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New insight on the correlation of metabolic status on 18F-FDG
PET/CT with immune marker expression in patients with non-small
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Abstract
Background Metabolic information obtained through 18F-flurodeoxyglucose positron emission tomography/computed tomog-
raphy (18F-FDG PET/CT) is used to evaluate malignancy by calculating the glucose uptake rate, and these parameters play
important roles in determining the prognosis of non-small cell lung cancer (NSCLC). The expression of immune-related markers
in tumor tissue reflects the immune status in the tumor microenvironment. However, there is lack of reports on the association
between metabolic variables and intra-tumor immune markers. Herein, we investigate the correlation between metabolic status
on 18F-FDG PET/CT and intra-tumor immunomarkers’ expression in NSCLC patients.
Methods From April 2008 to August 2014, 763 patients were enrolled in the analysis to investigate the role of maximum
standardized uptake value (SUVmax) in lung cancer. One hundred twenty-two tumor specimens were analyzed by immunohis-
tochemistry (IHC) to intra-tumor immune cells and programmed death protein ligand 1(PD-L1) expression on tumor cells. The
correlation between metabolic variables and the expression of tissue immune markers were analyzed.
Results SUVmax values have significant variations in different epidermal growth factor receptor (EGFR) statuses (wild type vs
mutant type), high/low neutrophil-to-lymphocyte ratio (NLR) groups, and high/low platelets-to-lymphocyte ratio (PLR) groups
(p < 0.001, p < 0.001, p = 0.003, respectively). SUVmax was an independent prognostic factor in lung cancer patients (p = 0.013).
IHC demonstrated a statistically significant correlation between SUVmax and the expression of CD8 tumor-infiltrating lymphocytes
(p = 0.015), CD163 tumor-associated macrophages (TAMs) (p = 0.003), and Foxp3-regulatory Tcells (Tregs) (p = 0.004), as well as
PD-1 and PD-L1 (p = 0.003 and p = 0.012, respectively).With respect to patient outcomes, disease stage, BMI, SUVmax, metabolic
tumor volume (MTV), TLG (tumor lesion glycolysis), CD163-TAMs, CD11c-dendritic cells (DCs), PD-L1, and Tregs showed a
statistically significant correlation with progression-free survival (PFS) (p < 0.001, 0.023, < 0.001, 0.007, 0.005, 0.004, 0.008, 0.048,
and 0.014, respectively), and disease stage, SUVmax, MTV, TLG, CD163-TAMs, CD11c-DCs, and PD-L1 showed a statistically
significant correlation with overall survival (OS) (p < 0.001, < 0.001, 0.014, 0.012, < 0.001, 0.001, and < 0.001, respectively).
Conclusion This study revealed an association between metabolic variable and immune cell expression in the tumor microenvi-
ronment and suggests that SUVmax on 18F-FDGPET/CTcould be a potential predictor for selecting candidates for immunotherapy.
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Abbreviations
NSCLC Non-small cell lung cancer
18F-FDG PET/
CT

18F-Flurodeoxyglucose positron emission
tomography/computed tomography

TILs Tumor-infiltrating lymphocytes
TAMs Tumor-associated macrophages
Tregs Regulatory T cells
DCs Dendritic cells
PD-1 Programmed death protein 1
IHC Immunohistochemistry
SUV Standardized uptake value
PFS Progression-free survival
OS Overall survival
SCC Squamous cell carcinoma
ADC Adenocarcinoma
NLR Neutrophil-to-lymphocyte ratio
PLR Platelets-to-lymphocyte ratio
BMI Body mass index

Introduction

Lung cancer is the leading cause of cancer-related death
worldwide. Non-small cell lung cancer (NSCLC) accounts
for 85% of lung cancer cases. Surgery is the main treatment
for patients with lung cancer, combined with chemotherapy
and radiotherapy. However, the overall 5-year survival rate
remains poor [1]. 18F-flurodeoxyglucose positron emission
tomography/computed tomography (18F-FDG PET/CT) is
one of the most extensive diagnostic regimens for lung cancer.
18F-FDG PET/CT can provide morphological and functional
information for cancer management and plays an important
role in the diagnosis, staging, treatment planning, therapy re-
sponse, and recurrence monitoring in lung cancer [2–4].
Tumor tissue usually presents a high metabolism and glucose
uptake rate, and FDG is actively entrapped in neoplastic tissue
and tumor-related activated immune cells [5–6].

