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Introduction

The prostate gland weighs approximately 20 g and is situated
at the base of the bladder surrounding the prostatic urethra. It
can be divided into the peripheral, central, transitional, and
peri-urethral zones.! The peripheral zone is the most com-
mon site of prostate cancer, and adenocarcinoma accounts
for most cases, typically developing from acinar cells in the
prostate gland with an associated increase in serum prostate-
specific antigen (PSA). Several tumor types, such as neuroen-
docrine tumors, small-cell carcinoma, and transitional-cell
carcinoma, have little effect on PSA. Also, several factors
are associated with increased risk of developing prostate
cancer, including, among others, age, race, family history,
environmental factors, and genetic predisposition.
According to the Canadian Cancer Society, it is estimat-
ed that one in nine Canadian men will be diagnosed with
prostate cancer during their lifetime, and one in 29 will die
from it.2 Over the last decade, prostate cancer mortality has
been decreasing, possibly due to improved screening and
treatment.® Although a topic of debate, screening includes
a digital rectal examination (DRE) and PSA level. In 2017,
the Canadian Urological Association (CUA) recommended
PSA screening be offered to men 50 or over (45 in the case
of increased risk) with life expectancy >10 years, follow-
ing a discussion of the potential benefits and harms.* For
men electing to have PSA screening, it is recommended that
intervals between testing be individualized based on PSA
levels. Specifically, if: 1) PSA 1-3 ng/ml, recommend repeat
PSA testing every two years; and 2) PSA =3 ng/ml, consider
more frequent PSA testing or adjunctive strategies. The age
at which screening is discontinued should be based on PSA
level and life expectancy. In men age 60 with PSA <1 ng/

ml, consider discontinuing screening, otherwise consider
discontinuing screening at age 70 or when life expectancy
<10 years. The five-year survival is estimated to be approxi-
mately 100% for men with localized disease or regional dis-
ease spread, dropping to 30% in men with distant disease.’
Sites of prostate cancer spread include, most commonly, the
lymph nodes, bone, liver, and lungs.

A bird’s eye view of imaging used in men with prostate
cancer

Several imaging modalities, such as transrectal ultrasound
(TRUS) and TRUS-guided prostate gland biopsy, magnet-
ic resonance imaging (MRI), computed tomography (CT),
PmTc-methylene diphosphonate bone scan (*"Tc-MDP bone
scan), and positron emission tomography (PET), are help-
ful for prostate cancer staging and management planning.
Below, we provide a brief overview of and best practices
for prostate cancer imaging and radiopharmaceutical-based
therapy (Table 1).

TRUS

In men clinically suspected to have prostate cancer, fol-
lowing PSA and DRE, TRUS combined with biopsy is the
conventional next recommended step.®

TRUS is frequently the initial imaging study used to
assess the prostate gland in men clinically suspected to
have prostate cancer, possibly in part because it does not
have ionizing radiation, is relatively inexpensive, and is
accessible. It is helpful to estimate gland volume and guide
biopsy needle placement. However, prostate cancer may
be occult on TRUS, and when present, can be challeng-
ing to differentiate from benign proliferative nodules. The
sensitivity and specificity of TRUS for the detection of multi-
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Table 1. Imaging and radiopharmaceutical-based therapy
best practices in prostate cancer

TRUS and TRUS- In men suspected to have prostate
guided prostate gland cancer, following PSA testing and DRE
biopsy for screening, TRUS combined with

biopsy is typically the next step.
MRI with MRI-guided prostate gland
biopsy may be helpful in men with
negative TRUS biopsy and elevated PSA.
MRI can be used to: 1) inform biopsy
decisions and stage men, particularly
those with intermediate to high risk of
extension beyond the capsule; and 2)
re-evaluate men deemed suitable for
active surveillance based on PSA, TRUS,
and biopsy.

MRI and MRI-guided
prostate gland biopsy

CT and bone scan In men at risk of prostate cancer spread,
CT and bone scan are standard of care
for detecting disease in soft tissue

and bone.

PET Several PET radiopharmaceuticals

may be helpful for imaging men with

prostate cancer. Although not standard

of care in Canada, access to PSMA PET
is rising, may show disease with low

PSA (< 0.2 ng/ml), and often results in a
management change compared with

CT and bone scan.

