0 AEI
extension/invasive behavior

3. Caveatsfor DWI
1 Findingson DWIshouldalwaysbe correlatedwith T2W,T1W,andDCE.

EZ Due to technical issues, units of signal intensity have not been standardized across
different MRI scanners and am®t analogous to Hounsfield units of density on CT.
1O A OAOOI Oh OEAOA AOA 11 OOAT AAOAEUAA
images obtained from all MRI scanners. Clinically significant cancers have
restricted/impeded diffusion and should appeas hypointense on the ADC map. It
is strongly recommended that ADC maps from a particular scanner are set to
portray clinically significant prostate cancers so that they appear markedly
hypointense on ADC maps, and they should be consistently viewedthdtisame
contrast (window width and level) settings. Guidance from radiologists who have
experience with a particular vendor or scanner may be helpful.

(@]
V)
o
O
(@}

1 Colorcodedmapsof ADCmay assistin standardizationof viewingandassessing
imagesfrom a particularscanneror vendor,but they will not obviatethe concerns
with reproducibilityof quantitative ADCvalues.

1 Benign findings and some normal anatomy (e,g. calculi and other calcifications,
areas of fibrosis or dense fibromuscular stroma, and some bjpwoducts, usually
from prior biopsies) may exhibit no or minimal signal on both T2W and ADC because
there is insufficient signal. However, in contrast to clinically significant prostate
cancers, these entities will also be markedly hypointense on alliD¥ges.

1 Some BPH nodules in the TZ are not clearly encapsulated, and they may exhibit
hypointensity on ADC maps and hyperintensity on higkiddue DWI. Although
morphologic features may assist assessment in some cases, this is currently a
recognized limiation of mpMRI diagnosis.
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1 An encapsulated, circumscribed, round nodule in the PZ or CZ is likely an extruded
BPH nodule, even if it is hypointense on ADC:-RRDS Assessment Category for
this finding should be category 2.

T 4EA OAOI idtafegoly A i§iddiided as a more pronounced signal change
than any other focus in the same zone.

C. Dynamic ContrastEnhanced(DCE) MRI

DCE MR, is defined as the acquisition of rapid T1W gradient echo scans before, during and after the
intravenousadministration of a low molecular weight gadolimubased contrast agent (GBCA)s

with many other malignancies following bolus injection of a GBCA, prostate cancers often
demonstrate early enhanaaent compared to normal tissu¢dowever, the actual kinets of

prostate cancer enhancement are itgivariable and heterogeneouSome malignant tumors
demonstrate early washout, whilethers retain contrast longefFurthermore, enhancement alone is

not definitive for clinically significant prostate cancer, arnlosance of early enhancement does not
exclude the possibility.

DCE may help to detect sonsnall significant cancerd.he DCE data should always be closely
inspected for focal early enhancemernif.found, then the corresponding T2W and DWI images
should ke carefully interrogated foa corresponding abnormalityAt present, the added value DCE is
not firmly established, and most published data show that the added value of DCE over and above
the combinaion of T2W and DWI is modesthus, although DCE is @ssential component of the
MpMRI prostate examination, its role in determination ofRADS v2.1 Assessment Category is
secondary to T2W and DWI.

DCE is positive when there is enhancement that is focal, earlier or contemporaneous with
enhancement of adjeent normal prostatic tissues, and usually corresponds to a suspicious finding
on T2W ad/or DWI.Positive enhancement in a lesion usually occurs within 10 seconds of the
appearance of the injected GBCA in the femoral arteries (depending on temporal tiesolised to
acquire the images, injection rate, caadi output, and other factors).

The most widely available method of analyzing DCE is direct visual assessment of the individual DCE
time-points at each slice location by either manyadicrolling or usig cine modeVisual assessment

of enhancement may be improved with fat suppression or subtraction techniques (especially in the

presence of blood products that are hyperintens® pre-contrast enhanced T1WYisual

assessment of enhancement may alsodssisted with a parametric map which coloodes

enhancement features within a vokée.g. slope and peakifowever, any suspicious finding on

subtracted images or a parametric map should always be confirmed on the source images.

Considerable efforthag§ 1 1 A ET 01 OAOOOA OUDPEI C6 j E8A8 bPiiTOOETC O
signal vs. time)However, there is great heterogeneity in enhancement characteristics of prostate

cancers, and at present there is little evidence in the literature to stppe use of specific curve

types.Another approach is the use of compartmental pharmacokinetic modeling, which

incorporates contrast media concentration rather than raw signal intensity and an arterial input

function to calculate time constants for thate of contrast agent wasin (Ktrans) and wasbut

(kep)# 1 1 1T AOAEAT O1 £#O0xAOA DPOI COAIi 6 AOA AOAEIapAl A OEAO
improve lesion conspicuityAlthough pharmacokinetic (PK) analysis may provide valuable insights

into tumor behavior and biomarker measurements for drug development, th&RDS Steering
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Committee believes there is currently insufficient peer reviewed published data or expert consensus
to support routine adoption of this method of analysis for clinical use.

Thus,forPF2 ! $ 3v2L,A OPI OEOEOASG $#% -2) 1AOGEIT EO 11A
or contemporaneous with enhancement of adjacent normal prostatic tissues, and correspoRds
finding on T2W and/or DWIn the TZ, BPH nodules frequently leemnce early, but they usually

exhibit a characteristic benign morphology (ned shape, well circumscribed). O1 ACAOE OA6
lesion is one that either does not enhance early compared to surrounding prostate or enhances
diffusely so that the margins dhe enhancing area do not correspond to a finding on T2W and/or

DWI.

