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A B S T R A C T

Purpose: To investigate influences of reconstruction algorithms and count statistics variation on quantification
and treatment response assessment in cancer patients, by using a large field of view-FOV scanner.
Methods: 54 cancer patients underwent PET/CT scan: 1) at baseline: 1.5 min/FOV, reconstructed by ordered-
subset expectation maximization+point-spread-function-OSEM-PSF and bayesian penalised-likelihood-BPL
algorithm 2) at restaging: 2 min/FOV, reconstructed also at 1.5 and 1min/FOV, using OSEM-PSF and BPL. SUL
(lean-body mass SUV) peak and max were measured for each target-lesion (n= 59). Differences in quantification
obtained from datasets with different reconstruction algorithms and different time/FOV were evaluated. For any
pair of PET datasets, metabolic response was assessed by using SULpeak, with a threshold of 30% in variation
considered as significant.
Results: Both at baseline and restaging, SULpeak and max values were higher in BPL reconstructions than in
OSEM-PSF (p < 0.0001). SULpeak at different time/FOV reconstructions showed no statistically significant
differences both with OSEM-PSF and BPL; SULmax depended on acquisition time (p < 0.05). In 56/59 lesions
(95%) therapy response was concordant regardless count statistics variation and reconstruction algorithm; 2/59
(3%) showed different responses according to count statistics, both for OSEM-PSF and BPL; in 1/59 lesion (2%)
response was different depending on reconstruction algorithm used.
Conclusions: BPL provided higher SULpeak and max than OSEM-PSF. With a large FOV/high sensitivity scanner,
variation of time/FOV in restaging PET scans gave stable and reproducible results in terms of SULpeak, both for
OSEM-PSF and BPL. Thus, metabolic response defined by SULpeak variation proved to be quite independent
from count statistics.

1. Introduction

[18F]FDG PET/CT (18F-fluorodeoxyglucose positron emission to-
mography/computed tomography) is commonly used for treatment
response evaluation in oncology [1–5]. Therapy response assessment
for most solid tumors is usually obtained by semiquantitative PET data
such as SUV (Standardized Uptake Value) max or SUV peak [6–7]. SUV
measurements can be influenced by many factors, both biological (i.e.
patients preparation, blood glucose, lesions dimensions, tumor type)
and technological (i.e. scanner physical performances, acquisition
protocols and reconstruction parameters) [8]. Standardization of PET
procedures is considered mandatory in order to obtain comparable PET

results [7,9,10], however in clinical routine practice can be difficult to
strictly adhere to these recommendations. In this contest, the possibility
to obtain reliable and reproducible semiquantitative data even when
some PET acquisition parameters are changed could be of great interest
and further consolidate the role of PET in therapy response assessment,
both in clinical routine and research. Nowadays, PET/CT scanners with
large FOV and high sensitivity [11] and new reconstruction algorithms
such as the regularized ones [12] are available, both concurring to
reduce acquisition time and injected activity, while preserving image
quality. In this scenario the aim of this study was to investigate the
influence of reconstruction algorithms and count statistics variation on
SUV values and treatment response assessment using a large FOV and
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high sensitivity scanner.

2. Materials and methods

2.1. Patients population and target lesions selection

From March 2016 to December 2017, in Nuclear Medicine
Department of San Gerardo Hospital (Monza, Italy) 54 [18F]FDG PET/
CT cases were selected among patients with solid tumors submitted to
the examination for treatment monitoring. PET/CT was performed as a
part of their diagnostic and therapeutic workflow; all selected patients
were examined by a baseline scan before treatment (baseline PET scan)
and a restaging study after therapy (restaging PET scan). Up to 2 target
lesions were selected in each patient, with size ≥1 cm and significant
FDG uptake at baseline. The present study was approved by the Ethical
Committee of Our Institution and all patients signed an informed con-
sent.

2.2. Baseline and restaging PET scan protocol

All target lesions were evaluated both at baseline and restaging with
a 5 BGO rings Discovery IQ scanner (GE Healthcare, Milwaukee,
Wisconsin, US). 5R-DIQ scanner has a large axial FOV of 26 cm and
high sensitivity: 23.3 cps/kBq and 19.5 cps/kBq at FOV centre and
10 cm off-centre respectively, as measured according to NEMA NU-2
2012 procedures.

