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ABSTRACT

Goal: The purpose of this study was to demonstrate that standard uptake
value (SUV) calculations standardized to normal liver parenchyma, and
utilizing previously defined thresholds for differentiating benign and
malignant disease, yield results superior to non-standardized SUVs. This
methodology can be applied to all fluorodeoxyglucose positron emission
tomography (FDG PET) interpretations.

Methods: Patients (n=132) with a history of primary lung carcinoma were
studied with FDG PET to determine the presence or absence of
metastatic disease. Images were assessed using semi-quantitative
analysis with SUVmax generation. All SUVs were calculated with and
without individualized correctionfor normal liver parenchymal uptake and
the standard uptake value optimized (SUVopt) was derived. Results of
corrected and un-corrected SUVs were compared with the pathologic
results in two clinical disease categories: 1. pleural metastases (n= 87),
and 2. adrenal metastases (n=45).

Results: The sensitivity and specificity for corrected versus uncorrected
SUVs for pleural metastases were: 95.6% versus 93.8%, and 77.0% versus
42.1%, respectively. For adrenal metastases the results were: 94.5%
versus 91.6%, and 88.9% versus 45.0%, respectively.

Conclusions: In patients with primary lung cancer, the utilization of SUVs
corrected for the normal liver parenchyma provide more accurate resuls
in defining the presence orabsence of metastatic disease to pleura and
adrenal glands.
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Introduction

Since cancer is currently amongst the leading
causes of death worldwide®, it seems intuitive that
the early diagnosis, appropriate staging and
restaging of the various malignancies and the
accurate assessment of treatment intervention
would assume the highest priority for practicing
clinicians and their respective patient populations.
With the advent of the discipline of medical
imaging techniques, the development of various
technologies has been developed in an effort to
assistin the overallmanagementof malignantdisease.

The imaging evaluation of patients with suspected
malignancy includes identification of abnormalities,
their characterization and final disposition of their
content. These considerations are at the core of
proper treatment of prospective cancerous
maladies to include the initial diagnosis of
suspected malignancy, staging of known disease,
restaging of the disorder and of equal importance
the evaluation of prescribed treatment regimens.
At the most fundamental level, the clinician seeks
to determine the presence or absence of
malignancy. The pursuit to correctly identify
malignant disease has led to the introduction of a
variety of sophisticated imaging modalities to
include FDG PET, PET-CTimaging. The preference
of malignant cells for anaerobic consumption of
glucose-pyruvate was initially proposed by
Warburg in 1956%. Glucose has been shown to be
the primary energy source for cancer cells to fuel
cancer cell division, growth and the dissemination
and maintenance of metastases. The use of FDG
PET provides the capability to assessthe status of
glucose metabolism at the cellular level. The
premise of utilizing labeled glucose to distinguish
between benign and malignant processes is the
inherent metabolic aberrances related to
malignant disease with facilitated rates of glucose
metabolism that may exceed 200 times the
glycolytic rates of normal non-neoplastic cells®.
Consequently, the implementation of FDG PET has
expanded significantly to include a variety of
neoplastic disorders in the initial diagnosis,
staging, restaging of the specific malignancies as
well as assessment of therapeutic intervention®-3.

The objectives of FDG PET-CT in the evaluation of
the patient with known or suspected malignant
disease is to identify abnormal FDG uptake and
discern malignant from nonmalignant disease®.

