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Abstract
Background: Inflammation in non-small cell lung cancer (NSCLC) may impair the
response to immune checkpoint inhibitors (ICIs) and can be indicated by peripheral
blood inflammatory indexes. 2-deoxy-2-[18F]fluoro-D-glucose positron emission
tomography/computed tomography ([18F] FDG-PET/CT) may be used as a marker of
inflammation by measuring glucose metabolism in different colonic sites.
Methods: This retrospective analysis aimed to investigate the correlation between [18F]
FDGPET/CT SUVratio in six gastrointestinal districts, the spleen, the pharynx and the lar-
ynx alongside the most avid tumor lesion with peripheral blood inflammatory indexes,
including the neutrophil-to-lymphocyte ratio (NLR), systemic immune-inflammatory
index (SII, i.e., NLR times platelets) and lactate dehydrogenase (LDH), in patients with
[18F] FDG-PET/CT staged IV NSCLC who received first-line immune checkpoint inhibi-
tors (ICIs). The role of SUVratios and peripheral blood inflammatory indexes in predicting
overall survival (OS) and progression-free survival (PFS) was then explored.
Results: A total of 43 patients were treated with first-line ICI alone (58%) or in combi-
nation with chemotherapy (42%). A significant correlation was only found between
the rectosigmoid SUVratio and NLR (p = 0.0465). NLR >5.5 and LDH > 333.5 were
associated with a worse OS (p = 0.033 and p = 0.009, respectively). The SII was asso-
ciated with a worse PFS in patients treated with ICI alone (p = 0.033). None of the
SUVratios were significantly associated with OS or PFS, although a high left colon
SUVratio showed a trend toward a worse PFS.
Conclusion: There was no significant correlation between [18F]FDG PET/CT uptake
in different anatomical sites, and in the tumor, and systemic immune-inflammatory
indexes. The prognostic role of high left colon SUVratio deserves further investigation.
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INTRODUCTION

Lung cancer is one of the most frequently diagnosed cancers
and is still responsible for most cancer-related deaths world-
wide.1 Traditionally, lung cancer is classified as non-smallSilvia Novello, Vanesa Gregorc and Giuseppe Luigi Banna are co-last authors.
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cell lung cancer (NSCLC, 85%) and small cell lung cancer
(SCLC, 15%). In recent years, several new drugs have been
developed for NSCLC subtypes, leading to improvements in
prognosis and quality of life.

Immune checkpoint inhibitors (ICIs) now represent the
standard of care for advanced NSCLC, as single agents or
combined with platinum-based chemotherapy. They have
been shown to enhance overall survival (OS) with a sus-
tained response of 20% at four years.2 Nevertheless, some
patients experience severe immune-related adverse events
(irAEs) or primary resistance to these agents, so prognostic
and predictive factors are needed to optimize patient
selection.3–6

Programmed cell death-ligand-1 (PD-L1) is intuitively
involved in responsiveness to anti-PD(L)1 ICIs since it is
directly involved in their mechanism of action. Therefore, it
has been extensively considered and studied as a prognostic
and predictive tool, alone or combined with other bio-
markers.7 Nevertheless, PD-L1 predictions can be mislead-
ing since its tumor proportion score (TPS) sometimes seems
uncorrelated with response to treatment.8

Inflammation has been recognized as an adverse prog-
nostic factor in lung cancer,9 as several studies have shown
it directly contributes to the development of metastases,
angiogenesis, and immune escape.10 Therefore, new indexes
linked to peripheral inflammation have been investigated,
such as the neutrophil-to-lymphocyte ratio (NLR), lactate
dehydrogenase (LDH), platelet-to-lymphocyte ratio (PLR),
and systemic immune-inflammation index (SII) which is the
result of the NLR multiplied by the platelet count. They are
considered to be promising predictors for the use of ICIs in
metastatic NSCLC.11–13

The Food and Drug Administration (FDA) approved
the biomarker known as tumor mutational burden (TMB), a
measure of the number of mutations in a cancer, based on
the cutoff of >10 mutations/megabase (mut/Mb). It per-
formed majorly as a predictor of progression-free survival
(PFS)14,8 and less so of OS.6 Moreover, it showed inconsis-
tency across clinical trials in NSCLC, particularly related to
the undefined cutoff.15,16 Its use is limited in clinical practice
due to its high cost and limited specificity and sensitivity.14

