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Simple Summary: The advent of immune-checkpoint inhibitors (ICIs) has significantly changed
the management of patients with non-small cell lung cancer (NSCLC). Although the assessment of
PD-L1 expression remains the gold standard for the selection of cases for immunotherapy, previous
experiments have investigated whether metabolic parameters from positron emission tomography
(PET) scans could have a similar predictive role. In our retrospective study, we assessed if baseline
fluorodeoxyglucose PET (FDG PET) can represent a further tool for selecting patients who are eligible
for ICI therapy. Among the parameters tested, a surrogate of the entire tumor burden (metabolic
tumor volume, MTV) demonstrated better performance in selecting patients with adequate disease
control, as well as those with better overall and progression-free survival. These promising findings
from a real-world experiment stress once again the pivotal role of PET scanning in the management
of patients with NSCLC, requiring further validation on larger and prospective cohorts before its
implementation in the stratification of patients for immunotherapy.

Abstract: Immune-checkpoint inhibitors (ICIs) have been proven to have great efficacy in non-small
cell lung cancer (NSCLC) as single agents or in combination therapy, being capable to induce deep
and durable remission. However, severe adverse events may occur and about 40% of patients do not
benefit from the treatment. Predictive factors of response to ICIs are needed in order to customize
treatment. The aim of this study is to evaluate the correlation between quantitative positron emission
tomography (PET) parameters defined before starting ICI therapy and responses to treatment and
patient outcome. We retrospectively analyzed 92 NSCLC patients treated with nivolumab, pem-
brolizumab or atezolizumab. Basal PET/computed tomography (CT) scan parameters (whole-body
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metabolic tumor volume—wMTV, total lesion glycolysis—wTLG, higher standardized uptake vol-
ume maximum and mean—SUVmax and SUVmean) were calculated for each patient and correlated
with outcomes. Patients who achieved disease control (complete response + partial response + stable
disease) had significantly lower MTV median values than patients who had not (progressive disease)
(77 vs. 160.2, p = 0.039). Furthermore, patients with MTV and TLG values lower than the median
values had improved OS compared to patients with higher MTV and TLG (p = 0.03 and 0.05, respec-
tively). No relation was found between the other parameters and outcome. In conclusion, baseline
metabolic tumor burden, measured with MTV, might be an independent predictor of treatment
response to ICI and a prognostic biomarker in NSCLC patients.

Keywords: immunotherapy; NSCLC; PET/CT; response to therapy; metabolic tumor volume; quan-
tification; OS; PFS

1. Introduction

Lung cancer remains the leading cause of tumor-related mortality, accounting for
almost one-quarter of all cancer deaths in 2020 [1]. In recent years, the introduction of
antibodies against programmed cell death protein-1 (PD-1) and its ligand (PDL1) have
exhibited effective antitumor activity in non-small-cell lung cancer (NSCLC), with encour-
aging results [2–6]. However, the identification of patients who are likely to benefit from
these therapies, as well as methods for evaluating the response to immune-checkpoint
inhibitors (ICIs), remains challenging. Although the PD-L1 immunohistochemistry (IHC)
expression level has been associated with better outcomes, the grade of expression alone
is unsatisfactory as a sole biomarker to predict the efficacy of ICIs. Indeed, some patients
with low/no PD-L1 (<50%) levels respond to these agents, whereas others with high PD-L1
expression (≥50%) do not [7]. At present, whether this is primarily due to artifacts related
to limited tissue sampling or to under-appreciated facets of PD-L1 biology, including spatial
and temporal heterogeneity, is still unclear [8]. Positron emission tomography/computed
tomography (PET/CT) using radiolabeled glucose analog 2-[18F]-fluoro-2-deoxy-D-glucose
(18F-FDG), is widely applied in oncology for non-invasive in vivo tumor characterization.
PET/CT is an integral part of the clinical staging of patients with lung cancer [9] and plays
an important role in the evaluation of therapeutic outcomes for clinical management. Un-
usual patterns of response on imaging, due to the novel mechanism of action of ICIs (T-cell
activation) have been described and radiological images have demonstrated poor perfor-
mance in this setting. Several studies have compared PET/CT to CT imaging in monitoring
ICI treatment, with results suggesting an additional prognostic value of metabolic response
assessments [10]. The role of pre-ICI 18F-FDG PET/CT scanning has been investigated in
some monocentric retrospective studies, with different findings [11–14].

Some authors have described maximum standardized uptake value (SUVmax) as a
potential predictive marker of response to ICIs [11,15], whereas others have not found any
correlation [12]. Metabolic tumor volume (MTV) and total lesion glycolysis (TLG) appear
to be the most promising quantitative indexes in predicting the therapy response [12,13,15].
A prognostic value for both MTV and TLG has been found in different kinds of malig-
nancies [14,16–18], as demonstrated in previous studies assessing their values at baseline
PET [19–21]. Even in NSCLC, both patients surgically treated at an early stage of dis-
ease [22] and advanced cases treated with chemotherapy [23,24] have demonstrated worse
outcomes with high values of MTV and TLG. Moreover, Polverari et al. have shown the
association of several radiomics features with progressive disease (PD) status, focusing on
the primary lung lesion [12]. On this basis, in our bicentric study we aimed to assess the
predictive role of pre-ICI 18F-FDG PET/CT quantitative parameters in the evaluation of
therapy response and patient outcomes in advanced NSCLC patients.