The key to correctinterpretation of the presented
FDG PET-CTimage data sets is to consistently be
able to define normal uptake, abnormal-
nonmalignant uptake and abnormal-malignant
uptake of the radiopharmaceutical FDG. This can
be accomplished with visual-qualitative analysis of
the metabolic (FDG PET) images with typical
comparison to visceral uptake; mediastinal blood
pool or liver parenchyma®. Invariably this approach
will be associated with a significant degree of
subjectivity and resulting variability associatedwith
diminished specificity. Readily applicable semi-
quantitative evaluation is possible with FDG PET
secondary to the inherent nature of this nuclear
medicine examination since the generation of
count statistics can be utilized in the widely utilized
Standard Uptake Value (SUV) for potentially
differentiating  malignant and non-malignant
disease. The generally accepted SUV cutoff for
the categorization of neoplastc and non-
neoplastic disease has been reported to be 2.5%.
However, multiple additional works have refuted
the use of this guideline®. Moreover, the use of
different thresholds for the designation of
malignant disease based on the location of
involvement'®'" have been reported which likely
contribute to decreased specificity associated with
the use of a single value of 2.5 as a distinguishing
characteristic for defining the presence of cancer
involvement. The reproducibility of semi-quantitatve
analysis of the FDG PET study is frequently
compromised due to the variability in the values
obtained between and within individuals on the
same imaging device. Additionally, the acquisition
of examinations on the same patient on different
devices further increases the inconsistency and
reduces the accuracy of the examination.

Standardization of semi-quantitative uptake of
glucose metabolism has become a frequently
discussed peer reviewed literature topic in the
effort to increase the accuracy, objectivity, and
acceptance ofthe FDG PET examination?'%. Non-
standardization and heterogeneity ofthe individually
derived standard uptake values has led to a lack of
application in the differentiation of malignant and
non-malignant disease. Therefore, the generated
SUV has little relevance for accomplishing the task
of discriminating between malignant and benign
disease status. Standardization may be achieved
through the use of a constant visceral reference. In
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turn this could be employed to discern a corrected
SUV to the patient and not to hardware acquisition
device. The normal liver parenchyma generated
SUV may be used for comparison to areas of
suspected malignantinvolvement due to its unique
stability over time>"). The normal liver has been
assigned values of approximately 2.0 in properly
calibrated hardware and dosing procedures, and
consequently this value may be used as a constant
in the computation of corrected SUV values®'. To
complete the objective of enhancing accuracy, the
application of different thresholds for differentiating
malignant and non-malignant processes, based on
location specific SUVs may be applied in the effort
to maximize the capability of the FDG PET
examination. Our group recently publisheda series
comparing standardized SUVs accuracies for liver
parenchymal, peripheral and thoracic centralized
lymph nodes compared to non-standardized
calculations. We demonstrated the clear superiority
of the derivation of optimized compared to non-
optimized standard uptake values in terms of
sensitivity and specificity@0.

The introduction of sophisticated analytical tools in
the field of imaging to include machine and deep
learning, as well as the vast array of radiomics are
poised to assist and potentially augment the
landscape of diagnostic imaging interpretation.
The list of characteristics analyzed with robust
radiographic features numberin the thousands and
can be used to predict disease behavior, overall
survival, and clinical outcome. Currently these
modalities are beyond the scope of practice of
typical community-based medicine. These
developments are proposed to facilitate the data
made available to the practicing clinician and to
provide more precise information in the hope of
optimizing patient care®’. However, the use of the
optimized standard uptake value SUV optallows for
the consistent, precise differentiation of malignant
and non-malignant disease and additionally, for
accurately determining the response to therapeutic
endeavors by investigating and establishing the
biochemical and molecular status of the FDG PET
scan abnormality. The entire field of technological
advance regardless of the nomenclature utilized or
applied does not standardize the SUV metric,
which serves as the foundation for the very
problem with failure to produce accurate FDG PET
imaging, the application of the SUV metric.

The rationale and purpose of this work is to
demonstrate the readily available accentuated
ability of FDG PET imaging in the prediction of
malignant and non-malignant involvement in areas
of increased glucose metabolism suspected of
harboring neoplastic disease based on corrected
and standardized SUV calculations in pathologically
confirmed adrenal gland and pleural neoplastic
disease, expanding on the principles previously
demonstrated. This deals with the exclusive
metabolic and biochemical knowledge that is
obtainable only through the optimization and
standardization of the FDG quantitative metric, the
optimized standard uptake value, SUVopt
previously discussed and presented®.

