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Abstract 

Unique to nuclear medicine procedures and in this instance specifically, 18 fluorodeoxyglucose positron emission tomography (18 FDG 
PET CT) scanning features the quantification of the emissions of radiation from the source of the scan.  In addition to visual evaluation of 
the FDG PET study is the quantification analysis of the PET scan data. Our group did a simple analysis of patients studied at both baseline 
with FDG PET imaging and at second timepoint during treatment intervention which consisted of cytotoxic therapy without adjuvant 
radiation therapy or immunotherapeutic techniques. A total of 110 patients were studied sequentially on three different manufacturer 
PET-CT devices at the respective imaging centers.  There were 50 patients studied on a General Electric Discovery 610, 30 patients 
evaluated utilizing a Philips Gemini GXL, and 30 patients receiving their base and first timepoint examinations on a Siemens Biograph 
16.   Each individual patient scan was assessed for the numeration of the liver SUV reference value in normal hepatic parenchyma in both 
the baseline and initial timepoint FDG PET examination. Based on recommended guidelines regarding successive FDG PET imaging, 
the results were categorized according to the following criteria.  Those individuals who demonstrated a difference in the liver normal 
reference of 3 or less SUV units were compared to the number of patients that demonstrated a greater than 3 SUV units’ difference 
in the reference calculation.  27 of the 50 patients studied with the GE Discovery DS 610 with revealed a difference of greater than 3 
units, 15 of 30 patients scanned with the Philips Gemini GXL and 20 of 30 subjects examined on the Siemens Biograph PET-CT also 
manifest a greater than 3-unit difference in the normal liver reference value. Those patients with a greater 3-unit difference in the normal 
liver reference generated SUVs were by definition excluded from comparative quantitation in designated abnormal regions of glucose 
metabolism. In summary the results of this inquiry into frequency of individual patient biodynamic behavior when studied at the same 
facility on the identical vendor hardware produced a situation where comparative SUVs were not possible based on the liver reference 
value alone in at least 50% of the encounters.  This affirms that the biological function of the individual patient is not a static phenomenon 
and that in order to perform chronological analysis of the patient’s abnormal glucose consumption regarding a scan abnormality in any 
clinical scenario, the generated SUVs must be standardized in order to obtain accurate results.
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Introduction

The potential ability to quantify regional glucose metabolism and 
how relates to appraisal of malignant, inflammatory and neurologic 
disease is the key discriminator when compared to anatomic 
assessment of pathologic processes.  Conventional anatomic based 
imaging procedures to include computed tomography, magnetic 
resonance imaging, plain film radiography and ultrasound analyze 
the structural characteristics of abnormalities to include localization 
of morphological findings and measured size evaluations.  
Changes at the cellular biochemical level will precede anatomic 
change which has paved the way for FDG PET imaging to rather 
than establish a niche in the assessment of patients with known 
or suspected disease [1, 2], the FDG PET SUV metric should 
dominate in this role when consideration is given to biochemical 
changes as opposed to structural ones.

Although the objectivity gained through quantitative analysis 
of molecular expression of active malignant disease has been 
understood and validated through the expression of the SUV [3], 
the hesitation in the definitive acceptance of the FDG PET modality 
in the follow up of patients with time point examinations has been 
lacking [4-5].  In spite of the relative ease of SUV assignment in 
FDG PET interpretations when compared to more complicated and 
patient unfriendly FDG PET analyses to include spectral analysis, 
compartmental modeling and graphical methodologies, the 
majority of referring clinicians prefer the results of the anatomic 
imaging to include most favorably computed tomography with 
size assessments as opposed to the FDG PET quantification of 
count statistics, the SUV [3, 6].  

