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Abstract
Purpose: To investigate the correlations between metabolic parameters (MPs) 
of 18F-fluorodeoxyglucose (FDG) uptake on positron emission tomography/com-
puted tomography (PET/CT), serum tumor markers (STMs), and tumor muta-
tional burden (TMB) in patients with non-small cell lung cancer (NSCLC).
Materials and Methods: In this retrospective study, we enrolled 129 patients 
with NSCLC (males, 78; females, 51) who underwent baseline TMB and STM 
tests and 18F-FDG PET/CT scans before treatment between March 2018 and 
September 2022. Patients were categorized into TMB-high (TMB ≥10 muta-
tions/Mb; n = 27 [20.9%]) and non-TMB-high (TMB <10 mutations/Mb; n = 102 
[79.1%]) groups. Binary logistic regression analyses were performed to determine 
independent predictors of TMB-high. Univariate and multivariate linear regres-
sion analyses were performed to determine independent predictors of TMB level 
on a log scale. Subgroup analyses for adenocarcinoma (ADC), ADC with EGFR+, 
ADC with EGFR−, and squamous cell carcinoma (SCC) were performed.
Results: For ADC, all MPs (SULpeak, SULmax, SULmean, MTV, and TLG) were 
significantly higher in the TMB-high group than the non-TMB-high group; 
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1   |   INTRODUCTION

Immune checkpoint inhibitor (ICI) therapy has revolu-
tionized the treatment of advanced non-small cell lung 
cancer (NSCLC). Unfortunately, the response rate to ICI 
monotherapy is only 15%–20% for unselected patients.1,2 
Predictive biomarkers remain a major challenge for clin-
ical applications. Tumor mutational burden (TMB), de-
fined as the total number of somatic mutations per coding 
area of a tumor genome, has been acknowledged as a 
promising biomarker of response to ICIs. A higher TMB is 
associated with higher response rates and longer progres-
sion-free survival.3 However, TMB has not been widely 
available clinically because of difficulties in detection, 
including invasive procedures followed by pathological 
assessment, the inability to obtain sufficient specimens 
sometimes or obtain specimens repeatedly, and expen-
sive detection methods for next-generation sequencing. 
Therefore, it is important to explore noninvasive surrogate 
biomarkers for TMB.

As a functional noninvasive imaging modality based 
on glucose metabolism, 18F-fluorodeoxyglucose (FDG) 
positron emission tomography/computed tomography 
(PET/CT) is a significant imaging modality. Previous 
studies have reported that baseline metabolic parameters 
(MPs) of NSCLC may be predictive factors for response to 
immunotherapy.4 Serum tumor markers (STMs) from pe-
ripheral blood have the advantages of being noninvasive, 
convenient, and inexpensive and are potentially useful in 
the early diagnosis, treatment monitoring, and prognosis 
evaluation of NSCLC.5,6 STMs can serve as ideal tumor-as-
sociated antigens for inducing effective tumor immunity.7 
Some retrospective analyses have also demonstrated that 
pretreated STMs are prognostic predictors of immuno-
therapy.8,9 Therefore, we hypothesized that there may be 
links between MPs, STMs, and TMB.

To date, few studies have explored the correlations be-
tween MPs, STMs, and TMB,10–12 and the results remain 
controversial. Haghighat-Jahromi et al. confirmed an in-
dependent correlation between the maximum standard-
ized uptake value (SUVmax) and TMB in various tumor 
types.10 Ono et al. reported that SUVmax and carcinoembry-
onic antigen (CEA) were independent predictors of TMB 
in NSCLC.12 However, Moon et  al. found no significant 
relationship between metabolic features and TMB in lung 
cancer.11 Additionally, these studies had some limitations: 
(a) subgroup analyses of pathological type and driver gene 
mutation type were not performed; (b) the time interval 
of PET/CT scan, STM test, and biopsy/surgery were not 
determined; (c) the cutoff of TMB-high was different; and 
(d) limited MPs and STMs were studied.

To complement the deficiency in the extant literature, 
we aimed to further explore the correlations of MPs and 
STMs with TMB. Detailed analyses of different pathologi-
cal types and driver gene mutation types were performed. 
We expect to provide new insights for potential substitutes 
to TMB which has clinical utility.

