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1. THE CHALLENGE OF IMAGING PATIENTS WITH
PROSTATE CANCER
Historically, the design and interpretation of clinical
trials to assess drug effects in prostate cancer has
remained challenging in comparison to other types
of solid tumors. In prostate cancer, changes in
disease status over time are often difficult to assess
because metastases are localized primarily within
bones.
The majority of metastases involve the spine, with
the lumbar spine affected more frequently than
the cervical spine, presumably due to the route of
dissemination. Other common metastatic sites in
prostate cancer include lymph nodes and visceral
organs. As a result, the assessment of prostate
cancer with imaging requires the evaluation of bone
lesions as well as soft tissue disease. The currently
validated and accepted imaging modalities for these
disease compartments are radionuclide-based bone
scans and Computed Tomography (CT)/Magnetic
Resonance Imaging (MRI) scans. Positron Emission
Tomography (PET) with 18F -Sodium Fluoride
(NaF) or 18F-Fluorodeoxyglucose FDG and other
modalities used to image bone are not yet considered
validated.
Until 2016 , the 2008 publication by Scher, et al.
on the “Design and End Points of Clinical trials
for Patients with Progressive Prostate Cancer and
Castrate Levels of testosterone: Recommendations
of the Prostate Cancer Clinical trials working

Group 1” defined the standard for the PCWG21:
assessment of advanced and metastatic prostate
cancer using imaging in clinical trials. Published
before the Response Evaluation Criteria in Solid
Tumor (RECIST) v1.12 Guidelines, the Prostate
Cancer Clinical Trials Working Group 2 (PCWG2)
Guidelines reference the original RECIST 1.0
publication from 1999. However, most current
prostate cancer clinical trials utilize the clarifications
from the updated 2009 RECIST 1.1 guidelines. In
2016, Scher, et al. published the PCWG3 criteria
in response to a changing therapeutic landscape and
advances in the understanding of prostate cancer
biology. Building on the PCWG2 framework, the
PCWG3 criteria aim to bridge the gap between
radiological profiling and clinical decision making
by encouraging a comprehensive characterization of
the disease at baseline as well as post-treatment.
This whitepaper highlights Calyx’s expertise with
using and adapting the PCWG3 criteria3 to address
imaging-based objectives and endpoints in prostate
cancer clinical trials. This discussion is limited to
the imaging-related components of bone disease
and soft tissue disease. Certain clinical aspects of the
corresponding criteria including histology, bloodbased assays, biomarker assessments and patientreported outcomes require further clarification and
are therefore outside the scope of this whitepaper.
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2. OVERVIEW OF PCWG3 RECOMMENDATIONS
The overall objective of the PCWG3 criteria is
to maximize the benefit to patients with prostate
cancer who are being treated with a new therapeutic
agent. To achieve this, the criteria aim to establish
a series of pre-treatment and post-treatment
recommendations to:
a. identify good and poor responders to therapy
b. include Mechanism of Action (MOA) as a
key consideration while preparing the dosing
schedule
c. suggest clinically relevant intermediate
endpoints and patient reported outcomes
focused toward weighing clinical benefit to
the patient against radiologic evidence of
progression

The PCWG3 criteria encourage a more
comprehensive characterization of prostate cancer
by reporting all lines of therapy. For instance,
reporting patient response to prior therapy (as
assessed via imaging), radiation and radioisotope
therapy is strongly encouraged. In addition, the
criteria also suggest that progression via Prostate
Specific Antigen (PSA), radiologic imaging and
Symptomatic Skeletal Events (SSEs) be reported
To address the use of new agents yet to be clinically
characterized, the criteria provide new guidance for
choosing the most appropriate imaging intervals. In
addition, PCWG3 differentiates between metastatic
and non-metastatic prostate cancer states and
provides new recommendations for assessing nonmetastatic prostate cancer.

