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ABSTRACT 25 

Aim: We aimed to evaluate the role of Positron Emission Tomography (PET) targeting the Prostate-Specific 26 

Membrane Antigen (PSMA) for response assessment in metastatic prostate cancer (mPCa) patients treated with taxane-27 

based chemotherapy (docetaxel or cabazitaxel) and its predictive value on patient outcome. 28 

Methods: We retrospectively evaluated 37 patients with metastatic hormone-sensitive or castration-resistant prostate 29 

cancer (mHSPC or mCRPC) who underwent 68Ga-PSMA-11 PET/CT at baseline and after the last cycle of taxane-30 

based chemotherapy (docetaxel or cabazitaxel) without treatment modification between scans. Biochemical response 31 

(BR) was defined as an undetectable or decreased prostate-specific antigen (PSA) by ≥50% compared to baseline. 32 

Association between BR and different PET parameters were tested.  A cut-off of ≥30% change in PSMA total tumor 33 

volume (PSMA-TV) was used to define PSMA responders (PSMA-R) vs PSMA non-responders (PSMA-NR). 34 

Correlation between PSMA-PET/CT response and BR was evaluated using the Phi coefficient. Association between 35 

PET-response and overall survival (OS) was performed using Cox regression and Kaplan-Meier method. 36 

Results: Our cohort was composed of 8 (22%) mHSPC and 29 (78%) mCRPC patients. Twenty-one patients received 37 

docetaxel, and 16 received cabazitaxel treatment (median: 6 cycles, interquartile (IQR):5-8). BR was found in 18/37 38 

patients. Using PSMA-TV, PSMA-PET/CT response was concordant with BR in 35/37 patients (Phi=0.89, p<0.0001). 39 

There were 18/37 PSMA-R (6 complete response and 12 partial response) and 19/37 PSMA-NR (17 progressive 40 

disease and 2 stable disease). After a median follow-up of 23 months there was a statistically significant longer overall 41 

survival (OS) for PSMA-R compared to PSMA-NR (median OS not reached vs 12 months, respectively, HR 0.10; 42 

95%CI: 0.03–0.39, p=0.001) for the entire population. Among the mCRPC subgroup, differences in OS were also 43 

observed (median 22 vs 12 months respectively, HR 0.22, 95%CI: 0.06–0.82, p=0.023) with a 12-month OS rate of 44 

100% for PSMA-R and 52% for PSMA-NR (p=0.011). 45 

Conclusion: This retrospective analysis suggests that 68Ga-PSMA-11 PET/CT is a promising imaging modality for 46 

assessing response to taxane-based chemotherapy in mPCa. PSMA-expression changes might be used as a predictive 47 

biomarker for OS which might help tailor individual therapy and select eligible patients for clinical trials. 48 

 49 
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3 
 

INTRODUCTION 51 

Prostate cancer (PCa) is the most frequently diagnosed cancer in men in Europe and the US and the second most 52 

common cancer globally (1).  Multiple systemic therapies are available for the treatment of metastatic prostate cancer 53 

(mPCa). Of them, taxane-based chemotherapies are among the most effective treatments that prolong overall survival 54 

(OS). Docetaxel is recommended in mCRPC and mHSPC (2,3) after showing survival benefit (4,5). However, most 55 

patients who receive docetaxel therapy will ultimately develop resistance. In this context, cabazitaxel has been 56 

recommended in most guidelines after showing survival benefits in mCRPC patients resistant to docetaxel (2,3,6). 57 

In mPCa, the assessment of response to systemic therapies, including taxane-based chemotherapy, remains 58 

challenging and complex. In routine practice, the response assessment is based on clinical evaluation, serum prostate-59 

specific antigen (PSA) and conventional imaging techniques like bone scintigraphy and computerized tomography 60 

