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ABSTRACT
Objectives

To develop a registration framework for correlating positron emission tomography/computed
tomography PET/CT) images with multiparametric MRl (mpMRI) and histology of the

prostate, thereby enabling voxel-wise analysis of imaging parameters.

Patients and methods

In this prospective proof-of-concept study, nine patients scheduled for radical prostatectomy
underwent mpMRI and PET/CT imaging prior to surgerye®ad PET imaging usintF-
fluoromethylcholine (FCH), five usinfGalabelled prostate-specific membrane antigen
(PSMA)=HBED-CC (PMSA-11) and three using a tffibalabelled THP-PSMA tracer.

PET/CT data waso-registered with mpMRI via the CT scan and an in vivo 3D T2w MR,

and then co-registered with ground truth histology data using ex vivo MRI of the prostate
specimen. Maximum and mean standardised uptake values (SUVmax and SUVmean) were

extracted from PET data using tumour annotations from histology, and Kolmogorov-Smirnov
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tests were carried out to compare between tumour and benign voxel values. Correlation
analysis was performed between mpMRI and PET SUV tumour voxels using Pearson’s

correlation coefficient and R squared statistics.

Results

PET/CT.data-frem all nine patients were successfully registered with mpMRI and histology
data. SUVmax.and SUVmean ranged from 2.21 to 12.11 and 1.08 to 4.21, respectively. All
patients showedthe PET SUV values in benign and tumour voxels were from statistically
different distributions. Correlation analysis showed no consistent trend between the T2w or
ADC values and PET SUV. However, parameters from DCE MRI including the maximum
enhancement«{(ME), volume transfer constant Ktrans and the initial area under the contrast
agent congentration curve (IAUGC60) showed consistent positive correlations with PET
SUV. Furthermore, R2* values from BOLD MRI showed consistent negative correlations
with PET SUV*voxel values.

Conclusion

We have developed a novel framework for registering and correlating PET/CT data at a
voxel-level with mpMRI and histology. Despite registration uncertainties, perfusion and
oxygenation parameters from DCE MRI and BOLD imaging showed correlations with PET
SUV. Further analysis will be performed on a larger patient cohort to quantify these proof-of-
concept findings. Improved understanding of the correlation between mpMRI and PET will

provide supportive information for focal therapy planning of the prostate.

Keywords
multiparametric MRI, PET/CT, prostate cancer, image registration, focal therapy, PSMA
INTRODUCTION

Recent landmark studies have helped define the role of multiparametric magnetic resonance
imaging (mpMRI) in the early detection of prostate cancer. Prospective studies have
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demonstrateds value for detecting clinically significant prostate cancer (1), and also the
accuracy of targeted biopsies in men with suspicious lesions on mpMRI (2). Combined, data
from the PROMIS and PRECISION studies provide a compelling argument for mpMRI to be
used as a triage tool for men suspected of having early prostate cancer and for targeted
biopsiestto bewused instead of systematic biopsies (3). Furthermore, this paradigm also
provides a foundation to select men for focal therapy.

Accurate implementation of biologically-guided focal therapy requires precise tumour
delineation-and.characterisation of intra-prostatic tumour heterogeneity. Most focal therapy
strategies/frely on mpMRI and saturation biopsy techniques such as transperineal mapping
biopsies (4), however it is accepted that mpMRI will miss a proportion of clinically
significant prostate cancers (5). A promising way to augment this approach is to combine
informationsfram mpMRI with molecular information derived from positron emission
tomography«(PET) (6). To date, mpMRI has typically focussed on local staging while PET
has focussed on detecting metastatic dis€a$y. Recent studies have shown that in
combinationthey can provide increased sensitivity and specificity for lesion detection (10)
and can improve treatment planning when compared with using one imaging modality alone
(11). In particular, small but clinically significant lesions which are undetectable on mpMRI
may still be'visualised on PET when there is high tracer uptake, even when the lesion is
below the'theoretical spatial resolution of the PET scanner. Conversely, lesions close to the
bladder base can be obscured by urinary activity but visualised on mpMRI.

