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Abstract
Galectin-1 (Gal-1) is a regulatory checkpoint that promotes immunosuppression and cancer development. We
examined Gal-1 expression through immunohistochemistry and found that there was a significant positive
correlation between Gal-1 expression and positron emission tomography/computed tomography (PET/CT)
metabolic parameters in patients with surgically resected lung adenocarcinoma. Our results highlight PET/CT
can predict Gal-1 expression and prognosis in lung adenocarcinoma.
Purpose: To study the prognostic significance of 18F-fluorodeoxyglucose (18F-FDG) positron emission tomography
(PET)/computed tomography (CT) metabolic parameters and tumor galectin-1 (Gal-1) expression in patients surgically
treated for lung adenocarcinoma. Patients and Methods: The medical records of 96 patients with primary lung
adenocarcinoma who underwent surgery after 18F-FDG PET/CT were retrospectively reviewed. The maximal stan-
dardized uptake value (SUVmax), metabolic tumor volume, and total lesion glycolysis of the primary tumor were
measured through PET/CT imaging. The expression of tumor Gal-1, glucose transporter 1 (GLUT-1), and hexokinase II
(HK-II) were examined through immunohistochemistry. Results: There were significant positive correlations between
tumor Gal-1 and SUVmax, tumor Gal-1 and metabolic tumor volume, tumor Gal-1 and total lesion glycolysis, tumor Gal-
1 and GLUT-1 expression, tumor Gal-1 and HK-II expression, and SUVmax and tumor GLUT-1 and HK-II expression
(P < .0001 in all cases). SUVmax was the only independent predictor of tumor Gal-1 expression. On receiver operating
characteristic analysis, the optimal cutoff value of SUVmax for predicting tumor Gal-1 expression was 5.1. Progression-
free and overall survival were significantly shorter in patients with Gal-1epositive tumors than in those with Gal-1
enegative tumors (P � .001). On multivariate analysis, advanced tumor stage (P ¼ .001) and tumor Gal-1 expression
(P < .0001) were independent prognostic indicators of poor progression-free survival, while advanced tumor
stage (P < .0001) and SUVmax (P ¼ .024) were independent prognostic indicators of poor overall survival. Conclusion:
18F-FDG PET/CT has the potential to be used as a noninvasive imaging modality to assess tumor Gal-1 status and
prognosis in lung adenocarcinoma.
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Introduction
Globally, nonesmall-cell lung cancer (NSCLC) is the leading

cause of cancer-related death among men and women.1 Lung
adenocarcinoma is the most common histologic subtype of
NSCLC, accounting for more than 50% of cases.2 Despite signif-
icant advances in surgery, chemotherapy, and molecular targeted
therapy, the 5-year overall survival (OS) rate in patients with
NSCLC remains poor.3

Most recently, immunotherapy is giving new hope to patients
with advanced lung adenocarcinoma. In particular, the use of
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immune checkpoint inhibitors has resulted in a remarkable para-
digm shift in the treatment options that are available for NSCLC
and are yielding promising clinical outcomes.4 However, not all
patients have disease that responds to immune checkpoint in-
hibitors, as tumors may develop compensatory pathways to generate
resistance to these drugs.5 Consequently, there remains an unmet
clinical need to identify new immune biomarkers and therapeutic
targets in NSCLC.

Galectins have emerged as regulatory checkpoints that promote
immunosuppression and cancer development.6 Galectin-1 (Gal-1) is
the prototype member of the galectin superfamily. Gal-1 is char-
acterized by its high affinity binding to b-galactosides through a
highly conserved carbohydrate recognition domain.7 Gal-1 activates
the HIF/mTOR, Notch1/Jagged2, NF-kB, and MAPK pathways,8-11

and is involved in tumor cell proliferation, adhesion, migration, and
aggregation as well as angiogenesis and immune evasion.12-17 Gal-1 is
overexpressed in many cancer types, including lung cancer, and has
been associated with poor survival.18-21 Therefore, tumor Gal-1 status
may be a potential predictive biomarker of poor prognosis. Immu-
nohistochemistry is the reference standard in Gal-1 testing. However,
the availability of a sufficient quality and quantity of tissue for Gal-1
testing often remains a challenge, and noninvasive imaging modalities
that predict Gal-1 status could be beneficial.

