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Abstract
Background: Transarterial Radioembolization (TARE) uses beta particle emitting microspheres,
containing Yttrium 90 (90Y), to treat unresectable primary and metastatic liver tumors. Current dosimetry
models are highly simplistic. 90Y post-TARE PET/CT images are being evaluated for their use in image
based dosimetry post treatment allowing for improved treatment e�cacy. We sought to provide guidance
on reconstruction and dose calculation algorithms that give the most reliable image based dosimetry.

Methods: Retrospective image study for 11 patients each having a 90Y PET/CT following TARE SIR-
Spheres® treatment. In total, 6 emission images were reconstructed using Ordered Subset Expectation
Maximization (OSEM) routines and Bayesian penalized-likelihood reconstruction algorithms (Q. Clear).
PET/CT image sets were resampled to 3mm resolution and used to create voxel based dose distributions
using our own convolution algorithm (WFBH), SurePlanTM MIRD and SurePlanTM LDM. Additionally, we
analyzed the effects of a systematic personalized background subtraction prior to dose distribution
creation.

Results: Reconstructed activity was highest among Q. Clear β = 350 and 1000 and both OSEM methods.
OSEM with 3 iterations and 24 subsets gave comparable dose distributions to Q. Clear β=1000 (max dose
ratio of 0.96 ± 0.14). No statistical difference was identi�ed among Q. Clear and OSEM methods
comparing dose distributions with and without additional background subtraction post-reconstruction
(average local gamma value = 98.01% ± 3.75%). LDM is more sensitive than MIRD to small activity
differences between reconstruction methods (p-value= 0.048). LDM calculated max dose values were
higher than MIRD. DVH curves showed LDM model potentially underestimates low dose values and
overestimates high dose values.

Conclusion: Background subtraction is su�ciently addressed in PET image reconstruction. We
recommend post-TARE image based dosimetry to be calculated using image series reconstructed with Q.
Clear β= 1000 or OSEM 3 iterations 24 subsets and using a convolution voxel based dose algorithm, such
as SurePlanTM MIRD. Since more sophisticated corrections are not available at present, the 90Y activity
distribution should be scaled by the local clinic’s activity recovery fraction, which also will directly scale
the calculated dose distribution.

Background
Transarterial Radioembolization (TARE) is a treatment modality for unresectable primary and metastatic
liver tumors where beta particle emitting microspheres are injected locally to implant around the tumor(s).
TARE treatment typically utilizes the hepatic artery as a passageway to deliver Yttrium-90 (90Y)
containing microspheres that have a maximum radiation delivery range of 11 mm and a mean range of
2.5 mm in tissue [1–3]. Prior to treatment, Technetium-99m macroaggregated albumin particles (99mTc-
MAA) are used as a predictor of 90Y microsphere distribution and are assumed to be a valid foundation
for dosimetry calculations [1, 4–6]. However, due to the complexity of this treatment modality there is
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often poor agreement in distribution between 99mTc-MAA particles and 90Y microspheres upon
treatment[7–9]. Following the dosimetry process for general brachytherapy procedures, post-TARE
emission imaging validation is necessary for patient safety and accurate measures of absorbed dose [7–
11].

The most common post-TARE imaging protocol is 90Y bremsstrahlung single-photon emission computed
tomography (SPECT) to verify treatment deposition in the liver along with no extrahepatic microsphere
deposition [1, 12]. Due to the noisy nature of these images, they are typically used only for qualitative
purposes because quantitative assessment is di�cult[1, 13]. However, many institutions have been
looking at the promising option of post-TARE 90Y positron emission tomography (PET) imaging. Although
a majority (99.983%) of 90Y decays through beta minus decay to the ground sate of Zirconium-90 (90Zr),
there is a small decay branch that decays to the 0+ �rst excited state of 90Zr at 1760 keV; which is
followed by an internal pair production with a branching ratio of (32.6 ± 0.07) × 10− 6 [1, 14–16]. This
small positron emission allows for the use of PET imaging post-TARE as an option for quanti�cation of
radioactivity within the treated region and improved spatial resolution compared to bremsstrahlung
SPECT [13, 17–19]. Additionally, from a clinical perspective, these post-TARE 90Y PET images give an
evaluation of a treatment’s technical success as well as allow generation of absorbed dose maps which
have the potential to predict treatment e�cacy [5, 20, 21]. Furthermore, they can provide a management
plan for patient follow-up as well as treatment-planning for successive therapies [21, 22]. Others have
reported variation amongst reconstruction methods but there is strong evidence to suggest that these 90Y
PET images are accurate in their quanti�able data and therefore can be used as dosimetric tools once the
necessary parameters are optimized [10, 17, 23]. This study aims to provide guidance on optimal
reconstruction method and dose calculation algorithm for the most reliable image based dosimetry.

