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Introduction 

Cancers have been treated with internally administered radionuclides 

since the 1940s.1,2 This process has been described as Molecular 

Radiotherapy (MRT). MRT provides a targeted approach for treating 

cancer through the use of radioisotopes which emit particles (beta 

and alpha) to deliver dose directly to tumors while minimizing the 

exposure of healthy tissues. 

These therapies have proven to be successful in treating an increasing 

number of oncologic disorders, including neuroendocrine,3 prostate,4 

and thyroid cancers.5 

Molecular radiotherapy is unique because the patient-specific

biodistribution can be imaged using SPECT and PET cameras.6,7

Quantitative images in units of radioactivity, such as Becquerels, can 

be used to calculate the total number of decays of a radionuclide

over time, and application of algorithms such as Voxel S-Value kernel 

convolution8 can convert this information into absorbed dose.

In the European Union, dosimetry for treatment planning and verification 

has been mandated by the European Council directive 2013/59/ 

Euratom9 which states in Chapter VII, Medical Exposures, Article 56:

“For all medical exposure of patients for radiotherapeutic purposes, 

exposures of target volumes shall be individually planned and 

their delivery appropriately verified taking into account that doses 

to non-target volumes and tissues shall be as low as reasonably 

achievable and consistent with the intended radiotherapeutic purpose  

of the exposure.” 

It is further stated in Chapter II, Definitions, Article 4, Definition 81 

that: “‘radiotherapeutic’ means pertaining to radiotherapy, including 

nuclear medicine for therapeutic purposes.”

MIM SurePlan™ MRT provides comprehensive tools needed to efficiently 

calculate absorbed dose from input imaging data, to aid clinicians in 

making treatment decisions.

Activity Quantification

The calculation of absorbed dose requires the determination of 

the total number of decays of a radioisotope. These values can 

be obtained using quantitative SPECT/CT images or quantitative  

planar scintigraphic images.6,7 

Quantitative SPECT/CT

The Absolute quantification of SPECT requires correction for attenuation, 

scatter, and the conversion of counts to Bq/ml. MIM SurePlan MRT 

provides a SPECT reconstruction suite that includes Ordered Subset 

Expectation Maximization (OSEM) reconstruction, CT-based attenuation 

correction, energy window based scatter correction, depth dependent 

resolution recovery, and Bq/ml conversion. See the white paper SPECT/

CT Reconstruction with SPECTRA Quant™ for more details.10

Determination of Time-Integrated 

Activity Concentration

The determination of the total number of decays (i.e., time-integrated 

activity concentration) for radioisotopes delivered as permanent 

implants, such as yttrium-90 microspheres, are accomplished by 

integrating the physical decay curve from the activity concentration 

image since these therapies do not have biologic clearance. Other 

radionuclide therapies, such as Lu-177 Peptide Receptor Radiotherapy 

or I-131 thyroid therapy, undergo both a physical decay and a biological 

decay since they are not permanently bound to targets in the body. 

To capture the biokinetics of the radionuclides, multiple images must 

be acquired over time. A time-activity curve can be created from these 

images and integration of the time-activity curve provides an estimate 

of the total number of decays over time.7

These could be SPECT/CT images, a single SPECT/CT image with 

multiple planar images over time, or a single SPECT/CT image taken 

at an optimal time point for leveraging previous or population based 

time-activity information. 

Here, we describe the MIM SurePlan MRT 3D Multiple SPECT/CT 

Dosimetry Method. Our other white papers describe the Hybrid SPECT/

Planar Dosimetry Method11 and the Single Timepoint Dosimetry methods.12
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3D Multiple SPECT/CT Method  

Overview

The 3D method of determining the time-integrated activity concentration 

is accomplished by modeling activity over time on a voxel or ROI level. 

In MIM SurePlan MRT, select organ ROIs can be defined using MIM’s AI 

Segmentation tool, Contour ProtégéAI®.13 Tumor ROIs can be quickly 

defined using PET Edge®+.14

MIM SurePlan MRT creates time-activity curves by aligning quantitative 

SPECT images from multiple time points with the SPECT/CT from the 

user-defined reference time point using multiple local rigid registrations15 

for each ROI. First, each time point is aligned to the reference time 

point. Then the SPECT intensity within a configurable expansion of 

each ROI is used to create multiple local rigid registrations. These 

are spliced together to generate a composite-aligned SPECT image 

for that time point.16,17 Alternatively, organ-level curve fitting can be 

accomplished with user-defined regions on each time point, rather 

than using a reference time point for alignment.

The aligned images can then be used to calculate time-activity curves 

and absorbed dose. MIM SurePlan MRT allows for dose calculation 

with voxel-level or organ-level curve fitting. There are two methods of 

curve fitting and dose calculation; 1) Curve fitting of the time-activity 

curve generated from the quantitative SPECT activity (per voxel or per 

organ), time-integration of the curve, then absorbed dose calculation 

from the time-integrated activity concentration by convolution with a 

voxel S-value kernel; 2) Dose calculation for each time point to generate 

dose-rate maps in Gy/s (per voxel or per organ), curve fitting, then 

time-integration of the dose rate map curves.

The absorbed dose map is corrected for physical density by applying 

a physical density map (derived from the CT) in which Hounsfield 

unit (HU) values are mapped to physical density values using a  

bilinear fit curve.18 

A line is fit for HU values above water density (HU = 0) and another 

line is fit for values below water density. The bi-linear fit curves are 

camera model and kVp specific and are obtained by scanning a CT 

density phantom.

Activity-Based Image Corrections

MIM SurePlan MRT offers correction methods to better approximate 

the true activity in ROIs on SPECT. A useful application of these features 

is to correct for partial volume effects.

Recovery Coefficient Scaling

ROI-Specific Scaling 

Scale factors can be entered per region. These values represent the 

ratio of measured to true activity. For example, if the kidney activity 

in the image is estimated to be 80% of the true activity, the recovery 

coefficient would be 0.8.

Volume-Based Scaling

Scale factors per region are determined by an equation relating 

measured activity to true activity based on volume.

Volume-to-Surface-Area Ratio Scaling

Scale factors per region are determined by an equation relating 

measured to true activity base on the ratio of the  volume and surface 

area of the region. 

The recovery coefficient scaling equations are specific to each camera 

and can be derived from phantom scanning.

Dual contour approach

As an alternative to recovery coefficient scaling, individual ROIs can be 

corrected by defining two contours. One contour defines the anatomical 

volume for dose calculation and the other defines the activity for the 

dose calculation. This avoids decreasing the mean dose by defining a 

larger region in order to capture spill-out activity.

Time-Activity Curve Fitting and  

Area Under the Curve (AUC) Calculation

The AUC calculation method in MIM SurePlan MRT provides a per-

region (voxel or ROI) curve fitting and integration. Curve fitting is 

performed by minimizing the squared differences between the curve 

from the user selected function and the observed data points. The 

curve fitting options are trapezoid + exponential, mono-exponential, 

bi-exponential,  bi-exponential (force zero at uptake time 0), and 

auto-determined which finds the best fitting model from the mono-

exponential and bi-exponential options.19

Trapezoid + Exponential for Extrapolation 

Data is extrapolated from the first time point back to the time of 

injection using the physical decay of the isotope. The physical decay of 

the isotope is stored in a preference file. Decays were derived from ICRP 

Publication 107.20 The data is extrapolated after the last time point by 

fitting the last two time points to a mono-exponential decay function. 

If the decay is found to be less than the physical half-life of the isotope, 

then the physical half-life is used for the decay function after the final 

time point. The portions of the curve between the first and last time 

points are integrated using the trapezoidal rule.
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Mono-Exponential

  (K = 2)    f
2
(t) = C

1
e 1 )t

Bi-Exponential

Useful for cases where there is rapid decay of radioisotope 

activity (perhaps due to excretion) that is followed by a period of  

prolonged decay.

  (K = 4)    f
4
(t) = C

1
e 2 )t + C

2
e 2)t

Bi-Exponential (force zero uptake at time 0)

Bi-exponential function where the time-activity curve is forced to 

start at 0 at the time of injection.  Thus, it is useful for cases where 

the radioisotope uptake cannot be assumed to be instantaneous.

  (K = 3)    f
4a

(t) = C
1
[e 1)t – e 2)t]

Where C
1
, C

2
, 

1
, and 

2
 are model parameters, 

phys
 is the physical 

decay constant, and K is the number of model parameters.

Auto-Determined Exponential 

The best fit equation for each voxel is found by comparing the Mono-

exponential, Bi-exponential, and Biexponential (force zero uptake at 

time 0) models with the limitation that there are enough time points 

to determine the model parameters (Either K ≤ # of time points, or K 

< # of time points).19 

The Akaike Information Criterion (AIC)21 is used as the metric to evaluate 

each equation where the AIC evaluates the loss of information when 

a model is used to approximate a true distribution. The lowest AIC 

value corresponds to the lowest information loss and the model with 

the lowest AIC is chosen on a per-region (voxel or ROI) basis.

Dose Calculation

The time-integrated activity values generated from the AUC method 

are used for the calculation of absorbed dose. 

Absorbed dose (Gy) is the amount of energy deposited in joules per 

unit mass of tissue in kilograms. Therefore, to calculate dose, the mass 

of the tissue in each voxel needs to be determined. The mass of each 

voxel can be found by creating a physical density map of the patient. 

See the CT-Based Density Calibration section of this white paper for 

a description of the procedure for generating the bilinear fit curves. 

The Voxel S value convolution (VSV) method for dose calculation in 

MIM SurePlan MRT is an approach based on the schema in MIRD 

Pamphlet 17 for nonuniform distribution of radioactivity.8 

MIRD Pamphlet 17 has applied Monte Carlo methods for radionuclide 

sources in water to calculate dose deposited in target voxels surrounding 

a uniform source of the radionuclide in the central voxel. MIM SurePlan 

MRT VSV kernels are sourced from a publicly available database of 

kernels simulated in this fashion.22 These kernels are designed to capture 

99% of the deposited energy from a central voxel, with matrix sizes 

comparable to the FOV of a SPECT. All dose kernels were validated by 

comparing total decay energy to published ICRP 107 values and dose 

calculation for generalized activity maps in Olinda EXM 1.1.

For alpha emitters, the VSV kernel is designed such that all energy is 

deposited in the source voxel with the assumption of local deposition.

Rather than creating a new Monte Carlo kernel for the voxel size of 

each image, the SPECT image is resampled to the size of the kernel  

using trilinear interpolation. 

Trilinear interpolation is a commonly used method of approximating 

the value at a 3D coordinate located within a regular 3D grid  

of data points.23,24

CT-Based Density Calibration

The VSV kernels are simulated assuming a certain density,  

such as water. 

Therefore, a correction is necessary for tissues with  

heterogeneous densities.25, 26 

The absorbed dose map is corrected for physical density by applying a 

physical density map derived from the CT where HU values are mapped 

to physical density values using a bi-linear fit curve.18 

A line is fit for HU above water density (HU = 0), and another line is 

fit for values below water density. 

The bilinear relationship is derived from scanning a CT density phantom 

with various tissue-mimicking inserts of known physical density, and 

relating each physical density to a measured HU value.

The bi-linear fit curves are camera model and kVp specific. Therefore, 

this process needs to be repeated for different combinations of SPECT/

CT cameras and CT imaging protocols.

The resulting dose maps are divided by the physical density map 

providing a density-corrected absorbed dose calculation.
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Hybrid SPECT/Planar Dosimetry for Targeted Molecular Radiotherapy

Introduction 

Personalized dosimetry for Molecular Radiotherapy 

of dose delivery,  and guiding subsequent treatment 
decisions1. Calculation of the absorbed dose to regions 

of decays of the radioisotope. As described in the white 
paper Dosimetry for Targeted Molecular Radiotherapy, 
these values can be determined using multiple imaging 
timepoints with quantitative SPECT/CT or planar 
scintigraphy.

MIM’s hybrid dosimetry approach uses a combination 
of multiple planar imaging timepoints and a single 
SPECT/CT to calculate absorbed dose. The planar 
images are obtained over time to characterize the tracer 
biokinetics and provide the shape of the time-activity 
curve while the amplitude of the time-activity curve is 
determined by normalizing the planar activity with the 
more quantitatively accurate SPECT/CT activity2,3,4. This 
dosimetry approach may be more feasible in certain 
clinical settings than multiple SPECT/CT dosimetry due 
to logistical or cost limitations.

Hybrid SPECT/Planar Dosimetry Method

The Hybrid SPECT/Planar Method employs quantitative 
corrections for the SPECT and planar images. At least 
one time point with both SPECT and planar acquisitions 
is required. Regions of interest (ROIs) are created on the 

boundaries on a 3D image. 

The planar images are aligned to the SPECT/CT by 
creating anterior and posterior projections from the 
SPECT image and then performing a rigid alignment 
of the planar images from each time point back to the 
SPECT-derived projections. The ROIs from SPECT/CT are 
transferred to the planar images. Overlapping regions 
are determined on the planar images and calculations 
for mean regional activity are restricted to the non-
overlapping source regions. The regional values in the 
planar image are normalized by the SPECT-to-planar 
activity ratio.

The spatially-aligned quantitative planar images are 
then used to calculate a time-activity curve with the 

5. This results in a time-
integrated activity value for each pixel as well as a total 
activity value for each region of interest.

These total regional values are then mapped back to a 

image in which regional total values match the total 

image can then be used for dose calculation using the 
Voxel S-Value Kernel method6. Area under the curve 
(AUC) and absorbed dose calculation methods are 
detailed in the white paper Dosimetry for Targeted 
Molecular Radiotherapy.

Planar Corrections Method

corrections for background due to overlapping activity 
of background regions with the source ROI as well as 
corrections for scatter and attenuation. The Hybrid 
SPECT/Planar Dosimetry Method does not apply these 
corrections by default.

Corrections can be made for background activity using 
the conjugate-view methodology described in MIRD 
16, the Kojima Method8,9, or an expansion to the 
Kojima Method. Corrections for scatter are made using 
the Multiple-Energy Window Subtraction Method10,11

and corrections for attenuation are made using a CT-
derived attenuation map12. Conversion from counts to 
activity is performed by using a ratio of regional SPECT 
activity (Bq/ml) to planar counts per second derived 
from a SPECT and planar image obtained on the same 
day.

Scatter correction
Correction is employed independently for each pixel 
based on the following equation:

NM Cole, PhD, D Mirando, AS Nelson, MD, A. Kruzer, R. Niman
MIM Software Inc.
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where wp, wl, and wu are the widths (keV) of the primary, 
lower, and upper energy windows, respectively; Cp, Cl, 
and Cu are the recorded counts in the corresponding 
energy windows; and CSC is the scatter corrected count 
value.

Background Correction
Background correction is applied independently 
for each source region. The CT is used to determine 
the thickness of the source region to generate an 
attenuation map and calculate the average attenuation 
in the background region for each source. Three-
dimensional source regions are projected onto each set 
of planar images where the corresponding background 

MIRD 16 background correction is applied to the anterior 
and posterior images with the following equation:

where CBC is the background-corrected counts for a 
source region, Csrc is the original counts for the source 
region, Tsrc is the thickness of the source, T is the 
thickness of the patient and Cbkg is the counts in a 

The Kojima Method background correction is applied 
to the anterior and posterior images with the following 
equations8:

where CBCA and CBCP are the background-corrected 
counts in the anterior and posterior planar images; CsrcA

and CsrcP
 are the anterior and posterior source region 

detected counts; CbkgA
 and CbkgP

 are the detected 
counts within the background region in the anterior 
and posterior images; LA is the distance between the 
anterior edge of the patient and the anterior edge of 
the source region; and T is the thickness of the patient. 
All non-background parameters are calculated on a 
per-pixel basis.

The expanded Kojima’s Method builds upon the concept 
of background correction to account for concave 
structures, such as the kidneys, allowing for disjointed 
volumes that contribute to the 2D ROI activity.

Attenuation Correction
Attenuation correction is also applied independently 
for each source region. The geometric mean of the 
anterior and posterior images is then taken, and the 
per-pixel attenuation corrected counts value CAC is 
calculated according to MIRD 167:

    

Here, CAC is the per-pixel attenuation-corrected counts, 
CGM is the per-pixel geometric mean counts, sumV

is the summed projection of the attenuation map in 
the anterior direction, and VAP is the voxel size in the 
anterior-posterior direction. The correction factor, f, is 
to account for attenuation within the source which is 
computed as:

    

description of the Hybrid SPECT/Planar Method.
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Evaluation of Hybrid SPECT/Planar 
Dosimetry Method

Purpose
This test analyzed the consistency of dosimetry results 
between the 3D Multiple SPECT/CT Dosimetry Method 
and the Hybrid SPECT/Planar Dosimetry Method.

Methods
The SIMIND Monte Carlo program13 was used to 
simulate anthropomorphic phantoms based on real 
anatomy. SPECT and planar images representing both 
Lu-177 and I-131 activity were generated. Poisson 
noise was added to the planar and projection data to 
model realistic noise characteristics. The SPECT images 
were reconstructed using an OSEM algorithm with 
16 iterations and 8 subsets. CT-based attenuation 
correction, triple energy window-based scatter 
correction, and resolution recovery were applied. The 
energy windows used for the 3D Multiple SPECT/CT 
Method were as follows: 

     Lu-177 (20% primary, 10% scatter windows)
     Lower: [166.4 - 187.2] keV
     Primary: [187.2 - 228.8] keV
     Upper: [228.8 - 249.6] keV

     I-131 (15% primary, 15% scatter windows)
     Lower: [282.1 - 336.7] keV
     Primary: [336.7 - 391.3] keV
     Upper: [391.3 - 445.9] keV

Both dosimetry methods were used to calculate dose 
to various structures, and mean doses were measured 
and compared.

