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Abstract

223Ra is a targeted alpha therapy approved for treatment of metastatic pros-
tate cancer with symptomatic bone metastases and without known visceral
metastases. It documented an overall survival benefit, increased time to
symptomatic skeletal event, improved quality of life and good safety pro-
file in the pivotal trial ALSYMPCA.

The patient suitable for treatment must present at least two sites of
osseous localization at bone scan, with no visceral involvement and lymph
nodal disease within 3 cm diameter (short axis).

First data from clinical practice and from expanded access program
confirmed safety and efficacy and highlighted that early use is related to
completion of six cycles and better clinical outcome.

During treatment, it is important to evaluate pain response, clinical out-
come, complete blood count and ALP at each cycle, while PSA must be
assessed only every three cycles. Imaging modalities should be repeated
at baseline (to select the right patient) and after at least 8 weeks from last
administration (to assess the disease response); only in case of clinical sus-
picion of relapse, the same modalities could be repeated during treatment

to exclude a disease progression.
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27.1 Physical and Biological
Properties of 22Ra

223Ra is a targeted alpha therapy that documented
a survival benefit in metastatic castration-resis-
tant prostate cancer [1]; it is an alpha-emitting
radionuclide, with a calcium mimetic behaviour,
which belongs to the alkali earth metals in the
periodic table. Emitted energy distribution is
a-energy (average) = 5.78 MeV (accounts for
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93.5% of emitted energy), <4% as beta particles
and <2% as vy radiation. Combined energy for the
complete decay of ***Ra and daughters is equal to
28 MeV; some y (0.9 MeV total) is also emitted.

Tissue range for ?*Ra is inferior to 100 pm
(o) with respect to several mm for fB-particles,
and it is characterized by a higher linear trans-
fer energy ranging 100-200 keV/pm with respect
to that of B-particles, which is inferior to 1 keV/
pm: this high energy deposition of a-particles in
a very small tissue range is able to cause irrevers-
ible double-strand DNA breaks [2, 3]. Other than
DNA damage, the high energy determines the
production of highly toxic radicals and chemicals
for cells. Since energy of a-particles is released
in a very short range in tissue, the targeted cells
receive higher absorbed radiation doses than
adjacent healthy cells, which permit to spare
near-critical structure and, in particular, bone
marrow [4].

In vitro experiments have demonstrated that
the lethal effect is not cell type specific and is also
delivered on multidrug resistant cells; moreover,
it produces G2 arrest and causes a dose-dependent
inhibition of differentiation of the osteoclasts [5—
7]. In mice model bearing intratibial LNCaP or
LuCaP 58 tumours and administered with ?**Ra,
the inhibition of tumour-induced osteoblastic
bone growth and protection of normal bone archi-
tecture leading to reduced bone volume were doc-
umented. ***Ra resulted in lower PSA values and
reduced total tissue and tumour areas.

A decreased number of osteoblasts and osteo-
clasts and reduced level of the bone formation
marker PINP were observed. ’Ra therapy exhib-
its a dual targeting mode of action that induces
tumour cell death and suppresses tumour-induced
pathological bone formation, both essential play-
ers in the destructive vicious cycle of osteoblastic
bone metastasis in prostate cancer [8].

27.2 Castration-Resistant
Prostate Cancer

Prostate cancer is the most common solid malig-
nant tumour in men and represents the second
cause of cancer-related deaths in this sex [9].

Men with localized prostate cancer are treated
with surgery or radiation therapy. However, at
follow-up, biochemical recurrence (increase in
PSA levels) can occur, and, in this setting, local-
ization of disease is important for patients’ man-
agement, which may include active surveillance,
systemic therapy, localized salvage therapy or
both systemic and localized treatments. The term
“castration resistant” is used when a measur-
able progression of disease occurs in the setting
of castrate levels of testosterone, manifesting
itself with PSA increase or imaging abnormali-
ties at computed tomography, magnetic reso-
nance imaging or nuclear medicine techniques.
Up to 20% of patients with metastatic prostate
cancer develop CRPC within 5 years; prevalence
CRPC has been estimated to be 17.8% among
patients with prostate cancer [10]. In the major-
ity of patients affected by CRPC, bone is the site
of metastatic involvement. Bone metastases are
cause of decreased quality of life, pain and dis-
ability with increased treatment cost and, finally,
also death. The major concerns in these patients
are skeletal-related events (SREs), manifesting
with spinal cord compression and pathological
fractures. Available treatments for metastatic
CRPC (mCRPC) include chemotherapy with
docetaxel or cabazitaxel, androgen synthesis
inhibitors abiraterone acetate, androgen recep-
tor blocker enzalutamide and immunotherapy
with sipuleucel-T [11]. Although these drugs
have provided interesting results, additional stud-
ies are needed to define potential combinations
and optimal sequencing. Since bone is a fre-
quent site of metastatic involvement, significant
efforts in developing approaches for bone metas-
tases have been made and are ongoing with the
aim to reduce pain and limit complications and
SREs. Bisphosphonates, zoledronic acid [12] and
mostly antibodies to RANKL (denosumab) have
demonstrated to delay SREs [13], but they have
not shown significant impact in patients’ survival.