18F-fluorodeoxyglucose (18F-FDG) positron emission tomogra-
phy (PET)/computed tomography (CT) is a noninvasive imaging
tool that is frequently used in the management of lung cancer.22

FDG uptake reflects glucose metabolism in malignant cells. A
previous study showed that Gal-1 expression was linked to upre-
gulated glucose transport and uptake in mouse embryonic stem
cells.23 Furthermore, Gal-1 has been shown to trigger the activation
of glycolysis-related enzymes and promote lactate production in
colon cancer cells.24 Currently, the relationship between FDG up-
take and Gal-1 expression in lung adenocarcinoma is unknown.
Therefore, the aim of this study was to investigate the correlation
and prognostic value of PET/CT metabolic parameters and tumor
Gal-1 expression in patients who underwent surgery for lung
adenocarcinoma.

Patients and Methods
Patients

The medical records of 96 patients with primary lung adeno-
carcinoma who underwent surgery after 18F-FDG PET/CT at the
First Affiliated Hospital of Dalian Medical University between May
2010 and October 2015 were retrospectively reviewed. The in-
clusion criteria were as follows: histopathologic confirmation of
primary lung adenocarcinoma, and 18F-FDG PET/CT scan per-
formed within 30 days before surgery. The exclusion criteria were
as follows: neoadjuvant treatment was provided before surgery, and
the patient had a history of another malignancy. The clinicopath-
ologic characteristics of each patient, including age, sex, smoking
status, tumor differentiation, and tumor, node, metastasis classifi-
cation system stage assessed at surgical resection (according to 7th
edition of the American Joint Committee on Cancer lung cancer
staging system25), were recorded. This study was approved by the
ethics committee of the First Affiliated Hospital of Dalian Medical
University, and informed consent was waived in this retrospective
study.
18F-FDG PET/CT Imaging Procedures
PET/CT was performed using a Biograph True Point PET/CT

scanner (Siemens Medical Systems). Patients fasted for 6 to 8 hours
to obtain a blood glucose level � 6.6 mmol/L before intravenous
injection of 0.15 mCi/kg FDG. Approximately 60 minutes after
FDG administration, PET/CT scans were acquired from the base of
the skull to the proximal thigh. Immediately after CT scanning
(tube voltage, 120 kV; CARE Dose, tube current, 60e80 mA; with
shallow breathing), PET imaging in 3-dimensional mode was per-
formed using an acquisition time of 1.5 minutes per bed position.
PET images were reconstructed using ordered subset expectation
maximization with attenuation correction. 18FDG PET/CT images
were reviewed at a standard workstation (MMWP; Siemens) by 2
physicians with experience in nuclear medicine. The maximal
standardized uptake value (SUVmax) of the primary tumor was
measured using a region of interest that was manually placed over
the lesion. The region of interest was drawn on the basis of the
corresponding CT image for lesions with inconclusive PET find-
ings. Metabolic tumor volume (MTV) was defined using a pre-
determined SUVmax threshold of 2.5. Total lesion glycolysis (TLG)
was calculated as: mean SUV � MTV.

Immunohistochemistry
Immunohistochemistry was performed on 4 mm thick tissue

sections that were cut from paraffin-embedded lung adenocarci-
noma specimens. The primary antibodies that were used included
antieGal-1 (dilution 1:200; Abcam), antieglucose transporter 1
(GLUT-1; dilution 1:500; Abcam), and antiehexokinase II (HK-
II; dilution 1:200; Abcam). All sections were semiquantitatively
evaluated by 2 experienced pathologists in a blinded manner.
Staining intensity was categorized as 0 (negative), 1 (weak), 2
(moderate), or 3 (strong), and the percentage of positive cells was
categorized as 0 (0), 1þ (� 10%), 2þ (11-50%), 3þ (51-80%), or
4þ (> 80%).

The immunohistochemistry scores for each protein were calculated
bymultiplying the staining intensity by the percentage of positive cells.26

The final score was classified as negative (0e4) or positive (5e12).