The two reconstruction methods explored are a Regularized Reconstruction iterative algorithm (Q.Clear)
[24] and an Ordered Subsets Expectation Maximization (OSEM) algorithm. Q. Clear is a Bayesian
penalized likelihood reconstruction algorithm with an additional term that allows it to reach full
convergence, steering the optimization away from nosier images[24]. OSEM is an accelerated variant of
the Maximum-Likelihood Expectation Maximization algorithm using an update equation to create a new
image with increased likelihood while reducing reconstruction time by performing updates based on
small parts of the data at once[24].

Materials And Methods
Two types of studies were executed in this work to understand post-TARE dosimetry effects based on
reconstruction and dose calculation algorithms: phantom studies and patient studies.

Phantom based study
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A phantom study using a National Electrical Manufacturers Association NU-2 image quality phantom
was performed. A 90Y PET/CT image was initially acquired on a GE Discovery MI DR™ (GE Healthcare,
Chicago, IL, USA) system with a scan time of 5 minutes per bed position on day 0, with an increase in
acquisition time to 10 minutes and 20 minutes on day 4 and 7 respectively, in order to keep total counts
consistent across time points as we account for decay. Six different reconstructed 90Y PET image series
were analyzed for each day: four Q. Clear variations with β parameter values of 350, 1000, 4000 and
7000 and two OSEM variations using 3 iterations and 18 or 24 subsets. This set of PET images were
reconstructed at the time of image acquisition on the scanner with a slice thickness of 3.27 mm and pixel
spacing of 2.73 mm x 2.73 mm. Each emission image was then retrospectively resampled to 3 mm cubic
voxels and analyzed, both using MIM Software SurePlan™ (MIM Software Inc., Cleveland, OH). Each
sphere within the phantom was contoured on its associated CT image and the contours were then
transferred to each reconstructed PET image. The sphere sizes within the phantom have the following
diameters: 10 mm, 13 mm, 17 mm, 22 mm, 28 mm and 37 mm. Recovered activity (RA) values for each

sphere was calculated using the equation below where  is the mean pixel value in the volume of
interest (VOI) and c is the known activity concentration.

Additionally, dose distributions based on these images were created using multiple algorithms.

Patient based study
We followed an IRB approved retrospective patient imaging review in which post-TARE image based
dosimetry models were created for 11 patients who underwent treatment at Wake Forest Baptist Medical
Center between July 2016 – March 2018 (Table 1 shows patient characteristics). All patients consented
to a positron emission tomography/computed tomography (PET/CT) within 4 hours of treatment
acquired on a GE Discovery MI DR™ (GE Healthcare, Chicago, IL, USA) system following SIR-Spheres®
(Sirtex SIR-Spheres Pty Ltd., St Leonards, Australia) implantation in addition to the standard protocol of a
Philips Healthcare™ bremsstrahlung single photon emission computed tomography/computed
tomography (SPECT/CT). Emission scans were reconstructed using the same six algorithms described
above in the phantom based study and resampled SurePlan™ to 3 mm cubic voxel size.
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Table 1
Patient characteristics for those included in this study

Patient
Number

Sex Lung
Shunt

Treated
Volume

Liver
(cm3)

Tumor
(cm3)

SMAC
Activity
(GBq)

Activity
Delivered
(GBq)