Cancers 2021, 13, 1634 3 of 11

2. Materials and Methods
2.1. Patients Selection and Ethical Aspects

This is a retrospective bicentric study conducted at two centers in Italy, the Ospedale
San Gerardo ASST-Monza, Monza, Italy, and the IRCCS Ospedale Policlinico San Martino,
Genova, Italy. Eligible patients had histological or cytological confirmed NSCLC at variable
stages at the time of diagnosis and have been treated in any line of therapy with anti
PD1 or PD-L1 medication (nivolumab, pembrolizumab or atezolizumab), regardless of the
histological subtype, between 1 January 2015 and 1 March 2020. All patients underwent
an FDG-PET/CT scan, performed within two months before starting immunotherapy.
Previous surgery or radiotherapy and the presence of brain metastasis were allowed. A
minimum follow-up of 3 months after treatment initiation and a first radiological evaluation
was required for enrollment. Demographic (age, sex, smoke status), clinical (histologic
subtypes, diagnosis, previous surgery/radiotherapy, prior lines and type of therapy)
and molecular (EGFR, ALK, ROS1, BRAF, PD-L1, if available) data were also collected.
Radiological assessment during treatment was performed as for good clinical practice
every 8–12 weeks with CT-scan, FDG-PET/CT scan or both.

All patients’ data were anonymized by the local center at the time of enrollment and
all procedures were performed in accordance with the ethical standards of the institutional
and/or national research committee and with the 1964 Declaration of Helsinki and its later
amendments or comparable ethical standards.

2.2. 18. F-FDG PET/CT Protocol

Patients eligible for immunotherapy underwent a baseline 18F-FDG-PET/CT us-
ing a standard protocol (i.e., fasting for at least 6 h before the injection, blood glucose
level < 150 mg/dL). PET/CT studies were performed with different PET/CT systems
(Discovery 600, Discovery IQ and Discovery DMI, GE Healthcare, Milwaukee, WI, USA;
Hirez-Biograph 16, Siemens Medical Solutions, USA) by acquiring a low-dose CT for
attenuation-correction and anatomic localization of the FDG-avid lesions, followed by PET
acquisition (1.5–2.5 min/bed depending on PET scanner). PET image reconstruction was
obtained using ordered subset expectation maximization (OSEM) algorithms. PET, CT
and fused PET/CT images were displayed on a dedicated workstation for reading, and
abnormalities of metabolic activity were evaluated and classified as tumor-related or not
by expert readers with more than 5 years of experience in clinical oncologic PET imaging.
All metabolic tumor foci were then segmented using a threshold of 41% of SUVmax ac-
cording to the European Association of Nuclear Medicine recommendations. MTV (mL)
and TLG (g/mL/cm3) were automatically calculated by the software on the whole tumor
foci (Figure 1), whereas the maximum (SUVmax) was evaluated for each metabolic active
lesion; the highest SUVmax among the SUV of all the lesions was chosen for the analysis.
The SUVpeak was then calculated by positioning a 10-mm-diameter circular region of
interest (ROI) centered on the voxel of the lesion with the highest SUVmax among all the
FDG-avid tumor foci. TLG was calculated by multiplying MTV by SUVmean.
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Figure 1. Pre-treatment MIP from 18F-FDG PET/CT in two different NSCLC patients with high (a) and low (b) MTV, 
respectively. MTV is calculated as the sum of all the MTVs from the countered lesions (blue voxels). 18F-FDG PET/CT, 
18F-fluorodeoxyglucose positron emission tomography/computed tomography; MIP, maximum intensity projection; 
MTV, metabolic tumor volume. 
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1.1 or PET Response Criteria In Solid Tumors (PERCIST) 1.1 according to the imaging 
modality available for each patient) as complete remission (CR), partial response (PR), 
stable disease (SD) and progression of disease (PD). Patients with either SD, PR or CR 
were considered as “disease controlled”, whereas those with PD were assumed to be 
“non-controlled”. PFS was defined as the time from immunotherapy treatment initiation 
and disease progression or death. OS was calculated from the start of ICI therapy until 
death from any cause or censoring at the last time the patient was known to be alive. 
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Figure 1. Pre-treatment MIP from 18F-FDG PET/CT in two different NSCLC patients with high (a) and low (b) MTV,
respectively. MTV is calculated as the sum of all the MTVs from the countered lesions (blue voxels). 18F-FDG PET/CT,
18F-fluorodeoxyglucose positron emission tomography/computed tomography; MIP, maximum intensity projection; MTV,
metabolic tumor volume.

2.3. Measures of Outcome

The aim of the present analysis was to assess the role of baseline quantitative PET
parameters as prognostic and predictive response factors to immunotherapy in NSCLC
patients. We investigated the association of SUVmax, SUVmean, SUVpeak, MTV and
TLG with outcomes in terms of disease control rate (DCR) and with progression free
survival (PFS) and overall survival (OS). Response to treatment was classified based on
either clinical data or radiological criteria (Response Evaluation Criteria In Solid Tumors
(RECIST) 1.1 or PET Response Criteria In Solid Tumors (PERCIST) 1.1 according to the
imaging modality available for each patient) as complete remission (CR), partial response
(PR), stable disease (SD) and progression of disease (PD). Patients with either SD, PR or
CR were considered as “disease controlled”, whereas those with PD were assumed to be
“non-controlled”. PFS was defined as the time from immunotherapy treatment initiation
and disease progression or death. OS was calculated from the start of ICI therapy until
death from any cause or censoring at the last time the patient was known to be alive.