1. TechnicalSpecifications

DCE is generally carried out for several minutes to assesgmnhancement characteristick order
to detect early enhancing lesions in comparison to background prostatic tissue, temporal resolution
should be <15 seconds per acquisition in ordetepict focal early enhancementiowever, a more
rapid temporal resolution may be selected if mtdining sufficient spatial resolution and overal
image quality is guaranteedzat suppression and/or subtractions is recommended.

1 While both 2D or 3D T1W gradient echo (GRE) sequences have been described in the

literature, 3D T1W GRE is generally avdéaksing modern systems and is preferred.
TR/TE<100mseck5msec

Slicethickness:3mm,nogap.lmaging planes should be the same as those used for
DWI and DCE

FOV:encompasghe entire prostateglandandseminalvesicles
Inplanedimensiondi Wi X1 wi i

Temporalresolution:] Zsec

Totalobservationrate: >2min

Dose:0.1mmol/kgstandardGBCAor equivalenthighrelativity GBCA

Injectionrate: 2-3cc/sestarting with continuousimagedataacquisition(shouldbe
the samefor allexams)

2. PIRADSAssessmentfor DCE

@

PeripheralZone(PZ)or TransitionZone(TZ)

no early or contemporaneous enhancement;
or diffuse multifocal enhancement NOT corresponding to a focal finding on T2\
and/or DWI ofocal enhancement corresponding to a lesid@amonstrating features
of BPH on T2WI (including features of extruded BPH in the PZ)

(+)

focal,and;earlierthan or contemporaneouslwith enhancemenbfadjacentnormal

prostatictissues and;correspndsto suspiciouginding on T2Wand/orDWI
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Caveatsfor DCE

1 DCEshouldalwaysbeinterpretedwith T2WandDWI;Focalenhancemenin
clinically significantcancerusuallycorrespondgo focalfindingson T2Wand/or
DWI.

1 DCEmaybe helpfulwhenevaluationof DWIin part or all of the prostateis
technically compromised(i.e.,Assessmen€CategoryX)andwhenprioritizing
multiple lesionsin the samepatient (e.g.,all other factorsbeingequal,the largest
DCEpositivelesionmaybeconsideredhe indexlesion).

9 Diffuseenhancement on DCE issually attributed to inflammation (e.g. prostatitis).
Although infiltrating cancers may also demonstrate diffuse enhancement, these are
uncommon and usually demonstrate an abnormality on the corresponding T2W
and/or DWI.

1 Thereare instances where histofjically sparse prostate cancers are intermixed
with benign prostatic tissues. They may be occult on T2W and DWI, and
anecdotally may occasionally be apparent only on DCE. However, these are usually
lower grade tumors, and the enhancement might, in sonases, be due to
concurrent prostatitis.

3. Commentary on biparametric MRI

Despite the limited role of DCE in determining the overaiRADS assessment category

experience has shown that, in some instances, DCE may assist in detection of csPCa ireboth t

0: AT A 4:h AT A ET Al ET EAA]l DPGAROE AIDDOOARAEAOA OEA
sequence, especially when DWI is degraded by artifacts or inadequate $@nalse ratio

(SNR).

Given the limited role of DCE, there is growing interest in penfiag prostate MRI without DCE,

A POI ARABOA OAOI AA OAEDAOAI AGOEA -2)58 jAP-2)Qs !
supports the value of bpMRI for detection of csPCa in biapsive men and those with a prior

negative biopsy.

The PIRADS Steering Committee supports continued research concerning the performance of
bpMRI in various clinical scenarios and acknowledges the potential benefits, including: (1)
elimination of adverse events and gadolinium retention that have been aatetwith some
gadolinium based contrast agents (GBCASs), (2) shortened examination times, and (3) reduced
costs, possibly resulting in increased accessibility and utilization of MRI for bitgisg men

with suspected prostate cancer.

However, the RRADS Steering Committee also has concern. In some studies;MREhas

been reported to improve theensitivity of prostate mpMRRAIthough most of the bpMRI

studies are prospective, and they were performed using different methodologies at single

institutions with only one or two readers. It is possible that the performance of bpMRI will be

degraded in multiinstitutional clinical trials with multiple readers, and while further research is

required, at this time there may be an increase in the frequency F®@A A AO0#A80 EALA ADP- 2)
to receive widespread clinical adoptiofrurthermore, as described above, DCE in practice has

AAAT A1 AOA ARO®BOAOMREOAT AAh AOPAAEAIT T U xEAT AEOEAO
artifacts or inadequate signgb-noise rato (SNR), a situation which is not uncommon on some

MRI scanners when performing prostate MRI without an endorectal coil. Thus, it is important to
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perform further research, before DCE is deemed unnecessary for assessmeratniérg naive
prostate patiens. DCE remains essential in assessment for local recurrence following prior
treatment, a setting in which current RADS assessment criteria do not apply.

The PIRADS Steering Committee encourages multicenter prospective studies, employing
multiple reades, addressing relative biopsy yields of csPCa and indolent PCa of mpMRI directed
biopsy prompted by both approaches, with TRIGB comparisons to see if the documented
advantages of mpMRI directed biopsy are retained by bpMRI.