2   |   MATERIALS AND METHODS

2.1  |  Patient selection

We enrolled 2597 patients with lung cancer who under-
went PET/CT examinations with data retrieved from the 
PET/CT Center data system between March 2018 and 
September 2022. The study was conducted according to the 
guidelines of the Declaration of Helsinki and approved by 
the Institutional Review Board of the Institutional Ethics 
Committee of our hospital. The inclusion criteria were as 
follows: (a) pathologically confirmed NSCLC; (b) baseline 
TMB data of the primary tumor tissue on biopsy/surgery 

smoker (odds ratio [OR] = 27.08, p = 0.018), EGFR+ (OR = 0.03, p = 0.033), 
KRAS+ (OR = 7.98, p = 0.083), high CEA (OR = 33.56, p = 0.029), and high CA125 
(OR = 13.68, p = 0.030) were independent predictors of TMB-high; and all MPs 
showed significant positive linear correlations with TMB on a log scale, with 
SULpeak as an independent predictor. However, no significant correlation was ob-
served for SCC.
Conclusion: MPs and STMs can predict the TMB level for patients with ADC, 
and may serve as potential substitutes for TMB with increased value and easy 
implementation in guiding immunotherapy through noninvasive methods.

K E Y W O R D S
18F-FDG PET/CT, immunotherapy, non-small cell lung cancer, serum tumor marker, tumor 
mutational burden
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samples obtained before treatment, excluding TMB data 
of metastases and lymph nodes; (c) baseline PET/CT scan 
performed before treatment; (d) time interval between bi-
opsy/surgery and PET/CT scan was within 1 month to en-
sure an acceptable temporal correlation between imaging 
and genomic evaluation; and (e) measurable and describ-
able tumor lesions on PET/CT. When a patient had mul-
tiple primary lung cancers, the lesion undergoing biopsy/
surgery for TMB test was included in the analyses.

Finally, 129 patients who underwent TMB tests and 
PET/CT scans before treatment were enrolled in the study. 
Clinical and demographic characteristics were retrospec-
tively collected from medical records. We further collected 
baseline STM data of the enrolled patients, and the time 
interval between biopsy/surgery and the STM test was 
within 1 month. Ultimately, 98 of the 129 enrolled patients 
had available STM data.

2.2  |  FDG PET/CT acquisition

All patients underwent a whole-body PET/CT scan as per 
the standard protocol of our hospital. Head-to-groin im-
aging was performed using an integrated PET/CT device 
(Discovery 690; GE Healthcare). Patients were asked to 
fast for at least 6 h before the scan, and blood glucose level 
(normal, <145 mg/dL) was determined. Patients were 
intravenously injected with 18F-FDG at a dose of 3.70–
4.44 MBq/kg. Three-dimensional (3D) whole-body PET/
CT scans with CT were acquired approximately 50–70 min 
after 18F-FDG injection. PET images were obtained in 
3D mode at a rate of 2 min per frame from head to groin 
(generally, 7–8 beds location) and reconstructed using the 
VPFX-S algorithm, with two iterations, 24 subsets, and a 
4 mm Gaussian postfilter. Spiral CT scans were performed 
using a standardized protocol (tube voltage, 120 kV; tube 
current, 150 mA; slice thickness, 3.75 mm; and rotation 
speed, 0.5 s) without intravenous contrast administration. 
All patients underwent a breath-hold thoracic spiral CT 
scan at 120 kV, 205 mA, 0.5 s per tube rotation, and a thick-
ness of 5 mm after the PET/CT scan. Images were recon-
structed from a thickness of 1.25 mm and 0.8 mm space.

2.3  |  Image analysis

PET images were analyzed using PETVCAR (PET Volume 
Computerized Assisted Reporting), an automated segmen-
tation software system on an Advantage Workstation (ver-
sion 4.6; GE Healthcare). The volume of interest (VOI) of 
the whole tumor was autocontoured and segmented using 
a 3D cube. The VOI was placed by one radiologist (Q.Z.) 
and verified by another experienced radiologist (X.L.T.) to 

ensure that the 3D cube contained all FDG PET-positive 
areas of the primary tumor in the axial, coronal, and sagit-
tal planes. Disagreements were resolved by consultation. 
The two radiologists were blinded to the clinical data of all 
patients when placing the VOI.