Patients fasted for at least 8 hours and blood glucose was tested
before the tracer administration (threshold 170mg/dL). Each patient
was administered with 3.7MBq/kg of [18F]FDG and median uptake
time was 64 (range 56–102min) and 66 (range 55–98min) minutes at
baseline and restaging scans respectively. During the uptake time pa-
tients were asked to hydrate orally (500mL of water) and to empty
their bladder immediately before positioning for the scan. A scout view
was acquired to define scan volume. CT was acquired first, during
shallow breathing with 120 kVp, tube rotation 0.5 s, auto mA mod-
ulation, slice thickness 3.27mm and Q.AC algorithm reconstruction. No
oral or intravenous contrast media were administered to the patients for
CT component of PET/CT studies. CT images were used for attenuation
correction of PET data. Acquisition time at baseline scans was 1.5min/
FOV and images were reconstructed both with OSEM algorithm (6
iterations, 12 subsets, Gaussian post filter 6.4mm) with PSF correction
(OSEM-PSF) and with a regularized algorithm (BPL), with a beta factor
of 350 (as optimized in our clinical practice). Restaging acquisition
scans were acquired with 2.0min/FOV and images were reconstructed
using LIST data in three datasets of images at 2.0, 1.5 and 1.0 min/FOV
respectively, both with OSEM-PSF and BPL algorithms.

2.3. Semiquantitative parameters calculation

SUL (lean body mass standardized uptake value) peak and SUL max
were calculated for each target lesion at baseline and restaging in PET
datasets reconstructed at any time/FOV, both in OSEM-PSF and BPL
images, by using dedicated software PETVCAR on AW 4.6 workstation
(GE Healthcare, Milwaukee, Wisconsin, US).

2.4. Data analysis and statistics

A dedicated database was created to collect SUL values, patients
data (age, sex, body mass index, blood glucose, injected activity, uptake
time) and lesions parameters (dimension at CT and organ site).
Quantification data were determined for both reconstruction algo-
rithms (OSEM-PSF and BPL) and compared: SUL peak and SUL max
obtained from OSEM-PSF images were compared to those obtained
from BPL images using Wilcoxon test, both at baseline and restaging
PET studies (any time/FOV); differences in SUL peak and max values
obtained from OSEM-PSF and BPL reconstructions at baseline were

evaluated also using Bland-Altman analysis. SUL variability was de-
termined as a function of count statistics variation in terms of time/
FOV: SUL peak and SUL max values calculated from 1.0min/FOV to
2.0 min/FOV were compared by using Kruskall-Wallis test, both for
OSEM-PSF and BPL reconstructions; analysis of agreement in quantifi-
cation according to different time/FOV was also performed using the
Bland-Altman method. Differences between distributions were de-
termined using Kolmogorov-Smirnov test. Stata software 9.0 (Stata
Corporation, College Station, Texas, USA) was used to perform statis-
tical analysis and a p-value < 0.05 was considered as significant.

The difference in term of therapy response to treatment obtained
from the comparison of datasets with different count statistics was
analyzed, both for OSEM-PSF and BPL reconstructions: each baseline
PET scan (1.5 min/FOV) was compared to correspondent restaging PET
scans (1 min/FOV, 1.5 min/FOV, 2min/FOV). For any pair of datasets
metabolic response for each lesion was assessed on the base of SUL peak
variation with a threshold of 30% of variation considered as significant
[7]. Therapy metabolic response was defined as follows:

• complete response (CR): complete disappearance of the pathological
uptake (residual uptake not distinguishable from the local back-
ground activity);

• partial response (PR): reduction of SUL peak≥ 30%;

• stable disease (SD): SUL peak variation < 30%;

• progression of disease (PD): increase of SUL peak≥ 30%.

For any pair of datasets, changes in level of response (CR, PR, SD,
PD) depending on different count statistics and/or reconstruction al-
gorithm were assessed.

Acquisition time of 1.5 min/FOV was considered the standard re-
ference for routine clinical use, as defined by internal protocol of our
Department: quantitative parameters and level of therapy response
derived from PET/CT datasets with count statistics other than 1.5 min/
FOV were not used for clinical purpose and did not affect the man-
agement of patients.

3. Results

54 patients were enrolled and 6 of them were excluded due to dif-
ferences in injection protocol. 59 target lesions (median lesion dimen-
sion 2.5 cm, range 1.5–10) were selected in 48 patients affected by solid
tumors (median age 71 years, range 51–84, median body mass index
24 kg/m2, range 20–30). Anatomical site of the lesions is shown in
Table 1.

