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ABSTRACT

Positron emission tomography (PET) is a type of nuclear medicine procedure that measures
the metabolic activity of cells in body tissues that is well suited for detecting, staging and
monitoring malignant tumours. The use of PET as a prognostic indicator based on Standardized
Uptake Value (SUV) is a powerful tool to supplement the visual interpretation used by physicians.
However, when scientists need to conduct desired research, they may face significant difficulties if
they have no access to the vendor's application. In this paper, the authors have successfully
developed the application based on the algorithm that they proposed. The maximum and average
SUV of slices calculated from the authors' application are directly compared with the results from
Inobitec DICOM Viewer program and the accuracy is, respectively, 85.4% and 88.7%.

Keywords: Positron Emission Tomography combined Computed Tomography (PET/CT); Standardized Uptake Value
(SUV); Digital Imaging and Communication in Medicine (DICOM).

1. INTRODUCTION

SUV, defined as retention normalized to the injected dose and patient body weight, is an
established index for quantifying glucose metabolic activity in tissues [1]. Several studies have
been conducted on this topic, with the majority of them focusing on the role of SUV in the
clinical diagnosis process such as in [1-3]. To be more specific, Paul E. Kinahan asserted that
SUVs are now commonplace in clinical and have a specific role in assessing patient response to
cancer therapy. He and his colleagues performed a research [2] review on the overall imaging
process and estimates of the magnitude of errors, where known, are given. They also provided
recommendations for best practices in improving SUV accuracy.

While others primarily worked on the SUV calculation and calibration process like in [4-6].
Such as the study was done by Han-Back Shin and his colleagues [4] on the conversion
procedure for SUV calculations. By using the NEMA IEC Body phantom and Allegro PET
scanner, they conducted measurements and performed calculations by using commercial
software and the proposed self-developed program, respectively, to compare the SUVs by using
conversion data. The outcome of the research suggests a simple and convenient method to solve
the incompatibility with the SUVs of self-developed program and commercial one was lower
than 20%. This is not suitable as, in reality, many vendors are taking part in the PET/CT imaging
process and this could cause a lot of trouble

In addition, some research was conducted on how to reproduce the values after a certain time
or on the aspect of bias and the influence of image noise on single-pixel SUV persistence such as
[7, 8]. Martin A. Lodge, Muhamand A. Chaudhry, and Richard L. Wahl carried out a study [7] to
evaluate the aspects of bias and the influence of image noise on single-pixel SUV persitance.
They analyzed reproducibility and bias using 3-dimensional PET data acquired for 15 minutes in
a single bed position in twenty different 18F-FDG oncology patients. They came to the
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conclusion that images with noise properties typically associated with clinical whole-body
studies, peak SUVs, provide a slightly more robust alternative for assessing the most
metabolically active region of a tumor.

A lot of groundwork has been laid with those explorations focusing on the process of
calculating SUV. However, they all came up with similar problems due to not taking the
differences between PET/CT scan device manufacturers into consideration, which hampered the
process in reality. Furthermore, further research on the application of SUV is not possible
without the manufacturer's application. This creates huge obstacles for the operation and makes it
nearly impossible to adjust appropriately since all the vendor's calculations are kept secret.

Hence, the aim of this article is to propose a calculation scheme and algorithm based on
image intensity to calculate SUV for PET/CT image data standardized under the DICOM
standard from different vendors.

2. BACKGROUND INFORMATION

2.1. Basic structure of DICOM file

DICOM stands for Digital Imaging and Communications in Medicine is the international
standard for medical images and related information. It defines the formats for medical images
that can be exchanged with the data and quality necessary for clinical use. Basic tructure of a
DICOM file shown in figure 1.

DICOM files usually consist of two main parts: DICOM Header and DICOM Data. DICOM
Header includes 3 parts: File Preamable, DICOM Prefix and File Meta Information. The Header
usually stores some of the following information:

- Patient’s information.
- Time of capture information.
- Information about the device that generated the image.

DICOM structrue

Diata Set
File Preamble DICOM Prefix File Meta DICOM Data Set
Information

L J
T T

DICOM header DICOM data

Figure 1. Basic structure of a DICOM file.
DICOM Data is made up of multiple DICOM Data Set. Each DICOM Data Set consists of
many Data Elements which include: Tag, VR (optional), Value Length, Value Field
2.2. Standardized Uptake Value
SUV, also known as Standardized Uptake Value, is a simple way of determining activity in
PET imaging, most commonly used in fluorodeoxyglucose (FDG) imaging. As the name

suggests it is a mathematically derived ratio of tissue radioactivity concentration at a point in
time and administered dose divided by body weight.