Results
LU-177 Dosimetry Method Comparison

Region SPECT/CT
Method
Mean 
(Gy)

Combined 
Method
Mean
(Gy)

%
Difference
Between
Methods

Absolute
Difference
Between
Methods

(Gy)

Liver 20.97 18.66 -11.7 -2.3

Spleen 33.01 30.82 -6.9 -2.2

Lung_L 12.01 10.75 -11.1 -1.3

Lung_R 12.64 11.14 -12.6 -1.5

Kidney_L 17.92 15.65 -13.5 -2.3

Kidney_R 17.98 15.18 -16.9 -2.8

I-131 Dosimetry Method Comparison

Region SPECT/CT
Method
Mean 
(Gy)

Combined 
Method
Mean
(Gy)

%
Difference
Between
Methods

Absolute
Difference
Between
Methods

(Gy)

Lung_L 19.57 20.80 6.1 1.2

Lung_R 21.07 23.04 8.9 2.0

Thyroid 300.92 266.58 -12.1 -34.3

Discussion
The results for both Lu-177 and I-131 showed an 
acceptable level of difference when these two methods 
were compared. The differences that were seen were 
attributed to differences in quantitative accuracy 
between SPECT/CT and planar images.
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Validation of Planar Correction Methods 

Purpose
The purpose of this test was to validate corrections 
applied to planar images in order to correct for scatter, 
background, and attenuation effects as a part of the 
Hybrid SPECT/Planar Method. Our methodology was 
chosen in an effort to ensure that organ and tumor 
statistics were maximally independent of the volume 
of the region, the source-to-background ratio, and 
the position of the region within the patient, all critical 
prerequisites for the use of derived time activity curves 
in absorbed dose calculations. 

Methods
The accuracy of planar corrections for attenuation, 
scatter, and background (using the Kojima Method8) 

errors were less than 12% for all regions, except for 
the smallest region (2.6 cm) with 21% error for Lu-
177 and 17% error for I-131 where the partial volume 
effect lowered accuracy as expected. In all cases, the 
software passed its performance requirements and 

13

was used to simulate planar anterior and posterior 
images of both Lu-177 and I-131 spheres of multiple 
sizes within a cubic background. The spheres were 
evaluated at both central and offset locations within the 
phantom. All images were generated with two different 
source-to-background ratios. For each test, a “gold 
standard” image was generated by simulating anterior 
and posterior planar images with no attenuation or 
scattering effects added and then creating a geometric 
mean from which reference counts could be measured. 
Images with and without the corrections applied were 
then compared to the “gold standard.”
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Results                                                Lu-177, Sources Centered

Total Counts Comparison in Source Regions (8:1 source to background ratio)

Total counts in source region % Error between total counts

Phantom 1

Source
Diameter

Gold
Standard

(GS)

MIM
No Corrections

MIM
With Corrections

MIM
No Corrections

vs GS

MIM
With Corrections 

vs. GS

 20 cm 4649123 1351854 5129947 -70.9 10.3

Phantom 2

 10 cm 972730 353519 1104219 -63.7 13.5

   5 cm 105143 63469 114343 -39.6 8.7

2.6 cm 10676 14862 7179 39.2 -32.8

Total Counts Comparison in Source Regions (4:1 source to background ratio)

Total counts in source region % Error between total counts

Phantom 1

Source
Diameter

Gold
Standard

(GS)

MIM
No Corrections

MIM
With Corrections

MIM
No Corrections

vs GS

MIM
With Corrections 

vs. GS

 20 cm 3323265 1167010 3579087 -64.9 7.7

Phantom 2

 10 cm 534523 280863 593529 -47.5 11.0

   5 cm 58486 58526 57533 0.1 -1.6

2.6 cm 6511 15162 4847 132.9 -25.6

Lu-177, Sources Offset Anteriorly

Total Counts Comparison in Source Regions (8:1 source to background ratio)

Total counts in source region % Error between total counts

Phantom 1

Source
Diameter

Gold
Standard

(GS)

MIM
No Corrections

MIM
With Corrections

MIM
No Corrections

vs GS

MIM
With Corrections 

vs. GS

 20 cm 4637319 1378932 5051053 -70.3 8.9

Phantom 2

 10 cm 973233 367433 1078513 -62.2 10.8

   5 cm 104303 65945 109808 -36.8 5.3

2.6 cm 11355 15377 11251 35.4 -0.9

Total Counts Comparison in Source Regions (4:1 source to background ratio)

Total counts in source region % Error between total counts

Phantom 1

Source
Diameter

Gold
Standard

(GS)

MIM
No Corrections

MIM
With Corrections

MIM
No Corrections

vs GS

MIM
With Corrections 

vs. GS

 20 cm 3312527 1200234 3543174 -63.8 7.0

Phantom 2

 10 cm 530468 290669 556330 -45.2 4.9

   5 cm 58387 60205 59292 3.1 1.6

2.6 cm 6667 15583 4877 133.7 -26.8
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I-131, Sources Centered

Total Counts Comparison in Source Regions (8:1 source to background ratio)

Total counts in source region % Error between total counts

Phantom 1

Source
Diameter

Gold
Standard

(GS)

MIM
No Corrections

MIM
With Corrections

MIM
No Corrections

vs GS

MIM
With Corrections 

vs. GS

 20 cm 14807366 4909939 14717608 -66.8 -0.6

Phantom 2

 10 cm 3097945 1305804 3186853 -57.8 2.9

   5 cm 322599 226958 321183 -29.6 -0.4

2.6 cm 32111 52402 25365 63.2 -21.0

Total Counts Comparison in Source Regions (4:1 source to background ratio)

Total counts in source region % Error between total counts

Phantom 1

Source
Diameter

Gold
Standard

(GS)

MIM
No Corrections

MIM
With Corrections

MIM
No Corrections

vs GS

MIM
With Corrections 

vs. GS

 20 cm 10588143 4180673 10437834 -60.5 -1.4

Phantom 2

 10 cm 1709137 1013879 1746004 -40.7 2.2

   5 cm 179022 205115 156743 14.6 -12.4

2.6 cm 20858 53152 16620 154.8 -20.3

I-131, Sources Offset Anteriorly

Total Counts Comparison in Source Regions (8:1 source to background ratio)

Total counts in source region % Error between total counts

Phantom 1

Source
Diameter

Gold
Standard

(GS)

MIM
No Corrections

MIM
With Corrections

MIM
No Corrections

vs GS

MIM
With Corrections 

vs. GS

 20 cm 14781819 5013789 14740238 -66.1 -0.3

Phantom 2

 10 cm 3077032 1344049 3164920 -56.3 2.9

   5 cm 322353 235699 325352 -26.9 0.9

2.6 cm 27672 52211 23441 88.7 -15.3

Total Counts Comparison in Source Regions (4:1 source to background ratio)

Total counts in source region % Error between total counts

Phantom 1

Source
Diameter

Gold
Standard

(GS)

MIM
No Corrections

MIM
With Corrections

MIM
No Corrections

vs GS

MIM
With Corrections 

vs. GS

 20 cm 10592017 4283836 10332392 -59.6 -2.5

Phantom 2

 10 cm 1694707 1040752 1694292 -38.6 0.0

   5 cm 182040 212028 162702 16.5 -10.6

2.6 cm 18190 53640 12395 194.9 -31.9
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Discussion
The results from both the Lu-177 and I-131 testing 
were found to be clinically acceptable. The % error 

both isotopes. Larger errors seen with the smallest 
source sphere (2.6 cm) were attributed to sub-optimal 
measurement of counts from the small source. Caution 
should be taken when evaluating small regions, 
especially if the source-to-background ratio is low. 

Effect of Planar Correction Method on 
Absorbed Dose Calculation

Purpose
The purpose of this test was to determine the effect 
of background correction method on absorbed dose 
calculation with the Hybrid SPECT/Planar Dosimetry 
Method. We compared three methods for background 
correction as well as not employing planar corrections 
to the 3D Multiple SPECT/CT Dosimetry Method. 
Absorbed dose result accuracy was evaluated for liver, 
kidney, and tumor ROIs.

Methods
The effect of planar corrections on the accuracy of the 
absorbed dose calculated with the Hybrid SPECT/Planar 
Dosimetry Method was investigated with nine patients 
and 13 therapy cycles of 177Lu-DOTATATE.  The SPECT/
CT used for the hybrid method was the ~96 hour 
timepoint due to the increased source to background 

ratio compared to earlier timepoints. Kidneys and 
livers were segmented on the CT using a convolutional 
neural network and subsequent manual adjustment. 

segmented on the SPECT using a gradient and intensity-
based algorithm. 

Dosimetry was conducted with two timepoints (Earliest 
planar and ~96 hour SPECT/Planar) and three or four 
timepoints using the Hybrid SPECT/Planar Method 
and compared to multi SPECT/CT dosimetry with 3/4 
timepoints as the "gold standard." Results are shown 
for dosimetry with no corrections and planar corrections 
employing  each of the three methods for background 
correction described in the Planar Corrections Method 
section of this white paper.

Consistent planar/SPECT alignments and consistent 
overlap-removed and background regions were used to 
ensure the resultant dose changes were caused solely 
by the planar corrections.

Results
Differences in absorbed dose values were highly varied 
across all ROIs with large standard deviations. Absolute 
differences were the most consistent and the lowest for 
the liver ROIs with or without planar corrections. These 
results are summarized in Figure 1 for two and 3/4 

values for the 3/4 timepoint absorbed dose results are 
included in the table below.

Comparison of Absorbed Dose Values with 3/4 timepoint dosimetry

Liver Kidneys Tumors

Planar
Corrections Applied

Average
Absolute %
Difference

(±SD)

Median %
Difference

Average
Absolute %
Difference

(±SD)

Median %
Difference

Average
Absolute %
Difference

(±SD)

Median %
Difference

No Corrections 0.0% -6.5% -7.9%

MIRD 16 BC + SC 3.4% -14.6% -6.2%

Kojima's BC+ SC 1.0% -14.3% -9.3%

Extended
Kojima's BC+ SC

-2.0% -8.3% -8.6%
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Figure 1. Dosimetry results with Hybrid SPECT/Planar approach using two or 3/4 timepoints compared to gold 
standard absorbed dose results with 3/4 timepoint multiple SPECT/CT dosimetry. Mean absolute % differences 

results and are denoted with (*) for p<0.05 or (***) for p<<0.001.

Two Timepoint SPECT / Planar Results

3/4 Timepoint SPECT / Planar Results

WHITE PAPER
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Discussion
Many factors affect the Hybrid SPECT/Planar Dosimetry 
Method and the effectiveness of planar corrections. 
However, based on these results and the way the 
planar images are incorporated into the hybrid method, 
we’ve determined that CT-based, planar attenuation 
correction and source self-attenuation correction don’t 
affect dosimetry using the hybrid method. These are 
essentially scaling factors applied to each timepoint 
which would affect planar-only dosimetry. With the 
hybrid method, the planar activity is normalized by the 
SPECT-to-planar ratio. Thus any increase in counts from 
scaling would lead to a decrease in the SPECT-to-planar 
ratio and not affect the data on the time-activity curve 
(TAC). Effectively, the planar images only contribute to 
the shape of the TAC and the SPECT determines the 
activity values.

The need for scatter correction is also minimal. Because 
the amount of scatter is proportional to the amount of 
activity, the correction also approximates to a constant 
scaling factor applied to all planar images. Such scaling 
factors are canceled out when normalizing the planar 
images to the SPECT activity. 

Background correction may be more effective for 
certain ROIs, particularly when there is a change in 

source-to-background ratios between timepoints. 

background regions, but it is important to note that 

projection. For most source regions, the background is 
not homogeneous. Therefore, estimating the correct 
ratio of other structures anterior and posterior to 
the source region that contribute to the background 

right kidney or tumors within the liver, there is very little 
no-overlap volume.

Outside of planar corrections, the planar alignment to 
the SPECT/CT can also affect the calculated absorbed 
dose. Additionally, the timing of the SPECT/CT can 
have a large effect on the accuracy of the dosimetry 
method. Ideally, the SPECT/CT would be acquired ~96 
hours post-injection due to the increase in source-to-
background ratio at this later timepoint compared to 
earlier timepoints.

Based on the results of this investigation, we have 
determined that planar corrections will not be applied 
in the default Hybrid SPECT/Planar Dosimetry Method. 
The functionality is optional, given the possible need 
for background corrections for certain ROIs or scatter 
correction for noisy timepoints.

WHITE PAPER
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Dosimetry for Targeted Molecular Radiotherapy 

Using a Single Measurement Timepoint

N.M. Cole, PhD, D. Mirando, A.S. Nelson, MD

MIM Software Inc.

Introduction 

As described in the white paper Dosimetry for Targeted Molecular 

Radiotherapy, the ability to gather patient-specific biodistribution 

information is a unique feature of internally administered radiotherapies 

that can potentially be used for treatment planning and verification.

That article details how 3D patient-specific information about the total 

absorbed dose can be derived in MIM SurePlan™  MRT from imaging 

at multiple timepoints after the administration of a radionuclide. In 

particular, imaging at multiple timepoints allows for time-integration 

of measured rates of nuclear decay (“activities”) to derive the total 

number of decays (“time-integrated activities”). Application of a 

voxel S-value kernel then allows the conversion of nuclear decays to 

3D absorbed dose.

This need for information from multiple timepoints may be difficult 

for both clinics and patients. In order to calculate full dosimetry, a 

single patient may be imaged eight to 12 times over the course of 

treatment, which may be particularly challenging for patients who live 

far from the clinic. For patients with advanced disease, pain can limit 

the number of times they are able to undergo a scanning session [1].

To reduce these clinical requirements, several researchers in recent 

years have proposed methods for dosimetry using a single imaging 

timepoint. In all of these methods, assumptions are made to convert a 

single, sampled activity into a time-integrated total number of decays.

MIM SurePlan MRT includes two methods for dosimetry using a 

single imaging timepoint: the Hänscheid approach [2] and the prior-

information approach [3-5]. These two methods provide estimates of 

the 3D patient-specific absorbed dose to aid clinical decision-making.

Theory

The Hänscheid Approach to Dosimetry

The formalism proposed by Hänscheid et al. [2] for single-timepoint 

dosimetry starts with the assumption of mono-exponential decay 

with a patient-specific effective half-life that incorporates both the 

physical decay of the radioisotope and biological decay of tracer 

concentration. While a patient-specific effective half-life would require 

multiple timepoints to measure, the proposed formalism simplifies 

the equation further by employing a property of mono-exponential 

equations: if the measurement time is between 75% and 250% of 

the effective half-life, the time-integral of the exponential equation 

can be approximated to within 10% of the true integral by using a 

simplification that eliminates the effective half-life term:

where Ã is the time-integrated activity, A(t
meas

) is the activity at 

measurement time t
meas

, and T
eff

 is the effective half-life.

This means if patient-specific effective half-lives for Molecular 

Radiotherapy do not vary greatly within a population, a measurement 

time can be defined such that time-integrated activities of individual 

patients can be estimated to a reasonable degree of accuracy. Even 

though bi-exponential modeling is often preferred for molecular 

radiotherapies, Hänscheid et al. demonstrate that this scheme 

nonetheless performs well compared to bi-exponential modeling.

They find that the optimal measurement time for 177Lu-DOTATATE 

is at about 96 hours post-therapy, so measurement times should be 

close to 96 hours post-therapy when using this dosimetry scheme 

for 177Lu-DOTATATE.

After time-integrated activity is calculated on a voxel level, dosimetry 

is performed using a voxel S-value kernel.
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The Prior-Information Approach to Dosimetry

Several Molecular Radiotherapies, such as 177Lu-DOTATATE, are delivered 

over the course of  multiple therapy cycles. This creates an opening 

for a more patient-specific approach to dosimetry that still reduces 

imaging requirements.

In this prior-information approach, multiple SPECT/CTs are acquired after 

the first therapy cycle for dosimetry. From these multiple SPECT/CTs, 

mono-exponential or bi-exponential decay modeling is performed at 

the organ-level, according to the “Area Under the Curve Calculation” 

section of the Dosimetry for Targeted Molecular Radiotherapy

white paper. For additional cycles of therapy, only one SPECT/CT image 

can be acquired, and the organ exponential equations from the first 

therapy cycle are then adapted to the current cycle according to the 

following equation:

where C
1
, 

1
, C

2
, and 

2
 are parameters from a bi-exponential model 

fit to data from the first therapy cycle.

Propagating decay schemes from one cycle to future cycles assumes 

that there are no major physiological changes between these cycles 

that would dramatically change the patient-specific effective decay rate. 

Clinical biomarkers, such as those relating to kidney function, may help 

assess the applicability of this dosimetry scheme to individual patients 

[6]. Also, with this method, after time-integrated activity is calculated 

on a voxel level, dosimetry is performed using a voxel S-value kernel.

F I G U R E 1.  Variations in the true patient effective 

half-life yield similar estimations in the area 

under the time-activity curve (“AUC”) when 

imaging at 96 hours post-therapy, assuming mono-

exponential decay.

Defining an Optimal Imaging Timepoint

The Hänscheid et al. group found best agreement with multiple-

timepoint dosimetry for 177Lu-DOTATATE when imaging at 96 hours 

post-therapy. This is largely because imaging at this time allows 

estimation of the time-integrated activity to be robust against some 

uncertainty in the effective half-life. The average half-life over all organs 

reported by the Hänscheid et al. group was about 65.8 hours. Figure 

1 below shows that fairly substantial deviations in the effective half-

life near this value yield very small differences in the area under the 

time-activity curve (“AUC”) when imaging at 96 hours post-therapy. 

For the same reason, 96 hours post-therapy may also be an ideal 

timepoint for the prior-information method for 177Lu-DOTATATE where 

physiological changes may occur between therapy cycles that affect the 

effective half-life. However, because not every organ experiences the 

same pharmacokinetics, it is likely that the optimal imaging timepoint 

will vary between organs.