At baseline both SUL peak and SUL max values were higher in BPL
reconstructions than in OSEM-PSF: mean SUL peak values were 6.4 and
6.9 for OSEM-PSF and BPL algorithms respectively (p < 0.0001) and
mean SUL max values were 8.2 and 9.0 for OSEM-PSF and BPL re-
spectively (p < 0.0001). Mean ± standard deviation (SD), median
and range values for SUL peak and SUL max for OSEM-PSF and BPL
reconstructions are summarized in Table 2. Furthermore, in restaging
PET scans both SUL peak and SUL max values increased using BPL with
respect to OSEM-PSF and the difference was statistically significant for
each time/FOV acquisition (p < 0.0001, see Table 3). Differences in
SUL peak and max values obtained from OSEM-PSF and BPL re-
constructions at baseline are also shown in Fig. 1.

Table 1
Lesions distribution.

Lesion site N° (%)

Lung 23 (39%)
Liver 6 (10%)
Lymph nodes 18 (31%)
Other organs (esophagus, breast, uterus, peritoneal nodules, adrenal

gland, solid tissue in head/neck and retroscapular region)
12 (20%)
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The impact of time/FOV on quantification is summarized in Table 3;
SUL peak values associated to different time/FOV showed no statisti-
cally significant differences both with OSEM-PSF and BPL reconstruc-
tions, while SUL max values showed a dependence on acquisition time
(p < 0.05). The Bland-Altman method was also used and analysis
confirmed SUL peak did not tend to vary when time/FOV changed both
in OSEM-PSF and BPL reconstructions, unlike SUL max (Figs. 2 and 3
respectively).

Fig. 4 shows PET/CT images of a patient studied at baseline and
after therapy (different time/FOV); to be noted the higher SUL peak
values in BPL reconstructions compared to OSEM-PSF ones, both at
baseline and restaging, and SUL peak slight variation across different
time/FOV in restaging scans, both in OSEM-PSF and BPL reconstruc-
tions.

In 56 out of 59 lesions (95%) treatment response assessment was
concordant regardless count statistics variation (1.0, 1.5, 2.0 min/FOV)
and reconstruction algorithm (OSEM-PSF and BPL): level of therapy
response in these lesions was defined as 9/56 PD, 18/56 SD, 20/56 PR
and 9/56 CR. Only three lesions out of 59 (5%) showed slight differ-
ences in therapy response assessment; in particular in the first case
response to treatment shifted from “stable disease” at 1.0 and 1.5min/
FOV to “partial response” at 2.0 min/FOV both in OSEM-PSF and BPL
images; in the second case response shifted from “progression disease”
to “stable disease” only in BPL reconstruction at 1.0min/FOV; in the
third case response shifted for all time/FOV datasets from “stable dis-
ease” in OSEM-PSF to “partial response” in BPL reconstructions. The
variation in quantification of the above mentioned 3 cases is detailed in
Table 4.

4. Discussion

Variation of glucose metabolism occurs earlier than tumor shrinking
during the treatment and the ability of [18F]FDG PET to predict treat-
ment response in individual patients is currently of great interest; in
particular, accurate early differentiation of responders from not re-
sponders using [18F]FDG PET/CT could be relevant to avoid un-
necessary drug toxicities, to allow an early change of treatment
[1–4,13,14] and to optimize economic costs, that can be not negligible

particularly in case of new biological targeted therapies.
Treatment response assessment for most solid tumors is usually

obtained by semiquantitative PET data such as SUV max, mean and,
lately, SUV peak [6,7]. SUV peak overcomes SUV max and SUV mean
limitations by measuring activity concentration in a 1 cm3 sphere cen-
tered on the SUV max of a metabolic active lesion, as to maximize the
enclosed average SUV [15]. In particular, SUL peak is the parameter
considered by PERCIST (PET evaluation response criteria in solid tu-
mors) in order to define metabolic response to treatment [7]; SUL is
typically more consistent from patient to patient than SUV normalized
to body weight, as patients with high body mass index have high
normal organ SUVs because FDG does not significantly accumulate in
white fat in the fasting state [16].

