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ABSTRACT ____

BACKGROUND: The standardization is necessary for the utilization of quantitative 18FDG-PET/CT as an imaging
biomarker. Routine assessment by regular clinical audits of facilities performing 18FDG -PET/CT are crucial for ensuring
compliance with standardized pre-imaging protocols and minimizing deviations from established benchmarks.
OBJECTIVES: Assessment of the compliance with standardized pre-imaging protocols for follow-up 18FDG-PET/CT
studies in lymphoma patients and to determine the deviation(s) beyond established benchmarks. MATERIAL AND
METHODS: This is a retrospective study that was conducted at PET/CT section of Radiology department and duly
exempted from review by the ethical review committee in February-2023. The 52 lymphoma patients had undergone
baseline and interim 18FDG-PET/CT from timeframe of 2021-2022 were included. The demographics and pre-imaging
protocols, including the 18FDG dose, hepatic SUVmean (Standardized uptake value) and uptake time were retrieved.
The compliance of standardized imaging protocol in the follow-up 18FDG-PET/CT was calculated against 85%
benchmark as one of the key performance indicators (KPIs) in the department of set for JCIA (Joint Commission
International Accreditation) standards. Any significant deviations in compliance from KPI were analyzed. RESULTS:
In follow-up 18FDG PET/CT studies, no significant differences were observed in demographic and pre-imaging
parameters. The compliance rates for 18FDG dose and hepatic SUVmean were 86%, surpassing the 85% benchmark
as per institutional KPI. Conversely, there was a deficiency in adherence to the institutional benchmark for uptake
time, with a compliance of 80% compared to the required 85%. CONCLUSION: The study findings indicate commendable
adherence to standardization in pre-imaging protocols of 18FDG dose and hepatic SUVmean for serial 18FDG PET/CT
examinations in accordance with international and institutional benchmarks. However, sub-standardization in
compliance was observed in uptake time between 18FDG injection and scanning beyond institutional KPI, especially
delays associated with the positioning of bed-bound and unplanned prolonged radiation planning patients.
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18FDG-PET/CT has emerged as a crucial tool in the care diagnosis, staging, assessment of treatment response,

of cancer patients, with its applications extending to and post-treatment surveillance.12 Evaluating treatment
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responses often involves gauging the percentage
changes in SUV across a patient's longitudinal studies.
In clinical practice, 18FDG-PET/CT images are assessed
qualitatively by visually comparing metabolic activity in
lesions to that in normal tissues, as well as semi-
quantitatively using SUV.34 However, it is essential to
consider various factors including the patient's weight,
blood glucose levels, and time intervals, as these can
impact the SUV measurements in normal organs.
Maintaining awareness of these variables is crucial
when interpreting 18FDG-PET/CT scans to ensure the
accuracy and reliability of results for effective patient
management.5

The standardization of 18FDG-PET/CT studies encom-
passes all procedures related to obtaining quantitative
uptake measures, spanning the preparation of the
patient, PET/CT acquisition, image reconstruction, data
analysis, and PET/CT system calibration processes.6
Regular clinical audits exert a pivotal influence on
upholding the quality and uniformity of imaging pro-
cedures, thereby supporting the precision and reliability
of diagnostic and treatment assessment practices within
the clinical health settings. Through the conduct of
routine audits, facilities can pinpoint areas necessitating
improvement, rectify protocol deviations, and ultimately
elevate the overall quality of care extended to cancer
patients undergoing 18FDG-PET/CT imaging.

The objective of this study is to assess the compliance
with standardized pre-imaging protocols for follow-up
18FDG-PET/CT studies in baseline and interim phase
of lymphoma patients and to determine the deviation(s)
beyond established benchmarks.