In men with metastatic CRPC, ?*RaCl, is
recommended for reducing symptomatic
skeletal events and prolonging survival.
The recommended dose for ??RaCl, is
one IV injection of 55 kBq/kg of body
weight every 4 weeks for a total of 6
injections. ANC =1.5 x 109, platelets
=100 x 10%/L, hemoglobin =10 g/dL prior
to the first administration of ??RaCl,.
Subsequently, ANC =1 x 10° and platelet
count =50 x 10%L is adequate. The most
common side effects include anemia,
neutropenia, thrombocytopenia, bone
pain, diarrhea, nausea, vomiting, and
constipation, but they are most often
mild and manageable. ?*RaCl, should
be discontinued if hematological values
do not recover in 6-8 weeks despite
supportive care.

22RaCl2 (Xofigo;
Bayer Healthcare
Pharmaceuticals)

77| utetium-PSMA
radioligand therapy
("77Lu-RLT)

ANC: absolute neutrophil count; CT: computed tomography; DRE: digital rectal exam; IV:

intravenous; MRI: magnetic resonance imaging; PET: positron emission tomography; PSA:

prostate-specific antigen; PSMA: prostate-specific membrane antigen; TRUS: transrectal

ultrasound.

There is no recommendation for
77Lu-RLT yet.

focal disease is estimated to be only 40-50%,”® and the
prediction of extracapsular extension has accuracy ranging
from 37-83%.%"" Hodge et al suggested that a combination
of random systematic and directed biopsies to abnormal
areas not included in systematic sampling is the preferred
technique.'> However, regardless of technique, only a small

Prostate cancer imaging

amount of the gland is sampled during a TRUS biopsy, and
the sensitivity and specificity for multi-focal disease is lim-
ited. Use of various ultrasound techniques (high-frequency,
Power Doppler, color Doppler, three-dimensional Doppler,
contrast, and elastography) are being investigated and may
improve this.

MRI

MRI and MRI-guided prostate gland biopsy are helpful in
men with negative TRUS biopsy and elevated PSA.”> MRI
appears to be helpful to: 1) inform biopsy decisions and
stage men with prostate cancer, particularly those men with
intermediate to high risk of extension beyond the capsule;
and 2) re-evaluate men deemed to be suitable for active
surveillance based on PSA, TRUS, and biopsy.

Prostate MRI includes several imaging sequences. While
the optimal technique remains to be standardized across
institutions, T1- and T2-weighted MR images, dynamic
contrast-enhanced (DCE) imaging, and diffusion weighted
imaging (DWI) are often included. T1- and T2-weighted
MR images are helpful to delineate prostate gland anatomy,
localize tumor, and assess extracapsular spread. DCE imag-
ing helps assess disease spread, recurrence, response to anti-
angiogenic therapy, and provides prognostic information,
although false positive results may be seen in the setting of
prostatitis. DWI may improve disease detection, although it
is limited in the setting of hemorrhage. The apparent diffu-
sion coefficient (ADC), calculated from the DWI, provides
prognostic information. MR spectroscopy (MRS) is rarely
included but may be helpful. Normal prostate tissue contains
low levels of creatine and choline but high levels of citrate,
reversed in prostate cancer. MRS showing a ratio of (creatine
+ choline)/citrate greater than 0.75 in a tissue voxel suggests
prostate cancer, and the ratio is thought to correspond with
Gleason score.™ Although not mandatory, endorectal coils
can improve the signal-to-noise ratio (SNR).

