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Differences among ['®F]FDG
PET-derived parameters in lung
cancer produced by three software
packages

Agnieszka Bos-Liedke?, Paulina Cegla?, Krzysztof Matuszewski?, Ewelina Konstanty?,
Adam Piotrowski!, Magdalena Gross?, Julian Malicki*® & Maciej Kozak®

Investigation of differences in derived [*®F]FDG PET metabolic and volumetric parameters among
three different software programs in lung cancer. A retrospective analysis was performed on a group
of 98 lung cancer patients who underwent a baseline [*®F]FDG PET/CT study. To assess appropriate
delineation methods, the NEMA phantom study was first performed using the following software:
Philips EBW (Extended Brilliance Workstation), MIM Software and Rover. Based on this study, the
best cut-off methods (dependent on tumour size) were selected, extracted and applied for lung cancer
delineation. Several semiquantitative [1®F]FDG parameters (SUV,,.,, SUV ncans TLG and MTV) were
assessed and compared among the three software programs. The parameters were assessed based
on body weight (BW), lean body mass (LBM) and Bq/mL. Statistically significant differences were
found in SUV,,..., (LBM) between MIM Software and Rover (4.62 +2.15 vs 4.84+1.20; p<0.005), in
SUV,,ean (Bq/mL) between Rover and Philips EBW (21,852.30+21,821.23 vs 19,274.81 +13,340.28;
p<0.005) and Rover and MIM Software (21,852.30+21,821.23 vs 19,399.40 +10,051.30; p<0.005),
and in MTV between MIM Software and Philips EBW (19.87 +25.83 vs 78.82 +228.00; p=0.0489). This
study showed statistically significant differences in the estimation of semiquantitative parameters
using three independent image analysis tools. These findings are important for performing further
diagnostic and treatment procedures in lung cancer patients.

Lung cancer in general is one of the most commonly diagnosed (11.6%) types of cancer and is the leading cause
of cancer-related death (18.4%) worldwide in both sex groups', while non-small cell lung cancer (NSCLC) in
particular is the most commonly (85%) newly diagnosed histopathological lung cancer type®. The diagnostic
procedure involves establishing the diagnosis and staging the lung cancer. Apart from physical examination,
imaging modalities, such as computed tomography (CT), endoscopic examination and positron emission tomog-
raphy combined with computed tomography (PET/CT), play an important role in the diagnosis of lung cancer”.
Combined PET/CT examination generally allows for a better assessment of the severity of the disease (including
involvement of lymph nodes) than unimodal CT examination due to CT’s limited sensitivity (55%) for lymph
node staging*. However, PET/CT has a higher (0.84-0.91) negative predictive value (NPV) in assessing the lymph
nodes in T1 stage tumours, and when there is evidence of concomitant disease, such as sarcoidosis, tuberculosis
or pneumoconiosis; therefore, endobronchial ultrasonography (EBUS) or oesophageal ultrasonography (EUS)
is needed to confirm the malignant behaviour of suspicious lymph nodes>*.

['®F]Fluorodeoxyglucose (2-deoxy-2-['"®F]fluoro-D-glucose, ['*F]FDG) is the most commonly used radi-
otracer in PET/CT examinations. ['*F]JFDG PET/CT scans provide a number of metabolic and volumetric param-
eters, such as the maximum standardized uptake value (SUV,,,,), mean standardized uptake value (SUV,,..,),
metabolic tumour volume (MTV) and total lesion glycolysis (TLG). SUV is a normalized concentration of a radi-
opharmaceutical in a lesion of interest. Since both the patient’s body weight (BW) and lean body mass (LBM) can
be used for normalization, both options should be examined alongside the nonnormalized uptake value (Bq/mL).
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SUV,,,.x correlation coefficient | BW Bg/mL LBM
Rover vs Philips R=0.9855 | R=0.9880 |-

Rover vs MIM R=0.9991 | R=0.9859 | R=0.9561
Philips vs MIM R=0.9862 |R=0.9783 |-

Table 1. Pearson correlation coefficient for SUV,, values.

SUV,,..n correlation coefficient | BW Bq/mL LBM
Rover vs Philips R=0.9328 |R=0.3053 |-

Rover vs MIM R=0.9965 | R=0.4841 | R=0.9969
Philips vs MIM R=0.9330 |R=0.6394 |-

Table 2. Pearson correlation coefficient for SUV,,, values.

Imaging data and processing methodology are specific to each institution and have changed over the years
due to the introduction of new techniques and software for PET/CT image interpretation.