For now, the Committee suggsts that bpMRI be reserved for select clinical indications and
makes the following recommendations for when mpMRI is preferred over bpMRI usage:

1. mpMRI is still preferred in men where the balance between ustiagnosis and
over-diagnosis favors the clioal priority not to miss any significant cancer. These
patients include those with prior negative biopsies with unexplained raised PSA
values, and those in active surveillance who are being evaluated for fast PSA
doubling times or changing clinical/pathajec status.

2. For men who have previously undergone a bpMRI exam that did not show findings
suspicious for csPCa, and who remain at persistent suspicion of harboring disease,
the clinical priority for subsequent MRI scans is to not miss csPCa,; thus, the
preferred reimaging option is mpMRI.

3. Prior prostate interventions (TRUS/TURP/BPH therapy. radiotherapy, focal therapy
or embolization) and drug/hormonal therapies [testosteronealpha reductase,
etc.] that are known to change prostate morphology shobklevaluated with
mpMRI, at a suitable time after the surgical intervention, for disease detection and
localization.

4. Biopsynaive men with strong family history, known genetic predispositions,
elevated urinary genomic scores and higher than avenagje calculator scores for
csPCa, should have mpMRI.

5. Men with a hip implant or other consideration that can be expected to yield
degraded DWI should have mpMRI.

Implications of bpMRI for PIRADS Assessment Categories

When bpMRI is performed and D@Rta are not obtained, TZ assessment remains unchanged. The
PLERADS assessment category for a finding in the PZ remains primarily based on the DWI score and
the lesions that receive a score of 3 on DWI will not be upgraded. The proportion of men-with Pl
RADS assessment category 3 will likely increase aRRAIDS 4 will reduce, and in so doing change

the likelihood of csPCa in these-RADS categories, which will require additional documentation

and subsequently pathway modifications for both biopsy naivd grior negative biopsy men.
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SECTION/:STAGING

MR is useful for determination of the T stage, either confined to the gland (-< T2 disease) or extending
beyond the gland (> T3 disease).

The apex of the prostate should be carefully inspected. Wharter involves the external urethral
sphincter, there is surgical risk of cutting the sphincter, resulting in compromise of urinary competence.
Tumor in this region may also have implications for radiation therapy.

High spatial resolution T2W imagingrisquired for accurate assessment of extraprostatic extension (EPE),
which includes assessment of neurovascular bundle involvement and seminal vesicle invasion. These may
be supplemented by high spatial resolution contrasthanced fat suppressed T1W.

Thefeatures of seminal vesicle invasion include focal or diffuse low T2W signal intensity and/or abnormal
contrast enhancement within and/or along the seminal vesicle, restricted diffusion, obliteration of the
angle between the base of the prostate and thersnal vesicle, and demonstration of direct tumor
extension from the base of the prostate into and around the seminal vesicle.

Imaging features used to assess for EPE include asymmetry or invasion of the neurovascular bundles, a
bulging prostatic contouran irregular or spiculated margin, obliteration of the rectoprostatic angle, a
tumor-capsule interface of greater than 1.0 cm, breach of the capsule with evidence of direct tumor
extension or bladder wall invasion.

The next level of analysis is that dfet pelvic and retroperitoneal lymph nodes. The detection of abnormal
lymph nodes on MRI is currently limited to size, morphology dmpe, and enhancement patterin
general, lymph nodes over 8mm in short axis dimension are regarded as suspiciousghltimyh nodes
that harbor metatases are not always enlargddodal groups that should be evaluated include: common
femoral, obturator, external iliac, internal iliac, common iliac, pararectal, presacral, and paracaval, and
paraaortic to the level of theortic bifurcation.

Images should be assessed for the presence of bone metastases.
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APPENDIX

Report Templates

The following provides a template for reporting m@RI using RRADS. The goal is to improve
communication between practitionerslherefore, it is important to keep in mind that the-RIADS v2.1
overall suspicion category only applies when using th&RDS interpretation system. It is

recommended that the overall suspicion category be given for each lesion, whereas the indivitheal pu
sequence level categories are optional but may be helpful when determining the overall suspicion
category. The overall suspicion should be reported in every case, although one can provide additional
information which may modulate the final impressioe.§., when a peripheral zone lesion may be high
suspicion but still consistent with prostatitis in the setting of bacturia, urgemtysuria, and perineal

pain).

It is also recommended that whether or not structures are involved (e.g., neurovascularesuord|
seminal vesicles) be explicitly described rather than just giving a description of the appearance. Explicit
reporting of the presumed stage is recommended, but optional.

When available, it is recommended the date and value of serum PSA level andiopsy should be

OAPTI OOAAN OEEO T AU 110 AA AOGAEI AAT A ET AOAOU AAOAS
statement explicitly describe that the technique isRADScompliant, although whether the individual

components (e.g. tvalue for DWIare explicitly described is optional. Dates of prior examinations should

also be listed.