Despite these benefits, substantial uncertainty remains regarding how to define and integrate
tumour volumes from imaging into focal therapy planning. Previous focal therapy studies
have used variable and subjective definitions of tumour volume, such as low ADC values
from diffusion weighted imaging (DWI), and a consensus about the best approach is yet to be
reached, In addition, there is a lack of knowledge about how mpMRI and PET relate to each
other and enly=arlimited number of studies with either sdagdkets or no access to ‘ground

truth’ histolegy-data have been carried out to quantify these relationships (12,13). While it is
known that:a€curate quantification of prostate tumour heterogeneity in mpMRI and PET (14)
needs to bassessed agairtsstology,thesedata are not always readily available and it is

also challenging to precisetprrelate histology with imaging data (15).

To address these limitations, in this proof-of-concept study we sought to build upon our

existing co-registration framework (16) to correlate prostate PET imaginga&| with
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ground truth histology. Our ultimate goal is to use these data to improve the sensitivity of
voxel-level prediction models developed using machine learning by our research group to
locate and characterise prostate tumours (17,18). This will berusSadfocussed

radiotherapy (BiRT) treatment planning, a novel form of focal therapy which takes intra-

tumoural-heterogeneity into account.

PATIENTSAND METHODS

Forty-five prostate cancer patients treated by radical prostatectomy at Peter MacCallum
Cancer Centre (PMCC), Melbourne, were recruited to our Human Research Ethics
Committee (HREC) approved mpMRI study and provided their written informed consent.
Nine of thesespatients also had PET/CT imaging to assess their disease and were eligible for
this study..The.mpMRI and PET/CT imaging were acquired at PMCC in all but patient 6 who
had their RET/CT obtained at Monash Imaging, Melbourne. Clinical and pathological details
for each patient'are given in TableMedian patient age was 65 years (interquartile range 9
years), PSA ranged from 2.242 ng/ml, PIRADS version 2 (19) of the index lesion was

either 4 or 5, and Gleason Score of the index lesion was 7 (either 3+4 or 4+3) in all except
patient 9 wheshad a Gleason Score 9 (5+4) tumour. The median number of days before
radical preStatectomy that each imaging study was performed was 15 days for PET/CT and
14 days for mpMRI.

[Table 1 near here]

PET/CT imaging

Table 2 summarises the PET/CT details for each patient including the type of tracer, the
injected activity, uptake time and the voxel size of the PET and CT images. As we did not
have a specified study protocol for the PET imaging, three different tracers were used across
the patiefit cohort, with patient 1 havitf§-fluoromethylcholine (FCH) and the remaining
patients having &Galabelled prostate-specific membrane antigen (PSMA) tracer. This
included patients 2 to 6 who h&Ga PSMA-HBED-CC (PMSA-11) while patients 7 to 9
hadanew radiopharmaceutical tracéGa THP-PSMA as part of a Phase | study carried out

at PMCC (20).
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[Table 2 near here]

Five different PET/CT scanners were used, and patients were scanned from either the base of
the skull to the upper thighs or from the vertex to the upper thighs. The contemporaneous low
dose non-contrast multi-slice CT scans obtained were used for anatomic correlation and

attenuation_cerrection.

The three patiénts'on tA&a THP-PSMA study had a PET/GTanat the time of injection

(time = 0 minutes), and repeated PET imaging only (i.e. without a CT scan) every 15 minutes
for the first 90 minutes, and then two full PET/CT acquisitions at 2 hours and 3 hours post
injection. For this study we have analysed the data acquired at 2 hours post injection (see
Table 2) as'thisigave the maximum tracer uptake in the PET images whilst ensuring there was

a full CT scan ebtained at the same time for accurate co-registration with MRI.

