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The role of Positron Emission Tomography/Computed Tomography (PET/CT) 

modalities is becoming more important concomitantly with the increase of 
oncology cases in Malaysia. Thus, it is the perfect time to perform a study to 
standardise the PET/CT image quality in Malaysia. This study aimed to compare 

the quantification of image quality of PET/CT with a standardised uptake value 
(SUV) parameter.  In general, this study was carried out with the purpose of 
identifying the standardisation of quantification of standardised uptake value, 

SUVcontrolled for 18F-FDG PET between two independent PET modalities at two 
different institutions.  

 
 
The analysis was done on the SUVcontrolled of technical techniques (PET phantom) 

as a control standard for the validation of the PET-CT images of selected subjects 
with Fasting Blood Glucose index as the adjusted index to synchronise the two 
independent data sets. It was found that the SUVcontrolled was a potential 

conversion marker to validate the in vivo standardisation techniques for the two 
independent PET/CT modality systems based on the reference standard of the 
matched FBS and the in vitro 18F-FDG phantom. This study confirmed that the 

two independent PET modalities at paired-centre could potentially be 
standardised on the independent image quality based on the SUVmax 

quantification as the two independent measured were insignificantly different. 
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Peranan modaliti Tomografi Pancaran Positron/Tomografi Berkomputer 

(PET/CT) adalah semakin penting seiring dengan peningkatan kes-kes onkologi 
di Malaysia. Rentetan itu, kajian ini menyasarkan untuk membandingkan 
pengkuantitian kualiti imej berdasarkan parameter nilai pengambilan terpiawai 

(SUV) Secara amnya, kajian ini bertujuan untuk mengenalpasti pemiawaian 
pengkuantitian nilai pengambilan terpiawai (SUV) 18F-FDG di antara dua modaliti 
PET yang tidak bersandaran di dua institusi berbeza.  

 
 

Analisis dijalankan terhadap SUVcontrolled teknik teknikal (fantom PET) sebagai 
piawaian kawalan bagi tujuan pengesahan imej PET/CT bagi subjek terpilih 
dengan indeks FBS sebagai indeks penyelarasan untuk menyelaraskan dua data 

tidak bersandaran. Kami mendapati bahawa SUVcontrolled in vitro berpotensi 
sebagai penanda pertukaran untuk pengesahan pemiawaian teknik in vivo bagi 
dua modaliti PET/CT yang tidak bersandaran berdasarkan pemiawaian rujukan 

bagi FBG yang sepadan dan fantom in vitro 18F-FDG. Kajian ini mengesahkan 
bahawa dua modaliti PET yang tidak bersandaran di pusat-berpasangan adalah 
perbezaan tidak ketara pengkuantitian terpiawai setelah kolerasi SUVmax antara 

pusat-pusat dilakukan. 
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CHAPTER 1 
 

 
INTRODUCTION 

 

 
1.1 Background 
 

 
The function of Positron Emission Tomography/Computed Tomography (PET/CT) 

modalities has increasingly becoming more important, concomitantly with the 
increase of cancer cases in Malaysia. As stated by the National Cancer Council 
Malaysia (2014), cases of cancer continue to increase; however, studies 

regarding the standardisation of PET modalities in Malaysia based on comparable 
quantification of SUVs remain unknown. 
 

  
 
Figure 1: The chronology the standardisation of PET in world 

healthcare since 2008.   
 

 
As illustrated in Figure 1, the Netherlands has started the standardisation of PET 
quantification protocols on all PET/CT modalities in the country since 2008. The 

standardisation of the quantification protocols is known as the Netherlands-
Protocol (Boellaard, et al., 2008). Since the Netherlands is a member of the 
Board of the European Association of Nuclear Medicine (EANM),  EANM 

suggested that the country standardised PET/CT imaging in the Europe using 
(EARL) FDG-PET/CT accreditation programme in 2009 (Boellaard, et al., 2010, 
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2014). EARL stands for the European Association of Nuclear Medicine Research 
Ltd (European Association of Nuclear Medicine Research Ltd, 2017).  

 
 
In addition, developed Asian countries such as Japan has also started to 

standardise PET/CT imaging as stated in the published paper of Japanese 
guideline for the oncology FDG-PET/CT data acquisition protocol (Fukukita, et 
al., 2010; 2014). Although certain parts of the European and Asian countries 

have become more advanced when it comes to the standardisation and 
harmonisation of PET/CT SUVmax (quantification) since the last decade, it is never 

too late for Malaysia to start the standardisation of PET modalities in the country 
based on a comparable-multicentre study.  
 