ThePFRADSreport templatebegins on the next page.
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PI-RADS Report Template
INDICATION:(including the date and value of serum PSA level and any prior biopsy TRES,
FUSION, IN BORE, date and results), prior therapy (Radiation, Hormones)

TECHNIQUE(state it is PIRADScompliant; explicit description of field strength, coils used, route and
rate of IV contrast administration, and pulse sequence parameters is recommended)

COMPARISON:

FINDINGS:

Size: L x W x H cm or V cubic cm (with inclusion of dRBity)
Quality

Hemorrhage:

Peripheral zone:

Transition zone:

Lesion (s) in rank order of severity (highest sedodowest score, then by size)

#1:

Location: use PRADS SECTOR LABEL and IMAGE SERIES/NUMBER

Size:

T2:

DWI:

DCE:

Prostate margin: (no indeement, indeterminate, or definite extraprostatic extension)

Lesion overall PRADS category:

Extra-prostatic extension:

Neurovascular bundles: Distance from index lesionorar@ PI$3 1T 7Y 1 AOGET 1T O .6"860
Seminal vesicles:

Lymph nodes

Other pelvicorgans:

IMPRESSION:

Overall PIRADS category

(listing of PIRADS categories)

Here is an example to consider

PROSTATE MRI
HISTORY/INDICATIONelevated serum PSA 2 weeks prior: 12.1 ng/mL

TECHNIQUEmultiplanar, multisequence imaging of the pelvis in aogdance with PRADS
recommendations before and after intravenous administration of 10 mL gadobutrol in the left
antecubital fossa at 2.0 ml/sec on a 3.0 T platform using-enb®inel external phased array coil.
Dedicated threeplane 20 cm FOV FSE T2; dxdfusion weighted imaging with values 50, 400, and
800 s/mm2 and calculated b=1400 s/mm2 and ADC map; and axial 3D dynamic centrasted T4
weighted imaging with 10 sec temporal resolution were acquired using 3 mm slice thickness in addition
to full-pelvis postcontrast Ttweighted imaging.

(continued on next page)
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COMPARISONNone

FINDINGS:
Size: 4.0 x 4.0 x 5.0 L x W x H cm for 42 cubic cm, PSA density 0.29 ng/mL/mL

Quality: mild geometric distortion on diffusiomweighted imaging from rectadlistention does not
compromise diagnostic confidence

Hemorrhage: none
Peripheral zone: Slightly heterogeneous high signal. Focal finding as below.
Transition zone: Moderate heterogeneity consistent with prostatic hyperplasia. Focal finding as below.

Lesion #1:

Location: right midgland transition zone anterior (RIMZa) on series 5 image 16, axial T2

Size: 1.1 x 0.7 cm

T2: homogeneous, moderately hypointense with extraprostatic extension, sequence category 5/5
DWI: focal markedly hyperintense on highvalue DWI and markedly hypointense on ADC with
extraprostatic extension, sequence category 5/5

DCE: focal early enhancement, positive

Prostate margin: gross extraprostatic extension anteriorly

Lesion overall PRADS category: 5/5

Lesion #2:

Location: lef apex peripheral zone posterolateral (IPZpl) on series 8 image 20, ADC map

Size: 0.8 x 0.6 cm

T2: circumscribed, homogeneous, moderately hypointense, sequence category 4/5

DWI: focal mildly hyperintense on highvalue DWI and moderately hypointense 8IDC, sequence
category 3/5

DCE: focal early enhancement, positive

Prostate margin: does not abut the prostate margin

Lesion overall PRADS category: 4/5
Neurovascular bundles: Not involved, approximately 0.8 cm from lesion #2
Seminal vesicles: not wolved
Lymph nodes: no lymphadenopathy
Bones: no osseous metastases suggested
Other pelvic organs: normal
IMPRESSION:
1. Very high suspicion right transition zone lesion with extraprostatic extension, MRI putative stage 73a (P!l

RADS 5)

2. High suspicioresion left peripheral zone lesion without extraprostatic extensionRRDS 4)
(continued on next page)
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Overall PIRADS category 5

0 ) Z 2Rva BAssessment Categories

PI-RADS 1z Very low (clinically significant cancer is highly unlikely to b@resent)
PI-RADS 2% Low (clinically significant cancer is unlikely to be present)

PI-RADS % Intermediate (the presence of clinically significant cancer is equivocal)
PI-RADS 4z High (clinically significant cancer is likely to be present)

PI-RADS % Very high (clinically significant cancer is highly likely to be present)
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APPENDIAI

SectorMap

The segmentation model used in-RIADS v2.1 employs 41 sectors/regions: 38 for the prostate, two for
the seminal vesicles and one for the external urethral sphincter.

The prostate is divided into right/left on axial sections by a vertical line drawntjtr¢éhe center
(indicated by the prostatic urethra), and into anterior/posterior by a horizontal line through the middle of
the gland.

The right and left peripheral zones (PZ) at prostate base, mid gland, and apex are each subdivided into
three sectionsanterior (a), medial posterior (mp), and lateral posterior (Ip).

The right and left transition zones (TZ) at prostate base, mid gland, and apex are each subdivided into two
sections: anterior (a) and posterior (p)

The anterior fibromuscular stroma (A% divided into right/left at the prostate base, mid gland, and apex.

The seminal vesicles (SV) are divided into right/left.

4EA OAAOT O I AP EI1 OOOOAOAG Al EAAAI EUAA OT1T 01 Al DOT O
images, many prostates havemponents that are enlarged or atrophied, and the PZ may be obscured by

an enlarged TZ. In such instances, in addition to the written report, a sector map which clearly indicates

the location of the findings will be especially useful for localization.