PETVCAR is an automated segmentation software 
system that uses an iterative adaptive algorithm to detect 
the threshold level. It separates the target volume from 
the background tissue by weighting SUVmax and SUVmean 
within the target volume with a weighting factor of 0.5.13 
PETVCAR was used to calculate the following parameters 
of the primary tumor: SULmax, SULmean, SULpeak, met-
abolic tumor volume (MTV), and total lesion glycolysis 
(TLG). SULmax was defined as the maximum SUL derived 
from the single voxel with the highest uptake; SULmean 
was calculated as the sum of SUL in each voxel divided 
by the number of voxels within the target volume; SULpeak 
was defined as the mean SUL value measured in a 1 cm3 
volume spherical region of interest centered around the 
hottest point of the tumor; MTV represented the volume 
of the contoured tumor tissue with active FDG uptake; 
and TLG was obtained by multiplying SULmean by MTV.

2.4  |  Serum tumor markers assessment

Based on clinical applications, STMs, including CEA, 
carbohydrate antigen 125 (CA125), cytokeratin 19 frag-
ment (Cyfra21-1), and squamous cell-associated antigen 
(SCC-Ag), were tested using immunoelectrochemistry ac-
cording to institutional standard laboratory procedures. 
Upper limits of normal were 5.0 ng/mL for CEA, 35.0 U/
mL for CA125, 3.3 ng/mL for Cyfra21-1, and 1.5 ng/mL 
for SCC-Ag, respectively. Records were obtained from the 
database and categorized as high or normal based on the 
upper limits.

2.5  |  Histologic and genomic analysis

The approach used for obtaining pathological specimens 
was determined according to the patient's condition: 26 
patients underwent surgery, 67 underwent CT-guided 
lung biopsy, and 36 underwent bronchofibroscopy biopsy. 
Next-generation sequencing was used to detect the TMB 
level, epidermal growth factor receptor (EGFR) mutation 
status, and Kirsten rat sarcoma viral oncogene homolog 
(KRAS) mutation status. Records were obtained from the 
official reports of the Pathology Department at our hospi-
tal. TMB was measured as mutations per megabase pair. 
Patients were categorized into TMB-high (≥10 mutations/
Mb) and non-TMB-high (<10 mutations/Mb) groups. 
Currently, there is no generally accepted cutoff value to 
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define TMB-high. In this study, TMB-high was defined as 
≥10 mutations/Mb as this category is consistent with those 
used in several randomized trials in lung cancer3,14,15 and 
adopted by the Food and Drug Administration for refrac-
tory solid tumor approval of anti–PD-1 therapy.16 In ad-
dition, it is also the minimum threshold developed by 
a multistakeholder group convened by the Friends of 
Cancer Research to coordinate a standard cutoff across 
clinical trials.17,18

2.6  |  Statistical analysis

Descriptive statistics were used to analyze the differ-
ences between the TMB-high and non-TMB-high groups. 
Categorical data were presented as numbers (percent-
ages). The Kolmogorov–Smirnov test was used to analyze 
the distribution normality of continuous data. Normally 
distributed data were presented as mean ± standard de-
viation, whereas non-normally distributed data were 
presented as median (range). Comparisons between the 
TMB-high and non-TMB-high groups were evaluated 
using Pearson's chi-squared test or Fisher's exact test for 
categorical variables and independent samples t-test or 
Mann–Whitney U test for continuous variables. Binary 
logistic regression analyses with backward stepwise selec-
tion were performed to determine independent predictors 
of TMB-high. Univariate and multivariate linear regres-
sion analyses were performed to determine the correlative 
factors of log10-transformed TMB, denoted as TMB (lg). 
TMB, MTV, and TLG were required to transform into the 
shifted log scale in the linear regression analyses because 
of the highly skewed distribution. Significant variables in 
the univariate linear regression were included in the mul-
tivariate linear regression model with backward stepwise 
selection.

Notably, there was significant collinearity among PET 
parameters. Significant explanatory variables in multi-
variate linear regression analyses were identified using 
a backward stepwise elimination method. Variables with 
collinearity were not retained. The final regression model 
was checked to make sure each variable made a significant 
contribution. Multicollinearity analyses showed that the 
variance inflation factors for all enrolled variables were 
below 5.0. Finally, through model selection, three vari-
ables (SULmax, SULmean, and TLG) were excluded, and two 
variables (SULpeak and MTV) were included to construct 
the multivariate linear regression analyses.