 
1.2 Problem Statement and Justification 
 

 
The Ministry of Health, Malaysia (MOH) is serious in improving the quality of 
nuclear services in Malaysia. It has implemented a Quality Assurance Programme 

(QAP) for both the government and private nuclear medicine centres since 2013. 
Various requirements for quality control (QC) have been performed according to 
the medical terms stated under the Atomic Energy Licensing Act 1984 (The 

Commissioner of Law Revision Malaysia, 2006, 2010). The implementation of QC 
is compulsory as stated in the technical quality control Protocol Handbook of 
Positron Emission Tomography/ Computed Tomography (PET/CT) Systems by 

MOH (Medical Radiation Surveillance Division, 2015). The performance of 
PET/CT systems assures that the PET/CT modality is qualified to interpret the 
PET/CT image quality of maximum standardised uptake value (SUVmax) in each 

stand-alone PET/CT at each centre (Medical Radiation Surveillance Division, 
2015).  

 
 
However, the implementation of the QAP programme as approached by MOH is 

only applicable for a stand-alone PET modality at a nuclear medicine institution. 
Thus, the programme has limited access for a standardisation of comparable 
quantification (image quality of maximum standardised uptake value, SUVmax) of 

PET modalities in Malaysia. Consequently, the variations of quantification of PET 
modalities in Malaysia remain unknown. The impact is that it limits the PET study 
to only one particular centre that has validated a baseline image to ensure the 

measured parameter i.e. the SUVmax is reproducible and construed to the current 
status of a disease.  
 

 
This study sought to ascertain the potential of validating two independent in vivo 
18F-FDG PET/CT modalities based on the variation of SUVmax as a potential 

conversion marker. This is with regard the derived transferable calibration 
constant of phantom (in vitro 18F–FDG uptake) to verify whether the SUVmax 

quantification between PET modalities are comparable.   



© C
OPYRIG

HT U
PM

3 

 

1.3 Limitations of the Study 
 

 
Many PET modalities have been installed in Malaysia since 2006 by various 
parties such as the Ministry of Health Malaysia (MOH), Ministry of Education 

(MOE) as well as the private sector. Thus, this study aimed to have the 
participation of more than two nuclear imaging institutions in the Klang Valley 
which were equipped with a PET/CT modality and referred patients undergoing 

the PET/CT examination. 
 

 
The institutions selected for the study were the Centre for Diagnostic Nuclear 
Imaging (PPDN) UPM, Beacon International Specialist Centre (BISC) and Prince 

Court Medical Centre (PCMC) since these institutions are equipped with PET/CT 
modalities. However, as Beacon International Specialist Centre was reluctant to 
participate in the research due to internal reasons (the official letter from the 

management of BISC is attached in the Index Section), only two nuclear imaging 
institutions were involved in the study. 
 

 
1.4 Research Questions 
 

 
The research questions have been divided into two parts. The first part is the 
technical phantom technique questions, and the second part is the clinical 

assessment questions. 
 
 

The first part of the research questions are as follows: 
i. What is the quantitative measurement value of SUVcontrolled for standard 

activation of PET phantom for the two independent PET modalities? 
ii. What is the significant difference of the variation of SUVcontrolled PET 

phantom for the two independent PET modalities? 

iii. From the above questions, is there a possibility to derive the transferable 
calibration constant (k) using SUVcontrolled of PET phantom? 

 

 
The second part of the research questions are as follows: 

i. What is the quantitative measurement value of SUVmax of PET images? 

ii. What is the post-variation of SUVmax using the transferable calibration 
constant (k)? 

iii. What is the correlation of post-variation SUVmax with the variation of 

SUVmax of the patients? 
 
 

 
 

 



© C
OPYRIG

HT U
PM

4 

 

1.5 Objectives of the Study 
 

 
1.5.1 General Objective 
 

 
The overall aim of this study was to identify the standardisation of quantification 
of SUVmax for 18F-FDG PET between two independent PET modalities at two 

different institutions by analysing the SUVcontrolled of technical techniques (PET 
phantom) and clinical assessment of SUVmax ( PET images of patients). It is 

hoped that the research findings gained from the pilot study can be a source of 
reference towards the standardisation and harmonisation of 18F-FDG PET 
modalities in oncology imaging in Malaysia. 