ThePFRADSSector Map begins on the next page.
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Sector Map

Seminal Vesicles

Urethra
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APPENDIAlI

Lexicon

ABNORMALITY

Focahbnormality

Focus

IndexLesion

Lesion

Mass

Nodule
Non-focalabnormality

Diffuse

Multifocal

Regional

SHAPE

Round
Oval
Lenticular
Lobulated

Water-drop-shaped
Tearshaped

Wedgeshaped
Linear

Irregular

Localizedat afocus,centralpoint orlocus

Localizedfinding distinct from neighboringtissues not athree-
dimensionakpaceoccupyingstructure

Lesionidentified on MRIwith the highestPIRADS Assessment
Category If the highestPIRADSAssessmenCategoryis assignedo
two or morelesions the indexlesionshouldbe onethat showsEPEor
is largest.Alsoknownasdominantlesion

Alocalizedpathologicalor traumatic structuralchange damage,
deformity, or discontinuityof tissue,organ,or body part

Athree-dimensionakpaceoccupyingstructureresultingfrom an
accumulationof neoplasticcells,inflammatory cells,or cysticchanges

A smalllump, swellingor collectionoftissue

Not localizedto asinglefocus

Widelyspread;not localizedor confined;distributedovermultiple
areas,mayor maynot extendin contiguity, doesnot conformto
anatomicalboundaries

Multiple foci distinct from neighboringtissues

Conformingto prostatesector,sextant,zone,or lobe;abnormalsignal
otherthan amassinvolvingalargevolumeof prostatictissue

Theshapeof acircleorsphere

Theshapeof eitheranovaloranellipse

Havingthe shapeof a double-convexliens,crescentic
Composedflobuleswith undulatingcontour

Havingthe shapeof atear or drop of water; it differs from anoval
becauseoneendisclearlylargerthanthe other

Havingthe shapeof awedge,pie, or V-shaped
Inaline or band-like shape

Lackingsymmetry or evenness
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MARGINS

Circumscribed Welldefined

Non-circumscribed lll-defined

Indistinct Blurred

Obscured Not clearlyseenor easilydistinguished

Irregular Uneven

Spiculated Radiatinglinesextendingfrom the marginof amass

Encapsulated Boundedby a distinct, uniform, smoothlow-signalline (BPHnhodule)
completely encapsulated nodule is entirely surrounded by a smooth
low-signal line in at least two imaging planésypical nodulé&); almost
completely or incompletely encapsulated nodule is not entirely
surrounded by a smooth lowignal line ¢atypical nodul&)

Erasedcharcoakign Blurredmarginsasif smudged,smearedwith afinger;refersto

appearancef ahomogeneouslyT 2 low-signallesionin the transition
zoneof the prostatewith indistinct margins(prostatecancer)

MRIMAGINGSIGNALCHARACTERISTICS

Hyperintense Havinghighersignalintensity (moreintense,brighter) on MRIthan
backgroundorostatetissueor referencetissue/structure

T2Hyperintensity Havinghighersignalintensity (moreintense,brighter) on T2- weighted
imaging

Isointense Havingthe sameintensity asareferencetissue/structureto whichit is
compared;intensity at MRIthat isidenticalor nearlyidenticalto that of
backgroundprostate

Hypointense Havinglessintensity (darker)than backgroundorostatetissueor

referenceissue/structure

Markedly Signalintensity lowerthan expectedfor normalor abnormalissue of

hypointense the referencetype, e.g.,wheninvolvedwith calcificationor blood or
gas

T2hypointensity Havinglower signalintensity (lessintense,darker)on T2-weighted
imaging

ADCHypointense Havinglowerintensity (darker)than areferencebackground tissueon
ADCmap

Organized chaos Heterogeneous T2 signahtensity in transition zone with

circumscribed margins, encapsulated (BPH nodule)
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Restricted diffusion Limited, primarily by cell membrankoundaries, random Brownian
motion of water molecules within the voxelaking higher signal
intensity than peripheral zone or transition zone prostate on DW image
acquired or calculated at b values >14@@/mnt accompanied by low
signal intensity on theorresponding ADC map. Synonymous with
OEi PAAAASG AEEAEOOEIT T

Diffusion-weighted Having higher signal intensity, not attributable to T2 shitreough, than
hyperintensity background prostate on DW images

Apparent Diffusion A measure othe degree of motion of water molecules in tissues. Itis
Coefficient (ADC) determined by calculating the signal loss in data obtained with differen

b-values and is expressed in units of Atsec or puni/sec

ADC Map A display of ADC values for each voxel in an image

ADCHyperintense Having higher signal intensity (more intense, brighter) than backgrount
tissue on ADC map

ADC Isointense Intensity that is identical or nearly identical to that of background
tissue on ADC map

ADC Hypointense Having lower signal intensitgdarker) than a reference background
tissue on ADC map

b-value A measureof the strengthandduration of the diffusiongradientsthat
determinesthe sensitivityof a DWIsequencdo diffusion

Dynamiccontrast Earlyarterialphaseof enhancementa periodof time to allow contrast

enhanced(DCE) agentto arriveinthetissue

Washin

DCBEWashout Latervenousphase de-enhancementreductionof signal following
enhancementaperiodof time to allow contrastagentto clearthe
tissue

Pharmacodynamic Method of quantifyingtissuecontrastmediaconcentrationchangeso

analysisPDcurves calculatetime constantsfor the rate of washin andwash-out

Timevs.signal Graphplotting tissueintensity change(y axis)overtime (x axis);

intensitycurve enhancemenkineticcurveis

Enhancement agraphicalrepresentationof tissue enhancementwheresignal

kineticcurve intensity of tissueis plotted asafunction of time
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ENHANCEMENPATTERNS