Subgroup analyses for adenocarcinoma (ADC), ADC 
with EGFR+, ADC with EGFR−, and squamous cell car-
cinoma (SCC) were performed. Statistical analyses were 
conducted using SPSS (version 25.0; IBM Corp.). Statistical 
significance was set at p < 0.05.

3   |   RESULTS

3.1  |  Patient characteristics

Based on the inclusion criteria, 129 patients with NSCLC, 
all of whom had baseline TMB and PET/CT scans before 
treatment, were enrolled in the present study. Among 
the 129 enrolled patients (78 males and 51 females; age, 
61 ± 10 years), 76.0% (98/129) had ADC and 24.0% (31/129) 
had SCC. Regarding ADC, 54.1% (53/98) were EGFR+ 
and 45.9% (45/98) were EGFR−. Patients in the TMB-high 
group accounted for 20.9% (27/129) and those in the non-
TMB-high group accounted for 79.1% (102/129), with a 
median TMB of 13.0 and 3.2 mutations/Mb, respectively. 
The values of the MPs were 8.3 ± 4.1, 11.1 ± 5.1, 5.2 ± 2.3, 
15.8 (0.4–238.0), and 75.7 (0.7–2052.5) for SULpeak, 
SULmax, SULmean, MTV, and TLG, respectively. Ninety-
eight of the 129 enrolled patients had available STM data. 
The percentage of high STMs was 45.9% (45/98), 29.6% 
(29/98), 56.1% (55/98), and 17.3% (17/98) for CEA, CA125, 
Cyfra21-1, and SCC-Ag, respectively. Clinical information 
is summarized in Tables 1 and 2.

3.2  |  Correlations of MPs and STMs with 
TMB-high

Tables 1–4 demonstrate the differences between the TMB-
high and non-TMB-high groups for NSCLC, ADC, ADC 
with EGFR−, and SCC, respectively. Subgroup analysis of 
ADC with EGFR+ was not performed because only one 
patient had TMB-high in this subgroup.

TMB-high was associated with male, SCC, smoker, 
and EGFR− for NSCLC, and male, smoker, EGFR−, and 
KRAS+ for ADC (all p < 0.05). TMB-high was additionally 
associated with high CA125, Cyfra21-1, and SCC-Ag for 
NSCLC, and high CEA, CA125, and Cyfra21-1 for ADC 
(all p < 0.05). All MPs (SULpeak, SULmax, SULmean, MTV, 
and TLG) were significantly higher in the TMB-high group 
than in the non-TMB-high group for NSCLC and ADC (all 
p < 0.05). In the subgroup analysis of ADC with EGFR−, 
TLG (p = 0.048) was significantly higher in the TMB-high 
group than in the non-TMB-high group. However, no sig-
nificant correlation was observed for SCC.

The results of the binary logistic regression analyses for 
NSCLC and ADC are shown in Figure  1. Smoker (odds 
ratio [OR] = 5.92, p = 0.023), EGFR+ (OR = 0.08, p = 0.022), 
and high CA125 (OR = 3.56, p = 0.047) were indepen-
dent predictors of TMB-high for NSCLC, and smoker 
(OR = 27.08, p = 0.018), EGFR+ (OR = 0.03, p = 0.033), 
KRAS+ (OR = 7.98, p = 0.083), high CEA (OR = 33.56, 
p = 0.029), and high CA125 (OR = 13.68, p = 0.030) were 
independent predictors of TMB-high for ADC.
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3.3  |  Correlations of MPs and STMs with 
TMB on a log scale

Owing to the highly skewed distribution of TMB, linear 
regression analysis was used to identify independent 

predictors of TMB on a log scale. Table 5 demonstrates the 
univariate linear regression analyses for NSCLC, ADC, 
ADC with EGFR+, ADC with EGFR−, and SCC, respec-
tively. All MPs showed significant positive linear correla-
tions with TMB (lg) for NSCLC, ADC, ADC with EGFR+, 

All patients Non-TMB-High TMB-High p Value

Sex

Male 78 55 (70.5) 23 (29.5) 0.003

Female 51 47 (92.2) 4 (7.8)

Age (years) 61 ± 10 61 ± 10 64 ± 8 0.146

Histological subtype

ADC 98 84 (85.7) 14 (14.3) 0.001

SCC 31 18 (58.1) 13 (41.9)