In 2013, Sansone et al. performed a study in which the use of different software programs for SUV measure-
ment was examined®. Three different software programs in only two patients were each analysed, and the results
showed that the distribution of SUV differs among packages. However, the researchers did not alter the time-
course analysis. Different approaches were shown by Arain et al., who compared four software packages and
assessed the differences in various SUV values in 100 patients®. Their study concluded that although different
software programs should not be used interchangeably in clinical practice, the differences in SUV values among
them were small. Recently, Wilson et al. reviewed PET/CT images among four different FDA-approved software
packages and found significant differences in SUV,,,, values among them’.

One of the most widely used packages of various applications is MIM Software (MIM Encore version 6.8.8,
MIM Software Inc. Cleveland, OH, USA?®). This tool is used in 3D [¥F]FDG PET image analysis in a variety of
medical areas, namely, oncological diagnostics and therapy, neurology and radionuclide dosimetry® '°. In 2017,
Breault et al. used this software in the analysis of [**F]florbetapir PET standard uptake value ratios (SUVr) in
patients suspected of having Alzheimer’s disease!!.

Phillips EBW (version 4.0.2.145, Philips Medical Systems Nederland B.V., the Netherlands'?), implemented
commercially with Phillips PET/CT scanners, is mainly used in oncology for diagnosis and treatment planning'*
4. Authors have also reported the value of this package in neurology'® and recently in COVID patients'®.

Another software package applied for 3D quantitative image analysis of ['*F]FDG PET data, also used in our
study, is Rover (version 3.0.50, ABX GmbH, Radeberg, Germany'” '¥). Torigian et al. reported the application of
this tool in the diagnosis of a cohort of 15 patients with diffuse large B-cell lymphoma'?. Furthermore, Segtnan
et al. used this software to assess interobserver variability for processing ['*F]JFDG PET/CT studies of gliomas
with regard to global hemispherical [¥*F]FDG uptake and cerebellar FDG uptake?. Recently, Mupparapu et al.
found that Rover was suitable for quantification of the temporomandibular joint in patients with late-stage
rheumatoid arthritis using ["*F]FDG and ["*F]NaF PET?'.

The aim of this study was to compare values of ['**F]FDG PET parameters obtained using three different
commercially available software packages for PET image analysis (Philips EBW, MIM Software and Rover) in a
group of previously untreated NSCLC patients. Such a comparison using the mentioned software has not been
performed previously, especially on heterogeneous groups of patients. Moreover, the majority of papers compare
only SUV values; thus, we decided to expand these findings by examining other PET/CT parameters that are
routinely used in the clinic.

Results
In the whole group of patients, a very strong correlation was found in SUV,,, values in BW, Bq/mL and LBM
among all three software programs and in SUV,,.,, BW and LBM, while a moderate correlation was found in
SUV,can Values in Bq/mL among all three software programs (Tables 1 and 2). Another strong correlation was
found between Rover and MIM Software in TLG (Bq/mL) value (r=0.9863) and in MTV (BW) value (r=0.9830)
(Tables 3 and 4). Mean values for all assessed parameters in all three software programs are shown in Table 5.
Statistically significant differences were found in SUV .., (LBM) between MIM Software and Rover
(4.62+2.15vs 4.84+1.20; p<0.005), in SUV,,.,, (Bq/mL) between Rover and Philips EBW (21,852.30+21,821.23
vs 19,274.81+13,340.28; p <0.005) and Rover and MIM Software (21,852.30+21,821.23 vs 19,399.40 + 10,051.30;
p<0.005), and in MTV between MIM Software and Philips EBW (19.87 +25.83 vs 78.82 +228.00; p =0.0489).
No other statistically significant differences were shown in any other assessed parameters among the software
programs.
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TLG correlation coefficient | BW Bg/mL LBM
Rover vs Philips R=0.0696 | R=0.0905 |-

Rover vs MIM R=0.4524 | R=0.9863 | R=0.6014
Philips vs MIM R=0.2618 |R=0.1018 |-

Table 3. Pearson correlation coefficient for TLG value.

MTYV correlation coefficient | BW

Rover vs Philips R=0.1735
Rover vs MIM R=0.9830
Philips vs MIM R=0.1950

Table 4. Pearson correlation coefficient for MTV values.