Materials and Methods

PATIENTS

The results of FDG PET-CT imaging and
histopathologic reports were available for a total of
132 patients with known primary lung carcinoma,
who had FDG PET-CT scans based upon available
correlated pathologic data and were completed in
the timeframe between 2005 and 2012 for
investigation of potential malignant metastatic
disease. These images were retrospectively
analyzed for the presence or absence of
malignancy based on site specific liver corrected
SUV calculations and the results were compared
with pathologic findings. Pathology reports were
made available to the interpreting physician at the
time of inital FDG PET scan interpretation. This
information was saved for future analysis and
correlaton to the results of the corrected
calculated SUVs in several different locations to
include the™ thoracic pleura in patients with known
lung carcinoma at staging or restaging of the
disease (n=87, 63 inital staging and 24
restaging)?, Adrenal glands (n=45, 31 inital
staging and 14 restaging). Acquisiton devices
included: GE Discovery 600 PET-CT scanner
(n=65), Philips Gemini GXL PET-CT scanner (n=34)
and Siemens Biograph 16 slice high resolution
PET-CT scanner (n=33)

The following data for each patient were recorded
at the time of presentationfor scanacquisition: age
in years, weightin kg, patient gender, and the type
of malignancy. Scan related data were also
recorded and included the serum glucose at time
of FDG, total injected FDG injection, time from
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FDG injection to initiation of image-bed position
acquisition on the individual PET-CT scanner, SWV
generation in normal liver parenchyma. None of
the patients had received cytotoxic systemic
chemotherapy or radiation therapy within 6 months
of the examination.

All patients received pre-scanning instructions as
part of the normal protocoland 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 leasta 6 hour fast if examinations
were scheduledforthe 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 was begun
at approximately 55 to 100 minutes post glucose
administration®. No patients received oral or
intravenous contrast for the CT portion of the
examination to avoid potential artifact®”. 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.

Calibration procedureswere followed for the PET
scanner and a dose calibrator with the compliance
to standard sequential check values performed
weekly. The corrected residual dose based on
the decay factor of F18 was accomplished in all
patients. Quality control procedures were followed
with regard to individual PET scanning device
utilizing a 68 Ge source which was adherentto the
individual ~ 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 calculatedstandard
uptake values (¥) 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}trepresenting radioactivity concentration
in the region-volume of interest at tme ¢ d =
injected dose of the radiopharmaceuticaland 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.

Tumor site SUV under evaluation was compared to
the maximal normal liver parenchymal SUV. In
order to avoid intra-lesion variability, the selected
region of interest included the entire area of
abnormal uptake for eventual comparison to the
normal liver SUV. The final calculated standard
uptake value (X) assigned to the selected
metabolic abnormality was obtained by correcting
the value derived from the defined area of interest
to the liver constant with the unchanging value of
LC. The conversion of the uncorrected SUV to
corrected SUV is based on the following principle:

X a

LC l

where x = the unknown corrected standard uptake
value in the area of interest, a8 = uncorrected SUV
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in the specified area of interest, /= the generated
liver SUV in the patient basedonthree ROlsinnon-
diseased liver parenchyma and /C refers to the
normal liver constant value which is proprietary,
and patent protected.

In the generation of the SUV of the suspected
abnormality, the maximal SUV was used in this
series due to the potential variation with the
derived mean SUV when either drawing a ROI
within the abnormality or around the entire
apparent metabolic aberration. For the purposes
of defining the presence or absence of malignancy
basedonthe quantified degree of FDG uptake, the
maximal SUV was utilized both for the abnormality
in question and the liver SUV. To achieve the
maximal SUV within the suspected lesion, the ROI
was drawn encompassing the entire image finding,
which maintained consistency in the use of the
specified SUV calculations both from the liver and
the abnormal metabolic finding.