This concept can be applied to other therapies, with particular attention 

paid to the effective half-lives of tumors and organs at risk. For example, 

Jackson et al. found that the optimal imaging time varied between 

organs when applying a single-timepoint dosimetry method to 177Lu-

PSMA-617, but that only imaging at around 70 hours post-therapy 

produced <10% error for tumors and most organs at risk [7].

We will see in the Defining an Optimal Imaging Timepoint (Results)

section how this theory explains the accuracy of results at certain 

timepoints.
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Evaluation Results

To evaluate the accuracy of single-timepoint dosimetry for 177Lu-

DOTATATE, organs-at-risk (OARs) and tumor absorbed doses were 

calculated for 23 patients from two cohorts across 73 cycles of therapy 

using both the Hänscheid approach and the prior-information approach. 

The regions of interest (ROIs) evaluated were the kidneys, liver, bone 

marrow, and up to five neuroendocrine tumors in the liver or abdomen. 

Segmented tumors were removed from the liver ROI for analysis.

Accuracy of Single-Timepoint Approaches 
to Dosimetry for 177Lu-DOTATATE

This section details the evaluation of the “optimal” imaging timepoints 

from those available in two patient cohorts. Cohort 1 datasets included 

images acquired around four, 24, or 72 hours post-injection and Cohort 

2 datasets included images acquired around four, 24, 96, and 120 

hours post-injection. Based on the existing evidence from literature, 

the 72 hour and 96 hour timepoints were considered the optimal 

acquisition times for single-timepoint dosimetry. We considered the 

absorbed dose calculations with multiple-timepoint dosimetry and 

per-ROI optimized exponential curve-fitting to be the gold standard for 

accuracy evaluation. Additionally, to understand the effect of acquisition 

time for OARs and tumors, we conducted another evaluation using 

each available timepoint as the single timepoint which is detailed in 

the Defining an Optimal Imaging Timepoint (Results) section.

Overall, the average error for the Hänscheid approach across all 

structures was -0.5 ± 18.5% for Cohort 1 and -1.3 ± 14.7% for 

Cohort 2. The average error for the Prior-Information approach across 

all structures was 6.4 ± 24.6% for Cohort 1 and -0.23 ± 14.3% for 

Cohort 2. Table 1 includes the average deviations of the single-timepoint 

doses from the multiple-timepoint dosimetry and the 95% confidence 

intervals for each ROI. Pearson correlation coefficients ranged from 

80 – 99% across the OARs and tumors for both cohorts. Correlation 

plots for the multiple-timepoint and single-timepoint absorbed doses 

are displayed for each ROI in Figure 2, and Bland-Altman plots are 

shown in Figure 3.

For kidneys, liver, and tumors, we see that correlation plots closely 

follow the line of equivalence. There is a greater divergence for bone 

marrow ROIs, most of which had little uptake and may have been more 

influenced by noise than other regions. For tumor and liver (which 

contained unsegmented tumors in many cases), the Hänscheid approach 

using a 72 hour acquisition time systematically underestimated the 

multiple-timepoint dose results. Overall, imaging at 96 hours produced 

more accurate results for both the Hänscheid and prior-information 

methods than imaging at 72 hours.

CONC LUS ION: For kidneys, liver, and tumors, single-timepoint dosimetry 

results compared well against multiple-timepoint results, with better 

results at 96 hous (mean error for each structure within 5%) than at 

72 hours (mean error for each structure within 15%).

Previous Evidence for Single-Timepoint Dosimetry (Kidney)

There have been previous evaluations of single-timepoint dosimetry 

with the Hänscheid approach and variations of the prior-information 

approach.  Table 2 is a comparison of kidney absorbed dose accuracy 

from these studies to our results. In Hänscheid et al., the Day 4 single-

timepoint dose was compared to dosimetry using bi-exponential curve 

fitting for four or more whole-body planar timepoints (4-hour, 1, 2, and 

4 day) [2]. In Del Prete et al., the Hänscheid approach (applied to a Day 

3 SPECT/CT) and a prior-information approach with two timepoints 

were compared to a multiple-timepoint approach with piecewise curve 

fitting: constant activity from the time of administration to the 4-hour 

SPECT/CT (t1), a trapezoidal function from t1 to the Day 1 SPECT/CT 

(t2), and a monoexponential function fitted to t2 and the Day 3 SPECT/

CT and extended out to infinity [5]. The prior-information approach 

was also evaluated in Willowson et al. where the curve fitting for three 

timepoints (4-hour, 1 and 4-5 day SPECT/CT) in the first cycle was used 

to calculate dose at the Day 1 acquisition in subsequent cycles [4]. 

The single-timepoint dosimetry was compared to multiple-timepoint 

dosimetry with mono-exponential curve fitting.

The results from previous evaluations show small average overestimations 

in the single-timepoint dose with data ranging -3% to 10% differences. 

Our results show small average overestimations with the 72 hour 

timepoint and small average underestimations with the 96 hour 

timepoint.
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TA B L E 1.  Average differences (± standard deviation) and 

95% confidence intervals for each ROI and both cohorts.

Cohort 
(timepoint)

ROI
Single-Timepoint 

Approach
Mean % 

Difference

95% Confidence Interval

Lower Bound       |      Upper Bound

Kidneys
Hänscheid

Prior-Information

8.0 ± 2.7%

1.9 ± 3.6%

Liver
Hänscheid

Prior-Information

5.5 ± 12.0%

5.3 ± 6.1%

Bone Marrow
Hänscheid

Prior-Information

32.9 ± 16.1%

51.9 ± 50.2%

Tumors
Hänscheid

Prior-Information

-12.2 ± 12.9%

-0.03 ± 15.2%

Kidneys
Hänscheid

Prior-Information

-4.0 ± 10.7% 

-0.7 ± 9.2%

Liver
Hänscheid

Prior-Information

1.0 ± 7.8% 

0.2 ± 6.5%

Bone Marrow
Hänscheid

Prior-Information

-9.3 ± 21.5%

-3.1 ± 14.7%

Tumors
Hänscheid

Prior-Information

1.9 ± 11.6%

1.8 ± 12.7%

C
o

h
o

rt
 1

 

(7
2
h

r)

C
o

h
o

rt
 2

 

(9
6

h
r)

7.0%

-8.7%

-1.3%

-4.1%

22.9%

-42.3%

-15.8%

-1.3%

0.5%

-4.9%

1.8%

-4.4%

20.8%

-41.3%

-4.2%

-2.0%

9.1%

0.7%

12.3%

6.1%

42.9%

4.8%

-8.6%

5.2%

3.3%

3.6%

8.7%

4.7%

83.1%

10.8%

4.2%

5.5%
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F I G U R E 2 .  Correlation between the single-timepoint approaches and the 

multiple-timepoint approach for each ROI. Cohort 1 (72hr STP) is plotted in 

blue, while Cohort 2 (96hr STP) is plotted in red. Pearson correlation factors 

are reported for each approach and cohort.
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F I G U R E 3 .  Bland-Altman plots of agreement between the single-timepoint 

dosimetry approaches and the multiple-timepoint dosimetry approaches.

Hänscheid 72hr 

(Cohort 1)

Hänscheid 96hr 

(Cohort 2)

Prior-Info 72hr 

(Cohort 1)

Prior-Info 96hr 

(Cohort 1)
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TA B L E 2 .  Comparison of other single-timepoint evaluations to the present 

evaluation. Median deviations from the multiple-timepoint absorbed dose 

value for all kidneys are shown. The interdecile range for all results (various 

sample sizes) are also included. *Note: the Willowson evaluation results do 

not include the interdecile range of the data; the average difference was 2% 

with 16% standard deviation.

Single-Timepoint 
Approach

#cycles/#patients Acquisition Time Median % Difference
Interdecile Range

10%           |          90%

Hänscheid 

(this evalutation)
52/13 72 hour 8.3%

Hänscheid 

(this evalutation)
24/10 96 hour -3.8%

Prior-Information 

(this evalutation)
39/13 72 hour 1.22%

Prior-Information 

(this evalutation)
14/10 96 hour -2.23%

Hänscheid 

(Del Prete et al.)
279/81 72 hour 5.8%

Prior-Information 

(Del Prete et al.)
279/81 72 hour 2.2%

Hänscheid 

(Hänscheid et al.)
29/29 96 hour 5%

Prior-Information 

(Willowson et al.)
80/18 24 hour 1% N/A*

3.5%

-16.3%

-1.8%

-10.7%

-0.4%

-2.0%

-3.0%

10.9%

8.3%

6.9%

10.4%

9.2%

7.4%

10.0%
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Defining an Optimal Imaging Timepoint (Results)

We sought to determine the effect of acquisition time across various 

ROIs with both of our single-timepoint methods. The acquisition 

time is highly related to the decay rates of the monoexponential 

or biexponential fits applied to the activity maps during multiple-

timepoint dosimetry. In order to simplify this discussion, we introduce 

the concept of a dominant half-life, which we take to be the longest 

half-life present in the multiple-timepoint fit curve. This is the half-life 

of the exponential component that typically contributes most to the 

time-integrated activity.

Hänscheid Approach

The theory behind the Hänscheid approach to single-timepoint 

dosimetry is that if mono-exponential decay is assumed, the error 

within a certain range of acquisition times 0.75T
eff

≤t
acq

≤2.5T
eff

 is small. 

Taking the dominant half-life as T
eff

, Figure 4 shows that the data 

generated by MIM is largely in agreement with the theory. Deviations 

can be primarily attributed to the effect of a second, non-negligible 

exponential and cross-talk from activity in nearby regions. In particular, 

some of the largest positive errors are in bone marrow regions that 

contain very little activity.

Because dominant effective half-lives from literature show prolonged 

half-lives in tumors and half-lives around 55 hours in kidneys, we can 

guess before even seeing the results that best results for kidneys will 

occur with an acquisition time of about 2.5+0.75(55 hour)=89 hour and 

tumors with a significant permanent retention component (half-life 

= 159 hour) will produce most accurate results with acquisition times 

greater than 0.75(159 hour)=119 hour. Thus, compromise will be 

necessary.

Figure 5 below shows the results from this evaluation. The average 

absolute tumor error decreases with increasing acquisition time up to 

the 84-106 hour bin. It might be expected from the above discussion 

that this acquisition time may not be long enough for tumors, but 

many tumors investigated had dominant half-lives shorter than the 

physical half-life of Lu-177, suggesting that permanent retention was 

not significant based on  the image data. Non-tumoral liver regions 

showed similar behavior to tumors, perhaps due to the effect of 

unsegmented or micrometastatic tumors in the liver. On the other 

hand, best results were achieved in kidneys in the 60-84 hour and 

84-106 hour bins. 

CO N C LUS I O N :  For most accurate results across these regions, it is 

therefore best to image around four days post-therapy. This result is 

in agreement with the data reported by Hänscheid et al. [2].

2

F I G U R E 4 .  Single-timepoint dose error as a function of 

tacq/Teff. Results across all ROIs, cycles, and patients from 

this evaluation are plotted in blue. The theoretical curve for 

a mono-exponential decay assumption is plotted in black.
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Comparison to Hänscheid et al. Evaluation Across Timepoints)

The original Hänscheid evaluation included liver and tumor ROIs as 

well as various single timepoints. Table 3 compares those results to our 

evaluation with both the Hänscheid and prior-information approaches. 

The estimations from a 24 hour acquisition were consistently poor 

using the Hänscheid approach, as expected. On the other hand, the 

Prior-Information approach utilizes patient-specific curve-fitting and is 

robust for OARs and tumors across timepoints. Median differences from 

this evaluation are mostly comparable to the Hänscheid et al. results, 

with somewhat higher median errors at 72 hours. This observation at 

72 hours may reflect a cohort dependence in the accuracies reported 

in this evaluation, since those results were all from one cohort.

The higher range of errors for some structures in this evaluation is likely 

due to the differences from Hänscheid et al. in curve fitting for multiple-

timepoint dosimetry. It was noted in the Hänscheid et al. evaluation 

that the short-lived time component in the bi-exponential models 

led to some deviation from a mono-exponential decay. The multiple-

timepoint curve fitting method used in this evaluation automatically 

selects from mono-exponential, bi-exponential (four parameters), 

or bi-exponential (three parameters) fit models [8]. Therefore, larger 

differences in our results could be caused by larger effects of the 

second exponential in bi-exponential fits.

CO N C LUS I O N :  Results of the Hänscheid method in this evaluation 

compare reasonably well against the results reported in Hänscheid 

et al. across timepoints, while it is evident that the prior-information 

approach is more robust against the acquisition time. Interdecile ranges 

are generally wider for the Hänscheid approach in this evaluation, 

though it is predicted that this primarily reflects differences in the 

reference multiple-timepoint dosimetry method.

F I GU RE 5 .  Average absolute percent error in single-timepoint dosimetry with Hänscheid approach. 

Results are shown for kidney, liver, and tumor ROIs in bins for the acquisition time post-injection. 

Early timepoints from Day 0 or Day 1 include results from both patient cohorts.
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TA B L E 3 .  Comparison of the present evaluation to the Hänscheid et al. single-timepoint evaluation with liver, kidney, 

and tumor ROIs for various acquisition times. *Note: the 24hr results include the data from both patient cohorts while 

the 72hr results are from Cohort 1 and the two later timepoints are results from Cohort 2.

Prior-Information Approach

Between the first cycle of therapy and future cycles, we can expect 

some changes in the pharmacokinetics of the radiopharmaceutical. 

In other words, the dominant half-life will change between cycles of 

therapy. Figure 1 tells us that we should expect best results for the 

acquisition time most robust against changes in this dominant half-life.

The sensitivities of the prior-information approach accuracy to changes 

in the dominant half-life are shown in Figure 6. For all regions acquired at 

early timepoints (<60 hour post-therapy), there is an inverse relationship 

between accuracy and the acquisition time. While the kidneys are 

most sensitive to these changes, the changes in dominant half-lives 

between cycles of therapy were much larger for tumors. The lowest 

sensitivity for kidneys occurs in the 60-84 hour and 84-106 hour bins, 

while the lowest sensitivity for tumors occurs at long acquisition times 

106+ hour, reflecting the longer half-lives of tumors.

Average absolute errors for this approach are shown in Figure 7 below. 

As expected, the optimal results for tumors are found in the 106+ 

hour bin, while for kidneys, the 60-84 hour and 84-106 hour bins are 

best. The differences between the 60-84 hour and 84-106 hour bins 

for kidneys may be due to effects of cohort on the dominant half-

lives observed. There was not as significant an impact of acquisition 

time on non-tumoral liver accuracy, but best results were seen in the 

60-84 hour and later bins.

CO N C LUS I O N :  If tumor dosimetry is prioritized, it is better to image at 

late timepoints 5-8 days post-therapy. If kidney dosimetry is prioritized, 

it is better to image 3-4 days post-therapy. With the prior-information 

approach, reasonable kidney and liver absorbed dose estimates can 

be observed with acquisition times as early as 4 hour.

ROI
STP  

Method

24 hr

10%        Median        90%

72 hr

10%        Median        90%

96 hr

10%        Median        90%

120 hr

10%        Median        90%

Hänscheid 

et al.

Hänscheid 

(this eval)

Prior- 

Information 

(this eval)

Hänscheid 

et al.

Hänscheid 

(this eval)

Prior- 

Information 

(this eval)

Hänscheid 

et al.

Hänscheid 

(this eval)

Prior- 

Information 

(this eval)

Li
ve

r
K

id
n

e
y
s

Tu
m

o
r

-52.0% -4.0% 3.0% -1.0%

-7.7%

-10.6%

-16.0%

-39.6%

-10.5%

2.0%

-14.5%

-15.3%

-4.7%

-6.3%

-3.0%

-16.3%

-10.7%

-2.0%

-14.9%

-12.2%

-14.8%

-2.1%

4.0%

3.5%

-1.8%

-13.0%

-28.7%

-14.0%

-61.8%

-15.6%

-40.0%

-39.7%

-13.2%

-60.0%

-70.8%

-25.3%

-43.0% -4.0% 6.0% 3.0%

1.0%

-3.6%

-5.0%

-26.2%

3.9%

5.0%

3.6%

-2.5%

3.5%

-0.3%

5.0%

-3.7%

-2.2%

6.0%

3.6%

-0.3%

8.7%

5.7%

6.0%

8.3%

1.2%

0.0%

-10.0%

-2.1%

-40.5%

-2.4%

-33.0%

-28.6%

-2.3%

-49.0%

-54.9%

-6.9%

-37.0% 7.0% 9.0% 8.0%

5.6%

4.6%

2.0%

-6.5%

22.2%

10.0%

9.1%

2.6%

7.0%

7.7%

10.0%

8.3%

10.4%

10.0%

12.1%

17.9%

16.0%

10.9%

16.0%

10.9%

6.9%

8.0%

5.0%

14.6%

-28.3%

8.3%

-24.0%

-14.3%

-10.2%

-40.0%

-32.4%

20.0%
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F I G U R E 6 .  Error in single-timepoint dosimetry with the prior-information approach in proportion to change in 

dominant half-life. Results are shown for kidney, liver, and tumor ROIs in bins for the acquisition time post-injection. 

Early timepoints from Day 0 or Day 1 include results from both patient cohorts.

F I G U R E 7.  Average absolute percent error in single-timepoint dosimetry with the prior-information approach. Results 

are shown for kidney, liver, and tumor ROIs in bins for the acquisition time post-injection. Early timepoints from Day 

0 or Day 1 include results from both patient cohorts.
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TABLE 4 .  A summary of mean (± standard deviation) differences from a reference multiple-timepoint 

dosimetry method across several articles: Rinscheid et al. [9], Kurth et al. [10], and Jackson et al. [7].