Clinical stage

I or II 40 32 (80.0) 8 (20.0) 0.862

III or IV 89 70 (78.7) 19 (21.3)

Smoking status

Smoker 61 40 (65.6) 21 (34.4) <0.001

Nonsmoker 68 62 (91.2) 6 (8.8)

History of malignancy

Yes 36 25 (69.4) 11 (30.6) 0.095

No 93 77 (82.8) 16 (17.2)

ECOG PS

0–1 116 92 (79.3) 24 (20.7) 1.000

2 13 10 (76.9) 3 (23.1)

EGFR mutation

EGFR+ 54 53 (98.1) 1 (1.9) <0.001

EGFR− 75 49 (65.3) 26 (34.7)

KRAS mutation

KRAS+ 18 11 (61.1) 7 (38.9) 0.088

KRAS− 111 91 (82.0) 20 (18.0)

CEA

High 45 34 (75.6) 11 (24.4) 0.503

Normal 53 43 (81.1) 10 (18.9)

CA125

High 29 19 (65.5) 10 (34.5) 0.041

Normal 69 58 (84.1) 11 (15.9)

Cyfra21-1

High 55 39 (70.9) 16 (29.1) 0.037

Normal 43 38 (88.4) 5 (11.6)

SCC-Ag

High 17 9 (52.9) 8 (47.1) 0.012

Normal 81 68 (84.0) 13 (16.0)

Abbreviations: ADC, adenocarcinoma; CA125, carbohydrate antigen 125; CEA, carcinoembryonic 
antigen; Cyfra21-1, cytokeratin 19 fragment; ECOG PS, Eastern Cooperative Oncology Group 
Performance Status; EGFR, epidermal growth factor receptor; KRAS, Kirsten rat sarcoma viral oncogene 
homolog; NSCLC, non-small cell lung cancer; SCC, squamous cell carcinoma; SCC-Ag, squamous cell-
associated antigen; TMB, tumor mutational burden.

T A B L E  1   Clinicopathological 
characteristics of NSCLC.
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and ADC with EGFR− (all p < 0.05). However, no signifi-
cant correlation was observed for SCC.

Figure  2 demonstrates the multivariate linear re-
gression analyses for the independent predictors of 
TMB (lg). Age (β = 0.212, p = 0.010), ADC (β = −0.184, 
p = 0.043), EGFR+ (β = −0.269, p = 0.005), and SULpeak 
(β = 0.345, p < 0.001) were independent predictors for 
NSCLC; age (β = 0.243, p = 0.012), EGFR+ (β = −0.241, 
p = 0.010), high CEA (β = 0.201, p = 0.044), and SULpeak 
(β = 0.355, p = 0.001) were independent predictors for 
ADC; SULpeak (β = 0.342, p = 0.011) was an indepen-
dent predictor for ADC with EGFR+; and age (β = 0.411, 
p = 0.003), high CEA (β = 0.424, p = 0.002), and SULpeak 
(β = 0.439, p = 0.002) were independent predictors for 
ADC with EGFR−. SULpeak was an independent pre-
dictor of TMB (lg) for all the above categories (NSCLC, 
ADC, ADC with EGFR+, and ADC with EGFR−). 
Figures 3 and 4 show the significant positive linear cor-
relations between SULpeak and TMB (lg) for all the above 
categories, and no significant correlation was observed 
for SCC.

4   |   DISCUSSION

Correlations between MPs, STMs, and TMB remain 
poorly understood. This study revealed different find-
ings between ADC and SCC. For ADC, pretreated MPs 
and STMs were generally higher in the TMB-high group 
than in the non-TMB-high group; all MPs showed sig-
nificant positive linear correlations with TMB (lg), and 
SULpeak was an independent predictor of TMB (lg), in-
cluding subgroups of ADC with EGFR+ and EGFR−. 
However, no significant correlation was observed for 
SCC. We identified that MPs and STMs can predict 
the TMB level for patients with ADC, and may serve 
as potential substitutes for TMB with increased value 
and easy implementation in guiding immunotherapy 
through noninvasive methods.