A systematic review suggested the sensitivity of MRI for
the diagnosis of prostate cancer within the prostate gland
was 78% (95% confidence interval [Cl] 75-81),"> while a
meta-analysis suggested the sensitivity of MRI for the detec-
tion of disease spread to lymph nodes was 39% (95% Cl
22-56)." Several recent clinical trials are of interest. The
PROMIS trial'” of 576 men with prostate MRI followed by
TRUS biopsy and template prostate mapping found MRI had
a sensitivity of 93% (95% Cl 88-96), a specificity of 41%
(95% Cl 36-46), a positive predictive value (PPV) of 51%
(95% Cl 46-56), and a negative predictive value (NPV) of
89% (95% Cl 83-94) for detecting cancer in the prostate
gland, while TRUS-guided biopsy had a sensitivity of 48%
(95% CI 42-55), a specificity of 96% (95% Cl 94-98), a
PPV of 90% (95% Cl 83-94), and a NPV of 74% (95% ClI
69-78). The authors suggested an MRI followed by a TRUS-
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guided biopsy in men with suspected prostate cancer, with
re-biopsy if clinically significant prostate cancer was not
detected, could be a cost-effective strategy. The PRECISION
trial'® compared TRUS-guided biopsy to MRI-guided biopsy
in 500 men and found more men with prostate cancer were
identified using MRI and targeted biopsy than using TRUS-
guided biopsy alone (38% vs. 26%). The MRI-FIRST trial'® of
251 men showed no significant difference in the detection
of prostate cancer between systematic and targeted biopsy.
While MRI prior to biopsy was found to improve the detec-
tion of prostate cancer, it did not obviate the need for a
systematic biopsy."

Overall, the literature on prostate MRI is limited by tech-
nical variations between studies, including differences in
sequences used, magnet strength (1.5 T vs. 3 T), and the
method of biopsy. Of note, men with a negative MRI require
monitoring, since a negative result does not exclude dis-
ease. Currently, MRI is not routine standard of care across
Canada for the evaluation of men with suspected disease,
largely due to issues of accessibility, cost, time required for
the examination, and variable sensitivity and specificity for
the detection of disease depending on the technique used.

(T and bone scan

In men at risk for prostate cancer spread, CT and bone scan
are the standard of care imaging studies used for detecting
disease in soft tissue and bone.?*?!

CT is the workhorse of most radiology practices, with
relatively good ability to detect soft tissue and bone dis-
ease, although the detection of soft tissue disease is com-
plemented by MRI, and the detection of bone disease is
complemented by bone scan. The main limitation of CT
is difficulty detecting disease in the absence of anatomi-
cal/morphological change. In general, CT is performed in
patients with intermediate-/high-risk or suspected disease
spread to lymph nodes and/or bone.?0?!

The radiopharmaceutical (radioactive drug that has met
regulatory requirements for administration to patients) used
for skeletal scintigraphy (the typical “bone scan”) is *"Tc-
MDP. The radiopharmaceutical is primarily taken up at sites
of osteoblastic turnover over a period of approximately 3—4
hours and incorporated into the mineral component of bone.
As such, a bone scan does not image bony metastatic disease
directly, but rather shows the reaction of the bone to tumor
infiltration. Thus, image interpretation can be challenging,
since bone repair from traumatic injury may produce a similar
appearance to metastatic disease, and the flare phenomenon
may show increased uptake. The flare phenomenon on a
bone scan within three months of therapy is typically due to
a reparative process and characterized by increased lesion
intensity or number in the setting of improved PSA.22%* To
clarify whether increased lesion intensity or number indicates

response to treatment or disease progression, a followup
bone scan done after approximately 4-6 months of therapy
may be helpful. The bone scan index can be used to quantify
total skeletal disease by summing the product of the weight
and fractional involvement of 158 bones, where each bone
is expressed as a percentage of the skeleton;? however, this
is very rarely used in practice. More commonly, a subjec-
tive interpretation of disease burden is given. The addition
of single photon emission computed tomography (SPECT)
to planar imaging may improve contrast and localization.
Table 2 summarizes the National Comprehensive Cancer
Network (NCCN) guidelines for the use of bone scan, CT,
and MRI in men with prostate cancer.?!

PET for men with prostate cancer

PET is being increasingly performed in men with prostate
cancer to detect sites of disease both at staging and subse-
quent followup. Today, scanners combine either PET and CT
(PET/CT) or PET and MRI (PET/MR) into one hybrid imaging
system. Several radiopharmaceuticals can be used with PET
(either PET/CT or PET/MRI) scanners, such as 'F-labeled
fluorodeoxyglucose ("*F-FDG), '®F-labeled sodium fluoride
('8F-NaF), ""C- or '®F-labeled choline, ''C- or '8F-labeled
acetate, '®F-labeled FACBC ('®F-fluciclovine), and the pros-
tate-specific membrane antigen (PSMA) family of radiophar-
maceuticals. Although the optimal radiopharmaceutical has
not yet been defined, a few have been extensively studied
and approved for use in other countries (e.g., "*F-FDG, '®F-
NaF, ""C-choline, and "8F-fluciclovine are approved by the
U.S. Food and Drug Administration);?” in Canada, access
to PSMA PET is starting to shape patient management. Best
practice is likely to change in the near future regarding the
use PET in the diagnostic and treatment approach to men
with prostate cancer. In this section, we briefly discuss com-
mon PET radiopharmaceuticals that have been assessed in
prostate cancer imaging.

