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Abstract

Purpose We aimed to evaluate if imaging biomarkers on FDG PET are associated with clinical outcomes in patients with
advanced non-small cell lung cancer (NSCLC) treated with immune checkpoint inhibitors (ICIs).

Methods In this retrospective monocentric study, we included 109 patients with advanced NSCLC who underwent baseline FDG
PET/CT before ICI initiation between July 2013 and September 2018. Clinical, biological (including dNLR = neutrophils/
[leukocytes minus neutrophils]), pathological and PET parameters (tumor SUVmax, total metabolic tumor volume [TMTV])
were evaluated. A multivariate prediction model was developed using Cox models for progression-free survival (PFS) and
overall survival (OS). The association between biomarkers on FDG PET/CT and disease clinical benefit (DCB) was tested using
logistic regression.

Results Eighty patients were eligible. Median follow-up was 11.6 months (95%CI 7.7-15.5). Sixty-four and 52 patients expe-
rienced progression and death, respectively. DCB was 40%. In multivariate analyses, TMTV > 75 cm® and dNLR > 3 were
associated with shorter OS (HR 2.5, 95%CI 1.3—4.7 and HR 3.3, 95%CI 1.6-6.4) and absence of DCB (OR 0.3, 95%CI 0.1-0.9
and OR 0.4, 95%CI 0.2-0.9). Unlike TMTYV, dNLR was a significant prognostic factor for PFS (HR 1.9, 95%CI 1.1-3.3) along
with anemia (HR 1.9, 95%CI 1.2-3.8). No association was observed between tumor SUVmax and PFS or OS.

Conclusion Baseline tumor burden (TMTV) on FDG PET/CT scans and inflammatory status (AINLR) were associated with poor
OS and absence of DCB for ICI treatment in advanced NSCLC patients, unlike tumor SUVmax, and may be used together to
improve the selection of appropriate candidates.

Keywords Advanced non-small-cell lung carcinoma - Immune checkpointinhibitors - Fluorodeoxyglucose F18-positron emission
tomography computed tomography - Derived neutrophil to lymphocyte ratio
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Introduction

Over the last few years, treatment of advanced non-small cell
lung cancer (NSCLC) has improved significantly, especially
with the introduction of immune checkpoint inhibitors (ICIs)
[1]. Some of these agents specifically target the programmed
cell death 1 receptor (PD-1) (pembrolizumab and nivolumab)
or the programmed cell death-ligand 1 receptor (PD-L1)
(atezolizumab), and have been approved by the EMA and
the FDA for treatment of NSCLC [2—6]. Because only a small
fraction of patients experiences long-term benefit of ICI, early
identification of patients who may benefit from such therapies
is an area of intensive investigation [7]. Expression of PD-L1
is the unique companion diagnostic test approved to date,
while the value of tumor mutational burden is actively ex-
plored [8]. Other potential biomarkers have been proposed,
such as serum lactate dehydrogenase (LDH) levels, a measure
of the “biological” tumor burden [9], or the number of various
immune cell types in peripheral blood [10], such as lympho-
cytes, eosinophils, and neutrophils which can be used to de-
termine the neutrophil to lymphocyte ratio (NLR) or the de-
rived NLR (dNLR) [11-13].

In the current new era of immunotherapy, baseline
imaging biomarkers offer a standardized and reproduc-
ible technique for identifying potential appropriate can-
didates, as highlighted previously with CT scans [14]
and 18F-fluorodeoxyglucose positron emission tomogra-
phy (FDG PET) in solid tumors [15, 16] and Hodgkin
lymphoma [17]. In patients with NSCLC, there is a
strong rationale that metabolic parameters on pretreat-
ment FDG PET are reliable prognosticators of outcome
and survival [18, 19]. Among PET biomarkers, metabol-
ic tumor volume (MTV) and total lesion glycolysis
(TLG) both reflect the metabolic tumor burden and are
considered to be the strongest prognostic factors, even
more so than tumoral maximal standardized uptake
values (SUVmax), in NSCLC patients undergoing sur-
gery [19], chemoradiotherapy [20], chemotherapy [21],
or targeted therapies [22]. In the case of immunothera-
py, this has been demonstrated in a recent study by
Kaira et al, who showed that FDG PET predicted effi-
cacy and survival at 1 month after nivolumab [23].
However, the prognostic and predictive value of base-
line FDG PET remains unclear in advanced NSCLC
patients treated with ICIs.

Although several factors had been linked to the therapeutic
efficacy of ICIs, relevant predictive and prognostic bio-
markers for estimating the likelihood of effective ICI treat-
ment and overall survival (OS) are still needed [24]. In this
study, we aimed to evaluate if imaging biomarkers, particular-
ly the metabolic tumor burden identified in pretreatment FDG
PET scans, can predict clinical outcome in advanced NSCLC
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patients who undergo therapy with an ICI. Secondly, we
assessed these imaging biomarkers in combination with bio-
logical parameters to identify a means of stratifying the treat-
ment approach for the population that may receive IClIs.

Methods
Patients

We conducted a retrospective study of patients with ad-
vanced NSCLC treated with ICIs between July 2013
and September 2018, who underwent a combined imag-
ing protocol of FDG PET/CT, as part of a standard care
or in a clinical study at the Gustave Roussy Cancer
Center (GRCC), Villejuif, France. The study was ap-
proved by the institutional review board (IRB) and
waived the requirement for informed consent.

Main inclusion criteria were treatment with a single agent
monoclonal IgG targeting PD-1 or PD-L1, and histological or
cytological confirmation of NSCLC, stage IV or IIIB, which
was ineligible for local therapy. Patients were excluded if they
delay between FDG PET/CT, and the first ICI perfusion was >
6 weeks (n = 22), were lost to follow-up (n = 3), or had other
primary malignancies (n = 4). Demographic, clinical, patho-
logical, biological, and molecular data were collected. The
inclusion criteria for blood samples assessment before 1CIs
therapy was 28 days.