The present study had the following improvements 
over previous studies: (a) subgroup analysis of the EGFR 
mutation was performed for the first time, as we believed 

it was important that patients with EGFR− were the target 
candidates for immunotherapy; (b) correlations between 
SUL parameters and TMB were analyzed for the first 
time. SUL parameters eliminate the influence of adipose 
tissue compared to SUV parameters. PERCIST 1.0 also 
recommends SULpeak as the most important quantitative 
indicator of therapeutic response for immunotherapy; (c) 
CA125 and SCC-Ag were studied for the first time, which 
enriched the blood-based biomarkers; (d) TMB-high was 
defined as TMB ≥10 mutations/Mb as it may be the op-
timal and universal cutoff to guide clinical applications; 
and (e) we set a 1-month interval between PET/CT scan, 
STM test, and biopsy/surgery to ensure an acceptable tem-
poral correlation. A longer time lapse may result in a poor 
correlation.

This study demonstrated that TMB-high in NSCLC 
was associated with male, smoker, and SCC, which was 
consistent with the result of previous studies.11,19,20 
Correlations of MPs and STMs with TMB only existed 
in ADC, and no significant correlation was observed for 
SCC. The reasons for the different results between ADC 
and SCC remain unclear. In our previous publication, 
we reported that baseline SULmax and SULpeak were pos-
itively correlated with the degree of pathological regres-
sion to neoadjuvant immunotherapy in NSCLC (SULmax, 
p = 0.036; SULpeak, p = 0.058), and a large majority of the 
patients (80.6%, 29/36) had SCC.4 Therefore, we specu-
lated that there may be links between MPs and immu-
notherapy biomarkers in SCC. However, no significant 
correlation was observed for SCC in this study. One rea-
son could be the limited number of patients. Further 
studies involving more patients are required. Another 
possibility is that MPs correlate with programmed death 
ligand 1 (PD-L1) expression instead of TMB in SCC. 
Previous studies have reported a significant positive 
correlation between SUVmax and PD-L1 expression in 
SCC.21,22 It has been proven that PD-L1 expression is 
independent of TMB, and both can independently pre-
dict immunotherapy efficacy.23 The predictive effect of 
PD-L1 expression and TMB, alone or in combination, 
and their correlations with tumor metabolism deserve 
further study.

All patients Non-TMB-High TMB-High p Value

SULpeak 8.3 ± 4.1 7.9 ± 4.0 10.4 ± 3.8 0.003

SULmax 11.1 ± 5.1 10.4 ± 5.0 13.4 ± 4.7 0.006

SULmean 5.2 ± 2.3 5.0 ± 2.3 6.2 ± 2.0 0.016

MTV 15.8 (0.4–238.0) 13.2 (0.4–222.0) 32.7 (1.7–238.0) <0.001

TLG 75.7 (0.7–2052.5) 58.7 (0.7–2052.5) 205.8 (7.7–1366.8) <0.001

Abbreviations: MTV, metabolic tumor volume; NSCLC, non-small cell lung cancer; PET, positron 
emission tomography; SUL, the standardized uptake value corrected by lean body mass; TLG, total lesion 
glycolysis; TMB, tumor mutational burden.

T A B L E  2   PET parameters of NSCLC.
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A negative correlation was observed between EGFR+ 
and TMB, which may explain why EGFR+ patients had 
a poor response to ICIs and even underwent hyperpro-
gression.24,25 Among the 53 ADC patients with EGFR+ 
in this study, only one patient had TMB-high (TMB, 15 
mutations/Mb), which was contradictory to the result of 
the negative correlation. However, the patient also had 
KRAS+. KRAS+ was found to be a predictor of TMB-high 
and positively correlated with TMB in the univariate lin-
ear analysis. Previous studies have also reported that pa-
tients with KRAS+ had better immunotherapy efficacy.26 
Therefore, KRAS+ may be an important predictor of TMB-
high, which needs further verification.