1 female 2.4% Rt Lobe 2065.7 521.4 1.07 1.07

2 female 3.3% Seg 4 2109.5 73.4 0.25 0.25

3 male 4.1% Rt Lobe 2758.3 209.8 1.46 1.55

4 male 6.5% Rt Lobe 1839.8 73.0 1.00 1.05

5 female 1.1% Rt Lobe 1880.3 478.5 1.37 1.39

6 female 5.1% Rt Lobe 1756.8 204.6 1.60 1.70

7 male 3.6% Rt Lobe 2212.9 304.2 0.97 1.01

8 female 2.8% Rt Lobe 1990.7 139.0 0.90 0.93

9 female 2.4% Rt Lobe 2741.2 690.7 1.25 1.14

10 female 1.5% Lt Lobe 1972.8 218.6 0.90 0.95

11 male 17.7% Lt Lobe 2649.3 692.2 1.01 1.04

Dose distributions were created for each 90Y PET image series using SurePlan™ Local Deposition Method
(LDM), SurePlan™ Medical Internal Radiation Dose using voxel S values (MIRD), and our own dose
convolution algorithm using voxel S values (WFBH). Figure 1 shows an example of these image based
dosimetry models. Methods to compare dose distributions include local gamma analysis, dose pro�les
taken along a sagittal line through the max dose point de�ned by the dose distribution created using
MIRD Q. Clear 1000 and dose volume histogram (DVH) curve comparison.

To study the effects of background on post-TARE dosimetry, a CT contour de�ned as the whole body
minus the liver and lungs expanded by 2 cm was created. Figure 2 is a representative background contour
shaded in blue. The average concentration of activity found in this contour was taken as the constant
background value (Table 2 shows average statistics for this contour over all patients) for each
corresponding image set and a dose distribution with this value subtracted was created using our WFBH
dose algorithm (WFBH Bkgrd).
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Table 2
Background contour statistics based on reconstruction method

    Average over all
patients

SD over all
patients

Q. Clear
350

Average activity in Bkgrd contour
(BQML)

13836.30 13026.86

Maximum activity in Bkgrd contour
(BQML)

33140367.36 44605902.69

SD activity in Bkgrd contour (BQML) 215803.70 232817.96

Q. Clear
1000

Average activity in Bkgrd contour
(BQML)

11147.37 7530.93

Maximum activity in Bkgrd contour
(BQML)

22703045.82 24818314.24

SD activity in Bkgrd contour (BQML) 150395.37 127327.51

Q. Clear
4000

Average activity in Bkgrd contour
(BQML)

7649.39 3792.28

Maximum activity in Bkgrd contour
(BQML)

6017634.33 3678813.93

SD activity in Bkgrd contour (BQML) 39154.04 18979.25

Q. Clear
7000

Average activity in Bkgrd contour
(BQML)

6732.98 2817.15

Maximum activity in Bkgrd contour
(BQML)

1484059.17 996163.48

SD activity in Bkgrd contour (BQML) 19531.11 9336.47

OSEM 18 Average activity in Bkgrd contour
(BQML)

9674.23 7942.94

Maximum activity in Bkgrd contour
(BQML)

6675826.41 8697105.77

SD activity in Bkgrd contour (BQML) 65146.66 63902.11

OSEM 24 Average activity in Bkgrd contour
(BQML)

7802.49 6377.28

Maximum activity in Bkgrd contour
(BQML)

7204813.14 7323991.14

SD activity in Bkgrd contour (BQML) 65801.33 49033.50

These background contour statistics are averaged over all patients in the study and are presented for
each reconstruction method
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Results
Shown in Fig. 3 are RA values measured for each image reconstruction series for the four larger sphere
sizes in the phantom on Day 0. RA values of the 10 mm and 13 mm spheres are omitted from this �gure
due to their large uncertainty. With this data we investigated the effects of reconstruction method on RA
to validate the accuracy of activity represented in these 90Y PET images to better understand the
reliability of activity in patient images. As sphere size decreased so did the calculated RA value which is
due to the partial volume effect [10]. Table 3 shows the two-tailed paired p-values comparing the
calculated RA for a given sphere size across reconstruction methods over the course of decay. RA values
obtained through Q. Clear reconstruction methods with β values of 4000 and 7000 are statistically
different and lower than those obtained via β values of 350 and 1000. There is no statistical difference in
RA values obtained when comparing based on β values 350 and 1000. There are similar RA values within
each sphere when the two OSEM reconstruction methods are compared to one another but moreover
cannot make a conclusive statement on differences among Q. Clear methods and OSEM methods I
reference to RA. Q.Clear 350 gives the largest RA values for all the spheres, denoting this reconstruction
method to be the most accurate representation of activity compared to the known injected value. There is
a signi�cant loss in accuracy in the amount of activity recovered in each sphere when looking at Q. Clear
4000 and 7000. However, looking at OSEM methods there are comparable RA values to those obtained
through Q. Clear 350 and 1000.
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Table 3
Two-tailed paired p-values for RA based on sphere size and reconstruction method

β-value sphere size
(mm)