Reproducibility of PET quantification is crucial to ensure accurate
therapy response assessment and standardization of PET procedures is
considered mandatory to obtain comparable quantitative PET results
[17]. Determination of SUV values is dependent on patient preparation
and adequate scan quality, that must be kept as similar as possible
between the baseline and restaging studies. Particularly, scans should
be performed on the same scanner with comparable injected doses of
[18F]FDG and comparable uptake times. Standardization of PET pro-
tocols is required also for scan acquisition and image reconstruction
parameters [6–10,18]. However, in routine practice many factors re-
lated both to patients and clinical workflow can make difficult to
strictly adhere to all recommendations; in particular, in case of reduced
compliance a faster PET acquisition (reduced time/FOV) can become
necessary for patient’s comfort and to reduce the probability of motion
artifacts. A lower administered activity without compromising diag-
nostic quality would be advisable in any case to achieve a significant
dose reduction [19]. Another issue is a reduced tracer supply by the
vendor; in this case a faster acquisition (lowered time/FOV) or a lower
administered activity (no change in time/FOV) could allow performing
all the patients scheduled for that day.

Table 2
SUL peak and SUL max at baseline. No differences between distributions were
observed (Kolmogorov-Smirnov test p=0.650 for both SUL peak and SUL max
at baseline).

BASELINE N=59
lesions

OSEM-PSF BPL Wilcoxon test p-
value

Mean ± SD median (range)

SUL peak 6.4 ± 3.5
5.0 (1.8–19.5)

6.9 ± 3.9
5.5 (2.0–20.6)

< 0.0001

SUL max 8.2 ± 4.4
6.7 (2.9–22.9)

9.0 ± 4.9
7.8 (3.5–24.7)

< 0.0001

Table 3
Difference in quantification obtained from PET datasets with different time/FOV. No differences between distributions at different acquisition-times were observed
(Kolmogorov-Smirnov test p=0.999 for SUL peak and p= 0.920 for SUL max).

RESTAGING 1 MIN 1.5 MIN 2.0 MIN Kruskall-Wallis test p-value

SUL peak OSEM-PSF 4.1 ± 2.3
3.8 (0.9–9.7)

4.1 ± 2.3
3.9 (0.8–9.7)

4.1 ± 2.3
3.9 (1.0–9.6)

0.421

BPL 4.4 ± 2.5
4.1 (0.9–10.3)

4.4 ± 2.5
4.0 (0.8–10.4)

4.3 ± 2.5
4.0 (0.8–10.4)

0.244

Wilcoxon test p-value <0.0001 (all time/FOV)
SUL max OSEM-PSF 5.5 ± 3.0

5.2 (1.3–12.6)
5.4 ± 3.0
5.2 (1.3–12.5)

5.3 ± 2.9
5.3 (1.3–12.4)

< 0.05

BPL 6.0 ± 3.4
5.8 (1.3–15.6)

5.8 ± 3.3
5.7 (1.2–15.4)

5.7 ± 3.3
5.6 (1.2–15.1)

< 0.05

Wilcoxon test p-value <0.0001 (all time/FOV)

Fig. 1. Bland Altman plot combining OSEM-PSF and BPL results at baseline.
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In the present study we investigated if new PET technologies such as
large FOV/high sensitivity scanners (Discovery IQ) and regularized
reconstruction algorithms (BPL) could allow a greater flexibility in
performing PET scans. In particular, we investigated the influence of
reconstruction algorithm and count statistics variation in terms of time/
FOV on SUL quantification and the impact of SUL variability on therapy
response assessment when defined on SUL peak variation.

For the aim of the present work, both SUL peak and SUL max have
been considered, since the last one was the most frequently used
semiquantitative PET parameter over the last years [5–7].

In this study BPL algorithm gave higher results in quantification
since both SUL peak and SUL max values were higher when compared
to those from OSEM-PSF datasets, both at baseline and restaging PET
scans at any time/FOV (p < 0.0001). These data are probably due to
the specific characteristics of regularized algorithms: the very high
number of iterations (n=25) allows to reach data convergence while
Beta factor controls the noise. At the opposite, OSEM algorithms can use
only a limited number of iterations (commonly 2–6) to avoid noisy
images, without full data convergence and increased quantification.
The increase in quantification could improve detectability (in particular
for small lesions) and image quality [20], leading to better image
reading both at baseline exams for initial assessment of disease and at
restaging ones for therapy response definition.

An interesting issue is the quantification stability found in the cur-
rent study. No significant variation was observed in SUL peak values in
different time/FOV datasets, both in OSEM-PSF and BPL reconstruc-
tions. Conversely, SUL max showed a dependence on count statistics
variation, regardless of the reconstruction protocol (p < 0.05, both
OSEM-PSF and BPL); in particular the current results showed that SUL
max values were higher at lower time/FOV, both in OSEM-PSF and BPL
reconstructions. This could probably be due to the intrinsic nature of

radioactive decay: shorter/time acquisitions are generally characterized
by higher variability if compared to longer ones, with the possibility of
higher SUL max values.