STATISTICALMETHODS

There were two separate sets of SUVs generated
based on previously reported threshold cutoff
values for two locations to include the thoracic
pleura and the adrenal gland(s). A composed
derivation data set consisted of uncorrected and
non-standardized SUV thresholds as described
previously'". The classification of the SUVs
included a value that was considered positive for
neoplastic involvementif it exceeded the threshold
value reported defined for thoracic pleural or
adrenal gland malignancy®'. Additionally, the
designation of 'borderline consistent with
neoplasm'was applied to those abnormalities that
demonstrated a 20% decrease from the threshold
cutoff value. Finally, a characterization of 'negative
for malignancy' was issued if the SUV was greater
than a 20% decrease from the prior defined
threshold value. This approach was based upon
data published on 68 patients with known lung
carcinoma in the evaluation of 690 mediastinal
lymph node stations®" 22, A similar approach was
appliedin categorizing our corrected-standardzed
SUV to the two separate groups of patients.

Threshold values of corrected SUVs ateach site were:

1.Thoracic pleura thresholds: SUV > 3.0 for
defining the presence of malignancy, 2.4-2.94 for
borderline classificaton, and < 239 for
classification of non-malignant.

2.Adrenal gland thresholds: quantified SUV > 2.5
for defining presence of malignancy, 2.1-2.45 for
borderline classification, and < 2.05 as negative for
neoplastic involvement.

Individual SUV data were analyzed for the impact
of the corrected SUV compared to the uncorrected
SUV.

ETHICALCONSIDERATIONS

The data on each individual patient utilized for
selective scananalysis was collected from provided
information for the purposes ofscaninterpretation.
Only a small percentage of cases interpreted had
pathologic correlative records 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
managementeffected by the retrospective review.
Informed consentfor each subject included in the
analysis was obtained by the facility performing the
FDG PET-CT examination. The intent of the
provided information was provision of all
associatedinformationto 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
according to the HIPAA Privacy Rule Standard
defined in 45 CFR 164.514b. Hence an application
for an exemption to IRB review was submitted to
an independent institutional review board,
Western Institutional Review Board with a waiver
for HIPAA Authorization exemption status granted.

Results

PATIENT CHARACTERISTICS

A total of 132 patients with were included in the
analysis based on the peer reviewed literature's
reported thresholds for definiton of malignant
disease. (references: pleura and adrenal gland)
Group 1 included 87 patients with known primary
lung carcinoma evaluated for the presence of
pleural metastases. 45 individuals with lung
carcinomaandsuspectedadrenalgland metastatic
disease comprised Group 2. A total of 73 males
and 59 females were included in the investigation.
Subjectage range was 38-82 years. The mean age
of the entire cohort of patients was 58.76 years.
Only those subjects with confirmed histology for
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the presence orabsence ofmalignantdisease were
included in the analysis. The patient population

characteristics are summarized in Table 1 for both
groups of patients.

Table 1. Population characteristics and liver SUV and coefficients of variation for normal liver SUV.

Thoracic pleura

Adrenal gland Total Group

N (M/F) 87 (45/42)

Age Range (y) 38-82

. 63 initial staging &
Presenting indication -
24 restaging

Non-disease liver
2.50 +1.05 (0.9-6.1)
parenchymal SUV

Within-person coefficient
of variation for normal 0.036 (0.0-0.20)

liver parenchymal SUVs

2.425 + 0.47 (1.4-3.8)

45 (28/17) 132 (73/59)

40-79 38-82 28-84

31 initial staging & 14

restaging

2.48 +0.70 (0.9-6.1)

0.030 (0.0-0.09) 0.033 (0.0-0.20)

Data are means+ SDand (range).

NORMAL REFERENCE LIVER-HEPATIC
PARENCHYMAL GROUP SUV

The range of calculated normal liver parenchymal
standard uptake values was 0.9 to 6.1 for both
groups. The mean generated normal-non-diseased
liver parenchymal SUV for all cohorts was
calculated to be 2.48 with a generated SD of +
0.70. The range and mean normal liver
parenchyma SUV for the individual groups was as
follows: Thoracic pleura: range 0.9-6.1 with a mean
of 2.50 + 1.05, and adrenal gland: range 1.4-3.8
with the mean noted to be 2.45, SD + 0.47.

