L))

Check for
updat

Original Article

Predictive value of metabolic parameters derived from
preoperative ®F-FDG positron emission tomography/computed
tomography for brain metastases in patients with surgically
resected non-small cell lung cancer

Jingjie Shang*”, Yongjin Tang*?, Bingyu Ran”, Biao Wu*, Yingxin Li*, Yong Cheng”, Bin Guo*,
Jian Gong”, Lu Wang”, Xueying Ling”, Hao Xu”

Department of Nuclear Medicine and PET/CT-MRI Center, The First Affiliated Hospital of Jinan University, Guangzhou, China

Contributions: (I) Conception and design: H Xu, J Shang; (II) Administrative support: Y Li, Y Cheng, B Guo, ] Gong; (III) Provision of study
materials or patients: L Wang, X Ling; (IV) Collection and assembly of data: ] Shang, Y Tang, B Ran, B Wu; (V) Data analysis and interpretation: J
Shang, Y Tang, X Ling, H Xu; (VI) Manuscript writing: All authors; (VII) Final approval of manuscript: All authors.

*These authors contributed equally to this work.

Correspondence to: Hao Xu, PhD. Department of Nuclear Medicine and PET/CT-MRI Center, The First Affiliated Hospital of Jinan University, No.
613 West Huangpu Road, Guangzhou 510630, China. Email: xh@jnu.edu.cn.

Background: Brain metastases (BMs) are common complications in patients with non-small cell lung
cancer (NSCLC). The purpose of this study was to investigate whether the metabolic parameters derived
from preoperative “F-fluorodeoxyglucose positron emission tomography/computed tomography (“F-FDG
PET/CT) can predict BM development in patients with surgically resected NSCLC.

Methods: We retrospectively reviewed 128 consecutive patients with stage I-IITA NSCLC who underwent
"F-FDG PET/CT before curative surgery at The First Affiliated Hospital of Jinan University between
November 2012 and October 2021. By drawing a volume of interest (VOI), the maximum standardized
uptake values (SUV,,,,), metabolic tumor volume (MTV), and total lesion glycolysis (TLG) of the primary
tumor as well as the mean SUV (SUV,....) of the liver and arterial blood were measured. The tumor-to-
liver SUV ratio (TLR) and tumor-to-blood SUV ratio (TBR) were also calculated. Receiver operating
characteristic curve analysis was used to determine the best cut-off values for positron emission tomography
(PET) parameters to predict BM-free survival, and Cox proportional hazards regression analysis was used to
assess the predictive value of clinical variables and PET parameters.

Results: The median follow-up duration for survival patients was 23.4 months, and 15 patients (11.7%)
experienced BM as the initial relapse site. The cumulative rates of BM over the course of 1, 2, and 5 years
were 4.5%, 10.5%, and 17.5%, respectively. The optimal cut-off values for the prediction of BM-free
survival were 7.7, 4.9, and 4.5 for SUV,,,, TLR, and TBR, and 5.5 mL and 16.1 for MTV and TLG,
respectively. In the Cox proportional hazards model, the risk of BM was significantly associated with TLR
[hazard ratio (HR) =10.712; 95% confidence interval (CI): 2.958-38.801; P<0.001] and MTV (HR =3.150;
95% CI: 0.964-10.293; P=0.020) after adjusting for tumor stage, clinicopathological factors, and other PET

parameter S.
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Conclusions: Preoperative TLR and MTV of the primary tumor may be helpful in predicting BM

development in patients with surgically resected NSCLC. Tumor metabolic parameters may potentially be

used to stratify the risk of BM and determine individualized surveillance strategies.
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Introduction

Brain metastases (BMs) are common complications in
patients with non-small cell lung cancer (NSCLC).
Approximately 6.2-20.9% of patients with surgically
resected NSCLC will develop BM during follow-up (1-3),
which significantly impairs neurocognition, reduces
quality of life, and increases mortality (4). The therapeutic
management of BM has expanded from surgery and whole-
brain radiotherapy to stereotactic radiosurgery, targeted
therapies, and immunotherapies, which are often used
in combination or sequentially (5). Early BM detection
is crucial and will help conduct timely salvage therapies
to improve neurological sequelae and survival. However,
according to several guidelines, brain magnetic resonance
imaging (MRI) is not routinely performed in asymptomatic
patients with surgically resected NSCLC (6,7). Diagnosis of
BM is frequently missed until a patient exhibits significant
neurological symptoms. Therefore, identifying patients
with NSCLC at a higher risk of developing BM may help
implement individualized surveillance strategies.