Statistical Analysis
Statistical analyses were performed by SPSS 22.0 software (IBM,

Armonk, NY). The chi-square and Fisher exact test were used to
analyze the relationships between the categorical variables. The
Mann-Whitney U test or t test was used to analyze the associations
between continuous variables, when appropriate. Spearman corre-
lation analysis was used to evaluate correlations among SUVmax and
tumor Gal-1, GLUT-1, and HK-II expression. Logistic regression
analysis was used to identify independent predictors of tumor Gal-1
expression. A receiver operating characteristic (ROC) curve was
constructed to obtain the optimal cutoff value of SUVmax for pre-
dicting the tumor Gal-1 expression.

Progression-free survival (PFS) was defined as the time from the
date of surgery to tumor recurrence or cancer-related death. OS was
defined as the time from the date of surgery to all-cause death or last
follow-up. PFS andOSwere calculated by the Kaplan-Meier method,
and the log-rank test was used for comparisons. Multivariate survival
analysis was performed using the Cox proportional hazards model.
P < .05 was considered statistically significant.
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Figure 1 Representative Images of 18F-FDG PET/CT and Immunohistochemistry of Gal-1, GLUT-1, and HK-II. (A) PET. (B) CT. (C) PET/
CT. (D) Gal-1. (E) GLUT-1. (F) HK-II. Original Magnification, 3200

Abbreviations: CT ¼ computed tomography; 18F-FDG ¼ 18F-fludeoxyglucose; Gal-1 ¼ galectin-1; GLUT-1 ¼ glucose transporter 1; HK-II ¼ hexokinase II; PET ¼ positron emission tomography.

Significance of Gal-1 and SUVmax
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Results
Patient Characteristics

A total of 96 patients with primary lung adenocarcinoma who
underwent 18F-FDG PET/CT in the 30-day period before surgery
Table 1 Associations Between Tumor Gal-1 Expression and Clinica

Characteristic

Tumor Gal-1 Expression

Negative (N [ 54) Positive (N

Age (y), mean � SD 65.1 � 9.2 63.9 �
Sex

Male 23 (56.1) 18 (43.9

Female 31 (56.4) 24 (43.6

Smoking History

Smoker 20 (64.5) 11 (35.5

Nonsmoker 34 (52.3) 31 (47.7

Tumor Differentiation

Well 34 (85.0) 6 (15.0

Moderate/poor 20 (35.7) 36 (64.3

Tumor size (cm),
median (range)

2.0 (0.4-5.2) 2.5 (0.9-6

Lymph Node Metastasis

N0 53 (73.6) 19 (26.4

N�1 1 (4.2) 23 (95.8

TNM Stage

I þ II 52 (67.5) 25 (32.5

III þ IV 2 (10.5) 17 (89.5

SUVmax, median (range) 2.6 (0.7-11.4) 10.8 (0.9-2

MTV, median (range) 0.1 (0.0-14.0) 7.1 (0.0-9

TLG, median (range) 0.1 (0.0-70.6) 33.5 (0.0-4

Data are presented as n (%) unless otherwise indicated.
Abbreviations: Gal-1 ¼ galectin-1; MTV ¼ metabolic tumor volume; SD ¼ standard deviation; SUVm
metastasis classification system.
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were included in this study. Representative PET/CT images are
displayed in Figure 1.

Among the included patients, there were 55 women and 41 men.
The mean age of patients was 64.6 years (range, 41e86 years). The
l Characteristics in Primary Lung Adenocarcinoma

Total P[ 42)

9.0 64.6 � 9.1 .519

.979

) 41 (42.3)

) 55 (57.3)

.260

) 31 (32.3)

) 65 (67.7)

<.0001

) 40 (41.7)

) 56 (58.3)

.5) 2.2 (0.4-6.5) .013

<.0001

) 72 (75.0)

) 24 (25.0)

<.0001

) 77 (80.2)

) 19 (19.8)

3.3) 5.0 (0.7-23.3) <.0001

3.2) 2.0 (0.0-93.2) <.0001

80.0) 7.2 (0.0-478.9) <.0001

ax ¼ standardized maximum uptake value; TLG ¼ total lesion glycolysis; TNM ¼ tumor, node,