Palliative therapy using ['*Re]hydroxyethy-
lidene diphosphonate (HEDP) was extensively
performed in patients with bone metastases from
prostate and breast cancers [14].

8Sr-chloride showed significant results
when used with the aim of palliating pain from
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bone metastases, in particular metastatic pros-
tate or breast cancer, resulting in pain relief in
60-92% of patients [15-21]. Since '**Sm alone
has no affinity for bone, the isotope is chelated
to ethylene diamine tetramethylene phosphonate
(EDTMP) for targeting bone.

The absorbed dose and relative biological
effectiveness (EBR) of ?**Ra to lesions per unit
administered activity was much higher than that
of other bone-seeking radiopharmaceuticals, but
considering a standard administration of 21 MBq
(six injections of 50 kBq/kg to a 70-kg patient),
the mean cumulative value of absorbed dose and
relative biological effectiveness was about 19 Gy
and was therefore in the range of those of other
radiopharmaceuticals [20].

In the wave of novel therapies for mCRPC
which has characterized the last years, a renewed
attention towards the potential role of tar-
geted a-therapy has been established in the set
of patients affected by bone metastases from
mCRPC.

27.3 ?»Rain Symptomatic

Prostate Cancer Clinical Trial

In phase I and II studies involving patients with
bone metastases [22, 23], safety and tolerability
of *Ra had been previously evaluated. The first
phase I trial enrolled breast and prostate cancer
patients with skeletal metastases (15 prostate and
10 breast cancer ones) for receiving a single IV
injection of *?Ra: five patients were included at
each of the dosages, 46, 93, 163, 213 or 250 kBq/
kg, and followed for 8 weeks [22]. A phase II trial
enrolled patients with hormone-refractory prostate
cancer and bone pain needing external-beam radio-
therapy, who were randomized to four administra-
tions of ?»Ra (50 kBqg/kg, 33 patients) or placebo
(31 patients), given every 4 weeks [23].

In 2013, Parker et al. [24] assessed efficacy
and safety of **Ra compared to placebo, in addi-
tion to the best standard of care, in men with
CRPC and bone metastases. In this phase III
study, they randomly assigned 921 patients who
had received, were not eligible to receive, or
declined docetaxel, in a 2:1 ratio, to receive six

injections of *Ra (50 kBg/kg b.w. intravenously)
or matching placebo. Time interval between each
injection was 4 weeks. The primary end point
was overall survival; the main secondary efficacy
end points were the time to the first symptom-
atic skeletal, time to PSA and ALP progression,
PSA and ALP responses, safety and quality of
life. At the interim analysis, which involved 809
patients and was performed when 314 deaths
had occurred, ***Ra significantly improved over-
all survival with respect to placebo (median,
14.0 months vs. 11.2 months; P = 0.002). The
updated analysis, performed when 528 deaths
had occurred and involving 921 patients, con-
firmed the **Ra survival benefit (median, 14.9
months vs. 11.3 months; P < 0.001). Also con-
sidering all main secondary efficacy end points,
a benefit of radium-233 with respect to placebo
was found. ***Ra significantly prolonged the time
to the first symptomatic skeletal event (median,
15.6 months vs. 9.8 months; P < 0.001), the time
to an increase in the total alkaline phosphatase
level (P < 0.001) and the time to an increase in
the PSA level (P < 0.001). More patients in the
23Ra group than in the placebo group experi-
enced a decrease in the total alkaline phosphatase
and PSA levels. About safety, >Ra was associ-
ated with low myelosuppression rates and few
adverse events.