BM develops due to hematogenous cells spreading
from the primary tumor to the brain microvasculature.
Cancerous cells must first separate from the primary
tumor, infiltrate the surrounding tissues, and enter the
vasculature and lymphatic system (8). Therefore, assessing
tumor aggressiveness can help predict the occurrence of
BM. For patients with surgically resected NSCLC, the
Tumor Node Metastasis (I NM) staging system reflects the
invasiveness and growth characteristics of the tumor (9).
Several studies have found that NSCLC patients with
higher T, N, and TNM stages are more likely to develop
BM (10,11), while other studies do not show similar results
(12,13). One probable explanation for this difference is that
tumor-specific factors are various, creating a heterogeneous
subgroup concerning prognosis even among patients within
the same disease stage. It is difficult to comprehensively
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reflect the aggressiveness of a tumor only based on its size
and location (14). Therefore, BM predictors based on tumor
biology are required to reflect the biological characteristics
of aggressiveness.

"F-fluorodeoxyglucose positron emission tomography/
computed tomography (""F-FDG PET/CT) is a
well-established molecular imaging technology that
enables noninvasive quantification of tumor biological
characteristics. The maximum standardized uptake value
(SUV,,,) is the most commonly used parameter for
quantifying tumor FDG uptake. However, it only reflects
the hottest voxel, and is therefore prone to high statistical
noise, and does not represent the overall tumor metabolic
activity (15). Recently, several studies have suggested that
standardization of semiquantitative measurements, the
ratio of FDG uptake in tumors to that in suitable reference
regions, such as the mediastinal blood pool and normal
liver, may be more accurate than SUV,,, in predicting
the prognosis for NSCLC (16-19). Furthermore, the
volumetric PET parameters, such as metabolic tumor
volume (MTV) and total lesion glycolysis (TLG), which
have been investigated as measures of metabolic tumor
burden are recognized as promising quantitative PET
indices (20). Studies have shown that MTV and TLG are
more significant prognostic predictors than tumor stage
and SUV_,. in NSCLC (21-23). However, whether these
PET metabolic parameters can predict BM development in
patients with surgically resected NSCLC has not yet been
reported.

Therefore, the current study aimed to evaluate the
predictive value of preoperative metabolic parameters
derived from "F-FDG PET/CT for BM development in
patients with curatively resected NSCLC and to compare
them with other predictors. We present this article in
accordance with the STROBE reporting checklist (available
at https://qims.amegroups.com/article/view/10.21037/
qims-23-385/rc).
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Methods
Patients

All patients with newly diagnosed clinical stage I-IITA
NSCLC who underwent preoperative "F-FDG PET/
CT examination in our center between November
2012 and October 2021 were retrospectively reviewed.
Patients with negative brain MRI or CT findings as part
of their initial staging, who were treated with curative
surgery for NSCLC with a negative surgical margin, had
no history of other prior malignancies, and underwent
complete follow-up information were eligible for the
study. Patients were excluded if they had diabetes or liver
disorders or had received neoadjuvant chemotherapy or
radiotherapy before surgery. Patients’ demographic and
clinicopathological variables were recorded at the time of
diagnosis, including age, sex, smoking status, preoperative
serum carcinoembryonic antigen (CEA) level, histology,
and tumor stage.

Patients were followed up every 6 months for 2 years
and annually thereafter. As clinically indicated, follow-up
evaluations included medical history, physical examination,
abdominal ultrasound, thoracic CT, and other necessary
examinations. If the patients had suspicious symptoms and/
or if any recurrence was detected, a contrast-enhanced brain
MRI examination was performed. The study was conducted
in accordance with the Declaration of Helsinki (as revised
in 2013). The study was approved by the institutional board
of The First Affiliated Hospital of Jinan University (No.
KY-2021-075) and individual consent for this retrospective
analysis was waived.