FDG PET/CT protocol

Prior to FDG PET scans, patients fasted for at least 6 h, and
blood glucose levels were confirmed to be <180 mg/dL.
Patients were injected according to current guidelines with
FDG (median activity 255 MBq [range, 106-446] — median
3.0 MBg/kg), and images were acquired 60 min later (median
60 min). A CT scan was obtained initially, followed by a PET
scan, performed from the skull base to the proximal femur.
Three PET/CT scanners were used: General Electric
Discovery 690 (GE Healthcare, Waukesha, WI) (63 patients),
Philips Gemini TF TOF 16 PET/CT scanner (10 patients), and
both with LYSO-based detectors and Siemens PET/CT
Biograph 40 with LSO crystal (7 patients). PET images were
reconstructed using iterative algorithms (GE Discovery 690:
OSEM algorithm, time of flight — TOF reconstruction, matrix
256 x 256, 3 iterations, 16 subsets, post-filter 6.3 mm; Philips
Gemini TF 16: OSEM algorithm, time of flight — TOF recon-
struction, matrix 512 x 512, 3 iterations, 8 subsets, post-filter 8
mm; Siemens Biograph 40: PSF algorithm, matrix 168 x 168,
3 iterations, 21 subsets, post-filter 5 mm). Each de-identified
and anonymized patient was analyzed on-site by a pair of
experienced nuclear medicine physicians who regularly
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perform and review FDG PET scans according to the same
protocol.

Measurement of biological and imaging biomarkers
and PD-L1 expression

All hypermetabolic metastatic lesions were selected for anal-
ysis, while hypermetabolic foci explained by inflammatory or
physiologic activity were excluded. For each metastatic le-
sion, SUVmax and MTV values were measured. SUV was
calculated in a pixel as (radioactivity)/(injected dose/body
weight). MTV was measured with setting a margin threshold
0of 42% of SUVmax [25]. All values of SUVmax and MTV
were automatically measured by the analysis software for each
lesion. A patient’s SUVmax was defined as the highest
SUVmax recorded among all lesions detected, and total
MTV (TMTV) was defined as the sum of all lesions.

Complete blood cell counts, LDH, and albumin levels at
baseline before ICI treatment (within 28 days before the first
treatment) were extracted from electronic medical records.
The cutoff for ANLR was > 3 (based on the cutoff from the
largest published study with ICIs [26]), and the upper limit of
normal (ULN) was defined according the limit of our bio-
chemical laboratory (LDH: ULN = 248 UI/L; albumin: ULN
= 37 g/L) or widely applied thresholds (anemia if Hb < 12
g/dL, neutrophilia if neutrophils > 7x10°/L and
thrombocytosis if platelets > 400x10°/L).

Tumor PD-L1 expression was assessed locally by immu-
nohistochemical staining with six PD-L1 immunohistochem-
istry (IHC) assays (22C4, 28-8, QRI1, E1L3N, SP142, and
SP263), in pretreatment and archival biopsy samples.
Samples with membrane staining in > 1% of tumor and/or
immune cells were considered positive.

NSCLC pts treated

with anti-PD(L)1: 109 pts SUVmax

TMTV in cm?

Exclusion: 29 pts Inclusion: 80 pts

Delay > 6 weeks n=22 pts
Other malignancy n=4 pts 1 2
Lost to follow-up n=3 pts

Centralized analysis of
18F-FDG PET/CT

Fig. 1 Flow chart. Abbreviations: NSCLC (non-small cell lung cancer),
PD/PD-L1 (programmed cell death-1/ programmed death-ligand 1), FDG
PET/CT (18F-fluorodeoxyglucose positron emission tomography/

Extraction of
pretreatment PET
biomarkers

Outcomes
Progression-free and overall survival

The primary end point analysis was to develop and validate a
multivariate model using pretreatment FDG PET imaging to
predict outcome. Progression-free survival (PFS) was defined
as the time from the first ICI perfusion to disease progression
or death from any cause, and OS was defined as the time from
the first ICI perfusion to the date of death due to any cause or
of censoring at the last time the patient was known to be alive.
Follow-up was calculated from the date of the initial PET/CT
to the date of the last clinical consultation. Assessment of
outcome was blinded.

Response evaluation

The secondary end point analysis was to evaluate the accuracy
of baseline FDG PET for disease clinical benefit (DCB) clas-
sification. Radiological assessments with CT scans were per-
formed every 6 to 8 weeks per RECIST (response evaluation
criteria in solid tumors) v1.1.

Patients who achieved objective partial or complete re-
sponse (PR or CR) at any time during the treatment or stable
disease (SD) after 6 months were defined as having DCB. All
other patients were classified as being without DCB.

Statistical analysis

Continuous variables were dichotomized at their median val-
ue. Values of biomarkers between patients with or without
DCB, patients with or without corticosteroids at baseline,
and patients with low and high PD-L1 expression were

. &.-

e

" KLLL |

g

T

Prediction of OS, PFS,
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Central repository
All clinical, biological, and
radiological metadata
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anti-PD(L)1 efficacy

computed tomography), SUVmax (maximum standardized uptake value),

TMTYV (total metabolic tumor volume), OS (overall survival), PFS (pro-
gression-free survival), BOR (best overall response)
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compared using the nonparametric Kruskal-Wallis test. Tests
for continuous variables dealt both with the binary form and
the continuous form (p trend). The prognostic value for sur-
vival of all pretreatment imaging biomarkers was studied with
Cox models for survival. Multivariate analyses were per-
formed using Cox proportional hazard regression models in
a stepwise manner for independent significant factors.
Spearman’s rank correlation coefficients were calculated to
assess the relationships between parameters. Factors associat-
ed with DCB were tested with logistic regression with the
backward elimination method in univariate and multivariate
analyses. P values were adjusted to account for the multiple
comparisons issue using the Holm—Bonferroni method (ad-
justed p). A significance threshold of 5% was used.

Table 1  Baseline characteristics

Analyses were performed with PASW Statistics for
Windows (version 25. Chicago: SPSS Inc).