d. assess pre- and post-treatment disease pathology

3. EVALUATION OF RESPONSE AND PROGRESSION
RECIST 1.1 is widely used to evaluate response
and progression in solid tumor clinical trials. In
prostate cancer evaluation, RECIST 1.1 may
be used to derive overall responses based on
improvements - Complete Response (CR) and
Partial Response (PR) - in addition to evaluating
Stable Disease (SD) and Progressive Disease (PD).
In evaluating bone scans by PCWG3, there are no
corresponding response outcomes for CR or PR
or even SD. Instead, as in PCWG2, the PCWG3
recommendation for the evaluation of disease on
bone scans seeks to rule out progression. PCWG3
recommends approaching bone scan assessment
in terms of bone lesions that do not meet the
definition of progressive disease (Non-PD) and
progressive metastatic bone disease requiring
radiologic confirmation (PD).
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3.1 CONFIRMATION CRITERIA, BONE
LESIONS AND ‘FLARE’:
The phenomenon of disease flare may be observed
when changes occur on a bone scan immediately
after starting systemic therapy and is characterized
by a transient increase in size or uptake intensity
in known lesions and/or the appearance of
new, previously occult lesions. These changes
are presumably due to active osteoblastic bone
deposition (a healing response) as opposed to
metastatic progression. An assessment of PD
may be made too early if lesions seen on a bone
scan are attributable to flare rather than to actual
radiological progression. Consequently, there
is a concern that the treating oncologist may
discontinue the drug prematurely and switch
therapy before the drug has had a chance to take
effect. For this reason, all subsequent bone scans
must be compared to the 1st post-treatment bone
scan rather than to the baseline bone scan.
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As a general rule, a baseline CT and bone scan are
recommended at or close to treatment initiation.
The PCWG3 guidance for Castrate Resistant
Prostate Cancer (CRPC) trials calls for assessments
at an interval of 8- to 9-weeks for the first six
months from treatment initiation and an interval
of 12-weeks thereafter. For non-metastatic CRPC
(nmCRPC) trials, an assessment interval of 16
weeks is recommended.
There is a risk associated with early scanning
(<12 or <16 week mark, as applicable) in that
pseudo progression on bone scans, as evidenced
by the appearance of new lesions, or an increase
in the uptake intensity of existing lesions, may
be observed. Technetium bone scans rely on the
radiopharmaceutical uptake within osteoblasts.
Therefore, unlike PET imaging, the technique is
sensitive to osteoblastic activity (flare) rather than to
tumor metabolism. Flare due to osteoblastic activity
may be induced or sustained by systemic therapies.
To address flare, the PCWG3 criteria designates
the 1st post-treatment bone scan as the new
baseline when using the 2+2 rule. Per this rule, if
≥ 2 new lesions are seen on the 1st post-treatment
bone scan, this may be considered flare. If no
additional new lesions are detected on the 2nd posttreatment bone scan, the subject is not considered
to have progressive disease. In contrast, if two or
more additional lesions are present on the 2nd
post-treatment bone scan however, and the two
previously recorded lesions persist, this is considered
progression. The date of the scan where the new
lesions were first recorded (i.e., 1st post-treatment)
is the date of progression.
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Clinical study protocols typically require the 1st
post-treatment scan to be performed within the
flare timeframe (e.g., week 8), followed by the
2nd post-treatment scan at an 8-week interval,
within week 16. However, Calyx has noted in a few
exceptional cases that the patients had both the 1st
and 2nd post-treatment scans within the first 12
weeks.
In accordance with the PCWG3 publication (Scher
et al., 2016) CALYX recommends application of
the defined lesion counting rules for assessing PD
as based solely on the sequence of imaging acquired
post-treatment start, rather than dismissing both
scans within the flare window for PD confirmation.
Due to the confirmation requirement for bone
lesion persistence at a subsequent timepoint,
determining progression status is challenging
within a strict timepoint-by-timepoint workflow.
Therefore, many sponsors of prostate cancer clinical
trials have implemented a confirmation requirement
for all bone scan visits, including a persistence rule
for those lesions first seen following the 1st posttreatment bone scan. As a result, there are two
distinct sets of bone scan lesion counting rules for
progression determinations: the 1st post-treatment
Progression Rule and the 2nd post-treatment
Progression Rule.
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1ST POST-TREATMENT
PROGRESSION RULE (2 + 2 RULE):

At least 2 new lesions are
identified on the 1st posttreatment bone scan and at least
2 of these new lesions persist into
the subsequent bone scan, which
also shows a minimum
of 2 additional new lesions
(Figure 1).

BASELINE

1st
Post-treatment

Schematics developed by:
Maureen Li, Senior Scientist, Scientific
and Medical Services, Calyx

Lesion(s) at Baseline
New lesion(s) at 1st Post-treatment

2nd
Post-treatment

PD

PD

Figure 1: Lesions visualized at Baseline (BL), 1st post-treatment and 2nd
posttreatment scans. Existing lesions at baseline do not count toward
progression. The appearance of two new lesions first seen at 1st posttreatment count toward progression only when they persist into the 2nd
post-treatment scan, i.e. when the 2 + 2 rule is fulfilled.