PET/CT acquisition

The identical approach was followed throughout every
examination utilizing a GE Discovery PET/CT 690 scanner.
Patients were instructed to fast for at least 6 hours before
the examination and have serum glucose levels under
200 mg/dL (24). PET/CT images were obtained 50—
70 min after administering 0.08-0.10 mCi/kg of "F-FDG
intravenously. An unenhanced CT scan was acquired during
shallow breathing at 130 kV, 100-180 mA modulated using
the GE AutomA technique. Utilizing three-dimensional
(3D) time-of-flight (TOF) technology, PET data were
obtained through 2-min scans for each bed position. The
scanning range covered from the top of the skull to mid-
thigh, and the scanning time was approximately 20 min for
every patient. The PET data were attenuation-corrected
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using CT data and then reconstructed in terms of point
spread function (PSF) together with TOF technology.

Measurement of PET parameters

The PET parameters of the tumors were analyzed using
PET volume computer-assisted reading (PET VCAR)
which is an automated segmentation system on the GE
Advantage Workstation. By using an iterative adaptive
segmentation algorithm, this software can find a threshold
value that separates the target volume from the background
tissue by weighting the SUV,,, and mean SUV (SUV,....)
within the target volume with a default weighting factor
of 0.5 (25,26). Two experienced independent nuclear
physicians analyzed the primary tumors, and one physician
analyzed all cases after a 3-week washout period. By
drawing a volume of interest (VOI), the SUV, ., MTV, and
TLG of the primary tumor were measured automatically.
The metabolic parameters of lymph node metastases were
not measured because their number was small, and most
had low metabolism. The liver SUV,,,, was automatically
measured using PET VCAR by drawing a spherical
reference region, 3 cm in diameter, placed in the right lobe
of the liver. Furthermore, the arterial blood SUV,,, was
measured manually by drawing a minimum VOI of 5 mL at
the descending thoracic aorta (27). The tumor-to-liver SUV
ratio (TLR) was calculated by dividing the tumor SUV,,
by the liver SUV,..,,. Subsequently, in the same way, the
tumor-to-blood SUV ratio (I'BR) was obtained by the ratio
of tumor SUV, . to blood SUV_,...

Statistical analysis

Patients with BM as the first site of failure were classified
into the BM-positive group, whereas those with extracranial
recurrence as the initial site of failure or with no recurrence
were classified into the BM-negative group. The primary
outcomes were brain metastasis-free survival (BMFS) and
overall survival (OS). BMFS was measured from the date of
surgery to the date of BM as the first relapse site confirmed
by brain imaging or the last date when the patient was
known to be free of BM. OS was defined as the interval
from the date of surgery to death from any cause or final
follow-up.

All PET/CT parameters were tested for interobserver
and intraobserver agreements using interclass correlation
coefficient (ICC) analysis. The differences in PET

parameter values between the BM-positive and BM-
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Patients with stage I-IIIA NSCLC who received
preoperative '®F-FDG PET/CT examination
between November 2012 and October 2021
(n=183)

Y

Excluded (n=19):
e History of other prior malignancies (n=11)
* Received preoperative therapy (n=8)

Y

Patients underwent radical resection and
systemic lymph node dissection
(n=164)

Excluded (n=36):
¢ Diabetes or liver disorders (n=17)
¢ Incomplete follow-up information (n=19)

Y

Patients with stage I-IIIA
NSCLC were finally included
(n=128)

Figure 1 The flowchart of patient inclusion and exclusion. NSCLC, non-small cell lung cancer; “F-FDG PET/CT, 18F—ﬂuorodeoxyglucose

positron emission tomography/computed tomography.

negative groups were analyzed using the Mann-Whitney U
test. Receiver operating characteristic (ROC) curve analysis
was used to analyze significant BM-related parameters to
establish the optimal cut-off values for predicting BMFS.
Patients were divided into two subgroups depending on
the optimal cut-off values. The Kaplan-Meier method was
used to estimate the BMFS and OS curves of the different
subgroups, and the log-rank test was used to compare them.
Using univariate and multivariate Cox regression analyses,
the risk factors for BM development, comprising various
PET measures and other clinical characteristics, were
discovered. To incorporate more potential risk factors, each
factor with a P<0.1 in the univariate analysis was further
analyzed by the multivariate analysis. the P value was a
one-sided test. All data were analyzed using SPSS software
version 16.

