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Preliminary results on response assessment using ®®Ga-HBED-CC-PSMA
PET/CT in patients with metastatic prostate cancer undergoing
docetaxel chemotherapy
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Matthias M. Heck' - Thomas Horn' - Jiirgen E. Gschwend’ - Markus Schwaiger? - Matthias Eiber>> - Tobias Maurer’

Abstract

Purpose To investigate the value of *®*Ga-HBED-CC PSMA (*®*Ga-PSMA) PET/CT for response assessment in
metastatic castration-sensitive and castration-resistant prostate cancer (mCSPC and mCRPC) during docetaxel che-
motherapy.

Methods ®*Ga-PSMA PET/CT was performed in seven mCSPC patients before and after six cycles of upfront docetaxel
chemotherapy and in 16 mCRPC patients before and after three cycles of palliative docetaxel chemotherapy. Radiographic
treatment response was evaluated separately on the **Ga-PSMA PET and CT datasets. Changes in **Ga-PSMA uptake
(SUVmean) were assessed on a per-patient and a per-lesion basis using the PERCIST scoring system with slight modification.
Treatment response was defined as absence of any PSMA uptake in all target lesions on posttreatment PET (complete response,
CR) or a decrease in summed SUVmean of >30% (partial response, PR). The appearance of a new PET-positive lesion or an
increase in summed SUVmean of >30% (progressive disease, PD) indicated nonresponse. A moderate change in summed
SUVmean (between —30% and +30%) without a change in the number of target lesions was defined as stable disease (SD).
For treatment response assessment on CT, RECIST1.1 criteria were used. Radiographic responses on **Ga-PSMA PET
[RR(PET)] and on CT [RR(CT)] were compared and correlated with biochemical response (BR). A decrease in serum PSA
level of >50% was defined as biochemical PR.

Results Biochemical PR was found in six of seven patients with mCSPC (86%, 95% confidence interval 42% to 99.6%). The
concordance rate was higher between BR and RR(PET) than between BR and RR(CT) (6/7 vs. 3/6 patients. %8Ga-PSMA PET and
CT were concordant in only three patients (50%, 12% to 88%). In mCRPC patients, biochemical PR was found in six of 16 patients
(38%, 15% to 65%). Outcome prediction was concordant between BR and RR(PET) in nine of 16 patients (56%), and between BR
and RR(CT) in only four of 12 patients (33%) with target lesions on CT. ®*Ga-PSMA PET and CT results corresponded in seven of
12 patients (58%, 28% to 85%).

Conclusion Our preliminary results suggest that “®Ga-PSMA PET might be a promising method for treatment response
assessment in mCSPC and mCRPC. The data indicate that for different metastatic sites, the performance of ®*Ga-PSMA
PET in response assessment might be superior to that of the conventional CT approach and could help differentiate between
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progressive disease and treatment response. Because of the limited number of patients, the differences revealed in our study
were not statistically significant. Thus larger and prospective studies are clearly needed and warranted to confirm the value of
%8Ga-PSMA PET as an imaging biomarker for response assessment.

Keywords Therapy response - Castration-sensitive prostate cancer - Castration-resistant prostate cancer - Prostate-specific

membrane antigen - °*Ga-PSMA-HBED-CC

Introduction

Prostate cancer (PC) is the most frequently diagnosed malig-
nancy in men and the third most common cause of cancer-
related death in men worldwide [1]. In patients with newly
diagnosed metastatic PC, androgen deprivation therapy
(ADT) has become the backbone of treatment as it is known
that PC cells proliferate in an androgen-dependent manner [2].
Although ADT is initially highly effective in most men with
metastatic castration-sensitive PC (mCSPC), progression to
metastatic castration-resistant PC (mCRPC) is unavoidable.
It occurs in the majority of men within 2-3 years and is asso-
ciated with a poor prognosis and short-term survival [3].
Docetaxel chemotherapy was the first therapeutic agent with
proven efficacy in terms of overall survival in mCRPC [4].
Recently, several phase I1I trials have investigated the efficacy
of docetaxel chemotherapy in combination with ADT in
mCSPC and demonstrated a benefit in terms of not only
progression-free survival but also overall survival, indicating
a new era of upfront chemotherapy [5, 6].