Earlyphasewashin Signalintensity characteristicearlyafter contrastagentadministration;
washin phasecorrespondingo contrastarrivalin the prostate

Delayedbhase Signalintensity characteristidollowingits initial (early)riseafter
contrastmaterialadministration

Persistentdelayed Continuedincreaseof signalintensity overtime

phase¢ Typel

curve

Plateaudelayed Signalintensity doesnot changeovertime after its initial rise, flat;

phase¢Type2 plateaurefersto signalthat varies<10%from the peaksignal ovetthe

curve duration of the DCEMRI

Washoutdelayed Signalintensity decreasesfter its highestpoint after its initial rise

phase¢ Type3

curve

PositiveDCE Focal, AND earlier than OR contemporaneous with adjacent normal
prostatic tissues enhancement AND corresponding feesipheral
zone or transition zone lesion on T2 and/or DWI

NegativeDCE Lack of early or contemporaneous with adjacent normal prostatic

tissues enhancement

Diffuse multifocal enhancement NOT corresponding to a focal lesion
on T2 and/or DWI
Focalenhancement corresponding to a BPH lesion

ANATOMICALTERMS

Prostate:Regional Theprostateis dividedfrom superiorto inferior into threeregional
Parts parts: the base the midgland,andthe apex

Baseof prostate Theupperl/3of the prostatejust belowthe urinarybladder

Mid prostate Themiddle 1/30of the prostatethat includesverumontanumin the mid

prostaticurethra;midgland
Apexof prostate Thelower 1/3of the prostate

Peripherakone Coverghe outer posterior,lateral,andapexregionsof the prostate;
makesup most of the apexof the prostate

Transitionzone Tissuealong the proximal prostatic urethra that enlarges with ageing
j"0(Qg8 )0 EO OADAOAOAA AEOI | OEA
iTO OPOAOAT AADPO @ dghallindloh T2Enkeighed A A
MRI
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Centralzone Tissuesurroundingthe ejaculatoryductsposteriorandsuperior,from
the baseof the prostateto the verumontanumiit hasthe shapeof an
invertedconewith its baseorientedtowardsthe baseof the gland;
containsmore stromathan glandulartissue

Anterior Locatedanteriorlyandcontainssmoothmuscle whichmixeswith
fibromuscular periurethralmusclefibersat the bladderneck;contains noglandular
stroma tissue

Anatomical regionslefined for the purpose of prostate targeting

during interventions, may include multiple constitutional and regional
parts of the prostate. Thirtyeight sectors for standardized MRI

prostate localization reporting are identified, with addition of seminal
vesicles and membranous urethra. Each traditional prostate sextant is
sub-divided into six sectors, to include: the anterior fibromuscular
stroma, the transition zone anterior and posterior sectors, the
peripheral zone anterior, lateral, and medial sectorbe anterior and
posterior sectors are defined by a line bisecting the prostate into the
anterior and posterior halve§See Sector Majiagram

Prostate:Sectors

ProstateGapsul® Histologically thereis nodistinct capsulethat surroundghe prostate,
howeverhistoricallythe @apsul®hasbeendefinedasanouter bandof
the prostaticfiboromuscularstromablendingwith endopelvicfascia
that maybevisibleonimagingasadistinctthin layerof tissue
surrounding or partially surroundingthe peripheralzone

Prostate Imagingappearancefathin O A A b @d&uhdkansitionzonewhen

pseudocapsule no true capsulespresentat histologicalevaluation.Thejunction of
the transitionandperipheralzonesmarkedby avisiblehypointense
linear boundary,whichisoften referredto as theprostate
OPOAOAT AAPODIDA®OCEAAI

Seminalvesicle Oneofthe two pairedglands inthe malegenitourinary system,
posteriorto the bladderandsuperiorto the prostategland,that
producedfructoserichseminalfluid whichisacomponentof semen.
Theseglandsjoin the ipsilateralductus(vas)deferens toform the
ejaculatory duct at the base of the prostate

Neurovascular Nerve fibers from the lumbar sympathetic chain extend inferiorly to

bundle of prostate the pelvis along the iliac arteries and intermix with parasympathetic

(NVB) nerve fibers branching off S2 to S4. The mixed nerve bundles run
Ppi OOAOET O 061 OEA Al AAAAOh OAIET.
bl AgbbGo8 4EA AAOAOT T OOexusham@hs AOI
along the posterolateral aspect of the prostate on each side. Arterial
and venous vessels accompany the cavernous nerve, and together
these structures form the neurovascular bundles which are best
OEOBAI EUAA 11 -2 Epohitoi Atthe dpéxant A |
the base of the prostate, the bundles send penetrating branches
OEOI OChapsuldEhA BOOT OEAET ¢ A bl OAT OEA
tumor spread.
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Right
neurovascular
bundle

Left neurovascular

bundle
Vas deferens

Verumontanum

Neckof urinary
bladder

Urethra: Prostatic

Urethra:
Membranous

Externalurethral
sphincter

Periprostatic
compartment

Rectoprostatic
compartment/
Rectoprostatic
angle

Extraprostatic

Prostategcseminal
vesicle angle

p

AOAA AO ¢-latérd gositiohE DT OOAOIT

, T A A O A AocldpOstelblatérd position.

The excretory duct of the testes that carries spermatozoa,; it rises
from the scrotum and joins the seminal vesicles to form the
ejaculatory duct, which opens into the mid mmtatic urethra at the
level of the verumontanum.