Results
Patient characteristics

A total of 128 patients (71 men and 57 women; mean age,
63 years; range, 32-80 years) were enrolled in this study, of
whom 102 (79.7%) were adenocarcinomas, 22 (17.2%) were

squamous cell carcinomas, 3 (2.3%) were large cells, and 1
(0.8%) was adenosquamous. Thirty-one (24.2%) patients
had preoperative MRI and 97 (75.8%) had preoperative CT
to exclude BM. All patients had retrospectively staged again
with American Joint Committee on Cancer (AJCC) 8th
edition for consistency (28). The tumor stages were IA in
80 (62.5%) patients, IB in 16 (12.5%), IIA in 5 (3.9%),
IIB in 15 (11.7%), and IIIA in 12 (9.4%) patients. A flow
diagram of the study is shown in Figure 1. The mean time
between “F-FDG PET/CT examination and surgery was
7+2 days (range, 1-20 days). All patients underwent curative-
intent surgery plus systematic lymph node dissection, and
26 (20.3%) also received adjuvant chemotherapy for four
to six cycles following radical resection. The chemotherapy
regimens included carboplatin- or cisplatin-based regimens
in conjunction with paclitaxel, docetaxel, pemetrexed, or
gemcitabine. Tiable 1 summarizes the demographics and
clinical features of patient.

BMFS and OS analysis

The median follow-up duration was 23.4 months (range,
5.2-113.2 months). A total of 22 (17.2%) patients had
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Table 1 Demographic and clinical characteristics of the patients

Characteristics Values
Age (years), median [range] 63 [32-80]
Sex, n (%)

Male 71 (55.5)

Female 57 (44.5)
Smoking history, n (%)

Never 97 (75.8)

Ever/current 31 (24.2)
Histology, n (%)

Adenocarcinoma 102 (79.7)

Squamous cell carcinoma 22 (17.2)

Large cell carcinoma 3(2.3)

Adenosquamous carcinoma 1(0.8)
T stage, n (%)

1 89 (69.5)

2 32 (25.0)

3 5(3.9)

4 2(1.6)
N stage, n (%)

0 108 (84.4)

1 10 (7.8)

2 10 (7.8)
TNM stage (AJCC 8th edition), n (%)

1A 80 (62.5)

1B 16 (12.5)

1A 5(3.9)

1B 15(11.7)

A 12 (9.4)
Type of surgery, n (%)

Lobectomy 121 (94.5)

Wedge resection 7 (5.5)
Adjuvant therapy, n (%)

No 102 (79.7)

Chemotherapy 26 (20.3)

TNM, Tumor Node Metastasis; AJCC, American Joint Committee

on Cancer.
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died, and 106 (82.8%) patients were still alive at the time
of analysis. Thirty-five patients (27.3%) experienced
recurrence; of these, 20 patients (15.6%) developed
extracranial recurrence as the initial site of failure, while
15 patients (11.7%) experienced BM as the first relapse
location. A representative clinical case is shown in Figure 2.
The median time of BM diagnosis after surgery was
14.2 months (range, 5.2-84.6 months), and the cumulative
rates of BM over the course of 1, 2, and 5 years were 4.5%,
10.5%, and 17.5%, respectively (Figure 3A4). Patients with
positive BM had significantly lower OS than those with
negative (P<0.001) (Figure 3B).

Interobserver and intraobserver agreement of PET
parameters

The interobserver and intraobserver agreements in SUV_
of the primary tumors were excellent, with ICC values
of 1.000. The ICC values of 1.000 were also found for
SUV e of the liver, as the VOI on the right lobe of the
liver was generated automatically by PET VCAR. Excellent
interobserver and intraobserver agreements were also found
for other PET parameters, with ICC values ranging from
0.957 to 0.998. Therefore, the results from Physician 1
were used for further analysis.