2.4. Statistical Analysis

Categorical variables were described using absolute and relative frequencies; continu-
ous variables were described using median and interquartile range (IQR). To assess the
association with DCR, the distribution of each PET/CT parameter between disease control
groups (CR-PR-SD vs. PD) was represented graphically by box-plots and was compared
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using the Mann–Whitney test. Overall PFS and OS over time were estimated using Kaplan–
Meier curves. The association of PET/CT parameters with OS and PFS was investigated
through Kaplan–Meier curves and the log-rank test (after dichotomization of PET/CT
parameters using the median value as the cut-off) and by fitting univariate Cox models
(considering PET/CT parameters as continuous variables). Finally, a multivariate Cox
model was adopted to assess the association of SUVmean and MTV parameters, adjusting
for gender, age and line of therapy. All the analyses were performed with R (version 4.0.3).

3. Results
3.1. Patient Characteristics

Ninety-two patients were enrolled in the study. Twenty-seven were female (29.3%).
Median age was 70 years (interquartile range 62–75). Immunotherapy was used as the first
line in 22.8% (21 patients) and as a second or further line in 71 (77.2%). Sixty patients (65.9%)
were diagnosed with adenocarcinoma, 23 (25.3%) with squamous cell carcinoma (SCC)
and eight (8.8%) with other histologic subtypes. Patient characteristics are listed in Table 1.
Median PFS was 7.4 months (IQR 2.9–20.7). At the time of data cut-off 28 patients (30.4%)
were alive. Median OS was 13.3 months (IQR 5.5–27.4). The medians of the metabolic
parameters considered were: SUVmax 14.4 (IQR 11.0–18.8), SUVmean 4.9 (IQR 4.1–6.4),
SUVpeak 9.2 (IQR 7.1–13.0), MTV 94.9 (IQR 31.3–240.2), TLG 542.6 (IQR 190.5–1314.9).

3.2. PET Parameters and Outcomes

Tumor response evaluation was available in all 92 patients. Two patients (2.2%) had
CR, 26 (28.3%) PR, 33 (35.9%) SD and 31 (33.7%) PD, as best response. Patients who
achieved disease control (CR + PR + SD) had significantly lower MTV median values than
those who had not (PD) (77 vs. 160.2, p = 0.039, Figure 2).
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Figure 2. FDG-PET parameters evaluated comparing non-responders and responders to anti-PD-1 therapy. Box and whisker
plot showing (a) standardized uptake volume maximum (SUVmax), (b) standardized uptake volume maximum (SUVmean),
(c) standardized uptake volume peak (SUVpeak), (d) metabolic tumor volume (MTV), (e) total lesion glycolysis (TLG) of 92
NSCLC patients classified as responders (stable disease (SD), partial response (PR) or complete remission (CR), n = 61) and
non-responders (progression of disease (PD), n = 31). The midline, box edges and outer bars indicate the median, first and
third quartiles, and the upper and lower whiskers, respectively. Dots represent outliers.
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Table 1. Overall population (n = 92) characteristics.

Characteristics Value

Age Median 70 years old (range 61–75)

Sex
Male 65 (70.7%)

Female 27 (29.3%)

Smoking status
Non-smoker 10 (10.9%)
Ex-smoker 45 (48.9%)

Current smoker 32 (34.8%)
Not known 5 (5.4%)

Stage at first diagnosis
IA 2 (2.2%)
IB 3 (3.3%)

IIA 2 (2.2%)
IIB 5 (5.4%)

IIIA 10 (10.9%)
IIIB 10 (10.9%)
IV 56 (60.9%)

Not known 4 (4.2%)

Histological variant
Adenocarcinoma 60 (65.2%)

Squamous cell carcinoma 23 (25.3%)
NOS 8 (8.8%)

Not known 1 (1.1%)

Previous lung surgery
No 65 (70.7%)
Yes 25 (27.2%)

Not known 2 (2.1%)

Immunotherapy
First line 21 (22.8%)

Second line 39 (42.4%)
Third line 19 (20.7%)

Fourth line 13 (14.1%)

Molecule
Atezolizumab + Bevacizumab 1 (1.1%)

Nivolumab 69 (75.0%)
Pembrolizumab 22 (23.9%)

Median +/− SD SUVmax, SUVmean, SUVpeak and TLG values in patients with
disease control (CR, PR, SD) were 15.41 +/− 10.50, 5.21 +/− 3.45, 9.68 +/− 8.29 and
483.28 +/− 1099.22, respectively; the same parameters in patients without disease control
(PD) were 13.45 +/− 7.48, 4.80 +/− 2.97, 8.82 +/− 4.71 and 767.40 +/− 876.65, respectively;
all these parameters failed to show significant differences in the two groups of patients.

Considering outcomes, patients with MTV and TLG values lower than the median
value (MTV 94.9 and TLG 542.6 respectively) had improved OS as compared to those with
higher MTV and TLG (p = 0.03 and 0.05 respectively) (Figure 3).