The verumontanum (urethral crest formed lay elevation of the
mucous membran@ndits subjacentissue)is anelongated ridge on
the posterior walbf the mid prostatic urethraat the site of
ejaculatory ducts openingto the prostaticurethra

The inferior portion othe urinarybladder which isormed asthe
walls of the bladdeconvergeandbecome contiguousvith the
proximal urethra

The proximal prostatitrethraextends fromthe bladder neck at the
base ofthe prostateto verumontanumin the mid prostate. Thelistal
prostatic urethra extendérom the verumontanunto the
membranous urethrandcontains striated musclef the urethral
sphincter

The membranousegmentof the urethra is locatethetween theapex
of the prostateandthe bulbof the corpus spongiosum, extending
throughthe urogenital diaphragm

Surrounds thavholelength of the membranous portion of the
urethraandis enclosed iithe fasciaof the urogenital diaphragm

Space surrounding the prostate

Spacebetweenthe prostate andthe rectum

Pertainingto anarea outside the prostate

Theplaneor spacebetweenthe prostate baseandthe seminal
vesicle, normally filleavith fatty tissueand neurovascular bundief
prostate
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STAGINGTERMS

AbutsOA A P &0 Tumortouchesthe OAAD OOI1 A6

prostate

BulgesOAA D 6O | ConvexcontouroftheOAAD O OI Ad

prostate Bulgingprostaticcontourovera suspiciousesion:Focal,spiculated

(extraprostatictumor)

Broad-baseof contact(atleast25%o0f tumor contactwith the capsule)
Tumor-capsuleabutmentof greaterthan 1cm

Lenticulartumor at prostateapexextendingalongthe urethrabelow

the apex
Masseffecton Compressiorof the tissuearoundthe mass,or displacemenbf
surroundingtissue adjacent tissuesor structures,or obliteration of the tissueplanesby

aninfiltrating mass

Invasion Tumorextensionacrossanatomicalboundary;mayrelateto tumor
extensionwithin the gland,i.e. acrossegionalpartsofthe prostate, or
outsidethe gland,acrossthe Gapsuled(extracapsular extensionof
tumor, extraprostaticextensionof tumor, extraglandularextensionof

tumor)

yT OAOGEI T ¢ 40 1T0 ETOIT OAIT ATO T £ OEA OGAADPOOI
with indistinct, blurred or irregular margin

Extraprostatic Retraction of the capsule

extension EPE Breach of the capsule
$EOAAO OOIT O AgOAT OEI 1T OEOI OGCE

Obliteration of the rectoprostatic angle

Invasion: Tumorinvolvementof pseudocapsulevith indistinctmargin
Pseudocapsule

Invasion: Tumorinvolvementof anteriorfibromuscularstromawith indistinct
Anterior margin

fiboromuscular

stroma

InvasionProstatez Tumorextendsinto the spacebetweenthe prostatebaseand the
seminalvesicle seminalvesicle

angle
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Invasion: Seminal Tumor extension into seminal vesicle

vesicle There are 3 types:

Seminal vesicle 1. Tumor extension along the ejaculatory ducts into the seminal
invasion SVI vesicle above the base of the prostatecél T2 hypointense

signal within and/or along the seminal vesidsjargement and
T2 hypointensity within the lumen of seminal vesicle
Restricted diffusion within the lumen of seminal vesicle
Enhancement along or within the lumen of seminal vesicle
Obliteration of the prostateseminal vesicle angle

2. Directextra-glandular tumor extension from the base of the
prostate into and around the seminal vesicle

3. Metachronous tumor depositseparate focal T2 hypointense
signal, enhancing mass in distal seminal vesicle

Invasion: Neck of Tumor extensioralong the prostatic urethra to involve the bladder
urinary bladder neck

Invasion: Tumor extension along the prostatic urethra to involve the
Membranous membranous urethra

urethra

Invasion: Tumor extension outside the prostate

Periprostatic,

extraprostatic

Invasion: Tumorextensioninto the neurovasculabundleof the prostate
Neurovascular Asymmetry,enlargementor directtumor involvementof the
bundleof prostate neurovasculabundles

Assesghe recto-prostaticangles(rightand left):
1. Asymmetryz abnormaloneiseither obliterated orflattened
2.Fatinthe anglez infiltrated (individualelementscannotbeidentified
or separated)
Clean (individual elements are visible)
3.Direct tumor extension

InvasionExternal Tumorextensioninto the externalurethral sphincter
urethral sphincter Lossof the normallow signalof the sphincter,discontinuityof the
circularcontourof the sphincter
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MRICHARACTERISTIGSFADDITIONALPATHOLOGIGTATES

BPHnodule Around/ovalmasswith awell-definedT2hypointense margirin at
1 AAOGO Ox1 PIATAO T £ Ei ACET ¢cn AT A
found in the transition zone or extruded from the transition zone into
the peripheral zone

Hypertrophyof Increasdn the volumeof the medianlobe of the prostatewith mass
medianlobe of effect or protrusioninto the bladderandstretching theurethra
prostate

Cyst Acircumscribedr2hyperintensefluid containingsaclike structure
Hematoma- T1hyperintensecollectionor focus

Hemorrhage

Calcification Focusof markedlyhypointensesignalonall MRIsequences
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APPENDIXV

SAMPLEPROTOCOLSthis sectionisunderconstruction)
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Atlas
(Availableat www.acr.org/ClinicaResources/Reportinand-Data-Systems/P]
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SECTORMAPCREDIT

Theprostatesectormapwasmodified by DavidA. Rini,Departmentof Art asAppliedto Medicine,Johns
Hopkins University.It isbasedon previouslypublishedfiguresby Villerset al (CurrOpinUrol2009;19:27482)
andDickinsonet al (EurUrol2011;59:47-B4)with anatomicalcorrelationto the normalhistology of the prostate
by McNealJE(Am JSurgPathol1988Aug;12:61933).
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FIGURES

Figure 1 z Anatomy of the prostateillustrated on T2- weighted imaging

A. Sagittal image of the prostate shows the urethra (U), the course of
ejaculatory duct (arrow) and the level of verumontanum (*) where the
ejaculatory ducts merge and enter the mid prostatic urethra.