New lesion(s) at 2nd Post-treatment

2ND POST-TREATMENT
PROGRESSION RULE:

At least 2 new lesions are
identified on the 2nd posttreatment bone scan. For
metastatic CRPC studies,
progression must be confirmed
by the persistence of at least 2
of those lesions at a subsequent
bone scan (Figure 2). In this
particular example, if the bone
lesions identified at the 2nd post
treatment visit are not confirmed
at the 3rd post-treatment visit,
the assessment will be Non-PD
since the requirement for PD has
not been met.
Note: In the example in Figure

2, PD is not assigned to the 1st
post-treatment visit since only
one new lesion is identified at
this visit.
For non-metastatic CRPC
studies, any unequivocal
©2021 Calyx
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Figure 2: Lesions visualized at Baseline (BL), 1st post-treatment, 2nd
posttreatment and 3rd post-treatment scans. Lesions at baseline do not count
toward progression; a single new lesion at 1st post-treatment does not count
toward progression either. 2nd post-treatment visit is assigned the date of
progression since progression (ie, two new lesions at 2nd post-treatment
relative to 1st post BL) is confirmed at the subsequent scan per the 2nd posttreatment progression rule..

new bone lesion which
appears subsequent to the
1st post-treatment bone scan
need not be confirmed and
may immediately result in
radiographic progression.
Calyx’s recommendation to

sponsors is to clarify at study
start-up whether one or two
unequivocal new bone lesions
meet the requirement to confirm
progression for non-metastatic
CRPC studies.
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3.2 SOFT TISSUE DISEASE:

While the PCWG3 criteria refer to RECIST 1.1
for the interpretation of soft tissue disease, specific
modifications to RECIST 1.1 are recommended
for derivation of radiologic PFS. For these trials, if
soft tissue progression is observed during the flare
timeframe, Calyx recommends that clinical trial
sites confirm progression via a second scan. As the
flare phenomenon in soft tissue disease may be
less common and is less well understood, not all
sponsors adopt this recommendation. Calyx does
not recommend confirmation of soft tissue disease
at timepoints beyond flare. Thus, any evidence
of soft tissue disease progression beyond the first
scheduled post-treatment scan would be considered
immediate evidence of progression.
3.3 TIMING OF BONE SCAN IMAGING:

In clinical trials, decisions centered on the
frequency of bone scan imaging will need to
be weighed between necessity, inconvenience/
potential radiation burden to the patient, and cost
to the sponsor. Both patients and investigators
must be comfortable with the bone scan imaging
schedule and must understand the reasoning
behind it. Unlike in its predecessor, PCWG3
discourages the use of CT/MRI images to assess
bone disease, as bone lesion assessments must be
made using bone scans alone. This emphasizes
the importance of properly timed imaging visits
for bone scans. Further, it may not be clear to
patients and investigators why they should remain
on the current treatment until the progression
confirmation requirement has been met despite an
increase in bone lesion metastases count. Therefore,
clearly explaining the treatment plan in the
clinical protocol, in particular the timing of image
acquisition and educating both investigators and
patients, is essential.
The introduction of the No Longer Clinically
Benefiting (NLCB) endpoint in PCWG3
encourages patients and investigators to make
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collective decisions on continuing versus
discontinuing therapy. However, as a general rule,
the patient should remain on the treatment long
enough to allow for a treatment effect.
PCWG3 recommends the first follow-up imaging
bone scan assessment to be scheduled 8–9 weeks
after treatment initiation for metastatic CRPC
trials and 16 weeks after treatment initiation for
non-metastatic CRPC trials. Often the first bone
scan assessment (i.e., baseline) is not performed
on the date of randomization, or dosing. In some
trials, baseline imaging may occur as early as 4
weeks prior to the patient’s first dose. This may
introduce a source of confusion for the sites, which
may perform the first follow-up assessment at 8–9
weeks or 16 weeks, as applicable, after the baseline/
screening scan rather than at 8–9 weeks or 16
weeks, as applicable, post first dose. The impact
of this misunderstanding is substantial because
imaging acquired following a schedule calculated
based on the baseline/screening scan may cause
the first follow-up visit to fall short and the patient
may not have been on the trial long enough
for the treatment to have shown a potentially
favorable effect. To avoid confusion, Calyx strongly
recommends that clinical trial protocols include
clear instructions on the timing of imaging visits.
3.4 ESTABLISHING CONSISTENT LESION COUNTING
RULES:

Establishing clear and consistent lesion counting
rules to define how the number of bone lesions may
drive the assessment of progression is amongst the
most critical components of designing a rigorous
prostate cancer clinical trial. Lesion counting is
dependent on three essential variables:
1. Whether the indication is metastatic CRPC vs.
nonmetastatic CRPC.
2. The confirmation requirements for progression.
3. Whether new lesions identified on the 1st posttreatment bone scan are held in suspension until
confirmation at a subsequent timepoint.
5

Even seemingly minor variances in the 1st posttreatment and 2nd post-treatment lesion counting
rules can have a significant impact on progressionbased endpoints such as PFS and radiologic PFS
(rPFS). A critical determinant in planning how the
PCWG3 criteria will be applied in a trial is how
new lesions observed on the 1st post-treatment
bone scan will be counted at follow-up. PCWG3
addresses this issue by assigning the 1st posttreatment scan as the new baseline, i.e. a ‘clean
slate’ approach. On the basis of this new baseline,
assessments made at subsequent imaging timepoints
will use the 1st post-treatment scan as the basis for
comparing lesion counts.
3.5 LESION COUNTING AND FLARE:

Holding flare lesions in suspension until later
confirmation will typically lead to an earlier date
of progression without necessitating additional
timepoints to confirm progression. A question
to consider is whether this is the appropriate
“conservative” approach, or whether it leads
to greater discordance between site assessment
of progression and clinical trial endpoint
determinations. The answer to this key question
lies in the interpretation of the nature of these early
lesions and thus leads back to the origin of the flare
phenomenon.
Consider a scenario where two “hypothetically” new
lesions are observed in the 1st post-treatment scan,
but are actually the visualization of pre-existing
lesions which were not visualized at baseline, as they
had not yet triggered their osteoblastic uptake of
the radiopharmaceutical agent. Within the initial
weeks of flare, the osteoblastic activity becomes
significant enough to be detected via the bone scan.
In this scenario, while there are visible changes in
hotspots noted on the 1st post-treatment bone scan,
the understanding is that there is no change in the
lesion count. This line of thinking is consistent
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with the PCWG3 guidelines which specify that
changes in the intensity of radiopharmaceutical
uptake alone do not constitute progression. In fact,
the interpretation would be that the radiologist
now has a better understanding of the disease
burden likely to have been present at baseline.
As a result, the patient is considered either stable
or potentially improving on treatment. Given
this, the treating physician would not anticipate
that the lesion count would change further at the
subsequent timepoint. However, when the 2+ 2
rule is applied, the presence of two additional new
lesions on the 2nd post-treatment scan, when noted
alongside the two persisting lesions, would lead the
radiologist to conclude that progression had already
occurred with the 1st post-treatment scan. In this
scenario, the conclusion is neither supported by
our understanding of the flare phenomenon, nor is
it congruent with patient management as it occurs
at the site, since in alignment with PCWG3, the
site continues treating until there are at least two
new lesions relative to the 1st post-treatment scan
confirmed on a subsequent scan.
A drawback is that one does not know the true
nature of these initial lesions. They might represent
a nonpathological, therapy-induced phenomenon.
On the contrary, they may have indeed been new
lesions and the first indicators of progression.
However, in the spirit of PCWG3, which is aimed
to address blind spots in drug development by
bridging the gap between clinical practice and
radiologic disease assessment across treatment
arms, our recommendation is to apply a clean slate
approach.
3.5.1 LESION COUNTING WITH THE CLEAN SLATE
RULE:

A clean slate approach has been adopted by many
sponsors to prevent 1st post-treatment lesions from
being considered prematurely “new” (Figure 3).
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Figure 3: Lesions visualized at
Baseline (BL), 1st post-treatment,
and 2nd post-treatment scans.
Lesions observed at the 1st posttreatment scan only count toward
progression at that scan date when
at least two additional new lesions
at the subsequent bone scan, are
recorded. If not, the lesion counts
are ‘reset’ and any new disease is
determined by comparison to the 1st
post-treatment scan. The 2nd posttreatment scan is non-PD due to the
absence of 2 additional new lesions.