"BF-FDG

BE-FDG is a radiopharmaceutical that is a glucose analogue
taken up by cells (both benign and malignant) according to
the glycolytic rate (Warburg effect) and as a result of expres-
sion of cellular membrane glucose transporters and enhanced
hexokinase enzymatic activity in the cell. "8F-FDG PET inter-
pretation is challenging in prostate cancer, as radiopharma-
ceutical uptake may be limited at sites of disease and in nor-
mal and benign tissue. As well, physiological activity related
to urinary excretion may be another confounding factor. In
a study of 91 men with PSA relapse after prostatectomy, 8F-
FDG PET detected local or systemic disease in only 31% of
patients.? However, the expression of glucose transporter
1 (GLUTT) has been shown to be up-regulated primarily in
poorly differentiated, hormone-independent prostate cancer.
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Table 2. NCCN imaging guidelines for prostate cancer?’

Risk group

Bone
scintigraphy

Abdominal/pelvic imaging

Very low-risk
and low-risk

Favorable
intermediate-
risk

Unfavorable
intermediate-
risk

High-risk

Very high-
risk

Regional
recurrence
Any T, N1,
MO

Metastatic
(castration-
naive and
-resistant)
Any T, any
N, M1

Not indicated

Not
recommended
for staging

Recommended
if T2 and PSA
>10 ng/mL

Recommended

Recommended

Recommended
for symptoms
and as often
as every 6-12
months while
on ADT and
for workup of
progression

Recommended
for symptoms
and as often
as every 6-12
months during
ADT in the
castration-naive
setting: “...may
be obtained
regularly during
systematic
therapy to
assess clinical
benefit.”

For CRPC,
“8-12-week
imaging
intervals appear
reasonable”

Consider mpMRI to confirm
candidacy for active surveillance.
During active surveillance, repeat
mpMRI no more often than every

12 months unless
clinically indicated.

Consider mpMRI to confirm
candidacy for active surveillance.
During active surveillance, repeat
mpMRI no more often than every

12 months unless
clinically indicated.

Pelvic + abdominal imaging
recommended if nomogram
predicts >10% probability of
pelvic lymph node involvement.
Pelvic + abdominal imaging
recommended if nomogram
predicts >10% probability of
pelvic lymph node involvement.
Pelvic + abdominal imaging
recommended if nomogram
predicts >10% probability of
pelvic lymph node involvement.
Pelvic + abdominal imaging
recommended if nomogram
predicts >10% probability of
pelvic lymph node involvement.
Abdominal/pelvic MRl or CT =
contrast is recommended for
workup of progression.

Abdominal/pelvic MRl or CT =
contrast is recommended for
workup of progression: “...may
be obtained regularly during
systematic therapy to assess
clinical benefit.”

ADT: androgen-deprivation therapy; CRPC: castration-resistant prostate cancer; CT:
computed tomography; mpMRI: multiparametric magnetic resonance imaging; NCCN:
National Comprehensive Cancer Network.

Prostate cancer imaging

Thus, "F-FDG-avid disease suggests higher tumor grade.
Generally, it is thought '8F-FDG PET may be particularly help-
ful in the setting of both castration-sensitive and castration-
resistant metastatic disease and in the evaluation of therapy
response and prognostication.?>?' To date, "F-FDG PET has
played a limited role in staging and followup of men with
prostate cancer and is not routinely performed in Canada.