Monitoring chemotherapy response is crucial for decisions
on further treatment. Currently, evaluation of CT imaging
based on Response Evaluation Criteria in Solid Tumors
(RECIST) and clinical parameters such as serum prostate-
specific antigen (PSA) levels are most widely used for therapy
response assessment. However, serum PSA levels have been
shown to inaccurately predict therapy response and patient
outcome, and evaluation using RECIST criteria is hampered
by the presence of sclerotic bone metastases on CT [7, 8].

Functional imaging modalities such as PET represent an
innovative approach to therapy response assessment.
Combining imaging of metabolic changes and anatomical im-
aging in a single examination, PET/CT has been shown to be
able to detect therapeutic effects in a number of tumour enti-
ties earlier and more precisely than conventional imaging
methods [9-11]. In recent years, several studies have shown
the value of ''C-choline and '®F-choline PET/CT for therapy
monitoring in mCRPC [12-16]. Nevertheless, the lack of
large prospective clinical trials and the relatively low sensitiv-
ity in patients with low serum PSA levels has hampered the
routine use of choline-based PET/CT in this setting.

Recently, small molecules for PET and SPECT imaging for
targeting prostate-specific membrane antigen (PSMA), a
transmembrane protein considerably overexpressed on most
PC cells, are starting to revolutionize the field of PC imaging

[17]. ®*Ga-HBED-CC-PSMA (°®Ga-PSMA) is currently the
most widely used agent, and several studies have shown im-
proved diagnostic accuracy of **Ga-PSMA PET/CT imaging
in staging of primary and recurrent PC compared with con-
ventional cross-sectional imaging, bone scan and PET exam-
ination with different tracers [18-22]. However, to the best of
our knowledge no prior study has investigated response as-
sessment in patients with advanced PC using **Ga-PSMA
PET/CT. Thus, the aim of this study was to evaluate the use
of ®®Ga-PSMA PET/CT for response assessment in patients
with mCSPC and patients with mCRPC undergoing docetaxel
chemotherapy.

Materials and methods
Patients and treatment regimen

A database of all PC patients treated with docetaxel chemo-
therapy at our centre between April 2013 and March 2016 was
searched retrospectively. Criteria for inclusion of patients in
this analysis were: (a) proven mCSPC and docetaxel as up-
front chemotherapy in combination with ADT according to
recent guideline recommendations or (b) proven mCRPC
and docetaxel chemotherapy as palliative chemotherapy in
accordance with the therapy scheme proposed by the
European Association of Urology (EAU) guidelines [23],
and (c) ®*Ga-PSMA PET/CT as well as assessment of serum
PSA levels prior to and after the end of the therapy. Exclusion
criteria were (a) presence of known second malignancy, and
(b) presence of brain metastasis making the patient ineligible
for docetaxel chemotherapy.

In total 23 patients were included in the retrospective anal-
ysis consisting of two cohorts: patients with treatment-naive
mCSPC at primary diagnosis (seven patients) and patients
with already treated mCRPC prior to initiation of chemother-
apy with docetaxel (16 patients). Since treatment response to
upfront chemohormonal therapy can be expected in hormone-
sensitive disease, the first patient cohort was analysed sepa-
rately. In this cohort, “*Ga-PSMA PET/CT was performed and
serum PSA levels determined at baseline during the 4 weeks
before initiation of upfront treatment with docetaxel
(PET1/CT1) and during the 3 weeks after administration of
six cycles of chemotherapy (PET2/CT2). In the second cohort,
%8Ga-PSMA PET/CT was performed and serum PSA levels
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determined at baseline during the 4 weeks before initiation of
treatment with docetaxel (PET1/CT1) and during the 3 weeks
after administration of three cycles of chemotherapy
(PET2/CT2). Furthermore, influence of PET2/CT2 on the de-
tection of treatment changes was evaluated.

Radiopharmaceutical

Images were obtained with ®Ga-labelled HBED-CC (**Ga-
PSMA) [24] which was synthesized as described previously
[25]. The ligand was labelled with **Ga** (half-life 67.6 min)
from a °®Ge/**Ga radionuclide generator (iThemba Labs,
Cape Town, South Africa) using a fully automated module
(Scintomics, Fiirstenfeldbruck, Germany), and a guanosine
monophosphate grade disposable cassette and reagent kit
(ABX, Radeberg, Germany). The final product was dissolved
in isotonic phosphate-buffered saline followed by sterile fil-
tration. Variations in injected radiotracer activity were caused
by the short half-life of ®*Ga and variable elution efficiencies
obtained during the life-time of the **Ge/**Ga radionuclide
generator.