Multiparametric MRI

A dedicated mpMRI for this study was performed according to the research protocol outlined
here. All patients underwent mpMRI using a 3 Tesla (3T) Siemens Trio Tim scanner
(Siemens Medical Solution, Erlangen, Germany). A torso surface coil was used, without an
endorectalcoll in order to reduce the chance of deformation to the prostate during scanning.
The protocol was based on the European Society of Urogenital Radiology (ESUR) guidelines
(21), and included T2-weighted, diffusion weighted (DWI), and dynamic contrast enhanced
(DCE) imagings,DWI data was acquired using an axial echo-planar imaging sequence with b
values of 50,.400, 800 and 1200 §/after which apparent diffusion coefficient (ADC) maps
were computed by fitting a mono-exponential decay curve to the DWI data in Siemen

software:

DCE datawass@btained using a 3D T1-weighted TWIST sequence with each patient
receiving a-10ml bolus injection of contrast agent Dotarem (gadoterate meglumine, Guerbet,
USA), followed by a saline flush. Semi-quantitative parametric maps and pharmacokinetic
parametersiwere computed from the DCE MRI data using Dynamika software (Image
Analysis Group, London, UK) (22). This incledthe initial rate of enhancement (IRE), the
initial rate of washout (IRW), the time of contrast agent ofi&gte), the time of contrast

agent washoufTwashou), the maximum enhancement (ME) and the time to peak (TTP), and

Ktrans, the volume transfer constant between blood plasma and the extra-vascular extra-
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cellular space, computed using the Tofts model (23). The initial area under the contrast agent
concentration curve for the first 60 seconds post-injection (IAUGC60) was also computed.

In addition to the standard ESUR sequences, blood oxygen level dependent (BOLD) imaging
was acquired for, all except patient 1. A T2* map was calculated from the raw BOLD data by
fitting a mone-exponential decay curve, and the reciprocal taken to produce an RZ map.

3D T2w image was obtained from all patients to aid the co-registration between in vivo and

ex vivo MRI=The 3D T2w image for patients 1 to 3 were acquired with near isotropic voxels

of 0.625 x.0:625:x 0.6 mm, while patients 4 to 9 all had 3D T2w MRI acquired with isotropic
voxels of 0.8 mm. As part of the co-registration process, the prostate boundary was contoured

on both in vivo and ex vivo T2w images by an experienced radiation oncologist (SW).

Radical prestatectomy

All radical‘prostatectomies were performed using a robotic-assisted approach as previously
described (24)Lymph node dissection was performed at the surgeon’s discretion. Prostate

specimens.were sent fresh for ex-vivo MRI prior to pathological examination.

Ex vivoMRI"and histology data

After radicalprostatectomy, each patient’s prostate specimen was embedded in agarose gel

within a custem-made sectioning box with cutting slots 5 mm apart. Two ex vivo T2w MR
images were obtained: an axial T2w dataset with a high in-plane resolution of 0.22 mm and
slice thickness'of 2.5 mm to enable registration of every second image with histology; and an
isotropie*3D"T2w image to co-register with the in vivo 3D T2w MRI. Similar to the in vivo

3D T2w MRI, patients 1 to 3 were acquired with near isotropic voxels of 0.625 x 0.625 x 0.6
mm. The ex vivo:3D T2w MRI for patients 4 to 9 all had isotropic voxels of 0.8 mm. After

MR imaging the prostate specimen was cut into 5 mm thick sections according to the box
cutting slots. Histology sections were microtomed from the top surface of each section,
stained with haemotoxylin and eosin (H&E), and tumour foci annotated with Gleason Scores
by an experienced uro-pathologist (CM). Further details of this process are given in Reynolds
et al. (16).
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Co-registration

Co-registration of PET/CT with mpMRI and histology in this study builds upon a framework
previously developed by our group to register mpMRI and histology (16), which has been
slightly madified (see Figure 1) compared to its initial description so that the clinical mpMRI
is co-registered directly with the in vivo 3D T2w MRI instead of the axial T2w MRI. This
provides improvedo-registration due to the higher resolution of the in vivo 3D T2w images
comparedwithsthe axial T2w images. All final co-registered images are in the ex vivo 3D
T2w image frame of reference.