 
 
1.5.2 Specific Objectives 

 
 

a) To identify the quantitative measurement value of SUVcontrolled of 

activation standard PET phantom for two independent PET modalities. 
b) To derive the transferable calibration constant (k) using the SUVcontrolled 

of PET phantom. 

c) To analyse the post-variation of SUVmax using a transferable calibration 
constant (k). 

d) To analyse the correlation of post-variation SUVmax with the variation of 

SUVmax of the patients. 
 
 

1.6 Organisation of the Thesis 
 

 
This thesis is divided into six chapters organised as follows: Chapter 1 provides 
an introduction to the study by providing the background, problem statement, 

justification, limitation, research questions and objectives of the pilot study; 
Chapter 2 presents the literature review on the fundamental operation of PET 
modality, PET imaging, image quality, quantification and comparable-multicentre 

study as well as highlights the current and previous studies that have been 
carried out by other researchers with regard to the factors that affect SUVmax 
measurement; Chapter 3 describes the research methodology applied in the 

study and provides a brief description on how the research methodology was 
developed, the materials, the comparison of the paired-centre study regarding 
the two independent PET modalities and also explains the statistical methods 

used in analysing the results of the study;  Chapter 4 and Chapter 5 discuss the 
results and assessment outcomes of the findings; and Chapter 6 explains the 
conclusion, limitation and provides recommendations for future studies. 

 

 



© C
OPYRIG

HT U
PM

64 

 

REFERENCES 

 
 

Adams, M. C., Turkington, T. G., Wilson, J. M., & Wong, T. Z. (2010). A 
systematic review of the factors affecting accuracy of SUV measurements. 
American Journal of Roentgenology, 195(2), 310–320. 

http://doi.org/10.2214/AJR.10.4923 
 

Aide, N., Lasnon, C., Veit-Haibach, P., Sera, T., Sattler, B., & Boellaard, R. 

(2017). EANM/EARL harmonization strategies in PET quantification: from 
daily practice to multicentre oncological studies. European Journal of 
Nuclear Medicine and Molecular Imaging, 1–15.  

http://doi.org/10.1007/s00259-017-3740-2 
 

American Association of Physicists in Medicine. (2012). The Selection, Use, 

Calibration, and Quality Assurance of Radionuclide Calibrators Report of 
AAPM Task Group 181. One Physics Ellipse, (181). 

 

American College of Radiology. (2010). PET Phantom Instructions for Evaluation 
of PET Image Quality. Retrieved from  

http://www.aapm.org/meetings/amos2/pdf/49-14437-10688-860.pdf 
 

Arstad, E., & Robins, E. (2008). PET Radiotracers. Clinical PET and PET/CT, 167, 

45–68.  
http://doi.org/10.1007/1-84628-100-8_2 
 

Basu, S., Zaidi, H., Holm, S., & Alavi, A. (2011). Quantitative techniques in PET-
CT imaging. Curr Med Imag Rev, 7(3), 216–233. 

 

Boellaard, R. (2008). Standards for PET Image Acquisition and Quantitative Data 
Analysis. Journal of Nuclear Medicine, 50(Suppl 1), 11S–20S. 
http://doi.org/10.2967/jnumed.108.057182 

 
Boellaard, R. (2009). Standards for PET Image Acquisition and Quantitative Data 

Analysis. J Nucl Med, 50(5), 11–20.  

http://doi.org/10.2967/jnumed.108.057182 
 

Boellaard, R. (2011). Need for Standardization of 18F-FDG PET/CT for Treatment 
Response Assessments. Journal of Nuclear Medicine, 52(Supplement_2), 
93S–100S.  

http://doi.org/10.2967/jnumed.110.085662 
 

Boellaard, R. (2013). Optimisation and harmonisation: Two sides of the same 

coin? European Journal of Nuclear Medicine and Molecular Imaging, 40, 
982–984.  
http://doi.org/10.1007/s00259-013-2440-9 

 



© C
OPYRIG

HT U
PM

65 

 

Boellaard, R., O’Doherty, M., Weber, W., Mottaghy, F., Lonsdale, M., Stroobants, 

S., Oyen, W., Kotzerke, J., Hoekstra, O., Pruim, J., Marsden, P., Tatsch, K., 
Hoekstra, C., Visser, E., Arends, B., Verzijlbergen, F., Zijlstra, J., Comans, 

E., Lammertsma, A., Paans, A., Willemsen, A., Beyer, T., Bockisch, A., 
Schaefer-Prokop, C., Delbeke, D., Baum, R., Chiti, A. and Krause, B. (2010). 
FDG PET/CT: EANM procedure guidelines for tumour imaging: version 1.0. 