In univariate analysis, SUVmean was found to be significantly associated with both
PFS (Hazard Ratio [HR] 0.365 (95% confidence interval (CI) 0.150–0.890), p = 0.027) and
OS (HR 0.261 (95% CI 0.084–0.808), p = 0.020), whereas MTV was correlated only with
OS (HR 1.132 (95% CI 1.020–1.257), p = 0.020). Finally, MTV was the only parameter to
be statistically associated with OS in the multivariate analysis as well (HR 1.221 (95% CI
1.078–2.124), p = 0.017) (Table 2).
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Table 2. Multivariate Cox model on the association of SUVmean and MTV with PFS and OS,
adjusted by some patient characteristics. In bold are highlighted the p-Values that reached
statistical significance.

Variables
PFS OS

HR (95%CI) p-Value HR (95%CI) p-Value

SUVmean, per 10 units 0.423
(0.164–1.088) 0.074 0.337

(0.103–1.103) 0.072

MTV, per 100 units 1.139
(0.989–1.311) 0.07 1.221

(1.063–1.402) 0.005

Gender M vs. F 0.837
(0.506–1.384) 0.488 0.924

(0.533–1.600) 0.777

Age, per 10 years 1.287
(0.947–1.749) 0.108 1.523

(1.078–2.124) 0.017

First line vs. not first line 0.763
(0.390–1.496) 0.432 0.640

(0.278–1.873) 0.294

4. Discussion

Different semiquantitative and quantitative parameters obtained from PET scans have
been previously proposed as outcome predictors in various cancers, including NSCLC [25].
MTV, a surrogate of disease burden derived from the sum of all the MTVs from the
contoured lesions, has been considered as a putative prognostic and predictive marker
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in patients treated with ICI. Although its prognostic role in baseline PET/CT has been
extensively studied in other settings [26–29], its possible employment in patients treated
with ICIs is controversial and data on its use in baseline assessment in melanoma [28] and
NSCLC [11–13] are still scarce.

To the best of our knowledge, our retrospective study is among those with the largest
cohorts for the evaluation of MTV in predicting therapy response in NSCLC. MTV values
were significantly correlated with treatment response in terms of disease control, with
higher MTV median values in patients with PD as compared to those with controlled
disease (160.2 vs. 77; p = 0.039). A similar result was found in the retrospective study by
Polverari et al. [12], in which patients with high MTV were more likely to be in the PD
group, although their analysis of pre-therapy semi-quantitative values was limited to the
primary lesion. A similar result has been described also by Evangelista et al. [11], where in
a small cohort of 32 patients MTV was higher in non-responders, although not reaching
statistical significance.

Moreover, in our population MTV was the only parameter that reached a significant
association with OS in both univariate and multivariate analysis, showing that patients
with MTV higher than median value (94.9 mL) had worse OS.

Chardin et al. [13] have recently defined baseline MTV as a strong predictive and
prognostic biomarker in NSCLC patients treated with ICIs both in first and further lines
of treatment; in their prospective study, higher MTV (>36.5 mL) at baseline PET was sig-
nificantly associated with lower OS. Similarly, in two retrospective studies by Seban et al
conducted on cohorts of 63 and 109 patients (88 considered eligible) with advanced NSCLC
respectively [30,31], pre-treatment high total MTV (>75 cm3) combined with neutrophil
to lymphocyte ratios correlated with poorer OS and PFS with no disease clinical benefit.
Hashimoto et al. similarly demonstrated worse OS and PFS in patients treated with ICIs
with high MTV (>5.0 mL) [32]. This variability in MTV cut-off values among different
studies is likely mainly due to the diversity of various characteristics among populations en-
rolled.

Whether metabolic tumor burden expressed by MTV could predict the outcome of
ICIs therapy remains unclear. Some authors have suggested that high hypoxia inducible
factor-1 overexpressed in larger tumors may create an immunosuppressive environment in
which Foxp3-regulatory T-cells (Tregs) have been reported to be positively associated with
MTV [33–35]. We could thus speculate that a higher MTV could form a negative tumor
microenvironment that could contribute to the resistance to ICI therapy. Further studies
are needed to confirm and elucidate these results.

Results emerging from our study in accordance with the others mentioned above
could be the proof of concept for a future role of pre-treatment MTV as a reliable, non-
invasive prognostic biomarker in patients who are candidates for ICIs treatment, in order
to find a robust optimal cut-off value for MTV in predicting the response to treatment
and prognosis.

Other putative metabolic parameters that have been proposed in the evaluation
of responses to ICI therapy are represented by different SUV values [36,37]. Although
routinely used in the assessment of metabolic tumor response according to European
Organization for Research and Treatment of Cancer (EORTC) and PERCIST criteria [36–40],
their prognostic or predictive value in patients treated with ICIs is still controversial
and the available data are contradictory. Some of the previous studies demonstrated
a strong correlation between SUVmax and PD, although they were conducted on small
cohorts [11,41]. Antithetical results were obtained by Takada et al.—in a cohort of 89 NSCLC
patients treated with anti PD-1 therapy, pre-treatment SUVmax values higher than 11.6
correlated with better Objective Response Rate (ORR) (p = 0.0012), although this did not
translate into a survival benefit [42]. This unexpected correlation could be explained by
the possible presence of inflammatory cells (i.e., tumor-infiltrating lymphocytes (TILs) and
tumor-associated macrophages), which are usually FDG-avid once activated. On the other
hand, Polverari et al., in their study which focused on the evaluation of the metabolic state
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of the primary tumor lesion, failed to demonstrate significant correlation of SUVmax with
any of the clinical outcomes examined [12]. Accordingly, considering the entire tumor load,
no significant correlation was found among any SUV value (namely, SUVmean, SUVmax
and SUVpeak) and the disease control indices (PD vs. DC). Although an association was
noted between SUVmean and PFS/OS in univariate analysis, this has not been confirmed
by multivariate analysis. The heterogeneity of these conflicting results could be explained
by different reasons, such as the number of patients enrolled and evaluated, the possible
interference of the metabolic state of the tumor microenvironment, the parameters used to
evaluate the response to therapy and the tumor volumes considered (single primary lesion
vs. total tumor load).