Tumor microenvironment usually consists of various cell
types, including neoplastic cells, tumor-infiltrating lympho-
cytes (TILs), tumor-associated macrophages (TAMs), regula-
tory T cells (Tregs), and dendritic cells (DCs) [7–8], which is
an important component for lung cancer understanding.
Increasing evidence has established an important contribution
by tumor-infiltrating immune cells in the progression and
prognosis of cancers and in the tumor response to therapy
[9–10]. Tumor-infiltrating immune cells display heteroge-
neous properties according to disease origin. The immune
checkpoints expressed in tumor cells and/or immune cells
have also attracted substantial attention for investigations into
the tumor microenvironment. Programmed death protein 1
(PD-1), expressed in the majority of TILs, is a membrane
protein that is involved in the negative modulation of the im-
mune system by inhibiting T cell activation. This occurs

through the engagement of two tumor-expressing ligands,
programmed death protein ligand 1 (PD-L1) and PD-L2.
Immunotherapy has been the most promising treatment strat-
egy for cancer, and novel immunotherapeutic strategies
targeting PD-1-PD-L1 have shown promising results in ad-
vanced NSCLC patients [11–13]. However, we still lack sim-
ple and accurate parameters to predict immune treatment
responses.

The metabolic state in the tumor microenvironment, espe-
cially glucose consumption, can influence the activity of im-
mune cells and tumor progression [14]. However, the exact
correlation between the metabolic state and immune factors is
less known. Therefore, determining the network between met-
abolic variables and immune markers in the tumor microenvi-
ronment could lead to the identification of novel tumor pro-
gression mechanisms and could aid in seeking potential pre-
dictors of immunotherapy response.

18F-FDG PET/CT has been used to accurately show the
metabolic status of the tumor microenvironment, thereby con-
tributing to clarifying the interaction between metabolic and
immune pathways [15]. Herein, we test the main parameters
of 18F-FDG PET/CT (maximum standardized uptake value
(SUVmax), metabolic tumor volume (MTV), TLG (tumor
lesion glycolysis)) and tumor-infiltrating immune cells (PD-
1, PD-L1, CD8-TILs, and CD68-TAMs, as well as others) in a
cohort of patients with NSCLC. We also investigated the po-
tential correlation between immune variables and clinical pa-
rameters and then analyzed the prognostic roles of these var-
iables in NSCLC patients.

Materials and methods

Patients and study design

We designed a retrospective analysis of patients referred to our
institution (Tianjin Cancer Hospital and Institute). Inclusion
criteria included patients older than 18 years, pathology-
confirmed NSCLC by at least two pathologists, and staging
18F-FDGPET/CT performed at our institution. This retrospec-
tive study was conducted with the approval of the Ethical
Committee of TMUCIH.

From April 2008 to August 2014, 763 patients were en-
rolled in the analysis. One hundred twenty-two tumor speci-
mens were analyzed for immunohistochemistry test. Baseline
epidemiologic and clinical characteristics of the study popu-
lation are shown in Table 1. This study’s use of human sub-
jects complies with the Declaration of Helsinki.

Imaging protocol and tumor delineation

Patient image data were acquired using a DiscoveryST4 PET/
CT scanner (GE, USA). The PH value of 18F-FDG was 5–7,
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and the radiochemical purity of the isotonic solution was ≥
95%. Before the examination, the patient underwent fasting
for 6 h, and the blood glucose of each patient was less than
6.8 mmol/L. The developing agent (3.7–4.81 MBq/kg) was
injected from the anterior elbow vein. After 60 min of resting,
whole body images were obtained from the base of the skull to
the mid-thigh by means of an integrated PET/CT tomograph.