Imaging protocol

All patients received a diluted oral contrast agent (300 mg of
Telebrix) and underwent rectal filling with a negative contrast
agent (100~150 ml). Patients underwent **Ga-PSMA PET/CT
from the skull base to the mid-thigh using a Biograph mCT
scanner (Siemens Medical Solutions, Erlangen, Germany) at a
mean of 57 min (IQR 51-63 min) after tracer injection of a
mean of 154 MBq (IQR 134-179 MBq) **Ga-PSMA. PET/
CT included a diagnostic CT scan (240 mAs, 120 kV, 5 mm
slice thickness) in the portal venous phase (80 s after injection
of Imeron 300 at 1.5 ml/kg body weight). All PET scans were
acquired in three-dimensional mode with an acquisition time
of 4 min per bed position. Images were reconstructed itera-
tively using an ordered subsets expectation maximization al-
gorithm (four iterations, eight subsets) followed by a
postreconstruction gaussian filter smoothing (5 mm full-
width at half-maximum).

Therapy response assessment
Biochemical

Biochemical response (BR) was measured in terms of serum
PSA level. Biochemical partial response (PR) was defined as a
decrease in serum PSA level of >50% from the baseline value
[9]. Biochemical progression (PD) was defined as an increase
in serum PSA level of >25%. An intermediate change in se-
rum PSA level between —50% and +25% was defined as bio-
chemical stable disease (SD).

Radiographic

Radiographic treatment response was separately assessed on
®8Ga-PSMA PET and CT datasets. For ®*Ga-PSMA PET anal-
ysis, images were analysed by two experienced nuclear med-
icine physicians. The entire rating procedure was carried out
on a dedicated workstation and software (Syngo MMWP and
Syngo TrueD; Siemens Medical Solutions, Erlangen,
Germany). Transaxial PET slices and the corresponding fused
diagnostic CT slices were used for image analysis. Five organ
systems comprising lymph nodes, bone, liver, prostate/
prostate bed and other visceral metastatic sites were included
per patient in the response assessment. Any focal uptake of
%8Ga-PSMA ligand higher than that of the surrounding back-
ground and not associated with physiological uptake was con-
sidered suspicious for malignancy. For each organ system, the
two lesions with the highest ®*Ga-PSMA uptake identified on
maximum intensity projection PET1 images were analysed.
For quantitative analysis, the slice with the maximum %8Ga-
PSMA uptake was identified using an isocontour volume of
interest including all voxels above 99% of the maximum cov-
ering the whole lesion volume. In a second step, a circular 1.2-
cm diameter volume region of interest was placed over the
tumour lesion in the slice with the maximum °*Ga-PSMA
uptake, and the mean standardized uptake value (SUVmean)
was noted. PET?2 findings were compared with PET1 findings
to assess radiographic response to treatment reported as
RR(PET).

Posttreatment changes were finally interpreted according to
the PET Response Criteria in Solid Tumors (PERCIST) 1.0
with slight modification [26]: The absence on PET2 of any
PSMA uptake in all target lesions seen on PET1 was consid-
ered a complete response (CR). A decrease in summed
SUVmean of >30% (minimum decrease in SUVmean of
0.8) was considered a PR. The appearance of a new PET
positive lesion on PET2 or an increase in summed
SUVmean of >30% (minimum increase in SUVmean of 0.8)
was considered PD. An intermediate change in summed
SUVmean between —30% and +30% without the appearance
of new target lesions was considered SD.

For evaluation of the diagnostic CT dataset, the two lesions
with the largest diameters were measured in each of the five
potential organ systems. In a second step, summed diameters
(longest axis for non-nodal lesions, short axis for nodal le-
sions) were calculated for all lesions. In addition, bone metas-
tases were assessed in terms of unequivocal PD. CT2 findings
were compared with CT1 findings [RR(CT)] to assess radio-
graphic response to treatment according to RECIST1.1 [27].
Disappearance of all lesions was considered a CR and a de-
crease in summed diameters of >30% was considered a PR.
The appearance of a new target lesion on CT2 or an increase in
the summed diameters of >20% with an absolute increase of at
least 5 mm was considered PD. An intermediate change in



summed diameter between —30% and +20% without the ap-
pearance of new target lesions was considered SD.