Parameter Philips EBW MIM Software Rover

SUV,,. (BW) 9.95+4.78 9.81+4.70 9.89+£4.70
SUV,.(Bg/mL) 31,220.72+16,868.92 30,643.29+17,042.99 30,864.33+16,733.33
SUV,,. (LBM) - 7.30+3.52 7.54+3.63

SUV,ean (BW) 5.72+2.64 6.15+2.80 6.36+2.86

SUV,en (Bg/mL) | 19,274.81 +13,340.28 19,399.40 + 10,051.30 21,852.30+21,821.23

SUV,pean (LBM) - 462+2.15 4.84+120

TLG (BW) 349.83+1053.30 146.28 +236.60 153.66+242.03

TLG (Bq/mL) 2,009,159.10+7,394,123.60 | 439,121.20+698,372.40 | 464,196.30 +718,163.80
TLG (LBM) - 111.09+185.58 115.78+190.63

MTV [cm?] 78.82+228.00 19.87+25.83 20.42+26.05

Table 5. Mean values and standard deviation (SD) for all assessed PET parameters from particular software.

Discussion

In the present study, we examined the differences among [**F]FDG PET metabolic and volumetric parameters
(SUVia0 SUVieans TLG and MTV) obtained from three software packages that are commercially available,
namely, Philips EBW, MIM Software and Rover. The major finding included significant differences (p <0.005)
in SUV,.., (LBM) between MIM Software and Rover and in SUV,.,, (Bq/mL) between Rover and Philips EBW
(p<0.005) and Rover and MIM Software (p <0.005). Moreover, the MTV value showed significant differences
(p=0.0489) between MIM Software and Philips EBW. Additionally, strong correlations in SUV,, values (BW
and Bg/mL, LBM) and SUV,,.,, (BW, LBM) among all three software packages were obtained. Furthermore, a
strong correlation was found between Rover and MIM Software for MTV (BW) values (r=0.9830) and TLG
(Bq/mL) values (r=0.9863).

SUV is a normalized concentration of a radiopharmaceutical in a lesion of interest. Since both the patient’s
BW and LBM can be used for normalization, both options should be examined along with the nonnormalized
uptake value (Bq/mL).

SUV,,.x is the maximal value among the voxels included in the region of interest (ROI), so it is completely
independent of ROI definition but susceptible to noise??. Currently, because SUV,,,, is less dependent on the
observer and is at the same time more reproducible, SUV,, is used more frequently than SUV,,.,,2*.

It was shown that different pathological types and sizes of NSCLC produce SUV,,,, values of different magni-
tudes in PET scans**~?’. Moreover, the tumour differentiation of adenocarcinoma as well as the size of all NSCLCs
can be impeccably predicted using SUV,,, in ['"®F]FDG PET/CT, as demonstrated by Karam et al.?®. Authors
showed that a linear regression analysis of SUV,, from tumour size dependency could adequately distinguished
adenocarcinoma from squamous cell carcinoma. Due to the small number of patients in our study, we did not
distinguish NSCLC subtypes, so we cannot confirm or deny these findings. However, we do not exclude further
analysis on a larger group of patients in the future. SUV,,, strongly predicts not only lung cancer but also other
types of cancers. It is important to mention multiple articles that focused on SUV,,, ['*F]JFDG PET analysis in
pretreated primary tumours for the prediction of the occurrence of neck metastasis in oral cancer”, head and
neck squamous cell carcinoma® and others®"*2. Despite strong evidence showing the scientific and medical
value of SUV,,,,, it should be noted that some other studies have revealed no correlation between SUV,,,, and
tumour recurrence®.

The SUV,,,,, values in our study were strongly correlated among each other in BW, Bq/mL and LBM in all three
software programs, so it remained the most significant parameter for lung cancer prediction. SUV,,,, is based
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on a single voxel, which is the least observer- and ROI definition-dependent but strongly influenced by image
noise®; therefore, this result should not be surprising. Nevertheless, this indicates that our work is significant for
each study focusing on this type of prediction not only in lung cancer but also in other types of malignancies.

SUV,can incorporates information from multiple voxels, making it highly dependent on voxels that are
included in the analysis; thus, it is less sensitive to image noise®. In contrast to SUV,,,, it is rarely used as a
metabolic biomarker, and only limited data exist to support it in this role. However, in several publications, the
authors outlined the possible importance of SUV,,,.. It was shown, for instance, that an increase in the pretreat-
ment SUV, ., of the primary tumour was associated with decreased disease-free survival (DFS)*. Moreover, a
relative change in SUV,,,.,,, of more than 40% between baseline and after therapy was shown to differ by 2 years
in overall survival, DFS and locoregional control®®. Nevertheless, the authors outlined that SUV,,,, was a better
predictor of disease outcome. It was also shown that SUV,,, assessed by ['*F]FDG PET and supported by global
hepatic glycolysis can reflect hepatic functional capacity. Authors have shown that this parameter can be used as
a potential imaging diagnostic factor in assessing diffuse pathology of the liver*”. Moreover, the relationship of
both SUV,,., and SUV, .. of ['®®F]FDG PET with an increasing number of metabolic syndrome components in
visceral adipose tissue that are associated with vulnerability to atherosclerosis was recently described by Pakh
et al.’. These are only a few recently reported possible applications of SUV,, ...