PET parameters and ROC analysis

Table 2 describes the mean and optimal cut-off values of
various parameters as determined by ROC curves. SUV,,,
TLR, TBR, MTV, and TLG were significantly higher in
the BM-positive group than in the BM-negative group
(P<0.001). The optimal cut-off values for BMFS derived
from the area under the curve (AUC) data were 7.7, 4.9,
and 4.5 for SUV,,,,, TLR, and TBR, and 5.5 mL and 16.1
for MTV and TLG, respectively. Using these derived
optimal cut-off points, patients with high PET parameters
at the primary tumor level had significantly shorter BMFS
(P<0.05). The Kaplan-Meier curves with dichotomized
values of TLR, TBR, MTV, and TLG are shown in Figure 4.

Risk factors of BM

Tuable 3 summarizes the results of the univariate and
multivariate analyses. High T stage (T2-4), TNM stage
(II-1IIA), serum CEA level >3.76 ng/mL, SUV,, >7.7,
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Figure 2 Representative clinical cases and related PET and brain MRI images. One 63-year-old patient with adenocarcinoma experienced
BM during the follow-up. Measurement of PET parameters using PET VCAR on PET coronal (A) and axial image (B). This patient
was free from BM at baseline evaluation (C) but developed BM after surgery (D, red arrow). PET, positron emission tomography; MRI,
magnetic resonance imaging; BM, Brain metastasis; VCAR, volume computer-assisted reading.

A B
1.0 A 1.0
© M
2
£ 0.8 0.8
° IS
2 >
£ 06 - £ 061
2 0.4 04
- >
g o _ BM-negative Log-rank P value <0.001
£ 0.2 A 0.2 H — BM-positive
© —+ Censored
oM —+ Censored
OO T T T T T T OO T T T T T T
0 20 40 60 80 100 120 0 20 40 60 80 100 120
Time, months Time, months
Number at risk Number at risk
128 100 80 57 35 15 1 BM-negative 113 90 71 52 35 17 1
BM-positive 15 15 13 7 4 2 1

Figure 3 Brain metastasis-free survival (A) and overall survival (B) in patients with NSCLC. Median BMFS =14.2 months for the 15 patients
with brain metastases. BMFS, brain metastasis-free survival; BM, brain metastasis; NSCLC, non-small cell lung cancer.
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Table 2 The description of mean values and the optimal cutoff values of PET parameters

Total BM negative  BM positive 2 o - e
Parameter (mean + SD)  (mean+SD)  (mean « SD) P AUC (95% Cl) Cutoff Sensitivity ~ Specificity
SUV ax 6.8+5.5 6.0+4.7 13.1+7.3 <0.001 0.845 (0.764-0.925) 7.7 0.929 0.728
TLR 3.7£2.9 3.3x2.7 7.0+2.9 <0.001 0.853 (0.771-0.936) 4.9 0.929 0.798
TBR 4.2+3.8 3.8+3.7 7.6+£3.4 <0.001 0.832 (0.745-0.920) 4.5 0.929 0.693
MTV (mL) 9.0+£19.8 8.0+20.0 17.5+£16.6 <0.001 0.788 (0.665-0.911) 55 0.857 0.702
TLG 50.0+138.9 39.1+127.0  138.7+197.1 <0.001 0.845 (0.762-0.929) 16.1 0.929 0.649

#, Mann-Whitney U test. PET, positron emission tomography; SUV,,,,, maximum standardized uptake value; TLR, tumor-to-liver SUV ratio;
TBR, tumor-to-blood SUV ratio; MTV, metabolic tumor volume; TLG, total lesion glycolysis; SD, standard deviation; AUC, area under the

curve; Cl, confidence interval.
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Figure 4 Brain metastasis-free survival in NSCLC patients stratified by TLR (A), TBR (B), MTV (C), and TLG (D). TLR, tumor-to-liver
SUV ratio; TBR, tumor-to-blood SUV ratio; MTV, metabolic tumor volume; TLG, total lesion glycolysis; NSCLC, non-small cell lung

cancer.
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Table 3 The risk factors for brain metastases development