Literature Supporting Single-Timepoint 
Dosimetry for 177Lu-PSMA

Because 177Lu-PSMA is a new radiotherapy, the evidence supporting 

single-timepoint dosimetry is limited. Evidence from 177Lu-DOTATATE 

suggests it should perform well if the half-lives have similar variability, 

but the optimal acquisition timepoint may be different.

A summary of literature evaluating single-timepoint dosimetry for 
177Lu-PSMA can be found in Table 3. This includes studies for both 
177Lu-PSMA-617 and 177Lu-PSMA-I&T, which may have different 

pharmacokinetic behavior to some degree. The Jackson et al. publication 

[7] uses a population-based approach, where pharmacokinetic 

information is averaged across a population and applied to individual 

patients. Because inter-patient variability is at least comparable to, if 

not greater than, intra-patient variability between cycles of therapy, 

these differences can be considered upper limits on results from the 

prior-information approach.

Based on current literature, there is a tradeoff between accuracy 

for normal organs and tumors. The optimal acquisition timepoint 

for kidneys and parotid glands seems to be 48 hours post-therapy 

across single-timepoint dosimetry methods. However, there may be a 

~14% underestimation in tumor dose when imaging at this timepoint. 

The most accurate dosimetry for tumors may be found using a later 

acquisition timepoint at 96 hours or later.

CO N C LUS I O N :  Based on sparse literature, it can be deduced that using 

a timepoint 2 days post-therapy is best for normal organ dosimetry 

including kidneys and parotid glands. However, a later timepoint at 4 

days may be best for tumors. To generate reasonable results for both 

tumor and organ dosimetry, a single-timepoint at 3 days is likely a 

reasonable compromise.

ROI Source STP Method Tracer

Rinscheid et al. Hänscheid PSMA-I&T -- -2.8% ± 6.4% -- --

Kurth et al.
Prior-information 

approach
PSMA-617 7.9% ± 30.4% 1.6% ± 9.1% 0.2% ± 12.9% --

Jackson et al.
Population-

based approach
PSMA-617

(absolute) 

11.2%

(absolute)  

7.5%

(absolute) 

10.2%

(absolute) 

15.8%

Kurth et al.
Prior-information 

approach
PSMA-617 4.9% ± 31.1% -0.6% ± 8.6% 1.2% ± 13.5% --

Jackson et al.
Population-

based approach
PSMA-617

(absolute)  

10%

(absolute)  

3.9%

(absolute)  

7.8%

(absolute) 

16.7%

Rinscheid et al. Hänscheid PSMA-I&T -- -14% ± 7.6% -- --

Jackson et al.
Population-

based approach
PSMA-617

(absolute) 

19.4%

(absolute) 

14.3%

(absolute)  

9.3%

(absolute)  

5.1%

K
id

n
e

y
s

P
a

ro
ti

d
s

Tu
m

o
rs

Median differences from multiple-timepoint dosimetry

24 hr 48 or 52 hr 72 hr 96 hr
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Config ID Config Name KMAT

NA HP Z2 Tower G9 Workstation M85349-999

Description Qty

HP Z2 TWR Base Unit G9 700W RCTO 5

Windows 11 Pro 64 5

OS Localization B 5

Intel Core i5-13500 2.50G 24MB 14 cores 65W CPU 5

16GB (1x16GB) DDR5 4800 UDIMM NECC Memory 5

N-Vidia Quadro P400 5

Operating System Load to M.2 5

HP 512GB PCIe-4x4 2280 Value M.2 Solid State Drive 5

HP USB Business Slim Wired SmartCard CCID Keyboard 5

HP Wired 128 LSR Mouse 5

9.5mm SuperMulti DVDRW 5

HP Z2 G9 TWR Country Kit 5

C13 1.83m Sticker Conventional Desktop Power Cord 5

3/3/3 (material/labor/onsite) Warranty 5

Single Unit (Tower) Z2 Packaging 5

No Load Flex Port 5

Door/dock delivery workstations ZD081AA 5

6.3.1

6.3.2

6.3.2

6.3.2

7.7.3
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.1
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6
.4
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6
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6
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, 
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LONG DESCRIPTIONS
All pictures featured are for illustration purposes only, and do not necessarily relate to products or services mentioned in the text.

  Omni Legend 32cm AFOV for Fixed Install - Equipment Only

Omni Legend is built on a new scalable 

digital BGO detection technology, 

combining GE HealthCare generation 3 of 

digital detection technology, state of the 

art silicon photomultiplier technology and 

electronics with the outstanding stopping 

power of BGO, allowing tremendous gains 

in sensitivity, spatial resolution, and energy 

resolution achieved by 30 mm-thick 

crystals cut to 4.1x4.1 mm, ultra-high NEMA 

sensitivity per FOV length, of 46 cps/kBq for 

the 32 cm.

-learning processing method for images enhancement.

experience including smart and faster workflow, bore pattern and bore light.

Omni legend includes diagnostic CT innovations from our Revolution Maxima CT.  

The Omni Legend 32 cm consists of an integrated gantry containing:

Revolution Maxima CT 64 channel, 64 slice, 72KW CT

CT Key Features:  

Revolution Maxima is a new standard computed tomography, powered by artificial intelligence technology that delivers a 

streamed line workflow for better ease of use and operational efficiency.

4

0.35 sec maximum rotation speed 

High Voltage Generation: 

o kV: 80, 100, 120, 140

o mA range at 120 kV: 10 to 600 mA, 5 mA increment

-

Key technologies enablers include:

Clarity imaging chain with X-

performance challenges such as noise, spatial resolution, low contract detectability and/or artifact. 

-ray tube with a liquid bearing tube enables 0.35 sec gantry rotation speed for routine use and with 

- -based iterative 

reconstruction technology. By applying more advanced modeling and optimization technologies in projection- and 

image-space as part of the iterative reconstruction process.

addressed by gantry speed alone, providing up to a 6X improvement, while maintaining high spatial resolution.

4.3

4.10

4.11
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structures that are near to the heart and may be affected by heart motion such as thoracic aorta's or pulmonary 

arteries.

-directional scan mode and covers up to 312.5 mm 

metal in 

the body, such as hip implants. 

Overlapped Recon* -for the 64-slice configuration, the overlapped reconstruction feature enables 128 slices per 

rotation in axial scanning modes to be produced.  This reconstruction technique is intended to improve Z-axis 

visualization.

PET/CT Operators Console Key Features:

is a deep-learning method for images enhancement. More than a new image processing method, it is a 

sophisticated neural network algorithm trained with thousands of images reconstructed with a variety of different 

reconstruction techniques, including ToF bringing image quality performance comparable to a TOF system with 385 

ps.

o

enhanced resolution with detector geometry modeling, model-

estimation outside the field of view, exclusive randoms corrections based on singles and dead-time 

correction with pile-up estimates providing high image quality and patient throughput.

o -body 

o WideView - 

attenuation correction and CT wide-

applications.

Average Cine CT protocol for improved attenuation correction 

- 

provides better patient throughput, optimize the CT radiation dose, ease of use, consistent image quality, 

standardization, and less error.

- 

auto patient positioning function remotely from operator room, to realize the auto scout scan range, anatomical 

reference detecting and centering by specifying the position and shape in three dimensions. 

Automatic ACQC* - An easy automated and advanced workflow correcting for any attenuation map misregistration 

using flexible geometrical transforms and enabling quality control, fully integrated in the patient scan workflow.

Features marked (*) are not part of the basic configuration.

Freedom Workspace

sole.

Two 19 -inch diagonal width high-resolution color monitors for image display, analysis, processing, and management 

PET/CT Service Features:

™ remote diagnostics, iLinq™

6.1.4
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– -Line Center 

-

enhance performance, increase productivity, and expand imaging capabilities.

  Base configuration of Omni Legend

Base configuration, mandatory selectable, which includes the following features:

Q.Clear - 

to help with fast and efficient reading and confident diagnosis.. Q.Clear controls

the amount of noise allowing full convergence of reconstruction without compromising signal and giving great image 

quality.

- 

caused by high Z materials in the body, such as hip implants. The clarity of MAR images is addressing the challenges 

posed by metal artifacts, helping clinicians accurately contour targets and critical organs.

MAR offers:

o Exceptional image quality. MAR is based on the latest in GE Healthcare smart technology, which uses a novel 

three-step, sinogram-based iterative algorithm.

o

o -scan process helps to reduce patient time inside the scanner.

o Versatility. MAR is designed to enhance clarity across a range of images including scans of hip implants, 

dental fillings, screws and other metal objects.

  Plus Package

Motion Free - software- alternative to 

existing device-

- Represents a starting point for adding motion correction techniques to your facility and the opportunity to 

-matched workflow. The result is a single image series with reduced blurring from organ 

motion and therefore more consistent quantitation compared to a static image.

Q. Freeze - - 

image. Resulting image has the dual benefit of frozen patient motion and reduced image noise

- 

provides better patient throughput, optimize the CT radiation dose, ease of use, consistent image quality, 

standardization, and less error

Q.AC - Our Q.AC algorithm helps to ensure that the attenuation coefficients used in image reconstruction are accurate 

in ultra-low-dose, non-diagnostic CT protocols.

Overlap Recon - for the 64-slice configuration, the overlapped reconstruction feature enables 128 slices per rotation in 

axial scanning modes to be produced.  This reconstruction technique is intended to improve Z-axis visualization.

-V - -based iterative 

reconstruction technology. By applying more advanced modeling and optimization technologies in projection- and 

image-space as part of the iterative reconstruction process.

7.1
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  Deep Learning Technology (DLT)

-based technology. 

with a variety of -high sensitivity 

providing the benefits most associated with hardware-based Time-of-Flight, better signal-to-noise ratio and contrast recovery.

  Q.Prep

o Ability to view parameters of prior exams

o Compare prior parameters to current exams

o Ability to pre-enter study information

  2m PET/CT Scan Length

A full 2 meter scan range is achieved through the use of a cradle extender and special acquisition protocols.

  -  MotionMatch & MotionVUE

Motion Management tools allow the reduction of motion artifacts caused by patient breathing and cardiac movement by 

-matched reconstruction. MotionMatch also provides improved visualization 

capabilities and provides better integration of the respiratory gating device by allowing direct transfer of the respiratory 

waveform file to the operator console.

binned CT.

  PET Cardiac Omni Package

Automatic, multi-

ECG monitor is not provided with this package.

7.1

7.1
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ess 

-

flexible geometrical transforms.  Automatic ACQC is fully integrated in the patient scan workflow, saving technologist time, 

enabling reproducibility, reduces manual errors, and inter and intra user variability. Automatic ACQC reduces overall 

procedure time and im

  Dynamic VUE Software Option

biochemical and biological activity of a living subject. Using this diagnostic tool, clinicians are able to obtain early information 

on the state of cardiac disease, neurological disorders, and cancer. A program that lets you view a graphic representation of

this molecular activity over time would give you key information about the early onset and progression of various disease 

states.

Overview:

over time.

Features:

Exclude frames with motion artifacts and sum selected frames to review a single high-count images series.  

Application of for cardiac perfusion analysis.

Ability to chart time activity curves between in each brain hemisphere for comparison.

an entire series over time or one location with a single click.  

Reframe a dynamic series to create a new series by summing different time frames.

a freehand on an image and edit its properties.

Create location activity curves for multiple

Export curve statistics to a portable format.

Cine images can be displayed at 40 fps.

  Co Registration Phantom for NEMA2018

-CT co -registration phantom enables us to test co-

2018.

distributed on the bed.

Co-

100cm 

from the bed edge.

3.13.1 7.6
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  0.35 Sec Rotation Option

capability of a 360-degree rotation in 0.35 seconds. This additional rotation time will enhance the user's ability to 

reduce exam times and potentially lower patient breath-holds, allowing up to 175 mm/sec acquisition speeds.

  Advantage 4D for AW

-invasive software option that can be used to provide and display CT CT images of all phases of a 

breathing cycle for the evaluation of respiration-induced motion. The software will allow the user to retrospectively define the 

optimal respiratory phase from an image quality standpoint, and group images by the phase selected.

Examines the motion profile generated by the vendor devices

Measurement of motion extent

All software packages are Non-Transferable to other hardware and are Non-Returnable.

  Cardiac PKG

Cardiac package is innovative cardiac options package and gives customers access to cardiac acquisition and productive post-

Wave on Gantry.

and artifac

-gated helical scanning method - 

morphology imaging, with this technique, cardiac images of single or multiple cardiac phases at any given Z-axis location can 

-gated Multi-

rotation speed will be automatically selected for optimal scan coverage and image quality.

the user to display the live trace of the patient's heart rate and display the actual location of the window of time when the

image

optimum acquisition start.   

acceptable level of image performance.

7.1
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ECG trace provides users the capability to display the heart rate and ECG waveform based on the data from the ECG equipment 

on the Xtream tablet to review the patient heart rate during cardiac scanning. 

  SSF enabler option

Effectiv

derive the optimal vessel position at the target phase.

  SnapShot Assist Temporal Enhance

Helps users optimize ECG-gated CT acquisitions based on patient heart rate characteristics.

a 

CCTA scan to assist the user with optimization of the parameters on a per-patient basis.

ent 

group and cardiac scan mode. 

  AWE Connection 

CT console. 

  Coronal Head Holder

Coronal head holder to support the patient, allowing the acquisition of direct coronal images.

  Strap Auto Tration

Usage: Traction patient

7.5
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  TG-66 Adjustable Kit for Flat Table Tops as part of Radio therapy Planning 

Procedures

Enables accurate patient positioning in the trans-axial plane that may help improve the accuracy of radiotherapy planning.

The kit consists of mechanical elements that are permanently installed on the cradle by means of a dedicated calibration tool. 

Once installed, GE-supported flat table tops can be easily mounted and removed based on the clinical protocol.

  Omni Rear Gantry Lasers

  IVY Monitor Set

Monitor 7800 with cardiac cable kit

applications requiring precision R- easy-to-use touchscreen interface, the 7800 

these 

limits produces an audible and visual indication of the alarm.

Measurement: Measures between the patient's skin and each individual ECG electrode

Automatic operation: After patient cables are connected and the monitor is receiving an ECG signal, the monitor finds

the peak of the R-wave and generates synchronization pulses

Bright TFT active matrix 8.4 in. color touch screen with a wide viewing angle and large heart rate characters

enhance visibility of patient data

lock helps reduce the number of false triggers when tall T waves or deep waves occur

Color trigger mark indicates timing of each trigger pulse with respect to the ECG

interlock function indicates proper connection with the imaging device

 - allows user to store and retrieve ECG events for retrospective analysis

Auto-notch selects the correct ECG notch filter. This reduces interference on the ECG signal

The Kit includes:

- 30 in, low noise patient cable - adult 

-

  Patient arm support for nuclear PET/CT, MRI

Features/Benefits

Ergonomically designed positioning product developed to prevent arm and shoulder pain and to also reduce related 

motion artifact that commonly occurs during supine imaging 

patient comfort during extended procedures 

7.5
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throughput

Velcro-

Compatibility

  Contoured patient leg rest for nuclear, PET/CT, MRI

Features/Benefits

The Contoured Leg Rest is a unique support product created to prevent the cycle of low back stress and pain that 

commonly occurs during supine imaging and treatment 

the pelvis to rotate forward creating greater low back support and torso stability. The unique leg recesses create 

additional lateral support thereby minimizing both rotational and translational body motion

Constructed of full support polyfoam with a seamless coated finish 

Velcro-

18 cm tall from table surface to top of support 

Compatibility

  PET-CT VQC Phantom for Volumetric Registration- 25 cm, 20 cm, 15 cm 

systems 

Overview

custom designed imaging phantoms

detector and easier quality 

control 

scanning equipment

No mechanical maintenance is required

Compatibility

Optima 560

3.13.1

7.5
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  PET Annulus DQA (Daily Quality Assurance) Imaging Phantom 

Overview

™ ™ 

custom designed imaging phantoms

control 

scanning equipment

No mechanical maintenance is required

Compatibility

cm

  DQA Phantom Shield Container - non-mobile use only (use with catalog# 

Overview

-mobile use.

Specifications

Wheels feature swivel castors for easy mobility and wheel locks for added stability

Lid features a handle for easier opening

Container latch seals the phantom inside to ensure radiation gaps are eliminated

Latch includes option to use a padlock to secure the phantom in the container

Gusset holes allow the facility to secure the shield to the site with a chain or cable

Weight – approximately 300 lb/136 kg

Lead shielding thickness to maintain and not exceed 2.0 mRem/hr. radiation dose on 

any external surface using maximum source activity of 66 MBq.

WARNING:

Compatibility

- - 

NEMA IEC Body Phantom Set™ 

Overview

Main Applications

3.13.1

3.13.1

3.13.2

7.6

7.6
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-

camera-based coincidence imaging techniques

and camera-based coincidence imaging

brain and cardiac imaging

Evaluation of the relationship between true coincidence count 

rate and radioactivity

Evaluation of the count loss correction scheme

Research Specifications

Externally f

Volume of empty cylinder: 9.7 liters

Cylindrical insert dimension:

Outside diameter: 51 mm

Length: 180 mm

-  Eaton 14.4 KVA 3-Phase Partial System UPS, including GEH INTERFACE KIT 

, for GE CT and PET/CT Scanners  

Overview:

-

high frequency noise transients and over voltage and under voltage conditions.