These results confirm what already described in recent literature,
showing that SUV max can be more affected by noise-induced bias re-
flecting statistical fluctuations likely leading to a higher level of un-
certainty in quantification, while SUL peak is less sensitive to this factor
as it is calculated on an average value within a ROI/VOI [18]. This is
the reason why SUL peak is now commonly used to define response to
treatment according to PERCIST criteria [5]. As a direct consequence of
SUL peak stability, we observed a very good agreement in the definition
of therapy response according to SUL peak percentage variations.

Overall, only in 3/59 target lesions (5%) the level of therapy re-
sponse was different according to time/FOV (2/3 cases) or re-
construction algorithm (1/3 cases). However, it should be pointed out
that in all these cases the variation in terms of treatment response was
related to percentage variation of semiquantitative data close around to
the established threshold of 30%; furthermore SUL peak absolute values
showed only slight variations, likely not significant in a clinical setting.
A potential limitation of the current work is the fact that in many pa-
tients up to two target lesions only were considered to define treatment
response, also in patients with more than two. Further studies are
needed to evaluate also the robustness of PET radiomic features [21].

Nevertheless, it has to be considered that the current work aimed to
validate the consistence of more flexible PET protocols (changes in
time/FOV) and to assess the effect of this flexibility in terms of quan-
tification with a large FOV scanner. We did not aim to assess the effect
of methodological changes in a clinical scenario, as this approach
would require a larger patient population with a clinical follow up to
confirm the imaging data. Finally, we observed SUL peak stability at
different time/FOV both with OSEM-PSF and BPL algorithms and a

Fig. 2. Bland Altman plot of SUL peak, OSEM-PSF and BPL reconstructions,
respectively; limits of agreements are indicated by straight lines.

Fig. 3. Bland Altman plot of SUL max, OSEM-PSF and BPL reconstructions,
respectively; limits of agreement are indicated by straight lines.
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good agreement between OSEM-PSF and BPL datasets in treatment
response definition. Although BPL quantitative data are statistically
higher than OSEM-PSF ones, the results seems to indicate that
Discovery IQ features (very large FOV and high sensitivity) allow to
obtain accurate and stable quantification, maintained also with stan-
dard OSEM reconstruction algorithms. However, quantification stabi-
lity could allow to change acquisition parameters (i.e. time/FOV) pre-
serving reliability of quantification (SULs peak), that could be very
useful in routine clinical workflow. In painful patients not tolerating
prolonged acquisition time, a faster acquisition could be of great

advantage; similarly, a faster acquisition time could allow to perform a
higher number of PET scans per day, thus reducing long waiting lists for
the examination.

5. Conclusions

In this study both SUL peak and SUL max showed a dependence on
reconstruction algorithm, with BPL providing better results than OSEM-
PSF both at baseline and restaging PET studies at any time/FOV; this
should be taken into account when standardization and harmonization

Fig. 4. PET/CT fused images of a patient with oesophageal adenocarcinoma, partial response (PR) after radio-chemotherapy.

Table 4
SUL peak between baseline and restaging PET/CT scan relative to the three cases for which metabolic response assessment turned out to be dependent on count
statistics variation and/or reconstruction algorithm.

Lesion size (mm)^

baseline
SUL peak baseline Lesion size (mm)^

restaging
SUL peak restaging (% variation)

OSEM-PSF BPL OSEM-PSF BPL

1min 1.5 min 2min 1min 1.5min 2min

Case 1 29 5.65 6.14 20 4.00
(−29.2)

3.97
(−29.7)

3.86
(−31.7)

4.39 (−28.5) 4.37 (−28.8) 4.15 (−32.4)

Case 2 30 3.53 3.97 38 4.77
(+35.1)

5.01
(+41.9)

5.00
(+41.6)

4.96 (+24.9) 5.18(+30.5) 5.25 (+32.2)

Case 3 na* 13.15 16.06 na* 9.32
(−29.1)

9.43
(−28.3)

9.35
(−28.9)

10.28
(−36.0)

10.35 (−35.6) 10.38
(−35.4)

^ Highest axial diameter.
* Not available: size was not measurable because lesion consisted of a large solid tissue in retroscapular region not clearly delimited from surrounding anatomical

structures (sarcoma).
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of PET procedures are recommended, in particular for comparison of
PET scans for therapy response assessment.