Univariate analysis

Multivariate analysis

Factors

HR 95% ClI P value HR 95% CI P value
Age (<60 vs. >60 years) 1.108 0.378-3.248 0.851 - - -
Sex (female vs. male) 2.290 0.760-6.898 0.141 - - -
Smoking (never vs. ever/current) 1.467 0.490-4.390 0.493 - - -
Histology (adenocarcinoma vs. non- 2.194 0.495-9.735 0.301 - - -
adenocarcinoma)
Adjuvant therapy (no vs. yes) 0.577 0.195-1.706 0.320 - - -
Surgical approaches (wedge vs. lobectomy)  0.044 0.000-459.047 0.509 - - -
T stage (T1 vs. T2-4) 2.941 1.058-8.171 0.039 - - -
N stage (NO vs. N1-2) 2.902 0.909-9.269 0.072 - - -
TNM stage (I vs. II-Il1A) 3.182 1.145-8.842 0.026 - - -
CEA level (<83.76 vs. >3.76 ng/mL) 3.309 1.167-9.385 0.024 - - -
SUV o (£7.7 vs. >7.7) 11.036 3.077-39.577 0.001 - - -
TLR (4.9 vs. >4.9) 13.285 3.729-47.327 <0.001 10.712 2.958-38.801 <0.001
TBR (<4.5 vs. >4.5) 9.639 2.689-34.551 0.001 - - -
MTV (5.5 vs. >5.5 mL) 4.736 1.506-14.889 0.008 3.150 0.964-10.293 0.020
TLG (<16.1 vs. >16.1) 6.801 1.911-24.197 0.003 - - -

HR, hazard ratio; Cl, confidence interval; TNM, Tumor Node Metastasis; CEA, carcinoembryonic antigen; SUV,,.,, maximum standardized
uptake value; TLR, tumor-to-liver SUV ratio; TBR, tumor-to-blood SUV ratio; MTV, metabolic tumor volume; TLG, total lesion glycolysis.

TLR >4.9, TBR>4.5, MTV >5.5 mL, and TLG >16.1 were
significantly associated with an increased risk of developing
brain relapses in univariate analysis (all P<0.05). Only high
TLR [hazard ratio (HR) =10.712; 95% confidence interval
(CI): 2.958-38.801; P<0.001] and high MTV (HR =3.150;
95% CI: 0.964-10.293; P=0.020) were risk factors for BM
according to multivariate analysis, even after adjusting for
T stage, N stage, TNM stage, serum CEA level, and other
PET parameters.

Discussion

The results of this study suggest that the metabolic
parameters of the primary tumor derived from preoperative
"F-FDG PET may have a potential in predicting BM
development in patients with surgically resected NSCLC.
The median BMFS was shorter in patients with high
SUV,.., TLR, TBR, MTYV, and TLG. In addition,
multivariate analysis showed that TLR and MTV were
significant predictors of a higher risk of relapse with BM
in patients with NSCLC who had undergone curative

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

surgery, even after adjusting for tumor stage, well-known
clinicopathological predictive factors, and other PET
parameters.

BM is a common complication in patients with early-
stage NSCLC after receiving curative treatment. Previous
studies found that the incidence of BM ranged from 6.2%
to 20.9%, and the median BMFS was 10.0-11.43 months in
surgically resected NSCLC patients (1-3). Most BM occurs
within 2 years of their diagnosis. Our research results
are consistent with these observations, with a total BM
incidence of 11.7%, a median BMFS of 14.2 months, and a
2-year BM actuarial rate of 10.5%. Additionally, we found
that the OS of the BM-positive group was considerably
lower than that of the BM-negative group, which is in line
with earlier research (29).

The tumor-to-reference region activity ratio, which is
the normalized value of PET parameters by blood pool or
liver SUV, has been shown in previous studies to be a more
accurate predictor of patient prognosis than the tumor
SUV,.. (16-19). SUV-based parameters are prone to be

affected by certain factors, and normalization using normal
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tissue uptake may reduce the effect of these individual biases.
In a study by Shiono ez 4l. (17) which included 141 patients
with pathological stage I lung adenocarcinoma, the TLR
was a significant predictive and reproducible factor for
recurrence. In another study by Shin er 4/. (18), the TBR
was an independent predictor of recurrence in 77 patients
with stage I-III NSCLC who underwent curative surgery.
However, none of these studies specifically focused
on the development of BM. In the present study, we
comprehensively evaluated various PET parameters at
different angles and estimated the optimal cut-off points to
identify clinically predictive markers for BM. Similarly, we
found that TLR was better than other PET parameters in
predicting an increased risk of relapse with BM and was an
independent predictor of BM based on multivariate analysis.