Our study has some limitations. First of all, the retrospective nature of the study may
introduce some bias in the data collection. Moreover, PET analysis was performed in two
experienced oncological centers but the reproducibility in MTV measurements has not been
tested, although the same EANM guidelines for volume definition were shared and utilized.
Finally, the population analyzed was quite heterogeneous due to the different histologic
subtypes and lines of therapy used before starting ICI treatment. The correlation between
SUV and PD-L1 expression was available only for a limited subset of cases. Despite these
limitations, to our knowledge this is the largest population available in the literature and
the first one to show a statistically significant correlation among SUVmean, MTV and
outcomes in terms of DCR, PFS and OS.

5. Conclusions

Our data indicate that baseline metabolic tumor burden as measured based on MTV
upon 18F-FDG-PET/CT in patients with NSCLC treated with ICIs was found to be an
independent prognostic factor for OS and PFS. Furthermore, as a non-invasive, easily
executable biomarker in clinical practice, MTV assessment could be a simple tool to predict
patients’ responses to treatment, namely, DCR, and thus help clinicians to select patients
who can really benefit from this innovative type of treatment. Validation with larger and
prospective studies are needed to confirm our results.
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5. Reck, M.; Rodríguez-Abreu, D.; Robinson, A.G.; Hui, R.; Csőszi, T.; Fülöp, A.; Gottfried, M.; Peled, N.; Tafreshi, A.; Cuffe, S.; et al.
Pembrolizumab versus Chemotherapy for PD-L1–Positive Non–Small-Cell Lung Cancer. N. Engl. J. Med. 2016, 375, 1823–1833.
[CrossRef] [PubMed]

6. Rittmeyer, A.; Barlesi, F.; Waterkamp, D.; Park, K.; Ciardiello, F.; von Pawel, J.; Gadgeel, S.M.; Hida, T.; Kowalski, D.M.;
Dols, M.C.; et al. Atezolizumab versus docetaxel in patients with previously treated non-small-cell lung cancer (OAK): A phase
3, open-label, multicentre randomised controlled trial. Lancet 2017, 389, 255–265. [CrossRef]

7. Rizvi, N.A.; Hellmann, M.D.; Snyder, A.; Kvistborg, P.; Makarov, V.; Havel, J.J.; Lee, W.; Yuan, J.; Wong, P.; Ho, T.S.; et al.
Cancer immunology. Mutational landscape determines sensitivity to PD-1 blockade in non–small cell lung cancer. Science
2015, 348, 124–128. [CrossRef]

8. McLaughlin, J.K.; Han, G.; Schalper, K.A.; Carvajal-Hausdorf, D.; Pelekanou, V.; Rehman, J.; Velcheti, V.; Herbst, R.S.; Lorusso,
P.M.; Rimm, D.L. Quantitative Assessment of the Heterogeneity of PD-L1 Expression in Non–Small-Cell Lung Cancer. JAMA
Oncol. 2016, 2, 46–54. [CrossRef]

9. Kandathil, A.; Kay, F.U.; Butt, Y.M.; Wachsmann, J.W.; Subramaniam, R.M. Role of FDG PET/CT in the Eighth Edition of TNM
Staging of Non–Small Cell Lung Cancer. Radiogr. Rev. Publ. Radiol. Soc. N. Am. Inc. 2018, 38, 2134–2149. [CrossRef]

10. Grossi, F.; Bauckneht, M.; Genova, C.; Rijavec, E.; Biello, F.; Mennella, S.; Bello, M.G.D.; Cittadini, G.; Bruzzi, P.; Piva, R.;
et al. Comparison Between 18F-FDG PET–Based and CT-Based Criteria in Non–Small Cell Lung Cancer Patients Treated with
Nivolumab. J. Nucl. Med. 2019, 61, 990–998. [CrossRef]

11. Evangelista, L.; Cuppari, L.; Menis, J.; Bonanno, L.; Reccia, P.; Frega, S.; Pasello, G. 18F-FDG PET/CT in non-small-cell lung cancer
patients: A potential predictive biomarker of response to immunotherapy. Nucl. Med. Commun. 2019, 40, 802–807. [CrossRef]

12. Polverari, G.; Ceci, F.; Bertaglia, V.; Reale, M.L.; Rampado, O.; Gallio, E.; Passera, R.; Liberini, V.; Scapoli, P.; Arena, V.; et al.
18F-FDG Pet Parameters and Radiomics Features Analysis in Advanced Nsclc Treated with Immunotherapy as Predictors of
Therapy Response and Survival. Cancers 2020, 12, 1163. [CrossRef]

13. Chardin, D.; Paquet, M.; Schiappa, R.; Darcourt, J.; Bailleux, C.; Poudenx, M.; Sciazza, A.; Ilie, M.; Benzaquen, J.; Martin, N.; et al.
Baseline metabolic tumor volume as a strong predictive and prognostic biomarker in patients with non-small cell lung cancer
treated with PD1 inhibitors: A prospective study. J. Immunother. Cancer 2020, 8, e000645. [CrossRef]