Variation of count statistics (time/FOV) at restaging PET scans did
not affect results in terms of SUL peak, both for OSEM-PSF and BPL
algorithms; consequently, metabolic response assessment defined as
SUL peak percentage variation proved to be independent from count
statistics. Thus, when a large FOV/high sensitivity scanner is used, SUL
peak is a robust parameter for quantification even in case of differences
in scan durations; standardization of PET procedures is a crucial point
to obtain reproducible and comparable PET results, but new PET/CT
technologies could in part overcome these constraints allowing some
flexibility in PET protocols, in particular for acquisition time.

Conflict of interest

The authors declare that they have no conflict of interest.

Ethical approval

All procedures performed in studies involving human participants
were in accordance with the ethical standards of the institutional re-
search committee and with the 1964 Helsinki declaration and its later
amendments or comparable ethical standards.

Informed consent

Informed consent was obtained from all individual participants in-
cluded in the study.

References

[1] Elimova E, Wang X, Etchebehere E, Shiozaki H, Shimodaira Y, Wadhwa R, et al. 18-
fluorodeoxy-glucose positron emission computed tomography as predictive of re-
sponse after chemoradiation in oesophageal cancer patients. Eur J Cancer
2015;51(17):2545–52.

[2] Moon SH, Cho SH, Park LC, Ji JH, Sun JM, Ahn JS, et al. Metabolic response
evaluated by 18F-FDG PET/CT as a potential screening tool in identifying a sub-
group of patients with advanced non-small cell lung cancer for immediate main-
tenance therapy after first-line chemotherapy. Eur J Nucl Med Mol Imaging
2013;40(7):1005–13.

[3] Zhang H, Tan S, Chen W, Kligerman S, Kim G, D'Souza WD, et al. Modeling pa-
thologic response of esophageal cancer to chemoradiation therapy using spatial-
temporal 18F-FDG PET features, clinical parameters, and demographics. Int J
Radiat Oncol Biol Phys 2014;88(1):195–203.

[4] Humbert O, Cochet A, Coudert B, Berriolo-Riedinger A, Kanoun S, Brunotte F, et al.
Role of positron emission tomography for the monitoring of response to therapy in
breast cancer. Oncologist 2015;20(2):94–104.

[5] Lasnon C, Quak E, Le Roux PY, Robin P, Hofman MS, Bourhis D, et al. EORTC PET
response criteria are more influenced by reconstruction inconsistencies than
PERCIST but both benefit from the EARL harmonization program. EJNMMI Phys
2017;4(1):17.

[6] Young H, Baum R, Cremerius U, Herholz K, Hoekstra O, Lammertsma AA, et al.
Measurement of clinical and subclinical tumour response using [18F]-fluorodeox-
yglucose and positron emission tomography: review and 1999 EORTC re-
commendations. European Organization for Research and Treatment of Cancer
(EORTC) PET Study Group. Eur J Cancer 1999;35(13):1773–82.

[7] Wahl RL, Jacene H, Kasamon Y, Lodge MA. From RECIST to PERCIST: Evolving
Considerations for PET response criteria in solid tumors. J Nucl Med
2009;50:1122S–50S.

[8] Adams MC, Turkington TG, Wilson JM, Wong TZ. A systematic review of the factors
affecting accuracy of SUV measurements. AJR Am J Roentgenol
2010;195(2):310–20.

[9] Boellaard R, Delgado-Bolton R, Oyen WJ, Giammarile F, Tatsch K, Eschner W, et al.
EANM procedure guidelines for tumour imaging: version 2.0. Eur J Nucl Med Mol
Imaging 2015;42(2):328–54.

[10] Boellaard R, O'Doherty MJ, Weber WA, Mottaghy FM, Lonsdale MN, Stroobants SG,
et al. PET/CT: EANM procedure guidelines for tumour PET imaging: version 1.0.
Eur J Nucl Med Mol Imaging 2010;37(1):181–200.

[11] Reynes-Llompart G, Gamez-Cenzano C, Romero-Zayas I, Rodriguez-Bel L, Vercher-
Conejero JL, Marti-Climent JM. Performance characteristics of the whole-body
discovery IQ PET/CT system. J Nucl Med 2017;58(7):1155–61.

[12] Q.clear (GE healthcare white paper).< http://www3.gehealthcare.co.uk/
~/media/documents/us-global/products/pet-ct/whitepaper/q%20clear/ge-
healthcare-white-paper_qclear.pdf> .

