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ABSTRACT 38 

Background: 177LuPSMA-617 is an effective and novel treatment in metastatic 39 

castrate-resistant prostate cancer (mCRPC). Our ability to assess response rates and 40 

therefore efficacy may be improved using predictive tools. This study investigates the 41 

predictive value of serial 177Lu- PSMA SPECT imaging in monitoring treatment 42 

response. Methods:  56 men with progressive mCRPC previously treated with 43 

chemotherapy and novel androgen signaling inhibitor (ASI) enrolled in LuPIN trial 44 

receiving up to 6 doses of LuPSMA-617 and a radiation sensitizer (NOX66). 68Ga-45 

PSMA-11 and 18FDG PET/CT were performed at study entry and exit, and 177Lu-46 

SPECT/CT (SPECT) vertex to mid thighs was acquired 24hrs following each treatment. 47 

SPECT quantitative analysis was undertaken at cycles 1 (baseline) and 3 (week-12) of 48 

treatment (C1 and C3). Results: 32/56 men had analyzable serial 177Lu-SPECT/CT 49 

imaging at both C1 and C3. In this subgroup, median PSA-PFS was 6.3 months (95%CI 50 

5-10) and median OS 12.3 months (95%CI 12-24). PSA 50% response rate was 63% 51 

(20/32). SPECT total tumor volume (SPECT-TTV) was reduced in 68% (22/32, median -52 

0.20L (-1.4 to -0.001) and increased in 31% (10/32, median 0.36 (0.1-1.4)). Any 53 

increase in SPECT-TTV was associated with shorter PSA-PFS (HR 4.1 (95% CI 1.5-54 

11.2), p 0.006). A ≥30% increase in SPECT-TTV was also associated with shorter PSA-55 

PFS (HR 3.3 (95%CI 1.3-8.6), p 0.02). Tumoral SUVmax was reduced in 91% (29/32) 56 

and SUVmean in 84% (27/32); neither was associated with PSA-PFS or OS outcomes. 57 

PSA progression by week-12 was also associated with shorter PSA-PFS (HR 26.5 58 

(95%CI 5.4-131). In the patients with SPECT-TTV progression at week-12, 50% (5/10) 59 

had no concurrent PSA progression (median PSA-PFS 4.5 months (95% CI 2.8-5.6), 60 
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and 5/10 men had both PSA and SPECT TTV progression at week 12 (median PSA-61 

PFS 2.8 months (95% CI 1.8-3.7). Conclusion:  Increasing PSMA-TTV on quantitative 62 

177Lu-SPECT/CT predicts short progression free survival and may play a future role as 63 

an imaging response biomarker.  64 

  65 
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INTRODUCTION 66 

 67 

177LuPSMA-617 is an effective therapy in metastatic castrate resistant prostate cancer 68 

although treatment resistance and short response duration remains common(1-4). 69 

Accurate monitoring of response to 177LuPSMA-617 may improve patient outcomes by 70 

enabling treatment escalation, change in treatment, or treatment ‘holiday’, dependent on 71 

imaging results. Interim and serial PSMA PET has recently been shown to be predictive 72 

of progression free survival with PSMA targeted radionuclide therapy (5). Quantitative 73 

177Lu-single photon emission computed tomography /CT (177Lu-SPECT) imaging 74 

following each 177LuPSMA-617 dose may also be valuable in response monitoring in 75 

addition to providing dosimetric information. This LuPIN trial sub-study aimed to 76 

determine if quantitative parameters on serial 177Lu-SPECT imaging 24 hours post 77 

177LuPSMA-617 therapy were predictive of treatment response and progression free 78 

survival. 79 

 80 

MATERIALS AND METHODS 81 

The LuPIN trial is a prospective single centre phase I/II dose escalation and 82 

expansion trial of combination 177LuPSMA-617 and NOX66 for men with mCRPC 83 

previously treated with at least one line of taxane chemotherapy and androgen signaling 84 

inhibitor (ASI). The clinical results have been previously published (6,7). St Vincent’s 85 

Hospital institutional review board approved the study protocol (HREC/17/SVH/19 86 