The gut microbiome (GM) has emerged as a prominent
predictive biomarker.17 Indeed, the heterogeneity of GM
strongly correlates to ICI response, especially in renal cell
cancer and melanoma.5 The administration of antibiotic
therapies and its effect on the GM in patients on ICIs is
associated with both worse OS and response to treat-
ment.2,18 Since the microbes in the gastrointestinal tract
interact with pattern recognition receptors (PRR) and their
signaling cascades, abnormalities of GM have long-term
effects on immune response affecting ICIs efficacy by modu-
lating immune response. In this context, it has been proven
that higher microbial diversity is related to improved sur-
vival rates.19

2-deoxy-2-[18F] fluoro-D-glucose positron emission
tomography/computed tomography ([18F] FDG PET/CT)
can be used to detect inflammation by measuring glucose

metabolism in different colonic sites and to characterize GM
diversity.2 Standardized uptake value (SUV) and metabolic
tumor volume (MTV) are determined through threshold-
defined margin contouring. Median SUV multiplied by the
MTV results in total lesion glycolysis (TLG), which
expresses tumor metabolic activity and volumetric burden.
We adopted the tumor-to-liver SUV ratio (SUVratio) as the
best-predicting parameter in comparison to SUVmax and
tumor-to-blood SUVratio.

20 These imaging metrics on
PET/CT have recently been acknowledged as effective tools
in the monitoring of therapeutic response and prediction of
prognosis with different cancers including NSCLC.21–23

In this study, we first aimed to explore the correlation
between the [18F] FDG PET/CT SUVratios in different
healthy organs as well as in tumor lesions and peripheral
blood inflammation indexes and second to assess their role
in predicting OS and PFS of patients with advanced NSCLC
treated with first-line ICIs.

METHODS

Study objectives and endpoints

The primary study objective was to investigate the correla-
tion between the physiological [18F]FDG-PET/CT uptake
(measured as SUVratio) in different anatomical sites and
peripheral blood inflammation parameters through the
Spearman’s rank correlation test. Six gastrointestinal seg-
ments (i.e., stomach, cecum, right colon, transverse colon,
left colon, rectosigmoid), spleen, pharynx and larynx were
assessed alongside the SUVratio of the most [18F]FDG avid
tumor lesions, the relative MTV and TLG. The overall
colonic SUVratio was calculated as the median and average
of the individual cecum, right colon, transverse colon, left
colon and rectosigmoid measurements. The peripheral
blood inflammation indexes investigated were the NLR, SII
and LDH.

The secondary study objective was to explore by Cox
regression univariable analysis whether any of the investi-
gated districts or tumor SUVratios and the peripheral blood
inflammation parameters were prognostic indicators of OS
and PFS in the whole patient cohort and in particular, the
cohort of patients treated with ICIs only (i.e., not combined
with chemotherapy).

Study population and design

The patient cohort for the present retrospective analysis was
derived from a consecutive series of patients with a cytologi-
cal or histological diagnosis of NSCLC at clinical stage IV
according to the eighth TNM edition, with available baseline
[18F]FDG PET/CT imaging, without actionable genetic
alterations and of any PD-L1 tumor proportion score (TPS)
and with any Eastern Cooperative Oncology Group Perfor-
mance Status (ECOG PS), who had started first-line ICI
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(i.e., pembrolizumab) alone or in combination with chemo-
therapy at the Candiolo Cancer Institute FPO-IRCCS
(Candiolo, Turin, Italy) between October 2018 and
April 2022.

The following information was gathered from electronic
medical records and the relative [18F]FDG PET/CT images:
patient characteristics, tumor features, survival results, dis-
ease response, rates of treatment discontinuation and
peripheral blood inflammatory indicators including the
NLR, SII and LDH obtained from a peripheral blood test
performed within 7 days of the treatment start date.

This analysis was registered and approved as an audit by
the Clinical and Translational Lung Cancer Research Unit
of Candiolo Cancer Center FPO-IRCCS (CTLCRU-02.22).
Anonymized clinical data were used. The auditing process
adhered to the Data Protection Act of 2018, the principles of
the Declaration of Helsinki for all human and animal exper-
imental research and the standards of Good Clinical Practice
regarding the collection, storage, processing, and dissemina-
tion of personal information. The need for informed consent
was waived.