(CT). All of them are retained in the Prostate Cancer Working Group criteria (PCWG3) for response assessment in 61 

clinical trials (7). However, they present intrinsic limitations to evaluate response accurately: clinical evaluation 62 

remains under doctors and patients subjectivity; serum PSA level does not provide data about the heterogeneity of 63 

response and is a non-useful biomarker in non-PSA secreting disease; and CT and bone scintigraphy cannot assess the 64 

response in bone lesions due to frequent sclerotic/osteoblastic reactions in responding patients (8). Bone scintigraphy 65 

can only assess disease progression using the so-called 2+2 criteria to avoid flare phenomena (7). The last criteria 66 

hamper identifying the progression in early stage (7). Notably, the continuation of a potentially toxic treatment in a 67 

progressive disease may further deteriorate the clinical condition of the patient or prevent switching into a new effective 68 

treatment like prostate-specific membrane antigen (PSMA) targeted radioligand therapy (9,10). Therefore, there is an 69 

unmet need to find a tool to evaluate, more timely and accurately, the response to chemotherapy in advanced mPCa.  70 

The recent development of PCa imaging using a specific radiotracer targeting the PSMA has improved the 71 

diagnostic accuracy in initial staging and recurrence detection settings. PSMA positron emission tomography coupled 72 

to CT (PSMA-PET/CT)  provides high-quality images thanks to its high tumor-to-background ratio improving disease 73 

detection rates and significantly impacting patients clinical management while demonstrating a better cost-74 

effectiveness and less radiation exposure than conventional imaging techniques (11-13). Even if factors influencing 75 

the PSMA expression levels are not well defined yet, it has been shown that a decrease in PSMA expression levels 76 

after exposure of PCa cells to taxane cytotoxic agents were due to the decrease in the number of viable cells and not 77 

due to the downregulation of PSMA receptor expression (14).This means that PSMA-PET/CT could be used as an 78 
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imaging tool to assess taxane chemotherapy cytotoxic effects. The PSMA-PET/CT role for response assessment has 79 

been reported in previous studies showing promising results (15-21). However, these preliminary findings are still 80 

inconclusive because of the heterogeneous treatment modalities considered and the lack of outcome data. Also, there 81 

is limited literature data on PSMA-PET/CT role in assessing response to taxane-based chemotherapy in mPCa, 82 

demanding further investigation. In this context, we aimed to investigate the role of 68Ga-PSMA-11 PET/CT for 83 

response assessment in mPCa patients treated with taxane-based chemotherapy and its predictive value on patient 84 

outcome.  85 
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MATERIAL AND METHODS 86 

Patient Population 87 

We retrospectively analyzed a database of all PSMA-PET/CT scans performed at our institution between January 88 

2015 and May 2020. For the aim of this single center study, we selected all patients fulfilling the following inclusion 89 

criteria: histopathology-proven prostate adenocarcinoma, PSMA-PET/CT performed within two months before the 90 

start of taxane-based chemotherapy (docetaxel or cabazitaxel) and a second PSMA-PET/CT up to three months after 91 

the last cycle, without modification of treatment between both scans, Figure 1. A total of 37 patients were included 92 

in the final analysis. Baseline clinical characteristics, including hemoglobin (Hb), alkaline phosphatase (ALP), 93 

International Society of Urological Pathology (ISUP) grade group, and primary treatment, were recorded. All 94 

PSMA-PET/CT scans were requested according to the oncologist discretion. Patients were classified as mHSPC or 95 

mCRPC based on the testosterone level at the treatment time (2). The study design was carried out in concordance 96 

with the Declaration of Helsinki and Good Clinical Practice. The institutional review board and ethical committee 97 

approved this study (number CE3212), and the requirement to obtain informed consent was waived owing to its 98 

retrospective and descriptive design. 99 

Imaging Protocol 100 

All PSMA-PET scans were performed in a standardized manner following our institution’s standard operating 101 

procedure.  Images were acquired 60±3 min after injection of 1.9±0.3 MBq/kg of 68Ga-PSMA-11 using a dedicated 102 

scanner (GE Discovery 690 time-of-flight). Image acquisition was performed in 3D mode (2 min per bed position) 103 

from the mid of thigh to the vertex. Ordered Subset Expectation Maximization (OSEM) algorithms (2 iterations and 104 

24 subsets, Gaussian filter of 6.8 mm full width at half-maximum) were used for image reconstruction. A low-dose 105 

CT scan (120 kVp) was used for attenuation correction and anatomical localization of lesions with no contrast iodine 106 

injection. 107 

Image Analysis and Quantification 108 

Pre- and post-treatment PSMA-PET images were anonymized and stored on our institutional research server. 109 

Maximum intensity, axial, sagittal, and coronal PET/CT images were evaluated on a dedicated workstation (AW Server 110 