BASELINE

1st
Post-treatment

NON-PD

2nd
Post-treatment

NON-PD

3RD
Post-treatment

NON-PD

Lesion(s) at Baseline
New lesion(s) at 1st Post-treatment

3.6 VARIATIONS IN THE 2ND POST-TREATMENT
PROGRESSION RULE — IS LESION PERSISTENCE
REQUIRED?

The bone scan imaging schedule may be influenced
by the approach used to assess progression.
Consider an example where the 1st post-treatment
scan is conducted at week 8, and subsequent followup scans are conducted every 8 weeks thereafter.
If, in one metastatic CRPC clinical trial, two bone
lesions at week 16 meet the criteria for progression
the first time they are observed, the average time to
progression will not necessarily be different from
that in a different trial which requires these two
bone lesions to persist into the subsequent (i.e.,
week 24) bone scan. However, when the persistence
rule is applied, an additional scan would be required
and as a result, switching such a patient over to
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a different treatment may be delayed. Also, in all
confirmation requirements, there is the inherent
risk that the additional scan is not acquired and
a potential confirmed PD event is lost. For this
reason, Calyx recommends including details in the
Statistical Analysis Plan on how to address loss due
to follow-up and its significance of unconfirmed
progression at the last timepoint. Calyx also
recommends detailed criteria trainings for sites.
In addition, central confirmation of progression
before patients are taken off study can help reduce
site-central discordance in PD confirmation and
by extension, improve the accuracy of progressiondependent endpoints such as rPFS.
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4. RECOMMENDATIONS FOR THE CONSISTENT
APPLICATION OF THE PCWG3 CRITERIA
PCWG3 recommendations for disease assessment
are summarized (Table 1). Further, PCWG3
suggests modifications to RECIST 1.1 for
evaluating soft tissue disease. Of note is the
recommendation to categorize and record disease as
bone, nodal, lung, liver, adrenal and central nervous
system (CNS) (up to 5 lesions per site of disease).
PCWG3 advises investigators to report the date of
progression for all anatomical sites (bone, nonnodal soft tissue, nodes) independently. In addition,
it also recommends reporting whether favorable
changes are occurring across all target and non-
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target lesions, or only in some of them. PCWG3
takes into consideration the link between disease
site and its prognostic implication. Therefore, it
advises to record separately the location of nodal
(pelvic vs. extrapelvic) and soft tissue (lung, liver,
adrenal, CNS) disease .
Calyx recommends assessing soft tissue disease
according to standard RECIST 1.1 guidelines
only. This allows sponsors to compare overall soft
tissue assessments with the outcomes of other
RECIST1.1-based studies and reduces complexity
and ambiguity.
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VARIABLE/
MEASURE

RECOMMENDED BY PCWG3

METASTATIC CASTRATE RESISTANT PROSTATE CANCER (MCRPC)
TARGET LESION
SELECTION
SOFT TISSUE

– Up to 5 target lesions
– Imaging by CT and/or MRI
– Include chest CT1
– Include prostate MRI if necessary2
– Imaging frequency: every 8–9 weeks for the first 6 months, then every 12 weeks.
– Assess soft tissue (lung, liver, adrenal, CNS) lesions per RECIST 1.1.

LYMPH NODES

– Nodes ≥1.5cm in short axis are pathologic and measurable
– Assess nodes ≥1.0 but <1.5cm per RECIST 1.1
– Record pelvic disease as locoregional v/s extrapelvic. Record extrapelvic disease as
retroperitoneal, mediastinal, thoracic, or other.

BONE

– Imaging by 99mTc-methylene diphosphonate
– Record lesions separately
– Record Symptomatic Skeletal Events
– Rely on bone scan as the sole modality to assess metastasis.
– Imaging frequency: every 8–9 weeks for the first 6 months, then every 12 weeks.
– Progression is based on at least two new lesions relative to the 1st post-treatment
scan confirmed on wa subsequent scan.
NON-METASTATIC CASTRATE RESISTANT PROSTATE CANCER (NMCRPC)

SOFT TISSUE &
LYMPH NODES

– Perform lesion assessments per RECIST 1.1

BONE

– Report any new unequivocal lesion seen after the 1st post-treatment scan as nonmetastatic to metastatic progression
– For lesions recorded on the 1st post-treatment scan, two additional new lesions
must appear at a subsequent scan to meet the requirement for metastatic
progression.
– Imaging frequency: every 16 weeks for first 2 years, then every 24 weeks.