Results
Patient characteristics

Of 109 consecutive patients with FDG PET before receiving
an ICI who were screened, 80 were included, 77 were identi-
fied from standard care evaluation, and 3 patients were includ-
ed in clinical trials (Fig. 1). Baseline patient characteristics are
summarized in Table 1. In most of the patients, blood samples
were collected in the 7 days before the ICIs beginning (mean

n (%) Median (range)

Clinical Parameters (Threshold)
Age (years)
Sex (male/female)
Body mass index (kg/m?)
Performance status (ECOG > 2)
Smoking status (current/former/never/unknown)
Stage groups: [II/IV
Treatment
Nivolumab/pembrolizumab/atezolizumab
Number of prior therapies
Histology
SCC/ADK/other
Molecular parameters
Main mutation: KRAS/EGFR/ALK/other’/WT/unknown

PD-L1 > 1%/ < 1% / unknown
Biology
Neutrophils (> 7.10°/L)
dNLR (> 3)
Hemoglobin (< 12 g/dL)
Platelets (> 400.10°/L)
LDH (> 248UI/L)
Albumin (< 37 g/L)
Tumor imaging — PET
Number of metastatic sites (> 3)
Metastatic site: liver/brain/bone/adrenal
Tumor SUVmax (> 12.8)
TMTV > 75 cm3)

. 61.9 (34.2-84.8)
56 (70)/24 (30) -

- 23.2 (13.2-39.5)
- 1(0-3)
27 (34Y/45 (56)/5 (6)/3 (4)
19 (24)/61 (76)
54 (68)/21 (26)/5 (6) -
- 2.0 (0-6)
28 (35)/46 (57)/6 (8) -
12 (15)/2 (2.5)/2 (2.5)/15 (19)/27 -

(34)22 27)
24 (3017 (21)/39 (49) -
36 45) 6.7 (2.1-25.6)
40 (50) 32(04-12.2)
38 (48) 11.9 (7.6-15.1)
21 (26) 305 (21-1157)
28 (35) 231 (92-1157)
38 (48) 37 (24-50)
22 (28%) 3(0-8)
15 (19)/22 (27)/32 (40)/16 (20) -
40 (50) 12.8 (4.7-50.1)
40 (50) 75.0 (4.6-670.8)

#Other: BRAF, MET, BRCAI, HER-2, PI3KCA, TP53, CDKN2A, STK11.
*Patients with PD-L1 status available

Abbreviations: ECOG (eastern cooperative oncology group), SCC (squamous cell carcinoma), ADK (adenocarcinoma), WT (wild-type), PD-L1 (pro-
grammed death-ligand 1), dNLR (derived neutrophils to lymphocytes ratio), LDH (lactate dehydrogenase), PET (positron emission tomography),

SUVmax (maximum standardized uptake value), TMTV (total metabolic tumor volume), ULN (upper limits of normal)
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Fig. 2 Correlogram: correlations
between TMTYV, tumor SUVmax
and clinical or biological

variables (Spearman’s coefficient)
Abbreviations: dNLR (derived

neutrophils to lymphocytes
ratio), LDH (lactate
dehydrogenase), PET (positron
emission tomography), SUVmax
(maximum standardized uptake
value), TMTV (total metabolic
tumor volume), N metastatic
sites (number of metastatic sites)
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time interval 4.4 days; minimum 0; maximum 26). In terms of
disease, 24% had stage III NSCLC and 76% had stage IV
before ICI treatment. Patients had a median of three metastatic
sites (range, 0-8), 15 patients (19%) had liver metastasis, and
22 (27%) had brain metastasis. Patients had received a median
of two lines of therapy before ICI treatment (range 0-6)

N metastatic sites .

(characteristics of patients with ICI for first-line therapy and
patients with ICI for subsequent line therapy are provided in
Supplemental Table 1). Nineteen patients (24%) received pri-
or thoracic radiotherapy and 28 (35%) had prior platinum-
based chemotherapy. Nine patients were treated with >
10 mg of prednisone-equivalent dose at baseline (type of

Table 2 Prognostic significance of biomarkers for progression-free survival and overall survival in univariate and multivariate analyses

Progression-free survival

Overall survival

n = 80 patients Univariate Multivariate  Univariate Multivariate

Variable Adjusted p  HR (CI 95%) p HR (C195%) Adjustedp HR (CI95%) p HR (CI 95%)
PS(>2vs<?2) 0.23 0.9 (0.7-1.1) - - 0.02 29(1.4-6.0) 023 1.6(0.7-3.4)
Histology (SCC vs non-SCC) 0.21 0.7 (0.4-1.2) - - 0.43 1.3 (0.7-2.2) - -
Smokers (never vs always) 0.09 0.4 (0.2-1.1) - - 0.75 1.2(0.4-3.9) - -
dNLR (>3 vs <3) 0.02 23 (1.4-4.1) 0.007 1.9 (1.1-3.3) 0.001 3.6(1.8-7.0) 0.001 3.3(1.6-6.4)
Hemoglobin (< 12 vs > 12 g/dL) 0.04 2.2(1.3-3.8) 0.02 1.9 (1.2-3.8) 0.06 1.8 (0.9-3.1) - -
LDH (> 248 vs < 248 UI/L) 0.13 1.1 (0.8-1.3) - - 0.09 1.2 (0.8-2.3) - -

N metastatic sites (> 3 vs < 3) 0.24 0.9 (0.8-1.1) - - 0.07 2.1 (1.2-3.8) - -
Liver metastasis (yes vs no) 0.39 1.3 (0.7-2.1) 0.26 1.4 (0.8-2.7) - -
Tumor SUVmax (> 12.8 vs < 12.8) 0.35 0.8 (0.5-1.3) - - 0.63 0.9 (0.5-1.5) - -
TMTV (> 75 vs <75 cm?) 0.25 1.0 (0.9-1.1) - - 0.001 3.1 (1.7-5.7) 0.004 2.5(1.3-4.7)

Abbreviations: PS (performance status), SCC (squamous cell carcinoma), dNVLR (derived neutrophils to lymphocytes ratio), LDH (lactate dehydroge-
nase), N metastatic sites (number of metastatic sites), SUVmax (maximum standardized uptake value), TMTV (total metabolic tumor volume), HR

(hazard-ratio), CI (confidence interval), ULN (upper limits of normal)
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corticoids, daily dose and reason are detailed in Supplemental
Table 2), with clinical, biological or imaging characteristics
similar to those in patients without corticosteroids
(Supplemental Table 3). After a median follow-up of 11.6
months (95%CI 7.7-15.5), 64 (80%) and 52 (65%) patients
had experienced progression and death, respectively. The dis-
tribution of PET parameters is described in supplemental Fig.
1. Thresholds, corresponding to median values of the whole
cohort (80 patients), were: SUVmax > or < 12.8 and TMTV >
or <75 cm’.