Regarding the coefficientof variation for the three
derived normal liver parenchymal SUVs, the range
combining both the pleura and adrenal gland
groupings was 0.0-0.20 with a mean value of 0.033.
The individual group ranges and meanvalues were
calculated to be 0.0 - 0.20 and 0.036 respectively
for the thoracic pleura group, and 0.0 - 0.09 with a
meanvalue of 0.030for the adrenalgland category.

No subject in this series had diffuse liver disease
(metastatic or cystic) thatwould preclude localization
of normal tissue for the generation of the liver
reference value. All patient population characteristics
are summarizedin Table 1.

Group 1: Thoracic Pleura Cohort

A total of 87 patients were evaluated in this group.
A total of 47 patients had calculated corrected
standard uptake values of > 3.0 of which 44/47 had
positive histopathological results consistent with

malignancy. 28 patients had SUVs of 2.4-2.9 with 9
having pathologic confirmation of neoplasm.
Finally, 12 patients demonstrated SUVs of < 2.35.
Two of these patients had defined histologic
neoplastic involvement. The corresponding
sensitivity and specificity for corrected SUVs were
95.6% and 77.0% respectively. The positive
predictive value (PPV) was 93.6% with a negative
predictive value (NPV) of 83.3%. The sensitivity,
specificity, PPV, and NPV for both the corrected
and uncorrected SUVs and in additon to the
corrected borderline value when added to either
the negative or positive categories are shown in
Figure 1. The calculated kappa value is 0.746, a
standard error of the kappa of 0.107, with a 95%
confidence interval from 0.536 to 0.956. Receiver
Operator Curves forthe correctedand uncorrected
data sets are defined in Figure 2 with the
respective Area Under the Curves (AUC) of 0.7458
for the corrected data set and 0.0912 for the
uncorrected set, P<0.000001.

© 2025 European Society of Medicine 6



Table 2 Impact of SUVopt versus generic SUV in clinical decision making

Total patients for both cohorts
n=132

Scan Results Induced Catergorization
Change n=48/132 36%

Histopathologic Results

Positive histopathology number pts (%)

Negative histopathology numberpts (%)

Uncorrected negative to corrected positive 3(100%) 0
Uncorrected positive to corrected negative 1(17%) 5 (83%)
Uncorrected positive to corrected borderline 9 (29%) 22 (T1%)
Uncorrected negative to corrected borderline 1(17%) 5(83%)
Uncorrected borderline to corrected negative 0 1(100%)
Uncorrected borderline to corrected positive 1(100%) 0

Figure 1 Comparative accuracy Of SUVoptand generic SUV in pleural neoplastic involvement
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Figure 2 ROC curve SUVopt(corrected) and generic SUV (uncorrected) in pleural neoplasm
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Group 2: Adrenal Gland Cohort

45 patients with suspected adrenal gland
metastases were included in this grouping. 18 of
the 19 individuals with corrected calculated
standard uptake values > 2.5 had positive findings
on tissue pathologic analysis whereas only 2/18
revealed neoplasm on histologic sampling if the
corrected SUV was < 3.1 and the corresponding
ratio < 2.0. 10/26 enrollees with corrected SUVs of
3.2-3.9had pathologic confirmation of malignancy.
The sensitivity and specificity of the corrected
positive and negative categories were 94.5% and
88.9%. PPV and NPV were calculated to be 94.5%

and 88.9% respectively. Figure 3 demonstrates the
sensitivity, specificity, PPV and NPV for corrected
and uncorrected SUVs, in addition to the impactof
corrected borderline classifications into either
positve or negative assignments. Calculated
kappa value was 0.836 with a SE kappa of 0.111.
The 95% confidence intervalis 0.618 to 1.000. The
AUC for the corrected SUV data for the adrenal
glands is 0.7849 versus 0.10122 for the
uncorrected calculated SUVs, P<0.000001
demonstrated in Figure 4.