[Figure 1 near here]

To register PET/CT images, the higher resolution CT images were directly registered with the
3D T2w MRI=using 3D Slicer software (25). This involved cropping and manually aligning
the CT with.the:3D T2w MRI using bony anatomy close to the prostate (heads of femurs and
the pelvis)s Automatic registration was then applied using the manually aligned CT image
(the ‘moving”image) with the 3D T2w imageh¢ ‘referencéimage), using mutual

information as the similarity metric. The PET image was co-registered using this same
transformation matrix. Results were visually assessed to determine if the prostate boundary
was well aligned between the CT and MRI. The location of the bladder neck frequently seen
on PET vasalso visually compared with its location on 3D T2w MRI, and if also well

aligned the registration was finalised. If the registration required improvement, the CT was
cropped further to exclude bony anatomy before applying another automatic registration or

making manuakadjustments.

After each patient’s CT had been registered with in vivo 3D T2w MRI, deformable image
registration (DIR) was applied using a pre-computed transformation to the rigidly registered
PET/CT imagesito co-register them with ex vivo MRI and histology. This required

resampling:thesPET/CT images to the same resolution as the ex vivo 3D T2w MRI.

Statistical analysis

Voxel-wise statistical analysis of the co-registered PET/CT, mpMRI and histology data was
carried out. To take registration error into account, tumour voxels from the histology

annotations were dilated by 3.3 mm in-plane, based on the registration uncertainty estimated
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previously between in vivo MRI and histology (16). Any voxels that fell outside the
contoured prostate boundary were excluded.

Maximum and mean standardised uptake \&(8&Vmax and SUVmean) values frdpET

within the dilated tumour annotations were computed, while all voxels outside the tumour
annotations.were categorised as benign. Two sample Kolmogorov-Smirnov tests were
performedto quantify whether the PET SUV values in tumour and benign voxels were from
different«distributions. Correlation analysis was condubtecbmputing Pearson’s
correlation-ceefficient between PET SUV and mpMRI tumour voxel values. Bonferroni
correction/was applied to adjust for multiple comparisons and R squared statistics were

computed to quantify the scatter around the fitted regression line.

RESULTS

ThePET/CT images from each patient were all successtulyegistered with the 3D T2w
MRI, giving.PET/ICT data in the ex vivo 3D T2w MRI frame of reference along with the
mpMRI and. histology data. Six of the nine patients were registered using automatic
registration; while patients 2, 8 and 9 required manual adjustments. Patient 2 needed a
manual adjustment due &CT image artefact, patient 8 showed the bladder neck was
misaligned between PET and 3D T2w MRI after the initial automatic registration, while

patient 9 had a large amount of gas in the rectum on CT not shown in the 3D T2w MRI.

An examplesregistration is shown in Figure 2 for patient 3. The PET data is overlaid with
ground truth. histology and dilated tumour annotation data in Figure 2a, while the in vivo 3D
T2w MRI and PET data are shown in axial, sagittal and coronal views in Figures 2b-d.
Tumour-annotations are shown on alternating image slices according to the sectioning
method utilised, interpolated over a 2.5 m slice thickness to match with ex vivo 2D T2w MRI.
The effect of non-linear warping of the in vivo 3D T2w MRI data due to DIR can be seen
around the boundaries of the images. The highest PET tracer uptake is shown within the

tumour,;however there is also low-grade uptake shown in benign tissue.
[Figure 2 near here]

Figure 3 displays results for all patients, showing the co-registered PET images, in vivo 3D

T2w MRI and the tumour annotations from histology. Most patients stiawlear overlap
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between areas of high uptake on PET compared with the tumour boundaries, however
patients 2, 7 and 9 showed high uptake outside the tumour. Of these, patient 2 had the largest
tumour (8000 mrf refer Table 1), with a Gleason Score of 4+3 (ISUP grade group 3), and
showed heterogeneous uptake throughout the prostate without a clear distinctive focus on
PET. Patients*7#and 9 were both from fi@a THP-PSMA study, where the PET/CT images
co-registered were acquired at 2 hours post injection. Patient 7 did not have clear focal uptake
within the tumour above the background signal but instead showed high uptake in the urethra
which corresponded witto-registered MRI, and has therefore not been assessed in
subsequent.statistical analysis. Patient 9 had heterogeneous diffuse uptake in these late
images which did not match the tumour locatiargontrast to earlier images which showed

some focal'uptake in the prostatic apex corresponding with the tumour.
[Figure 3 near=her €]

SUVmax and SUVmean values for each patient, are given in Table 3. The highest values
were 12.11 and 4.21 respectively for patient 5, who had the highest PSA of all patients at 42
ng/ml, a Gleason Score 7 (4+3) and PIRADS 4 tumour. The remaining patients had SUVmax
values ranging.from 2.21 to 9.64 and SUVmean values ranging from 1.08 to 3.97, with the
lowest valtesfor tridi’Ga THP-PSMA patient 9.