Correlation between biomarkers

Correlations between PET biomarkers, extracted from
tumor lesions and variables of interest, are presented
in Fig. 2. We found that tumor SUVmax and TMTV
didn’t correlate significantly with each other.
Furthermore, tumor SUVmax or TMTV (continuous var-
iable) were not correlated with any clinical or biological
variables, with one exception (association between tu-
mor SUVmax and age: rank [rho] = 0.3; p < 0.05).

Fig. 3 Association of TMTV and
dNLR with overall survival
Kaplan-Meier curves for OS in all
patients (n = 80). Curves for OS 08
stratified according to TMTV
(left) and dNLR (right)
Abbreviations: TMTV (total
metabolic tumor volume), dNLR
(derived neutrophils to
lymphocytes ratio)
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Univariate and multivariate analyses: PFS and OS

Median PFS was 2.5 months (95%CI 1.6-3.3). In univariate
analysis, high dNLR (> 3) and anemia (hemoglobin < 12
g/dL) were significantly associated with poor PFS (adjusted
p values < 0.05) (Table 2). In multivariate analysis, high
dNLR and anemia remained independent statistically signifi-
cant prognostic factors for PFS (HR 1.9, 95%CI 1.1-3.3 and
HR 1.9, 95%CI 1.2-3.8, respectively) (Table 2). Tumor
SUVmax (> 12.8) and TMTV (> 75 cm®) were not correlated
with PFS, LDH levels (> 248 UI/L), number of metastatic
sites (> 3), or the presence of liver metastasis.

Median OS was 9.2 months (95%CI 6.2—12.2). In univar-
iate analysis, performance status (ECOG > 2), high dNLR (>
3) and high TMTV (> 75 ecm®) were significantly associated
with poor OS (adjusted p value < 0.05) (Table 2, Fig. 3). In
multivariate analysis, high TMTV and high dNLR remained
independent statistically significant prognostic factors for OS
(HR 2.5, 95%CI 1.3-4.7 and HR 3.3, 95%CI 1.6—6.4, respec-
tively) (Table 2). Despite a clear trend in univariate analysis,
the number of metastatic sites (> 3), LDH levels and anemia
were not statistically significant prognostic factors for OS (ad-
justed p value > 0.05 and < 0.1, respectively). Tumor
SUVmax and liver metastatic involvement were not correlated
with OS.

DCB classification: patients with versus
without clinical benefit

According to the best overall response with RECIST 1.1,
DCB was achieved among 40% patients treated with ICI (32
patients: 0 with CR, 19 with PR, and 13 with SD > 6 months).

Table 3

TMTYV, PS, and dNLR were significantly lower and Hb sig-
nificantly higher (p < 0.05) in patients with DCB compared to
patients without DCB (supplemental Table 4, supplemental
Fig. 2). Tumor SUVmax appeared higher among patients with
DCB but was not statistically significant (mean: 16.7 versus
13.2; p = 0.18). In multivariate logistic regression, high
TMTV and high dNLR remained independent factors for poor
DCB (odds ratio [OR] 0.3, 95%CI 0.1-0.9 and OR 0.4,
95%CI 0.2—-0.9, respectively) (table 3). The number of meta-
static sites (<3) and the absence of liver metastasis were not
associated with DCB.

Determining a metabolic score

We developed a score combining the TMTV and dNLR, both
independent factors for OS and DCB in multivariate analysis
(supplemental Fig. 3) and used it to stratify the population into
three groups; a good prognosis group for TMTV <75 cm? and
dNLR < 3 (n = 24, 30%), intermediate prognosis group for
TMTV > 75 cm® or dNLR > 3 (n = 33, 41%), and poor
prognosis group for TMTV > 75 cm® and dNLR > 3 (n =
23, 29%). Median OS was 35.0 months (95%CI 14.6-55.4)
for the good prognosis group versus 12.5 months (95%CI 6.6—
18.5) for the intermediate prognosis group versus 2.4 months
(95%CI 1.9-2.9) for the poor prognosis group (p < 0.001)
(Fig. 4). Median PFS was 9.8 months (95%CI 5.2—-14.4) for
the good prognosis group versus 2.7 months (95%CI 1.7-5.8)
for the intermediate prognosis group versus 1.4 months
(95%CI 0.8-2.0) for the poor prognosis group (p < 0.001).
The metabolic score also correlated with response. The good
prognosis group was associated with DCB, with an OR of 7.9
(95%CI, 2.0-30.7, p = 0.003) (supplemental Table 5), which

Univariate and multivariate analyses of the relationship between patient characteristics and disease clinical benefit

Disease clinical benefit

n = 80 patients

Logistic regression Univariate Multivariate

Variable adjusted p OR (CI 95%) p OR (CI 95%)
PS(>2vs<?2) 0.045 0.2 (0.04-0.9) 0.14 0.3 (0.1-1.5)
Histology (SCC vs non-SCC) 0.39 1.5 (0.6-3.8) - -
Smokers (never vs always) 0.33 3.0 (0.3-28.4) - -
dNLR (>3 vs <3) 0.01 0.3 (0.1-0.8) 0.048 0.4 (0.2-0.9)
Hemoglobin (<12 vs > 12 g/dL) 0.08 0.4 (0.2-1.1) - -