8F-NaF

E-NaF is a bone-seeking radiopharmaceutical that is taken
up at sites of osteoblastic activity. Similar to *"Tc-MDP,
sites of increased radiopharmaceutical uptake are related
primarily to bone turnover and are not specific to metastatic
disease. "F-NaF PET has higher sensitivity and specificity
for the detection of osseous disease compared with *™Tc-
MDP bone scans. For example, Even-Sapir et al reported the
sensitivity and specificity of "Tc-MDP bone scans in men
being evaluated for metastases prior to local prostate cancer
therapy as 70% and 57%, respectively, whereas for '"8F-NaF
PET, it was 100% and 100% , respectively.*> Minamimoto
et al showed "®F-NaF PET had significantly higher sensitivity
and accuracy than #mTc-MDP bone scans (96.2% vs. 64.6%,
p<0.001; 89.8% vs. 65.9%, p<0.001) for the detection of
skeletal disease.** "®F-NaF PET can also be used to provide
a semi-quantitative measurement of osteoblastic activity at a
site of disease through use of the standardized uptake value
(SUV). However, "8F-NaF is rarely used in clinical practice
today due to issues of accessibility, cost, and reimbursement.

"1C- or "8F-labeled choline and "' (- or "®F-lubeled acetate

These are radiopharmaceuticals associated with the produc-
tion of phospholipids (lipogenesis) in cellular membranes.
Increased uptake in prostate cancer cells is thought to be
due, at least in part, to the activity of choline kinase (in the
case of choline) and fatty acid synthase (in the case of ace-
tate). There is considerable overlap of choline and acetate
radiopharmaceutical uptake in prostate cancer cells, benign
prostatic hyperplasia, and normal prostate cells, although in
general, the radiopharmaceutical uptake is higher at sites
of malignant disease. Several studies have suggested mixed
results in terms of the sensitivity and specificity of these
radiopharmaceuticals for the detection of prostate cancer,
with the success for disease detection likely related to PSA
level 3% Specifically, higher PSA level, higher PSA velocity,
and shorter PSA doubling time correlate with a higher detec-
tion rate of malignancy. For example, the lesion detection
by '"C-acetate in men with suspected recurrent disease was
estimated to be 59% when the PSA level was greater than
3 ng/mL, dropping to 4% when the PSA was <3 ng/mL.*
Krause et al reported ""C-choline detection rates of 36% for
PSA less than 1 ng/mL, 43% for PSA 1-2 ng/mL, 62% for
PSA 2-3 ng/mL, and 73% for PSA >3 ng/mL.*” There does
not appear to be a significant difference in detection rate
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between these radiopharmaceuticals and, currently, they
are rarely used in clinical practice due to issues of acces-
sibility, cost, and reimbursement. However, recently, the
STOMP trial for men with oligometastatic disease recurrence
after local treatment with curative intent, diagnosed with
either '®F or "'C choline PET, suggested early treatment of
oligometastatic disease may lead to improved therapy-free
survival.’® This and other clinical trial results suggest use of
PET/CT in clinical practice for men with prostate cancer will
likely increase in future.

18F-labeled FACBC ("F-fluciclovine)

E-fluciclovine is a radiopharmaceutical that is a synthetic
[-leucine amino-acid analogue and has increased uptake at
prostate cancer sites. "®F-FACBC has been shown to have
limited sensitivity and specificity for primary prostate can-
cer localization, although the sensitivity is high in clinically
suspected recurrent disease.>*** For example, a study of 596
men reported a sensitivity of 88% and specificity of 33% for
detection of recurrent disease in the prostate bed.*’ A study of
100 men with prostate cancer relapse showed disease detec-
tion in 21% with PSA <1 ng/mL, 29% with PSA 1-2 ng/mL,
45% with PSA 2-3 ng/mL, and 59% with PSA >3 ng/mL.%
Recently, "®F-FACBC PET in men with biochemical recur-
rence after primary therapy with curative intent and negative
or equivocal findings on standard of care imaging was shown
to affect management in approximately 60% of cases.*'

Cellvlar proliferation

There are a few radiopharmaceuticals that target cellular pro-
liferation and that have been used to image men with pros-
tate cancer. For example, '®F-3’-deoxy-3’-fluorothymidine
(FLT) is phosphorylated by thymidine kinase (TK) 1 and is
retained in proliferating cells in relation to the thymidine
salvage pathway of DNA synthesis. ®F-2’-fluoro-5-methy!-I-
beta-D-arabinofuranosyluracil (FMAU) is a thymidine analog
that is phosphorylated by TK (preferentially TK2) and incor-
porated in DNA. The literature on these radiopharmaceu-
ticals is relatively scant and, in general, further evaluation
is needed to determine their exact role in the evaluation of
men with prostate cancer.*?