Statistical analysis

Medians and ranges (minimum to maximum) are presented
for quantitative data, and absolute and relative frequencies for
categorical data. For the most relevant results (relative chang-
es in SUVmean, RECIST, and serum PSA level) individual
data are listed. For estimated proportions of patients with PD,
SD and PR based on the different devices/measures (changes
in PET, CT and serum PSA level) and for estimated concor-
dance probabilities of these response assessments, 95% con-
fidence intervals based on the binomial distribution (Clopper-
Pearson intervals) are presented. Further, McNemar’s test was
used to compare the concordances between radiographic re-
sponses assessed by PET and BR and radiographic responses
assessed by CT and BR. A significance level of 5% was used.
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All results are shown separately for patients receiving upfront
docetaxel chemotherapy and patients receiving palliative do-
cetaxel chemotherapy.

Results
Patient characteristics

Baseline characteristics of the seven mCSPC and 16 mCRPC
patients are presented in Table 1. All patients with mCSPC
intended for upfront chemotherapy had high-risk carcinoma
and showed evidence of bone and lymph node metastases on
PET]1. Visceral metastases were present in one patient. In ac-
cordance with their advanced disease, all 16 patients with
mCRPC had bone metastases and 14 (88%) additionally
showed lymph node metastases. Visceral metastases were
found in five patients (31%) with bone and lymph node

Table 1 Baseline characteristics

Parameter Upfront docetaxel chemotherapy  Palliative doxetaxel chemotherapy
(n=7) (n=16)
Age (years)
Median 62 75
Range 51-72 54-82
Serum PSA (ng/ml)
Median 72 28
Range 6448 2-3,176
Gleason score at diagnosis, n (%)

Unknown 0 (0) 2 (13)

<6 0(0) 1.(6)

7 1 6 (38)

>8 6 (86) 7 (44)

Metastatic sites, n (%)*

Lymph nodes 7 (100) 14 (88)
1-5 2 (29) 7 (50)
6-10 0 (0) 2 (14)
>10 5(71) 536)

Bone 7 (100) 16 (100)
1-5 2(29) 3(19)
6-10 1(14) 1 (6)
>10 4(57) 12 (75)

Visceral organs 1(14) 7 (44)
Liver 1(14) 3 (43)
Other 0(0) 4 (57)

Pattern of metastatic spread, n (%)

Lymph nodes only 0(0) 0(0)

Bone only 0(0) 2 (13)

Bone + lymph nodes 7 (100) 14 (88)

Bone + lymph nodes + visceral 1(14) 531

organs

2 As defined on °® Ga-PSMA PET
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metastases, and three patients (19%) showed local recurrence
on PET1. There was no patient with metastatic disease limited
to the lymph nodes.

Upfront docetaxel chemotherapy: biochemical
and radiographic response assessment

Biochemical PR was found in six of seven patients (86%, 95%
confidence interval 42% to 99.6%). On PET2, five patients
(71%, 29% to 96%) showed PR and one patient each showed
SD and PD (14%, 0.4% to 58%, each). Concordance between
BR and RR(PET) was found in six patients (86%, 42% to
99.6%). The patient with discrepant BR and RR(PET) showed
biochemical PR but PD on PET2. In this patient, PD was
defined by both an increased SUVmean of 40% indicating
general progression of disease and a new bone lesion.
Consequently, therapy was changed in this patient, while the
remaining six patients continued with ADT after completing
chemotherapy. These results are summarized in Tables 2 and
3. Patient 2 underwent subsequent cytoreductive radical pros-
tatectomy with bilateral pelvic lymph node dissection after
completion of six cycles of docetaxel. PET2 still detected
local tumour involvement of the prostate but no longer detect-
ed involvement of the pelvic lymph nodes. Comparison of
PET?2 findings with histological work-up after radical prosta-
tectomy revealed correct prediction of the intraprostatic tu-
mour foci and the negative pelvic lymph node status.

Quantitative assessment of the radiographic response on
CT was only possible in six of the seven patients. One patient
with metastases did not show any measurable target lesions
and no unequivocal progression of non-measurable disease so
that he was not evaluable in terms of therapy response accord-
ing to RECIST 1.1 criteria. PR was found in three of six
patients (50%, 12% to 88%) resulting in concordance between
BR and RR(CT) of 50% (12% to 88%). Two patients showed
radiographic SD despite biochemical PR and in one patient
with general disease progression on CT2 (RECIST +21.4%),
BR was evaluated as SD (Tables 2 and 4).