Finally, two experienced nuclear medicine physicians calcu-
lated the area SUVmax, MTV, and TLG by using line attenu-
ation correction and iterative reconstruction of the image in
the manually constructed radionuclide focal volume of interest
(VOI). SUVmax was defined as the highest pixel value.

Immunohistochemistry

For IHC analyses, 2–3-μm-thick tissue slides from paraffin-
embedded tumor sections were processed. The slides were
stained with primary antibodies raised against CD11c
(Abcam), CD163 (Thermo Fisher), CD68 (Thermo Fisher),
CD3 (Thermo Fisher), CD8 (Jinqiao Bio), Foxp3 (Abcam),
PD-1 (Proteintech), and PD-L1 (Proteintech). Tissue sections
were digitalized using DP Controller (Olympus Corporation)
after staining. Two independent pathologists blinded to clini-
cal data selected five non-overlapping and non-contiguous
areas for each slide. The cell numbers of CD11c-DC, CD68-
TAMs, CD163-TAMs, CD3-TILs, CD8-TILs, Foxp3-Tregs,
and PD-1 TILs were quantified at × 400 (0.0484 mm2). The
mean value obtained from the five different fields of one slide
was calculated for each immune variable and subsequently
used for statistical purposes. We determined the median value
as the cutoff point for each immune cell. PD-L1 positivity was
defined per specimen by a 5% expression threshold (PD-L1+

tumor cells/ total tumor cells) in case more than 5% were
considered PD-L1-positive.

Statistical analysis

All parameters correlated with each other and to disease out-
come. They were expressed in terms of progression-free sur-
vival (PFS) and overall survival (OS) over a median follow-up
of 34 months. Hazard ratios with 95% confidence intervals
were calculated with the Cox proportional hazards regression
model in the multivariate analyses and log-rank test with
Kaplan–Meier analysis. For continuous data, differences be-
tween groups were compared using the t test or the Wilcoxon
test. For rank correlation, we used Spearman’s correlation co-
efficient (rho) and the linear regression test. Differences be-
tween groups were compared by analysis of variance
(ANOVA). Statistical significance was set at p < 0.05 for each
evaluation. Study analyses were performed on SPSS21.0
(IBM.US).

Results

The role of SUVmax in lung cancer

From April 2008 to August 2014, 763 NSCLC patients were
enrolled in the analysis. Of them, 181 had squamous cell car-
cinoma (SCC), 508 had adenocarcinoma (ADC), and 74 had

Table 1 Characteristics of the lung cancer patients

Clinicopathological characteristics

Gender

Male 444

Female 319

Age (year)

≤ 60 344

> 60 419

Tumor size (cm)

≤ 3 492

> 3 271

Nodal metastasis

Negative 450

Positive 313

TNM

I 399

II 123

III 214

IV 27

Histological type

Squamous carcinoma 181

Adenocarcinoma 508

Others 74

Smoking history

Smoking 328

Non-smoking 435

BMI

< 25 424

≥ 25 339

SUVmax

≤ 9 382

> 9 381

NLR

≤ 1.92 384

> 1.92 379

PLR

≤ 120 384

> 120 379

EGFR

Undo 323

Wild type 307

Mutant type 133
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other subtypes. The baseline epidemiologic and clinical char-
acteristics of the study population are shown in Table 1.

The SUVmax was significantly higher in males than fe-
males (p < 0.001). Additionally, older patients, larger tumor
sizes, advanced stage, and smokers had higher SUVmax
values (p = 0.02, p < 0.001, p = 0.003, and p < 0.001, respec-
tively). We also compared the SUVmax between different
epidermal growth factor receptor (EGFR) statuses (wild type
vs mutant type); the wild type had a higher SUVmax than
mutants (p < 0.001; Table 2). In addition, two promising fac-
tors, neutrophil-to-lymphocyte ratio (NLR) and platelets-to-
lymphocyte ratio (PLR), were also included in our analysis.
Higher NLR and PLR showed elevated SUVmax value
(p < 0.001 and p = 0.003). Significant differences were also
found between various histotypes (ADC, SCC, large cell lung
cancer, adenosquamous carcinoma, and others; p < 0.001).
SUVmax in ADC was remarkably lower than that in other
histotypes (Suppl Fig. 1).