LDH (> 248 vs <248 UI/L) 0.9 1.0 (0.4-2.7) - -

N metastatic sites (> 3 vs < 3) 0.11 0.4 (0.1-1.2) - -
Liver metastasis (yes vs no) 0.19 0.5(0.2-1.4) - -
Tumor SUVmax (> 12.8 vs < 12.8) 0.12 2.0 (0.8-5.1) - -
TMTV (> 75 vs <75 cm3) 0.01 0.3 (0.1-0.8) 0.045 0.3 (0.1-0.9)

Abbreviations: PS (performance status), SCC (squamous cell carcinoma), dNLR (derived neutrophils to lymphocytes ratio), LDH (lactate dehydroge-
nase), N metastatic sites (number of metastatic sites), SUVmax (maximum standardized uptake value), TMTV (total metabolic tumor volume), OR (odds-

ratio), CI (confidence interval), ULN (upper limits of normal)
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Fig. 4 Prognostic imaging
biomarkers. A. Illustration of low
versus high total metabolic tumor
volume using maximal intensity
projection on FDG-PET images
of five patients. B. Kaplan—-Meier
curve of overall survival (OS) ac-
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was even higher than those determined with TMTV or INLR ~ Discussion

alone (OR 4.6 and 3.5, respectively).

PD-L1 expression: patients with PD-L1 positive versus
negative tumor

A total of 41 patients (51%) were evaluable for PD-L1 (avail-
able data). The high rate of missing PD-L1 status was mainly
due to the fact that it was not necessarily requested for ICI
prescription. Clinical, biological and imaging parameters, in-
cluding FDG PET/CT, in patients with and without PD-L1
protein expression (> and < 1%, respectively) are shown in
supplemental Table 6. PD-L1 expression was significantly
higher in patients with high tumor SUVmax (median 13.7
versus 10.9; p = 0.02), dNLR (p = 0.03), and LDH > ULN
(p < 0.01). Rather, there was no association between TMTV
and PD-L1 expression (p = 0.18).

@ Springer

Our present study indicates that pretreatment metabolic tumor
burden as measured by TMTV on FDG PET has a high po-
tential value in predicting OS and DCB in advanced NSCLC
patients intended for treatment with ICI. Patients with high
metabolic tumor burden (TMTV > 75 cm®) were associated
with shorter median OS and non-DCB. Moreover, we showed
that TMTYV remains the best biomarker for predicting outcome
among factors reflecting the tumor burden (LDH and number
of metastatic sites) and beyond metastatic sites, e.g., liver in-
volvement, known to be associated with reduced responses
and PFS in NSCLC patients with anti-PD-1 therapy [27].
This discriminative and prognostic application of TMTV has
been used in the past to predict the outcome of other NSCLC
treatments, including before surgery [19], radio-chemotherapy
[20], chemotherapy [28], and targeted therapy [22]. Our study
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strengthens these finding extending them to NSCLC patients
receiving ICI treatment. We propose that it should be taken
into consideration when selecting appropriate candidates in
future clinical trials or studies involving IClIs.

Surprisingly, in our cohort, baseline tumor SUVmax did
not provide any prognostic information. Although TMTV is
thought to be the most reliable prognostic biomarker, tumor
SUVmax is also considered, to a lesser extent, as a strong
prognosticator of outcome and survival among patients with
NSCLC, regardless of treatment received or disease stage
[29-32]. Furthermore, in routine clinical practice, the highest
SUVmax is used as a reference for subsequent response eval-
uation, such as in the EORTC criteria [33—35]. Finally,
SUVmax is a metric that is easy to measure, and several stud-
ies have also demonstrated that high SUVmax significantly
correlates with tumor cell proliferation [36] and is associated
with poor prognosis [37, 38].

Combination of multiple biomarkers could be an innova-
tive way to improve both prediction and prognostic accuracy.
We developed a score, combining the dNLR, which might
reflect the accumulation of inflammatory factors with a nega-
tive impact on disease control and survival [9], with TMTV at
baseline before ICI, stratifying the population into three prog-
nostic groups. Our findings suggest a greater impact for prog-
nosticating OS and DCB when combining TMTV and dNLR
in this promising score (Fig. 4), which need to be validated in
large, independent and prospective cohort.

Our findings reinforce the belief of a paradigm shift in
tumor metabolism evaluation for ICI assessment [39]. ICIs
and conventional cancer treatments, including cytotoxic che-
motherapy and targeted therapy, are acting through distinct
mechanisms [40] (immunomodulatory effects and direct can-
cer cell-killing activities), which could impact tumor metabo-
lism differently. Interestingly, we found a markedly increased
SUVmax in tumors having a high PD-L1 expression,
confirming the direction of previous studies in patients with
surgically resected pulmonary carcinoma, through GLUT-1
(glucose transporter-1) and HIF-1 « (hypoxia-inducible
factor 1o) overexpression [41-43], and with EGFR-mutant
NSCLC treated with TKI-therapy [44]. One hypothesis could
be that increased glycolytic metabolism in PD-L1 positive
tumors is related to an enhanced immune infiltrate in the tu-
mor microenvironment, such as TILs (tumor infiltrating lym-
phocytes) in surgically resected NSCLCs [45].

The main limitations of this study include its retrospective
nature and the relatively small sample size. Although cortico-
steroids therapy at baseline have been correlated with poor
outcomes under 1O [46], a recent publication has revealed that
probably is more related to the palliative condition of the
patients [47], and not as independent negative factor. Based
on this, and taking into consideration the small number of
patients treated with steroids in our work, we did not exclude
this population. In addition, our methodology for tumor

volume measurements, which had been used in several previ-
ous studies [24, 33], presents some difficulties in some tumor
sites, notably the brain, especially owing to physiological up-
take of normal brain tissues. In the fraction of patients with
brain metastasis (27%), the tumor burden might be
underestimated. However, if we had excluded such patients,
our cohort may not have been representative of the real-life
patient population eligible for immunotherapy, particularly for
advanced NSCLC. In addition, we acquired images on three
different PET devices, which could influence the measure-
ment of PET features, but also shows the generalizability of
our model to different centers and devices. Finally, the prog-
nostic value of PD-L1 expression could not be investigated
and balanced against other potential biomarkers since it was
only available in 51% of the cohort, mainly due to the fact that
it was not necessarily requested for ICI prescription, and, giv-
en that the SP142 PD-L1 THC assay exhibits fewer stained
tumor cells compared with other antibodies, the percentage
of PD-L 1-stained tumor cells were not comparable [48].