ACTRN12618001073291) and all patients provided informed written consent. 87 

 88 
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Screening  89 

Men with progressive mCRPC, based on either conventional imaging (computed 90 

tomography [CT] and bone scan) or a rising PSA based on Prostate Cancer Working 91 

Group 3 (PCWG3) criteria (8), were eligible for screening. Prior treatment with at least 92 

one line of taxane chemotherapy (docetaxel and/or cabazitaxel) and an ASI 93 

(abiraterone and/or enzalutamide) were required for inclusion. Men underwent 94 

screening with 18F-fluorodeoxyglucose (FDG) and 68Ga-HBEDD-PSMA-11 (PSMA) 95 

PET/CT, bone scan and CT of the chest, abdomen, and pelvis. Molecular screening 96 

criteria were based on SUVmax rather than physiologic activity (liver or parotid). Men 97 

were eligible if they had a Standardized Uptake Value (SUV) maximum > 15 on PSMA 98 

PET at ≥ 1 site, an SUVmax >10 at all measurable sites, and no FDG avidity without 99 

corresponding PSMA uptake.  100 

 101 

Study Treatment 102 

Men received up to 6 doses of 177LuPSMA-617 at 6-week intervals with 3 dose 103 

escalated cohorts of NOX66 (400mg, 800mg, 1200mg). NOX66 suppositories were 104 

administered as a radio-sensitizer on days 1-10 post each 177LuPSMA-617 injection. All 105 

cohorts were administered 7.5 GBq of 177LuPSMA-617 on day 1 via slow intravenous 106 

injection. The PSMA-617 precursor (AAA Novartis) was radiolabelled to no-carrier-107 

added 177lutetium chloride according to manufacturer’s instructions. Quality control tests 108 

for radionuclide and radiochemical purity were performed using high-pressure liquid 109 

chromatography and thin-layer chromatography. Blood was prospectively collected prior 110 
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to assess adverse events and biochemical responses. Patients were treated on trial 111 

until they were no longer clinically benefitting from treatment. 112 

 113 
Imaging procedures and analysis 114 

PSMA and FDG PET/CT scans were performed at baseline and trial exit (after 115 

completing 6 cycles or when treatment was ceased) with imaging acquisition and 116 

analysis parameters previously published(9). 177Lu-SPECT (vertex to mid thighs) were 117 

acquired 24 hours after 177LuPSMA-617 injection using a Discovery 670 system (GE 118 

Healthcare, Milwaukee, USA) with the following parameters: medium energy 119 

collimators, 3 bed positions, 60 projections over 360 degrees with an acquisition time of 120 

10 seconds per frame, 128 x 128 matrix and 4.42 x 4.42 mm2 pixel size. An energy 121 

window centered on 208 keV +/- 10% with a 165 keV +/- 6.5 % scatter window were 122 

used. A non-contrast low dose CT scan was performed immediately after using the 123 

following parameters: pitch = 1, tube voltage of 120 kV, automatic mAs control 124 

(reference mAs 90), slice thickness of 3.7mm, matrix of 512 x 512, field of view of 40cm. 125 

The SPECT projection images were reconstructed with an iterative Ordered Subset 126 

Estimation Maximum (OSEM) algorithm that used 4 iterations and 10 subsets using 127 

SPECTRA Quant™ (MIM Software, Inc, Cleveland, USA). No pre- or post-128 

reconstruction filters were applied. CT-based Attenuation Correction, Dual Energy 129 

Window Scatter Correction, collimator-based Resolution Recovery, and quantitative 130 

conversion to SUV were performed during the reconstruction. The conversion from 131 

counts to units of activity was calculated based on a cylinder phantom with known 132 

activity. 133 

 134 
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Quantitative analysis 135 

177Lu-SPECT and 68Ga PSMA PET/CT were analysed semi-quantitatively by a 136 

nuclear medicine physician utilising MIM (LesionID™, MIM Software Inc., Cleveland, 137 