3.2 Ext. 2.0 workstation, GE Healthcare, Waukesha, WI, USA). Two independent nuclear medicine physicians 111 
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performed visual assessments blinded to patient clinical data and outcomes. Any suspicious lesion with PSMA uptake 112 

higher than the background and not related to physiological uptake was considered pathological. Volumes of interest 113 

were drawn on baseline PSMA-PET/CT total tumor burden and propagated automatically into the follow-up scan. 114 

Automatic segmentation was generated using the fixed threshold of SUV=3 method as previously described (22), and 115 

a manual modification was performed to exclude the physiological uptake sites (salivary glands, urinary tract, etc.). 116 

The standardized uptake value (SUV) was normalized for the patient’s lean body mass and the volumetric parameters 117 

were calculated. Semi-quantitative parameters including the highest maximum SUV (SUVmax), the mean of SUV 118 

(SUVmean), whole-body PSMA total tumor volume (PSMA-TV) defined as the summation of PSMA-TV of all body 119 

lesions, and the total lesion PSMA uptake (TL-PSMA) defined as PSMA-TV x SUVmean were measured. 120 

PSMA-PET/CT Response Assessment 121 

The PSMA-PET based response was assessed on a per-patient basis. Given that no specific response criteria has been 122 

previously validated for PSMA-PET/CT, we used the delta 30% PSMA expression changes cut-off as recommended 123 

by the consensus statements on PSMA-PET/CT response assessment criteria (23). This cut-off was applied to all 124 

analyzed PSMA-PET quantification parameters. Four different categories were defined as follows: complete response 125 

(CR) defined as the disappearance of the uptake of all pathological PET-positive lesions; partial response (PR) as a 126 

decrease of ≥30% of PSMA uptake; stable disease (SD) as a change of PSMA expression between +29% and -29%; 127 

and progressive disease (PD) as the appearance of ≥ 2 new lesions or an increase in PSMA uptake of ≥30% from 128 

baseline, Figure 2. PSMA-PET responders (PSMA-R) were those patients presenting CR and PR, and non-responders 129 

(PSMA-NR) those presenting PD and SD.  130 

Biochemical Response Assessment 131 

The PSA level measured at the time of PSMA-PET/CT, before and after therapy, was recorded (time window ±1 132 

week). Based on PSA percent (%) changes, patients were classified as biochemical responders (BR) with either 133 

undetectable or decreased PSA levels by ≥50% and biochemical non-responders (BNR) for patients presenting an 134 

increase in PSA or a decrease of <50%. 135 
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Statistical Analysis 136 

Descriptive statistics were computed for the baseline patient characteristics and distributions reported with median 137 

(interquartile range, IQR) for continuous variables and relative frequencies for categorical variables. Fisher’s exact test 138 

(for categorical variables) and Mann-Whitney U (for continuous variables) tests were used to explore the associations 139 

between baseline patient characteristics and PSMA-PET response status. The distribution of continuous variables was 140 

dichotomized based on the median. Phi coefficient test was performed to analyze the correlation between PSMA-PET 141 

and PSA-based responses. The Cox regression hazard model was used to evaluate the association between the clinical 142 

variables, including Hb, ALP, baseline PSA levels, and the PSMA-PET response, and OS. Univariate significant 143 

factors for OS (p<0.05) were included in multivariable analyses. Kaplan-Meier curves were used to plot patient 144 

survival and estimate the survival probabilities and the Log-rank test to compare the survival curves. A subgroup 145 

survival analysis of mCRPC patients was performed. The OS was estimated from the second PSMA-PET scan to the 146 

date of death or last follow-up. A two-sided p-value of <0.05 was considered statistically significant. Statistical 147 

analyses were performed using SPSS Statistics v23.0.  148 
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RESULTS 149 

Patient Population 150 

Thirty-seven patients were included in the analysis. At the time of baseline PSMA-PET, the median age was 70 years 151 

(IQR: 61‒74). At prostate cancer diagnosis, the median ISUP grade group was 4 (range: 1–5). The median baseline 152 

PSA was 27 ng/dl (IQR: 13‒85). The study cohort was composed of 8 (22%) mHSPC and 29 (78%) mCRPC patients. 153 

Twenty-one (57%) patients received docetaxel and 16 (43%) cabazitaxel (median: 6, IQR: 5‒8 cycles). The baseline 154 