Table 1: PCWG3: Summary of imaging-related recommendations

Suggested to adequately capture lung metastatic events
Scans acquired on a case-by-case basis for patients with locally persistent or recurring disease

1
2
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Recognizing that a major unmet need in the field
of advanced prostate cancer research is a reliable
surrogate intermediate endpoint to help guide
drug development, a recent study asked whether
the RECIST response can predict success in phase
III mCRPC trials. The study found that a lower
response rate in phase II was associated with a
greater likelihood of phase III failure in mCRPC

patients being treated with cytotoxic or hormonal
therapies. However, for alternative agents with other
mechanisms of action, such as immunotherapies
or cytostatic agents, time-to-event endpoints
such as rPFS, metastasis free survival, or time to
symptomatic progression remain more appropriate
(Brown et al., 2018).

5. IMAGE QUALITY CONCERNS
In a clinical trial setting, both computerized
Tomography (CT) scans and bone scans must be
evaluated to determine if radiologic progression has
occurred. PCWG3 relies on bone lesion assessments
as well as non-nodal soft tissue and nodal disease
assessments for determination of progression. CT
is utilized to gather any evidence of response to
treatment.
It has now become standard practice for sites to
acquire CT scans with contrast using a slice interval
of 5mm or less and save them in Digital Imaging
and Communications in Medicine (DICOM)
format. This standard is ideal for central collection
and evaluation of CT scans.
5.1 INCONSISTENCIES IN IMAGE
ACQUISITION:
When it comes to bone scans, clinical sites do
not routinely apply standardized methods for the
acquisition or archiving4 of images. The quality
of bone scans is at times limited by inadequate
scan delay, insufficient scanning time, urine

4
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contamination and missing anatomy. Furthermore,
bone scans may be saved in various file formats
other than DICOM, which degrade the quality of
the bone scans and their associated interpretation.
A particular image quality concern seen by Calyx is
that sites save the bone scan image as a screenshot,
which cannot be adjusted, or the windowing
be leveled, as one would with a DICOM image
to achieve the best possible display intensity for
evaluating the presence of bone lesions, particularly
if the patient presents with multiple lesions.
Sometimes, screenshots are converted back into
the DICOM format; however, the converted
images are often of insufficient quality to conduct
a robust evaluation. To avoid inconsistent bone
scan evaluations and “Not Evaluable” assessments,
it is important that sites involved in a clinical trial
follow standardized image acquisition guidelines for
bone scans. Calyx’s image acquisition guidelines,
including recommendations for improving scan
quality, are summarized (Table 2).

Langdon C. Brown, Guru Sonpavde, Andrew J. Armstrong : “Can RECIST Response Predict Success
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COMMON IMAGE QUALITY ISSUES

RECOMMENDATIONS FOR IMPROVING
SCAN QUALITY

IMAGE
ACQUISITION

– Inadequate scan delay (waiting
time after injection)

– 3h ± 1h after injection,
consistent per patient

– Insufficient scanning time/speed
(collecting insufficient counts)

– Normally 10–14cm/min

– Poor image resolution

– Low energy high resolution
collimator

– Variable tracer dose

– 500k counts or greater

– 20–30 mCi (740–1110 MBq)
PATIENT
POSITIONING

– Patient’s head turned to the side/
inconsistent head position baseline
to follow-up
– Missing anatomy/ inadequate spot
views
– No side markers
– Urine contamination in the pelvis
(may be mistaken for osseous
metastatic disease)
– Detector head not in close
proximity to the patient

– Use pillow to support head and
lower back when necessary
– Detailed instructions on required
views and labelling
– Have patient void immediately
before imaging start
– Use foot band to keep feet close
together
– If patient has any type of monitor
attached, unplug it or move it out
of Field of View (FOV), if possible

– Large lead covers (to cover bladder)
can obstruct anatomy
IMAGE FORMAT

– Screenshots

– Transfer files in DICOM format

– .jpg files

– Ensure that site personnel are well
trained and understands how to
transfer the images correctly