Conclusions

Baseline high TMTV on FDG PET was associated with poor
OS and no-DCB following ICI therapy in advanced NSCLC
patients, in contrast to the tumor SUVmax or the number of
metastatic sites that were not. Combined with biological prog-
nostic factors, as well as pretreatment dNLR, which is corre-
lated with all the investigated outcomes, FDG PET can poten-
tially improve the selection of candidates for ICI and identify
patient groups with markedly different prognoses.

Author contributions 1) All authors made substantial contributions to the
design of the work; or the acquisition, analysis or interpretation of data.

2) All authors revised it critically for important intellectual content.

3) All authors approved the version to be published.

4) All authors agree to be accountable for all aspects of the work in
ensuring that questions related to the accuracy or integrity of any part of
the work are appropriately investigated and resolved.

Material preparation, data collection and analysis were performed by
R-D. Seban, L. Mezquita, A. Berenbaum and B. Besse.

The first draft of the manuscript was written by R-D Seban, L.
Mezquita and B. Besse.

All authors commented on previous versions of the manuscript. All
authors read and approved the manuscript.

Funding This research did not receive any specific grant from funding
agencies in the public, commercial or not-for-profit sectors.

Compliance with ethical standards

Conflict of interest
declared.

The following competing interests have been

* R-DS,AB, L.D, A.B, C.C, E.D, S.G, J.A, S.A, S.L: The authors
declare that they have no conflict of interest.

@ Springer



1156

Eur J Nucl Med Mol Imaging (2020) 47:1147-1157

* L.Mezquita:

Consulting, advisory role: Roche Diagnostics

Lectures and educational activities: Bristol-Myers Squibb,
Tecnofarma, Roche, AstraZeneca

Travel, Accommodations, Expenses: Chugai
¢ C.Le Pechoux:

* Consulting advisory role: Amgen, Astra Zeneca, Nanobiotix,
Roche

* Lectures and educational activities: Astra Zeneca, Lilly
* D. Planchard:

e Consulting, advisory role or lectures: AstraZeneca, Bristol-Myers
Squibb, Boehringer Ingelheim, Celgene, Daiichi Sankyo, Eli Lilly,
Merck, Medlmmune, Novartis, Pfizer, prIME Oncology, Peer CME,
Roche. Honoraria: AstraZeneca, Bristol-Myers Squibb, Boehringer
Ingelheim, Celgene, Eli Lilly, Merck, Novartis, Pfizer, prIME
Oncology, Peer CME, Roche

¢ Clinical trials research as principal or co-investigator
(Institutional financial interests): AstraZeneca, Bristol-Myers
Squibb, Boehringer Ingelheim, Eli Lilly, Merck, Novartis, Pfizer,
Roche, Medimmun, Sanofi-Aventis, Taiho Pharma, Novocure,
Daiichi Sankyo

* Travel, Accommodations, Expenses: AstraZeneca, Roche,
Novartis, prIME Oncology, Pfizer

¢ B. Besse:

* Sponsored Research at Gustave Roussy Cancer Center
Abbvie, Amgen, AstraZeneca, Biogen, Blueprint Medicines,
BMS, Celgene, Eli Lilly, GSK, Ignyta, IPSEN, Merck KGaA,
MSD, Nektar, Onxeo, Pfizer, Pharma Mar, Sanofi, Spectrum
Pharmaceuticals, Takeda, Tiziana Pharm

Ethical approval All procedures performed in this study were in accor-
dance with the ethical standards of the institutional research committee
and with the 1964 Helsinki declaration.

Informed consent  For this type of study (retrospective), formal consent
is not required.

References

1. Giroux Leprieur E, Dumenil C, Julie C, Giraud V, Dumoulin J,
Labrune S, et al. Inmunotherapy revolutionises non-small-cell lung
cancer therapy: results, perspectives and new challenges. Eur J
Cancer. 2017;78:16-23.

2. Borghaei H, Paz-Ares L, Horn L, Spigel DR, Steins M, Ready NE,
et al. Nivolumab versus docetaxel in advanced nonsquamous non-
small-cell lung cancer. N Engl J Med. 2015;373:1627-39.

3. Brahmer J, Reckamp KL, Baas P, Crino L, Eberhardt WEE,
Poddubskaya E, et al. Nivolumab versus docetaxel in advanced
squamous-cell non-small-cell lung cancer. N Engl J Med.
2015;373:123-35.

@ Springer

10.

12.

13.

14.

16.

17.

18.

19.

Garon EB, Rizvi NA, Hui R, Leighl N, Balmanoukian AS, Eder JP,
et al. Pembrolizumab for the treatment of non-small-cell lung can-
cer. N Engl J Med. 2015;372:2018-28.

Fehrenbacher L, Spira A, Ballinger M, Kowanetz M, Vansteenkiste
J, Mazieres J, et al. Atezolizumab versus docetaxel for patients with
previously treated non-small-cell lung cancer (POPLAR): a
multicentre, open-label, phase 2 randomised controlled trial.
Lancet. 2016;387:1837—46.

Gulley JL, Rajan A, Spigel DR, Iannotti N, Chandler J, Wong DJL,
et al. Avelumab for patients with previously treated metastatic or
recurrent non-small-cell lung cancer (JAVELIN Solid Tumor):
dose-expansion cohort of a multicentre, open-label, phase 1b trial.
Lancet Oncol. 2017;18:599-610.