PSMA-PET was performed within a median of 16 days (IQR: 9‒30) before the first cycle of taxane-based 155 

chemotherapy and the post-treatment scan within a median of 27 days (IQR: 18‒44) after the last cycle. Details of 156 

patients characteristics are summarized in Table 1. 157 

Quantitative PET Parameters 158 

The median and IQR of quantitative baseline PET parameters PSMA-TV, TL-PSMA, SUVmax, and SUVmean were 159 

136 cm3 (24.5‒471 cm3), 1182 cm3 (146.5‒4086 cm3), 22.9 (10.2‒39.6) and 5.7 (4.2‒9.3), respectively. Post-therapy 160 

median % changes were -36% (IQR: -86% ‒ +55%) for PSMA-MTV, -43% (IQR: -87% ‒ +93%) for TL-PSMA, -161 

22.4% (IQR: -52% ‒ +8%) for SUVmax and -11% (IQR: -30% ‒ +2%) for SUVmean. The PSMA-response criteria 162 

were applied on each PET parameter and the concordance with PSA response is presented in Table 2. PSMA-TV and 163 

TL-PSMA performed equally and showed the highest concordance, with a Phi coefficient of 0.89 (p<0.0001, for both). 164 

PSMA-TV was then used as the PET parameter to define PSMA-R vs PSMA-NR and to evaluate its association with 165 

clinical variables and with OS.  166 

Response Assessment Based on PSMA-PET/CT 167 

Among all patients, 18 patients were classified as PSMA-R (6 CR and 12 PR), and 19 patients as PSMA-NR (17 PD 168 

and 2 SD). In patients presenting PR, median PSMA-TV decrease was -72% (range: -98% ‒ -40%). Among PD, five 169 

patients presented with increased PSMA-TV (median: +57%, range +30% ‒ +84%) and twelve patients with ≥2 new 170 

lesions. Finally, two patients presented SD with a PSMA-TV % change of -19% and +18% without new lesions. 171 

Percentage changes for each patient are presented in Figure 3A. 172 

 173 
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Association between Baseline Clinical Variables and PSMA-PET/CT Response 174 

There was a statistically significant difference between PSMA responders and PSMA non-responders in terms of 175 

disease status (mHSPC vs mCRPC; p=0.001), baseline Hb (p=0.023), ALP (p=0.048) and number of cycles (p = 0.002). 176 

Regarding the number of cycles, PSMA-R received a median of 6 cycles (IQR: 6 – 10) compared to a median of 5 177 

cycles (IQR: 5 – 6) for PSMA-NR. On the other hand, there was no significant correlation between the PSMA-PET/CT 178 

response status and patient age, type of therapy (docetaxel vs cabazitaxel), ISUP grade group, primary treatment (local 179 

vs systemic) and baseline PSA. Table 3. 180 

Association Between Biochemical Response and PSMA-PET/CT Response 181 

Median PSA changes after therapy were -43% (IQR: -94% ‒ +93%), Figure 3B. Eighteen patients were BR with a 182 

median decrease PSA of -93% (IQR: -98% ‒ -74%). Of patients with BR, PSMA-PET/CT presented CR in 6 patients 183 

and PR in 11. Interestingly, from all PSMA-PET/CT partial responders, 3 patients (27%) presented <3 residual PSMA 184 

lesions after taxane-based chemotherapy, considering them as oligo-resistant patients. Nineteen patients were BNR 185 

with a median PSA change of +90% (IQR: +11% ‒ +219%); of them, 16 patients had PD on PSMA-PET/CT (12 186 

patients with new lesions and 4 with increased PSMA-TV), and two patients with no significant PSMA uptake changes 187 

(SD) on post-therapy PSMA-PET, Table 4.  188 

The PSMA-PET/CT response was concordant with PSA-response in 95% of cases (100% in mHSPC and 189 

85% in mCRPC), with 17 patients PSMA-R/BR and 18 PSMA-NR/BNR (Phi = 0.89, p = 0.0001). However, two 190 

mCRPC patients present discordant responses: one patient PSMA-R/BNR with a PSMA-TV -42% but PSA +96%; 191 

and another patient PSMA-NR/BR with PSMA-PET/CT showing >2 new lesions but a PSA decrease -52%. 192 