Figure 3 Comparative accuracy Of SUVoptand generic SUV in adrenal gland neoplastic involvement
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Figure 4 ROC curve SUVopt(corrected) and generic SUV (uncorrected) in adrenal neoplasm
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Total Cohort

48 of the total 132 patients (36%) had a change in
classification based on the results of corrected
SUVs. One hundred percent of the patients who
had uncorrected negative threshold SUV
classifications converted to correct positive
assignments had pathologic confirmation of
malignant disease. Eighty three percent of the
patients with positive uncorrected threshold SUVs
reassigned to  negative corrected SUV
categorization had negative pathologic results.

The sensitivity and specificity for the corrected SUV
positive and negative categories was 95% and 82%
respectively with a PPV of 94.5% and NPV of
88.9%, contrasting to uncorrected SUV
designations demonstrating a sensitivity of 91.6%,
specificity of 45% and PPV,NPV of 66.7% and
81.8%. For the total cohort the calculated kappa
value is 0.784 with a standard error of 0.078. The
95% confidence interval is 0.618 to 1.000. The
overall statistical performance in both groups is
definedin Figure 5.

Figure 5 ROC curve SUVopt(corrected) and generic SUV (uncorrected) for pleural, adrenal neoplasm
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Discussion

As stated previously, the need for standardization
regarding quantitative assessment of glucose
uptake with FDG PET imaging has beenrepeatedly
addressed>'¥. This has contributed to the pursuit
and development of other of other venues to
increase the diagnostic capability of imaging
procedures in the evaluation of patients suffering
from malignant disease. The era of artificial
intelligence is upon us and includes the catch all
term used in imaging of, Radiomics. Further
descriptions invoke the terms of machine learning,
deep learning to name a few®@*2%, The introduction
of this terminology and adoption of the inherent
characteristics however do not accomplish what is
so urgently needed in the application of FDG PET
imaging and that is standardization of the count
statistics which are part and parcel of the SWV

metric. The lack of reproducible, accurate and
consistent quantification whether performed on
the same device at the same institution, the same
vendor but differentdevices atthe same orvariable
facilities or lastly completely differentlocations with
differing acquisiton hardware has lead to the
continued observation and conclusion thatsignificant
variability exists in the delivery of the FDG PET
interpretation®?-39. Potential sources of error when
implementing the SUV as a semi-quantitative
indicator ofthe degree of glucose metabolismwithin
a specific region of interesthave been described®"*2.

Defined potential errors for the SUV computation
have been reported and may further diminish
confidence in the reliability of the generated
value®. Biologic factors include the blood glucose
level, the uptake period, potentially patient
motion. As discussed in detail by Adams et al, the
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technical factors errors are known to affect the
potential accuracy and overall measurement of the
calculated standard uptake value. These include
the variability of the particular scanner to include
the differentcrystaldimensions, random correction
options, TOF capability. Additionally, the
reconstruction profiles used may account for at
least a 12% difference in phantom studies due to
the chosen matrix size, FOV and again Time of
Flight technology. 10% changes in the SUVmay be
attributed to calibration errors relating the scanner
and the dose calibrator with a 5% error potentially
encountered with timing issues regarding the
scanner and the dose calibrator®. The use of
contrast material in the CT portion of the PET-CT
examination may induce an approximate 6% error
in the calculated SUVE4. Interobserver variability
may also play a significant role in the possibility for
inaccurate semiquantitative description of glucose
uptake with a nearly 20% variation seen for SUV
measurements®. Harmonization which employs
the implantation and utllizaton of a specific
phantom to accomplish similar countrates between
different scanners regardless of the manufacturer,
however clearly does nothing to correctly alter
subsequent SUV values and therefore does not
standardize the final calculable result®®.