[18F]FDG PET/CT imaging protocol and
analysis

PET/CT scans were obtained employing Gemini TF tomo-
graph (Philips Medical Systems) after intravenous adminis-
tration of 150–320 MBq of [18F] FDG (3 MBq/kg; patients
fasted for at least 6 h prior; glucose blood levels below
200 mg/dL at the time of administration). Every PET/CT
scan was performed 60 ± 10 min after [18F]FDG injection;
the acquisition started with a scout view (30 mA, 120 kV)
followed by a low-dose CT scan from the base of the skull to
thighs (80 mAs, 120 kV, 3 mm slice thickness, 4-mm table
feed per rotation and 0.5 s per rotation). CT scan was used
for both attenuation correction and anatomical localization
of functional data. PET emission data were acquired in list
mode at 90 s per bed position; PET images were recon-
structed onto a 128 � 128 matrix using a BLOB-OS-TF
algorithm (time of flight).

[18F]FDG PET/CT semiquantitative lesion and colonic
analyses were performed by a single nuclear medicine physi-
cian blinded to all clinical information, using commercial
software (Philips IntelliSpace Portal workstation
version 5.0).

Concerning lesion analysis, the “hottest” tumor site was
defined as the target lesion. In every patient’s scan, a volume
of interest (VOI) was manually drawn on the preconceived
target lesion to measure the following parameters: SUVmax,
SUVratio (defined as the ratio between the target lesion’s
SUVmax and SUVmean of the right lobe of the liver in a 30 cc
VOI), MTV and TLG. Colon segmentation and contouring
were performed according to the methods of a recent study
published by Cetkovic et al.2 Similar to the methods
reported by Cetkovic et al., the colon was divided into its
five anatomical segments (cecum, right, transverse, left and
rectosigmoid) and every single portion was manually con-
toured based on axial CT coregistered images. Alongside the
colonic segments, the pharynx, larynx and spleen were also
contoured. Subsequently for each patient, a total of eight
VOIs were drawn and SUVmax and SUVratio values were
extracted for each site. Figure 1 shows an example of
contouring.

Statistical analysis

Clinical data were analyzed using descriptive statistics with
their respective dispersion values given, using percentages
for binary variables and medians for continuous variables.

Correlation between variables was sought using the
Spearman’s rank correlation test.

The OS was calculated from the treatment start date to
death or the date of the final follow-up, whereas the PFS was
computed from the treatment start date to disease progres-
sion or death from any cause. Patients who did not have any
events at the time of the analysis were censored.

A receiver operating characteristic (ROC) curve analysis
based on the progression of disease (PD) as the best response
to treatment was conducted for each of the SUVratios and the
peripheral blood inflammation indexes.

F I G U R E 1 Example of transverse colon manual contouring on transaxial positron emission tomography/computed tomography (PET/CT) fused
images.1–3

RIZZO ET AL. 3
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T A B L E 1 The characteristics and outcomes in 43 patients.

Characteristics No. % Range

Age in years (median, IQR 25–75%) 67 61–72

Gender

Male/female 25/18 58/42

Smoking history

Never/former-current smoker 2/41 5/95

Histology

Squamous/adenocarcinoma/adenosquamous 8/24/1 19/79/2

ECOG PS

0/1/2 2/24/17 5/56/40

Stage

IVA/IVB 17/26 40/60

Metastatic sites

≥3/brain/liver 12/9/4 28/21/9

PD-L1 IHC (Ab 22C3)a

Negative (<1%)/Low (1–49%)/High (>50%) 5/11/27 12/26/63

Oncogene EGFR/ALK/ROS1 0 0

Pretreatment steroids 7 16

Value Range

Peripheral blood inflammation indexes

NLR (median, IQR 25%–75%) 3.5 2.6–5.7

SII (median, IQR 25%–75%) 1168 590–1829

LDH (median, IQR 25%–75%) 315 234–368

PET SUV ratios (median, IQR 25%–75%)