22Ra demonstrated to prolong median OS
with respect to placebo, regardless of previous
docetaxel use. However, patients previously
treated with docetaxel had a higher incidence of
grades 3—4 thrombocytopenia with **Ra with
respect to placebo, whereas the incidences of
grades 3—4 anaemia were associated with bone
involvement at baseline in both arms of treat-
ment. In ?’Ra and placebo patients who received
subsequent chemotherapy (142 patients for >>’Ra
and 64 placebo), evaluation of haemoglobin,
neutrophils and thrombocytes showed similar
findings up to 18 months following the start of
chemotherapy, and only a low percentage of
cases in both groups showed grades 3—4 haema-
tological toxicities: from this evaluation, chemo-
therapy after >*’Ra, regardless of prior docetaxel
treatment, is well tolerated in patients with CRPC
and symptomatic bone metastases [25].
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Recently, Alva et al. [26] identified potential
clinical variables associated with outcomes after
223Ra therapy in 145 patients. 74/145 (or 51%)
received six cycles of treatment. In their study,
survival was highly associated with receiving all
six doses, and the receipt of six doses was also
associated with ECOG PS of 0-1, lower baseline
PSA and pain level, no prior abiraterone/enzalu-
tamide, <5 bone scan index value and normal
alkaline phosphatase. In 72 patients with baseline
pain evaluation, pain declined in 51% after one
dose and increased in 7%. PSA declined >50%
in 16% of cases, whereas alkaline phosphatase
declined >25% in 48% and >50% in 23% of
patients. Bone scan index declined in 17/25 (or
68%) who had bone scan available at treatment
follow-up. Grade > 3 neutropenia, anaemia and
thrombocytopenia occurred in 4% (n = 114), 4%
(n = 125) and 5% (n = 123), respectively. They
concluded that patients earlier in their disease
course with <5 bone scan index, low pain score
and good ECOG performance status are optimal
candidates for >*Ra.

223Ra Dichloride: Indication
and Patient Management

27.4

223Ra is indicated for the treatment of adults with
castration-resistant prostate cancer, symptomatic
bone metastases and no known visceral
metastases.

Before considering a patient for this treatment
modality, it is mandatory to check eligibility and
verify osseous metastases on a recent bone scan.
Patients must present at least two sites of bone
metastases demonstrated at bone scintigraphy®
with *"Tc-diphosphonate performed before to
start therapy with ’Ra. As an alternative, '*F-NaF
PET/CT can be used because it has demonstrated
a higher diagnostic performance than bone scin-
tigraphy. To exclude visceral metastases, a com-
puted tomography (CT) imaging and/or positron
emission tomography (PET)/CT after admin-
istration of !8F/!'C-choline or %Ga-prostate-
specific membrane antigen (PSMA) in selected
cases must be performed. These imaging modali-
ties consent to verify also the presence of nodal
disease (the presence of malignant lymph nodes
greater than 3 cm short axis represents exclusion

criteria for treatment) (Table 27.1). Diagnostic
examinations have to be done within 3 months
before starting treatment.

Pain must be assessed through specific ques-
tionnaires and scales; according to ALSYMPCA
inclusion criteria and approved label, patient must
present a WHO pain >1 (=assumption of nonsteroi-
dal anti-inflammatory or antalgic EBRT in the pre-
vious 12 weeks; in the ALSYMPCA trial, 44% of
enrolled pts presented a WHO pain = 1). According
to Brief Pain Inventory-Short Form (BPI-SF) ques-
tion 3, the referred pain in the last 24 h must be >2
(the score 2-3 corresponds to a mildly symptomatic
disease, while the score from 4 to 10 is from moder-
ate to severe pain) (Tables 27.1 and 27.4).

Haematological evaluation must be performed
at baseline and prior to every radiopharmaceuti-
cal administration. Before the first administra-
tion, the absolute neutrophil count should be
>1.5 x 10%1, the platelet count >100 x 10%1
and haemoglobin >10.0 g/dl. Before subsequent
administrations, the absolute neutrophil count
should be >1.0 x 101 and the platelet count
>50 x 10%1. In patients with persistent impair-
ment in these values within 6 weeks after the last
administration of 2’Ra despite receiving standard
of care, treatment with ??Ra should only be con-
tinued after a benefit/risk balance [27].