Patient Survival Outcomes According to PSMA-PET/CT Response Criteria 193 

After a median follow-up of 23 months (IQR: 15 ‒ 30), a total of 16 death events had occurred. Among the whole 194 

population, PSMA-R had longer OS than PSMA-NR (median OS not reached vs 12 months, respectively; HR 0.10; 195 

95% CI: 0.03 – 0.39, p=0.001). In the subgroup analysis of mCRPC, a statistically significant difference in terms of 196 

OS was also present with PSMA-R showing longer OS than PSMA-NR (median OS 22 vs 12 months, respectively, 197 

HR 0.22, 95% CI: 0.06 – 0.82, p = 0.023). In addition, PSMA-R had a better 12-month OS rate of 100% compared to 198 

52% for PSMA-NR (p = 0.011), Figure 4. Among the mHSPC subgroup, only one death was registered at 27 months 199 
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of follow-up. Regarding the two patients with discordant PSMA/PSA response, the patient presenting PSMA-R/BNR 200 

was still alive at 20 months, while the patient with PSMA-NR/BR died 15 months after the second scan. 201 

PSA-based response criteria were significantly associated with OS in the overall population: BR had a longer 202 

OS compared to that of BNR (median OS not reached vs 12 months, HR 0.16; 95% CI: 0.05 – 0.56, p=0.004). However, 203 

its association with OS in mCRPC subgroup was not statistically significant (HR 0.35; p=0.083). Other factors 204 

associated with OS are presented in Table 5. Owing to the small number of events, multivariable analysis was 205 

performed in two models showing that PSMA-PET/CT response is significant for predicting OS in model 1 (p=0.003) 206 

as well as in model 2 (p=0.025), Table 5.  207 
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DISCUSSION 208 

In this study, the role of PSMA-PET/CT for response assessment in mPCa patients undergoing taxane-based 209 

chemotherapy was retrospectively evaluated. We performed our study selecting patients who only received taxane-210 

based chemotherapy without treatment modification between baseline and post-therapeutic scans. The results of our 211 

study show a strong correlation between PSMA-PET/CT based response and PSA-based response in mPCa patients 212 

undergoing taxane-based chemotherapy. Moreover, the PSMA-PET response was independently predictive of survival 213 

with a statistically significant difference in OS between PSMA responders and non-responders. 214 

The strong correlation shown between the PSMA-PET/CT and PSA-based response was superior to what was 215 

previously reported by Seitz et al. (21). They analyzed 23 patients undergoing docetaxel chemotherapy and showed a 216 

correlation of PSMA-PET/CT response with PSA-based response in 86% of mHSPC and 56% mCRPC. In our study, 217 

we found a perfect correlation in the mHSPC subgroup (100%) and a substantial concordance in mCRPC patients 218 

(85%). Many factors might explain these differences, including the low number of patients or the methodology used 219 

to assess response.  In fact, the definition of PSMA-PET/CT response criteria is not standardized yet. Some 220 

investigators proposed to extrapolate the Positron Emission Tomography Response Criteria in Solid Tumors 221 

(PERCIST) criteria applied for 18F-Fluoro-deoxyglucose (FDG) PET/CT to the PSMA-PET/CT scan (15,19,21). 222 

Nevertheless, these criteria analyze response only in selected target lesions and not in the whole tumor volume. In 223 

patients with diffuse skeletal metastases, selecting individual lesions is practically unfeasible, owing to the added 224 

difficulty in assessing response (19). To assess response to treatment on PSMA-PET/CT, the treatment induced % 225 

changes on different PET quantitative parameters were tested (SUVmax, SUVmean, PSMA-TV and TL-PSMA), all 226 

of them showing a significant correlation with PSA-response. Of them PSMA-TV and PSMA-TL performed equally 227 

and showed the highest concordance, with a Phi coefficient of 0.89 (p<0.0001, for both). We selected PSMA-TV for 228 

the subsequent analysis of the study. PSMA-TV represents the whole-body PSMA-expressing tumor burden; therefore, 229 

PSMA-TV changes may reflect the taxane induced cytotoxic effects. Preclinical data have previously shown that 230 

decreased PSMA expression levels after taxane-based chemotherapy resulted from the decline in the number of viable 231 

cells and not from the decrease in the PSMA expression on the cells membrane (14). Other studies have reported the 232 

potential value of PSMA-TV for assessing response to different systemic therapies in PCa but none with an 233 

homogeneous population under taxane-based chemotherapy (15,24,25). We defined the response on PSMA-PET/CT 234 

using PSMA-TV and a cutoff of 30% decrease to differentiate responders and non-responders, as well as the 235 