14. O, J.H.; Choi, W.H.; Han, E.J.; Choi, E.-K.; Chae, B.J.; Park, Y.-G.; Kim, S.H. The Prognostic Value of 18F-FDG PET/CT for Early
Recurrence in Operable Breast Cancer: Comparison with TNM Stage. Nucl. Med. Mol. Imaging 2013, 47, 263–267. [CrossRef]

15. Takada, K.; Toyokawa, G.; Tagawa, T.; Kohashi, K.; Akamine, T.; Takamori, S.; Hirai, F.; Shoji, F.; Okamoto, T.; Oda, Y.; et al.
Association Between PD-L1 Expression and Metabolic Activity on 18F-FDG PET/CT in Patients with Small-sized Lung Cancer.
Anticancer Res. 2017, 37, 7073–7082. [CrossRef] [PubMed]

16. Costelloe, C.M.; Macapinlac, H.A.; Madewell, J.E.; Fitzgerald, N.E.; Mawlawi, O.R.; Rohren, E.M.; Raymond, A.K.; Lewis, V.O.;
Anderson, P.M.; Bassett, R.L.; et al. 18F-FDG PET/CT as an Indicator of Progression-Free and Overall Survival in Osteosarcoma.
J. Nucl. Med. 2009, 50, 340–347. [CrossRef] [PubMed]

17. Hyun, S.H.; Choi, J.Y.; Shim, Y.M.; Kim, K.; Lee, S.J.; Cho, Y.S.; Lee, J.Y.; Lee, K.-H.; Kim, B.-T. Prognostic Value of Metabolic
Tumor Volume Measured by 18F-Fluorodeoxyglucose Positron Emission Tomography in Patients with Esophageal Carcinoma.
Ann. Surg. Oncol. 2009, 17, 115–122. [CrossRef] [PubMed]

18. Yoo, J.; Choi, J.Y.; Moon, S.H.; Bae, D.S.; Bin Park, S.; Choe, Y.S.; Lee, K.-H.; Kim, B.-T. Prognostic significance of volume-based
metabolic parameters in uterine cervical cancer determined using 18F-fluorodeoxyglucose positron emission tomography. Int. J.
Gynecol. Cancer 2012, 22, 1226–1233. [CrossRef] [PubMed]

19. Chen, H.H.W.; Chiu, N.-T.; Su, W.-C.; Guo, H.-R.; Lee, B.-F. Prognostic Value of Whole-Body Total Lesion Glycolysis at
Pretreatment FDG PET/CT in Non–Small Cell Lung Cancer. Radiology 2012, 264, 559–566. [CrossRef] [PubMed]

20. Hyun, S.H.; Ahn, H.K.; Ahn, M.-J.; Ahn, Y.C.; Kim, J.; Shim, Y.M.; Choi, J.Y. Volume-Based Assessment With18F-FDG PET/CT
Improves Outcome Prediction for Patients with Stage IIIA-N2 Non–Small Cell Lung Cancer. Am. J. Roentgenol. 2015, 205, 623–628.
[CrossRef] [PubMed]

21. Hyun, S.H.; Ahn, H.K.; Kim, H.; Ahn, M.-J.; Park, K.; Ahn, Y.C.; Kim, J.; Shim, Y.M.; Choi, J.Y. Volume-based assessment
by 18F-FDG PET/CT predicts survival in patients with stage III non-small-cell lung cancer. Eur. J. Nucl. Med. Mol. Imaging
2013, 41, 50–58. [CrossRef] [PubMed]

22. Kim, D.-H.; Son, S.H.; Kim, C.-Y.; Hong, C.M.; Oh, J.-R.; Song, B.-I.; Kim, H.W.; Jeong, S.Y.; Lee, S.-W.; Lee, J.; et al. Prediction
for Recurrence Using F-18 FDG PET/CT in Pathologic N0 Lung Adenocarcinoma After Curative Surgery. Ann. Surg. Oncol.
2013, 21, 589–596. [CrossRef] [PubMed]

23. Zaizen, Y.; Azuma, K.; Kurata, S.; Sadashima, E.; Hattori, S.; Sasada, T.; Imamura, Y.; Kaida, H.; Kawahara, A.; Kinoshita, T.; et al.
Prognostic significance of total lesion glycolysis in patients with advanced non-small cell lung cancer receiving chemotherapy.
Eur. J. Radiol. 2012, 81, 4179–4184. [CrossRef] [PubMed]