SUV is used as a measurement of relative tissue/organ uptake facilitates comparisons between
patients, and has been suggested as a basis for diagnosis. Usually, it is used to separate tissues
characterized as benign or malignant using SUV thresholds.

The basic expression for SUV, according to research [9] is:
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i ®
D/BW
Whereby: - AC: Radioactive activity concentration [Bg/cc] measured by the PET scanner
within a region of interest (ROI);

- D: Injected radiolabeled FDG [Bq] dose at a specific time;
- BW: Weight of the patient [kg].

3. PROPOSED ALGORITHM

SUVBW =

3.1. Details of the algorithm

The authors proposed an algorithm to calculate SUV based on Formula (1) including 4 steps
that can be divided into 2 phases.

- Phase 1: Extract, convert and adjust necessary data;
- Phase 2: Calculate SUVs for ROI that has MxN size.
3.1.1. Algorithm for phase 1

DICOM header extracted
from current slice

Checking pixel
data units through DICOM
tag (0054,1001)

GML CNTS

Checking PSF
through DICOM
tag (7053,1000)

BaQML Encoded

Net enceded

Checking ACS
through DICOM
tag (7052,1009)

Encoded

Y h ¥

Not encoded

h 4 A 4 r
[SUV Scale Factor = 1J [SUV Scale Factor = DIBWJ [M]ss]ng information Errur] [SUV Scale Factor =PSFJ

v v v v

Figure 2. Algorithm for phase 1: Extract, convert and adjust data.
The Algorithm for phase 1 is illustrated in figure 2. This phase includes the following steps:
e Step 1: Choosing ROI. In this reasearch, the authors choosed ROI as the entire slice.
e Step 2: Convert pixel value into radioactive activity concentration using equation (2).
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AC=a*m+pf (2)

Where: - AC: Activity concentration in ROI during recorded time [Bg/cc];

- a: Rescale slope;
- B: Rescale intercept;
- m: Original pixel intensity.

Rescale slope (stores in tag (0028,1053)) and rescale intercept (stores in tag (0028,1052))
allow transformation of pixel values to other units, as specified in the Units (stores in tag
(0028,0054)) tag. Those values are determined by the manufacturer of the hardware.

Units tag (0054,1001) will be one of the three following values: "GML, BOQML, or CNTS™:

- GML (Gram/millimeter): this value is usually seen with PET images recorded by GE
Medical PET/CT scan device. In this case, SSF, according to the manufacturer, will equal to 1.

- BOML (Becquerels/millimeter): this is the most common unit of “Units” tag for PET
images. In this case, we will convert AC according to equation (2) in order to calculate SUVs.

- CNTS (Counts): This value is unique for PET images produced by Phillips PET/CT scan
devices. When encountering this, we need to orderly check tag (7053,1000) and (7053, 1009). If
tag (7053,1000) exists, SSF value is equal to PSF. If tag (7053, 1009) exists, we will have to
convert AC due to the following equation:

AC=a+*m=ACS + (3)
According to document [10] Phillips claims that only with Phillips private attribute can a

physician calculate SUVs in the correct way. Therefore, in some circumstances, SUVs might be
unable to be calculated due to the missing of two private tags (7053, 1000) and (7053, 1009).

e Step 3: Calculate SUV scale factor (SSF). For convenience during information process
and storing, we call:
ssF = BW (4)
D

With: BW will be extracted from DICOM tag (0010,1030) and D in equation (4) can be
calculated using the following equation:

D=TD=*DR (5)
Where: - D: Administered dose at recorded time [Bq].
- TD: Total Dose - total dose of radionuclide injected into the patient [Bq].

- DR: Decay Ratio - radiation decay time, calculated by the following equation:
tl—th

DR=e™ ©)
Where: - t1: Scan Time or time that the PET/CT device starts to record image usually equals
to Series Time (stores in tag (0008, 0031)) [s];

- t2: Start Time or time that radionuclide was injected into patient usually equal to
Radiopharmaceutical Start Time (stores in (0018,1072))[s];

- HL: The half-life of a radioactive isotope, extracted from tag (0018,1075) [s].
3.1.2. Algorithm for phase 2
The second phase, with algorithm shown in figure 3, is the repetition of the following step:

e Step 4: Calculate SUVs. We will calculate SUV for 1 image pixel base on equation (1)
and (4) which now become:

SUV = AC *SSF @)
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Following that, we will calculate the SUV of each pixel one by one. Starting from the top left
corner it will be the origin of the coordinates, which is (0,0). Then, we will calculate SUVs for
the next pixel, from left to right, top to bottom, until the very last pixel by repeating step 4.