Specifications:

Rating: 14.4 KVA 

-132V/phase

-65 Hertz

Output frequency: 50 or 60 Hertz, autosensing

Output regulation: Voltage distortion: Overload capacity: 110% for 10 m

Battery recharge time: < 3 hours to 80% capacity typical

Operating temperature: 50°F - - 

Floor heat dissipation: 5122 BTU/hour typical @11.5 KVA

3.13.2

5.5
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Humidity: 20-80% relative humidity, non-condensing

  CT MDP CE 160A 400V 50Hz 3 phases

Overview:

included in the system, the panel provide -

unting space by 

consolidating the main circuit breaker, the feeder overcurrent devices, surge protectors, magnetic contactors, 

Remote Emergency Power Off

This emergency off push button must be mounted in an extra deep switch box with mud ring. The 

Physical Characteristics

Handle depth: 71.9 mm

Weight: approx. 32.7 kg

-flush mounting: 152.4 mm of the enclosure can be recessed in the wall

Mounting holes are 10 mm diameter for up to 8 mm bolts

Components supplied with each panel 

7.4



GE HealthCare 
13/19

  Welcome pack – 16 Credits

Customised Training: 

-step education programme tailored to your team needs.

1. Get Ready: Together we define your site application requirements, advise on pre-

2.

3. Equipment Lifecycle: We provide you with privileged access to WeConnect, our user community and central hub for 

educational resources. We also offer opportunities to access our long-

Continuous Education: 

On-

– 4-

e 

date of the signed Agreement if purchased as standalone. Unused credits within this timeframe will expire without refund.

  16-Training Credits Education Package for PET

staff time is continually increasing and the GEHC Clinical Education team are focused on providing flexible educational 

solutions. Our goal is to offer opportunities to gain the knowledge and skills needed to optimize equipment performance, 

clinical practice, and patient care.

e 

staff development needs. 

On-

– 4-

effective date of signed Agreement if purchased as standalone. Unused credits within this timeframe will expire without 

refund.

Additional credits may be purchased separately. 
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g 

descripti

well as this quotation and fully agrees with and accepts such terms.

  60-Training Credits Education Package for PET

staff time is continually increasing and the GEHC Clinical Education team are focused on providing flexible educational 

solutions. Our goal is to offer opportunities to gain the knowledge and skills needed to optimize equipment performance, 

clinical practice, and patient care.

e 

staff development needs. 

On-

– 4-

effective date of signed Agreement if purchased as standalone. Unused credits within this timeframe will expire without 

refund.

Additional credits may be purchased separately. 

g 

descripti

well as this quotation and fully agrees with and accepts such terms.

  MIM Software - Cardio - Single User, Perpetual License (MIM-CAR-CC) - For 

ROW only

-modality image fusion and analysis. . 

including pe , automated perfusion and viability 

difference imaging, robust deformable image segmentation, accurate template-based alignment to the left ventricle. Available 

. On-

-year from the Go-L

Thereafter a separate support and maintenance contract will have to be purchased to continue to receive upgrades and 

6.1.10
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NI_PET_PURC_SERVER EXTENSION  -  Purchased Services and HW

services and hardware to extend the ware installation. 

  AW SERVER STANDALONE L  - E-Delivery

  

AW Server 

. 

-of-the- -

addi

of post-processed results to referring physicians by allowing them to access the data instantly, while maintaining security and 

privacy of patient data. 

the client and even the application desired to be launched, so that time is saved and applications can be launched directly into 

provider. 

The following capabilities are included in this catalog: 

–in sessions 

Concurrent Volume Viewer licenses

Virtualization supported. 

Key features: 

-

on for increased interactivity. This allows for diagnostic reads on full fidelity static images even at low bandwidth.

On-image visual indicators notify user when compression is in effect. 

session. 

Optional pre-processing capability to automatically process exams in background based on preset rules, minimizing 

wait time and keeping exams ready to read. 

6.2.1
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Ability to open up to 3 simultaneous application sessions per active user and instantly switch between these sessions.

Ability to save the state of post processing any time and restore it from any client, allowing multiple radiologists or 

technologists to contribute to post processing results. 

Enterprise directory integration for single sign on user authentication with audit trails. 

minimum of 3Mbps bandwidth is required. 

HW Configuration: 

  

256 GB vRAM 

300

7.2 

Fully redundant hot plug power and cooling

hardware is subject to change without prior notice.

Concurrent licenses for supported advanced applications are optionally purchasable.

compression level only when user is interacting with the images to optimize performance. The images are automatically 

displayed at full fidelity once interaction stops. Clear visual indication on the images indicates any time compression is being 

applied to the images. 

  AW Server UPS

-life of your batteries. 

to ensure minimal power loss and lower power costs. • Battery backup time up to 40 min • Batteries can be 

hot-

6.2.1

6.2.2.1

6.2.3.1

6.2.3.1

7.7.2



GE HealthCare 
17/19

  Q.Freeze 2 - eDelivery

image that uses 100% of the counts collected in the acquisition. The resulting incredible image quality has the dual benefit of 

frozen patient motion and reduced image noise from utilizing all available data. 

Q.Freeze generates the Q.Freeze series, a respiratory motion-

Q.Freeze shows an average motion correction down to 1mm with 80% lesion volume and 70% lesion maximum activity 

Optical flow-based registration. A non-rigid registration technology that leverages the estimated motion between 

Multi-

registration

Models tissue viscosity and elasticity by taking into consideration the anatomical environment of the lesion

analyzing the quality of the registration in each part of the image. Q.Freeze is used to generate an all count gated 

series where counts are summed back to each respiratory phase.

  MIM Software - Encore - Single User, Perpetual License (MIM-EN-CC) - For 

ROW only

multi- -automatic NM processing functionality through the 

kflows and built-in algorithms . On-

-year from the 

Go- purchased to continue to receive 

  MIM Software - MIM Neuro Add-On- Single User, Perpetual License (MIM-

NP-AD)

-

-

-

year from the Go- e. Thereafter a separate support and maintenance contract will have to be purchased to continue to 

Agreement .

6.1.5, 6.1.6

6.1.8
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  MIM Software - SurePlan MRT - Single User, Perpetual License (MIM-SM-

CC)

-modality fusion and 

-

for one-year from the Go- and maintenance contract will have to be purchased to 

License Agreement.

  MIM Software - Lesion ID Pro - Single User, Perpetual License (MIM-LI-CC)

Concurrent License. On-

as described at -year from the Go-

rap End User License Agreement.

  MIM Software - 3rd party- Cedars: Deluxe Perfusion SPECT; QGS + QPS,  

PlusPack (CED-DLXS-CC)

A comprehensive set of nuclear cardiology protocols for automated advanced cardiac analysis, including:

- - Automatic 3-

- - An application calculating the ejection fraction of the left 

surface display is generated.

with Tl-201 and Tc-99m tracers provide an objective and quantifiable 

assessment of myocardial viability, which can help predict the likelihood of myocardial function recovery following 

coronary revascularization.

- - 

o

o

o

o

o

o

o

o

o Motion correction . in 

resulting motion 

corrected projections are then presented to the operator for validation or modification.

6.1.10
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  MIM Software - 3rd party- Cedars: Deluxe Perfusion PET; QPET, PlusPack,  

Fusion/CT (CED-DLXP-CC)

automated advanced cardiac analysis, including:

™ automatic segmentation, quantification and analysis of static and gated myocardial 

o Automatic 3-

o -82 and N-13-

o

data.

o Viability quantification

o

o Extent and severity polar maps of scar and mismatch

o

o

o

o

o

  MIM Software - 3rd party - Cedars Fusion/CT for SPECT Add-On (for CaSc)  

- 1 user

-modality registration including 

Calcium scoring

Automatic Registration

- 

6.1.10

6.1.11
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Au capital de 97 789 440 euros

Siège social : 283, rue de la Minière 

78530 Buc

France

RCS Versailles B 315 013 359

Date: September 04, 2025

Refers to the Public Tender for „No. 3925785 – Positron Emission Tomograph with Accessories” 

Hospital of Lithuanian University of Health Sciences, Kaunas Clinics, Eiveniu str. 2, Kaunas, Lithuania

We, GE Medical Systems Société en Commandite Simple, a company duly existing under the laws of France

and having a registered seat at 283 Rue de la Minière, 78530 Buc, France, with commercial name GE HealthCare, 

in its capacity as European MDR Authorized Representative of GE Medical Systems, LLC, 3000 North Grandview 

Blvd, Waukesha, WI 53188, USA, the manufacturer of PET/CT Omni Legend 32 do hereby confirm the following:

1. The attenuation corrections for PET using CT images obtained during another, previous examination taken

on the same patient is performed on the operator console of the offered PET/CT scanner Omni Legend 32.

2. EARL 2 criteria based protocol1

Marking Description
Numerical 

value
Unit of 

measure

PAT The required 18F (fluorine-18) radioisotope activity specified per 1 kg of patient 
body weight for the proposed digital positron emission tomography (PET) 

system, Omni Legend 32 (prior to its upgrade to a long axial field of view (LAFOV) 
PET-CT system) for a scanning protocol that meets EARL 2 criteria and is 

adapted for oncological applications using 18F-FDG which is provided below. 
The protocol refers to a patient weighing 75 kg and 175 cm in height, with 

scanning performed from the patientʼs eyebrows to the mid-thighs.

0.88 MBq/kg

S The scanning time with the proposed digital positron emission tomography 
(PET) system, Omni Legend 32 (prior to its upgrade to a LAFOV PET-CT system), 

following the scanning conditions specified in the protocol with the declared 
FDG activity.

5 minutes

P Patient preparation time for examination with the proposed digital positron 
emission tomography system, Omni Legend 32.

1,5 minutes

3. Typical patient preparation time P for examination on Omni Legend 32 using AI based Auto Positioning 3D 
camera and standard acquisition protocol is 90 second.

4. The scanning protocol meeting EARL 2 criteria and adapted for oncological applications using 18F-FDG for 

Omni Legend 32 is as follows: 

1 min/bed position, 5 bed positions, overlap 45%, scanning range for 175 cm patient from the eyebrows to 
the mid-thighs.

On behalf and for GE Medical Systems SCS

__________________

GE Medical Systems SCS

Jennifer Thery - EMEA Contract Specialist

Authorized Signatory

Date of signature: September 04, 2025

1[18F]FDG administered activity reduction capabilities of a 32-cm axial field-of-view solid-state digital bismuth germanium oxide PET/CT system while 

maintaining EARL compliance, Alina van de Burgt et al., Physica Medica 131 (2025) 104935

6.1.4

PAT

PAT

S

S

P

P



[18F]FDG administered activity reduction capabilities of a 32-cm axial 
!eld-of-view solid-state digital bismuth germanium oxide PET/CT system 
while maintaining EARL compliance

Alina van de Burgt a,*, Petra Dibbets-Schneider a , Fotis Kotasidis b, Lioe-Fee de Geus-Oei a,  
Daphne D.D. Rietbergen a, Floris H.P. van Velden a

a Department of Radiology, Section of Nuclear Medicine, Leiden University Medical Center, Leiden, the Netherlands
b GE HealthCare, Waukesha, WI, USA

A R T I C L E  I N F O

Keywords:
Administered activity reduction
Scan time reduction
PET/CT
EARL18F accreditation
Phantom study
[18F]FDG

A B S T R A C T

Purpose: To assess the lower [18F]FDG limit in administered activity and/or scan time reduction capabilities of a 
digital-BGO 32-cm axial !eld-of-view PET system while being compliant with current and updated EANM 
Research Ltd Fluorine-18 accreditation speci!cations (EARL1 and EARL2).
Methods: EARL1 and EARL2 compliance of the digital-BGO system (Omni Legend 32 cm) was tested for several 
reconstructions, including those that apply precision deep learning-based image enhancement (PDL) as post-
processing, using the calibration QC and NEMA IEC phantom measurements. The image quality QC scan was 
repeated every hour for 7 h, with each subsequent hour representing a lower administered activity, and 
reconstructed for various times per bed position, i.e. 30, 60, 120, 180, and 300 s. For each of the image quality 
QC images, coef!cient of variation (COV) of the background compartment, and mean, maximum and peak ac-
tivity concentration recovery coef!cients (RCmean, RCmax and RCpeak) of differently-sized spheres were calculated 
and compared to current and updated EARL accreditation speci!cations.
Results: When we apply 1 min per bed position for PET acquisition, [18F]FDG administration can be reduced by a 
factor of ~ 4 for EARL1, by a factor of ~ 8 for EARL2 (2 mm voxels) and by a factor of ~ 4 for EARL2 (4 mm 
voxels) using both standard reconstructions and PDL post-processing compared to current EANM recommen-
dations for [18F]FDG administration (7 MBq•min•bed-1•kg-1).
Conclusions: Reduction in [18F]FDG administered activity is possible by at least a factor 4 for 1 min/bed with the 
Omni Legend 32 cm PET/CT while maintaining EARL1 and EARL2 compliance.

1. Introduction

Positron emission tomography/computed tomography (PET/CT) 
imaging is a powerful tool that enables whole body non-invasive visu-
alization and quanti!cation of biological processes at the molecular 
level [1]. Continuous advancements in PET/CT technology have led to 
improved image quality and increased sensitivity, thereby potentially 
enhancing diagnostic accuracy which may lead to better patient out-
comes [2]. Recently, a digital PET/CT with bismuth germanium oxide 
scintillating crystals coupled to silicon photomultipliers (SiPM) over an 
extended 32 cm axial !eld-of-view (FOV) was introduced (Omni Legend; 
GE HealthCare, Milwaukee, USA). This novel non-time-of-"ight PET/CT 

system demonstrates high count rates (peak noise-equivalent count 
rates: ~500 kcps) and a superior sensitivity (45–49 cps/kBq) according 
to the National Electric Manufacturer’s Association (NEMA) NU2-2018 
standard [3], while maintaining a spatial resolution comparable to 
other current SiPM-based time-of-"ight PET/CT systems [4–6]. More-
over, it incorporates precision deep learning-based image enhancement 
(PDL) that aims to provide improved feature sharpness and convergence 
comparable to hardware-based time-of-"ight reconstruction [7]. The 
enhanced sensitivity of the system provides possibilities to reduce both 
scan duration and/or the administered activity of radiopharmaceuticals. 
Shorter scan durations may enhance patient comfort, increase patient 
throughput and decrease the risk of patient motion. Lowering the 
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administered activity offers opportunities for cost savings and reduces 
the risks associated with radiation exposure for both staff and patients 
[5]. Kennedy et al. brie"y highlighted the potential to reduce adminis-
tered activity and scan time of the Omni legend PET/CT system for 
various radiotracers and injected activities [5], but a thorough investi-
gation into the administered activity and/or scan time reduction capa-
bilities of this new system has not yet been conducted. This study aims to 
assess the lower limit in administered activity of 2-deoxy-2-[18F]"uoro- 
D-glucose ([18F]FDG) and/or scan time reduction capabilities for the 
Omni Legend PET/CT while being compliant with current and updated 
European Association of Nuclear Medicine (EANM) Research Ltd 
Fluorine-18 accreditation speci!cations (EARL1 and EARL2).

2. Material and methods

EARL1 and EARL2 compliance of the Omni Legend system was tested 
using calibration QC and NEMA IEC phantom measurements [8–11].

2.1. Phantom studies

All PET acquisitions covered two bed positions with a 47 % bed 
overlap and were performed on an EARL 18F standards 1 and 2 
accredited PET/CT system (Omni Legend 32 cm, GE Healthcare, Mil-
waukee, USA) [8,9]. Prior to each PET scan, a low-dose CT scan (120 
kVp, 52 mAs, with dose modulation) was acquired for attenuation 
correction purposes.

For the calibration QC scan, a cylindrical uniformity phantom with a 
diameter of 20 cm and a length of 30 cm was !lled with distilled water 
and 82.2 MBq of [18F]FDG, and placed in the centre of the FOV. A PET 
scan was acquired in list-mode for 5 min per bed position.

For assessing the system-speci!c patient [18F]FDG activity using 
image quality QC scans, a NEMA IEC body phantom, equipped with six 
!llable spheres varying in diameter (10, 13, 17, 22, 28, and 37 mm) and 
a lung insert, was !lled with distilled water, and 2.39 kBq/mL (uniform 
background compartment) and 22.6 kBq/mL (spheres) of [18F]FDG, 
simulating a sphere to background ratio of ~ 10:1. The spheres of the 
phantom were positioned in the centre of the FOV. A PET scan was ac-
quired in list-mode for 10 min per bed position (T0), and repeated every 
hour for 7 h (T0 + 1 h to T0 + 7 h), with each subsequent hour repre-
senting a lower activity. Boellaard et al described the entire procedure 
for assessing system-speci!c patient [18F]FDG activity preparations for 
quantitative [18F]FDG PET/CT studies [10].

More details for preparation and acquisition requirements of EARL 
"uor-18 accreditation can be found in the EARL standard operating 
procedures [11].

2.2. PET reconstructions

The list-mode data of the PET scan of the calibration QC were his-
togrammed into sinograms of 300 s per bed position, while the list-mode 
data of each PET scan (T0 till T0 + 7 h) of the image quality QC were 
histogrammed into sinograms of 30, 60, 120, 180, and 300 s per bed 
position. The 300 s per bed position of T0 was used to validate the image 
quality of the reconstructions to be EARL1 or EARL2 compliant. The 
following !ve reconstructions were performed: 

- EARL1 images were reconstructed using a 3D maximum likelihood 
ordered subset expectation maximization reconstruction (3D OSEM) 
(VUEPointHD (VPHD)) with 4 iterations and 12 subsets, followed by 
a 7 mm full-width-at-half-maximum (FWHM) Gaussian !lter and a 
192x192 matrix, resulting in a voxel size of 3.65 x 3.65 x 2.07 mm3 

(1).
- EARL2 2 mm images were reconstructed using a Bayesian penalised 

likelihood reconstruction (BPL; Q.Clear) with a β parameter of 1500 
and a 384x384 matrix, resulting in 1.82 x 1.82 x 2.07 mm3 voxels (2), 

and repeated with PDL post-processing using a �low’ level of contrast- 
enhancement (3).

- EARL2 4 mm images were reconstructed using BPL with a β param-
eter of 1200 and a 192 x 192 matrix, resulting in 3.65 x 3.65 x 2.07 
mm3 voxels (4), and repeated with the �low’ level of PDL post- 
processing (5).