With respect to the outcome, using median values as cutoff
points, disease stage (p < 0.001), body mass index (BMI) (p =
0.036), SUVmax (p < 0.001), after treatment (p < 0.001),
NLR (p = 0.01), and PLR (p = 0.038) were significantly asso-
ciated with PFS as analyzed using Kaplan–Meier curves and
the log-rank test. Prognostic factors for OS included disease
stage (p < 0.001), histotypes (p = 0.017), SUVmax
(p < 0.001), smoking history (p = 0.037), after treatment (p =
0.004), and NLR (p = 0.002) (Fig. 1; Suppl Fig. 2). The mul-
tivariate analysis showed an independent prognostic role for
SUVmax, disease stage, BMI, and after treatment in PFS (p =
0.013, p < 0.001, p = 0.033 and p < 0.001) and disease stage
for OS (p < 0.001). SUVmax had marginal significance for
OS (p = 0.074) (Suppl Table 1; Suppl Table 2).

Metabolic status and tumor-infiltrating immune cells
in NSCLC patients

One hundred and twenty-two tumor specimens were analyzed
with IHC for immune factors. Eighty-five ADCs, 31 SCCs,
and 6 other NSCLC histotypes were analyzed (Table 3). All
investigated tumors were positive at FDG-PET: the median
SUVmax was 9.4 (range 2.3–29).

To investigate the relationship between immune variables
and other clinical parameters, we calculated the median num-
ber of CD68+, CD163+, CD3+, CD8+, CD11c+, Foxp3+, and
PD-1+ immune populations in tissue specimens from NSCLC
patients in five areas in the same slides (Fig. 2). Considering
the overall cohort, CD68-TAMs were present in all tumors,
with a median number of 45.5, ranging from 4 to 150; CD163-
TAMs were present in all tumors, with a median number of 31
(2–88); CD11c-DCs had a median number of 15 (0–40.5);
CD3-TILs were present in all tumors with a median number
of 138.75 (4–350); and CD8-TILs were present in all tumors
with a median number of 78.25 (18–182). Additionally, PD-1-

TILs were present with a median number of 23.5 (0–200),
while 64 patient specimens were PD-L1-negative (≤ 5%)
and 58 were PD-L1-positive (> 5%).

The distribution of immune variables did not differ signif-
icantly in SCC compared with ADC, except for Foxp3-Tregs
and CD8-TILs: CD68-TAMs (p = 0.181), CD163-TAMs (p =
0.133), CD11c-DCs (p = 0.106), CD3-TILs (p = 0.233), CD8-
TILs (p = 0.005), Foxp3-Tregs (p = 0.014), PD-1-TILs (p =
0.254), PD-L1 (p = 0.001) (Suppl Fig. 3).

We found a statistically significant correlation between
SUVmax with the expression of CD163-TAMs (rho = 0.267;
p = 0.003), CD8-TILs (rho = 0.219; p = 0.015), Foxp3-Tregs
(rho = 0.262; p = 0.004), PD-1-TILs (rho = 0.376; p < 0.001),
and PD-L1 (rho = 0.227; p = 0.012). In contrast, there was no
correlation between SUVmax and CD68-TAMs (rho = − 0.1;
p = 0.275), CD11c-DCs (rho < 0.001; p = 0.997), or CD3-