Receptor imaging

Several radiopharmaceuticals targeting receptors have been
used to image men with prostate cancer. 16f-'8F-fluoro-
5a-dihydrotestosterone ('8F-FDHT) is a radiopharmaceutical
that targets the androgen receptor and has been shown to
have a sensitivity of 63% for the detection of disease in 20
men with metastatic prostate cancer.* A study comparing
BE-FDHT and "®F-FDG suggested there is disease that is
androgen receptor-predominant, disease that is glycolysis-
predominant, and disease that is androgen receptor- and
glycolysis-concordant.** ®*Ga-labeled bombesin is a radio-

pharmaceutical that binds to the gastrin-releasing peptide
receptor (GRPR), which is overexpressed in prostate cancer.
A recent study of 32 men with biochemically recurrent pros-
tate cancer by Minamimoto et al suggested **Ga-bombesin
could be helpful in men with non-contributory standard-
of-care imaging.*

The PSMA family of radiopharmaceuticals

The PSMA family of radiopharmaceuticals includes a spec-
trum of radiopharmaceuticals that target PSMA, a type Il
transmembrane glycoprotein expressed on the surface of
cells such as the kidney, small intestine, and salivary gland.
It is significantly overexpressed in prostate cancer cells
(approximately 100-fold). Recent studies have investigated
several different radionuclide-labeled small molecule inhibi-
tors of PSMA, primarily using '8F and ®Ga. While the opti-
mal radiopharmaceutical remains to be determined, it has
been shown that PSMA PET has higher sensitivity and speci-
ficity for the detection of prostate cancer compared with
standard-of-care imaging.***” Further, PSMA PET results in a
change in management in a significant number of men. For
example, a prospective, single-arm study of 130 men with
biochemical failure post-radical prostatectomy or primary
radiotherapy with curative intent for localized prostate can-
cer showed PSMA PET resulted in a change in management
in 87% of men.*® A systematic review and meta-analysis by
Perera et al, published last year and including 37 articles of
4790 men, showed the number of positive scans increased
with increasing PSA: 33% with PSA <0.2 ng/ml, 45% with
PSA 0.2-0.49 ng/ml, 59% with PSA 0.5-0.99 ng/ml, 75%
with PSA 1-1.99 ng/ml, and 95% with PSA =2 ng/ml.* Short
PSA doubling time is associated with increased scan positiv-
ity. It has also been shown there is heterogeneous uptake
of radiopharmaceuticals in men with prostate cancer. More
specifically, not all sites of prostate cancer are PSMA-avid,
and sites of disease may show uptake of other radiopharma-
ceuticals, such as F-FDG and '8F-choline, among others,
although the extent of this heterogeneity is as yet unknown.
A recent hot topic of investigation is the use of PET (i.e., '8F-
FDG PET and PSMA PET) to stratify men into those who are
likely vs. unlikely to respond to specific therapies.

Targeted radionuclide and radioligand therapy for men
with prostate cancer

Targeted radionuclide therapy (TRT) and targeted radioli-
gand therapy (RLT) refer to the use of radiopharmaceuticals
for targeted therapy at the cellular or molecular level. One
of the benefits of this therapy is the possibility of informing
treatment decisions based on a combination of clinical and
imaging findings (often including dosimetry) to determine
optimal therapy with minimal toxicity.
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In men with metastatic castration-resistant prostate cancer
(CRPC), ***RaCl, is recommended for reducing symptomatic
skeletal events and prolonging survival.*%"’