Q. Clear
1000

Q. Clear
4000

Q. Clear
7000

OSEM
18

OSEM
24

Q. Clear
350

17 0.053* 0.030* 0.022* 0.078* 0.002*

  22 0.103* 0.043* 0.027* 0.003* 0.048*

  28 0.061* 0.029* 0.021* 0.917* 0.119*

  37 0.068* 0.068* 0.012* 0.010* 0.001*

Q. Clear
1000

17   0.017* 0.011* 0.874* 0.461*

  22   0.015* 0.009* 0.203* 0.610*

  28   0.027* 0.018* 0.527* 0.453*

  37   0.006* 0.005* 0.438* 0.041*

Q. Clear
4000

17     0.007* 0.109* 0.172*

  22     0.005* 0.196* 0.303*

  28     0.010* 0.104* 0.005*

  37     0.004* 0.041* 0.148*

Q. Clear
7000

17       0.051* 0.072*

  22       0.064* 0.122*

  28       0.040* 0.003*

  37       0.018* 0.038*

OSEM
18

17         0.640*

  22         0.679*

  28         0.364*

  37         0.029*

*Denotes signi�cance with a p-value less than 0.05

The dosimetric effects of these reconstruction methods in patient post-TARE Y90 PET images with
support from phantom studies is the focus of the study. Figure 4 shows a dose pro�le based on our
phantom Y90 PET image comparing the different Q.Clear β values while dose calculation algorithm was
held constant. Moreover, Fig. 5 shows a representative dose pro�le for our patient data. In both �gures



Page 9/25

you can see there is a smoothing effect within the dosimetry due to reduction in noise as β value
increases which was quantitatively shown by Scott and McGowan[10]. 

Through comparable RA values and apparent noise reduction as beta values increase[10] there is no
added value in using Q. Clear 350 over Q.Clear 1000 and only gives increased noise that effects resulting
dosimetry in an unfavorable manner shown through the dose pro�les in Figs. 4 and 5. There is a grouping
of pro�les in Fig. 5 based on Q. Clear 1000, OSEM 18 and OSEM 24 reconstruction methods showing
spatial similarity but further analysis is necessary to determine absolute dose similarities. 

Initially a complete analysis on all 6 reconstruction methods were performed for all of our patients. For
the purposes of presenting data in a clear manner, we chose to present the data for the following four
reconstruction methods: Q. Clear 1000, Q. Clear 4000, OSEM 18 and OSEM 24. Our rational behind these
four methods was based on our phantom study results which eliminated Q.Clear 350 and Q.Clear 7000.
Although Q. Clear 4000 appears to be inferior to Q.Clear 1000, it is included in our presented analysis due
to Rowley et al. deeming it to be visually optimal[12]. 

A large problem with trying to use radioactive emission images for quantitative purposes is the effect of
background noise on activity accuracy. We sought to understand the effects of background on dose
distributions and how the various reconstruction methods handle this added noise that is patient speci�c.
Overall, both Q. Clear and OSEM methods su�ciently handle background within their algorithms based
on this study’s de�nition of what was background activity. Figure 6 shows an example of the dose
pro�les comparing dose distributions with and without background subtraction for a representative
patient. A two-tailed p-value for each patient comparing these dose pro�les was calculated and showed
no statistical difference between WFBH and WFBH Bkgrd dose distributions. Furthermore, Table 4 shows
the local gamma analysis, which compares percent dose difference relative to the dose at the given point
[25], values between WFBH and WFBH Bkgrd dose distributions with 3% dose difference at 3 mm
distance with no low dose threshold. Gamma values had an average of 98.01% with standard deviation
of 3.75%. Figure 7 then shows DVH curves for the liver contour and treated area for a representative
patient. The treated area is de�ned to be the volume that has a dose value greater than 20% of the max
dose. Overall, with both Q. Clear and OSEM reconstruction methods there was no signi�cant effect on 90Y
PET based post-TARE dosimetry found when taking the additional step of background subtraction and
therefore the reconstruction algorithms themselves handle this appropriately from the beginning.
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Table 4
Local gamma analysis values between WFBH and WFBH Bkgrd dose