Prior to the implementation of the metabolic data set (FDG 
PET) to supplant and not merely assist the anatomical findings 
in patients with malignancy, the FDG PET quantitative metric 
must be standardized.  This has been accomplished with the 
introduction of the optimized standard uptake value [7, 8]. Only 
with standardization of the FDG SUV metric can precise appraisal 
of the status of disease from a biological perspective be achieved. 
Although techniques have been developed particularly with 
application of harmonization through the use of a specific phantom 
to allow for the use of differing image acquisition devices [9], the 
harmonization process does nothing to standardize the FDG SUV 
metric and therefore adds no solution to being able to sequentially 

measure the SUV metric on the same or differing acquisition devices 
and obtain the desired result in truly and accurately evaluating 
the metabolic state of disease.  With this reported demonstration 
of the patient’s source of emitted radiation being variable and 
completely independent of any other applied or considered 
modification, it is essential that the patient’s expression of their 
biodynamic glucose metabolism be determined and accounted for 
with follow up FDG PET-CT.  The SUV metric has suffered from 
a variety of limitations to include the fact that heterogeneity of 
values limits their application, the referral base has no consistent 
understanding of the stated values and the interpreting physicians 
are not knowledgeable in the parameters of abnormal quantitative 
FDG uptake [6].  Thus, the non-standardized SUV serves only as a 
helpful clue in FDG PET scan interpretation and cannot serves as a 
distinguishing point of tumor and non-tumor disease involvement 
[10].  However, the standardized SUVopt does accomplish the 
goal of differentiating malignant involvement [7, 8] and therefore 
stresses the need for standardization-correction of the SUV metric.  
This unequivocally can only be accomplished when consideration 
is given to the calculation of the SUVopt which is dependent on the 
behavior of the normal hepatic parenchymal reference SUV that in 
this report reveals that without standardization, the resultant SUV 
calculation is essentially ineffective. 

Materials and Methods

In this analysis, a total of 110 patients were evaluated on three 
different vendor PET-CT imaging device platforms.  The scanners 
were associated with three different imaging centers which 
serviced oncologic PET-CT requests to function in the appraisal 
of malignant disease, including the initial staging, restaging 
and assessment of provided treatment response.  Each imaging 
location had a specific manufacturer PET-CT device.  The imaging 
hardware included Siemens Biograph 16, a Philips Gemini GXL 
and a General Electric Discovery DS 600.  Participants were 
studied at baseline and timepoint one after initiation of therapeutic 
interdiction in biopsy proven malignancy.  Of the 110 subjects 
examined, 30 were completed on the Philips GXL PET-CT, 30 on 
the Siemens Biograph and 50 on the General Electric Discovery 
DS 600 at their respective imaging sites.  For the purposes of this 
study, no patient underwent PET-CT scanning at other institutions, 
and all 110 individuals were adherent to the same institution and 
same scanner edict [10, 11] followed in the dispensing of FDG PET 
imaging services in the evaluation and management of malignant 
disease. The data accumulation took place from September 2023 
and June 2024.   64 males and 46 females made up the study 
population.

The following data for each patient were recorded at the time 
of presentation for scan acquisition: age in years, weight in kg, 
patient gender, and the type of malignancy. Scan related data were 
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also recorded and included the serum glucose at time of FDG, total 
injected FDG injection, the use of the standard uptake value in the 
generation of the normal liver parenchyma  in both the baseline 
liver reference and first timepoint liver reference to gauge the 
expressed glucose metabolism in normal and non-diseased liver 
parenchymal used to exclusively calculate the optimized standard 
uptake value previously designated the SUVopt by our group [7].