US) software and a standardised semi-automated workflow to delineate regions of 138 

interest with a minimum SUV cut-off of 3. All lesions identified quantitatively were 139 

manually reviewed and physiologic activity removed. Whole body quantitation derived 140 

total tumor volume (TTV), SUVmax and SUVmean for both PSMA-PET and PSMA-141 

SPECT (10).   142 

   143 

Statistical Analyses 144 

We measured PSA decline from baseline (≥50% (PSA50)) at any time-point, 145 

PSA progression-free survival (PSA-PFS) as defined by PCWG3 criteria, and overall 146 

survival (OS) (8,11). The Kaplan-Meier method was used to characterise time-to-event 147 

endpoints and estimate medians (presented with 95% CIs). We correlated changes in 148 

TTV, PSMA intensity, clinical and biochemical parameters with time-to-event outcomes, 149 

using univariate Cox proportional hazards regression models (12,13). Continuous 150 

variables included increase in TTV, SUVmax, SUVmean, time since diagnosis. P-values 151 

below 5% were considered significant. We compared TTV from PSMA-PET/CT with C1 152 

177Lu-SPECT derived tumour volume using scatter plots, Pearson’s correlation 153 

coefficient. Reproducibility of 177Lu-SPECT TTV and PSMA- SUVmax was undertaken 154 

using repeatability statistics calculated from a hierarchical linear mixed model that 155 

accounted for variance in score at the patient level. (14). A 95% confidence interval for 156 
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the repeatability statistics was derived via bootstrapping. Analyses were performed 157 

using R (version 4.0.5). 158 

 159 

RESULTS 160 

Baseline Patient Characteristics 161 

57% (32/56) men enrolled in LuPIN had 177Lu-SPECT imaging suitable for analysis. 162 

30% (17/56) had incomplete SPECT data precluding analysis and 13% (7/56) did not 163 

reach C3 of treatment. Baseline characteristics are summarized in Table 1. In this 164 

LuPIN sub-study, 53% (17/32) completed 6 cycles of treatment while 47% (15/32) 165 

completed between 3 and 5 cycles. 63% (20/32) achieved PSA50 at any time point. At 166 

time of analysis, 84% (27/32) were deceased. There was no difference in either PSA-167 

PFS or OS based on NOX66 dose. Overall, median OS was 12.3 months (95%CI 11.7-168 

23.6). Median PSA PFS was 6.3 months (95% CI 5.1-9.8).  169 

 170 

SPECT Quantitation 171 

SPECT quantitation measures at baseline and week 12, including SPECT-TTV, 172 

SUVmax and SUVmean are summarized in Table 2. SPECT-TTV was reduced between 173 

baseline and week-12 in 68% (22/32, median -0.20L (-1.4 to -0.001)) and increased in 174 

31% (10/32, median 0.36 (0.1-1.4)). A 30% increase in SPECT-TTV by week-12 was 175 

identified in 19% (6/32). SUVmax was reduced between baseline and week-12 in 91% 176 

(29/32, median -28.9, (-195 to +42)) and SUVmean reduced in 84% (27/32, median -2.6 177 

(-12 to +10)).  178 

  179 
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Correlation with Patient Outcomes  180 

Increase in SPECT-TTV between baseline and week-12 was associated with 181 

significantly worse PSA-PFS (HR 4.1 (95% CI 1.5-11.2), p 0.006). Median PSA-PFS in 182 

those with an increase in SPECT-TTV was 4.5 months (95%CI 2.8-5.6), compared to 183 

7.1 months (95%CI 6.3-10.7) for those with no increase in TTV. A ≥ 30% increase in 184 

SPECT-TTV was also associated with shorter PSA-PFS (HR 3.3 (95%CI 1.3-8.6), p 185 

0.02). (Figure 1). Increased SUVmax or SUVmean between baseline and week-12 were 186 

not associated with PSA-PFS or OS (Table 3). 25% (8/32) patients demonstrated PSA 187 

progression by Week-12. PSA progression at week-12 was associated with significantly 188 

worse PSA-PFS (HR 26.5 (95%CI 5.4-131), p<0.001). Pts with PSA progression at 189 

week-12 had a median PSA-PFS of 3.5 months (95%CI 1.1-4.5) vs 7.9 months (95%CI 190 