12 
 

appearance of new lesions, based on the “Consensus statements on PSMA-PET/CT response assessment criteria in 236 

prostate cancer” (23). In our cohort, the 30% cut-off is also close to the median PSMA-TV % change (-36%). 237 

Interestingly, the post-therapy PSMA-PET/CT scan could identify 3 patients presenting PSA and PSMA partial 238 

response but showing oligo-resistant disease, meaning that all metastatic lesions showed a CR except for 1-3 lesions. 239 

This is a unique ability of molecular imaging with PSMA-PET/CT that cannot be reproduced if one is following-up 240 

the patient only using tumor markers like PSA. PSA changes will give a patient-based information but never a lesion-241 

based one. This findings will probably open a new area of research to define if oligo-resistant patients might benefit 242 

from additional targeted treatments like stereotactic body radiation therapy, in a similar strategy as the one proposed 243 

for oligometastatic disease at biochemical recurrence, nowadays treated with metastasis directed therapy (26). 244 

Since PSA can be considered a contested biomarker of response in mCRPC, we evaluated the association of 245 

PSMA-PET/CT response with the patient OS. In our cohort, the PSMA-PET/CT response was significantly associated 246 

with OS showing a statistically significant difference between PSMA-R and PSMA-NR (median OS not reached vs 247 

12 months) with a 75% lower hazard rate of death in responding patients. It is also important to note that the outcome 248 

of the two patients with discordant PSMA/PSA responses was more in line with the PSMA response than with the PSA 249 

response. The patient presenting decreased PSMA expression, but increased PSA was alive at 20 months while the 250 

patient presenting new lesions on PSMA-PET/CT but decreased PSA >50% died at 15 months of follow-up. Moreover, 251 

our results suggest a potential PSMA-PET/CT response superiority over PSA response, as PSMA-PET/CT responses 252 

could significantly predict the OS in mCRPC patients, while PSA-based responses could not. To the best of our 253 

knowledge, this is the first study analyzing the role of PSMA-PET/CT response as a predictive biomarker for OS in 254 

patients undergoing taxane-based chemotherapy. Future prospective studies must follow to validate this imaging 255 

technique as a response assessment tool before its introduction in clinical practice and clinical trials. Other known 256 

clinical risk factors such as disease state, Hb and ALP, were also tested presenting statistically significant association 257 

with OS and with the PSMA-PET/CT response. When testing for possible confounding factors in a multivariable 258 

analysis, PSMA-PET/CT response remained an independent predictive factor for OS. However, this observation needs 259 

to be validated on a larger population. 260 

Assessing response to systemic treatment in mPCa patients using conventional imaging techniques is, 261 

nowadays, a difficult task. According to PCWG3 criteria, the radiographic response with CT or MRI can only be 262 

measured with RECIST1.1 in the presence of measurable lesions (excluding sclerotic bone lesions or sub-centimetric 263 
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lymph nodes). With PCa metastatic disease located predominantly in bone and lymph nodes, RECIST 1.1 is only 264 

applicable in a minority of cases. The ability of PSMA-PET/CT to accurately detect metastatic disease and its potential 265 

role in response assessment may have an important impact on clinical management. Following PCWG3 criteria, 266 

systemic treatments should not be stopped based on the PSA values during the first 12 weeks after treatment initiation 267 

(7), meaning that patients would receive at least five cycles of chemotherapy, even if they were finally not responding. 268 

That increases the risk of treatment-related toxicity in patients not benefiting from it, deteriorating the patient clinical 269 

condition, which may, in turn, have a negative impact on the choice of subsequent treatment. In this context, early 270 

response assessment with PSMA-PET/CT could allow for a rapid switching to another effective systemic therapy like 271 

177Lu-PSMA-617 that has recently demonstrated a benefit in OS in mCRPC after taxane-based chemotherapy (9,10). 272 

For this, prospective trials are needed testing the negative predictive value of PSMA-PET/CT response performed 273 

early during chemotherapy (e.g., after 4-8 weeks) compared to the end of treatment response. 274 