Table 2 Comparison of SUVmax in clinical groups

Clinicopathological characteristics SUVmax p

Gender < 0.001

Male 9.6

Female 8.3

Age (year) 0.02

≤ 60 8.2

> 60 9.5

Tumor size (cm) < 0.001

≤ 3 7

> 3 12.6

Nodal metastasis < 0.001

Negative 8.35

Positive 9.8

TNM 0.003

I + II 7.45

III + IV 12.8

Smoking history < 0.001

Non-smoking 7.55

Smoking 10.1

BMI 0.049

< 25 9.4

≥ 25 8.5

NLR < 0.001

≤ 1.92 8.2

> 1.92 10.3

PLR 0.003

≤ 120 8.5

> 120 9.8

EGFR

Undo < 0.001

Wild type 10.5

Mutant type 7.6
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TILs (rho = 0.111; p = 0.224) (Fig. 3). The association be-
tween MTV, TLG, and immune markers was also analyzed.
The significant correlation was found between MTV and
CD163-TAMs (rho = 0.202; p = 0.026), CD3-T cells (rho =
0.189; p = 0.037), Foxp3-Tregs (rho = 0.278; p = 0.002);
TLG and CD163-TAMs (rho = 0.229; p = 0.011), Foxp3-

Tregs (rho = 0.284; p = 0.002), and PD-1-TILs (rho = 0.243;
p = 0.007).(Suppl Figs. 4 and 5).

Interestingly, we also found a correlation between intra-
tumor immunemarkers; Tregs were negatively correlatedwith
CD68-TAMs (rho = − 0.227; p = 0.012) but had positive cor-
relation with CD163-TAMs (rho = 0.22; p = 0.015). Tregs
were also positively correlated with CD3-TILs (rho = 0.506;
p < 0.001) and CD8-TILs (rho = 0.166; p = 0.068). In addi-
tion, CD11c-DCs were correlated with CD8-TILs (rho =
0.196; p = 0.03). No significance was found for correlation
with other markers.

Next, the roles of metabolic parameters and immune fac-
tors in determining the prognosis of the 122 lung cancer pa-
tients were also analyzed. Disease stage (p < 0.001), BMI (p =
0.023), SUVmax (p < 0.001), MTV (p = 0.007), TLG (p =
0.005), CD163-TAMs (p = 0.006), CD11c-DCs (p = 0.008),
PD-L1 (p = 0.048), and Tregs (p = 0.014) were prognostic fac-
tors with PFS as documented on Kaplan–Meier curves by the
log-rank test (Suppl Fig. 6). For OS, disease stage (p < 0.001),
SUVmax (p < 0.001), MTV (p = 0.014), TLG (p = 0.012),
CD163-TAMs (p < 0.001), CD11c-DCs (p = 0.001), and PD-
L1 (p < 0.001) were significantly associated with OS.

Discussion

In this study, we performed a retrospective analysis on the
roles of metabolic parameters in NSCLC patients and found
a remarkable correlation between metabolic variables and
immune-related markers in the tumor microenvironment.
Our analysis suggests a network of 18F-FDG PET/CT meta-
bolic information with intra-tumor immune features.

The role of SUVmax in lung cancer

Many tumors have high rates of glycolysis and an elevated
metabolism rate. Tumor cells require catabolites to maintain
the reduction–oxidation balance and produce biomass. As the

Table 3 Characteristics of 122 lung cancer patients

Clinicopathological characteristics

Gender

Male 72

Female 50

Age (year)

≤ 60 55

> 60 67

Tumor size (cm)

≤ 3 65

> 3 57

Nodal metastasis

Negative 39

Positive 83

TNM

I 32

II 32

III 50

IV 8

Histotypes

Squamous carcinoma 85

Adenocarcinoma 31

Others 6

Smoking history

Non-smoking 63

Smoking 59

BMI

< 25 61

≥ 25 61

Fig. 1 The PFS (a) and OS (b) in SUVmax high and low groups (p < 0.001 and p < 0.001)
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most abundant nutrient, glucose is a metabolic substrate com-
monly used by tumor cells. 18F-FDG PET/CT imaging of the
metabolic activity in tissues is on the basis of hexokinase
inhibited by 2-deoxyglucose. SUVmax, a semi-quantitative
factor of radioactivity for 18F-FDG PET/CT, is the most wide-
ly used parameter in clinical practice. Consistent with previ-
ous reports, we found that high SUVmax was negatively cor-
related with lung cancer prognosis [16–18].