distributions
patient no. Q.Clear 1000 Q.Clear 4000 OSEM 18 OSEM 24

1 96.05 99.30 99.99 97.97

2 97.53 99.99 99.98 99.84

3 99.47 99.95 99.75 99.85

4 99.91 98.82 97.21 98.67

5 98.57 99.46 94.06 98.98

6 98.63 99.99 99.93 86.32

7 99.64 100.00 99.79 99.90

8 92.35 98.83 99.99 99.96

9 90.65 99.63 99.98 98.31

10 82.74 99.69 99.80 99.96

11 90.99 99.98 99.89 99.99

Comparing our WFBH convolution algorithm to the MIRD convolution algorithm through two tailed paired
p-values of dose pro�les and DVH curves, no statistical difference among WFBH and MIRD dose
algorithms were found. Figure 8 shows representative DVH curves comparing MIRD and WFBH dose
algorithms and their agreement. Note that the outlier sets of DVH curves are based on the Q. Clear 4000
reconstruction method.

 Comparing LDM dose algorithm to MIRD for post-TARE 90Y PET/CT patient images, LDM was
statistically more dependent on reconstruction method than MIRD. For each patient the max dose
obtained via LDM and MIRD for each reconstruction method was recorded and it was found that the
standard deviation (SD) of the max dose values among the reconstruction methods were statistically
higher (p-value = 0.048) within the LDM calculated values compared to the MIRD values. The spread of
these deviations are shown in Fig. 9 and highlights how much the max dose �uctuates as a result of
reconstruction method when using LDM. This same variance in max dose values based on reconstruction
method was found in our phantom study with a SD between the reconstruction methods for LDM being
137.98 and MIRD being 52.51As detailed in Table 5, LDM is giving consistently higher dose values across
the reconstruction methods when compared to their MIRD counterpart.
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Table 5
Ratio of max dose value calculated by LDM to MIRD, averaged over all patients

  Q. Clear 1000 Q. Clear 4000 OSEM 18 OSEM 24

Average 1.987418 1.264204 1.224291 1.265757

Standard deviation 0.924286 0.466666 0.425819 0.392314

This overestimation of high dose regions is not just a scaling factor of the entire dose distribution as
shown by the leftward shift in Fig. 10, where the percent of contour max is shown on the x-axis. If this
were a scaling factor, then the DVH curves for the two dose algorithms would overlap with this
renormalization to their respective max dose in place. However, instead we see that LDM algorithm
derived dose distributions have a small percentage of volume with a high dose point thus there is a larger
amount of lower dose values in comparison to MIRD derived dose distributions. Additionally, Fig. 11 plots
absolute dose on the x-axis and shows that for higher dose values the LDM DVH curves cross over the
MIRD DVH curves. Taking Figs. 10 and 11 together, the LDM model underestimates low dose values and
over estimates high dose values. The variance in LDM dose estimation, along with the LDM sensitivity to
reconstruction method, leads us to recommend the use of MIRD S Voxel algorithms for post-TARE 90Y
PET based dosimetry models.

Lastly, comparing our two OSEM reconstruction variations, the dose distributions for OSEM 18 and OSEM
24 are spatially comparable to the dose distributions based on our Q. Clear 1000 reconstruction
algorithm. This is shown through dose pro�les in Fig. 4 as well as DVH curves in Figs. 7–11. However,
when looking at the max dose values in comparison to max dose values obtained via Q. Clear 1000, there
is a statistical difference (p-value = 0.035) among the two groups with the average ratio to Q. Clear 1000
for OSEM 18 being 0.85 (SD = 0.15) and the average ratio for OSEM 24 being 0.96 (SD = 0.14) across all
of our patients.

 

Discussion
Throughout our study we initially performed our analysis on all six reconstruction method variations.
However, it became apparent to us that in combination with other’s work [10, 12] we could focus the
presentation of data better as we advanced in this study by eliminating the presentation of results for
methods that were inferior. Scott and McGowan concluded based on phantom studies that the optimal β
value for the Q.Clear reconstruction method for Y90 PET imaging was β = 1000[10]. Similar RA values
were found to Scott and McGowan following the same trend of as β values increase, there is a decrease
in RA; likely due to this parameter’s involvement in noise suppression[10]. Initially, the potential of using
Q. Clear β = 7000 reconstructed images for dosimetry purposes was eliminated due to its signi�cantly
lower RA values and overly smooth dose pro�les. Next, in agreement with Scott and McGowan, Q. Clear β 
= 350 is less optimal than Q. Clear β = 1000 due to much larger dose gradients from neighboring voxels
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for this reconstruction method, especially within low dose regions where less of this drastic variation is
expected.