Material and Method ___

This study was conducted retrospectively at the PET/CT
Section of the Department of Radiology. The study
received a due exemption from review by the institutional
ethical review committee (ERC#: 2023-8394-23806 dated
3 February 2023). The study was conducted February
2023 till May 2023. Retrospective retrieval of question-
naires from manual records of 52 patients who under-
went baseline and interim 18FDG-PET/CT studies within
the specified timeframe of June 1, 2021, to December
31, 2022, was performed. Fixed demographic information
such as age, gender, and height were recorded as a
single entry. However, flexible parameters including
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weight (in Kg), fasting blood sugar (FBS) levels (in
mg/dl), the injected dose of 18FDG in megabecquerel
(MBq), uptake time for acquisition (in minutes), and
hepatic SUVmean (calculated by placing a spherical
volume of interest (VOI) in the right lobe of the liver on
MIP images) with standard deviation were recorded for
both baseline and interim studies, respectively. Mean
differences of 18FDG, uptake time and Hepatic SUV-
mean between baseline and interim 18FDG PET/CT
studies were calculated to estimate adherence to
institutional benchmark.

18FDG PET/CT Imaging: '8FDG-PET/CT was perfor-
med as per institutional protocol adopted from European
Association of Nuclear Medicine (EANM) guidelines
(Boellaard et al., 2015).7 All patients had at least 6 hours
of fasting (only plain water was allowed) and FBS less
than 200 mg% before receiving an intravenous 18FDG
dose of 3 MBg/Kg in the uptake room. During the uptake
period (range 55 -75 minute) patients were requested
to lie comfortably and allowed to take about 500-1000
ml of plain water. Bladder was emptied prior to call the
patient for PET/CT imaging suite equipped with
Celesteion, Toshiba, Japan. A low dose CT examination
(mid brain to mid-thigh) followed by acquisition of PET
imaging using 3 minute/bed position from mid-thigh to
head in all patients. Follow up 18FDG-PET/CT were
performed with same protocols, keeping 18FDG dose,
uptake time and hepatic SUVmean of baseline and
follow-up studies within = 10%, + 15 minutes and 20%
minutes respectively as per published recommendations
(Boellaard R., 2011).8 The compliance of standardized
imaging protocol in the follow-up 18FDG PET/CT was
calculated against 85% benchmark as one of the
departmental KPIs set for JCIA standards.

STATISTICAL ANALYSIS

Commercially available packages including Microsoft
Excel 2016, Medcalc® 2024 version 22.019, and the
Statistical Package for Social Sciences (SPSS 19® -
Armonk, New York, US) were utilized for the study.
Statistical significance was established as P < 0.05. For
continuous variables, the mean difference and standard
deviation were computed for each parameter. The t-test
was employed to determine significant differences in
pre-imaging protocols between baseline and interim
18FDG PET/CT studies. Bland-Altman plots were
constructed to illustrate the scatter of differences in
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pre-imaging parameters between baseline and follow-
up studies against the department's benchmark.

B-e_s_u'l'ts__

The study revealed no significant differences in demo-
graphic and pre-imaging parameters such as age,
gender, BMI, FBS, 18FDG dose, uptake time, and Hepatic
SUVmean between baseline and interim 18FDG-PET/CT
studies (Ref Tab.1). Bland-Altman plots were cons-
tructed to evaluate the variability in standardization in
pre-imaging protocols of 18FDG dose, uptake time, and
hepatic SUVmean in follow-up 18FDG-PET/CT studies
against the institutional benchmark as per EANM guide-
lines.? The analysis indicated a high agreement within
the 95% confidence interval (Cl) and good alignment
with the institutional benchmark. However, some outliers
were observed, suggesting instances of non-adherence
to standardization (Fig.1-3).

Regarding the percentage compliance with the insti-
tutional benchmark as per institutional KPI set for JCIA
standards, the study found an 86% compliance against
an 85% benchmark for both 18FDG dose and hepatic
SUVmean, indicating generally good adherence to the

# Difference
Variables Baseline | Interim |in variables X2ttest | values
0 values
(%D)
Age in years
(Mean £8D) S1£15 NA
Gender )
(Male: Female) 33:19 NA
FBS in mg/dl . ]
Mean + SD 109£32 | 108+22 04 +26% 0.186 | 0.8513
18FDG dose in
MBq Mean + SD 175437 | 164£30 06+ 14 -1.665 | 0.0989
Uptake Time