Table 2: Recommendations for improving image quality
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5.2 SUPERSCANS:
A superscan is a bone scan which exhibits diffuse
skeletal uptake of the radiopharmaceutical agent with
little to no uptake within soft tissue including the
kidneys and bladder. The superscan effect presents
a technical challenge in the evaluation of lesions on
bone scans in prostate cancer clinical trials. This type
of scan results in the characteristically high boneto-soft tissue ratio in image intensity. In addition,
discrete lesions may not be visible. Patients with
extremely diffuse metastatic disease often exhibit a
superscan, however, certain patients with extensive
disease have scans that may tend toward, but may not
meet all the hallmarks of a true superscan. Making an
evaluation utilizing the lesion assessment guidelines
outlined in PCWG3 in patients with extensive and
diffuse disease and with uncountable lesions or in
patients with superscans is rather difficult.
The absence of discrete lesions on bone scans due
to the superscan effect may be misleading for
investigators while determining patient eligibility
during enrollment. Further, the accurate and wellstandardized determination of disease status is
challenging in cases where there is diffuse disease at
baseline and a superscan at follow-up, yet no discrete
lesions to count is equally challenging. Also, patients
with superscans are often not evaluable at follow-up
and as such, impact the PFS analysis in the intent-totreat population. Calyx has successfully implemented
rules particularly for the evaluation of these patients
where one must differentiate whether such superscan
is already present at Baseline or develops during the
treatment.
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Figure 4: Anterior (left) and posterior (right) projections of
a superscan showing intense systemic activity within bones
and diminished renal and soft tissue activity on a Tc99m
diphosphonate bone scan.
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6. CALYX RECOMMENDATIONS FOR CENTRAL REVIEW
OF PROSTATE CANCER DATA IN CLINICAL TRIALS
6.1 CENTRAL REVIEW WORKFLOW:
Central evaluation of bone scans and correlative
CT/MRI scans for prostate cancer clinical trials is
routinely being implemented by many sponsors.
Often the central review workflow is an important
point of discussion relating to scientific rigor in
reporting imaging measures. There are several
approaches; therefore, one of the first decisions to
make is whether the soft tissue assessments and
bone lesion assessments should be performed by
the same reader(s) using a composite read model
or by different reader(s) using a decoupled read
model. Calyx has capabilities in both read models
and makes study-specific recommendations on
which read model will be best suited for a particular
clinical trial.
6.1.1 DECOUPLED READ MODEL:

With a decoupled read model, central radiologists
with expertise in prostate cancer evaluate CT/
MRI scans for soft tissue disease according
to standard RECIST 1.1, and central nuclear
medicine physicians evaluate bone scans separately
for bone lesions according to PCWG3. Calyx’s
experience has shown that the interpretation of
the bone scans is the more challenging aspect of
evaluating disease status. Leveraging the expertise
of a nuclear medicine physician will improve the
quality of the interpretations. The decoupled read
model is typically more expensive, with two sets
of readers and potentially more complex imaging
case report forms utilized to record independent
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reviewers’ assessments. This read model also keeps
the radiologist blinded to bone lesion progression,
thereby reducing bias. Additionally, for some
trials, the decoupled read model allows for a better
understanding of the effectiveness of a treatment
in the different disease compartments. This may
preserve endpoint integrity, particularly in cases
where there are mixed reactions, by discerning
progression events assessed on CT/MRI from those
assessed on bone scan. Occasionally, patients may
present with a purely lytic bone lesion that will not
be apparent on the technetium bone scan. Such
lesions are rare and may not be documented in this
decoupled reading model.
6.1.2 COMPOSITE READ MODEL:

With a composite read model, dual-certified
central readers evaluate both CT/MRI scans and
bone scans. CT/MRI scans and bone scans are
evaluated for progression or response within the
corresponding disease compartments according
to RECIST 1.1 and PCWG3 respectively.
Generally, the readers performing reads according
to a composite read model are radiologists dualboard certified in radiology and nuclear medicine.
While the composite read model has time and cost
benefits, because the same reader can assess both
CT/MRI and bone scan in one review session, the
identification of readers with sufficient experience
reading both in prostate cancer is one potential
drawback.
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7. CENTRAL INDEPENDENT REVIEW: VALUE OF CT OR
MRI SCAN IN BONE SCAN EVALUATION
When a study adopts the decoupled read model,
an important discussion point in bone scan by the
nuclear medicine readers is the value imparted by
having access to correlative regional anatomical
scans for all corresponding timepoints. While there
is value in establishing bone scans as a standalone
surrogate endpoint for the evaluation of bone

metastases in prostate cancer, the benefit of having
access to the correlating CT or MRI scans can prove
critical. For instance, those scans often provide
critical diagnostic information on the nature of
bone scan findings (e.g., fractures and degenerative
changes), and can validate the presences of true
metastases.