Image slice that
has MxN size

[ suV(i))=Ac*SUV scale Factor |

Store caculated
Data

Figure 3. Algorithm for phase 2: Calculate SUVs for ROI that has MxN size.
3.2. Algorithm of Decay Ratio calculation

Decay Ratio (DR) - radiation decay time, calculated by the equation (6). To calculate the DR,
it is necessary to determine Scan Time (t1) and Start Time (t2). In the process of extracting t1
and t2, document [10] propose that t1 is equal to Series Time (0008, 0031) and t2 is equal to
Radiopharmaceutical Start Time (0018, 1072).

3.2.1. Scan Time calculation

Algorithm for handling Scan Time is shown in figure 4. If Series Time (0008, 0031) is sooner
than Acquisition Time (0008, 0022), t1 is equal to Series Time (0008, 0031). In cases where
Series Time (0008, 0031) is later than Acquisition Time (0008, 0022), we have different handles.
With GE medical device, t1 in this circumstance is equal to GE Private Scan Time which can be
extracted from tags (0009, 0100d). If the image is not recorded by GE scanning device, or does
not have the private tag (0009, 0100d), we will check on Frame Reference Time (0054, 1300)
and Actual Frame Duration (0018, 1242). If those tags are empty, we will have to find the
earliest Acquisition Time (0008, 0032) among the slices in the same study. In this case, we call it
ATE. Then t1 is equal to this value. In cases where Frame Reference Time (0054, 1300) and
Actual Frame Duration (0018, 1242) exist, we will calculate t1 by this formula:

t1= AT - 2L L acT (8)
1000

Where: - AT: Acquisition Time (Stores in tag (0008, 0022)) (s);
- FRT: Frame Reference Time (Stores in tag (0054, 1300)) (s);
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- ACT: Average count rate within frame, can be calculated by formula (9):

1 DDF
ACT=—ln ( j (9)

DDF
—€

- DDF: Decay during frame;
- DC: Decay constant calculated by the following formula:

pc =N (10)
HL
- HL: The half-life of a radioactive isotope, stored in (0018,1075) tag [s];
- DDF is calculated by using the formula:
DDF =DC*FD (11)
- FD: Frame duration calculated by:
p- AFD (12)
1000

- AFD: Actual Frame Duration (stores in tag (0018, 1242)).
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Time
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GE private
Scan Time exist

Frame Reference
Time and Actual Frame
Duration exist
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| ACT =g In(225
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1000

» ‘
»
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End

Figure 4. Algorithm for handling Scan Time.
3.2.2. Start time calculation
With t2, determined by algorithm shown in figure 5, first we will check on tag (0018,1078)

representing the Radiopharmaceutical Start Date Time. t2 is equal to the time extracted from
(0018,1078) tag.
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Figure 5. Algorithm for handling Start Time.
4. APPLICATION DEVELOPMENT AND EVALUATION

4.1. Application development

The authors have built a program to calculate SUVs using the Python application. Graphical
User Interface of the application is shown in figure 6. The application has 7 sections which can

be divided into 3 main parts.

{0008, 0008) Specific Character Set
{0008, 0008) imoge Type.
{0008,

€850 100"
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o
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6
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\
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Figure 6. Graphical User Interface of the application.

e The first part includes: section 1, section 2, section 3, and section 4. This part is the
information display part of the application:

- Section 1 will display all the information stored in DICOM Header.

- Section 2 will display in detail the SUVs of ROI selected by the user.

- Section 3 will display Maximum, Minimum, Average SUVs of the selected ROI.

- Section 4 will display the application conclusion on status of the selected ROI. The color of
the text also displays the level of warning to users. "Red" indicates a highly suspect area of
malignant tumor. "Yellow" indicates an area that has an abnormal metabolic process but cannot
be diagnosed as a malignant one. "Green" indicates the normal area.
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e The second part includes sections 5 and 6. This part will display images stored in
DICOM files as well as display some other information.

- Section 5 will display image stored in DICOM file.