Hepatic uptake has been shown to be consistently
high and uniform with a low coefficient of variation
betweensequential subsequentscan acquisitions .
The normal liver parenchymal SUVs are generally
between 2.0-3.0 and have been reported to be
approximately 2.0 in a study published from the
Sloan Kettering Medical Center'®'. The accuracy and
reproducibility of the normalliver is not altered with
correctionfor the serum glucose levels, normalizing
for the body surface area or lean body mass®©®. The
PERCIST guidelines™ emphasize the need for the
application of the SUL (standard uptake value
corrected for lean body mass). Consequently, the
application ofthe SUVin FDG PET reporting is fraught
with significant variation and minimal consistency,
thereby translating into a value without significant
validity that is reported by some interpreters of PET
studies and not by others and results in minimal
acceptance by the referral community @12\

No additional effort on behalf of the patient is
required for the use of the SUV to derive semi-
quantitative data relating to the individual's PET
scan. The calculations are generally available on

acquisition-processing stations for the utilization by
both the technologistand the interpreting physician.
Furthermore, the generaton of the SUVopt
requires no effort on the part of the patient.

The SUV to background ratios have supplanted
tumor to background ratios in most instances (32),
and may include comparisons to blood pool
activity, cerebellum, muscle, mediastinal blood
pool, the lung and normal liver®93%-40. The normal
liver parenchymal SUV can be expected to be
relatively constant(+/- 2.5%) overthe course ofthe
inital  50-110 minutes following FDG injection,
which after 110 minutes may demonstrate
variability™®. Since the liver SUV remains relatively
stable over time as opposed to other tissues”, the
use of the liver SUV may be used for comparisonto
suspected areas of malignant involvement has
been advocated®. The mean liver SUV has been
promoted as opposed to the maximal SUV for the
purposes of comparative analysis when compared
to other tissues™. Due to technical considerations
and patient convenience, more demanding
quantitative methods have limited applicability
outside of the academic center environment
including compartmental modeling, spectral
analysis and graphical methodology 2.

The maximal SUV for both the normal liver
parenchyma and the identified target lesion was
implemented in this series due to the potential
variation with the meanvalue obtained when either
drawing a ROl within the abnormality or around the
entire metabolic aberration. The degree of
variaton of a ROl drawn within normal hepatic
parenchyma will obviously define significantly less
variation between the mean and maximal values.
However, considerable variability may be encountered
in the target lesion. Therefore, to achieve the
maximal SUV within the suspected lesion, the ROI
was drawn encompassing the entire metabolic
finding which maintained consistency in the use of
the specified SUV calculations both from the liver
and the object metabolic abnormality. No subject
in this series had diffuse liver disease (metastatic or
cystic) precluding localization of normal tissue for
the generation of the liver reference value.

As related by Boktor and associates®” in their
seminal work regarding the establishment of a
value for intra-patient variability of the liver
reference value SUV in patients being studied with
FDG PET imaging for the purposes ofassessing the
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impact of particular treatment regimens, the
occurrence of liver variable SUV values would be
cause for affecting all SUV calculations. However,
when this is encountered and the SUV is corrected
for the constant normal liver value, this potentil
problem is avoided. The defined metabolic
abnormality area of interest specific generated SWV
canbe effectively expressedrelative to the variation
that is expressed within the patient's exclusive liver
normal parenchymalvalue. Moreover, their reported
caveatofthe demonstrated intra-patient variability
of the liver SUV potentially not applying to other
oncological patient populations would not be
expected to be encountered utilizing our method.
The implementation of a normal liver parenchymal
constant for specific patients would make each
calculated value specific for that patient at that
tmeframe and would apply to subsequent
evaluations. The importance of this conceptshould
be clearin the currentimaging environmentwhere
patients may have sequential FDG PET studies
performed at the same location with service
provided by coach carriers thatmay bring different
devicestothe same location, a change in the coach
carrier with a different vendor machine or those
patients who procure studiesfrommore than one site
with the expectedvariance in manufacturer scanners.

The liver SUV is used implementing relative values
in the appraisal of patients undergoing therapeutic
intervention being followed sequentially for the
purposes of defining the metabolic response to a
prescribed treatment regimen. No work to date
has utlized the stated constant normal liver value,
followed by correcting for the actual liver SUV to
derive a standardized SUV value that can then be
used for the purposes of differentiating malignant
and non-malignant disease and defining the
quantitative responseto patient specific treatment
The function of site-specific threshold utilization
further enhances the specificity of the quantified value.