European Journal of Nuclear Medicine and Molecular Imaging, 37, 181–
200.  
http://doi.org/10.1007/s00259-009-1297-4 

 
Boellaard, R., Delgado-Bolton, R., Oyen, W., Giammarile, F., Tatsch, K., Eschner, 

W., Verzijlbergen, F., Barrington, S., Pike, L., Weber, W., Stroobants, S., 

Delbeke, D., Donohoe, K., Holbrook, S., Graham, M., Testanera, G., 
Hoekstra, O., Zijlstra, J., Visser, E., Hoekstra, C., Pruim, J., Willemsen, A., 
Arends, B., Kotzerke, J., Bockisch, A., Beyer, T., Chiti, A. and Krause, B. 

(2014). FDG PET/CT: EANM procedure guidelines for tumour imaging: 
version 2.0. European Journal of Nuclear Medicine and Molecular Imaging, 
42, 328–354.  

http://doi.org/10.1007/s00259-014-2961-x 
 

Boellaard, R., Oyen, W., Hoekstra, C., Hoekstra, O., Visser, E., Willemsen, A., 
Arends, B., Verzijlbergen, F., Zijlstra, J., Paans, A., Comans, E. and Pruim, 
J. (2008). The Netherlands protocol for standardisation and quantification 

of FDG whole body PET studies in multi-centre trials. European Journal of 
Nuclear Medicine and Molecular Imaging, 35(12), 2320-2333. 
http://doi.org/10.1007/s00259-008-0874-2 

 
Bourguet, P., P., Blanc-Vincent, M., Boneu, A., Bosquet, L., Chauffert, B., Corone, 

C., Courbon, F., Devillers, A., Foehrenbach, H., Lumbroso, J., Mazselin, P., 

Montravers, F., Moretti, J. and Talbot, J. (2003). Summary of the 
Standards, Options and Recommendations for the use of positron emission 
tomography with 2-[18F]fluoro-2-deoxy-D-glucose (FDP-PET scanning) in 

oncology (2002). British Journal of Cancer, 89(S1), S84-S91.  
http://doi.org/10.1038/sj.bjc.6601088 

 

Buckler, A. J., & Boellaard, R. (2011). Standardization of Quantitative Imaging: 
The Time Is Right, and 18F-FDG PET/CT Is a Good Place to Start. Journal 
of Nuclear Medicine, 52(2), 171-172.  
http://doi.org/10.2967/jnumed.110.081224 

 

Cherry, S., Sorenson, J., & Phelps, M. (2012). PET : Physics, Instrumentation, 
and Scanners. Physics in Nuclear Medicine.  
http://doi.org/10.1016/C2009-0-51635-2 

 
 
 

 
 



© C
OPYRIG

HT U
PM

66 

 

Delbeke, D., Coleman, R.E., Guiberteau, M.J., Brown, M.L., Royal, H.D., Siegel, 

B.A., Townsend, D.W., Berland, L.L., Parker, J.A., Hubner, K. and Stabin, 
M.G. (2006). Procedure guideline for tumor imaging with 18F-FDG PET/CT 

1.0. Journal of Nuclear Medicine : Official Publication, Society of Nuclear 
Medicine, 47(5), 885–895. 

 

Duan, X.-Y., Wang, W., Li, M., Li, Y., & Guo, Y.-M. (2015). Predictive significance 
of standardized uptake value parameters of FDG-PET in patients with non-
small cell lung carcinoma. Brazilian Journal of Medical and Biological 
Research, 48, 267–272.  
http://doi.org/10.1590/1414-431X20144137 
 

European Association of Nuclear Medicine Research Ltd. (2017). FDG-PET/CT 
Accreditation. Retrieved June 30, 2017, from  
http://earl.eanm.org/cms/website.php?id=/en/projects/fdg_PET_ct_accre

ditation.htm 
 

Fathinul, F., Nordin, A. J., & Lau, W. F. E. (2013). 18[F]FDG-PET/CT is a Useful 

Molecular Marker in Evaluating Tumour Aggressiveness: A Revised 
Understanding of an In-Vivo FDG-PET Imaging that Alludes the Alteration 

of Cancer Biology. Cell Biochemistry and Biophysics, 66(1), 37–43.  
http://doi.org/10.1007/s12013-012-9395-5 
 