In the presence of compromised bone marrow
functionality related to prior cytotoxic therapies
(chemotherapy and/or radiotherapy) or pros-
tate cancer patients with advanced diffuse bone
infiltration, treatment should be performed with
caution because these patients have a higher risk
of haematological toxicity. In “superscan” con-
dition, patients can be treated with **Ra after
careful evaluation. Other comorbidities have to
be evaluated, such as inflammatory bowel dis-
ease (a condition that can be worsened because
of faecal **’Ra excretion) and spinal cord com-
pression and fractures (which have to be stabi-
lized before starting treatment). Osteonecrosis of
the jaw, often related to previous treatment with
zoledronic acid or denosumab, is not an absolute
contraindication to ***Ra administration, but it
represents a condition to be carefully evaluated.

There aren’t any known interactions with other
drugs nor contraindication in patients with renal
or hepatic impairment. No dosage adjustment is
required in older patients, and no differences in
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Table 27.1 Characteristics of patients suitable for *Ra

treatment

Characteristics

Definition

Bone-dominant
castrate-resistant
prostate cancer
(CRPC)

At least two sites of bone
metastases were demonstrated at
bone scintigraphy?® with
9mTc-diphosphonate performed
before to start therapy with *’Ra

Presence of
symptomatic bone
metastasis

Identified by:

— The assumption of specific
pharmacologic agents, such
as FANS or opioids (WHO
scale >1;) and/or

— BPI-SF >2 (the score 2-3
corresponds to a mild pain,
the score >4 is an intense

pain)

Adequate
medullary
function

Before the administration of
223Ra, please check:
— Absolute neutrophil count
(ANC) (should be
>1.5x 1071
— Platelet count (should be
>100 x 10°/1)
— Haemoglobin (should be
>10.0 g/dl)
Before the administration of ’Ra

(after the first cycle), please check:

— ANC (should be
>1.0 x 10°/1)
— Platelet count (should be
>50 x 10%/1)
(If the above-mentioned values
remain abnormal until 6 weeks
from the last administration,
Ra223 should be continued after
a benefit/risk balance

No visceral
metastases® (an
absolute
contraindication to
the treatment)

Liver, lung and central nervous
system (CNS)

Presence of lymph
node metastases®

Only lymph node metastases
with a diameter <3 cm are
allowed

“Bone scintigraphy is useful because the uptake of *™Tc-
phosphonate is similar to that of >*Ra, therefore similar to
calcium. As an alternative, '"*F-NaF PET/CT can be used
because it has demonstrated a higher diagnostic perfor-
mance than bone scintigraphy

°To exclude the presence of visceral metastases or to
assess the presence of lymph node dissemination, it is rec-
ommended to perform a thorax-abdominal computed
tomography (CT) with contrast enhancement or a PET/CT
with radiolabelled choline. The examination should be
performed at least 3 months before to start *’Ra treat-
ment. PET/CT does not exclude the execution of bone
scintigraphy, before to start >*’Ra treatment

terms of efficacy in patients <65 years vs. >65
years resulted in the ALSYMPCA trial.

2Ra is contraindicated in patients who expe-
rience life-threatening complications despite
supportive care approaches. In fact, therapeutic
decision-making should consider all the aspects
of the patient’s overall clinical state, such as age,
performance status, comorbidities, other avail-
able therapeutic options in the disease setting and
patient’s choice. Attention must be taken consid-
ering disease aggressiveness in accordance with
extent of metastases, presence of visceral metas-
tases, presence of pain, time from diagnosis, PSA
kinetic and ADT response duration. The most
appropriate patients may be those with lower
burden of bone disease and good bone marrow
reserve [28] since ?*Ra administration is lim-
ited only by haemoglobin levels <10 mg/dl. In
chemo-naive patients, physician should consider
the presence of pain: in symptomatic patients,
the use of abiraterone acetate and enzalutamide
is not indicated [28], and in this set of patients,
excluding those with visceral metastases and/or
with relevant nodal involvement (nodes >3 cm),
mCRPC patients may receive docetaxel or **Ra
[28]. Ideal candidates for >*Ra treatment are
patients with mildly symptomatic bone metasta-
sis, limited burden of disease and a long PSA dou-
bling time (e.g. >6 months), or with comorbidities
contraindicating the use of chemotherapy, or in
patients refusing chemotherapy [28]: interest-
ingly, as mentioned above,?”’Ra allows subsequent
docetaxel therapy [29]. In patients already treated
with docetaxel, physician should consider its tox-
icities: for example, patients experiencing relevant
toxicities may be not good candidates for cabazi-
taxel, while the toxicity profiles of the new hor-
monal agents or **Ra could favour their use in the
setting of symptomatic patients without visceral
metastases and relevant nodal involvement (nodes
>3 cm) [28]. By contrast, in patients with aggres-
sive disease after docetaxel failure, cabazitaxel
could be proposed. If abiraterone or enzalutamide
was administered as first-line therapy for mCRPC,
valid therapeutic options include docetaxel and
23Ra if indicated [28]. Additionally, if the choice
is between 2*Ra and a new generation hormonal
agent, the presence of relevant comorbidities
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should be evaluated, since the use of enzalutamide
may be limited by either clinical history of seizure
or concomitant administration of drugs that act
on CYP3A4, CYP2C9 and CYP2CI19 [28], and
the presence of severe cardiovascular disease or
uncontrolled diabetes suggests caution in the use
of abiraterone: in this setting, >’Ra is an alterna-
tive valid approach [28]. Moreover, consideration
about sequencing of the available active agents in
mCRPC is needed: medical literature suggests a
relationship between the development of resis-
tance to new hormonal agents and the upregulation
of androgen receptors; >*Ra efficacy is not related
to androgen receptor pathways and to the known
pathways involved in drugs’ resistance [28].