Significant differences in the reliability of the SUV
to accurately portray malignant disease and
effectively distinguish it from areas of non-
cancerous increased glucose metabolism has been
the goal of the quantitative approachto FDG PET
imaging in an effort to facilitate the specificity of
the modality and consequently objectively answer
the clinicians’ questions regarding the management
of their patient with known or suspected malignant
disease. Similar sensitivites defined in this work

would be expected for the corrected and
uncorrected metabolic data sets, since all patients
in the series hadsome degree ofabnormalglucose
metabolism in the area of question. What
correcting for the liver parenchyma utilizing both a
normal liver constant and threshold location
specific values accomplished in this investigation,
is the capacity to more confidently express the
presence or absence of malignant disease shown
by the facilitated specificities, positive and
negative predicative values accorded with this
approach. Looking forward, the diagnostic tactic
may be applied to other location specific threshold
values. Furthermore, to achieve quantifiable,
consistentand reproducible analysis of therapeutic
intervention, these factors may be incorporated
into defining: (1) the response in terms of
differentiating residual malignant disease from
post therapeutic change and (2) the accurate
quantitative characterization of metabolic stability,
metabolic progression or complete or partial
metabolic response inthose individuals with residual
uptake inthe specific region ofinterestutilizing either
EORTC Criteria“” or the PERCIST Criteria‘>3¢43.

Regarding the results obtained in this analysis,
utilizing threshold valuesto separate the possibility
of malignancy based on previously outlined and
reported parameters allows for the designation of
location specific metabolic abnormalities to be
defined as malignant or non-malignant based on
the probability of neoplasmbasedon histopathologic
results. The individuals with intermediate or
borderline classifications for the probability of
malignant involvement were noted to be between
the extremes associated with high and low
likelihoods of neoplastic disease with respective
values of > 80% and < 20% expectations of
malignancy. Patients categorized as borderline can
be further categorized based on their pretest
probability of malignancy. Those individuals with
intermediate to high clinical likelihoods may require
histopathologic sampling, whereas individuals with
low probabilies of malignant disease being
placedinto a watchful waiting category with short
term re-evaluation to ensure stability or involution
of the visualized metabolic finding.

Conclusion

The information analyzedin this study was based
on retrospective analysis and could be conceived
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as derivation data which could negatively impact
the capability of application of the results to a
wider patient population outside the confines of
this analysis. However, the fact that the used
thresholds were based on previously reported site-
specific values, the data presented is consistent
with a validaton data set®¥, which may be
expected to achieve similar results in the general
community based scenarios. A prospective study
employing the same site-specific threshold values
would serve to further substantiate the validated
data presented in this report.

Rather than abandoning the semiquantitative
analysis of the FDG PET examination and its
accompanying SUV metric, we propose the
modification of the generated standard uptake
value SUVopt (20). This is a simple uncomplicated
maneuver, is readily assessable and produces
superior results when contrasted with currentutilized
and potential future diagnostic undertaking. By
providing a consistent denomination for normalization
of metabolic aberrations defined on FDG PET
scanning through the utilizaton of a constant
normal reference liver value. The application of
location specific thresholds for use in the
differentiation and separation of findings of
malignant and non-malignant disease, the FDG
PET examination can be accurately and

consistently accomplished onany vendor hardware
imaging device using currently available software
configurations that allow for generation of the SUV,
without including corrections for lean body mass,
serum glucose levels and standard deviations of
sequential normal liver reference values. With the
provision of objective data, the clinician's
questions can be effectively answered, serving to
augment the confidence in the procedure for both
the interpreting and referring physicians. This will
serve to facilitate patient management and
improve clinical patient outcomes. Therefore, in
patients with primary lung cancer, the utilization of
SUVs corrected for the normal liver parenchyma
have been shown to provide more accurate results
in defining the presence orabsence of metastatic
disease to thoracic pleura and the adrenal glands.
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