Fletcher, J. W., & Kinahan, P. E. (2010). Positron emission tomography-
computed tomography standardized uptake values in clinical practice and 
assessing response to therapy. In Seminars in Ultrasound, CT and MRI, 
31(6), 496–505.  
http://doi.org/10.1053/j.sult.2010.10.001.PET/CT 

 

Fukukita, H., Senda, M., Terauchi, T., Suzuki, K., Daisaki, H., Matsumoto, K., 
Ikari, Y. and Hayashi, M. (2010). Japanese guideline for the oncology FDG-
PET/CT data acquisition protocol: synopsis of Version 1.0. Annals of 
Nuclear Medicine, 24(4), 325-334.  
http://doi.org/10.1007/s12149-010-0377-7 

 

Fukukita, H., Suzuki, K., Matsumoto, K., Terauchi, T., Daisaki, H., Ikari, Y., 
Shimada, N. and Senda, M. (2014). Japanese guideline for the oncology 

FDG-PET/CT data acquisition protocol: synopsis of Version 2.0. Annals of 
Nuclear Medicine, 28(7), 693-705. 
http://doi.org/10.1007/s12149-014-0849-2 

 
Giraud, P., Grahek, D., Montravers, F., Carette, M., Deniaud-Alexandre, E., Julia, 

F., Rosenwald, J., Cosset, J., Talbot, J., Housset, M. and Touboul, E. 

(2001). CT and 18F-deoxyglucose (FDG) image fusion for optimization of 
conformal radiotherapy of lung cancers. International Journal of Radiation 
Oncology*Biology*Physics, 49(5), 1249-1257. 

http://doi.org/10.1016/S0360-3016(00)01579-0 
 



© C
OPYRIG

HT U
PM

67 

 

Hafiz, M. H., Noor, N. M., Rana, M. S., & Saad, F. F. A. (2017). Standardisation 

Techniques of Independent PET/CT Modalities Utilising PET SUVmax as a 
Potential Conversion Marker. Transylvanian Review, 1(7), 5328–5337 

 
Hee Park, H., Sung Park, D., Cheol Kweon, D., Bock Lee, S., Baek Oh, K., Doo 

Lee, J., & Hwan Jin, G. (2011). Inter-comparison of 18F-FDG PET/CT 

standardized uptake values in Korea. Applied Radiation and Isotopes, 
69(1), 241–246.  
http://doi.org/10.1016/j.apradiso.2010.09.011 

 
Hess, S., Blomberg, B. A., Rakheja, R., Friedman, K., Kwee, T. C., Høilund-

Carlsen, P. F., & Alavi, A. (2014). A brief overview of novel approaches to 

FDG PET imaging and quantification. Clinical and Translational Imaging, 
2(3), 187–198.  
http://doi.org/10.1007/s40336-014-0062-2 

 
International Atomic Energy Agency. (2014). PET/CT Atlas on Quality Control 

and Image Artefacts. IAEA Human Health Series, (27), 1–108. 

 
John W. Winston, J., Mawlawi, O., Wooten, W. W., Harkness, B. A., Madsen, M. 

T., & Martin, M. C. (2013). ACR – AAPM Technical Standard for Medical 
Physics Performance Monitoring of PET/CT Imaging Equipment. American 
Association of Physicists in Medicine, 1076(Revised 2008), 1–7. Retrieved 

from  
https://www.acr.org/-/media/ACR/Files/Practice-Parameters/PET-CT-
Equip.pdf 

 
Karlberg, A. M., Sæther, O., Eikenes, L., & Goa, P. E. (2016). Quantitative 

comparison of PET performance-Siemens Biograph mCT and mMR. 

EJNMMI Physics, 3(1), 5.  
http://doi.org/10.1186/s40658-016-0142-7 
 

Koppenol, W. H., Bounds, P. L., & Dang, C. V. (2011). Otto Warburg’s 
contributions to current concepts of cancer metabolism. Nature Reviews. 
Cancer, 11(5), 325–37.  

http://doi.org/10.1038/nrc3038 
 

Makris, N. E., Huisman, M. C., Kinahan, P. E., Lammertsma, A. A., & Boellaard, 
R. (2013). Evaluation of strategies towards harmonization of FDG PET/CT 
studies in multicentre trials: Comparison of scanner validation phantoms 

and data analysis procedures. European Journal of Nuclear Medicine and 
Molecular Imaging, 40(10), 1507–1515.  
http://doi.org/10.1007/s00259-013-2465-0 

 
 
 

 
 



© C
OPYRIG

HT U
PM

68 

 

Medical Radiation Surveillance Division. (2015). Technical Quality Control 

Protocol Handbook : Positron Emission Tomography/ Computed 
Tomography (PET/CT) Systems. Bahagian Kawalselia Radiasi Perubatan. 