Gastric 0.90 0.75–1.01

Cecum 0.85 0.67–1.16

Right colon 0.78 0.62–1.01

Transverse colon 0.61 0.54–0.72

Left colon 0.60 0.45–0.77

Rectosigmoid 1.01 0.86-1.21

Spleen 0.74 0.67–0.81

Spleen/liver 0.74 0.66–0.82

Pharynx 1.05 0.78–1.25

Larynx 0.76 0.65–0.91

Tumor 11.10 8.64–15.93

MTV 34.62 17.71–69.44

TLG 288.00 116.00–477.00

Median of colonic values 0.781 0.61–1.02

Average of colonic values 0.915 0.61–1.02

Type of chemotherapy No. % Range

Pembrolizumab only 25 58

Pembrolizumab + chemotherapy 18 42

Best responseb

PR 32 74

SD 4 9

PD 7 16

NA/treatment discontinuation 0/7 0/16

Follow-up, median, mo. [95% CI] 18.2 14.5–21.8

4 RIZZO ET AL.
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Although NLR, LDH and SII have literature-reported
cutoffs,24–26 our study population was relatively small and
selected by the availability of baseline [18F]FDG PET/CT
scan; thus, we used the ROC analysis cutoffs as those values
correspond better to this series of patients. The relative
ROC-derived cutoffs as well as the colonic median and aver-
age SUVratios, were used for the Cox regression univariable
analysis assessing the OS and PFS with their related hazard
ratios (HR) and 95% confidence intervals.

OS and PFS were also estimated using the Kaplan–Meier
method and reported as medians with 95% confidence limits
(95% CI) and compared using a two-sided log-rank test. A
Cox regression univariable analysis on OS and PFS was

conducted in the cohort of patients treated with ICIs only.
For all the analyses, p < 0.05 was considered statistically
significant.

The statistical analysis was carried out using the Sigma-
Plot software version 12.5 (Systat Software).

RESULTS

Patient characteristics and outcomes

A total of 43 patients with stage IV NSCLC and a median
age of 67 years, treated with first-line pembrolizumab alone

T A B L E 1 (Continued)

Type of chemotherapy No. % Range

OS, median, mo. [95% CI] 25.6 15.0–36.2

PFS, median, mo. [95% CI] 15.3 6.4–24.1

Abbreviations: Ab, antibody; CI, confidence interval; CR, complete response; ECOG PS, Eastern Cooperative Oncology Group Performance Status; IHC, immunohistochemistry;
IQR, interquartile range; mo., months; LDH, lactate dehydrogenase; MTV, metabolic tumor volume; NA, not assessable; NLR, neutrophil-to-lymphocyte ratio; No., number; OS,
overall survival; PET SUV, positron emission tomography standardized uptake value; PD-L1, programmed cell death-ligand-1; PD, progressive disease; PFS, progression-free
survival; PR, partial response; SD, stable disease; SII, systemic immune-inflammatory index; TLG, total lesion glycolysis; TPS, tumor proportion score.
aNegative, TPS >1%; positive, TPS 1–49%; high, TPS ≥50%.
bReferring to RECIST version 1.1 criteria.

F I G U R E 2 Kaplan–Meier from univariable Cox regression model on OS (1, 2, 3) and on PFS (4, 5, 6) according to receiver operating characteristic
(ROC) curve-based cutoff. CI-L, confidence interval-lower; CI-U, confidence interval-upper; No., number; NLR, neutrophil-to-lymphocyte ratio; OS, overall
survival; PFS, progression-free survival; SII, systemic immune-inflammatory index.

RIZZO ET AL. 5
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(25, 58%) or in combination with chemotherapy (18, 42%),
were retrospectively analyzed. None of the patients included
in the study was receiving hypoglycemic therapy. The base-
line characteristics are described in Table 1. A total of
27 patients (63%) had a high PD-L1 (≥50%). The median
NLR, SII and LDH values were 3.5, 1168 and 315, respec-
tively. The colonic median SUVratio varied from 0.60 in the
left colon to 1.01 in the rectosigmoid with an overall colonic
median of 0.79 and an average of 0.92. The pharynx and lar-
ynx median SUVratio were 1.05 and 0.76, respectively. The
tumor, MTV and TLG median SUVratio were 11.1, 34.6 and
288, respectively. With a median follow-up of 18.2 months,
the median PFS was 15.3 months (95% CI: 14.5–21.8), and
the median OS was 25.6 months (95% CI: 15.0–21.8). Seven
(16%) patients had PD as the best response to treatment.

Correlation between SUVratios and peripheral
blood inflammation indexes

The correlation between the metabolic parameters of the dif-
ferent organs and the tumor lesions, and peripheral blood
inflammation indexes is shown in Table 2. Two significant
correlations were found between rectosigmoid SUVratio and
NLR (p = 0.0465), and between MTV and SII (p = 0.0249).
Gastric SUVratio and LDH showed a nonsignificant correla-
tion trend (p = 0.0549). No other significant correlations
were found including between the overall colonic SUVratio

average and NLR, SII or LDH (p = 0.627, p = 0.731 and
p = 0.531, respectively).