Further to the evaluation of concordance between
RR(PET) and BR and between RR(CT) and BR, concordance
between RR(PET) and RR(CT) was also compared using the
McNemar test with BR as the standard control. In three pa-
tients, concordance was found both between RR(PET) and
BR and between RR(CT) and BR, while in two additional
patients, concordance was found only between RR(PET)
and BR, and not between RR(CT) and BR. In one patient,
discordance was found both between RR(PET) and BR and
between RR(CT) and BR. However, there was no significant
difference (p=0.5), although in assessing tumour PET was
more concordant with BR than CT.

Direct comparison between RR(PET) and RR(CT) in each
patient revealed concordance in three of the six patients (50%,
12% to 88%), all of whom were classified as having PR
(Tables 2 and 5). Discordance in the remaining three patients
(50%) was considered to be a result of the detection and as-
sessment limits of CT. In all three patients, RR(CT) was re-
stricted to lymph node assessment because the lesions detect-
able in the skeleton and prostate by **Ga-PSMA PET were not
measurable on CT. Progression of nontarget lesions was ex-
cluded in all three patients, indicating that the new bone me-
tastasis in patient seven detected on PET2 was not detectable
on CT2.

Docetaxel chemotherapy in mCRPC patients:
biochemical and radiographic response assessment

Biochemical PR was found in six of the 16 patients (38%,
15% to 65%) and biochemical SD and PD were found in six
patients (38%, 15% to 65%) and four patients (25%, 7% to
52%), respectively. On PET2, seven patients (44%, 20% to
70%) showed PR, six (38%, 15% to 65%) showed SD and
three (19%, 4% to 46%) showed PD. Of the six patients with
biochemical PR, four (67%) were concordantly classified as
having PR on PET2, whereas the remaining two patients
(33%) were classified as having SD. None of the patients with
biochemical PR showed radiographic PD on PET2. Of the six

Table 2 Comparison between

radiographic response on **Ga- Patient no. SUVmean (%)  RR(PET)  RECIST(%)  RR(CT)  APSA(%)  BR

PSMA PET/CT and biochemical

response in patients receiving 1 —95.5 PR —20.0 SD -99.1 PR

upfront docetaxel chemotherapy 2 -94.0 PR —76.9 PR —98.6 PR
3 —88.3 PR n.e. - -99.2 PR
4 =75.0 PR —60.6 PR -97.3 PR
5 —44.1 PR —62.3 PR —98.6 PR
6 -6.8 SD 21.4 PD —42.3 SD
7 40.0 PD? 0.0 SD —60.6 PR

BR biochemical response, RR radiographic response, APSA change in serum PSA level, PD progressive disease,
PR partial response, SD stable disease, n.e. not evaluable by RECIST 1.1 criteria

2PD because of new lesions on PET2



607

Table 3 Concordance between
radiographic response on PET2

and biochemical response in
patients receiving upfront

docetaxel chemotherapy

Radiographic response Biochemical response

Progressive disease Stable disease Partial response Total
Progressive disease 0 0 1 1
Stable disease 0 1 0 1
Partial response 0 0 5 5
Total 0 1 6 7

patients with biochemical SD, three (50%) showed SD,
two (33%) showed PR and one showed PD on PET2. In
this patient with PD, the assessment was based on the de-
tection of new lymph node metastases while the pre-
existing lesions showed stable PSMA uptake (SUVmean
—2.8%). Of the four patients with biochemical PD, two
(50%) showed PD defined as newly detected lesions, one
showed SD and one showed PR on PET2. Overall, BR and
RR(PET) were concordant in nine of the 16 patients (56%,
30% to 80%:; Tables 6 and 7).

RR(CT) was found only in 12 of the 16 patients. Four
patients with metastases showed neither measurable dis-
ease nor progression of non-measurable disease. Of the
remaining 12 patients, four showed biochemical PR
(33%, 10% to 65%), five showed biochemical SD (42%,
15% to 72%), and three showed PD (25%, 5% to 57%).
CT2 revealed PR in three patients (25%, 5% to 57%), SD
in eight patients (67%, 25% to 90%) and PD in one patient
(8%, 0.2% to 38%). BR and RR(CT) were concordant only
in four of the 12 patients (33%, 10% to 65%) with either
SD or PD. All four patients with a biochemical PR showed
SD on CT2, and of five patients with biochemical SD,
three showed SD and two showed PR on CT2. The three
patients with biochemical PD showed PR, SD and PD (one
each) on CT2. BR and RR(CT) were concordant in four of
the 12 patients (33%, 10% to 65%; Tables 6 and 8).