Prelaj A, Tay R, Ferrara R, Chaput N, Besse B, Califano R.
Predictive biomarkers of response for immune checkpoint inhibi-
tors in non-small-cell lung cancer. Eur J Cancer. 2018;106:144-59.
Hendriks LE, Rouleau E, Besse B. Clinical utility of tumor muta-
tional burden in patients with non-small cell lung cancer treated
with immunotherapy. Transl Lung Cancer Res. 2018;7:647-60.
Mezquita L, Auclin E, Ferrara R, Charrier M, Remon J, Planchard
D, et al. Association of the lung immune prognostic index with
immune checkpoint inhibitor outcomes in patients with advanced
non-small cell lung cancer. JAMA Oncol. 2018;4:351-7.
Tanizaki J, Haratani K, Hayashi H, Chiba Y, Nakamura Y,
Yonesaka K, et al. Peripheral blood biomarkers associated with
clinical outcome in non-small cell lung cancer patients treated with
nivolumab. J Thorac Oncol. 2018;13:97-105.

Cao D, Xu H, Xu X, Guo T, Ge W. A reliable and feasible way to
predict the benefits of Nivolumab in patients with non-small cell
lung cancer: a pooled analysis of 14 retrospective studies.
Oncoimmunology. 2018;7:¢1507262.

Zer A, Sung MR, Walia P, Khoja L, Maganti M, Labbe C, et al.
Correlation of neutrophil to lymphocyte ratio and absolute neutro-
phil count with outcomes with PD-1 axis inhibitors in patients with
advanced non-small-cell lung cancer. Clin Lung Cancer. 2018;19:
426-434.el.

Russo A, Franchina T, Ricciardi GRR, Battaglia A, Scimone A,
Berenato R, et al. Baseline neutrophilia, derived neutrophil-to-
lymphocyte ratio (ANLR), platelet-to-lymphocyte ratio (PLR), and
outcome in non small cell lung cancer (NSCLC) treated with
Nivolumab or Docetaxel. J Cell Physiol. 2018;233:6337-43.
Dercle L, Ammari S, Champiat S, Massard C, Ferté C, Taihi L, et al.
Rapid and objective CT scan prognostic scoring identifies metasta-
tic patients with long-term clinical benefit on anti-PD-1/-L1 thera-
py. Eur J Cancer. 2016;65:33-42.

Seban R-D, Nemer JS, Marabelle A, Yeh R, Deutsch E, Ammari S,
et al. Prognostic and theranostic 18F-FDG PET biomarkers for anti-
PD1 immunotherapy in metastatic melanoma: association with out-
come and transcriptomics. Eur J Nucl Med Mol Imaging.
2019;46(11):2298-310.

Qin B-D, Jiao X-D, Zang Y-S. Tumor mutation burden to tumor
burden ratio and prediction of clinical benefit of anti-PD-1/PD-L1
immunotherapy. Med Hypotheses. 2018;116:111-3.

Dercle L, Seban R-D, Lazarovici J, Schwartz LH, Houot R,
Ammari S, et al. I8F-FDG PET and CT scans detect new imaging
patterns of response and progression in patients with Hodgkin lym-
phoma treated by anti-programmed death 1 immune checkpoint
inhibitor. J Nucl Med. 2018;59:15-24.

Zhang H, Wroblewski K, Appelbaum D, Pu Y. Independent prog-
nostic value of whole-body metabolic tumor burden from FDG-
PET in non-small cell lung cancer. Int J Comput Assist Radiol
Surg. 2013;8:181-91.

Liao S, Penney BC, Wroblewski K, Zhang H, Simon CA,
Kampalath 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.



Eur J Nucl Med Mol Imaging (2020) 47:1147-1157

1157

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

Chin AL, Kumar KA, Guo HH, Maxim PG, Wakelee H, Neal JW,
et al. Prognostic value of pretreatment FDG-PET parameters in
high-dose image-guided radiotherapy for oligometastatic non-
small-cell lung cancer. Clin Lung Cancer. 2018;19:e581-8.
Sharma A, Mohan A, Bhalla AS, Sharma MC, Vishnubhatla S, Das
C]J, et al. Role of various metabolic parameters derived from base-
line 18F-FDG PET/CT as prognostic markers in non-small cell lung
cancer patients undergoing platinum-based chemotherapy. Clin
Nucl Med. 2018;43:¢8-17.

Winther-Larsen A, Fledelius J, Sorensen BS, Meldgaard P.
Metabolic tumor burden as marker of outcome in advanced
EGFR wild-type NSCLC patients treated with erlotinib. Lung
Cancer. 2016;94:81-7.

Kaira K, Higuchi T, Naruse I, Arisaka Y, Tokue A, Altan B, et al.
Metabolic activity by 18F-FDG-PET/CT is predictive of early re-
sponse after nivolumab in previously treated NSCLC. Eur J Nucl
Med Mol Imaging. 2018;45:56—66.

Sacher AG, Gandhi L. Biomarkers for the Clinical Use of PD-1/PD-
L1 Inhibitors in non-small-cell lung cancer: A Review. JAMA
Oncol. 2016;2:1217-22.

Meignan M, Sasanelli M, Casasnovas RO, Luminari S, Fioroni F,
Coriani C, et al. Metabolic tumour volumes measured at staging in
lymphoma: methodological evaluation on phantom experiments
and patients. Eur J Nucl Med Mol Imaging. 2014;41:1113-22.
Ferrucci PF, Ascierto PA, Pigozzo J, Del Vecchio M, Maio M,
Antonini Cappellini GC, et al. Baseline neutrophils and derived
neutrophil-to-lymphocyte ratio: prognostic relevance in metastatic
melanoma patients receiving ipilimumab. Ann Oncol. 2016;27:
732-8.

Tumeh PC, Hellmann MD, Hamid O, Tsai KK, Loo KL, Gubens
MA, et al. Liver metastasis and treatment outcome with anti-PD-1
monoclonal antibody in patients with melanoma and NSCLC.
Cancer Immunol Res. 2017;5:417-24.

Liao S, Penney BC, 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.

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;44:17-31.