According to the described data, nonnormalized SUV,,,, values are highly differentiated among the three
software programs used that raise questions about the consistency of the analysed parameters. Several studies
have shown some inaccuracies in the SUV, ., value due to variations in ROI definition?>*°. To eliminate those
inaccuracies, we used the average Th value over all software according to the specific size of the primary tumour.

There are a limited number of articles concerning SUV differences among available software packages. The
most similar to our work is a study published in 2015 by Pierce et al.** in which they showed substantial differ-
ences in SUV (BW) from a phantom study among tested PET/CT systems, which is in contrast to the results of
this work. The authors would like to draw the readers’ attention to several limitations, such as investigation of
single parameter (SUV (BW)), lack of clinical data (random noise) and small voxel size, that could have had a
significant influence on the results of this project.

Investigations of changes in SUV values in patients were also presented by Brendle et al.*' and Hirji
et al.*2. Brendle et al. assessed the reproducibility of SUV values among different reconstruction methods (3D
OSEM + TOF and PSF-reconstruction + TOF) and matrix sizes (3D OSEM: 200 x 200 and 400 x 400) in a cohort of
27 patients with different types of cancer. They found that SUV, ., SUV,,.,,, and SUV,,.; do not differ significantly
among themselves between different PET reconstruction methods. However, doubling the matrix size showed a
tendency towards higher SUV values*!. Hirji et al. analysed 25 patients to determine whether uptake in the aorta
varies among different reconstruction algorithms. The homogeneity of the analysed group of patients was not
defined. The differences in reconstructions between SUV,,,, or blood pool SUV,,,.,, and target-to-background
ratio were not statistically significant. However, qualitative analysis showed differences between IT + TOF and
UHD or UHD + MAR reconstructions; therefore, harmonization of those techniques was recommended*.

In both works, the homogeneity of the patient group was questionable, and the number of analysed patients
was relatively small. Conversely, the different histological tumour types may influence the analysed parameters.
These limitations are in contrast to our study, in which all data were obtained on homogenous groups of NSCLC
patients using the same reconstruction and the same matrix size to keep from influencing the PET parameters.

MTYV together with TLG are volumetric PET parameters using a threshold-based volume of interest*’. Since
according to the current 8th TNM classification, tumour volume plays a crucial role in cancer staging, an analysis
performed in a group of cancer patients is meaningful. Therefore, in our study, a phantom study was performed
first, and the same threshold (dependent on the tumour size) was used in all three software programs.

Based on our analysis, we found a strong correlation in MTV among all three software programs. However,
significant differences (p =0.049) in this parameter were shown only between MIM Software and Philips EBW.
Liu et al.** showed that MTV differs significantly between patients with EGFR mutations and with wild-type
EGFR. Shrestha et al.** found that among all semiquantitative PET parameters, only MTV showed prognostic
ability in patients with stage I NSCLC treated with carbon-ion radiotherapy. They also concluded that MTV
histological variation may need consideration for risk-adapted therapeutic management®. Other authors sug-
gest that MTV is a prognostic factor for local control (LC) and overall survival (OS) in patients with early-stage
NSCLC*. MTV is also widely used for assessing gross tumour volume in radiotherapy planning not only in lung
cancer patients but also in patients with other cancers*’; therefore, based on our study, it is reasonable to assess
patients on workstations with the same software to avoid under- or overestimating the results.

Currently, there is increased interest in TLG, which is a product of SUV,,.,, and MTV. It consists of both
metabolic and volumetric information. Several studies have shown that TLG is a prognostic factor in lung cancer
patients?® 4,

In our study, we found significant differences in SUV,,,, and MTV between the assessed software pro-
grams; however, no differences were noted in TLG values, which might be caused by the small number of
patients included in this analysis. The results of this work emphasize the requirement for meticulous analysis of
depicted PET effects. One can see that the difference between ['®F]FDG PET metabolic and volumetric param-
eters obtained in NSCLC (and not only) using different software programs can be crucial. Therefore, it should be
emphasized that in pretreatment and even post-therapy analyses, parameters obtained from different software
programs can be compared only qualitatively, and quantitative analyses should be harmonized®®*!. To the best of
our knowledge, this is one of the very few studies that assess not only SUV values but also volumetric parameters
(such as MTV and TLG) in a homogenous group of patients and not in a phantom study.
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Diameter of NEMA spheres [cm®] | MIM Software | Philips EBW Rover Average

1.150 Th65% Th65% Th62% & Th63% | Th64% (63.75)
2.572 Th57% Th44% & Th45% | Th47% & Th48% | Th48%

5.575 Th48% Th42% Th42% & Th43% | Th44% (43.75%)
11.494 Th44% Th44% TH44% Th44%

26.522 Th45% Th44% Th47% Th45%

Table 6. Average cut-off Th based on NEMA phantom study.