[Table 3.near here€]

Kolmogorov Smirnov tests showed all patients had tumour voxel values from significantly
different distributions compared to the benign voxel values. Results from the correlation
analysis are given in Table 4, taiéing the Pearson’s correlation coefficient and R squared

values between PET SUV and mpMRI tumour voxel values. There were many low R squared
values shown in the results, likely digescatter around the fitted regression line from the

small voxel sizeiof the co-registered data after registration resampling relative to the original

low PET resolution.

There was no consistent pattern shown in the correlation coefficients between axial T2w MRI
data and PET SUV, and very low R squared values ranging from 0.00 to 0.03. Similarly, the
ADC voxel values showed a high degree of scatter and no consistent trend in correlation
coefficients across all patients. The highest correlations (and R squared values) were shown
in patients 1, 5 and 6 which were -0.22 (0.05), -0.44 (0.20) and -0.25 (0.06) respectively.
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In contrast, excluding results from patients 8 and 9 which were statistically insignificant,
DCE MRI parameters ME, Ktrans and iIAUGC60 were all positively correlated with PET
SUV voxel value. Pearson’s p ranged from 0.16 to 0.70 for the ME parameter, from 0.09 to
0.70 for Ktrans, and from 0.32 to 0.67 for IAUGCG60; while R squared ranged from 0.03 to
0.49 for MEyfrom 0.01 to 0.49 for Ktrans, and from 0.10 to 0.45 for IAUGCG60. Figure 4
showsco-registered PET/CT and mpMRI maps with particularly high correlations for patient
3 and Figure 5 gives the corresponding binned scatterplots. In addition, the IRE parameter

showed pesitive correlations for all except patients 8 and 9.

Conversely, all correlations that were statistically significant between the R2* m&&and

SUV voxel values were negative, ranging from -0.06 to -0.54. However, low R squared
values were shown for a number of these correlations. The number of voxels available for
analysis framsthe R2* map was frequently lower than the other mpMRI maps, as the imaging
protocol onlysebtained 10 slices at 4 mm slice thickness, so the entire gland was not always

obtained.

[Table 4 near. here]
[Figures4 & 5near here]
DISCUSSION

The value of mpMRI is now well established for the early detection and local staging of
prostate cancer. PSMA PET is a novel modality with high tunmbackground contrast

(26,27) andsthere is an evolving role for staging patients with intermediate or high-risk
prostate cancer(8,28). Hence, the combined use of mpMRI and PSMA PET imaging for
biologically guided prostate focal therapy will provide the ultimate in precision medicine,
enhancingthe ability to accurately detect tumours and characterise intra-tumoural
heterogeneity. With emerging evidence for the value of combined PET/MRI technology
(29,30) a thorough understanding of the correlation of each imaging modality with each other

and with histology is vital.

Within this proof-of-concept study we have successfully developed and implemented a
method for co-registering PET/CT with mpMRI and histology by building upon our existing
registration framework. Results have demonstrated the association of PET imaging with
ground truth histology and given insights into the correlation of mpMRI with PET for a small

cohort of patients. The particular advantage of this study is the refined registration method
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and the voxel-level analysis, as only a small number of voxel-based correlation studies have

been carried out previously (12,13).