ROC-derived cutoffs for SUVratios and
peripheral blood inflammation indexes

No statistical significance was reached for any of the meta-
bolic parameters or the peripheral blood inflammation
indexes. Among the colonic SUVratios, the left colon reached
the highest sensitivity (85.7%) with a cutoff of 0.54 and the
cecum had the highest combined sensitivity/specificity
(71.4/61.1%) with a cutoff of 0.89. Out of other SUVratios,
the pharynx showed the highest sensitivity/specificity values
(71.4/72.2%) with a cutoff of 1.12. Among the three periph-
eral blood inflammation indexes, the NLR was the best per-
former for sensitivity/specificity (71.4/80.6%) with a
cutoff of 5.5.

Univariable analysis on overall survival

Statistical significance by Cox regression univariable analysis
on OS was reached for NLR ≥5.5 (HR = 3.37, 95% CI: 1.10–
10.32, p = 0.033) and LDH ≥333.5 (HR = 4.82, 95% CI:
1.48–15.68, p = 0.009) but not for SII ≥1235 (HR = 1.47,
95% CI: 0.51–4.24, p = 0.033). Among the [18F]FDG-PET/CT
SUVratios, that of the left colon stood out at ≥0.54 but this did

T A B L E 3 Univariable Cox regression model on OS and PFS according to ROC curve-based cutoffs.

OS PFS

HR 95% CI-L 95% CI-U p-value HR 95% CI-L 95% CI-U p-value

Gastric 0.98 0.34 2.83 0.968 0.99 0.43 2.31 0.987

Cecum 1.81 0.62 5.29 0.280 2.12 0.92 4.88 0.076

Right colon 1.30 0.43 3.90 0.644 1.88 0.82 4.30 0.138

Transverse 1.63 0.51 5.23 0.408 1.14 0.48 2.72 0.771

Left colon 2.74 0.76 9.83 0.123 2.53 0.99 6.49 0.053

Rectosigmoid 1.28 0.43 3.84 0.660 1.23 0.53 2.84 0.632

Spleen 1.04 0.36 3.00 0.948 1.11 0.48 2.53 0.810

Spleen to liver 1.03 0.36 2.93 0.961 1.25 0.55 2.83 0.599

Pharynx 1.63 0.56 4.70 0.369 1.67 0.71 3.91 0.238

Larynx 0.67 0.23 1.96 0.465 0.51 0.22 1.20 0.121

Tumor 0.81 0.28 2.36 0.703 0.85 0.37 1.93 0.691

MTV 1.24 0.43 3.59 0.692 1.10 0.47 2.55 0.827

TLG 0.59 0.20 1.70 0.328 1.12 0.49 2.55 0.795

Colonic median 0.86 0.30 2.50 0.786 1.44 0.62 3.33 0.399

Colonic average 1.39 0.46 4.20 0.560 2.21 0.96 5.09 0.063

NLR 3.37 1.10 10.32 0.033 1.61 0.65 3.99 0.306

SII 1.47 0.51 4.24 0.472 1.82 0.78 4.26 0.167

LDH 4.82 1.48 15.68 0.009 1.61 0.68 3.81 0.275

Abbreviations: CI-L, confidence interval-lower; CI-U, confidence interval-upper; HR, hazard ratio; LDH, lactate dehydrogenase; MTV, metabolic tumor volume; NLR, neutrophil-
to-lymphocyte ratio; OS, overall survival; PFS, progression-free survival; ROC, receiver operating characteristic; SII, systemic immune-inflammatory index; TLG, total lesion
glycolysis.
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not reach statistical significance (HR = 2.74, 95%
CI: 0.76–9.83, p = 0.123). Notably, the SUVratio of the tumor,
MTV and TLG did not significantly affect the OS with the
TLG ≥207.5 even showing a potentially protective role
(HR = 0.59, 95% CI: 0.20–1.70, p = 0.328) (see Table 3).

Log-rank test confirmed statistical significance for NLR
and LDH (p = 0.024 and p = 0.004, respectively) and a
nonsignificant trend for left colon SUVratio (p = 0.108). The
relative Kaplan–Meier curves showed worse OS in patients
with baseline NLR ≥5.5, LDH ≥333.5 and left colon
SUVratio ≥0.54 (see Figure 1).