Materials and Methods

Patients. Retrospective analysis was performed on a group of 98 (42 F, 56 M) patients with NSCLC who
underwent a ['®F]FDG PET/CT study for initial staging after obtaining informed consent. All protocols were
approved by the local bioethical committee (Bioethics Committee of Poznan University of Medical Science) as
the retrospective analysis was based on standard examinations, and all research was performed in accordance
with the Bioethics Committee guidelines and the Declaration of Helsinki.

PET Acquisition.  Acquisition was performed using a Gemini TF PET/CT scanner (OSEM reconstruction),
50-70 min after i.v. injection of ['8F]FDG with a mean activity of 364 +75 MBq from the skull vertex to mid-
thigh with a time per table of 1.30 min and slice thickness of 5 mm. Patients who had the examination per-
formed more than 70 min after the injection were excluded from the analysis due to changes that occurred in
the standardized uptake value (SUV). All patients fasted for at least 6 h before the examination (average glucose
level was 102.91 +23.41 mg/dL). After administration of ['®F]FDG, patients rested in a darkened room at room
temperature. A simultaneous low-dose CT was performed.

The NEMA phantom study was used to identify the best cut-oft method and corresponding optimal threshold
value for primary tumour delineation in each software. The procedure was repeated for different tumour volumes
represented by different sphere radii in the NEMA phantom. Afterwards, for each tumour volume, an average
threshold over three software programs was calculated (Table 1). The averaged thresholds (Th) were used for
all further evaluations in all three software programs. The purpose of the averaging procedure is to replicate
standard clinical practice where the threshold values are taken from the literature and do not always represent
the optimal value for a specific software.

Evaluation. Several PET parameters (including SUV,,,, SUV,...n, TLG and MTV) were cross checked by
two independent observers and were obtained from three different software programs: Philips EBW (version
4.0.2.145, Philips Medical Systems Nederland B.V., the Netherlands'?), MIM Software (MIM Encore version
6.8.8, MIM Software Inc. Cleveland, OH, USA®) and Rover (version 3.0.50, ABX GmbH, Radeberg, Germany'®).
SUV is defined as a ratio of tissue radioactive concentration [kBq/mL] at the time of injection and administered
dose [MBq] at the time of injection and divided by the normalization factor. The normalization factor can be
patient BW in kilograms [kg] (Eq. 1) or patient LBM in kilograms [kg] (Eq. 2). LBM relies on sex, height [cm]
and body weight [kg] and is estimated using Eq. (3).%

measured activity concentration [kBq/mL]
administered activity [MBq] x BW [kg]

SUV (BW) = 1)

measured activity concentration [kBq/mL]
administered activity [MBq]/LBM [kg]

SUV (LBM) = (2)

BW [kg]?
LBM — 1.10 x BW [kg] — 128 x W for men )
1.07 x BW [kg] — 148 x % for women

SUV in units of Becquerel’s per millilitre (Bq/mL) is nothing other than the measured uptake in the inves-
tigated ROL

All PET parameters were estimated using BW, LBM (except Philips EBW, which does not have this value
in their workflow) and Bq/mL. The MTV was defined as the volume of the PET-positive tumour region. It was
computed as the sum of the delineated tumour voxels (using an appropriate threshold Table 6) times the volume
per voxel. An example of the delineation method based on one of the patients included in the analysis is shown
in Fig. 1. Furthermore, TLG was calculated as a product of SUV .., and MTV.

The normality of the data distribution was checked using the W Shapiro-Wilk test, and a p-value less than
0.05 was considered significant. Additionally, a Pearson correlation coefficient was used to compare parameters
among software programs. A very strong correlation was assumed with values ranging from 0.7 to 1, a strong
correlation ranging from 0.5 to 0.7, a moderate correlation ranging from 0.3 to 0.5 and a low correlation rang-
ing from 0 to 0.3.
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Figure 1. Delineation method performed on Philips EBW (A), MIM Software (B) and Rover (C).