http://doi.org/10.1056/NEJMoa1504627
http://www.ncbi.nlm.nih.gov/pubmed/26028407
http://doi.org/10.1056/NEJMoa1501824
http://www.ncbi.nlm.nih.gov/pubmed/25891174
http://doi.org/10.1056/NEJMoa1606774
http://www.ncbi.nlm.nih.gov/pubmed/27718847
http://doi.org/10.1016/S0140-6736(16)32517-X
http://doi.org/10.1126/science.aaa1348
http://doi.org/10.1001/jamaoncol.2015.3638
http://doi.org/10.1148/rg.2018180060
http://doi.org/10.2967/jnumed.119.233056
http://doi.org/10.1097/MNM.0000000000001025
http://doi.org/10.3390/cancers12051163
http://doi.org/10.1136/jitc-2020-000645
http://doi.org/10.1007/s13139-013-0232-6
http://doi.org/10.21873/anticanres.12180
http://www.ncbi.nlm.nih.gov/pubmed/29187498
http://doi.org/10.2967/jnumed.108.058461
http://www.ncbi.nlm.nih.gov/pubmed/19258257
http://doi.org/10.1245/s10434-009-0719-7
http://www.ncbi.nlm.nih.gov/pubmed/19826877
http://doi.org/10.1097/IGC.0b013e318260a905
http://www.ncbi.nlm.nih.gov/pubmed/22810970
http://doi.org/10.1148/radiol.12111148
http://www.ncbi.nlm.nih.gov/pubmed/22692034
http://doi.org/10.2214/AJR.14.13847
http://www.ncbi.nlm.nih.gov/pubmed/26295651
http://doi.org/10.1007/s00259-013-2530-8
http://www.ncbi.nlm.nih.gov/pubmed/23948859
http://doi.org/10.1245/s10434-013-3270-5
http://www.ncbi.nlm.nih.gov/pubmed/24046125
http://doi.org/10.1016/j.ejrad.2012.07.009
http://www.ncbi.nlm.nih.gov/pubmed/22884163


Cancers 2021, 13, 1634 11 of 11

24. Liao, S.; Penney, B.C.; Zhang, H.; Suzuki, K.; Pu, Y. Prognostic Value of the Quantitative Metabolic Volumetric Measurement on
18F-FDG PET/CT in Stage IV Nonsurgical Small-cell Lung Cancer. Acad. Radiol. 2012, 19, 69–77. [CrossRef]

25. Dosani, M.; Yang, R.; McLay, M.; Wilson, D.; Liu, M.; Yong-Hing, C.J.; Hamm, J.; Lund, C.R.; Olson, R.; Schellenberg, D. Metabolic
Tumour Volume Is Prognostic in Patients with Non-Small-Cell Lung Cancer Treated with Stereotactic Ablative Radiotherapy.
Curr. Oncol. 2019, 26, e57–e63. [CrossRef] [PubMed]

26. Zhang, H.; Wroblewski, K.; Appelbaum, D.; Pu, Y. Independent prognostic value of whole-body metabolic tumor burden from
FDG-PET in non-small cell lung cancer. Int. J. Comput. Assist. Radiol. Surg. 2013, 8, 181–191. [CrossRef]

27. Liao, S.; Penney, B.C.; Wroblewski, K.; Zhang, H.; Simon, C.A.; Kampalath, R.; Shih, M.-C.; Shimada, N.; Chen, S.; Salgia, R.; et al.
Prognostic value of metabolic tumor burden on 18F-FDG PET in nonsurgical patients with non-small cell lung cancer. Eur. J. Nucl.
Med. Mol. Imaging 2012, 39, 27–38. [CrossRef]

28. Ito, K.; Schöder, H.; Teng, R.; Humm, J.L.; Ni, A.; Wolchok, J.D.; Weber, W.A. Prognostic value of baseline metabolic tumor volume
measured on 18F-fluorodeoxyglucose positron emission tomography/computed tomography in melanoma patients treated with
ipilimumab therapy. Eur. J. Nucl. Med. Mol. Imaging 2019, 46, 930–939. [CrossRef]

29. Marinelli, B.; Espinet-Col, C.; Ulaner, G.A.; McArthur, H.L.; Gonen, M.; Jochelson, M.; Weber, W.A. Prognostic value of FDG
PET/CT-based metabolic tumor volumes in metastatic triple negative breast cancer patients. Am. J. Nucl. Med. Mol. Imaging
2016, 6, 120–127.

30. Seban, R.-D.; Assié, J.-B.; Giroux-Leprieur, E.; Massiani, M.-A.; Soussan, M.; Bonardel, G.; Chouaid, C.; Playe, M.; Goldfarb, L.;
Duchemann, B.; et al. Association of the Metabolic Score Using Baseline FDG-PET/CT and dNLR with Immunotherapy Outcomes
in Advanced NSCLC Patients Treated with First-Line Pembrolizumab. Cancers 2020, 12, 2234. [CrossRef]

31. Seban, R.-D.; Mezquita, L.; Berenbaum, A.; Dercle, L.; Botticella, A.; Le Pechoux, C.; Caramella, C.; Deutsch, E.; Grimaldi, S.;
Adam, J.; et al. Baseline metabolic tumor burden on FDG PET/CT scans predicts outcome in advanced NSCLC patients treated
with immune checkpoint inhibitors. Eur. J. Nucl. Med. Mol. Imaging 2019, 47, 1147–1157. [CrossRef] [PubMed]

32. Hashimoto, K.; Kaira, K.; Yamaguchi, O.; Mouri, A.; Shiono, A.; Miura, Y.; Murayama, Y.; Kobayashi, K.; Kagamu, H.; Kuji, I.
Potential of FDG-PET as Prognostic Significance after anti-PD-1 Antibody against Patients with Previously Treated Non-Small
Cell Lung Cancer. J. Clin. Med. 2020, 9, 725. [CrossRef] [PubMed]

33. Schaaf, M.B.; Garg, A.D.; Agostinis, P. Defining the role of the tumor vasculature in antitumor immunity and immunotherapy.
Cell Death Dis. 2018, 9, 115. [CrossRef]

34. Fukumura, D.; Kloepper, J.; Amoozgar, Z.; Duda, D.G.; Jain, R.K. Enhancing cancer immunotherapy using antiangiogenics:
Opportunities and challenges. Nat. Rev. Clin. Oncol. 2018, 15, 325–340. [CrossRef] [PubMed]