Findings must be interpreted with the limitations in mind, which included the use of three
different PET tracers, five different PET/CT scanners and different voxel sizes in the imaging
data.’®F FCH.reflects increased choline transport and overexpression of choline kinase in
cancer cells, and is not as sensitivé®@&a-HBED-PSMA-11 which indicates the expression

of PSMA andsisssignificantly higher in prostate cancer cells (31). Simif§®g THP-PSMA

has been shewn to be less sensitive fi@a-HBED-PSMA-11 with SUVmax values
approximately three times lower (mean 10.7 versus mean 30.3, p<0.01) (20). Previous studies
have shown that, in patients with a mean PSA of 10.46, an SUVmax value >= 5.4 can
discriminate between clinically and non-clinically significant cancers (32). As PSA has
shown to besassignificant predictor of a positive PSA result (33), then clearly the ability of a
PET tracerte.discriminate between tumour and benign tissue will be a function of both the
tracer sensitivity and patient’s PSA. In this study, we have not attempted to elucidate the
relationship between tracer sensitivity and PSA, but develop a co-registration framework
which could be applied in future studies to accurately address this issue. However, we
acknowledge the patients scanned with the lower sensitivity t®&6er THP-PSMA) all had

low PSA values (<=6.2) which meant analysis of data from these patients was challenging.

In addition, we did not account for the difference in sensitivities between the tracers but
instead considered only the ability of the imaging methods to differentiate between tumour
and benign tissue. Hence we predict that future studies which consider onlysthe mo
sensitive iSotopes are more likely to give reliable results. This is sinotva® FCH

patient and fivé’GaHBED-PSMA-11 patients that had consistent associations between
DCE MRI data andPET uptake values. The positive correlations observed between the IRE,
ME, Ktrans. and iAUGC60 parameters with PET SUV may be explained by the higher level
of PET uptakemwithin tumour voxels that have a higher amount of perfusing vessels, simply
because thestracer is more readily transported to those areas. Conversely, the negative
correlationsbetween R2* from BOLD imaging which is typically used to assess hypoxia may
indicate thattumour voxels with lower oxygenation are more likely to have a lower PET

tracer uptake.

Two different 3D T2w MRI resolutions were used, with the first three patients having a voxel

volume of 0.23 mrhand the remaining six having voxels 0.51 Infithe latter enabled a

This article is protected by copyright. All rights reserved



decrease in data acquisition time whilst still providing adequately resolved features for
accurate co-registration. The resamplingofegistered PET data which originally had

voxel volumes ranging widely from 26.7 mio 60.5 mnT, was necessary in this registration
framework. It assumed the smaller voxels adequately represented the physical uptake of the

tracer inthe'smaller volume, and hence did not impact on the quality of the PET/CT data.

Larger validation studies are required to assess these correlations, which may indicate which
mpMRIsequences give complementary or additional information to inform focal therapy.

Our team hassasparticular interest in biologically optimised focal therapy which applies a non-
uniform distribution of radiation dose in an effort to maximise tumour control and limit side
effects through minimising irradiation of normal tissues. The role of PSMA PET in this
scenario is to improve the overall sensitivity and specificity of a model to spatially define the
biological eharaecteristics of tumours to inform the treatment planning process (3Hh8&5)
registration.framework we have developed however is generalisable and could be applied in

many diagnostic and theragnostic applications (9,11,28).

Accurate registration of PET/CT with mpMRI and histology is known to be a challenging
task due todifferences in resolution, soft tissue contrast and partial volume effects, not to
mention‘the"deformations the prostate undergoes between each imaging study, surgery and
pathological processing. A review by Meyer et al. (15) summarised the techniques used to
correlate imaging with histology into four categories, and noted the most accurate was to
direcly regiser 3D prostate imaging with stacked 2D histology slices (36,37), ideally aided
by ex vivo imaging of the prostate specimen. We have utilisedetthnique, by building

upon methods described in a study by Park et al. (38). This along with subsequent studies by
Park and colleagues (381) used ex vivo MRI of the prostate specimen and DIR to co-
register PET with histology for imaging validation. Similar recent studies by Zamboglou and
colleagues (4245) have correlated PET/CT with pathology by using ex vivo CT as reference
to create a*3Drhistology volume, from which a synthetic PET intthg@oPET’) was created

and registered-with the (original) PET data. While these studies are novel, results were
predetermined by assuming tumour locations in the histoPET image accurately correlated

with the tumour.in PET imaging, which may not be correct.