Conclusions

The results of this work emphasize the requirement for meticulous analysis of depicted PET effects. The SUV .,
and MTYV values showed the most significant differences among the assessed software programs. It should be
noted that the difference between [*F]JFDG PET metabolic and volumetric parameters obtained in NSCLC
patients using different software programs might have an influence on further diagnostic and treatment
procedures.

Received: 19 November 2020; Accepted: 18 June 2021
Published online: 06 July 2021

References

1.

Bray, E. et al. Global Cancer Statistics, 2018: GLOBOCAN estimates of incidence and mortality worldwide for 36 cancers in 185
countries. Ca Cancer J. Clin. 68, 394-424 (2018).

2. Silvestri, G. A. et al. Methods for staging non-small cell lung cancer: diagnosis and management of lung cancer, 3' ed: American
Collage of Chest Physician evidence-based clinical practice guidelines. Chest 143(suppl), €211S-e2508S (2013).

3. Krzakowski, M. et al. Cancer of the lung pleura and mediastinum. Oncol. Clin. Pract. https://doi.org/10.5603/QCP.2018.0056
(2019).

4. De Leyn, P. et al. Revised ESTS guidelines for preoperative mediastinal lymph node staging for non-small cell lung cancer. Eur. J.
Cardiothorac. Surg. 45, 787-798 (2014).

5. Sansone, M. et al. Assessment of standardised uptake values in PET imaging using different software packages. J. Med. Imaging
Radiat. Sci. 44, 188-196 (2013).

6. Arain, Z., Lodge, M. & Wahl, R. A. comparison of SUV parameters across four commercial software platforms. J. Nucl. Med. 56,
580 (2015).

7. Wilson, C.,, Selwyn, R. & Elojeimy, S. Comparison of PET/CT SUV metrics across different clinical software platforms at UNMH.
J. Nucl. Med. 61, 1391 (2020).

8. https://www.mimsoftware.com/nuclear_medicine/encore.

9. Mora-Ramirez, E. ef al. Comparison of commercial dosimetric software platforms in patients treated with 7 Lu-DOTATATE for
peptide receptor radionuclide therapy. Med. Phys. 47, 4602-4615 (2020).

10. Morgan, R., Chin, B. B. & Lanning, R. Feasibility of rapid integrated radiation therapy planning with follow-up FDG PET/CT to
improve overall treatment assessment in head and neck cancer. Am. J. Nucl. Med. Mol. Imaging 9, 24-29 (2019).

11. Breault, C. et al. Correlation between two methods of florbetapir PET quantitative analysis. Am. J. Nucl. Med. Mol. Imaging 7,
84-91 (2017).

12. https://medicaldevices.icij.org/devices/usa-radiology-devices-extended-brilliance-workstation-ebw.

13. Withofs, N. et al. FDG PET/CT for rectal carcinoma radiotherapy treatment planning: comparison of functional volume deline-
ation algorithms and clinical challenges. J. Appl. Clin. Med. Phys. 15, 4696 (2014).

14. Nguyen, N. C. et al. Image quality and diagnostic performance of a digital PET prototype in patients with oncologic diseases: initial
experience and comparison with analog PET. J. Nucl. Med. 56, 1378-1385 (2015).

15. Ivanov, B. D. et al. (18F)-FDG PET/CT in essential tremor: preliminary results. J. IMAB 21, 914-921 (2015).

16. Setti, L., Kirienko, M., Dalto, S. C., Bonacina, M. & Bombardieri, E. FDG-PET/CT findings highly suspicious for COVID-19 in
an Italian case series of asymptomatic patients. Eur. J. Nucl. Med. Mol. Imaging 47, 1649-1656 (2020).

17. https://www.abx.de/rover/index.php/overview.html.

18. Torigian, D. A. et al. Feasibility and performance of novel software to quantify metabolically active volumes and 3D partial volume
corrected SUV and metabolic volumetric products of spinal bone marrow metastases on 18F-FDG-PET/CT. Hell J. Nucl. Med. 14,
8-14 (2011).

19. Torigian, D. et al. Feasibility and utility of ROVER software for 3D quantitative image analysis of FDG-PET in patients with diffuse
large B-cell lymphoma (DLBCL). J. Nucl. Med. 50, 135 (2009).

20. Segtnan, E. et al. Inter-observer variability using ROVER® software for processing of cerebral FDG-PET studies. J. Nucl. Med. 56,
1755 (2015).

21. Mupparapu, M., Oak, S., Chang, Y. C. & Alavi, A. Quantification of TM]J rheumatoid arthritis on positron emission tomography
scans using rover software. Oral Surg. Oral Med. Oral Pathol. Oral Radiol. 130, 65 (2020).