Before starting treatment, a complete bone
disease staging must be performed as described
above. Pain evaluation, dosage of alkaline phos-
phatase and complete blood count should be
repeated at baseline and each cycle; PSA should
be tested at baseline and, during treatment, only
if clinically indicated (Table 27.2).

Imaging must be repeated at the end of
six cycles, after at least 8 weeks from last
administration, to avoid the phenomenon of bone
flare at scan. Visceral status of disease with CT

scan or choline PET is generally repeated at the
same time (+8 weeks from last cycle), but if
clinically suggested, it could be performed also
after third cycle, in case of clinical suspicion of
disease progression. It is mandatory to use the
same imaging modalities applied at baseline
(Table 27.2).

A signed consent form should be obtained
after showing the features of the treatment to
the patient or patient’s caregiver and answering
all their questions. ??*Ra should be handled fol-
lowing both radiation safety and pharmaceutical
quality requirements. Aseptic precautions should
be taken. Dose calibrator measurement may be
required. The volume to be administered is cal-
culated on the basis of patient’s body weight
(kg), dosage level (55 kBg/kg body weight
according to National Institute of Standards
and Technology [30]), activity at reference date
(6.6 MBq or 1100 kBg/ml) and decay correc-
tion factor to correct for physical decay of **’Ra.
Double gloves should be worn. Floor, chair and
table have to be protected from eventual contami-
nation. Saline flushes and an IV pole with 500 ml
saline and primed tubing should be available.
The saline flow has to be connected through a

Table 27.2 Preparation of patients for the treatment with >*Ra

Biochemical analysis Imaging evaluation

Medical condition

Baseline serum ALP Bone scintigraphy

Baseline serum PSA

In older patients, the dosage should not be rearranged (no
differences in terms of efficacy in patients aged <65 years vs.
aged >65 years, in the ALSYMPCA trial)

Serum testosterone (in order | CT scan or

to confirm the presence of radiolabelled

castration-resistant disease) | choline PET/CT
scan®

In patients with liver dysfunction, the dosage should not be
rearranged, because **Ra is not metabolized by the liver and
it is not eliminated by the bile

In patients with renal failure, the dosage should not be

rearranged because the urinary excretion is minimal (<5%)

In patients with inflammatory bowel disease (Crohn disease or
ulcerative colitis), the risk/benefit ratio should be considered,
because ?*’Ra has an intestinal elimination (>75%)

In patients with a “superscan,” *Ra is not contraindicated,
but a careful evaluation of the performance status and
medullary reserve is required

In patients with a potential medullary compression or bone
fracture, the stabilization is recommended before to start the
treatment with >Ra

There are no limitations regarding previous treatments, like
chemotherapy or others. In accordance with phase II trial
(ALSYMPCA), both patients before and after chemotherapy
are eligible for the therapy with **’Ra