[13] Subbiah V, Chuang HH, Gambhire D, Kairemo K. Defining clinical response criteria
and early response criteria for precision oncology: current state-of-the-art and fu-
ture perspectives. Diagnostics (Basel) 2017;7(1).

[14] Lazzeroni M, Uhrdin J, Carvalho S, van Elmpt W, Lambin P, Dasu A, et al.
Evaluation of third treatment week as temporal window for assessing responsive-
ness on repeated FDG-PET-CT scans in Non-Small Cell Lung Cancer patients. Phys
Med 2018:4645–51.

[15] Pinker K, Riedl C, Weber WA. Evaluating tumor response with FDG PET: updates on
PERCIST, comparison with EORTC criteria and clues to future developments. Eur J
Nucl Med Mol Imaging 2017;44(Suppl 1):55–66.

[16] Sugawara Y, Zasadny KR, Neuhoff AW, Wahl RL. Reevaluation of the standardized
uptake value for FDG: variations with body weight and methods for correction.
Radiology 1999;213(2):521–5.

[17] Chauvie S, Bergesio F, Fioroni F, Brambilla M, Biggi A, Versari A, et al. The (68)Ge
phantom-based FDG-PET site qualification program for clinical trials adopted by FIL
(Italian Foundation on Lymphoma). Phys Med 2016;32(5):651–6.

[18] Aide N, Lasnon C, Veit-Haibach P, Sera T, Sattler B, Boellaard R. EANM/EARL
harmonization strategies in PET quantification: from daily practice to multicentre
oncological studies. Eur J Nucl Med Mol Imaging 2017;44(Suppl 1):17–31.

[19] Prieto E, Garcia-Velloso MJ, Rodriguez-Fraile M, Moran V, Garcia-Garcia B, Guillen
F, et al. Significant dose reduction is feasible in FDG PET/CT protocols without
compromising diagnostic quality. Phys Med 2018:46134–9.

[20] Teoh EJ, McGowan DR, Macpherson RE, Bradley KM, Gleeson FV. Phantom and
clinical evaluation of the bayesian penalized likelihood reconstruction Algorithm
Q.Clear on an LYSO PET/CT system. J Nucl Med 2015;56(9):1447–52.

[21] Belli ML, Mori M, Broggi S, Cattaneo GM, Bettinardi V, Dell'Oca I, et al. Quantifying
the robustness of [(18)F]FDG-PET/CT radiomic features with respect to tumor
delineation in head and neck and pancreatic cancer patients. Phys Med
2018:49105–11.