22. Benz, M. R. et al. Treatment monitoring by 18F-FDG PET/CT in patients with sarcomas: interobserver variability of quantita-
tive parameters in treatment-induced changes in histopathologically responding and nonresponding tumors. J. Nucl. Med. 49,
1038-1046 (2008).

23. Jackson, T., Chung, M. K., Mercier, G., Ozonoft, A. & Subramaniam, R. M. FDG PET/CT interobserver agreement in head and
neck cancer: FDG and CT measurements of the primary tumor site. Nucl. Med. Commun. 33, 305-312 (2012).

24. Martin, A. Lodge, repeatability of SUV in oncologic 18F-FDG PET. J. Nucl. Med. 58, 523-532 (2017).

25. Zhu, S. H. et al. FDG PET-CT in non-small cell lung cancer: relationship between primary tumor FDG uptake and extensional or
metastatic potential. Asian Pacific ] Cancer Prev. 14, 2925-2929 (2013).

26. Bryant, A. S. et al. Maximum standard uptake value of mediastinal lymph nodes on integrated FDG-PET-CT predicts pathology
in patients with non-small cell lung cancer. Ann. Thorac. Surg. 82, 417-423 (2006).

Scientific Reports|  (2021) 11:13942 | https://doi.org/10.1038/s41598-021-93436-w nature portfolio


https://doi.org/10.5603/QCP.2018.0056
https://www.mimsoftware.com/nuclear_medicine/encore
https://medicaldevices.icij.org/devices/usa-radiology-devices-extended-brilliance-workstation-ebw
https://www.abx.de/rover/index.php/overview.html

www.nature.com/scientificreports/

27.
28.
29.
30.
31.
32.
33.

34.
. Higgins, K. A. et al. Analysis of pretreatment FDG-PET SUV parameters in head-and-neck cancer tumor SUV,,

36.
37.
38.
39.
40.
41.
42,

43.

44,
45.
46.
47.
48.
49.
50.

51.

52.

Ming, Y. L., Muzo, W. & Sinead, B. Absence of a relationship between tumor 18f-fluorodeoxyglucose standardized uptake value
and survival in patients treated with definitive radiotherapy for non-small-cell lung cancer. J. Thorac. Oncol. 9, 377-382 (2014).
Karam, M. B., Doroudinia, A., Behzadi, B., Mehrian, P. & Koma, A. Y. Correlation of quantified metabolic activity in nonsmall cell
lung cancer with tumor size and tumor pathological characteristics. Medicine (Baltimore) 97, 11628 (2018).

Morand, G. B. et al. Maximum standardized uptake value (SUV,,,) of primary tumor predicts occult neck metastasis in oral cancer.
Sci. Rep. 8, 11817 (2018).

Machtay, M. et al. Pretreatment FDG-PET standardized uptake value as a prognostic factor for outcome in head and neck cancer.
Head Neck 31, 195-201 (2009).

Kwon, H. R,, Pahk, K., Park, S., Kwon, H. W. & Kim, S. Prognostic value of metabolic information in advanced gastric cancer using
preoperative *F-FDG PET/CT. Nucl. Med. Mol. Imaging 53, 386-395 (2019).

Diao, W,, Tian, E. & Jia, Z. The prognostic value of SUV,,,, measuring on primary lesion and ALN by '*F-FDG PET or PET/CT in
patients with breast cancer. Eur. J. Radiol. 105, 1-7 (2018).

Lucignani, G. SUV and segmentation: pressing challenges in tumour assessment and treatment. Eur. J. Nucl. Med. Mol. Imaging
36, 715-720 (2009).

Paidpally, V. et al. FDG-PET/CT imaging biomarkers in head and neck squamous cell carcinoma. Irnaging Med. 4, 633-647 (2012).
<an DS superior
prognostic value. Int. J. Radiat. Oncol. Biol. Phys. 82, 548-553 (2012).

Hentschel, M. et al. Early FDG PET at 10 or 20 Gy under chemoradiotherapy is prognostic for locoregional control and overall
survival in patients with head and neck cancer. Eur. J. Nucl. Med. Mol. Imaging 38, 12031211 (2011).

Yue, X., Wang, J., Ye, . & Xiao, D. Mean standardized uptake value (SUVmean) and global hepatic glycolysis as potential imaging
markers reflecting hepatic functional capacity: evidence from 18F-FDG PET/CT. Hippokratia 22, 162-166 (2018).

Pahk, K., Kim, E. J., Lee, Y.-J., Kim, S. & Seo, H. S. Characterization of glucose uptake metabolism in visceral fat by 18 F-FDG PET/
CT reflects inflammatory status in metabolic syndrome. PLoS ONE 15, €0228602 (2020).