Retrieved from  
https://radia.moh.gov.my/project/new/radia/FileTransfer/downloads/files/
65QC Protokol PET_SPECT_Non Imaging.pdf 

 
Mikasa, S., Akamatsu, G., Taniguchi, T., Kidera, D., Kihara, K., Matsuoka, K., 

Amakusa, S., Yoshida, T. and Sasaki, M. (2015). Standardization of dual 

time point [18F] 2-Deoxy-2-fluoro-D-glucose-positron emission 
tomography performed with different positron emission tomography 
scanners using partial volume correction. Research and Reports in Nuclear 
Medicine, 5, 1–7.  
http://doi.org/10.2147/RRNM.S73413 

 

Morgan, T. (2012). Quality Assurance for PET and PET/CT Systems. Health 
Physics, 103(6), 810-811. 
http://doi.org/10.1097/HP.0b013e3182690427 

 
Moses, W. (2012). Fundamental limits of spatial resolution in PET. Nuclear 

Instruments and Methods in Physics Research Section A: Accelerators, 
Spectrometers, Detectors and Associated Equipment, 648, S236-S240. 
http://doi.org/10.1016/j.nima.2010.11.092 

 
Nakahara, T., Daisaki, H., Yamamoto, Y., Iimori, T., Miyagawa, K., Okamoto, T., 

Owaki, Y., Yada, N., Sawada, K., Tokorodani, R. and Jinzaki, M. (2017). 

Use of a digital phantom developed by QIBA for harmonizing SUVs obtained 
from the state-of-the-art SPECT/CT systems: a multicenter study. EJNMMI 
Research, 7(1). 

http://doi.org/10.1186/s13550-017-0300-5 
 

National Cancer Council Malaysia. (2014). Oksigen dan Kanser. Retrieved July 5, 

2017, from  
https://makna.org.my/2014/12/oksigen-dan-kanser/ 
 

National Electrical Manufacturers Association. (2013). NEMA NU 2: Performance 
Measurements of Positron Emission Tomographs. National Electrical 
Manufacturers Association, 11. Retrieved from 
www.nema.org%5Cnwww.medicalimaging.org/ 
 

National Physical Laboratory. (2006). NPL Good Practise Guide 93-Protocol for 
Establishing and Maintaining the Calibration of Medical Radionuclide 
Calibrators and their Quality Control. National Physical Laboratory, (93), 

43. 
 
 

 
 



© C
OPYRIG

HT U
PM

69 

 

Omami, G., Tamimi, D., & Branstetter, B. F. (2014). Basic principles and 

applications of 18 F-FDG-PET / CT in oral and maxillofacial imaging : A 
pictorial essay ABSTRACT, 325–332.  

http://doi.org/10.5624/isd.2014.44.4.325 
 

Otto, A. M. (2016). Warburg effect(s)-a biographical sketch of Otto Warburg and 

his impacts on tumor metabolism. Cancer & Metabolism, 4, 5.  
http://doi.org/10.1186/s40170-016-0145-9 

 

Pérez-López, B., Vega-González, I. F., Estrada-Lobato, E., Pérez-Molina, J. J., 
Torres-Mendoza, B. M., & Medina, L. A. (2011). Volume-of-interest 
assessment of oncologic response using 18F-FDG PET/CT: a phantom 

study. Journal of Nuclear Medicine Technology, 39(1), 14–18.  
http://doi.org/10.2967/jnmt.110.078410 
 

R. Edward Colemen, M., Dominique Delbeke, M., & Lincoln L. Berland, M. (2007). 
ACR Practice Guideline for performing FDG-PET/CT in Oncology. American 
College of Radiology, 1076, 767–776. Retrieved from 

http://www.snm.org/docs/PET_COE/ACR PRACTICE GUIDELINE FOR 
PERFORMING FDGPETCT IN.pdf 

 
Saha, G. B. (2005). Basics of PET Imaging. Imaging (Vol. 202). 
 