C. Dolci et al. Physica Medica 57 (2019) 177–182

182

http://refhub.elsevier.com/S1120-1797(18)31377-2/h0005
http://refhub.elsevier.com/S1120-1797(18)31377-2/h0005
http://refhub.elsevier.com/S1120-1797(18)31377-2/h0005
http://refhub.elsevier.com/S1120-1797(18)31377-2/h0005
http://refhub.elsevier.com/S1120-1797(18)31377-2/h0010
http://refhub.elsevier.com/S1120-1797(18)31377-2/h0010
http://refhub.elsevier.com/S1120-1797(18)31377-2/h0010
http://refhub.elsevier.com/S1120-1797(18)31377-2/h0010
http://refhub.elsevier.com/S1120-1797(18)31377-2/h0010
http://refhub.elsevier.com/S1120-1797(18)31377-2/h0015
http://refhub.elsevier.com/S1120-1797(18)31377-2/h0015
http://refhub.elsevier.com/S1120-1797(18)31377-2/h0015
http://refhub.elsevier.com/S1120-1797(18)31377-2/h0015
http://refhub.elsevier.com/S1120-1797(18)31377-2/h0020
http://refhub.elsevier.com/S1120-1797(18)31377-2/h0020
http://refhub.elsevier.com/S1120-1797(18)31377-2/h0020
http://refhub.elsevier.com/S1120-1797(18)31377-2/h0025
http://refhub.elsevier.com/S1120-1797(18)31377-2/h0025
http://refhub.elsevier.com/S1120-1797(18)31377-2/h0025
http://refhub.elsevier.com/S1120-1797(18)31377-2/h0025
http://refhub.elsevier.com/S1120-1797(18)31377-2/h0030
http://refhub.elsevier.com/S1120-1797(18)31377-2/h0030
http://refhub.elsevier.com/S1120-1797(18)31377-2/h0030
http://refhub.elsevier.com/S1120-1797(18)31377-2/h0030
http://refhub.elsevier.com/S1120-1797(18)31377-2/h0030
http://refhub.elsevier.com/S1120-1797(18)31377-2/h0035
http://refhub.elsevier.com/S1120-1797(18)31377-2/h0035
http://refhub.elsevier.com/S1120-1797(18)31377-2/h0035
http://refhub.elsevier.com/S1120-1797(18)31377-2/h0040
http://refhub.elsevier.com/S1120-1797(18)31377-2/h0040
http://refhub.elsevier.com/S1120-1797(18)31377-2/h0040
http://refhub.elsevier.com/S1120-1797(18)31377-2/h0045
http://refhub.elsevier.com/S1120-1797(18)31377-2/h0045
http://refhub.elsevier.com/S1120-1797(18)31377-2/h0045
http://refhub.elsevier.com/S1120-1797(18)31377-2/h0050
http://refhub.elsevier.com/S1120-1797(18)31377-2/h0050
http://refhub.elsevier.com/S1120-1797(18)31377-2/h0050
http://refhub.elsevier.com/S1120-1797(18)31377-2/h0055
http://refhub.elsevier.com/S1120-1797(18)31377-2/h0055
http://refhub.elsevier.com/S1120-1797(18)31377-2/h0055
http://www3.gehealthcare.co.uk/~/media/documents/us-global/products/pet-ct/whitepaper/q%20clear/ge-healthcare-white-paper_qclear.pdf
http://www3.gehealthcare.co.uk/~/media/documents/us-global/products/pet-ct/whitepaper/q%20clear/ge-healthcare-white-paper_qclear.pdf
http://www3.gehealthcare.co.uk/~/media/documents/us-global/products/pet-ct/whitepaper/q%20clear/ge-healthcare-white-paper_qclear.pdf
http://refhub.elsevier.com/S1120-1797(18)31377-2/h0065
http://refhub.elsevier.com/S1120-1797(18)31377-2/h0065
http://refhub.elsevier.com/S1120-1797(18)31377-2/h0065
http://refhub.elsevier.com/S1120-1797(18)31377-2/h0070
http://refhub.elsevier.com/S1120-1797(18)31377-2/h0070
http://refhub.elsevier.com/S1120-1797(18)31377-2/h0070
http://refhub.elsevier.com/S1120-1797(18)31377-2/h0070
http://refhub.elsevier.com/S1120-1797(18)31377-2/h0075
http://refhub.elsevier.com/S1120-1797(18)31377-2/h0075
http://refhub.elsevier.com/S1120-1797(18)31377-2/h0075
http://refhub.elsevier.com/S1120-1797(18)31377-2/h0080
http://refhub.elsevier.com/S1120-1797(18)31377-2/h0080
http://refhub.elsevier.com/S1120-1797(18)31377-2/h0080
http://refhub.elsevier.com/S1120-1797(18)31377-2/h0085
http://refhub.elsevier.com/S1120-1797(18)31377-2/h0085
http://refhub.elsevier.com/S1120-1797(18)31377-2/h0085
http://refhub.elsevier.com/S1120-1797(18)31377-2/h0090
http://refhub.elsevier.com/S1120-1797(18)31377-2/h0090
http://refhub.elsevier.com/S1120-1797(18)31377-2/h0090
http://refhub.elsevier.com/S1120-1797(18)31377-2/h0095
http://refhub.elsevier.com/S1120-1797(18)31377-2/h0095
http://refhub.elsevier.com/S1120-1797(18)31377-2/h0095
http://refhub.elsevier.com/S1120-1797(18)31377-2/h0100
http://refhub.elsevier.com/S1120-1797(18)31377-2/h0100
http://refhub.elsevier.com/S1120-1797(18)31377-2/h0100
http://refhub.elsevier.com/S1120-1797(18)31377-2/h0105
http://refhub.elsevier.com/S1120-1797(18)31377-2/h0105
http://refhub.elsevier.com/S1120-1797(18)31377-2/h0105
http://refhub.elsevier.com/S1120-1797(18)31377-2/h0105

	Treatment response assessment in [18F]FDG-PET/CT oncology scans: Impact of count statistics variation and reconstruction protocol
	Introduction
	Materials and methods
	Patients population and target lesions selection
	Baseline and restaging PET scan protocol
	Semiquantitative parameters calculation
	Data analysis and statistics

	Results
	Discussion
	Conclusions
	Conflict of interest
	Ethical approval
	Informed consent
	References