(minutes) 67112 6809 03+15 0482 | 06317
Mean £ SD
Hepatic SUVmean
Mean + SD
SD of Hepatic
SUVmean 027+0.13 | 027£0.09 01+33 0.000 1.000
Mean + SD
BMIin kg/m2
Mean £ SD

*p<0.05, SD=Standard Deviation, FBS=Fasting Blood Sugar
FDG=Fluro-deoxy glucose, SUV=Standardized Uptake Value
BMI=Body Mass Index

179£044 | 1.83£035 | -03+16 0513 | 0.6090

2622+4.19(2545+£460 | 0309 0892 | 03743

Table 1: Demographic comparison and standardized imaging
parameters in fifty-two lymphoma patients in baseline and interim
18FDG-PET/CT studies for treatment response.
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Figure 1: Blond Altman’s analysis of agreement of injected '8FDG
dose between baseline and interim 18FDG- PET/CT studies against
institutional key performance indicator benchmark (85%

compliance).
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Figure 2: Blond Altman’s analysis of agreement of Uptake Time
between baseline and interim 18FDG- PET/CT studies against
institutional key performance indicator benchmark (85%

compliance).
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Figure 3: Blond Altman’s analysis of agreement of Hepatic
SUVmean (standardized uptake value) between baseline and interim
18FDG-PET/CT studies against institutional key performance
indicator benchmark (85% compliance).

institutional KPI in these areas. However, there was sub-
standardization in uptake time, with an 80% compliance
against an 85% institutional benchmark (Tab.2).
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Mean Difference in Pre- | Departmental Institutional KPI set
imaging protocols Compliance for JCIA standards*
A Hepatic SUVmean + 20% 86% 85%
A Uptake Time £ 15 minutes 80% 85%
A '8FDG dose £ 10% 86% 85%

* Boellaard R, 2011,8 SUV=Standardized Uptake Time
FDG=Fluro-deoxy glucose, KPl=Key Performance Indicator
JCIA=Joint Commission International Accreditation

Table 2: Mean differences in pre-imaging protocols in baseline
and interim 8FDG-PET/CT studies

Bar graphs were generated to illustrate cases that fell
beyond the established benchmarks in (Fig.4), revealing
10 instances of significant delay in uptake time.
Subsequent root cause analysis (RCA) scrutinized these
cases in detail. After carefully excluding the patient’s
related issues of deliberately delay, finding that 2 cases
were delayed due to scanning queues after bed-bound
patients, while the remaining 8 cases were delayed due
to unplanned prolonged radiation planning patients on
the same scanner.

10

A Hepatic SUVmean beyond 20% A Uptake Time beyond 15 minutes A 18FDG Dose beyond 10%

Figure 4: Beyond benchmark cases of hepatic SUVmean
(standardized uptake value), uptake time and injected dose of
18FDG in baseline and interim PET/CT studies.

Di .
The 18FDG-PET/CT is a commonly utilized imaging
technique for assessing patients with cancer. The
literature has documented substantial differences in the
protocol of 18FDG-PET/CT examinations, which can
hinder quantitative comparisons of studies conducted
at different facilities. The considerable variation is well
documented by Graham et al® NCI funded study conduc-
ted by imaging response assessment team based on
34 questions surveys involving 15 institutions. Conse-
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quently, it is imperative to standardize the PET/CT
procedure to facilitate the use of metabolic parameters
such as imaging biomarkers in standard clinical practice,
ensure reproducibility, and allow comparisons between
examinations conducted at various intervals.10

This study on variability in pre-imaging protocol in follow-
up 18FDG-PET/CT studies for lymphoma patients repre-
sents a critical investigation into the factors influencing
the reliability and consistency of these imaging proce-
dures. The findings regarding the compliance of 18FDG
dose and hepatic SUVmean being above the institutional
benchmark are certainly noteworthy and reflect the
overall effectiveness of adherence to these parameters.
However, there was suboptimal compliance of 80%
against 85% institutional benchmark in uptake time and
identified 10 cases where significant amount of variability
in the uptake time in follow up PET/CT studies.