Saha, G. B. (2010). Basics of PET Imaging. Springer, 97–117.  
http://doi.org/10.1007/978-1-4419-0805-6 
 

Schöder, H., Erdi, Y. E., Chao, K., Gonen, M., Larson, S. M., & Yeung, H. W. D. 
(2004). Clinical implications of different image reconstruction parameters 
for interpretation of whole-body PET studies in cancer patients. Journal of 
Nuclear Medicine : Official Publication, Society of Nuclear Medicine, 45, 
559–566. 

 

Shankar, L.K., Hoffman, J.M., Bacharach, S., Graham, M.M., Karp, J., 
Lammertsma, A.A., Larson, S., Mankoff, D.A., Siegel, B.A., Van den 
Abbeele, A. and Yap, J., 2006. Consensus recommendations for the use of 

18F-FDG PET as an indicator of therapeutic response in patients in National 
Cancer Institute Trials. Journal of Nuclear Medicine, 47(6), 1059-1066. 

 
The Commissioner of Law Revision Malaysia. (2006). Act 304 Atomic Energy 

Licensing Act 1984. The Commissioner of Law Revision, Malaysia, 

(January), 1–44. Retrieved from 
http://www.aelb.gov.my/aelb/malay/dokumen/perundangan/act304.pdf 

 

 
 
 

 
 



© C
OPYRIG

HT U
PM

70 

 

The Commissioner of Law Revision Malaysia. (2010). P. U. (A) 46. Atomic Energy 

Licensing Act 1984 Atomic Energy Licensing (Basic Safety Radiation 
Protection) Regulations 2010. The Commissioner of Law Revision Malaysia, 

245. Retrieved from 
https://radia.moh.gov.my/project/new/radia/FileTransfer/downloads/files/
10BSS-2010_BI.pdf 

 
Tong, S., Alessio, A.M., Kinahan, P. E. (2011). Image reconstruction for PET/CT 

scanners: past acheivements and Future Challenges. Imaging in Medicine, 

2(5), 529–545.  
http://doi.org/10.2217/iim.10.49 

 

Townsend, D. W. (2004). Physical principles and technology of clinical PET 
imaging. Annals of the Academy of Medicine, Singapore, 33(2), 133–145. 

 

Tylski, P., Stute, S., Grotus, N., Doyeux, K., Hapdey, S., Gardin, I., Vanderlinden, 
B. and Buvat, I. (2010). Comparative Assessment of Methods for Estimating 
Tumor Volume and Standardized Uptake Value in 18F-FDG PET. Journal of 
Nuclear Medicine, 51(2), 268–276.  
http://doi.org/10.2967/jnumed.109.066241 

 
Vriens, D., Visser, E. P., De Geus-Oei, L. F., & Oyen, W. J. G. (2010). 

Methodological considerations in quantification of oncological FDG PET 

studies. European Journal of Nuclear Medicine and Molecular Imaging, 
37(7), 1408–1425.  
http://doi.org/10.1007/s00259-009-1306-7 

 
Weber, W. A., Ziegler, S. I., Thödtmann, R., Hanauske, A. R., & Schwaiger, M. 

(1999). Reproducibility of metabolic measurements in malignant tumors 

using FDG PET. J Nucl Med, 40(11), 1771–7. Retrieved from  
http://www.ncbi.nlm.nih.gov/pubmed/10565769 
 

Westerterp, M., Pruim, J., Oyen, W., Hoekstra, O., Paans, A., Visser, E., van 
Lanschot, J., Sloof, G. and Boellaard, R.. (2007). Original article 
Quantification of FDG PET studies using standardised uptake values in 

multi-centre trials : effects of image reconstruction, resolution and ROI 
definition parameters. European Journal of Nuclear Medicine and Molecular 
Imaging, 34(3), 392–404. 
http://doi.org/10.1007/s00259-006-0224-1 
 

Willegaignon, J., Sapienza, M. T., Coura-Filho, G. B., Garcez, A. T., Alves, C. E. 
G. R., Cardona, M. A. R., Gutterres, R. F. And Buchpiguel, C. A. (2015). 
Dose calibrator linearity test : 99m-Tc versus 18F radioisotope. Radiologia 
Brasileira, 48(1), 26–32. 

 
 

 
 



© C
OPYRIG

HT U
PM

71 

 

Wilson, J. M., Mukherjee, S., Brunner, T. B., Partridge, M., & Hawkins, M. A. 