FDG injection to initiation of image-bed position acquisition on 
the individual PET-CT scanner, SUV generation in normal liver 
parenchyma. All patients received pre-scanning instructions as part 
of the normal protocol and included avoiding strenuous exercise up 
to 24 hours prior to the scheduled injection time, preferred overnight 
fasting for patients with acquisitions scheduled for the morning or at 
least a 6 hour fast if examinations were scheduled for the afternoon 
and pre-injection hydration with non-flavored water.  Preferably the 
intravenous injection of the FDG radiopharmaceutical via venous 
access was accomplished apart from indwelling port placement 
when accessible. To ensure relatively constant liver activity, scan 
acquisition began at approximately 55 to 100 minutes post glucose 
administration [12]. No patients received oral or intravenous 
contrast for the CT portion of the examination to avoid potential 
artifact [13]. The administered dose of FDG was calculated in 
each patient by the measurement of initial FDG activity in the 
syringe prior to introduction of the labeled glucose and then 
after injection.  A low dose CT scan for the purposes of anatomic 
correlation and attenuation correction of the PET data set was 
obtained in all patients. CT dose reduction was performed on the 
individual scanners. Following the CT portion of the examination, 
the PET acquisitions were initiated immediately thereafter with all 
patients undergoing image acquisition from the skull base to the 
mid-thigh or head to toe whole body acquisitions depending upon 
the preference of the referring physician and pertinent historical 
information applicable to the individual patient.

Calibration procedures were followed for the PET scanner and 
a dose calibrator with the compliance to standard sequential 
check values performed weekly [14]. The corrected residual 
dose based on the decay factor of F18 was accomplished in all 
patients. Quality control procedures were followed with regard 
to the individual PET scanning device utilizing a 68 Ge source 
which was adherent to the specific manufacturer protocols. Vendor 
recommended processing was followed for each examination with 
general parameters including CT scans being processed utilizing 
filtered back-projection and PET emission data subjected to 
iterative reconstruction processing.

All FDG PET-CT studies were interpreted using a HERMES 
Nuclear Diagnostics workstation utilizing the Volume Display 
software. The calculated standard uptake values (Y) were obtained 
with the following methodology including the patient’s body 

weight (kg), concentration of glucose within the specified region 
of interest and the injected dose of FDG based on the following 
calculation method: d / t =R (c) - t with: R (c)-t representing 
radioactivity concentration in the region-volume of interest at 
time t, d = injected dose of the radiopharmaceutical and w = the 
patient’s body weight.

The reference normal liver parenchymal SUV was obtained by 
placing a circular region of interest in the hepatic parenchyma 
with three successive measurements in the coronal plane, with 
the mean of the three maximum SUV representations in the 
specific location of the hepatic parenchyma recorded. Any area 
of increased or decreased uptake within the liver (metastases or 
primary liver malignancy) were avoided. No patient had significant 
liver parenchymal abnormalities precluding the generation of the 
reference hepatic parenchymal quantitative reference value.

Statistical Methods

Of the 110 patients analyzed in this grouping, there were 220 
normal liver reference values (one at the baseline and one at the 
timepoint one) calculated amongst the three different facilities 
utilized with specific hardware utilization as described previously 
for all of the participating patients.  All 110 studied individuals had 
the normal hepatic reference value obtained through the use of the 
ACCUQUAN algorithm in the process of the SUVopt calculation 
[7].  

The normal liver reference values were categorized according to 
the previously defined recommendation for the interpretation of 
sequentially obtained FDG PET scans using the differential of the 
liver reference of < 3 and > 3 SUV units on the two chronologically 
obtained scans [11].  This simple distinctive characteristic was 
utilized to produce the SUVopt [7].

Ethical Considerations

As part of the functional evaluation of the daily individual FDG 
PET CT evaluation, the data on each individual patient utilized for 
selective scan analysis was collected from provided information 
for the purposes of scan interpretation.  Only a small percentage 
of the interpreted cases interpreted had pathological correlative 
records and follow-up available for evaluation and subsequent 
relation to scan interpretative results. All pertinent subject statistics 
and records were reviewed retrospectively with no consequent risk 
to the patient or alteration in patient management effected by the 
retrospective review.  Informed consent for each subject included 
in the analysis was obtained by all facilities performing the FDG 
PET-CT examination. The intent of the provided information was 
provision of all associated information to the interpreting physician 
at the time of initial scan examination and report generation. Fully 
aware that the source materials are protected health information 
(PHI), data appraisal was conducted following de-identification 
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according to the HIPAA Privacy Rule Standard defined in 45 CFR 
164.514b. Hence an application for an exemption to IRB review 
was previously submitted to an independent institutional review 
board, Western Institutional Review Board with a waiver for 
HIPAA Authorization exemption status granted.