Our study had some limitations that emerge from its retrospective design and the limited number of patients. 275 

Heterogeneous populations comprising mCRPC and mHSPC patients were included, which might influence the 276 

outcome. However, we performed a subgroup analysis in the mCRPC subgroup, showing the prognostic value of the 277 

PSMA-PET/CT response. PSMA-PET/CT time-points were not standardized between patients due to the retrospective 278 

nature of the study, but a maximum time window was applied. Our study did not compare PSMA-PET/CT response to 279 

RECIST 1.1 criteria as only a minority of patients had RECIST measurable disease as well as because the acquired CT 280 

part of the PET/CT was low-dose without contrast injection, making it suboptimal for RECIST 1.1 measurements (27). 281 

It is well-known that RECIST 1.1 has an inherent limitation to monitor the response to treatment of sclerotic bone 282 

metastases, which constitute most of the metastatic presentation in mCRPC patients. Moreover, small lymph nodes are 283 

easily depicted with PSMA-PET/CT but not measurable by RECIST 1.1. On the other hand, recent improvements in 284 

semiautomatic segmentation methods and quantification analysis on PSMA-PET/CT scans will facilitate its 285 

implementation as a response assessment tool in routine clinical practice.  286 
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CONCLUSION 287 

This retrospective analysis suggests that 68Ga-PSMA-11 PET/CT is a promising imaging tool to assess response to 288 

taxane-based chemotherapy (docetaxel and cabazitaxel) in mPCa patients. Post-therapeutic PSMA-expression changes 289 

are highly correlated to PSA and may be used as an independent predictive biomarker for OS with PSMA-PET/CT 290 

responders presenting significantly longer OS than PSMA-PET/CT non-responders. This might help in tailoring 291 

individual treatment and selecting eligible patients for clinical trials. Further prospective studies are needed to confirm 292 

these findings.  293 
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KEY POINTS 303 

QUESTION: Can PSMA-PET/CT be used to assess response to taxane-based chemotherapy in mPCa patients? 304 

PERTINENT FINDINGS: In a cohort study of 37 patients with metastatic prostate cancer undergoing taxane-based 305 

chemotherapy, PSMA expression changes on PET/CT were associated with the response to therapy and could 306 

independently predict overall survival (OS). PSMA-PET/CT responders presented a significantly longer OS than 307 

PSMA-PET/CT non-responders.      308 

CLINICAL IMPACT FOR PATIENT CARE: PSMA-PET/CT is a promising imaging technique that can be used 309 

to assess the response to taxane-based chemotherapy and to predict patient’s prognosis.  310 
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TABLES 379 

TABLE 1. Patients characteristics 380 

Characteristics N=37 

Age (years), median (IQR) 70 (61 – 74) 

ISUP grade, n (%)  

             1-3 10 (27) 

             4-5 25 (68) 

             Unknown  2 (5) 

Primary treatment, n (%)  

             Surgery 28 (75) 

             Radiotherapy 1 (3) 

             Systemic therapy 8 (22) 

Baseline PSA (ng/ml), median (IQR) 27 (13–85) 

Number of cycles, median (range)  

             Docetaxel  6 (4–10) 

             Cabazitaxel 6 (3–10) 

Disease state, n (%)  

             mHSPC  8 (22) 

             mCRPC 29 (78) 

Metastases sites, patients n (%)  

             Bone 27 (73) 

             Lymph nodes  

                   pelvic 16 (43) 

                   extra pelvic 28 (75) 

             Prostatic bed 7 (19) 

             Visceral metastases 6 (16) 

Follow-up time (months), median (IQR) 23 (15–30) 

1st PSMA-PET/CT to 1st cycle (days), median (IQR) 16 (9–30) 

Last cycle to 2nd PSMA-PET/CT (days), median (IQR) 27 (18–44) 

ISUP, International Society of Urological Pathology; mHSPC, 

metastatic hormone-sensitive prostate cancer; mCRPC, metastatic 

castration-resistant prostate cancer; PSA, prostate-specific antigen; 

IQR, interquartile range. 