ALP alkaline phosphatase, PSA prostate-specific antigen

4See Table 27.1
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three-way stopcock and should be stopped, and
then ?*Ra should be administered up to 1 min
by the physician. Also central venous catheter
could be used for administration. A therapeutic
activity of 55 kBq per kg body weight is recom-
mended. Then saline flushes are connected and
pushed. Then all the tubing and the radioisotope
syringe are placed in an appropriate container
and left in a red biohazard bag for measuring
eventual residual. Technologist’s and physician’s
hands and feet have also to be preserved from
potential contamination. Before patient demis-
sion, general status evaluation with heart rate
and blood pressure has to be performed. A report
indicating cycle’s number administered activity
and basic information on clinical indication and
laboratory data. The patient is scheduled for the
next cycles 28 days later. The most frequently
observed adverse reactions (>10%) in patients
receiving ?»Ra were diarrhoea, nausea, vomit-
ing and thrombocytopenia. Rare serious adverse
reactions were thrombocytopenia and neutrope-
nia. It is mandatory to evaluate complete blood
count and other markers such as serum alkaline
phosphatase (ALP), serum PSA, lactate dehydro-
genase and bone-specific alkaline phosphatase.
Restaging is recommended after the completion
of six cycles of ?*’Ra, but the revaluation can be
performed earlier if suspicious clinical symptoms
occur.

The patient should avoid prolonged contact
with children and pregnant women during the first
week after each administration. It is recommended
that he follows behavioural norms to avoid con-
tamination (by using gloves if it is necessary to
clean urine, stool or vomit and when touching or
washing dirty clothes). Toilet should be flushed
twice after each use. Possible incontinence must
be checked by physicians, to give complete infor-
mation to patients and their caregivers. Underwear
used during the first week after each ***Ra admin-
istration and any clothing soiled with urine, stool
or blood should be washed separately).

If a patient dies within 7 days from last admin-
istration, cremation must be postponed or burial
used instead [31].

Diagnostic imaging workup in CRPC includes
nuclear medicine (bone scintigraphy, PET/CT)
and radiological techniques (CT, magnetic reso-
nance imaging). Nuclear medicine techniques

may be used to assess response in bone metas-
tases treated with ?*’Ra, either with bone scin-
tigraphy or with PET/CT imaging. Among last
techniques, changes in large metastatic deposits
after ?Ra therapy have been reported, with a
dramatic drop of radiopharmaceutical lesions’
accumulation either of 8F-choline [11] or
8Ga-PSMA [32, 33] in responders together with
a reduction of PSA and ALP. This phenomenon
cannot be simply explained by tumour cell irra-
diation but also by an effect on the microenvi-
ronment including vessels and stroma, which
induces tumour regression in both osteolytic and
osteoblastic tumours [7], opening the way for the
use of ?»Ra also for other malignancies.

How to calculate 223Ra dose

Knowledge of patient’s
body weight (Kg)

v

Calculate the dose per Kg
(i.e. 55 KBg/kg b.w.)

'

Calculate the decay
correction factor (DK) for
physical decay of 223Ra

(time zone specific)

v

Use the declared
radioactivity of 223Ra at
reference date (1100
KBg/mL)

Example:

- A 79 years-old patient (b.w. 70 Kg)
- 223Ra dose will be admistered after 1 day from the date of
calibration.
- The volume that we have to inject will be:

70 (b.w. of patient)

55 kBg/b.w.

DK=0.94

(70x55)/(0.94x1100)= 3850/1034=3.72mL of volume
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27.5 Response Evaluation

Response evaluation after **Ra therapy can be
followed by several biomarkers and bone scin-
tigraphy (Table 27.3). ALP is a biomarker of
osteoblastic activity and its serum levels are
often incremented in mCRPC patients. High
serum ALP levels are related to an increased risk
of SREs and mortality. It can be used for evalu-
ating treatment response, disease progression
and survival in mCRPC patients [34-39]. Major
reduction of ALP levels with respect to PSA
ones reflects the differences between the two
biomarkers: in fact, if ALP levels are linked to
bone metabolism and are therefore influenced by
a bone-targeted treatment as **’Ra, serum PSA is
an expression of overall disease evolution and is
less influenced by a targeted therapy.
Considering disease markers for response
evaluation, such as serum PSA and bone metab-
olism indices (bone and total ALP) together
with bone scan, it has been found that ALP rep-
resents the most accurate marker for evaluating
response to treatment, whereas in some patients
serum PSA levels can increase at the end of

Table 27.3 Evaluation of response to *’Ra treatment

Test Time
ALP Baseline
After 3 months
At the end of therapy
Complete blood Every 1 month before ***Ra
count (CBC) administration®
PSA Baseline
During treatment, if requested by
nuclear medicine physician, only
for monitoring the presence of
visceral involvement”
CT or Only in case of visceral
radiolabelled progression
choline PET/CT
Bone scintigraphy | Baseline
After 2-3 months from the end
of treatment
Pain score test See Table 27.4