2#RaCl, is an alpha-emitting radiopharmaceutical that acts
as a calcium mimetic and is taken up at sites of osteoblastic
activity. It has been shown to extend life in men with CRPC.
The ALSYMPCA trial included men with symptomatic CRPC,
=2 bone metastases, and no known visceral disease who
were either post-docetaxel or unfit for docetaxel therapy and
found that in the 614 men who received **’RaCl, compared
with the 307 men who did not, ??’RaCl, increased median
overall survival (OS) from 11.3 to 14.9 months and time to
first skeletal related event from 9.8 to 15.6 months.*® The
recommended dose for *?RaCl, is one intravenous injec-
tion of 55 kBg/kg of body weight every four weeks for a
total of six injections. Further, it is recommended that men
have absolute neutrophil count (ANC) =1.5 x 10°, plate-
let count =100 x 10%L, and hemoglobin =10 g/dL prior to
the first administration of #?RaCl,. Subsequently, ANC =1 x
10° and platelet count =50 x 10%L is considered adequate.
The most common side effects of therapy include anemia,
neutropenia, thrombocytopenia, bone pain, diarrhea, nau-
sea, vomiting, and constipation, but they are most often
mild and manageable. ?2?RaCl, should be discontinued if
hematological values do not recover in 6-8 weeks despite
supportive care. A systematic review conducted as part of
the program in evidence-based care through Cancer Care
Ontario currently recommends ***RaCl, for reducing symp-
tomatic skeletal events and prolonging survival in men with
symptomatic metastatic CRPC.*"

7| ytetium-PSMA radioligand therapy ('7Lu-RLT)

There is no recommendation for "77Lu-RLT yet.

177Lu-RLT are beta-emitting radiopharmaceuticals targeted
to PSMA for the treatment of men with prostate cancer.
Typically, men receiving '"7Lu-RLT had metastatic CRPC,
PSMA expression on PSMA PET, and at least six weeks of
myelosuppressive therapy holiday. The optimal "7Lu-RLT
dose is unknown, although Chakraborty et al suggested 7.4
GBq "7Lu-PSMA-617 with up to nine cycles of therapy at
six-week intervals was effective.” 77Lu-RLT is excreted by
the kidneys, the majority within the first 48 hours, and men
should remain under observation 2—4 hours post-injection.
Often the amount of radioactivity administered and local
regulations dictate if the therapy is given on an outpatient or
an inpatient basis. In either case, staff, patients, and family
members must be made aware of and follow general radia-
tion safety precautions.

To date, most studies have shown a response to '77Lu-RLT
in men with CRPC (Fig. 1).53* For example, Ahmadzadehfar

Prostate cancer imaging

Fig. 1. Percent of patients with a prostate-specific antigen decline of 50% or
more by study.

et al reported 81% of men had a decline in PSA after one
cycle of 77Lu-RLT, 44% with a decrease 250%.% Median
OS was longer in those men who responded to treatment
compared with those who did not (68 weeks vs. 33 weeks).
Brauer et al reported similar results with a PSA decline 250%
in 53% of men and a decline of any value in 91%.>* Median
OS increased in men who responded to one cycle of ther-
apy. In a group of men with PSMA-positive disease and
non-FDG-avid disease, Hofman et al reported 57% had a
decline in PSA =50%, as well as improvement in pain and
quality of life.>> Despite the apparent success of '77Lu-RLT,
up to one-third of men may not respond, and identifying
those men unlikely to respond remains enigmatic. Also, side
effects following therapy have been reported in a minor-
ity of men (Table 3). The most common are xerostomia
(salivary gland dysfunction), fatigue, nausea, nephrotoxic-
ity, and hematotoxicity. Today, standard treatment for men
with CRPC includes a combination of chemotherapy and/
or hormonal agents. A systematic review by Von Eyben et
al compared third-line treatment options with '”7Lu-RLT and
concluded "77Lu-RLT resulted in a decline in PSA by >50%
twice as often as chemotherapy and prolonged median OS.*
Since myelosuppression limits the amount of radioactiv-
ity that can be safely delivered, the ideal time to receive
77Lu-RLT may be before chemotherapy when higher bone
marrow function is present; however, further studies are
needed to confirm this. Also, the VISION trial®® may provide
the needed evidence to support the promise of 77Lu-RLT
in men with metastatic CRPC. More recently, a few studies
have focused on the potential utility of RLT labeled with a
radionuclide that decays by alpha particle emission (e.g.,
25A¢).07%% Again, xerostomia, nephrotoxicity, and hemato-
toxicity are a concern. Also, with the use of radionuclides,
disintegration to daughter particles that may continue to
circulate must be taken into consideration as a potential
issue that needs to be addressed.
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Table 3. Overview of studies for 177Lu-RLT in men with metastatic CRPC