B. Coronal image of the posterior prostate illustrates the central zone (C
and peripheral zone (PZ). Note that ®Zs the shape of an inverted con
with its base oriented towards the base of the gland and is
homogeneously hypointense as it contains moreostra than glandular
tissue. CZ is well seen in younger patients; howeverajated
expansion of the transition zone by benign prostatic hyperplasia (BPH
may result in compression and displacement of the &#ling to its poor
visibility.

C. Axial image 6the prostate base, that constitutede upper 1/3 of the
gland just below the urinary bladdeshows the following anatomical
zones: anterior fibromuscular stroma (AR@ntaining smooth muscle,
which mixes with muscle fibers around the urethra (U) & thadder
neck and contains no glandular tissue, hence it is markedly hypointen
central zone (CZ) surrounding the ejaculatory ducts (arrows); and
peripheral zone (PZ) that covers the outer lateral and posterior region
the prostate.

D. Axial image othe midgland, that constitutestie middle 1/3 of the
prostate and includes verumontanum in the mid prostatic urethra, sha
anterior fiboromuscular stroma (AFS) and transition zone (1&&ue
around the urethra. Note increasing volume of peripheral z@RE) in
the midgland where it occupies thauter lateral and posterior regions of
the prostateand is homogeneously hyperintens&rrow points to
converging ejaculatory ducts as they enter the mid prostatic urethra a
verumontanum.

E. Axial image of the apx of the prostate, that constituteshe lower 1/3 of
the prostate, shows hypointense anterior fibromuscular stroma (AFS)
front of the urethra (U). Peripheral zone (RApkes up most of the apex
of the prostate.
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Figure2z PFRADS assessment for peripheral zone onwiglghted imaging.

Uniform hyperintense signal
intensity (normal).

Linear (arrow), wedgehaped, or
diffuse mild hypointensity, usually
indistinct margin.

Heterogeneous signal intensity or
non-circumscribed, rounded,
moderate hypointensity (arrow).

Circumscribed, homogenous

moderate hypointense focus/mass
confined to prostate and <1.5 cm in
greatest dimension (arrow).

Sameas dutJ X8 YAl EI
dimension (arrowspr definite
extraprostatic extension/invasive
behavior.
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n zone onweighted imaging

Figure3z7 PFRADS assessment for transitio

1 Normal appearing TZ (rare)
homogeneous intermediate signal

intensity, OR

a round, completely encapsulated
i AOOi xq T1TAOI A ¢

A mostly encapsulated nodule OR a
homogeneous circumscribed nodule
without encapsulation (arrowhead)

i OAR UM 11 AOI AaQ
homogeneous mildly hypointense are
between nodules (arrow)

Heterogeneous signal intensity with
obscured margins (arrow). Includes
others that do not qualify as 2, 4, or 5

Lenticular (arrow) or non
circumscribedhomogeneous,
moderately hypointense, and <1.5 cn
in greatest dimension.

3ATA AO T h AOO 3
dimension (arrowspr definite
extraprostatic extension/invasive
behavior.
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Figure4z PLRADS assessment for peripheral zone on diffusi@ighted imaging
No abnormality (i.e. normal) on ADéhd

high b-value DWI.

Linear/wedge shaped hypointense on
ADC and/or linear/wedge shaped
hyperintense on high tvalue DWI

Focal (discrete and different from the
background) hypointensen ADC and/or
focal hyperintense on high-kalue DWI,
may be markedly hypointense on ADC o
markedly hyperintense on high-balue
DWI, but not both.

Focal markedly hypointense on AR@d
markedlyhyperintense on high ivalue
DWI; <1.5cm in greatestimension

SameasdutJ X8 YAI ET CO
dimensionor definite extraprostatic
extension/invasive behavior

High bvalue DWI
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Figure5z PFRADSassessmenfor transitionzoneon diffusionweightedimaging.

1 No abnormality (i.e. normal) on AD&hd
high b-value DWI

2 Linear/wedge shaped hypointense on AD
and/or linear/wedge shaped hyperintense
on high bvalue DWI

Non-focal hypointense on ADC and/or
hyperintense on high fvalue DWI

3 Focal (discrete and different from the
background) hypointense on ADC (arrow
and/or focal hyperintense on high\mlue
DWI; may be markedly hypointense on
ADC OR markedly hyperintense on high K
value DWI, bunot both

4 Focal markedly hypointense chDCAND
markedlyhyperintense on high ivalue
DWI; <1.5cm in greatest dimension

5 SameasdutJ X8 YAI EI COA
dimensionor definite extraprostatic
extension/invasive behavior

High bvalue DWI ADC map
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