ALP alkaline phosphatase, PSA prostate specific antigen
2CBC is suggested at each cycle for assessing the eligible
of patients (see Table 27.2)

"PSA can falsely increase during **’Ra therapy (flare phe-
nomena), but it represents a marker of a potential visceral
progression

Table 27.4 Pain scales for the assessment of life quality

Method | Grade
ECOG |0

Meaning

Fully active, able to carry on all
pre-disease performance without
restriction

1 Restricted in physically strenuous
activity but ambulatory and able to
carry out work of a light or
sedentary nature, e.g. light house
work, office work

2 Ambulatory and capable of all
self-care but unable to carry out any
work activities; up and about more
than 50% of waking hours

3 Capable of only limited self-care;
confined to bed or chain more than
50% of waking hours

4 Completely disabled; cannot carry
on any self-care; totally confined to
bed or chair

5 Dead
WHO 0

1 No pain at rest, mild on movement
(mild analgesic action, i.e.
paracetamol)

No pain at rest on movement

2 Mild pain at rest, moderate on
movement (weak opiate/NSAID and
consider paracetamol)

3 Continuous pain at rest, severe on
movement (morphine or other
strong agent; and consider weak
opiate/NSAID/paracetamol)

Mobility

EQ-5D

Self-care

Pain/discomfort

1
2
3 Usual activities
4
5

Anxiety/depression

the treatment. Bone scan is accurate and has a
high sensibility in detection of bone metastases.
Additionally, it can show new findings, since
some lesions can be characterized by metabolic
response, whereas new lesions can appear after
the end of ?Ra therapy. In this setting, combina-
tion with other medical approaches can be use-
ful. It should be considered that flare response
can occur, since some patients can experience
an increase in disease biomarkers (PSA and
ALP) together with a worsening of pain after
the starting of the treatment, but followed by an
improvement at bone scintigraphy and a subse-
quent reduction of disease biomarkers and pain:
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flare phenomenon can occur up to 12 weeks
after the starting of ?**Ra therapy. On this way,
progression of disease should be considered at
least in cases with >2 bone lesions after flare
occurrence and should be confirmed by a bone
scan performed 6 weeks later [40]. An interest-
ing aspect of bone scan is represented by the
calculation of the bone scan index, which allows
to assess more precisely the extent of metastatic
disease [41].

On the other hand, patients who underwent
multiple prior chemotherapy schemes, ECOG
>2 and lower haemoglobin levels have more
advanced disease and are less likely to reach the
recommended six administrations; oppositely,
the completion of treatment is associated with
higher efficacy (Fig. 27.1) and longer overall sur-
vival [42].

Fig. 27.1 Pretreatment (a) and post-treatment (b) bone
scintigraphy of a 73-year-old patient affected by
castration-resistant prostate cancer (Gleason 9) with bone

Even if CT is the classical imaging technique
used to detect cancer and to assess disease status
through “Response Evaluation Criteria In Solid
Tumors” (RECIST criteria), it cannot be used
to assess response to therapy in bone metasta-
ses: in fact, even if it permits to evaluate osse-
ous architecture, bone structure rarely normalizes
even with completely effective therapy [43].
Additionally, the occurrence of worsening bone
sclerosis on CT is occasionally and erroneously
classified as disease progression, without con-
sidering CT flare response [43]. The superiority
of MRI for detection of bone metastases with
respect to CT has been demonstrated. Diffusion-
weighted imaging (DWI) sequences are able to
detect changes in water diffusion: if normal fatty
marrow is replaced with highly dense cellularity,
normal water movements among cell membranes

b

metastases who underwent six administrations of >’RaCls
at the therapeutic activity of 55 kBg/kg b.w



374

S. Baldari et al.

are limited. Moreover, changes in water mobility
occur in response to treatment. However, benign
conditions may show high signal intensity on
DWI images, and, on the contrary, false-negative
findings may occur, mainly in sclerotic or calci-
fied metastases. On this way, MRI is a reliable
tool for confirming stable disease or corroborat-
ing progressive disease if new lesions appear or if
a sclerotic lesion has a new peripheral halo [43].