6.3-10.7) in those without PSA progression.  In the 10 patients with SPECT-TTV 191 

progression at week-12, 50% (5/10) had no concurrent PSA progression (median PSA-192 

PFS 4.5 months (95% CI 2.8-5.6)), and 5/10 men had both PSA and SPECT TTV 193 

progression at week 12 (median PSA-PFS 2.8 months (95% CI 1.8-3.7)) (Figure 2). 194 

 195 

Reproducibility 196 

TTV was compared between 68Ga PSMA-11 PET/CT at screening and the baseline 197 

177Lu-SPECT/CT (median days between scans 15 (range 6-56)). There was a strong 198 

correlation between PSMA-PET TTV and C1 177Lu-SPECT TTV (R = 0.87 (95% CI 0.74-199 

0.93), p < 0.001) (Figure 3). Mean TTV was similar on PSMA PET compared to SPECT 200 

[ PET-TTV 925mls (± 856mls) and SPECT-TTV 949mls (± 852mls)]. 201 
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Repeatability of 177Lu-SPECT quantitative analysis was assessed in all 32 202 

patients. There was no evidence of a systematic difference between test and retest for 203 

SUVmax, SUVmean or TTV. Repeatability estimate for SUVmax was 0.99 (95%CI 0.97-204 

0.99), SUV mean 0.90 (95%CI 0.81-0.95) and TTV 0.99 (95%CI 0.98-0.99) (Table 4).  205 

 206 

DISCUSSION  207 

This study has found that quantified changes in SPECT-TTV between baseline and 12-208 

week 177LuPSMA-617 predict progression free survival in men treated on a prospective 209 

PSMA targeted therapy trial. This is the first study that has evaluated SPECT 210 

parameters for response biomarker capability, a potentially valuable development that 211 

utilizes a readily available tool to potentially enhance personalized treatment by directly 212 

assessing treatment response. 177LuPSMA-617 has proven an effective therapy for 213 

mCRPC with randomised trials demonstrating both improved overall survival and 214 

radiographic progression free survival compared to standard of care(3) , and higher 215 

PSA 50% response rates and improved patient reported outcomes compared to 216 

cabazitaxel (2). However, responses can be heterogenous and progression free survival 217 

remains relatively short(2,3).  Combination trials with 177LuPSMA-617 are underway to 218 

investigate whether combining 177LuPSMA-617 with other agents may deepen and 219 

prolong responses (NCT04419402, NCT03658447, NCT03874884)(15). Predictive and 220 

interim response biomarkers, both imaging and genomic, will be critical in personalising 221 

treatments to optimise longer term treatment responses to PSMA targeted radionuclide 222 

therapy (5,9). Although there are limitations in spatial resolution with 177Lu-SPECT, its 223 

elegant potential as a response biomarker warrants further evaluation.Molecular 224 



12 
 

imaging as interim response biomarker has been particularly successful in optimising 225 

treatment responses with the use of a 12-week 18F-FDG PET in lymphoma (16,17) (18-226 

20).  More recently, Gafita et al have proposed a 12-week interim PSMA PET scan 227 

based on its predictive value for early disease progression in a multi-centre 177LuPSMA-228 

617 therapy trial (RECIP 1.0) (5). Being able to identify treatment resistant phenotypes 229 

early could allow either intensification with the addition of synergistic drugs, or change in 230 

treatment, thereby maximising opportunities for treatment response in individual 231 

patients and avoiding the clinical and financial costs of continuing futile treatment. 232 

Generally, this has been done in mCRPC by monitoring serum PSA response (21). 233 

Similar to PSMA, there is heterogeneity of PSA expression, meaning it is not an 234 

accurate measure of disease volume in a significant proportion of men with mCRPC 235 