35. Wang, Y.; Zhao, N.; Wu, Z.; Pan, N.; Shen, X.; Liu, T.; Wei, F.; You, J.; Xu, W.; Ren, X. New insight on the correlation of metabolic
status on 18F-FDG PET/CT with immune marker expression in patients with non-small cell lung cancer. Eur. J. Nucl. Med. Mol.
Imaging 2019, 47, 1127–1136. [CrossRef]

36. Aide, N.; Lasnon, C.; Veit-Haibach, P.; Sera, T.; Sattler, B.; Boellaard, R. EANM/EARL harmonization strategies in PET quan-
tification: From daily practice to multicentre oncological studies. Eur. J. Nucl. Med. Mol. Imaging 2017, 44 (Suppl. S1), 17–31.
[CrossRef]

37. Houdu, B.; Lasnon, C.; Licaj, I.; Thomas, G.; Do, P.; Guizard, A.-V.; Desmonts, C.; Aide, N. Why harmonization is needed when
using FDG PET/CT as a prognosticator: Demonstration with EARL-compliant SUV as an independent prognostic factor in lung
cancer. Eur. J. Nucl. Med. Mol. Imaging 2019, 46, 421–428. [CrossRef]

38. Young, H.; Baum, R.; Cremerius, U.; Herholz, K.; Hoekstra, O.; Lammertsma, A.; Pruim, J.; Price, P; European Organization
for Research and Treatment of Cancer (EORTC) PET Study Group. Measurement of clinical and subclinical tumour response
using [18F]-fluorodeoxyglucose and positron emission tomography: Review and 1999 EORTC recommendations. Eur. J. Cancer
1999, 35, 1773–1782. [CrossRef]

39. De Geus-Oei, L.-F.; Van Der Heijden, H.F.; Visser, E.P.; Hermsen, R.; Van Hoorn, B.A.; Timmer-Bonte, J.N.; Willemsen, A.T.;
Pruim, J.; Corstens, F.H.; Krabbe, P.F.; et al. Chemotherapy Response Evaluation with 18F-FDG PET in Patients with Non-Small
Cell Lung Cancer. J. Nucl. Med. 2007, 48, 1592–1598. [CrossRef]

40. Shang, J.; Ling, X.; Zhang, L.; Tang, Y.; Xiao, Z.; Cheng, Y.; Guo, B.; Gong, J.; Huang, L.; Xu, H. Comparison of RECIST, EORTC
criteria and PERCIST for evaluation of early response to chemotherapy in patients with non-small-cell lung cancer. Eur. J. Nucl.
Med. Mol. Imaging 2016, 43, 1945–1953. [CrossRef]

41. Grizzi, F.; Castello, A.; Qehajaj, D.; Toschi, L.; Rossi, S.; Pistillo, D.; Paleari, V.; Veronesi, G.; Novellis, P.; Monterisi, S.; et al.
Independent expression of circulating and tissue levels of PD-L1: Correlation of clusters with tumor metabolism and outcome in
patients with non-small cell lung cancer. Cancer Immunol. Immunother. 2019, 68, 1537–1545. [CrossRef] [PubMed]

42. Takada, K.; Toyokawa, G.; Yoneshima, Y.; Tanaka, K.; Okamoto, I.; Shimokawa, M.; Wakasu, S.; Haro, A.; Osoegawa, A.;
Tagawa, T.; et al. 18F-FDG uptake in PET/CT is a potential predictive biomarker of response to anti-PD-1 antibody therapy in
non-small cell lung cancer. Sci. Rep. 2019, 9, 1–7. [CrossRef] [PubMed]

http://doi.org/10.1016/j.acra.2011.08.020
http://doi.org/10.3747/co.26.4167
http://www.ncbi.nlm.nih.gov/pubmed/30853810
http://doi.org/10.1007/s11548-012-0749-7
http://doi.org/10.1007/s00259-011-1934-6
http://doi.org/10.1007/s00259-018-4211-0
http://doi.org/10.3390/cancers12082234
http://doi.org/10.1007/s00259-019-04615-x
http://www.ncbi.nlm.nih.gov/pubmed/31754795
http://doi.org/10.3390/jcm9030725
http://www.ncbi.nlm.nih.gov/pubmed/32156047
http://doi.org/10.1038/s41419-017-0061-0
http://doi.org/10.1038/nrclinonc.2018.29
http://www.ncbi.nlm.nih.gov/pubmed/29508855
http://doi.org/10.1007/s00259-019-04500-7
http://doi.org/10.1007/s00259-017-3740-2
http://doi.org/10.1007/s00259-018-4151-8
http://doi.org/10.1016/S0959-8049(99)00229-4
http://doi.org/10.2967/jnumed.107.043414
http://doi.org/10.1007/s00259-016-3420-7
http://doi.org/10.1007/s00262-019-02387-9
http://www.ncbi.nlm.nih.gov/pubmed/31482306
http://doi.org/10.1038/s41598-019-50079-2
http://www.ncbi.nlm.nih.gov/pubmed/31527660

	Introduction 
	Materials and Methods 
	Patients Selection and Ethical Aspects 
	18. F-FDG PET/CT Protocol 
	Measures of Outcome 
	Statistical Analysis 

	Results 
	Patient Characteristics 
	PET Parameters and Outcomes 

	Discussion 
	Conclusions 
	References