The McNemar test showed concordance both between
RR(PET) BR and between RR(CT) and BR in two patients,
while in four additional patients only RR(PET), and not
RR(CT), was concordant with BR, and in two patients only
RR(CT), and not RR(PET), was concordant with BR. In four
patients both RR(PET) and RR(CT) were discordant with BR.
The difference in the results between PET and CT was not
significant (p =0.7).

In seven of 12 evaluable patients (58%, 28% to 85%)
RR(PET) and RR(CT) were concordant (Tables 6 and 9).
The five patients with discordant results showed no bone le-
sions on CT and two of these patients (patients 13 and 14)
showed no pathological lymph nodes on CT despite evidence
of'extended bone and lymph node metastases on PET. In these
two patients, RR(CT) was based exclusively on assessment of
visceral metastasis and prostate bed recurrence. Patients 1 and
4 showed lymph node, bone and either visceral metastasis or
prostate bed recurrence on PET, but only pathological lymph
nodes were detectable and evaluable on CT. In patient 7,
RR(CT) was limited to the lymph nodes as bone metastasis
could not be assessed. A representative example of discor-
dance in response assessment is shown in Fig. 1.

Based on the biochemical and radiographic information,
treatment was changed in all three patients showing PD on
PET2. In relation to the remaining thirteen patients three pa-
tients stopped docetaxel treatment due to side effects, one pa-
tient was lost to follow-up and nine patients received the
intended six cycles of chemotherapy (Supplementary Table 1).

Discussion

This preliminary study is the first to evaluate **Ga-PSMA
PET in comparison with conventional CT in the assessment
of treatment response in mCSPC and mCRPC patients. The
study results suggest that ®®Ga-PSMA PET might be a prom-
ising method for treatment response assessment as the re-
sponses of lymph nodes, bone and visceral metastases to do-
cetaxel chemotherapy assessed using °*Ga-PSMA PET
showed greater concordance with BR than those assessed
using CT. Most likely due to the limited sample size, the
differences found did not reach significance. These

Table 4 Concordance between
radiographic response on CT2

and biochemical response in
patients receiving upfront

docetaxel chemotherapy

Radiographic response Biochemical response

Progressive disease Stable disease Partial response Total
Progressive disease 0 1 0 1
Stable disease 0 0 2 2
Partial response 0 0 3 3
Total 0 1 5 6
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Table 5 Concordance between
radiographic response on PET2

and radiographic response on
CT?2 in patients receiving upfront

docetaxel chemotherapy

Radiographic response Biochemical response

Progressive disease Stable disease Partial response Total
Progressive disease 0 1 0 1
Stable disease 1 0 0 1
Partial response 0 1 3 4
Total 2 2 3 6

preliminary, but nevertheless interesting and promising, re-
sults may support the hypothesis that multimodal imaging
combining morphological and molecular information may
not only enhance diagnostic performance but also provide
higher accuracy in response assessment in metastatic PC.
Radioactively labelled PSMA inhibitors are a highly attrac-
tive molecular imaging target, since they exploit specific over-
expression in PC. The first clinical studies showed improved
detection rates in terms of localization [28] and preoperative
lymph node staging of primary PC [21, 29], suggesting high
specificity of ®*Ga-PSMA tracer uptake. However, the ability
of ®*Ga-PSMA to provide timely and accurate assessment of
treatment response to maximize the use of successful treat-
ments and minimize exposure to noneffective treatments has
not yet been studied. Preclinical data provide evidence that
tumour uptake of radiopharmaceuticals targeting PSMA is
directly proportional to cell number and tumour mass in pa-
tients receiving taxane therapy and that reduced tracer-uptake
is not a result of chemotherapy-induced changes in PSMA
expression but truly reflects a decrease in the number of viable

tumour cells [30]. Therefore, PSMA-targeting radiopharma-
ceuticals might be useful for monitoring therapy response.