Moreover, all RA values are less than 0.80 for Y90 phantom sphere compartments. Typical �uorine-18
phantom studies give values that are much closer to unity across various imaging systems[26] and
therefore the need for scaling is less of an issue with typical PET imaging. With these Y90 PET images
however, we need to account for the loss of activity through scaling the image by the inverse of the
measured RA. These phantom studies should be done alongside other annual QA calibration
measurements in order to have site speci�c values and thus, most accurate rescaling values. At this time,
we recommend using the RA value calculated for the 37 mm diameter sphere as the scaling factor seeing
as its radius (18.5 mm) is larger than the maximum penetration depth of Y90 beta. In the future, more
complex corrections are needed in order to account for RA changes as sphere size decreases.

A goal of this study was to provide guidance on optimal reconstruction method and dose calculation
method for post- TARE 90Y PET image based dosimetry. In order to expand the impacts of this research,
OSEM reconstruction methods were included for those institutions that do not have the capabilities of GE
imaging based Q. Clear methods. We assume that the Q.Clear method is the closest to ideal since it can
be proven to mathematically converge[24]. Dose distributions resulting from OSEM 24 image
reconstruction were statistically the same as those derived from Q. Clear β = 1000 based on dose pro�les,
maximum dose value and DVH curves.

When comparing our dose algorithm, WFBH, to MIRD we found them to be statistically equivalent. The
difference between the two algorithms is the scattering kernel used. WFBH uses a 5 × 5 × 5 kernel whereas
the MIRD algorithm uses a 3 × 3 × 3 kernel. At this level the extra voxels are negligible in its effect on
dosimetry. Considering the maximum penetration depth for 90Y is 11 mm with an average of 2.5 mm, it is
expected that this expanded scattering kernel would not have a signi�cant effect on the resulting dose
distributions [1–3]. Our images have a 3 mm cubic voxel size so considering 3 voxels out from that point
versus 5 voxels would be a matter of 9 mm compared to 15 mm respectively. Both of which are well
above the average range.

According to Pasciak et al. the main contributing factor to differences in image based dosimetry from
mathematical solutions is the image noise in a 90Y PET/CT scan and less so the dose calculation
algorithm when comparing LDM and dose-point kernel (DPK) algorithms [23]. Additionally, Pasciak et al.
concluded through their studies that LDM appears to offer a slight improvement in accuracy compared to
DPK when emissions scans are obtained on a PET system with a point spread function (PSF) greater
than 3.25 mm at full width at half maximum (FWHM) along with a small voxel size but, in other
situations depending on resolution and PSF, LDM leads to equal or greater error [23]. This study
demonstrates that the LDM dose algorithm is highly dependent on reconstruction method. When looking
at max dose values and DVH curves obtained via MIRD dose algorithms, there are very minimal
differences from one reconstructed image to the next whereas with the LDM algorithm the differences are
statistically larger. The realization that such subtle changes in the emission scan reconstruction can lead
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to such large dose value changes is less than ideal for image based dosimetry post-TARE. Moreover, LDM
dose algorithms were overestimating high dose regions and underestimating low dose regions. We found
that across all six reconstruction methods, LDM would consistently give signi�cantly higher max dose
values than MIRD except for Q. Clear 7000 (data not shown). However, this is explained by the main
differentiating assumption between the two algorithms. LDM calculates a dose for a given voxel based
on the assumption that all of the energy is locally deposited within that one voxel, for a given decay event
[23]. Whereas with convolution algorithms, speci�cally MIRD in this study, the dose value that is
calculated considers the neighboring voxels based on the scattering kernel, i.e. not all of the energy is
deposited strictly in that one given voxel. Thus, it would be expected that max dose values calculated
using LDM would be higher than values obtained through MIRD due to the con�nement of deposited
energy. The agreement in max dose values between the two algorithms we saw with the Q. Clear 7000
reconstruction method is due to the over smoothing in that reconstructed image which is essentially
forcing the activity to spread out across multiple voxels. Thus, the LDM dose algorithm was
unintentionally applying the spread of activity between voxels as with the MIRD dose algorithm.