We also calculated the correlation between SUVmax and
NLR as well as PLR, two promising inflammation-related
prognostic factors for lung cancer. We found that higher
NLR and PLR were positively correlated with SUVmax and
negative prognostic factors for PFS and OS. Increasing evi-
dence has shown that systemic inflammatory responses were
important prognostic factors [19]. As inflammatory response
indicators, NLR and PLR were found to be negative prognos-
tic factors in several solid tumors, including NSCLC [20–22].
Inflammation is the hallmark of cancer, and tumor occurrence
is closely associated with inflammation in many tumor types

[23]. Inflammatory mediators, produced by the tumor or in-
nate response, can exert immunomodulatory effects by sup-
pressing specific antitumor immune mechanisms [24–25].

Targeted agents have ushered NSCLC therapy into an era
of precision medicine. The most extensive investigated target
is EGFR. With advances in molecular research, the wide us-
age of molecular-targeted agents such as EGFR tyrosine ki-
nase inhibitors (TKIs) has markedly improved the prognosis
and decreased the inverse effect produced by chemotherapy.
Various studies have been conducted to establish the associa-
tion between 18F-FDG PET uptake and EGFR mutation, but
the results have been conflicting and thus the correlation has
not been well established. We detected the EGFR gene status
in lung cancer patients in this analysis. NSCLC with EGFR
mutations (including exons 19, 20, and 21) has shown a de-
creased metabolic rate compared with the wild type, which
was consistent with Mak et al.’s and Na et al.’s results
[26–27]. We also detected variations between the three muta-
tion exons (exons 19, 20, and 21), but no significance was

Fig. 2 Immune variables in lung cancer specimens. a Histological
sections of human NSCLC, stained for CD3-T cells, CD8-TILs, CD68-
TAMs, CD163-TAMs, CD11c-DCs, and Foxp3-Tregs infiltrating cells.
The density of immune variables is heterogeneous among specimens,

with some scarcely infiltrated cases (upper) and some highly infiltrated
cases (lower). b Similar for PD-1-TILs and PD-L1 expression in NSCLC
cells
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found (data not shown). Although no concurrent results, gene
polymorphism could affect the metabolic state, which opened
an additional window for innovation to detect gene mutation
by molecular imaging.

In addition, we also detected the correlations between
SUVmax and histotypes. We found that ADCs have signifi-
cantly lower SUVmax than other types. Moreover, Higashi
et al. found that the SUV value was significantly lower in
bronchioloalveolar carcinomas than that in non-
bronchioloalveolar adenocarcinomas [28]. Although the rea-
son for these results requires further investigation, this out-
come shows us that the complex molecular structure in vari-
ous pathological types may influence tumor metabolism.
Furthermore, SUVmax has a potential predictive value for
the identification of histotypes.

Metabolic variables and immune factors

To compare the association between immune variables and
18F-FDG PET/CT parameters, specimens from the 122 lung
cancer patients were tested by IHC for tumor-infiltrating im-
mune cells, such as Tregs, TAMs, DCs, and TILs.

Tregs are a type of specific immune regulatory cells that
can promote tumor progression by secreting inhibitory cyto-
kines such as TGF-β and IL-10 or expressing negative regu-
latory factors such as CTLA-4, TIM-3, and PD-L1 to inhibit T
cell activation [29–32]. Evidence has shown that Tregs infil-
trating the tumor microenvironment could accelerate the

invasion andmetastasis of lung cancer and could be a negative
prognostic immune factor in lung cancer [33, 34]. Foxp3 is a
common biomarker for Tregs. In our analysis, more Foxp3-
Tregs reveal shorter PFS in lung cancer patients, which is
consistent with previous studies. Moreover, we found that
Foxp3-Tregs are positively associated with SUVmax, MTV,
and TLG.