All reconstructions were performed with corrections for attenuation, 
scatter, normalization, decay, and dead time. For each of the image 
quality QC images, coef!cient of variation (COV) of the background 
compartment, and mean, maximum and peak activity concentration 
recovery coef!cients (RCmean, RCmax and RCpeak) of differently-sized 
spheres were calculated and compared to current and updated EARL 
accreditation speci!cations [8,10,12].

2.3. Data analysis

For each PET image of the calibration QC, the average volumetric 
standardized uptake value (SUV) bias, which cannot exceed 10 %, is 
calculated by: 

SUVbias(%) =

(

Cmeasured

Ccalculated
−1

)

× 100% (1) 

In this equation Cmeasured represents the activity concentration 
measured from images and Ccalculated is the true activity concentration 
calculated from injection data. The SUVbias was generated using the 
manual tool implemented in IDL (version 8.4; Harris Geospatial Solu-
tions, Bloom!eld, USA) by Boellaard et al [8,12]. Maximum, peak and 
mean SUV recovery coef!cients (RCmax, RCmean and RCpeak) were 
computed for all spheres on each reconstructed PET image quality QC 
images using an in-house-developed algorithm in MATLAB (version 
2018b; MathWorks, Massachusetts, USA), cross-validated with the 
aforementioned manual tool implemented in IDL by Boellaard et al 
[8,12], with a deviation of < 1 %. In short, this in-house-developed al-
gorithm in MATLAB, using the known geometry of the NEMA IEC body 
phantom, locates the centroids of the spheres from the PET image and 
draws volumes of interest (VOIs) on the six spheres together with 3 cm 
rectangular VOIs (n = 9) at predetermined locations (relative to the 
sphere location and depending on the sphere orientation and position) 
in the background compartment of the phantom (Fig. 1), onto each 

Fig. 1. Visualization of the template of the NEMA IEC body phantom geometry 
used by the in-house-developed algorithm, showing the volumes-of-interest 
(VOIs) of the six spheres identi!ed on the PET image (red circles) and the 
rectangular background VOIs (3 cm, n = 9, green squares) in axial view. (For 
interpretation of the references to colour in this !gure legend, the reader is 
referred to the web version of this article.)

A. van de Burgt et al.                                                                                                                                                                                                                          



reconstructed PET image. To limit the effects of partial voxels, using the 
known sphere diameter, a raster of sample points is created every 0.1 
mm and the values are interpolate in these 0.1 locations, thereby 
creating a !ner sampling than the original voxels. For each sphere, the 
max and peak values are obtained (for the calculation of RCmax and 
RCpeak) from the original PET images, and a VOI is created by a 50 % 
background-corrected isocontour method to derive the mean value for 
the calculation of RCmean. The RC values are calculated by: 

RC =
Smeasured

Scalculated
(2) 

In this equation Smeasured represents the max, peak or mean activity 
concentration measured from the VOIs of each sphere and Scalculated is 
the true activity concentration calculated from injection data for the 
spheres. The obtained RC values should comply to the EARL1 (RCmax and 
RCmean) and EARL2 (also includes RCpeak) accreditation speci!cations 
[11]. In addition, the coef!cient of variation (COV), determined by 
dividing the standard deviation by the mean of the pixel values within a 
VOI, was initially computed for each individual 3 cm rectangular VOIs 
placed in the background compartment (n = 9). Subsequently, the !nal 
COV parameter was obtained by averaging these 9 COV values. It was 
essential that the resulting average COV remained below 15 % [10].

3. Results

3.1. EARL1 and EARL2 compliance

The calibration QC revealed a median SUV bias of 1.16 % (range: 
0.40─1.55 %). RCmax, RCmean and (when applicable) RCpeak of all tested 
reconstructions were EARL1 or EARL2 compliant (Fig. 2 and Supple-
mental !le S1).

3.2. Administered activity and/or scan time reduction capabilities

When we apply 1 min per bed position for PET acquisition, [18F]FDG 
administration can be reduced by a factor of ~ 4 for EARL1, by a factor 
of ~ 8 for EARL2 (2 mm) and by a factor of ~ 4 for EARL2 (4 mm) using 
both standard reconstructions (Fig. 3A) and PDL post-processing 
(Fig. 3B) compared to current EANM recommendations for FDG 
administration (7 MBq•min•bed-1•kg-1 of [18F]FDG for a 75 kg patient 

[9]). This indicates a decrease in MBq/kg for the used reconstructions to 
1.75 MBq/kg, 0.88 MBq/kg and 1.75 MBq/kg, respectively. EARL2 re-
constructions (2 mm and 4 mm voxels) both with and without PDL 
allowed similar reductions in administered activity, with lower COV 
values for with PDL (maximum COV difference: 5.2 % for 2 mm and 
16.5 % for 4 mm). Due to the higher beta value applied for EARL2 2 mm, 
EARL2 4 mm voxel size has generally higher COVs than 2 mm, contrary 
to the expectation of smaller voxels exhibiting higher noise and COV 
(maximum COV difference: 32.4 % with PDL and 45.5 % without PDL).

4. Discussion

This phantom study provides an initial insight into the applicable 
lower limit in [18F]FDG administered activity and/or scan time reduc-
tion while being EARL1 and EARL2 Fluorine-18 compliant for the Omni 
Legend PET/CT system. Despite the larger voxel size, EARL2 (4 mm) 
COV data were higher overall than EARL2 (2 mm), which may be 
attributed to the higher beta value used in the 2 mm BPL reconstruction. 
Moreover, using the same method to assess reduction in administered 
activity, van Sluis et al. reported factors of reductions in administered 
activity at 1 min/bed of ~ 8 (EARL1), ~4 (EARL2, 4 mm) and 1 (EARL2, 
2 mm), where our results gave factors ~ 4, ~8 and ~ 4, respectively 
[13]. This difference can be explained by their use of a different scanner 
and reconstruction algorithms. Furthermore, our data show comparable 
!ndings for EARL2 2 mm on the Omni Legend system compared to 
Kennedy et al. (0.88 for our study compared to 1 MBq•min•bed-1•kg-1 for 
Kennedy et al), yet scan times and reduction in administered activity are 
less thoroughly covered in their study [5]. Note that each institution is 
advised to explore different reconstruction parameters of their scanner 
to ensure EARL compliance with our indicated reductions in adminis-
tered activity.

Our study has limitations. First, the NEMA IEC body phantom only 
simulates a 75 kg patient. Preferably, the validation should be replicated 
using phantoms simulating various patient sizes [14]. Second, we used 
one strategy to assess the reduction in administered activity, however, 
alternative methods are available to assess reduction in administered 
activity [15–18]. Third, this phantom does not re"ect real-world con-
ditions. Ideally, for future work we recommend that a clinical study 
should be performed to validate the image quality, the potential role of 
deep learning-enhanced post-processing and quantitative accuracy 

Fig. 2. Max (A), mean (B) and peak (C; only EARL2) recovery coef!cients (RC) as a function of volume (mL), derived from the image quality QC scan acquired at T0, 
using 300 s per bed position. PDL: precision deep learning image enhancement.
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using [18F]FDG PET data of patients scanned at the chosen lower regime 
in administered activity and/or reduced scan times. Note that the 
identi!ed lower limits of [18F]FDG administered activity only apply to 
the Omni Legend 32 cm PET/CT and that new studies should be per-
formed to investigate the lower limits of [18F]FDG administered activity 
for other PET systems.

In conclusion, we demonstrate in this phantom study that a reduction 
in [18F]FDG administered activity is possible by at least a factor 4 for 1 
min/bed with the Omni Legend 32 cm PET/CT while maintaining EARL1 

and EARL2 compliance. A clinical study should be performed to validate 
these !ndings.
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K6OX! D*,,(.B!(,!G00!M#B&,9&$?!M9&!E&%*0,%!D1B&!66666666666666666666666666666666666666666666666666666666666666666666666!UN!

K6OX6O! G%%&%%(.B!,9&!M(5&<W#0*5&!;*$'&!666666666666666666666666666666666666666666666666666666666666666666666666666!US!

K6OX6Q! G%%&%%(.B!,9&!D#01$!>1+%!6666666666666666666666666666666666666666666666666666666666666666666666666666666666666666!US!

K6OX6F! R(1%,#0()!"*.),(#.!6666666666666666666666666666666666666666666666666666666666666666666666666666666666666666666666666666!UU!

K6OO! D91%&!G.102%(%!6666666666666666666666666666666666666666666666666666666666666666666666666666666666666666666666666666666666666666!UP!

K6OQ! >*B1!+1B&!666666666666666666666666666666666666666666666666666666666666666666666666666666666666666666666666666666666666666666666!PO!

K6OQ6O! D(a&0!=(H&!666666666666666666666666666666666666666666666666666666666666666666666666666666666666666666666666666666666666666666!PO!

K6OF! =1'(.B!2#*$!E&%*0,%!66666666666666666666666666666666666666666666666666666666666666666666666666666666666666666666666666666666!PQ!

N! G*,#E&)#.!G++0()1,(#.!`G*,#51,&3!E&)#.%,$*),(#.b!666666666666666666666666666666666666666666666666666666666!PF!

N6O! [1*.)9(.B!G*,#E&)#.!6666666666666666666666666666666666666666666666666666666666666666666666666666666666666666666666666666!PF!

N6O6O! M#+!D1.&0!;#.,$#0%!666666666666666666666666666666666666666666666666666666666666666666666666666666666666666666666666666!PI!

N6Q! Z#$T80#:!66666666666666666666666666666666666666666666666666666666666666666666666666666666666666666666666666666666666666666666666!PI!

S! >#;#!G++0()1,(#.!`>#,(#.!;#$$&),(#.b!66666666666666666666666666666666666666666666666666666666666666666666666666666!OXX!

S6O! W(&:+#$,!R(%+012!6666666666666666666666666666666666666666666666666666666666666666666666666666666666666666666666666666666666!OXX!

S6Q! ;#0#$!;#.,$#0!6666666666666666666666666666666666666666666666666666666666666666666666666666666666666666666666666666666666666666!OXO!

S6F! R1,1%&,!=&0&),#$!66666666666666666666666666666666666666666666666666666666666666666666666666666666666666666666666666666666666!OXQ!

S6I! W(&:+#$,!;#.,$#0!666666666666666666666666666666666666666666666666666666666666666666666666666666666666666666666666666666666!OXQ!

S6K! >#;#!;#.,$#0!666666666666666666666666666666666666666666666666666666666666666666666666666666666666666666666666666666666666666!OXF!

U! M$#*C0&%9##,(.B!6666666666666666666666666666666666666666666666666666666666666666666666666666666666666666666666666666666666666666!OXI!

R#)*5&.,!7.3&a!6666666666666666666666666666666666666666666666666666666666666666666666666666666666666666666666666666666666666666666666666!OXK!

!

! !
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?! ,-')(4$9'0(-+

!"!! #$%&'()&*$+,*-+./0+

M9&!;&31$%<=(.1(!>&3()10!;&.,&$!`;=>;b!;1$3(1)!=*(,&!#8!1++0()1,(#.%!(%!(.,&.3&3!,#!&.1C0&!1.!

1*,#51,&3!3(%+012/!$&'(&:/!1.3!-*1.,(8()1,(#.!#8!V*)0&1$!>&3()(.&!;1$3(#0#B2!5&3()10!(51B&%!

1.3!31,1%&,%!#C,1(.&3!8$#5!+1,(&.,%!:9#!91'&!*.3&$B#.&!1!)#5+1,(C0&!5&3()10!%)1.O6!;=>;!

;1$3(1)!=*(,&!512!C&!*%&3!(.!5*0,(+0&!%&,,(.B%!(.)0*3(.B!,9&!9#%+(,10/!)0(.()/!#$!#88()&!

&.'($#.5&.,%6!M9&!$&%*0,%!+$#'(3&3!%9#*03!C&!$&'(&:&3!C2!-*10(8(&3!9&10,9)1$&!+$#8&%%(#.10%!

`&6B6/!$13(#0#B(%,%/!)1$3(#0#B(%,%/!#$!B&.&$10!.*)0&1$!5&3()(.&!+92%()(1.%b!,$1(.&3!(.!,9&!*%&!#8!

5&3()10!(51B(.B!3&'()&%6!

!"1! 20/'-&3)&*$+*,+204&'0+

M9&!;&31$%<=(.1(!;1$3(1)!=*(,&!(%!1!%,1.3<10#.&!%#8,:1$&!%#0*,(#.!8#$!;1$3(1)!=DA;M!1.3!DAM!

(51B(.B!+$#)&%%(.B!1.3!$&'(&:6!!;&31$%<=(.1(!;1$3(1)!=*(,&!`.#.<'(&:&$b!5(.(5*5!%2%,&5!

$&-*($&5&.,%!(.)0*3&!1!)#5+*,&$!:(,9!1,!0&1%,!IYd!EG>/!QYd!91$3!3(%T!%+1)&!8#$!%#8,:1$&!

(.%,1001,(#./!1!3(%+012!$&%#0*,(#.!1,!0&1%,!OQUXaOXQI!:(,9!ON<C(,!)#0#$/!1!.&,:#$T!131+,&$/!1!

5#*%&!`#$!#,9&$!+#(.,&$!3&'()&f!,$1)T+13/!,$1)TC100/!&,)6b!1.3!#.&!#8!,9&!%*++#$,&3!#+&$1,(.B!

%2%,&5%6!;=>;!;1$3(1)!=*(,&!#+&$1,&%!#.!)15&$1!(.3&+&.3&.,!$&)#.%,$*),&3!=DA;M!1.3]#$!DAM!

(51B&!8(0&%!1.3!;1$3(1)!;M!(51B&!8(0&%6!

;=>;!;1$3(1)!=*(,&!:(00!C&!51$T&,&3!1%!1!)#5+$&9&.%('&!1++0()1,(#.!%*(,&!,91,!(.)0*3&%!

\Y=_\D=!`\*1.,(,1,('&!Y1,&3!=DA;M!_!\*1.,(,1,('&!D&$8*%(#.!=DA;Mb!(.!1!%(.B0&!1++0()1,(#.!

`1T1!G*,#\JGVMb!1.3!;=75+#$,!1++0()1,(#.%6!M9(%!100#:%!1*,#51,()!+$#)&%%(.B!1.3!$&'(&:!#8!

-*1.,(,1,('&!1.3!-*10(,1,('&!(.8#$51,(#.!B&.&$1,&3!C2!.*)0&1$!5&3()(.&!%,*3(&%6!D*$)91%1C0&!

#+,(#.%!)#.%(%,!#8!\*1.,(,1,('&!d0##3!D##0!=DA;M!`\d=b/!\GEY!`8#$!$&+#$,(.B!+*$+#%&%b/!"*%(#.!

`=DA;M];M];MG!1.3]#$!DAM];M];MGb/!G*,#E&)#./!>#,(#.!;#$$&),(#.!`>L;Lb!1.3!\DAM6!!\DAM!

10%#!(.)0*3&%!'(1C(0(,2!-*1.,(8()1,(#.!1.3!,:#!133(,(#.10!31,1C1%&%!`$*C(3(*5!1.3!155#.(1b!8#$!

+$#)&%%(.B!DAM!%,*3(&%6!!

\Y=_\D=!(%!1.!1++0()1,(#.!:9()9!)#5C(.&%!C#,9!\*1.,(,1,('&!D&$8*%(#.!=DA;M!`\D=b!1.3!

\*1.,(,1,('&!Y1,&!=DA;M!`\Y=b!(.,#!1!)#55#.!1++0()1,(#.6!!\*1.,(,1,('&!D&$8*%(#.!=DA;M!`\D=b!

(%!1.!1++0()1,(#.!3&%(B.&3!8#$![W!`[&8,!W&.,$()0&b!1.3!EW!`E(B9,!W&.,$()0&b!&a,$1),(#.!1.3!

1.102%(%6!\D=!+$#'(3&%!1!,##0!,#!$&'(&:!1.3!-*1.,(82!+&$8*%(#.!;1$3(1)!=DA;M!1.3!DAM!31,1!%&,%!

,#!3&,&$5(.&!,9&!0#)1,(#./!#$(&.,1,(#./!1.3!1.1,#5()10!&a,&.,!#8!,9&!0&8,!'&.,$()0&!#8!,9&!9&1$,/!

,#!)#.%,$*),!FR!)#.,#*$!51+%!#8!,9&!9&1$,/!1.3!,#!)10)*01,&!,9&!9&1$,!'#0*5&6!D92%()(1.%!*%&!

,9(%!(.8#$51,(#.!,#!1%%&%%!,9&!1.1,#5()10!1.3!+92%(#0#B()10!8*.),(#.10(,2!#8!,9&!9&1$,!1.3!

1.102H&!,9&!+$&%&.)&!#8!52#)1$3(10!3&8&),%!,9$#*B9!)#5+$&9&.%('&!(51B(.B!5#310(,(&%6!=,$&%%<

!
!+(""+B1C/C+D"&,%)E.)F*+FG+D"H),"I+



!"#$%&'()*$)+!$%#)$,+(-)."+/012+ + 3(4567'/012'8'97+:+/0/;'0<+:+10=10>+

E&%,!E&B(%,$1,(#.!(%!1!3($&),!5&,9#3!8#$!3&,&),(.B!)91.B&%!C&,:&&.!%,$&%%!1.3!$&%,!(51B&%6!7,!(%!

1!+$1),()10!1.3!8*002!1*,#51,()!10B#$(,95!8#$!-*1.,(8()1,(#.!#8!%,$&%%<(.3*)&3!)91.B&3!8$#5!

+1($&3!%,$&%%!1.3!$&%,!%)1.%!1.3!3#&%!.#,!*%&!+$#,#)#0<%+&)(8()!31,1C1%&%6!D$#.&<%*+(.&!