(2017). Correlation of 18F-Fluorodeoxyglucose Positron Emission 
Tomography Parameters with Patterns of Disease Progression in Locally 

Advanced Pancreatic Cancer after Definitive Chemoradiotherapy. Clinical 
Oncology, 29(6), 370–377.  
http://doi.org/10.1016/j.clon.2017.01.038 

 
Young, H., Baum, R., Cremerius, U., Herholz, K., Hoekstra, O., Lammertsma, A., 

Pruim, J. and Price, P. (1999). Measurement of clinical and subclinical 

tumour response using [18F]-fluorodeoxyglucose and positron emission 
tomography: review and 1999 EORTC recommendations. European Journal 
of Cancer, 35(13), 1773-1782.  

http://doi.org/10.1016/S0959-8049(99)00229-4 
 
Ziai, P., Hayeri, M. R., Salei, A., Salavati, A., Houshmand, S., Alavi, A., & 

Teytelboym, O. M. (2016). Role of Optimal Quantification of FDG PET 
Imaging in the Clinical Practice of Radiology. RadioGraphics, 36(2), 481–
496.  

http://doi.org/10.1148/rg.2016150102 
 

Ziegler, S. I. (2005). Positron emission tomography: Principles, technology, and 
recent developments. Nuclear Physics A, 752(1–4 SPEC. ISS.), 679–687.  
http://doi.org/10.1016/j.nuclphysa.2005.02.067 

 

 
 

 
 

 
 
 

 
 

 
 

 
 
 

 
 

 
 

 
 



© C
OPYRIG

HT U
PM

88 

 

LIST OF PUBLICATIONS 

 
 

Refereed Journals 
 
  

Hanafi, M. H., Noor, N. M., Rana, M. S., & Saad, F. F. A. (2017). Standardisation 
Techniques of Independent PET/CT Modalities Utilising PET SUVmax as a 
Potential Conversion Marker. Transylvanian Review, 1(7), 5328–5337. 

(Published) 
 
Azmi, N., Suppiah, S., Liong, C., Noor, N., Said, S., Hanafi, M., Kaewput, C., 

Saad, F. and Vinjamuri, S. (2018). Reliability of standardized uptake 
value normalized to lean body mass using the liver as a reference organ, 
in contrast-enhanced 18F-FDG PET/CT imaging. Radiation Physics and 
Chemistry, 147, 35-39. (Published) 

 
Hishar, H., Hanafi, M. H., & S, F. F. A. (2018). Short Communication Impact Of 

Prolonged Reduced-Pressure Condition Prior To Precursor Labeling On 
The Labeling Efficiency Of F-18 Fluorocholine Synthesis, International 
Journal of Pharmacy and Pharmaceutical Sciences, 10(4), 10–12. 
(Published) 

 

 
Proceedings of Conference 
 

 
Hafiz, M. H., Noramaliza, M. N., Sohel Rana., Hishar, H., & Fathinul Fikri, A.S. 

(2016). The Evaluation of Standard Calibration of Dose Calibrator Using 

Certified Long Lived Sealed Sources of 57Co and 137Cs: The Precision and 
Accuracy Point of View. Proceedings of Meeting Abstract International 
Conference of Translational Molecular Imaging and Aero-Space Medicine 

& Physiology Showcase 2016, (pp. 29-35). Kuala Lumpur, Malaysia. 
(Oral and Poster) 

 

Hanafi, M. H., Noramaliza, M. N., Sohel Rana. & Fathinul Fikri, A.S. (2017). The 
Variation of 18F-FDG Standardised Uptake Values (SUV) of Paired PET/CT 

Centre in Malaysia: ACR Phantom Study. RadiologyAsia 2017 (26th 
Annual Scientific Meeting of Singapore Radiological Society and College 
of Radiologists Singapore. Singapore (Poster) 

 

Hanafi, M. H., Noramaliza, M. N.,Sohel Rana. & Fathinul Fikri, A.S. (2017). 
Comparison of 18F-FDG Standardized Uptake Values (SUV) of Paired 
PET/CT Centre. 18th Congress of ASEAN Association of Radiology 2017 

(Poster) 
 
 

 


	Thesis_Hafiz Hanafi Final.pdf (p.1-110)
	Hafiz Status Confirmation.pdf (p.111)
	scalepdf_xURdgcFf.pdf (p.109)

	LITERATURE REVIEW
	REFERENCES