The volumetric PET parameters, MTV and TLG,
can help better estimate tumor burden and biological
aggressiveness. MTV is a measure of the tumor volume
showing FDG uptake over a minimal threshold with the
intention to exclude background activity and quantify the
entire tumor burden, whereas TLG is representative of both
tumor volume and metabolic activity. Previous studies have
shown that M'TV and TLG are significant and independent
predictive factors of progression in patients with NSCLC
(21-23). In the present study, we found that the MTV and
TLG of the primary tumor were significantly associated
with the risk of developing BM as the first failure in the
univariate analysis, and MTV remained significant even
after adjusting for 'T" stage, TNM stage, serum CEA values,
and other PET parameters in the multivariate analysis.

Several studies have reported that the T, N, and TNM
stages of NSCLC are associated with BM incidence (10,11).
However, with disease development, the accuracy of the
tumor stage as a surrogate for tumor burden decreases
because of a broad spectrum of disease severities represented
by only a few different stages (14). In the present study,
we found that higher T and TNM stages were associated
with a higher risk of BM; however, they were not
significant predictors after adjusting for PET parameters
in the multivariate analysis. This finding is consistent
with previous studies showing that ""F-FDG metabolic
parameters may provide better prognostic information than
the tumor stage (30,31). Furthermore, other prognostic
factors such as age, sex, histology, and serum CEA levels
have also been reported to be related to the risk of BM in
NSCLC; however, the results are inconsistent (32). In the
current study, we only found that the occurrence rate of BM
was associated with high serum CEA levels.

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

The National Comprehensive Cancer Network (NCCN)
and European Society for Medical Oncology (ESMO)
clinical practice guidelines recommend intracranial
imaging only for neurologically symptomatic patients after
surgical resection (6,7). However, this would likely lead to
occult BM in patients with NSCLC without neurological
symptoms being overlooked. Ando ez 4. (33) analyzed
46 NSCLC patients with BM and found that 29 patients
(63%) were asymptomatic when diagnosed. Furthermore,
previous studies have shown that early detection of
asymptomatic BM is linked to decreased morbidity and
mortality (34-36). A retrospective study by Gao et al. (34)
demonstrated that patients with neurological symptoms
at the time of BM diagnosis had shorter progression-free
survival and OS compared with asymptomatic patients.
Therefore, regular brain imaging follow-up to detect BM
are important and should be performed based on the risks
of BM rather than the emergence of neurological signs or
symptoms. Our study found that higher TLR and MTV
of the primary tumor were significantly associated with the
risk of developing BM. These findings may help physicians
identify subgroups of NSCLC patients with different risks
of BM and determine individualized surveillance strategies.

The current study has some limitations. First, the study
design was retrospective, and the sample size was relatively
small. Further prospective studies, including larger
homogeneous patient cohorts, more parameters such as
clinicopathological factors and mutation state of molecular
biomarkers, and longer follow-up time, are required to
comprehensively validate our results. Second, although
MTYV and TLG have advantages in measuring the tumor
metabolic burden, the optimal segmentation method for
calculating these volumetric parameters is still under debate.
In this study, the MTV and TLG were automatically
computed by PET VCAR using an iterative adaptive
segmentation algorithm. This method has an advantage
over fixed-threshold methods in accurately delineating the
target volume according to individual metabolic activity (37).
Finally, the metabolic parameters of lymph node metastases
were not included in this study because their number was
small, and most had low metabolism. Furthermore, the N
stage was also not a risk factor for BM development in the
univariate analysis.

Conclusions

The preoperative metabolic parameters of the primary
tumor, as measured by TLR and MTV on “F-FDG PET,
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are independent predictors of BM development as the first
relapse site in patients with surgically resected NSCLC.
Therefore, adding measurements of tumor metabolic
parameters may help stratify the risk of BM development
and determine individualized surveillance strategies. These
results must be validated in a multicenter prospective study
with a larger homogeneous patient cohort.
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