The results of the Cox regression univariable analysis on
OS were consistent in the subgroup of patients treated with
ICI alone, with significant changes with NLR and LDH
(HR = 4.96, 95% CI: 1.18–20.84, p = 0.029 and HR = 6.19,
95% CI: 1.47–26.18, p = 0.013, respectively) and a nonsig-
nificant trend for left colon SUVratio (HR = 3.54, 95% CI:
0.73–17.10, p = 0.116) (see Table S1).

Univariable analysis on progression-free
survival

By Cox regression univariable analysis on PFS, none of the
included metabolic parameters and peripheral blood inflam-
mation indexes reached statistical significance including
NLR ≥5.5 and LDH ≥333.5, whereas the left colon SUVratio

showed borderline statistical significance (HR = 2.53, 95%
CI: 0.99–6.49, p = 0.053). The colonic average and cecum
SUVratios also showed nonsignificant trends (p = 0.063 and
p = 0.076, respectively) (see Figure 1).

Log-rank test for NLR, LDH and left colon SUVratio

revealed the left colon as the only significant factor for PFS
(p = 0.045). The Kaplan–Meier curves showed worse OS in
patients with baseline NLR ≥5.5, LDH ≥333.5 and left colon
SUVratio ≥0.54 (see Figure 2).

The above findings were consistent with Cox regression
univariable analysis on PFS in the subgroup of patients trea-
ted with ICI alone with the left colon SUVratio improving its
discrimination in comparison to the OS analysis
(HR = 2.89, 95% CI: 0.90–9.33, p = 0.075). Notably, the SII
was the only peripheral blood inflammation index reaching
statistical significance in this subgroup (HR = 3.44, 95% CI:
1.10–10.75, p = 0.033) (see Table S2).

DISCUSSION

In our study, we retrospectively collected data from patients
with stage IV NSCLC treated with ICIs alone or combined
with chemotherapy with available baseline [18F]FDG
PET/CT imaging, focusing on baseline peripheral blood
inflammatory indexes (NLR, SII and LDH values) and [18F]
FDG uptake in different anatomical sites suggestive of
inflammation, particularly in gastrointestinal-respiratory
tracts, spleen, and in the tumor (e.g., SUVratio of MTV and
TLG of the most avid lesion).

The study aimed to investigate a correlation between
SUVmax ratios and peripheral blood inflammatory indicators
and their association with survival outcomes.

The median OS in our series was 25.6 months, while the
median PFS was 15.3 months which was in line with, or
even longer than, that reported in similar immunotherapy
clinical trials. In the KEYNOTE�02427 trial, patients with
high PD-L1 treated with pembrolizumab alone had a
median OS of 26.3 months and PFS of 10.3 months. In the
KEYNOTE-18928 trial, pembrolizumab and chemotherapy
yielded a median OS of 22.0 months and PFS of 9.0 months
with any PD-L1 expression, while those were 17.1 months
and 8.0 months, respectively in the KEYNOTE-40729 trial in
patients with squamous NSCLC. The relatively more favor-
able survival outcomes observed might be explained by the
positive selection of patients with available [18F]FDG
PET/CT at the baseline because the analyzed population was
characterized by 40% of patients with stage IVA disease.

We did not find a significant correlation between NLR,
SII or LDH and the SUVratio in different sites and the tumor
except for a negative correlation between NLR and rectosig-
moid SUVratio and a positive correlation between MTV and
SII. These results may have been due to chance. In particu-
lar, the MTV is not an expression of tumor burden (like the
TLG), and only a nonsignificant correlative trend was
detected with the NLR, which undermines SII. These find-
ings might suggest the lack of a relationship between chronic
inflammatory conditions expressed by the SUVratio and the
acute or subacute immune-inflammatory response detected
by peripheral blood inflammatory indexes.

We confirmed the prognostic role of NLR with cutoff
>5.5 and LDH >335.6 with OS both in the overall cohort
and in the exploratory subgroup of patients treated with ICI
only. However, we are unable to confirm this for the SII
with regards to OS, and none of the peripheral blood
inflammatory indexes for PFS. This was likely attributable to
the relatively small sample size and a low number of events
(i.e., disease progressions).