Macrophages contribute to immune responses by
possessing phenotypic plasticity. M2-polarized macrophages
exhibit increased transcription of genes and possess tumor
promotion functions. TAMs in the tumor microenvironment
usually exhibit M2 polarization. M2 has higher basal mito-
chondrial oxygen consumption rates than either resting mac-
rophages or M1 macrophages. CD163 is the common marker
for M2-polarized macrophages. In our analysis, CD163-
TAMs showed positive correlation with metabolic parameters.
Additionally, more CD163+ macrophages had shorter PFS
and OS; these results were consistent with previous
conclusions.

Studies have recently reviewed the effect of T cells on the
clinical outcome of a variety of solid cancers and found that a
strong infiltration of TILs was associated with a positive clin-
ical outcome in several cancers, including lung cancer. More
specifically, the most consistent positive prognostic impacts
were demonstrated for T cells, especially cytotoxic T cells.
However, CD8-TIL was not a prognostic factor in our analy-
sis, partly because of the small sample size. Positive correla-
tion between CD8-TIL and SUVmax was found in our data.

Fig. 3 Correlation of SUVmax with human NSCLC stained for CD163-TAMs (a), CD8-TILs (b), Tregs (c), PD-1-TILs (d), and PD-L1 (e) (average
values)
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This outcome was similar with Lopci’s results [35]. Although
Lopci did not explain the seemingly contradictory outcome,
we think it is attributed to two points: first, more CD8-TILs
still reveal the severity of tumor and tumor-related inflamma-
tion, and both could increase the FDG uptake; second, T cells
have the ability to extensively and rapidly proliferate upon
activation, which sets them apart from other immune cells.
Additionally, CD8-TILs themselves engage Warburg metabo-
lism when proliferating [36–38], which is due to the high
glucose uptake and higher SUVmax value.

PD-L1 is expressed on a wide variety of tumors, including
NSCLC. In general, PD-1 and PD-L1 have been demonstrated
to indicate poor prognosis [39]. The PD-1-PD-L1 pathway
plays a critical role in immunity inhibition, which could in-
duce the exhaustion of lymphocytes and immune tolerance
through suppressing lymphocyte proliferation and cytokine
production [40, 41]. Recent studies with checkpoint inhibitors
targeting the PD-1/PD-L1 axis showed promising patient out-
comes . Two an t i -PD-1 agen t s , n ivo lumab and
pembrolizumab, have been approved by the US Food and
Drug Administration with notable efficacy and a favorable
toxicity profile in histologically or biologically selected
NSCLC populations [11–13]. Although studies with PD-1/
PD-L1-targeted therapies showed encouraging results, not
all patients responded to this type of treatment and there is
an urgent need for predictive biomarkers.

Our analysis showed a potential predictive value of meta-
bolic imaging for immunotherapy response. Research has
shown that PD-L1 could directly affect the glucose metabo-
lism in vitro [14]. PD-L1 increased glycolysis-related en-
zymes by affecting the Akt/mTOR signaling pathway, leading
to glycolysis rate acceleration [42]. As the immune regulation
protein, PD-L1 can inhibit T cell activation by binding with
PD-1 but can also enhance the glycolysis rate and exhaustion
of glucose, thus making the immune cells “hungry” [43]. Our
results confirmed this conclusion: SUVmax was positively
correlated with PD-L1+ tumor cells, which demonstrated that
SUVmax may be a valuable indicator for PD-L1 expression
and the use of checkpoint inhibitors.

Our analysis has some shortcomings: first, a limited sample
size in each stage influenced our further research on SUVmax
and immune variables in different stages. Second, more FDG-
PET parameters need to be included in our test for more com-
prehensive results.

In conclusion, our preliminary findings showed a statisti-
cally significant association between metabolic parameters on
18F-FDG PET/CT and the intra-tumor expression of immune-
related markers, providing a rationale to further explore the
role of 18F-FDG PET/CT as a predictor of tumor microenvi-
ronment patterns and checkpoint inhibitor activity.
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