We found that all MPs (SULpeak, SULmax, SULmean, MTV, 
and TLG) were significantly higher in the TMB-high group 
than in the non-TMB-high group, and all MPs presented 
significant positive correlations with TMB. However, the 
exact mechanism between FDG uptake and TMB remains 
unclear. The mechanism of FDG uptake involves glucose 
metabolism, angiogenesis, hypoxia, and the mammalian 
target of rapamycin (mTOR) signaling pathway.27 A pre-
vious study showed that carbohydrate metabolism had a 
positive correlation with TMB,28 and another study showed 
that mutations of the mTOR pathway were associated with 
increased TMB.29 Thus, the correlation between high MPs 
and high TMB may reflect increased glucose metabolism 
and activation of the mTOR pathway. Another alternative 
explanation for the correlation may be based on an innate 
immune response triggered by tumors with higher TMB. 
FDG is actively entrapped in the increased infiltration of 
immune effector cells such as tumor-infiltrating lympho-
cytes and tumor-associated macrophages.30 In the presence 
of the activated mTOR pathway, pathway enrichment was 

involved in antitumor immunity, enhanced antigen pre-
sentation, and increased infiltration of immune effector 
cells.29 Moreover, tumor aggressiveness may be another in-
trinsic link between MPs and TMB. It is generally believed 
that tumors with high FDG uptake have a higher likelihood 
of aggressiveness,31 and the phenotypic features related to 
aggressiveness may become more prominent as the genetic 
mutation rate increases.32

The molecular pathogenesis of lung cancer involves 
various oncogenes, tumor suppressor genes, signaling 
pathway components, and other cellular processes.33 
These molecular processes lead to the release of various 
mutated or overexpressed proteins associated with lung 
cancer into body fluids, known as STMs, which are poten-
tial noninvasive biomarkers for diagnosis, monitoring, and 
prognosis assessment.34 The correlation between STMs 
and TMB remains poorly understood. Ono et al. reported 
that CEA level was an independent predictor of TMB.12 
The present study also found that high CEA and CA125 
levels were independent predictors of TMB-high. The re-
appearance of CEA in patients with cancer indicates that 
certain genes are reactivated by the malignant transforma-
tion of cells. CEA can serve as an ideal tumor-associated 
antigen for inducing effective tumor immunity.7

The present study had several limitations. First, this 
was a preliminary, exploratory, and single-center retro-
spective study with a small number of patients, although 
approximately 4 years of data were included. Second, we 
only studied EGFR and KRAS mutations. Other driver 
gene mutations were not included because of the limited 
number of patients. Third, not all patients had available 
STM data. Fourth, the spatial heterogeneity of tumors 
might influence TMB detection. Finally, exploring the 

F I G U R E  1   Independent predictors 
of TMB-high by binary logistic regression 
analysis for NSCLC and ADC. TMB, 
tumor mutational burden; NSCLC, 
non-small cell lung cancer; ADC, 
adenocarcinoma; SCC, squamous cell 
carcinoma; EGFR, epidermal growth 
factor receptor; KRAS, Kirsten rat 
sarcoma viral oncogene homolog; 
CEA, carcinoembryonic antigen; 
CA125, carbohydrate antigen 125; SUL, 
standardized uptake value corrected by 
lean body mass.
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F I G U R E  2   Independent predictors 
of TMB on a log scale by multivariate 
linear regression analysis for NSCLC, 
ADC, ADC with EGFR+, and ADC with 
EGFR−. TMB, tumor mutational burden; 
NSCLC, non-small cell lung cancer; 
ADC, adenocarcinoma; SCC, squamous 
cell carcinoma; EGFR, epidermal 
growth factor receptor; KRAS, Kirsten 
rat sarcoma viral oncogene homolog; 
CEA, carcinoembryonic antigen; SUL, 
standardized uptake value corrected by 
lean body mass.

F I G U R E  3   Correlations between SULpeak and TMB for NSCLC, ADC, and SCC on a log scale. (A) Scatter diagram showing the 
distribution of SULpeak and TMB (lg) for ADC and SCC. (B,C) Positive correlations between SULpeak and TMB (lg) for NSCLC (B) and ADC 
(C). (D) No significant correlation between SULpeak and TMB (lg) for SCC. TMB, tumor mutational burden; NSCLC, non-small cell lung 
cancer; SUL, standardized uptake value corrected by lean body mass; ADC, adenocarcinoma; SCC, squamous cell carcinoma.
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direct relationship between MPs, STMs, and immunother-
apy response is a future step. Therefore, prospective stud-
ies are necessary to validate our findings.

5   |   CONCLUSION

MPs and STMs can predict the TMB level for patients with 
ADC, and may serve as potential substitutes for TMB with 
increased value and easy implementation in guiding im-
munotherapy through noninvasive methods. We high-
light the findings for ADC patients with EGFR−, as they 
are the target candidates for immunotherapy.
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