Study # of Previous therapy RLT/approximate #of Median overall Side effects
men activity per cycle (GBq) cycles survival
Ahmadzadehfar 52 Hormone therapy, 77Lu-PSMA-617/ 3-6 60 weeks NA
et al*® chemotherapy, 4-7
radiation
Brauer et al* 59 Hormone therapy, 77Lu-PSMA-617/6 3 32 weeks — 3% grade 3 thrombocytopenia and
chemotherapy, leucopenia
radiation — 19% grade 3 anemia

— 25% xerostomia
— 2% dry eyes
- 20% fatigue

Hofman et al®® 30 Hormone therapy, 77Lu-PSMA-617/7.5 2 NA — 87% grade 1 xerostomia
chemotherapy, — 50% grade 1-2 nausea
radiatione - 50% grade 1-2 fatigue
— 13% grade 3-4 thrombocytopenia
Kratochwil et 30 Hormone therapy, 77Lu-PSMA-617/4-6 1-3 NA — 33% anemia (worsening by one
al%e chemotherapy, grade compared to baseline)
radiation — 20% grade 1 leucopenia

— 7% grade 2 leucopenia

— 13% grade 1 thrombocytopenia
— 3% grade 2-3 thrombocytopenia
— 7% xerostomia

Baum et al®’ 56 Hormone therapy, 77Lu-PSMA- I&T/ NA NA — 4% xerostomia
chemotherapy, 3.6-8.7 — 16% grade 1-2 leucopenia
radiation
Rahbar et al*® 28 NA 77Lu-PSMA-617/NA 2 29 weeks — 14% nausea
— 14% xerostomia
Rahbar et al*® 74 Hormone therapy, 77Lu-PSMA-617/5.9 1 NA - 3% anemia
chemotherapy, — 9% xerostomia
radiation — 1% nausea
Rahbar et al®® 145 NA 77Lu-PSMA-617/2-8 1-4 NA — 3% grade 3-4 leucopenia

- 10% grade 3-4 anemia

— 4% grade 3-4 thrombocytopenia
— 6% nausea

— 8% xerostomia

Kulkarni et al® 119 Hormone therapy, 77Lu-PSMA- I&T and 1-7 Not yet known - 4% xerostomia
chemotherapy, 77Lu-PSMA-617/ — 3% grade 3-4 hemotoxicity
radiation 2-9.7
Fendler et al®? 15 Hormone therapy, 77Lu-PSMA-617/ 1-2 NA — 7% grade 3 anemia
chemotherapy, 3.70r6
radiation
Scarpa et al®® 10 Hormone therapy, 77Lu-PSMA-617/ 2-3 NA — 30% xerostomia
chemotherapy, 5.4-6.5 - 20% fatigue
radiation — 10% nausea
— 10% constipation
Yadav et al® 31 Hormone therapy, 77Lu-PSMA-617/5 1-4 NA — 26% grade 1 anemia
chemotherapy, — 6% had grade 2-3 anemia
radiation — 3% grade 2 thrombocytopenia

GBaq: gigabecquerel; I&T: imaging & therapy; NA: not available.

Summary . . . o
..................................................................................... tate cancer are Start]ng to make the[r Way Into C]]nlcal

Imaging is essential in the detection, diagnosis, staging,  practice. Today, in Canada, TRUS-guided biopsy of the
and monitoring of men with prostate cancer. Over the  prostate gland is still the standard of care for diagnosis,
past decade, technical advancements have led to improved ~ while CT and bone scan remain the standard of care to

sensitivity, specificity, and accuracy of disease detection.  evaluate distant disease. MRI and MRI-guided biopsy is
Further advances in the availability and use of radiophar- ~ recommended in men with negative TRUS-guided biopsy
maceuticals for imaging and therapy in men with pros-  and may be helpful to re-evaluate men deemed suitable

136 CUAJ o April 2020  Volume 14, Issue 4



for active surveillance based on PSA, TRUS, and biopsy.
?2RaCl, is recommended for reducing symptomatic skeletal
events and prolonging survival in men with castration-
resistant disease. Although it is likely that PET and RLT will
become part of the imaging and therapy armamentarium
for men with prostate cancer in the near future, the most
effective algorithm is still evolving.
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