Quantifying registration accuracy between PET/CT and histology is challenging, and many
studies have not reported validation metrics. Similarly, we did not perform a quantitative

assessment of the registration accuracy between PET and histology as the low soft tissue
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contrast in CT compared with MRI made finding definitive points of correspondence
impossible. However, in order to account for registration uncertainty we applied the
estimated uncertainty between MRI and histology of 3.3 mm from our prior study (16) to
dilate the tumour annotations. Whilst this does not quantify the uncertainty between PET and

histology-directly, we expect it will compensate for the eriothe registration process.

Despiteits limitations, this study provides a sophisticated framework focohegistration

of PET/CTedata=with mpMRI and ground truth histology and new insights into the role of
PET to complement mpMRI for focal therapy treatment strategie§data from more
patients will be co-registered using this framework in the future, to further investigate and

validate these findings.

CONCLUSION

Co-registration of PET/CT imaging with mpMRI and ground truth histology was successfully
carried out.in.allpatients, building upon an existing novel registration framework which
incorporates exvivo MRRegistration was performed between each patient’s CT scan and in

vivo 3DT2w*MRI specifically acquired for the co-registration process, and the computed
transformation.applied to the corresponding PET data. Voxel-wise correlation of imaging
signals fronco-registered PET and mpMRI sequences was carried out, and validated using
histological information. Perfusion and oxygenation parameters from DCE MRI and BOLD
imaging showed correlations with PET SUV voxel values. Further analysis will be performed
on a larger patient cohort to quantify these proof-of-concept findings.
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FIGURES

Figure 1: Diagram showing how mpMRI and PET/CT data @reegistered with ex vivo
MRI and histalogy. DIR = deformable image registration.

Figure 2:"Exampleco-registered data for patient 3 showing (a) a 2D histology slice with
tumour annotation drawn overlaid with PET, and (b-d) axial, sagittal and coronal views

(respectively)y'showing PET, in vivo 3D T2w MRI and tumour annotations from histology.

Figure 3: Co-registered PET, in vivo 3D T2w MRI and tumour annotations for each patient
numbered;left tosright, top to bottom.

Figure 4: Ground truth histology data with original tumour annotations, alongside co-

registered"PET/CT, selected mpMRI data and dilated tumour annotations for patient 3.
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Figure 5: Binned scatterplots displaying PET/CT versasegistered mpMRI voxel values
for patient 3 from: (a) T2w MR, (b) ADC maps, (c) R2* maps, and DCE maps (d) ME, (e)
Ktrans and (f) iAUGCG60.
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Table 1: Patient clinical and pathological details. Tumour volume calculated using Chen’s method (46). GS = Gleason Score.

psA Prostate Tumour GS GS PIRADS V2
£ | Age Weight weight volume Pathological v
k9 | (ngmi) T-stage | (i qex lesion) (other foci) index lesion
(9 (mm°)

1 59 99 6 42 7480 T2c 7 (3+4) - 4
2 61 103 6.8 62 8000 T3b 7 (4+3) 4+4 5
3 59 68 16 50 6000 T3a 7 (4+3) - 5
4 58 82 9 46 4000 T3b NO 9 (5+4) 5+4, 4+4, 3+4, 3+3 4
5 68 85 42 67 4500 +<1000 T3a 7 (4+3) 3+4, 3+3 4
6 70 89 8.1 41 3900 T3a NO 7 (3+4) 3+3 5
7 65 93 6.2 44 1920 T2c 7 (3+4) 3+3 5
8 66 71 5 113 4500 T2¢ Nx 7 (3+4) 3+4, 3+3 4
9 72 63 2.2 34 2600 T3a 7 (4+3) 3+4, 3+3 5
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Table2: PET/CT imaging details for each patient.