  381 
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TABLE 2. Distribution of PSMA-PET/CT responses according to different PET parameters and their concordance 382 

with PSA response. 383 

Parameter 
 PSA response 

Phi coefficient 
 responders non-responders 

 SUVmax 
responders 12 0 0.71 

P <0.0001 non-responders 6 19 

 SUVmean 
responders 9 0 0.58 

P = 0.001 non-responders 9 19 

 PSMA-TV 
responders 17 1 0.89 

P <0.0001 non-responders 1 18 

 TL-PSMA 
responders 17 1 0.89 

P <0.0001 non-responders 1 18 

SUV, standardized uptake value; PSMA-TV, PSMA total tumor volume; TL-PSMA, total lesion PSMA.  384 
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TABLE 3. Differences between PSMA-R and PSMA-NR regarding different clinical factors.  385 

Variable value 
PSMA-

responders 

PSMA-non-

responders 

p-

value 

Age ≤70 years 11 8 0.248 

 >70 years 7 11  

ISUP grade 1-3 3 7 0.146 

 4-5 15 10  

Primary therapy  radical therapy 15 14 0.379 

 systemic therapy 3 5  

Type of therapy Docetaxel 13 8 0.065 

 Cabazitaxel 5 11  

Disease stage mHSPC 8 0 0.001 

 mCRPC 10 19  

Baseline PSA ≤27 ng/mL 10 8 0.413 

 >27 ng/mL 8 11  

Hemoglobin ≥13 g/dL 13 7 0.023 

 <13 g/dL 5 12  

Alkaline 

phosphatase 
≤129 IU/L 17 12 0.048 

 >129 IU/L 1 7  

Alkaline phosphatase and hemoglobin were dichotomized according to standard reference value in our laboratory. 386 

Age, serum PSA, and the number of cycles were dichotomized according to the median. 387 
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TABLE 4. Distribution of response as defined according to PSA and PSMA-PET/CT 389 

 PSMA responders PSMA non-responders 

  CR PR SD PD 

PSA responders 6 11 0 1 

PSA non-responders 0 1 2 16 

CR, complete response; PR, partial response; SD, stable disease; PD, progressive disease 390 

  391 



24 
 

TABLE 5. Univariate and multivariate cox regression analyses presenting the association of clinical factors and 392 

PSMA-PET/CT response with OS. 393 

  Univariate analyses   Multivariate analyses 

  HR (95% CI) p-value   HR (95%CI) p-value 

Model 1        

PSMA-response (yes vs no) 0.10 (0.03 — 0.39) 0.001   0.10 (0.02 — 0.44) 0.003 

Log-PSA (baseline) 1.78 (1.17 — 2.72) 0.007   1.46 (0.91 — 2.34) 0.110 

Hemoglobin (baseline) 0.64 (0.50 — 0.81) 0.001   0.53 (0.36 — 0.77) 0.001 

Model 2        

PSMA-response (yes vs no) 0.10 (0.03 — 0.39) 0.001   0.21 (0.05 — 0.82) 0.025 

Disease state (mHSPC vs mCRPC) 0.08 (0.01 — 0.65) 0.019   0.17 (0.02 — 2.02) 0.162 

Log-ALP (baseline) 2.63 (1.29 — 5.36) 0.007   2.07 (0.92 — 4.67) 0.080 

HR, hazard ratio; CI, confidence interval; ALP, alkaline phosphatase. 394 

  395 
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FIGURES AND LEGENDS 396 

 397 

FIGURE 1. Flow chart of patient selection process. 398 
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 399 

FIGURE 2. Maximum Intensity Projection images of the different response scenarios on PSMA-PET/CT. PSMA 400 

responders: including patient (A) and patient (B) with, respectively, the disappearance of all PSMA-positive lesions 401 

(complete response, CR) or a decrease of PSMA-TV >30% (partial response, PR). PSMA non-responders: including 402 

patient (C) and patient (D) with, respectively, the appearance of new lesions and increased PSMA-TV >30% 403 

(progressive disease, PD) or neither new PSMA-positive lesions nor PSMA-TV 30% changes (stable disease, SD). 404 
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 405 

 406 

FIGURE 3. Waterfall Plot representing the individual percent change of PSMA-TV (A) and of PSA (B) after 407 

taxane-based chemotherapy. 408 
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 409 

 410 

FIGURE 4. Kaplan-Meier plots for overall survival (OS) in the whole population (A) and in the mCRPC subgroup (B). OS for PSMA-R vs PSMA-NR in the 411 

whole population (C) and for the mCRPC subgroup (D). P-value obtained from Log-rank test.412 
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