Several peripheral blood inflammatory indexes (such as
the NLR, SII, albumin ratio and LDH) have been investi-
gated and confirmed as baseline prognostic indicators for
patients with NSCLC receiving ICIs alone or in association
with chemotherapy in retrospective and prospective studies.9

Some of these have been grouped in prognostic models
which include other clinical factors or different biomarkers
such as the LIPI score (based on derived NLR and LDH),30

Cortellini score (NLR and PD-L1),31 LIPS-3 score (NLR,
ECOG and steroids),32 Gustave Roussy immune score
(LDH, albumin and NLR),33 and Royal Marsden Hospital
Prognostic score (LDH, albumin and the number of meta-
static sites).34

Inflammation is an intrinsic part of most malignancies
which affects the immune response by altering the tumor
microenvironment and influencing neo-antigen presentation
by T cells.35,36

Interestingly, a positive association between SII and PFS
emerged in the ICI-only exploratory subgroup confirming
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that the role of peripheral blood systemic inflammation
indexes may be more implicated in ICI response and par-
tially masked by the addition of the chemotherapy.31 The
persistence of inflammation may be one of the reasons for
ICI failure because of the production of cytokines and alter-
ation of oxidative stress and glycolytic metabolic pathways,
which subsequently interfere with T cell activation.37 This
serves as a rationale for clinical trials combining ICIs with
cytokine inhibitors such as IFN-α and IL-2.38

We did not find a statistically significant association
between metabolic parameters of different anatomical sites
or the tumor lesions and OS or PFS.

Evidence has accumulated highlighting the influential role
of GM on ICI response. Derosa et al. collected fecal samples
of 70 patients affected by NSCLC treated with ICIs alone.
Patients with a worse prognosis had different gut microbial
compositions than those with a good prognosis.18 Further-
more, a different gut composition was found in patients with
IrAEs and receiving antibiotic therapy. The [18F]FDG colonic
uptake was then investigated as a potential predictor of physi-
ological or inflammatory patterns underpinned by different
gut compositions. In a retrospective series of 71 patients with
advanced NSCLC treated with ICIs alone (27 patients) or in
combination with chemotherapy, patients with higher than
average colon SUVmax had a significantly shorter PFS but not
OS than those with lower values. Within the higher-
than-average SUVmax group, patients with higher-
than-average cecum SUVmax showed significantly shorter PFS
and a nonsignificant trend toward shorter OS compared to
the low cecum SUV uptake group. None of the other analyses
relative to the right, transverse, left and rectosigmoid colon
SUVmax reached statistical significance. Metagenomic
sequencing revealed distinctive higher microbiome diversity
and distinctive composition in patients with low cecum SUV-
max.

2 This corroborated evidence that GM diversity may be a
consequence of colon inflammation and an emerging bio-
marker to predict ICI response.2

In our cohort, numerically smaller than the above-
mentioned study, particularly in patients treated exclusively
with ICIs, we could not find a significant association
between the SUVratios of any of the colonic or other districts
and tumor lesions with survival outcomes, although a
shorter OS and PFS were observed particularly in patients
with a high left colon uptake, and a nonsignificant trend
toward worse outcomes was confirmed in those with a high
overall colonic uptake, measured by the average of the six
colonic districts and the cecum. This diversity might proba-
bly be due to the relatively limited sample size in both series,
the different applied methodologies in the two studies to
detect the [18F]FDG colonic uptake and different treatment
settings. In our analysis, we used ROC-derived cutoffs
instead of average values and analyzed each colonic district
by avoiding subgrouping in the two categories of higher-
and lower-than-average overall colonic SUVmax group. Fur-
thermore, in our study, all analyzed patients were treated in
a first-line setting, not in different treatment lines but
patients treated with ICIs only were less represented.

Notably, the overall colonic and left colon uptakes did
not correlate with any of the peripheral blood inflammatory
indexes. Thus, if their prognostic value were to be confirmed
in a larger series, they will likely represent new independent
predictors of outcome to ICIs.

As already discussed above, the major limitations of our
study were the relatively small sample size, the possible posi-
tive selection of patients with available baseline PET with
40% of patients with stage IVA disease enrolled and the
likely consequent low incidence of events or disease
progression.

In conclusion, our study suggests the lack of a relation-
ship between chronic inflammatory conditions expressed by
the PET metabolic parameters and the systemic immune-
inflammatory status represented by peripheral blood inflam-
matory indexes in patients with NSCLC treated with first-
line ICIs alone or in combination with chemotherapy. Our
opinion is that the prognostic role of the overall colonic and
particularly the left colon uptake deserves further investiga-
tion in larger prospective clinical series, as based on our data
they could likely represent new independent predictors of
outcome to ICIs.
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