8. CALYX’S KEY SCIENTIFIC AND OPERATIONAL
RECOMMENDATIONS
There are many challenging aspects of assessing
prostate cancer in clinical trials, ranging from
protocol design, imaging schedules, and image
acquisition to the implementation of assessment
criteria, lesion counting rules, and read models.
Calyx recommends the following design steps for a
prostate cancer clinical trial:
– Clearly define the imaging schedule with
its permittable visit window in the clinical
protocol.
– Educate sites on best practices for scan
acquisition, transfer format, and archiving,
particularly for bone scans.
– Consider the impact of superscans when
developing protocol inclusion and exclusion
criteria. If subjects are allowed on study with
superscans, or if superscans are to be expected
on-study, educate sites on what a superscan
is and the downstream impact this may have
on the endpoint (i.e. patient may be Non
Evaluable (NE) at follow-up).
– Use standard RECIST 1.1 for the evaluation of
soft tissue disease.
– Provide sites with clear guidelines on bone scan
lesion counting rules, 2 + 2 and 2-persisting.

progression (supported with examples).
– Additional recommendations for implementing
central review:
> Provide correlative CT/MRI scan to the
bone scan reviewer.
> Provide clear rules on reporting baseline
disease and marking new disease at followup.
> Establish a threshold for determining
whether a lesion is metastatic, traumatic, or
degenerative.
> Clearly define the process of determining
symptomatic skeletal related events in
the clinical protocol as these are typically
determined by the site and not included in
central review.
8.1 CALYX’S RECOMMENDATIONS FOR
ASSESSMENT OF PROSTATE CANCER DATA
IN CLINICAL TRIALS:
8.1.1 REPORTING DISEASE:

– Baseline disease: Calyx recommends that
baseline bone lesions be counted and the total
number be recorded. Individual lesions need
not be marked.

– Provide guidance on reporting the date of
©2021 Calyx
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– New lesions: Calyx recommends that only up
to five new lesions (as compared to the prior
timepoint) be marked on the associated bone
scan and the total number of new lesions be
recorded.
– Bone lesion burden: Define whether the
timepoint of nadir (i.e. timepoint with the least
number of bone lesions) should be recorded.
– ‘Missed’ lesions: If a lesion is missed during
the initial lesion counting process, Calyx
recommends that the event be documented and
addressed when making the timepoint disease
assessments.
– Equivocal lesions: If a new lesion was not
obvious at a previous follow-up timepoint,
determine how to report the lesion when it is
considered unequivocal.
– Image quality: How image quality may impact
the ability to identify and report lesions at
baseline and how this may limit assessment
options at follow-up timepointsComplete a
separate CRF.
8.1.2 DEFINING CLEAR PROGRESSION RULES:

– Define how new lesions appearing at the
1st post-treatment timepoint versus those
appearing at subsequent timepoints can drive
progression.

two new lesions were first seen together, not the
confirmatory timepoint.
8.1.4 SKELETAL RELATED EVENTS ENDPOINT
CONTRIBUTIONS:

– Clearly define the determination of skeletal
related events in the protocol. Skeletal related
events can present in many ways:
> Changes in response to antineoplastic
therapy and on-study radiation to treat bone
pain.
> Symptomatic fractures.
> Spinal cord compression.
> Surgery to bone, which also includes
minimal invasive interventions (i.e.
vertebroplasty).
These events are most often documented by site
investigator teams even when central review is part
of the trial design.
8.1.5 TRAIN THE CLINICAL SITES:

Use examples and training cases to demonstrate
lesion counting rules and teach site personnel how
to apply these rules.

– Prevent early or incorrect progression
assessments due to differences in the
application of PCWG3 criteria.
8.1.3 REQUIREMENTS ON DATE OF PROGRESSION:

– Define how the date of progression is reported.
– Typically, the date of progression is the date
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8.2 LESION COUNTING LOGIC FOR CONSISTENT APPLICATION OF THE PCWG3
CRITERIA:
1ST POSTTREATMENT

2ND POSTTREATMENT

3RD POSTTREATMENT

4TH POSTTREATMENT

ASSESSMENT

RULE

1

PD at 1ST*

2+2

2

Non-PD

2+1

3

Non-PD

1+2
not confirmed

4

PD at 2ND

1 + 2,
confirmed at
3RD

5

Non-PD

2 - 1 + 3,
not confirmed

6

Non-PD

0 + 2,
not confirmed

7

Non-PD

2 + 0,

8

PD at 3RD

1+1+1
confirmed at
4TH

9

Non-PD

X+0

Table 3: Response Assessment Criteria per Timepoint

New lesion(s) at 1st Post-treatment

New lesion(s) at 2nd Post-treatment

New lesion(s) at 3rd Post-treatment

Lesions at baseline do not count toward progression
* Note: The number of lesions at BL is only relevant for a PD at 1ST post-treatment
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