(22). In this study, both SPECT TTV and PSA progression were predictive of 236 

progression free survival. However, 21% of those in this study with no PSA progression 237 

had 177Lu-SPECT TTV progression. Gafita et al had a similar finding with 14% 238 

demonstrating PSMA PET progression prior to PSA progression (5). Larger numbers 239 

are required to determine if use of 177Lu-SPECT-TTV in combination with PSA can more 240 

effectively identify disease progression, but this study provides strong preliminary 241 

evidence, with SPECT identifying progression in a subset of patients that had not yet 242 

had a PSA rise. These results raise the question as to whether 77LuPSMA-SPECT or 243 

PSMA PET should be used as preferred interim imaging response biomarker for 244 

177LuPSMA-617 therapy. 245 

Post therapy imaging both with planar and SPECT following radionuclide therapy has 246 

been traditionally utilized for dosimetric calculation to determine dose to non-target 247 
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organs and tumor(23-26). Due to its significantly lower spatial resolution and inability to 248 

detect small lesions relative to PET imaging, it has not been considered for treatment 249 

response. In our direct comparison of quantitative findings between Ga PSMA-PET and 250 

SPECT within 2 weeks,  TTV was very similar between SPECT and PET with a high 251 

correlation between the two modalities, although theoretically SPECT will underestimate 252 

small volume disease (27). However, evaluating disease progression requiring 253 

treatment change or intensification should not depend on identifying small volume 254 

disease. A lesion that is below spatial resolution for detection on SPECT, will become 255 

visible as its size increases. While the findings from this trial confirm that SPECT has 256 

potential for identifying clinically significant disease progression, the opposite may be a 257 

more difficult issue. SPECT may struggle to confirm complete resolution of all sites of 258 

disease in men with exceptional responses to 177LuPSMA-617 therapy. Confirmation of 259 

exceptional response may indeed require the spatial resolution of PSMA PET and 260 

further research in this is required to more precisely define the limitations of Lu-SPECT 261 

and appropriate minimal volume changes required to identify progression.  262 

This study relied on quantitation of SPECT data to determine an increase in TTV 263 

rather than visual assessment. It is becoming clear that assessment of treatment 264 

response using PSMA-based imaging for PSMA targeted therapy must focus on 265 

changes in volume rather than measures of intensity (28,29). Accurately assessing 266 

changes in tumour volume visually can be difficult, especially in the presence of large 267 

volume metastatic bone disease. We found repeatability of tumour volume on  177Lu-268 

SPECT was high and comparable to PSMA PET/CT (30). However, quantitation 269 

remains outside of routine reporting guidelines and is time intensive to undertake. 270 
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Further work needs to be done both to evaluate accuracy of quantitation over visual 271 

assessment, and streamline quantitation to be more user friendly for integration into 272 

routine clinical practice (31). 273 

Changes in SPECT TTV were predictive of progression free but not overall survival in 274 

this study. While this may be due to the small patient cohort, it may also be because 275 

many patients with progressive disease on the 12-week post therapy SPECT were 276 

taken off trial and changed therapy to an agent which proved effective. Further work is 277 

required to evaluate the benefit of SPECT as a prognostic biomarker. 278 

 279 

There are several limitations to this study. Firstly, patient numbers are small, and a 280 

larger cohort is needed to validate these findings. This is a single centre study and 281 

177Lu-SPECT quantitative measures can vary significantly between centres and systems 282 

(32). Further evaluation is required to harmonise image acquisition and reconstruction 283 

across centres and imaging systems for results to be reproducible. Finally, further 284 

research is necessary to better define appropriate volume cut-offs for significant 285 

increase in TTV that should be used to identify disease progression. This will require 286 

trials with larger patient numbers and outcome data. However, this study has provided a 287 

strong foundation on which to build further work. 288 

 289 

CONCLUSION 290 

Increasing PSMA -TTV on quantitative 177Lu-SPECT/CT predicts short progression free 291 

survival and identified progression in some men that had yet to demonstrate PSA 292 

progression. This tool shows promise as an imaging response biomarker.  293 
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KEY POINTS 311 

Question: Do the SPECT images acquired 24 hours following 177Lu PSMA-617 therapy 312 

provide predictive information on patient outcomes? 313 

Pertinent Findings:  Change in SPECT total tumor volume between dose 1 and dose 3 314 