-*1.,(8()1,(#.!100#:%!-*1.,(8()1,(#.!#8!+&$8*%(#.!#.!+$#.&!(51B&%!1%!:&00!1%!)#5C(.&3!

-*1.,(8()1,(#.!#8!+$#.&]%*+(.&!31,1%&,%!C2!1++02(.B!9&*$(%,()!$*0&%/!:9()9!100#:!1*,#51,()!

&0(5(.1,(#.!#8!(51B&!1$,(81),%!C1%&3!#.!,9&!$&01,('&!3&8&),!0#)1,(#.%!#.!+$#.&!1.3!%*+(.&!

(51B&%6!M9&!%91+&!(.3&a!+1$15&,&$!3&8(.&%!FR!0&8,!'&.,$()*01$!`[Wb!B&#5&,$2!3&$('&3!8$#5![W!

)#.,#*$%!(.!&.3!%2%,#0()!1.3!&.3!3(1%,#0()!+91%&%6!\D=!(.)0*3&%!1.!10B#$(,95!8#$!,9&!

-*1.,(8()1,(#.!#8!52#)1$3(10!+&$8*%(#./!*%(.B!.#$510!0(5(,%!)$&1,&3!8$#5!%,*3(&%!#8!0#:<

0(T&0(9##3!.#$510!+1,(&.,%!#.026!M9&!10B#$(,95!91%!C&&.!'10(31,&3!(.!1!01$B&!B$#*+!#8!+1,(&.,%!

3&5#.%,$1,(.B!&-*('10&.,!3(1B.#%,()!+&$8#$51.)&!3&%+(,&!,9&!*%&!#8!%(5+0(8(&3!.#$510!0(5(,%6!

M9&!8#00#:(.B!31,1C1%&%!1$&!C&(.B!+$#'(3&3!`8#$!510&!1.3!8&510&b?!D$#.&!=,$&%%!>7d7/!E&%,!

>7d7/!E&%,!>7d7!G;!`G,,&.*1,(#.!;#$$&),&3b/!E&%,!M9100(*5/!=,$&%%!>7d7/!=,$&%%!>7d7!G;/!=,$&%%!

M9100(*56!L+,(#.10!.#$510!0(5(,%!31,1C1%&%!#88&$&3!1$&!E*C(3(*5!8#$!DAM/!G55#.(1!8#$!DAM6!

\D=!+$#'(3&%!,9&!1C(0(,2!8#$!*%&$!B&.&$1,&3!.#$510!0(5(,%!8(0&%!*%(.B!,9&!%(5+0(8(&3!5&,9#36!\D=!

10%#!(.)0*3&%!1!'1$(1C0&/!M#,10!D&$8*%(#.!R&8()(,!`MDRb/!:9()9!)#5C(.&%!3&8&),!&a,&.,!1.3!

%&'&$(,2!'10*&%6!!M9&!.&:!-*10(,2!)#.,$#0!`\;b!1*,#51,()1002!3&,&),%!-*1.,(,1,('&!%&B5&.,1,(#.!

81(0*$&%6!7.!,9&!&'&.,!#8!1!81(0*$&!1!3(88&$&.,!10B#$(,95!(%!1++0(&36!!\*1.,(,1,('&!Y1,&3!=DA;M!

`\Y=b!(%!1.!1++0()1,(#.!3&%(B.&3!8#$![W!`[&8,!W&.,$()0&b!1.3!EW!`E(B9,!'&.,$()0&b!&a,$1),(#.!1.3!

1.102%(%6!\Y=!+$#'(3&%!1!,##0!,#!$&'(&:!1.3!-*1.,(82!8*.),(#.!;1$3(1)!=DA;M!1.3!DAM!31,1!%&,%!

,#!3&,&$5(.&!,9&!0#)1,(#./!#$(&.,1,(#./!1.3!1.1,#5()10!&a,&.,!#8!,9&!0&8,!'&.,$()0&!#8!,9&!9&1$,/!

,#!)#.%,$*),!FR!)#.,#*$!51+%!#8!,9&!9&1$,/!1.3!,#!)10)*01,&!,9&!9&1$,!'#0*5&!`8#$!,9&!0&8,!

'&.,$()*01$!:100b6!D92%()(1.%!*%&!,9(%!(.8#$51,(#.!,#!1%%&%%!,9&!1.1,#5()10!1.3!+92%(#0#B()10!

8*.),(#.10(,2!#8!,9&!9&1$,!1.3!1.102H&!,9&!+$&%&.)&!#8!52#)1$3(10!3&8&),%!,9$#*B9!

)#5+$&9&.%('&!(51B(.B!5#310(,(&%6!G!.&:!D91%&!+1B&!(.)0*3&3!(.!\Y=!+1B&!B('&%!1))&%%!,#!

+91%&!(.8#$51,(#.!8#$!B1,&3!31,1%&,%6!G!.&:!,&)9.(-*&!,#!)$&1,&!)1$3(1)!g5#,(#.<8$#H&.g!

+&$8*%(#.!#$!'(1C(0(,2!(51B&%/!C2!:1$+(.B!A;Y<B1,&3!(51B&%!,#!,9&!&.3<3(1%,#0()!+#%(,(#.!91%!

C&&.!133&36!=*)9!g5#,(#.<8$#H&.g!+&$8*%(#.!1.3!'(1C(0(,2!(51B&%!91'&!(5+$#'&3!$&%#0*,(#.!1.3!

)#.,$1%,!C2!$&5#'(.B!C0*$$(.B!&88&),!)1*%&3!C2!)1$3(1)!5#,(#.6!M9&!.&:!-*10(,2!)#.,$#0!`\;b!

1*,#51,()1002!3&,&),%!-*1.,(,1,('&!%&B5&.,1,(#.!81(0*$&%6!7.!,9&!&'&.,!#8!1!81(0*$&!1!3(88&$&.,!

10B#$(,95!(%!1++0(&36!!\Y=_\D=!)1.!10%#!B&.&$1,&!1.3!3(%+012!M7R!`M$1.%(&.,!7%)9&5()!R(01,(#.b!

1.3![hE!`[*.B!h&1$,!E1,(#!#$![*.B!h&1$,!;#*.,%b6!!G!.&:!B$#*+!+$#)&%%(.B!10B#$(,95!91%!C&&.!

133&3!:9()9!100#:%!8#$!%(5*0,1.&#*%02!%#0'(.B!0&8,!'&.,$()*01$!B&#5&,$2!8#$!100!#8!,9&!1'1(01C0&!

31,1%&,%6!7,!100#:%!,9&!10B#$(,95%/!(.!$&B(#.%!:9&$&!%,$*),*$&!)1..#,!C&!3&8(.(,('&02!3&,&$5(.&3!

8#$!#.&!#$!5#$&!#8!,9&!31,1%&,%/!,#!51T&!3&)(%(#.%!,91,!&a+0#(,!100!,9&!1'1(01C0&!(.8#$51,(#.!1.3!

,91,!3#!.#,!(.,$#3*)&!1$C(,$1$2!(.,&$<%,*32!(.)#.%(%,&.)(&%6!

\*1.,(,1,('&!d0##3!D##0!=DA;M!`\d=b!(%!1.!#+,(#.10!1++0()1,(#.6!\d=!(%!1.!(.,&$1),('&!%,1.310#.&!

%#8,:1$&!1++0()1,(#.!8#$!,9&!1*,#51,()!%&B5&.,1,(#.!1.3!-*1.,(8()1,(#.!#8!B1,&3!%9#$,!1a(%!
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C0##3!+##0!`$&3!C0##3!)&00%/!Ed;b!=DA;M6!M9&!1++0()1,(#.!)1.!C&!*%&3!8#$!1*,#51,()!B&.&$1,(#.!

#8!0&8,!1.3!$(B9,!'&.,$()*01$!&.3#)1$3(10!%*$81)&%!1.3!'10'&!+01.&%!8$#5!,9$&&<3(5&.%(#.10!`FRb!

B1,&3!%9#$,!1a(%!C0##3!+##0!(51B&%f!1*,#51,()!)10)*01,(#.!#8!0&8,!1.3!$(B9,!'&.,$()*01$!'#0*5&%!

1.3!&c&),(#.!8$1),(#.%f!)10)*01,(#.!1.3!3(%+012!#8!+#01$!51+%!$&+$&%&.,(.B!:100!5#,(#.!1.3!

+1$15&,$()!'10*&%!`""h!15+0(,*3&!1.3!+91%&bf!,:#<3(5&.%(#.10!`QRb!(51B&!3(%+012!*%(.B!

%,1.31$3!G5&$()1.!;#00&B&!#8!;1$3(#0#B2!`G;;b!)1$3(1)!=DA;M!)#.'&.,(#.%f!1.3!FR!(51B&!

3(%+0126!7,!10%#!+$#'(3&%!,9&!8#00#:(.B!8*.),(#.10(,(&%?!1C(0(,2!,#!)#5C(.&!(%#%*$81)&%!&a,$1),&3!

8$#5!,9&!31,1!:(,9!,9&!)10)*01,&3!&.3#)1$3(10!%*$81)&%!(.!'1$(#*%!:12%!`&.3#)1$3(10!C#$3&$%!

3(%+012&3!1%!:($&8$15&%/!%913&3!%*$81)&%/!C#,9/!#$!+1$15&,$()bf!1C(0(,2!,#!51+!+1$15&,$()!

'10*&%!`"($%,!"#*$(&$!h1$5#.()!`""hb!15+0(,*3&!1.3!+91%&b!#.!,9&!%*$81)&%f!1C(0(,2!,#!3(%+012!

+1$15&,$()!(51B&%!`""h!15+0(,*3&!1.3!+91%&b!8#$!B1,&3!+01.1$/!B1,&3!$1:!+$#c&),(#.%!1.3!

B1,&3!%9#$,!1a(%!(51B&%f!1C(0(,2!,#!3(%+012!)(.&!0##+%!#8!,9&!#$(B(.10!(51B&%f!1C(0(,2!,#!B&.&$1,&!

)#*.,<C1%&3!-*1.,(,1,('&!'10*&%!*%(.B!,9&!1*,#51,()1002<!1.3!%&5(!1*,#51,()1002<)#5+*,&3!

%*$81)&%!1%!EL0%!1.3!*%&$<%&0&),1C0&!,9$&%9#03%f!1C(0(,2!,#!B&.&$1,&!1.3!3(%+012!+91%&!

9(%,#B$15%!8#$!""h!+91%&!(51B&%!1.3!,#!3(%+012!,9&!5&1.!1.3!%,1.31$3!3&'(1,(#.!#8!,9&!+&1T%!

)#$$&%+#.3(.B!,#!1,$(10!1.3!'&.,$()*01$!'#a&0%6!G8,&$!'&.,$()*01$!%&B5&.,1,(#./!1!+91%&!

9(%,#B$15!8#$!&1)9!'&.,$()0&!(%!10%#!)#5+*,&3!1.3!3(%+012&3f!1.3!1C(0(,2!,#!3(%+012!.#$510(H&3!

(51B&%!8#$!100!B1,&3!(51B&%!`(6&6/!(51B&%!,91,!3#!.#,!&a9(C(,!)#*.,!3$#+<#88!)1*%&3!C2!

1$$92,95(1b6!7.!133(,(#./!\d=!%*++#$,%!51.*10!(3&.,(8()1,(#.!#8!,9&!0&8,<'&.,$()*01$!`[Wb!$&B(#./!

,#!%&+1$1,&!(,!8$#5!,9&!$(B9,!'&.,$()0&!`EWb!(.!)1%&%!:9&$&!,9&!1*,#51,()!10B#$(,95!81(0%!#$!

$&,*$.%!*.%1,(%81),#$2!$&%*0,%f!1C(0(,2!,#!B&.&$1,&!8(00(.B!$1,&%!8$#5!(.,&$+#01,&3!,(5&<'#0*5&!

)*$'&%f!1.3!,9&!1C(0(,2!,#!$#,1,&/!H##5/!1.3!)(.&!%*$81)&%6!

G!.*)0&1$!(51B&!8*%(#.!+1)T1B&!(%!1'1(01C0&!1%!1.!#+,(#.!,#!\Y=_\D=!8#$!C#,9!=DA;M];M!1.3!

DAM];M!92C$(3!1++0()1,(#.%6!M9&!8*%(#.!#+,(#.!(.)0*3&%!1!+1B&!,91,!100#:%!8#$!3(%+012!#8!

%&B5&.,&3!1.3!01C&0&3!)#$#.1$2!'&%%&0%!:(,9!DAM!FR!31,16!"*.),(#.10(,2!(.)0*3&%!#$,9#B#.10!

+01.&%!*%(.B!10+91!C0&.3(.B/!$#'(.B!:(.3#:!1.3!%2.)9$#.(H&3!)*$%#$6!7,!100#:%!*%&$%!,#!+&$8#$5!

-*10(,2!)#.,$#0!#8!=DA;M];M];MG!#$!DAM];M];MG!10(B.5&.,!1.3!91%!B&.&$()!5*0,(5#310(,2!8*%(#.!

)1+1C(0(,(&%6!M9(%!8&1,*$&!+$#'(3&%!3(%+012!#8!8*%&3!(51B&%!(.!1!'(%*10!8#$51,6!G33(,(#.1002/!

(.)0*3&3!8#$!DAM!1.102%(%!(%!,9&!h(C&$.1,(.B!>2#)1$3(*5!G%%&%%5&.,!`5(%51,)9!1.3!'(1C(0(,2bf!

,9(%!5#3*0&!100#:%!-*1.,(,1,('&!1%%&%%5&.,!#8!g9(C&$.1,(.B!52#)1$3(*5g!C2!-*1.,(8()1,(#.!#8!

)91.B&%!C&,:&&.!DAM!+&$8*%(#.!1.3!'(1C(0(,2!(51B&%!(.!92+#<+&$8*%&3!1$&16!=)1$!1.3!>(%51,)9!

+1$15&,&$%!1$&!$&+#$,&3!1%!1!+&$)&.,1B&!#8!,9&![&8,!W&.,$()0&!1.3!1$&!3(%+012&3!(.!+#01$!

)##$3(.1,&%!#$!1!FR!%*$81)&!3(%+0126!G!.&:!$&B(%,$1,(#.!10B#$(,95!91%!C&&.!133&3!:9()9!

1*,#51,()1002!$&B(%,&$%!=DA;M]DAM!:(,9!;MG];M!31,1%&,%6!!!

\*1.,(,1,('&!DAM!`\DAMb!(%!1.!#+,(#.10!5#3*0&!:9()9!133%!1*,#51,()!%&B5&.,1,(#./!

-*1.,(8()1,(#.!1.3!1.102%(%!#8!%,1,()!1.3!B1,&3!52#)1$3(10!+&$8*%(#.!DAM/!:(,9!%*++#$,!8#$!C#,9!



!"#$%&'()*$)+!$%#)$,+(-)."+/012+ + 3(4567'/012'8'97+:+/0/;'0<+:+1/=10>+

%9#$,!1a(%!1.3!,$1.%'&$%&!31,1%&,%6!!M9&!\DAM!5#3*0&!(.)0*3&%!32.15()!DAM!)1+1C(0(,(&%/!%*)9!1%!

)10)*01,(#.!#8!1C%#0*,&!C0##3!80#:!:(,9(.!,9&!52#)1$3(*56!

;=75+#$,!(%!1.!1++0()1,(#.!3&%(B.&3!,#!(5+#$,!31,1%&,%!8$#5!1!'1$(&,2!#8!%#*$)&%/!%,#$&!,9&5!(.!

1!0#)10!(51B&!31,1C1%&/!1.3!01*.)9!1.2!.*5C&$!#8!1++0()1,(#.%!,91,!*%&!,9(%!31,1!8#$!,9&($!

+$#)&%%(.B!+*$+#%&%6!;=7!10%#!+$#'(3&%!1!'1$(&,2!#8!31,1!51.1B&5&.,!,##0%/!1.3!(.)0*3&%!1!

R7;L>!=,#$&!=&$'()&!;01%%!D$#'(3&$!`=;Db!%&$'()&!,91,!100#:%!R7;L><)#5+0(1.,!%2%,&5%!,#!+*%9!

(51B&%!,#!2#*$!D;!8#$!+$#)&%%(.B!1.3!$&'(&:6!

G*,#E&)#.!(%!1!#.&<%,&+!1++0()1,(#.!8#$!1*,#51,()!$&)#.%,$*),(#.!1.3!$&#$(&.,1,(#.!#8!$1:!

,#5#B$1+9()!31,1!`$1:!+$#c&),(#.%b/!:(,9!1.!&5+91%(%!#.!)1$3(1)!(51B&%6!M9&!1++0()1,(#.!#88&$%!

1!)9#()&!#8!8(0,&$(.B!1.3!$&)#.%,$*),(#.!#+,(#.%!`(.)0*3(.B!(,&$1,('&!$&)#.%,$*),(#.b!1.3!

1*,#51,()!$&#$(&.,1,(#.!`iPKjb6!!G*,#E&)#.!#88&$%!%&'&$10!1*,#51,()!+$#)&%%(.B!5#3*0&%!8#$!

%(.B0&<+9#,#.!&5(%%(#.!)#5+*,&3!,#5#B$1+92!`=DA;Mb!%,*3(&%6!G0,9#*B9!(,!(%!51(.02!3&%(B.&3!

8#$!)1$3(1)!31,1/!51.2!#8!(,%!8*.),(#.10(,(&%!)1.!C&!1++0(&3!,#!#,9&$!,2+&%!#8!=DA;M!%,*3(&%6!

G*,#E&)#.!+$#'(3&%!1*,#51,()!$&#$(&.,1,(#.!#8!,9$&&<3(5&.%(#.10/!,$1.%1a(10!52#)1$3(10!