The EANM guideline recommends an interval between
FDG administration and the start of scanning of 60
minutes, with an acceptable range of 55-75 minutes.
Additionally, it's worth noting that other sources suggest
that the recommended interval should be within 50-70
minutes after tracer injection.?

The impact of the time interval between 18FDG adminis-
tration and PET imaging on the SUVs of is indeed critical
for accurate interpretation of PET images. A meta-
analysis indicates that the impact of time interval on
SUVs in the liver and mediastinal blood pool is relatively
small but still clinically noticeable.3 One hypothesis may
explain the fact that the liver is filled with glucose-6-
phosphatase resulting in continuous glycolysis and
decrease in 18FDG retention and the mediastinal blood
pool activity is thought to decrease because of the
clearance of 18FDG by the kidneys over time.12 Varia-
tions in the time interval can significantly influence the
comparison between tumor 18FDG uptake and back-
ground uptake, potentially affecting the interpretation
of therapy response. Notably, there is an observed trend
where tumor 18FDG uptake appears to increase with
longer 18FDG time intervals, while background uptake
tends to decrease.”.9

This phenomenon underscores the need for standar-
dized and consistent time intervals in 18FDG -PET/CT
studies, particularly in the context of therapy response
assessment. By maintaining strict adherence to recom-
mended time intervals, PET/CT team can mitigate
potential confounding factors that may arise from vari-
ations in 18FDG uptake due to differences in time intervals.
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The findings from the RCA underscores specific factors
contributing to non-adherence to the benchmark in
uptake time. It became evident that challenges related
to patient mobility and positioning, particularly with bed-
bound patients, contributed to delays in imaging of
subsequent patients in the que who had already received
the 18FDG injection. Additionally, unplanned prolonged
radiation planning seemed to have impacted adherence
to the benchmark in these cases. Understanding these
specific challenges is valuable for identifying areas for
improvement and implementing targeted interventions
to address non-standardization in uptake time.

In response to these findings, it might be beneficial to
consider interventions aimed at addressing the
challenges related to imaging after bed-bound patients
or with limited mobility. Similarly, addressing unplanned
prolonged radiation planning could involve refining
processes and protocols to minimize delays in imaging.
Furthermore, communication and coordination between
different healthcare providers involved in the imaging
and radiation planning processes may play a crucial
role in optimizing adherence to benchmarks.
Overall, the findings of this study highlight the impor-
tance of standardization and consistency in conducting
follow-up 18FDG-PET/CT studies. This is further sup-
ported by a multicentric study on preclinical PET/CT
scanner suggested standardized protocols showed
improvements in measured PET/CT accuracy and pre-
cision with reduced CT absorbed dose across sites.13
Addressing the factors contributing to non-adherence
to standardization and understanding the impact of
variability on clinical interpretation are crucial for
ensuring the reliability and accuracy of serial 18FDG-
PET/CT examinations in a clinical setting.

Conclusion _____

This study concludes overall good adherence to
standardization in pre-imaging protocols in follow-up
18FDG-PET/CT studies in lymphoma patients, except
sub-standardization in uptake time between 18FDG
injection and scanning due to un-avoidable delay in
bed-bound and unplanned prolong radiation planning
patients.

PAKISTAN JOURNAL OF RADIOLOGY

ACTIONS AND RECOMMENDATION: To address
this, the PET/CT section has implemented initiatives to
schedule bed-bound patients either at the beginning or
after completing the regularly scheduled PET/CT lists.
Additionally, radiation planning is typically conducted
in the morning on the same scanner before the start of
PET/CT patients. If longer than routine radiation planning
is anticipated, the PET/CT team should be informed to
reschedule the injection of 18FDG in subsequent patients
accordingly to avoid delays. It is suggested that a follow-
up audit be conducted at least once a year to reassess
compliance with standardization. By addressing these
issues, the overall adherence to standardization in pre-
imaging protocols in follow-up 18FDG- PET/CT studies
can be improved.
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