Houdu B, Lasnon C, Licaj I, Thomas G, Do P, Guizard A-V, et al.
Why harmonization is needed when using FDG PET/CT as a prog-
nosticator: demonstration with EARL-compliant SUV as an inde-
pendent prognostic factor in lung cancer. Eur J Nucl Med Mol
Imaging. 2018;46(2):421-8.

Ilyas H, Mikhaeel NG, Dunn JT, Rahman F, Moller H, Smith D,
et al. Is there an optimal method for measuring baseline metabolic
tumor volume in diffuse large B cell lymphoma? Eur J Nucl Med
Mol Imaging. 2019;46:520-1.

Ceriani L, Milan L, Johnson PWM, Martelli M, Presilla S,
Giovanella L, et al. Baseline PET features to predict prognosis in
primary mediastinal B cell lymphoma: a comparative analysis of
different methods for measuring baseline metabolic tumour vol-
ume. Eur J Nucl Med Mol Imaging. 2019;46:1334-44.

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

de Geus-Oei L-F, van der Heijden HFM, Visser EP, Hermsen R, van
Hoorn BA, Timmer-Bonte JNH, et al. Chemotherapy response
evaluation with 18F-FDG PET in patients with non-small cell lung
cancer. J Nucl Med. 2007;48:1592-8.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

Shang J, Ling X, Zhang L, Tang Y, Xiao Z, Cheng Y, et al.
Comparison of RECIST, EORTC criteria and PERCIST for evalu-
ation of early response to chemotherapy in patients with non-small-
cell lung cancer. Eur J Nucl Med Mol Imaging. 2016;43:1945-53.
Dooms C, van Baardwijk A, Verbeken E, van Suylen RJ,
Stroobants S, De Ruysscher D, et al. Association between 18F-
fluoro-2-deoxy-D-glucose uptake values and tumor vitality: prog-
nostic value of positron emission tomography in early-stage non-
small cell lung cancer. J Thorac Oncol. 2009;4:822-8.

Machtay M, Duan F, Siegel BA, Snyder BS, Gorelick JJ, Reddin
JS, et al. Prediction of survival by [18F]fluorodeoxyglucose posi-
tron emission tomography in patients with locally advanced non-
small-cell lung cancer undergoing definitive chemoradiation thera-
py: results of the ACRIN 6668/RTOG 0235 trial. J Clin Oncol.
2013;31:3823-30.

Seban R-D, Robert C, Dercle L, Yeh R, Dunant A, Reuze S, et al.
Increased bone marrow SUVmax on 18F-FDG PET is associated
with higher pelvic treatment failure in patients with cervical cancer
treated by chemoradiotherapy and brachytherapy.
Oncoimmunology. 2019;8:¢1574197.

Grizzi F, Castello A, Lopci E. Is it time to change our vision of
tumor metabolism prior to immunotherapy? Eur J Nucl Med Mol
Imaging. 2018;45:1072-5.

Yan Y, Kumar AB, Finnes H, Markovic SN, Park S, Dronca RS,
et al. Combining immune checkpoint inhibitors with conventional
cancer therapy. Front Immunol. 2018;9:1739.

Kaira K, Shimizu K, Kitahara S, Yajima T, Atsumi J, Kosaka T,
et al. 2-Deoxy-2-[fluorine-18] fluoro-d-glucose uptake on positron
emission tomography is associated with programmed death ligand-
1 expression in patients with pulmonary adenocarcinoma. Eur J
Cancer. 2018;101:181-90.

Takada K, Toyokawa G, Tagawa T, Kohashi K, Akamine T,
Takamori S, et al. Association between PD-L1 expression and met-
abolic activity on 18F-FDG PET/CT in patients with small-sized
lung cancer. Anticancer Res. 2017;37:7073-82.

Zhang M, Wang D, Sun Q, Pu H, Wang Y, Zhao S, et al. Prognostic
significance of PD-L1 expression and 18F-FDG PET/CT in surgi-
cal pulmonary squamous cell carcinoma. Oncotarget. 2017;8:
51630-40.

Li X, Fu Q, Zhu Y, Wang J, Liu J, Yu X, et al. CD147-mediated
glucose metabolic regulation contributes to the predictive role of 18
F-FDG PET/CT imaging for EGFR-TKI treatment sensitivity in
NSCLC. Mol Carcinog. 2019;58:247-57.

Lopci E, Toschi L, Grizzi F, Rahal D, Olivari L, Castino GF, et al.
Correlation of metabolic information on FDG-PET with tissue ex-
pression of immune markers in patients with non-small cell lung
cancer (NSCLC) who are candidates for upfront surgery. Eur J Nucl
Med Mol Imaging. 2016;43:1954-61.

Arbour KC, Mezquita L, Long N, Rizvi H, Auclin E, Ni A, et al.
Impact of baseline steroids on efficacy of programmed cell death-1
and programmed death-ligand 1 blockade in patients with non-
small-cell lung cancer. J Clin Oncol. 2018;36:2872-8.

Ricciuti B, Dahlberg SE, Adeni A, Sholl LM, Nishino M,
Awad MM. Immune checkpoint inhibitor outcomes for pa-
tients with non-small-cell lung cancer receiving baseline cor-
ticosteroids for palliative versus nonpalliative indications. J
Clin Oncol. 2019;37:1927-34.

Hirsch FR, McElhinny A, Stanforth D, Ranger-Moore J, Jansson
M, Kulangara K, et al. PD-L1 Immunohistochemistry assays for
lung cancer: results from phase 1 of the blueprint PD-L1 IHC ssay
comparison project. J Thorac Oncol. 2017;12:208-22.

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

@ Springer



	Baseline...
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Methods
	Patients
	FDG PET/CT protocol
	Measurement of biological and imaging biomarkers and PD-L1 expression
	Outcomes
	Progression-free and overall survival
	Response evaluation

	Statistical analysis

	Results
	Patient characteristics
	Correlation between biomarkers
	Univariate and multivariate analyses: PFS and OS
	DCB classification: patients with versus without clinical benefit
	Determining a metabolic score
	PD-L1 expression: patients with PD-L1 positive versus negative tumor

	Discussion
	Conclusions
	References