New nuclear imaging techniques are now avail-
able to better assess patients’ condition and treat-
ment response. First of all, ®F-fluoride may be
considered, since it is a bone-seeking radiophar-
maceutical which is used for PET/CT imaging: in
particular, it has shown higher sensibility, higher
specificity and higher accuracy than bone scin-
tigraphy [44]. The spreading of nuclear medicine
centres using new tracers, such as '8F-choline/!'C-
choline and ®*Ga-PSMA, offers additional oppor-
tunities to better evaluate disease status of patients.

Choline PET/CT has demonstrated agreement
with PSA changes in patients with progressive
disease but has some limitations in identifying
patients with partial or complete response to
therapy: in fact, the uptake normalization is not
always related to the disappearance of the can-
cer lesion, since it could represent the effect of
a stable or nonmetabolic lesion [43]. In contrast,
the appearance of new areas of uptake does not
always correlate with certain progression, but
they can be an expression of the well-known flare
phenomenon [43]. So, choline PET/CT should be
repeated within 3 months if a flare phenomenon
is suspected. Advantages of %Ga-PSMA PET/
CT are the sensitive detection of lesions, even
at low PSA levels (i.e. PSA <1 ng/ml), small
lymph node metastases and central bone and liver
metastases due to tumour/non-tumour ratio [43].

Finally, the main markers to be used for moni-
toring the response to treatment are:

— Pain reduction: its evaluation is mandatory, in
association with quality of life evaluation.

— Serum PSA: it should not be used as specific
marker for treatment response, since it reflects
the general evolution of the disease.

— Serum ALP: it should be considered the most
important marker.

— Bone scintigraphy: its usefulness is indisput-
able, not only to evaluate the patient at the end
of the treatment but also in an “ad interim”
intent in cases which elicit strong clinical sus-
picion of bone disease progression.

During treatment, diagnostic imaging should
not be performed systematically but in the set
of a multidisciplinary evaluation which consid-
ers also clinical and laboratory data. However, a
clear worsening clinical condition justifies evalu-
ation by means of imaging modalities.

On the basis of clinical evidence, the follow-
ing lines have to be followed:

— Continue treatment and stop it only in cases
with major side effects or clinical deterioration.

— Consider all available clinical sign and
symptoms.

— Keep an eye on overall patients’ conditions.

Conclusions

23Ra is a calcium mimetic targeted alpha ther-
apy and permits delivery of high radiation
energy at sites of active bone turnover due to
metastatic spreading. Literature experiences
have demonstrated increased overall survival
and decreased time to skeletal-related events
with ?»*Ra-dichloride, with additional benefits
involving also other disease biomarkers. The
integration of *»Ra into the management of
mCRPC may improve OS also by the addi-
tional and sequential chemotherapy. This
leads to consider what is the best sequence of
drugs or if a combined therapy could be used.
The nonoverlapping mechanism of action and
the safety of **Ra may allow new combina-
tion strategies in an era of releasing of novel
innovative drugs, moving from symptomatic
and more diffuse bone disease to an earlier
phase characterized by asymptomatic/limited
bone disease or in the set of patients with vis-
ceral disease and bone involved. Finally, fur-
ther studies are needed in the metastatic bone
setting from other solid malignancies besides
prostate cancer. These questions require a
more accurate evaluation of 2*Ra’s action and
a dosimetric approach beyond activity/weight
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criteria: interestingly, lesions with *"Tc-MDP
contrast ratio higher than 10, not overlapping
the gastrointestinal tract, are generally visible
on *»Ra images acquired at 24 h after the
administration, and possibly eligible for dosi-
metric studies [45].

Key Points

2Ra delays time to symptomatic skeletal-
related events and prolongs overall survival in
men affected by metastatic castration-resistant
prostate cancer (mMCRPC) and more than two
painful bone metastases.

2RaCl, is the only radiopharmaceutical that
has demonstrated to give a benefit in overall
survival, regardless of previous docetaxel use.
Patients earlier in their disease course with
<5 bone scan index, low pain score and good
ECOG performance status are optimal candi-
dates for **Ra.

Men who underwent multiple prior che-
motherapy schemes, ECOG >2 and lower
haemoglobin levels have more advanced
disease and are less likely to reach the rec-
ommended six administrations; on the other
hand, the completion of treatment is associ-
ated with higher efficacy and longer overall
survival.

Prostate-specific antigen trend should not be
used to determine response or duration of
treatment, whereas ALP represents the most
accurate marker for evaluating response to
treatment.
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