Results

Patient Characteristics

110 individual patients with biopsy proven malignancy were 
studied FDG PET CT scanning at three separate independent and 
non-affiliated facilities utilizing three different PET-CT imaging 
devices, exclusive to the imaging centers.  The age range for the 
patient examinations was 31-80.  The mean age of the partakers was 
52.56 years.  64 males and 46 females were signatory participants 
in the study.

Generation of the Normal Liver-Hepatic Parenchymal 
Reference SUV

To obtain the normal liver reference value was of each individual 
FDG PET scan, a weighted meta-analysis of the all-inclusive peer 
reviewed literature was accomplished.  The constant liver reference 
value obtained and used to calculate the SUVopt as described 
by Black and associates [7].  This constant liver reference value 
allows for the comparison of all SUVs regardless of the imaging 
center location, the vendor or degree of technological advancement 

of the imaging hardware.  Of note, this differs significantly from 
the PERCIST quantification calculation which is relative to the 
patient’s liver calculation and not based on a constant reference 
value [11]. The range of the normal liver parenchymal SUV 
utilized to calculate the SUVopt in all presentations, including 
baseline and the timepoint one ranged from 1.4 to 7.5.  The mean 
liver reference value was noted to be 2.42 + 0.69 for the three 
determined SUVopt measurements.  The coefficient of variation 
for the liver parenchymal reference was noted to range from 0.081 
– 0.024.  No patient in this series had the presence of diffuse liver 
metastatic disease which would interfere with the liver reference 
value for the individual patient.  The following table summarizes 
the baseline and time point one liver characteristics.  

Of the total of 110 patient scans acquired both at baseline evaluation 
and Timepoint one, 27 of the 50 patients studied with the GE 
Discovery had > 3 point differential in the normal liver reference 
value, 15 of the 30 studied on the Philips Gemini platform 20 of 
the 30 subjects investigated on Siemens Biograph demonstrated 
this characteristic.   See Figure one. The difference in the SUV 
sequential measurement of greater than 3 units in the comparison 
of the two examinations was 3 to 7 units for the GE device, 3-9 for 
the Siemens Biograph and 3-8 for the Philips Gemini scanner.  The 
mean overall significant liver sequential SUV normal reference 
difference for all three scanners was 6.45 SUV units.

Figure 1: Performance characteristics of the individual PET-CT scanners.
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The liver reference value was obtained through a weighted meta-
analysis of the peer reviewed literature with a constant liver 
reference value obtained and used to calculate the SUVopt as 
described by Black and associates [7].  This constant liver reference 
value allows for the comparison of all SUVs regardless of the 
vendor or degree of technological advancement of the imaging 
hardware.  This is significantly different from the PERCIST 
quantification calculation which is relative to the patient’s liver 
calculation and not based on a constant reference value [3]. The 
range of the normal liver parenchymal SUV utilized to calculate 
the SUVopt in all presentations, including baseline, timepoint 
one and follow up imaging ranged from 1.2 to 5.9.  The mean 
liver reference value was noted to be 2.31 + 0.76 for the three 
determined SUVopt measurements.  The coefficient of variation 
for the liver parenchymal reference was noted to range from 0.085 
– 0.020.  No patient in this series had the presence of diffuse liver 
metastatic disease which would interfere with the liver reference 
value for the individual patient.

Discussion 

The entire intent of FDG PET-CT evaluation in this study, 
apart from the from the application of the examination in the 
correct staging, restaging of the individual patient with known 
malignancy as well as defining the status of the patient undergoing 
therapy was to demonstrate that the individual patient with 
malignant disease is a non-static source of glucose metabolism 
and therefore non-standardized evaluations of abnormal FDG PET 
scan findings may not be unreliable and produce wrongful results 
and subsequent untoward outcomes.  The current manifestations 
of primarily subjective FDG PET reporting revolve around the 
lack of standardization of the semi-quantitative FDG metric, 
the SUV.  This in the post PERCIST era which was supposed to 
rectify the problems FDG quantification [15-17], did nothing of 
the sort.  In reality the proposed adjustments and dogma of the 
PERCIST doctrine did nothing to standardize the SUV metric.  In 
fact, the literature continued to query for the standardization of 
the FDG SUV so examinations ordered for all applications could 
quantitatively standardized [18-19].