In this retrospective study, we separately quantified ra-
diographic responses to docetaxel on *®Ga-PSMA PET and
conventional CT and evaluated the correlation between
these responses and BR in both mCSPC and mCRPC pa-
tients. In line with the results of previous studies [18-22],
the performance of ®®Ga-PSMA PET in detecting lymph
node, bone and visceral metastases was better than that of
CT (although not significantly), resulting in a higher accu-
racy of response assessment and higher correlation with BR.
In more detail, concordance between BR and RR(PET) was
higher than that between BR and RR(CT) in both mCSPC
patients (86% vs. 50%) and mCRPC patients (56% vs.
33%). Furthermore, RR(PET) and RR(CT) were concordant
in only 50% of patients with mCSPC and in 58% of those
with mCRPC. In five patients, response assessment was not
possible with CT due to absence of measurable lesions, in-
dicating the potential value of treatment response assess-
ment with ®*Ga-PSMA PET.

Table 6 Comparison between

radiographic response on *Ga- Patientno.  SUVmean(%)  RR(PET)  RECIST (%)  RR(CT)  APSA(%)  BR

PSMA PET/CT and biochemical

response in patients receiving 1 —67.4 PR -12.9 SD —59.2 PR

palliative docetaxel 2 —-60.9 PR -33.3 PR 66.3 PD

chemotherapy 3 -60.5 PR ne. -86.0 PR
4 —59.2 PR -23.1 SD —83.1 PR
5 —53.2 PR -30.4 PR —42.5 SD
6 -36.3 PR n.e. - —69.5 PR
7 -35.4 PR -8.7 SD -20.8 SD
8 -31.7 PD? n.e. - 317.7 PD
9 —27.2 SD -9.7 SD 148.5 PD
10 -13.9 SD -26.5 SD —67.6 PR
11 -11.8 SD -12.5 SD -19.7 SD
12 —8.3 SD n.e. — 22.5 SD
13 2.8 PD? 0.0 SD -36.3 SD
14 43 SD —46.2 PR —44.5 SD
15 25.1 PD? 130.8 PD 276.2 PD
16 28.4 SD 17.6 SD —60.6 PR

BR biochemical response, RR radiographic response, APSA change in serum PSA level, PD progressive disease,
PR partial response, SD stable disease, n.e. not evaluable by RECIST 1.1 criteria

2PD because of new lesions on PET2
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Table 7 Concordance between
radiographic response on PET2

and biochemical response in
patients receiving palliative

docetaxel chemotherapy

Radiographic response Biochemical response

Progressive disease Stable disease Partial response Total
Progressive disease 2 1 0 3
Stable disease 1 3 2 6
Partial response 1 2 4 7
Total 4 6 6 16

Only a few preliminary reports are available discussing the
potential use of PET/CT for therapy response assessment in
mCRPC patients. De Giorgi et al. investigated the use of '*F-
choline PET/CT for the assessment of the responses to treat-
ment with abiraterone [14] and enzalutamide [16] in patients
with PC. The concordance rates between the response on
PET/CT and BR were 81% (32/42) and 71% (24/34), re-
spectively. Caffo et al. [12] found a concordance rate be-
tween response on '*F-choline PET/CT and BR of 73% (in
eight of 11 patients) in a study investigating response to
enzalutamide in CRPC patients. In a retrospective study,
Ceci et al. [13] investigated the use of ''C-choline PET/
CT for assessing response to docetaxel in mCRPC pa-
tients. They found a concordance rate between response
on PET/CT and BR of 64% (39/61). Interestingly, the con-
cordance rates reported for choline derivatives are higher
than those found in our study in the palliative docetaxel
setting (56%) despite the fact that ®®Ga-PSMA PET has
been found to have a higher sensitivity and specificity
than ''C-choline PET/CT [17]. However, all these studies
used only a rough classification of BR comprising PSA
response (>50% reduction in serum PSA level) or PSA
nonresponse (<50% reduction in serum PSA level) and
radiographic response categorized as nonprogression
(CR, PR and SD) or PD, which might have led to an
overestimation of concordance rates. In contrast to our
study, patients with biochemical or radiographic SD were
not treated as an independent group in all three studies
discussed above.

In a prospective study, Schwarzenbock et al. [15] com-
pared ''C-choline PET/CT and RECIST 1.1 criteria for
response assessment in mCRPC patients treated with do-
cetaxel. They found no significant correlation between

changes in choline uptake and RECIST 1.1 criteria, which
is in line with our high rate of nonconcordance between
RR(PET) and RR(CT).