- Section 6 will display some extracted information and calculated SUVS of the specific pixel
at the current mouse pointer.

e  Third part includes section 7, which is the tools bar. This consists of the chosen ROI
tools that the user can use to choose a suspicious region.

4.2. Result evaluation

The maximum and average SUVs of slices calculated from the application were directly
compared with result from Inobitec DICOM Viewer program due to lack of access to
applications created by PET/CT manufacturer. We used 2476 slices of DICOM files that were
obtained from 12 patients taken through the PET/CT scanning. The results evaluation process
included two steps:

o  First step is to checking on correlation between the results received from Python with the
reference one. This was completed using Pearson Correlation Coefficient.

e Second step is to calculate the accuracy of the results.

4.2.1. Pearson correlation test

Correlation between results are tested using Pearson Correlation Coefficient (r). Below is a
formula for calculating the Pearson correlation coefficient (r):

. 2y - (X))
(13)

2 =20 [nEy -(Zy)']
With:

- x and y are the two objects that we need to measure the statistical relationship. x are results
from Python scheme and y are results from Inobitec;
- n is the number of sample.

Table 1. Correlation of maximum SUVs between 2 systems.

Python | Inobitec
Pearson Correlation 1 0.863(**)
Python Sig.(2-tailed) . .000
Number of Samples 2476 8476
Pearson Correlation | 0.863(**) 1
Inobitec Sig.(2-tailed) .000 :
Number of Samples 2476 2476
** Correlation is significant at the 0.01 level (2-tailed).
Table 2. Correlation of average SUVs between 2 systems.
Python | Inobitec
Pearson Correlation 1 0.893(**)
Python Sig.(2-tailed) . .000
Number of Samples 2476 2476
Pearson Correlation | 0.893(**) 1
Inobitec Sig.(2-tailed) .000 :
Number of Samples 2476 2476

** Correlation is significant at the 0.01 level (2-tailed).
The result for both maximum ad average value indicates a close correlation.
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4.2.2. Accuracy
The accuracy percentage of SUV was calculated using the following formulas:

A=100%— ER (14)
ROV —AVii00 (15)
AV

Where: - ER: Error Rate (%);
- OV: Observed Value, in this case is the value received from Python scheme;

- AV: Actual Value, in this case the authors assume it was the results received from
Inobitec's Software.

The accuracy percentages of maximum and average SUVs respectively, are 85.4% and 88.7%.
5. CONCLUSIONS

As has been demonstrated in this paper, the authors have presented all the related problems
during the process of calculating SUV. Through the use of rigorous methodologies and data
analysis techniques, the results show that the software can be used to calculate the necessary
values for cancer diagnosis. Our research has provided important insights into the topic, creating
a simpler and more convenient way to further research SUV calculation, with accuracy
percentages of maximum and average values of 85.4% and 88.7%, respectively. While there may
be limitations to our research, such as sample size or methodology, we believe that our findings
offer valuable contributions.
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TOM TAT

Phit trién phan mém hd trg chin doan ung thw
dua trén chi so hap thu hoat chat phong xa chuan

Chup cdt I6p phdt xa positron (PET) la mot quy trinh'y hoc hat nhan c6 kha nang thé
hién dwoc hoat dong trao doi chat ciia cdc té bdo trong co thé va la cong cu rat phit hop
dé phat hién, phan logi va theo doi cac khéi u dc tinh. Viéc sir dung PET nhir mot cong cu
dinh lwong duwa trén Chi sé hdp thu hoat chdt phong xq chuan (SUV) la mét cong cu rat
hitu ich cho cdc bac si. Tuy nhién, trong truong hop can tzen hanh nghién citu, ho co thé
gdp twong doi nhiéu khé khan néu khong sir dung phan mém @i kém ciia nha san xudt thiét
bi PET. Trong bdi bdo nay, nhém tic gia da phdt trién thanh céng iimg dung dwa trén
thudt todn ciia chinh nhém tac gia dé xudt. Gid tri SUV t6i da va trung binh ciia cdc slice
danh tinh todn tir tng dung ciia nhém tac gia dwoc so sanh truc tiép voi két qua tir chwong
trinh Inobitec DICOM Viewer va do chinh xdc lan luot la 85,4% va 88,7%.

Tuw khoa: Chyp phat xa gét 16p positron két hop chup cit 1op yi tinh (PET/CT); Chi sb hdp thu hoat chét phong xa
chuan (SUV); Chuan truyén thong hinh anh k¥ thuéat so trong y t€¢ (DICOM).
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