+&$8*%(#.!=DA;M!(51B&%6!G*,#E&)#.!(%!)#5+$(%&3!#8!8#*$!5#3*0&%?!$&)#.%,$*),/!$&#$(&.,/!

5#,(#.!1.3!8(0,&$6!!A1)9!5#3*0&!91%!1%%#)(1,&3!+1B&%!,91,!+$&%&.,!31,1!1.3!,9&!)#.,$#0%!

.&)&%%1$2!,#!+&$8#$5!,9&!%+&)(8()!,1%T!8#$!:9()9!,9&!+1B&!91%!C&&.!3&%(B.&36!M9&!+$#B$15!)1.!

C&!*%&3!(.,&$1),('&02!#.!#.&!#$!5#$&!31,1%&,%!#$!(.!C1,)9!5#3&!,#!+$#)&%%!31,1!:(,9#*,!8*$,9&$!

(.,&$'&.,(#.!8$#5!,9&!*%&$6!78!51,)9(.B!$&%,!1.3!%,$&%%!31,1%&,%!1$&!+$#'(3&3/!G*,#E&)#.!:(00!

1*,#51,()1002!#+&$1,&!(.!3*10!5#3&6!

>#;#!`>#,(#.!;#$$&),(#.b!(%!1.!#+,(#.10!1++0()1,(#.!8#$!,9&!1*,#51,()!1.3!51.*10!)#$$&),(#.!

#8!=DA;M!1)-*(%(,(#.!5#,(#.!1$,(81),%6!!D1,,&$.!51,)9(.B!1.3!%&B5&.,1,(#.!10B#$(,95%!1$&!*%&3!

(.!)#.c*.),(#.!,#!5(.(5(H&!5#,(#.!&$$#$!5&,$()%!#'&$!,9&!%&,!#8!1)-*($&3!+$#c&),(#.%f!,9&!

$&%*0,(.B!5#,(#.!)#$$&),&3!+$#c&),(#.%!1$&!,9&.!+$&%&.,&3!,#!,9&!#+&$1,#$!8#$!'10(31,(#.!#$!

5#3(8()1,(#.6!!!

GEY]\GEY!`;&31$%<=(.1(!E&+#$,(.Bb!(%!1!,##0!,91,!+$#3*)&%!)#5+$&9&.%('&!.*)0&1$!)1$3(1)!

$&+#$,%6!\GEY!(.)0*3&%!31,1!)#00&),(#.!*,(0(,(&%/!31,1!)#.%(%,&.)2!)9&)T%/!$&+#$,!B&.&$1,(#./!

%&1$)9!*,(0(,(&%!1.3!%&'&$10!135(.(%,$1,('&!,##0%6!R*$(.B!,9&!31,1!)#00&),(#.!+$#)&%%!*%&$%!1$&!

1*,#51,()1002!+$#5+,&3!,#!$&%#0'&!+#,&.,(10!(.)#.%(%,&.)(&%6!L.)&!,9&!31,1!1)-*(%(,(#.!(%!

)#5+0&,&/!,9&!$&+#$,%!1$&!B&.&$1,&36!E&+#$,%!.#,!#.02!)#.,1(.!3&$('&3!'10*&%/!C*,!#*,+*,!)0&1$!

%&.,&.)&%!3&%(B.&3!,#!%&.3!,#!,9&!$&8&$$(.B!+92%()(1.6!\GEY!5&$B&%!31,1!8$#5!100F!%#*$)&%!,#!

+$#3*)&!1!%(.B0&!)#5+$&9&.%('&!$&+#$,6!!!

;=W(&:!`;&31$%<=(.1(!W(&:&$b!(%!1.!1++0()1,(#.!3&%(B.&3!1%!1!B&.&$()!5&3()10!(51B&!'(&:&$/!:(,9!

1.!&5+91%(%!#.!+01.1$!V*)0&1$!>&3()(.&!`V>b!%,*3(&%6!;=W(&:!(.)0*3&%!)*%,#5(H1C0&!3(%+012!

012#*,%/!(51B&!51.(+*01,(#.!)#.,$#0%f!C$(B9,.&%%])#.,$1%,!13c*%,5&.,%/!)#0#$!%)10&%/!H##5(.B!



!"#$%&'()*$)+!$%#)$,+(-)."+/012+ + 3(4567'/012'8'97+:+/0/;'0<+:+1?=10>+

+1..(.B/!$#,1,(#.!1.3!80(++(.B6!;=W(&:!10%#!(.)0*3&%!1!,##0!8#$!)#.3*),(.B!80##3!*.(8#$5(,2!

1.102%(%6!!

M9&!$&%*0,%!+$#'(3&3!%9#*03!C&!$&'(&:&3!C2!-*10(8(&3!9&10,9)1$&!+$#8&%%(#.10%!`&6B6/!

$13(#0#B(%,%/!)1$3(#0#B(%,%/!#$!B&.&$10!.*)0&1$!5&3()(.&!+92%()(1.%b!,$1(.&3!(.!,9&!*%&!#8!5&3()10!

(51B(.B!3&'()&%6!

!"5! 6*$)-(&$%&'()&*$/+

M9&$&!1$&!.#!1C%#0*,&!)#.,$1(.3()1,(#.%!8#$!,9&!*%&!#8!,9&!;&31$%<=(.1(!;1$3(1)!=*(,&6!

!"7! 68&$&'(8+90$0,&)/+

M9&!;&31$%<=(.1(!;1$3(1)!=*(,&!1)9(&'&%!(,%!(.,&.3&3!+&$8#$51.)&!*.3&$!.#$510!)#.3(,(#.%!#8!

*%&6!M9&!;&31$%<=(.1(!;1$3(1)!=*(,&!91%!1!+#%(,('&!(5+1),!#.!,9&!9&10,9!#8!1.!(.3('(3*10!C2!(,%!

*%&!1%!1.!1(3!(.!3&,&),(.B/!0#)10(H(.B/!1.3!3(1B.#%(.B!0&%(#.%!1.3!#$B1.!8*.),(#.!8#$!,9&!

&'10*1,(#.!#8!9&1$,!3(%&1%&%!1.3!3(%#$3&$%6!M9&!;&31$%<=(.1(!;1$3(1)!=*(,&!91%!1!+#%(,('&!

(.80*&.)&!#.!,9&!9&10,9!#8!1.!(.3('(3*10!:9&.!*%&3!1%!1.!1(3!(.!51.1B(.B!)1$3(#0#B2!1.3!#,9&$!

3(%&1%&%6!

!":! #$)0$%0%+3()&0$)+3*3;8()&*$+

M9&!;&31$%<=(.1(!;1$3(1)!=*(,&!512!C&!*%&3!,#!3(%+012/!$&'(&:/!1.3!-*1.,(82!(51B&%!8$#5!100!

+1,(&.,%!:9#!91'&!*.3&$B#.&!1!)#5+1,(C0&!5&3()10!%)1.!`%&&!%&),(#.!O6Q/!3&%)$(+,(#.!#8!

3&'()&b6!M9&$&!1$&!.#!&a)0*%(#.%!,#!,9&!(.,&.3&3!+1,(&.,!+#+*01,(#.6!

!"<! =0-&*;/+#$'&%0$)+>03*-)&$?+

78!1!%&$(#*%!(.)(3&.,!#))*$%!:(,9!,9(%!5&3()10!3&'()&/!$&+#$,!(,!,#!,9&!51.*81),*$&$!1.3!,#!,9&!

)#5+&,&.,!5&3()10!1*,9#$(,2!8#$!,9&!*%&$]+1,(&.,k%!)#*.,$26!

!"@! #$)0-,0-0$'0+-&/A+

M9&$&!(%!.#!T.#:.!$(%T!#8!(.,&$8&$&.)&!:(,9!#,9&$!&-*(+5&.,!:9&.!*%&3!:(,9(.!(,%!(.,&.3&3!

+*$+#%&6!

!"B! C0D+,0();-0/+

M9&$&!1$&!51.2!.&:!8&1,*$&%!(.!,9(%!'&$%(#.!#8!,9&!;&31$%<=(.1(!;1$3(1)!=*(,&6!!M9&%&!1$&!%#5&!

#8!,9&!5#%,!(5+#$,1.,6!

"#$#"! %&'()*+!,-".!

•! \Y=_\D=/!\DAM/!\d=!



!"#$%&'()*$)+!$%#)$,+(-)."+/012+ + 3(4567'/012'8'97+:+/0/;'0<+:+1;=10>+

o! !"#"$%#&'!%()*+,'-)"#.!-*1.,(8()1,(#.6!

o! -/0!1'!234562!-*1.,(8()1,(#./!(.)0*3(.B!$&%(3*10!1),('(,2!)#$$&),(#.6!

o! 5"7*"$')"##.)7*"$'8"#'9&$%,*)'/014-/0!1'9%7%:.7:'*%&3!8#$!;"E]>d"!

-*1.,(8()1,(#.6!

o! /(%$%#'6(""9'/""(';5<=>?'%)1.!-*1.,(8()1,(#.6!

o! @A'B7.#%7*C.'%(D"#*7E,!8#$!+$#)&%%(.B!$&3*)&3!)#*.,!(51B&%6!

o! 3%F'G#"H.)7*"$:';5B/-?'8#$!DAM6!

o! IJ')"+$7!)#5+*,&3!8$#5!)#.,#*$&3!52#)1$3(*56!

o! <G9%7.9'-G(%:E!+1B&6!

"#$#,! %&'()*+!,-"/!

•! \Y=_\D=/!\DAM/!\d=!

o! 3*DE7'J.$7#*)(.';3J?!-*1.,(8()1,(#.!8#$!B1,&3!31,1%&,%!(%!.#:!1'1(01C0&!(.!

\Y=_\D=6!

o! M9&!.&:'KL+%(*7&M'G%D.!8#$!\Y=_\D=!1.3!\d=!100#:%!*%&$%!,#!&1%(02!$&'(&:!$1:!

31,1%&,!(.,&B$(,2!1.3!&1%(02!%+#,!1.2!1)-*(%(,(#.!&$$#$%6!

o! M9&!.&:'-,%#7'A.8.)7'09*7"#!8#$!\Y=_\D=!B('&%!*%&$%!,9&!1C(0(,2!,#!&3(,!3&8&),%!

#.!+&$8*%(#.!+#01$!51+%6!

o! M9&!.&:'2%:7'A%7%:.7'-.(.)7"#!8&1,*$&!8#$!\Y=_\D=!100#:%!*%&$%!,#!&1%(02!,#BB0&!

C&,:&&.!3(88&$&.,!31,1%&,!)#5C(.1,(#.%!1.3!012#*,%6!

o! M9&!.&:'!"("#'-)%(.'5%$%D.#!8#$!\Y=_\D=/!\DAM!1.3!\d=!B('&%!*%&$%!,9&!

1C(0(,2!,#!(5+#$,]&a+#$,!)#0#$!%)10&!+10&,,&!8(0&%6!

o! /E%:.'>$%(&:*:!10B#$(,95!:1%!5#3(8(&3!8#$!\Y=_\D=!(.!#$3&$!,#!&a)0*3&!C1%10!

)#*.,!'1$(1,(#.%!,91,!3#!.#,!)#$$&%+#.3!,#!1),*10!52#)1$3(10!,9()T&.(.B!C*,!

(.%,&13!1$&!)1*%&3!C2!'10'&!+01.&!5#,(#.!C&,:&&.!3(1%,#0&!1.3!%2%,#0&6!

o! =#"+G'G#").::*$D'4'3.G#"9+)*N*(*7&!#+,(#.!8#$!\Y=_\D=!1.3!\DAM/!:9()9!100#:%!

8#$!%(5*0,1.&#*%02!%#0'(.B!0&8,!'&.,$()*01$!B&#5&,$2!8#$!100!#8!,9&!1'1(01C0&!

31,1%&,%6!!

•! \GEY!

o! OIP':+GG"#7'8#$!%,$*),*$&3!$&+#$,%!B&.&$1,&3!*%(.B!,9&!G*,#51,&3!E&+#$,!

Y&.&$1,#$!`GEYb6!

o! >9C%$).9'A*:7#*N+7*"$'-.#C.#!+$#'(3&%!5*0,(+0&!#+,(#.%!8#$!3(%,$(C*,(.B!8(.10(H&3!

$&+#$,%6!

o! 5B6=!$&+#$,(.B!(%!.#:!%*++#$,&36!



!"#$%&'()*$)+!$%#)$,+(-)."+/012+ + 3(4567'/012'8'97+:+/0/;'0<+:+1>=10>+

"#$#0! %&'()*+!,-"0!

•! ;=75+#$,!91%!C&&.!)#5+0&,&02!#'&$91*0&3!:(,9!(5+$#'&3!*%&$!(.,&$81)&!1.3!

+&$8#$51.)&6!!=#5&!#8!,9&!.&:!8&1,*$&%!(.)0*3&?!

o! =*++#$,!8#$!=\[!31,1C1%&!C1)T&.36!

o! J%&$!1.3!%(,&!)&.,$()!1))&%%!)#.,$#0/!%(5(01$!,#!\GEY6!

o! J%&$!%+&)(8()!#+,(#.%!8#$!%,#$(.B!31,1!+$('1,&02!#$!+*C0()10026!

o! A.91.)&3!,1%T!51.1B&5&.,!%2%,&56!

o! R&0&,&3!(,&5%!51.1B&5&.,!*,(0(,2!8#$!$&)#'&$(.B!3&0&,&3!(,&5%6!

o! A.91.)&3!0#BB(.B!8#$!#+&$1,(#.%!%*)9!1%!(5+#$,(.B/!$&+01)(.B/!3&0&,(.B/!&,)6!

o! L+,(#.%!8#$!$&)#.)(0(.B!#$!0(.T(.B!%,*3(&%6!

o! G3'1.)&3!8(0,&$(.B!#+,(#.%!,91,!(.)0*3&!#+,(#.%!%*)9!1%!+1,(&.,!+#%(,(#.!

`+$#.&]%*+(.&]lb/!B1,(.B!`%,1,()]B1,&3]32.15()b/!+1,(&.,!%,1,&!`$&%,]%,$&%%]lb/!

&,)6!

•! \GEY!)#.,1(.%!1!%(B.(8()1.,!.*5C&$!#8!&.91.)&5&.,%!1.3!.&:!8&1,*$&%6!!=#5&!#8!,9&!

.&:!8&1,*$&%!(.)0*3&?!

o! =*++#$,!8#$!C0##3!+##0!%,*3(&%!`(.)0*3&%!(.,&B$1,&3!%*++#$,!8#$!\d=b/!

+2$#+9#%+91,&!%,*3(&%!1.3!;MG!%,*3(&%6!

o! G3'1.)&3!1++$#+$(1,&!*%&!)$(,&$(1!&.B(.&!C1%&3!#.!G=V;!B*(3&0(.&%6!

o! G*,#51,&3!#+,(#.%!8#$!B&.&$1,(.B!3&,1(0&3!135(.(%,$1,('&!$&+#$,%6!

o! G3'1.)&3!$&+#$,!3(%,$(C*,(#.!&.B(.&6!

o! =(5+0(8(&3!*%&$!(.,&$81)&!1.3!$&+#$,!,&5+01,&%6!

o! =,1.31$3/!7G;!`8#$5&$02!7;GV[b!)#5+0(1.,/!O!+1B&!$&+#$,!,&5+01,&%6!

o! =*++#$,!8#$!#+&.(.B!5*0,(+0&!%,*3(&%!#$!$&+#$,%6!

•! >*0,(<5#.(,#$!`*.0(5(,&3b!3(%+012!5#3&!8#$!\Y=_\D=!1.3!\d=6!

!"E! F(&$)0$($'0+

M9&!;&31$%<=(.1(!;1$3(1)!=*(,&!'&$%(#.!QXOS!512!C&!*+31,&3!8$#5!,(5&!,#!,(5&!:(,9!5(.#$!.&:!

8&1,*$&%!1.3!.#.<)$(,()10!C*B!8(a&%6!J%&$%!:(00!C&!.#,(8(&3!#8!*+31,&!1'1(01C(0(,26!

!"!G! =)()0H0$)+*,+I'';-('J+

M9&!;&31$%<=(.1(!;1$3(1)!=*(,&!#8!1++0()1,(#.%!(%!.#,!(.,&.3&3!,#!+$#'(3&!3(1B.#%&%!#$!

,9&$1+&*,()!$&)#55&.31,(#.%!C*,!(%!(.,&.3&3!,#!&.1C0&!1.!1*,#51,&3!3(%+012/!$&'(&:/!1.3!

-*1.,(8()1,(#.!#8!.*)0&1$!>&3()(.&!;1$3(#0#B2!5&3()10!(51B&%!1.3!31,1%&,%6!;&31$%<=(.1(!

;1$3(1)!=*(,&!512!C&!*%&3!(.!5*0,(+0&!%&,,(.B%!(.)0*3(.B!,9&!9#%+(,10/!)0(.()/!3#),#$k%!#88()&/!#$!

$&5#,&026!M9&!$&%*0,%!+$#'(3&3!%9#*03!C&!$&'(&:&3!C2!-*10(8(&3!9&10,9)1$&!+$#8&%%(#.10%!`&6B6/!



!"#$%&'()*$)+!$%#)$,+(-)."+/012+ + 3(4567'/012'8'97+:+/0/;'0<+:+1@=10>+

$13(#0#B(%,%/!)1$3(#0#B(%,%/!#$!B&.&$10!.*)0&1$!5&3()(.&!+92%()(1.%b!,$1(.&3!(.!,9&!*%&!#8!5&3()10!

(51B(.B!3&'()&%6!

;&31$%<=(.1(!;1$3(1)!=*(,&!1++0()1,(#.%!91'&!C&&.!(.!)#.,(.*#*%/!:#$03:(3&!*%&!8#$!#'&$!QX!
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