Vanderhoek, M., Perlman, S. B. & Jeraj, R. Impact of different standardized uptake value measures on PET-based quantification
of treatment response. J. Nucl. Med. 54, 1188-1194 (2013).

Pierce, L. A., Elston, B. E, Clunie, D. A., Nelson, D. & Kinahan, P. E. A digital reference object to analyze calculation accuracy of
PET standardized uptake value. Radiology 277, 538-545 (2015).

Brendle, C. et al. Is the standard uptake value (SUV) appropriate for quantification in clinical PET imaging?— Variability induced
by different SUV measurements and varying reconstruction methods. Eur. J. Radiol. 84, 158-162 (2015).

Hirji, H. et al. Effect of PET image reconstruction techniques on unexpected aorta uptake. Mol. Imaging Radionucl. Ther. 28, 1-7
(2019).

Cegla, P, Burchardt, E., Wierzchostawska, E., Roszak, A. & Cholewinski, W. The effect of different segmentation methods on
primary tumour metabolic volume assessed in 18F-FDG-PET/CT in patients with cervical cancer, for radiotherapy planning.
Contemp. Oncol. (Pozn.) 23, 183-186 (2019).

Liu, A. et al. The role of metabolic tumor volume (MTV) measured by [18F] FDG PET/CT in predicting EGFR gene mutation
status in non-small cell lung cancer. Oncotarget 8, 33736-33744 (2017).

Shrestha, S. et al. Prognostic significance of semi-quantitative FDG-PET parameters in stage I non-small cell lung cancer treated
with carbon-ion radiotherapy. Eur. J. Nucl. Med. Mol. Imaging 47, 1220-1227 (2020).

Dosani, M. et al. Metabolic tumour volume is prognostic in patients with non-small-cell lung cancer treated with stereotactic
ablative radiotherapy. Curr. Oncol. 26, e57-e63 (2019).

Zhaodong, F. et al. Metabolic tumor volume and conformal radiotherapy based on prognostic PET/CT for treatment of naso-
pharyngeal carcinoma. Medicine 98, 16327 (2019).

Yoo, S. W. et al. Metabolic tumor volume measured by F-18 FDG PET/CT can further stratify the prognosis of patients with stage
IV non-small cell lung cancer. Nucl. Med. Mol. Imaging 46, 286-293 (2012).

Huy, H. Q. Prognostic value of total lesion glycolysis in stage III/IV small cell lung cancer. Biomed. J. Sci. Technol. Res. 18, 13770~
13775 (2019).

Tsutsui, Y. et al. Multicentre analysis of PET SUV using vendor-neutral software: The Japanese Harmonization Technology (J-Hart)
study. EINMMI Res. 8, 83 (2018).

Tizuka, H., Daisaki, H., Ogawa, M., Yoshida, K. & Kaneta, T. Harmonization of standardized uptake values between two scanners,
considering repeatability and magnitude of the values in clinical fluorine-18-fluorodeoxyglucose PET settings: a phantom study.
Nucl. Med. Commun. 40, 857-864 (2019).

Tahari, A. K., Chien, D., Azadi, ]. R. & Wahl, R. L. Optimum lean body formulation for correction of standardized uptake value
in PET imaging. J. Nucl. Med. 55, 1481-1484 (2014).

Author contributions

A.B-L. and P.C.—conceptualization; A.B-L., P.C.—methodology, A.B-L., P.C. and K.M.—validation; A.B-L., PC,,
K.M., E.K.—investigation; A.B-L., PC.—writing—original draft preparation; A.B-L., P.C., KM, EX., JM. M.K.
M.G., A.P.—writing—review and editing; ].M., M.K.—research supervision; A.B-L. and P.C. contributed equally
to this study. All authors have read and agreed to the published version of the manuscript.

Funding

This research received no external funding.

Competing interests
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to P.C.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Scientific Reports |

(2021) 11:13942 | https://doi.org/10.1038/s41598-021-93436-w nature portfolio


www.nature.com/reprints

www.nature.com/scientificreports/

Open Access This article is licensed under a Creative Commons Attribution 4.0 International

License, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the
Creative Commons licence, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2021

Scientific Reports |  (2021) 11:13942 | https://doi.org/10.1038/s41598-021-93436-w nature portfolio


http://creativecommons.org/licenses/by/4.0/

	Differences among [18F]FDG PET-derived parameters in lung cancer produced by three software packages
	Results
	Discussion
	Materials and Methods
	Patients. 
	PET Acquisition. 
	Evaluation. 

	Conclusions
	References