The results of this simple study of the SUV variance when performed 
on the same patient, at the same facility and on the identical PET-
CT imaging device, that the patient is not a static source of glucose 
labeled positron emission.  Therefore, the individual patient should 
not be treated as such.  It should be obvious from the results of this 
investigation defining the frequency of biological expression of 
localized glucose patient uptake that standardization of the FDG 
metric is crucial and key to providing quantitative data that is both 
accurate and precise.  This can only be achieved if the reference 
value for standardizing the SUV is based on a constant and not a 
relative value.  We have accomplished this functionality through 

the discovery of visceral constant that allows for standardization 
of all FDG SUVs regardless of the vendor scanner or degree of 
sophistication on the imaging hardware [7].  

A great deal of historical work has gone into the attempts 
at standardization of glucose concentration by way of the 
radiopharmaceutical fluorodeoxyglucose that includes in depth 
understanding cellular handling and mechanisms of the actual 
glucose metabolism.  There is relatively stable expression of tumor 
SUVs.  Insignificant statistical differences in measurements in 
the FSDG SUV and the kinetics of the radiopharmaceutical have 
been shown.  Reliable changes of at least 20% in the measured 
parameters (either the SUV or alternatively the Ki) have been 
achieved with reported reliability [20-24].  These and other 
numerous lauded and well-intentioned efforts have not and did not 
achieve the uncomplicated solution to FDG SUV standardization.  

The emergence of radiomics, machine learning, deep learning and 
artificial intelligence have not solved the issue of standardization 
of the FDG SUV metric which is dependent on the liver reference 
constant.  These fields of further elucidation of the FDG PET scan 
involve the analysis of radiomic features, molecular descriptors of 
the FDG PET scan that endeavor to improve diagnostic outcomes 
[25-29].  These diagnostic insights and developments, however, 
do not affect the standardization of the FDG SUV, that provides 
for uncomplicated objective interpretation of the FDG PET scan 
and allows for the accurate categorization of patients at staging, 
restaging of malignant disease and true understanding of the 
biochemical status of disease with therapeutic intervention [7, 8]. 

The fact that the biodynamic principles in the individual subject 
undergoing FDG PET-CT for any of the diagnostic reasons 
previously discussed is NOT a static fixed source of radiation 
is at the heart of the FDG SUV standardization enigma.  As the 
industry continues to produce more technologically advanced 
hardware, comparisons of quantitative FDG uptake using the 
SUV metric for comparison will be further compromised.  No 
comprehensible solution for comparative quantitative uptake will 
exist.   The application of the principles of harmonization mat be 
applied to FDG PET scanning [9], this intervention requires the 
utilization of a specific phantom and does nothing to facilitate the 
delivery of a product that provides standardized FDG SUV results 
that are necessary to the provision of precise and accurate results 
that augment the sensitivity and specificity of the FDG PET-CT 
examination for application in the staging-restaging and appraisal 
of the impact of treatment.  The question that seems answered 
by this exercise is that indeed objectivity of the FDG PET scan 
can and does provide correct quantification of the data integral 
to the examination, but only under the circumstances of the SUV 
standardization, where the fact that the individual patient is not 
an unchanging source of radiation, but rather a biodynamic entity.  
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Conclusion

The subject of each and every performed PET-CT study 
undertaken with labeled glucose must establish standardization of 
the FDG SUV metric, in order for the results of the examination 
to be consistent, accurate and comparable for the accomplishment 
of complete objectivity of the results. This is the true essence of 
precision medicine.
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