Lu PSMA is predictive of progression free survival. 315 

Implications for patient care:   The post therapy SPECT images early in treatment have 316 

the potential to predict patient responses to therapy. This may allow adjustments in 317 

treatment combinations or change in therapy to improve patient outcomes.  318 

  319 
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FIGURES 445 

Figure 1. Kaplan-Meier curve for PSA-PFS stratified by (A) any increase in SPECT-TTV 446 

at cycle 3 (B) >30% increase in SPECT-TTV at cycle 3  447 

 448 

 449 

  450 
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Figure 2. Maximum intensity projection (MIP) and quantitation of 177Lu-SPECT at cycle 1 451 

(A) and cycle 3 (B) for a patient with reduction in SPECT-TTV and PSA and a PSA-PFS 452 

22 months. MIP and quantitation of 177Lu-SPECT at cycle 1 (C) and cycle 3 (D) for a 453 

patient with increase in SPECT-TTV > 30% but no increase in PSA and a PSA-PFS 5 454 

months. 455 

 456 

 457 
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Figure 3. Scatterplot of log(PSMA-TTV) at baseline versus log(SPECT-TTV) at cycle 1 459 

 460 
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TABLES 462 

Table 1. Baseline patient characteristics.  463 

Characteristic N=32 

Age (years) 69 (66-73) 

ECOG 

0 or 1 25 (78) 

2 7 (22) 

Prior Systemic treatments 

LHRH agonist/antagonist 32 (100) 

Chemotherapy 32 (100) 

Docetaxel 32 (100) 

Cabazitaxel 29 (91) 

Androgen Signalling Inhibitor (ASI) 32 (100) 

Sites of Disease 

Lymph nodes 18 (56) 

Bone 30 (94) 

Viscera 6 (19) 

Median PSMA tumour volume at screening (mL) 670 (275-1736) 

Number of cycles of 177LuPSMA-617 received 6 (3-6) 

Numbers are presented as absolute counts (percentage) or median (interquartile 464 
range). 465 
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Table 2. Summary of 177Lu-SPECT/CT quantitation at C1 and C3. 467 

 Cycle 1 SPECT Cycle 3 SPECT 

TTV (mL)  787 (282-1298) 492 (191-1190) 

SUVmax 70 (57-100) 36 (27-60) 

SUVmean 10.1 (8-12) 8 (6-9) 

Results presented as median (IQR). 468 
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Table 3. Univariable analysis of clinical and imaging markers and association with PSA-470 
PFS and OS.  471 

Univariable analysis Overall survival  PSA progression free 
survival  

Increase in SPECT TTV (litres) † 1.5 (0.6-4.1) [0.40] 4.1 (1.5-11.2) [0.006] 

Increase in SPECT SUVmax † 1.002 (0.99-1.01) [0.75] 1.004 (0.99-1.02) [0.51] 

Increase in SPECT SUVmean† 1.11 (0.98-1.24) [0.09] 1.11 (0.99-1.23) [0.06] 

PSA progression † 5.6 (2.1-14.8) [<0.001] 26.5 (5.4-131) [<0.001] 

PSA decline ≥ 50% † 0.31 (0.1-0.8) [0.02] 0.40 (0.2-0.9) [0.02] 

Time since diagnosis 0.95 (0.88-1.03) [0.18] 0.93 (0.87-1.01) [0.09] 

Hazard ratios are presented as HR (95%CI) [p value]. †at week 12 472 
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Table 4. Repeatability of 177Lu-SPECT quantitation measures.  474 

    Absolute test-retest 
difference 

Repeatability estimate 

SUVmax 1.47 (-1.46 to 4.39) 0.99 (0.97-0.99) [<0.001] 

SUVmean -0.29 (-1.06 to 0.48)  0.90 (0.81-0.95) [<0.001] 

Tumour volume (mL) 34.21 (-14.62 to 83.03) 0.99 (0.98-0.99) [<0.001] 

Results presented as Estimate (95%CI) [p value]. 475 
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