. PET
PET voxel size CT voxel size | Iniected
Patient Tracer PET/CT scanner activity | uptaketime
(mm) (mm) (MBq)
(mins)
1 ¥F-FCH GE Stella 4.30x4.30x3.27| 0.98x0.98x3.27| 295 13
2 ®Ga PSMA11 GE 690 2.86x2.86 x3.27| 1.07x1.07x3.27| 118 32
3 ®Ga PSMA11 GE 690 2.86 x2.86 x 3.27| 1.07 x 1.07 x 3.27 98 60
4 ®Ga PSMA11 | Siemens Biograph 64 3.93x3.93x3.0 | 1.07x1.07x3.0| 105 54
5 ®Ga PSMA11 | Siemens Biograph 64 3.93x3.93x3.0 | 1.07x1.07x3.0 128 50
6 ®Ga PSMA11 | Siemens Biograph 1¢ 4.07 x4.07x3.0 | 0.98x0.98x 2.0 146 72
7 ®Ga THP-PSMA GE 690 2.86x2.86 x3.27| 1.07x1.07x3.27| 228 149
8 ®Ga THP-PSMA GE 690 2.86x2.86x3.27| 1.07x1.07x3.27| 221 123
9 ®Ga THP-PSMA GE 690 2.86x2.86x3.27| 1.07x1.07x3.27| 241 141
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Table3: PET SUVmax and SUVmean values using tumour annotations from histology,
excluding patient 7 who had no clear PET tracer uptake within the tumour.

Patients | SUVmax | SUVmean
1 8.19 3.44
2 3.88 1.89
3 6.47 3.28
4 9.64 3.97
5 12.11 4.21
6 3.70 2.25
8 5.07 2.13
9 221 1.08
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Table 4: Pearson’s correlation coefficients (R squared values in brackets), between PET SUV and mpMRI tumour voxel values, excluding
patient 7 who had no clear PET tracer uptake within the tumour. Insignificant correlations are shown in bold.

1 2 3 4 5 6 8 9
T2w -0.02 (0.00)] 0.11(0.01)] 0.02(0.00)| -0.05 (0.00)] -0.04 (0.00)] -0.12 (0.02)] 0.05(0.00)| -0.17(0.03)
ADC -0.22 (0.05)] 0.21 (0.05)] -0.03 (0.00)] 0.06 (0.00)] -0.44 (020) | -0.25 (0.06) 0.23 (0.05)  0.10(0.01)
IRE 0.52(0.27)] 0.33(0.11)] 0.64 (0.40) 0.17 (0.03) 0.62(0.®)| 0.39(0.15)] -0.07 (0.01)] -0.08 (0.01)
IRW 0.04 (0.00)] 0.26 (0.07)] 0.31(010) | -0.01(0.00)] 0.14 (0.02)] 0.02(0.00)| 0.15(0.02)] -0.09 (0.01)
Tonset 0.31(0.09)] 0.35(0.12)] 0.39 (0.15)] -0.06 (0.00) 0.50 (0.25)] 0.27 (0.07)] -0.10 (0.01)]  0.07 (0.01)
Twashout 0.08 (0.01)] 0.27 (0.07)] -0.09 (0.01)] -0.11 (0.01)] 0.26 (0.07)] 0.00(0.00)| 0.07 (0.00)] -0.01(0.00)
ME 0.29 (0.09)] 0.45 (0.20)] 0.70(0.49)| 0.16 (0.03) 0.60 (0.36)] 0.42 (0.17)] 0.28 (0.08)]  0.04 (0.00)
TTP -0.43(0.19)] -0.07(0.00)| -0.48 (0.23)] -0.08 (0.01)| -0.61(0.37)] -0.33 (0.11)] 0.30 (0.09)] -0.08 (0.01)
Ktrans 0.42(0.18)] 0.30(0.09)| 0.64 (0.41)] 0.23(0.05) 0.70(0.49)| 0.44 (0.20)] 0.09 (0.01)]  0.02(0.00)
IAUGC60 0.37 (0.14)] 0.35(0.12)] 0.67 (0.45)] 0.32 (0.10)] 0.66 (0.44)] 0.42(0.18)] 0.03(0.00)|  0.00(0.00)
R2* -0.12 (0.02)] -0.47 (0.22)] -0.36 (0.13)] -0.15 (0.02)] -0.06 (0.00)| -0.54 (0.29)]  0.05 (0.00)
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