Our preliminary study had several limitations. One ma-
jor limitation was the small number of patients with the
inclusion of both mCSPC and mCRPC patients, as well
as the retrospective design of the study and the possible
false-positive PSMA accumulation in certain benign and
malignant conditions, Therefore, our results should be
interpreted with caution. Second, standardized criteria for
the treatment response assessment on ®8Ga-PSMA PET
have not yet been established. In our study, we adapted
the PERCIST 1.0 criteria [26], initially proposed for '®F-
FDG PET, for quantifying radiographic treatment response
on ®*Ga-PSMA PET. Prospective validation in clinical tri-
als are mandatory to apply and potentially adapt PERCIST
1.0 criteria for use with ®*Ga-PSMA PET. Third, RECIST
1.1 criteria do not adequately reflect bone disease re-
sponse, especially osteoblastic disease, the most common
manifestation of bone metastases in metastatic PC. The fact
that approximately 65-75% [31] of patients with advanced
disease have skeletal involvement entails a high risk of
misclassification of overall treatment response using
RECIST 1.1 criteria.

Fourth, bone metastases response was assessed on **Ga-
PSMA PET and CT scans. No bone scans, which is the stan-
dard method recommended by the Prostate Cancer Clinical
Trials Working Group 3, were available [7]. However, it is
commonly known that sensitivity and specificity of bone scan
are limited in treatment response assessment [8]. Recently,
Pyka et al. retrospectively compared the diagnostic value of
8Ga-PSMA-HBED-CC PET with that of bone scan in PC
patients. Of 410affected bone regions, 72 (17.6%) were

Table 8 Concordance between
radiographic response on CT2

and biochemical response in
patients receiving palliative

docetaxel chemotherapy

Radiographic response Biochemical response

Progressive disease Stable disease Partial response Total
Progressive disease 1 0 0 1
Stable disease 1 3 4 8
Partial response 1 2 0 3
Total 3 5 4 12
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Table 9 Concordance between
radiographic response on PET2
and radiographic response on
CT?2 in patients receiving

Radiographic response on PET2

Radiographic response on CT2

palliative docetaxel
chemotherapy

Progressive disease Stable disease Partial response Total
Progressive disease 1 1 0
Stable disease 0 4 1
Partial response 0 3 2 5
Total 1 8 3 12

detected only by PSMA PET and not by bone scan, while
conversely only 1.2% of positive regions were detected by
bone scan and not by PSMA PET. These results strongly im-
ply that the performance of PSMA PET is superior to that of
bone scan in determining the metastatic status of PC pa-
tients [22]. Based on this study, bone scan is not routinely
carried out in our centre if a patient has already received
%8Ga-PSMA PET for staging. Fifth, we correlated radio-
graphic response to BR as serum PSA level is an integral
part of current recommendations for therapy response as-
sessment in advanced PC [7]. However, changes in PSA
levels should be carefully interpreted during docetaxel
treatment [31] and PSA level alone is not sufficiently reli-
able for monitoring disease activity, especially in mCRPC
patients. The correlation between objective radiographic
response and objective clinical outcome parameters such

Fig. 1 °®Ga-PSMA PET/CT imaging in a 54-year-old patient with
metastatic castration-resistant prostate cancer (Gleason score 10) before
(a, b, e) and after (c, d, f) three cycles of palliative docetaxel
chemotherapy. Serum PSA level decreased by about 59% during
therapy. a The baseline CT image shows no suggestive findings, with
normal-appearing mediastinal lymph nodes. b The corresponding fused
PET/CT image shows intense, focal uptake not only in a small
mediastinal lymph node but also in an adjacent small lymph node and

as overall survival is known to be significant and therefore
a study evaluating this relationship is in planning.

Conclusion

Our preliminary results suggest that ®*Ga-PSMA PET might
be a promising method for treatment response assessment in
mCSPC and mCRPC patients. ®*Ga-PSMA PET was more
concordant with serum PSA level than CT in assessing the
response of lymph node, bone and visceral metastases in pa-
tients receiving docetaxel chemotherapy, although the differ-
ence did not reach significance. Therefore, larger and prospec-
tive studies are warranted and recommended to further explore
and validate the potential of ®®Ga-PSMA PET/CT for moni-
toring treatment response in patients with advanced PC.

in the thoracic spine suspicious for multiple lymph node and bone
metastases. ¢, d The posttreatment PET image (d) shows decreases in
the number, size and intensity of metastatic lesions indicating PR (total
SUVmean decrease 67.4%) while the posttreatment CT image (¢) shows
no substantial changes (stable disease, total RECIST decrease 12,9%). e, f
The whole-body maximum-intensity projection images show the extent
of disease before (e) and after (f) therapy, confirming PR
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