Conclusion
The use of 90Y PET imaging post-TARE has the ability to identify dosimetric treatment success much
sooner than historically where the lack of a successful treatment would not be apparent until follow-up
appointments weeks to months after treatment [22]. The overall goal of this study was to advise on the
optimal post-TARE 90Y PET/CT image based dosimetry protocol. The convergence of the Q. Clear method
has been proven[24] but we have been able to show comparable dosimetry resulting via OSEM image
reconstruction, making it a valuable option to those who do not have a GE system. Overall, the most
realistic and resistant to noise post-TARE image based dosimetry appears to be calculated via Q. Clear
1000 and OSEM 3 iterations and 24 subsets reconstruction algorithms with a convolution voxel based
dose algorithm such as the SurePlan™ MIRD dose calculation algorithm explored in this paper. We
recommend 90Y activity distribution to be scaled based on the local clinic’s obtain recovered activity
fraction in the 37 mm diameter sphere until more sophisticated corrections are determined.
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90Y
Yttrium-90
99mTc-MAA
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single-photon emission computed tomography
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90Zr
Zirconium-90
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Bayesian penalized likelihood, Regularized Reconstruction iterative algorithm
OSEM
Ordered Subsets Expectation Maximization
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single photon emission computed tomography/computed tomography
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SurePlan™ Local Deposition Method
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SurePlan™ Medical Internal Radiation Dose using voxel S values, 3 × 3 × 3 voxel kernel.
WFBH
dose convolution algorithm using voxel S values, 5 × 5 × 5 voxel dose kernel
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dose volume histogram
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Figure 1

Representative dose distribution PET image showing SurePlanTM MIRD dose distribution with Q.Clear
1000. The whole body is contoured in orange, liver in purple and lungs in pink. Red denotes 100 Gy, green
is 50 Gy and blue is 25 Gy

Figure 2
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De�nition of background contour Representative PET image showing the background contour shaded in
blue, liver in purple and lungs in pink.

Figure 3

Recovered activity values grouped by reconstruction method Calculated recovered activity for each
sphere size in the phantom is shown with one standard deviation error bars. As β value increases the
recovered activity accuracy decreases.
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Figure 4

Dose pro�les based on emission image of phantom Normalized dose pro�les based on each dose
calculation algorithm are shown for each of the Q. Clear reconstruction method variations. Fig 4a shows
dose distributions based on MIRD, Fig 4b based on WFBH and Fig 4c based on LDM. Fig 4c shows the
more drastic difference in dose value as you go from voxel to voxel.

Figure 5

Dose pro�les based on post-TARE 90Y PET These dose pro�les are based on a sagittal cut through the
max dose point de�ned by the dose distribution created using MIRD Q. Clear 1000. Fig 5a is based on
WFBH dose method, Fig 5b is based on WFBH Bkgrd, Fig 5c is based on MIRD and Fig 5d on LDM.
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Figure 6

Comparison of WFBH and WFBH Bkgrd dose pro�les Sagittal cut through the max dose point de�ned by
the dose distribution created using MIRD Q. Clear 1000 showing the dose pro�les for WFBH and WFBH
Bkgrd dose algorithms. Note the overlap of the two helping to support that these dose distributions are
not different.
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Figure 7

7 DVH curves comparing WFBH and WFBH Bkgrd dose methods Fig 7a is a representative DVH curve for
the treated area and shows the similarities of these two dose algorithms. Fig 7b is the representative DVH
curve for the liver. Once again these two dose algorithms give the same curves adding to the argument
that background subtraction is su�ciently handled within the reconstruction methods.

Figure 8
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DVH curves comparing MIRD and WFBH dose methods Fig 8a is a representative DVH curve for the
treated which shows the similarities in WFBH and MIRD dose calculation algorithms. Fig 8b is the
representative DVH curve for the liver. In both contours, the outlier DVH curves are based on the Q. Clear
4000 reconstruction method.

Figure 9

Maximum dose values based on dose algorithm The spread in standard deviation of the maximum dose
value across each reconstruction method for each patient is shown. LDM gives a higher variation in max
dose values from one reconstruction method to the next.
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Figure 10

DVH curves comparing MIRD and LDM dose methods Fig 10a is a representative DVH curve for the
treated region whereas Fig 10b are DVH curves for the liver contour. LDM dose algorithms cause the
curve to be shifted to the left of the MIRD algorithm. It should be noted the x-axis is based on percent
dose of the contour max to try to eliminate the differences in max dose value and instead can look at the
distribution of delivered dose.
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Figure 11

Absolute dose DVH curves for treated region Representative DVH curve for the treated region with
absolute dose on the x-axis. Note the crossing over of LDM DVH curves within the box showing the
algorithm’s tendency to have higher dose than MIRD methods.