Figure 2 Scatter Plots Evaluating Associations Among SUVmax and Tumor Gal-1, GLUT-1, and HK-II Expression. (A) SUVmax and Tumor
Gal-1. (B) Tumor GLUT-1 and Gal-1. (C) Tumor HK-II and Gal-1. (D) SUVmax and Tumor GLUT-1. (E) SUVmax and Tumor HK-II

Abbreviations: Gal-1 ¼ galectin-1; GLUT-1 ¼ glucose transporter 1; HK-II ¼ hexokinase II; SUVmax ¼ maximal standardized uptake value.
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median tumor size was 2.2 cm (range, 0.4e6.5 cm). Sixty-four
(66.7%), 13 (13.5%), 14 (14.6%), and 5 (5.2%) patients had
stage I, stage II, stage III, and stage IV disease, respectively. Lymph
node metastasis was detected in 24 patients. Of these, 9 had N1
disease, 14 had N2 disease, and 1 had N3 disease. The median
SUVmax, MTV, and TLG of the primary tumor were 5.0 (range,
0.7e23.3), 2.0 (range, 0.0e93.2), and 7.2 (range, 0e478.9),
respectively (Table 1).
Clinical Lung Cancer November 2019 - 423



Table 2 Univariate and Multivariate Analysis of Clinical Characteristics Associated With Tumor Gal-1 Expression in Primary Lung
Adenocarcinoma

Characteristic

Univariate Analysis Multivariate Analysis

OR (95% CI) P OR (95% CI) P

Age 0.985 (0.942-1.030) .515

Sex .979

Male Reference

Female 0.989 (0.438-2.235)

Smoking History .261

Smoker 0.603 (0.250-1.457)

Nonsmoker Reference

Tumor Differentiation <.0001 .400

Well Reference

Moderate/poor 10.200 (3.657-28.448)

Tumor size 1.653 (1.111-2.460) .013 .360

Lymph Node Metastasis <.0001 .280

N0 Reference

N�1 64.158 (8.099-508.224)

TNM Stage <.0001 .382

I þ II Reference

III þ IV 17.680 (3.787-82.540)

SUVmax 1.839 (1.456-2.323) <.0001 1.581 (1.149-2.176) .005

MTV 1.426 (1.186-1.716) <.0001 .251

TLG 1.092 (1.040-1.147) <.0001 .315

Abbreviations: CI ¼ confidence interval; Gal-1 ¼ galectin-1; MTV ¼ metabolic tumor volume; OR ¼ odds ratio; SUVmax ¼ standardized maximum uptake value; TLG ¼ total lesion glycolysis; TNM ¼
tumor, node, metastasis classification system.

Significance of Gal-1 and SUVmax
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Associations Between Clinical Characteristics and Tumor
Gal-1 Expression

The expression of Gal-1 protein was primarily observed in the
cytoplasm or on the membrane of lung adenocarcinoma cells
(Figure 1). Immunohistochemistry scores were used to stratify pa-
tients as Gal-1 positive (n ¼ 42) or negative (n ¼ 54). Gal-1
positivity occurred more frequently in patients with lymph node
metastasis, advanced stage tumors, and moderately or poorly
differentiated carcinoma (P < .0001 in all cases; Table 1). The
tumor size was larger (P ¼ .013) and SUVmax, MTV, and TLG
were significantly higher in the Gal-1epositive patients than in
Gal-1enegative patients (P < .0001 in all cases). There were no
significant differences in age, sex, or smoking history between the
Gal-1epositive and Gal-1enegative patients (Table 1).

Association Between SUVmax and Tumor Gal-1
Expression

There was a significant positive correlation between SUVmax and
the immunohistochemistry score for Gal-1 (rho¼ 0.690; P< .0001;
Figure 2). On univariate analysis, the tumor size, nodal involvement,
tumor stage, tumor differentiation, SUVmax, MTV, and TLG were
significantly associated with tumor Gal-1 expression.

On multivariate regression analysis, SUVmax was the only inde-
pendent predictor of tumor Gal-1 expression (Table 2).

ROC curve analysis was used to evaluate the ability of SUVmax to
discriminate tumor Gal-1 expression in primary lung adenocarci-
noma. The area under the curve was 0.937 (95% confidence
Clinical Lung Cancer November 2019
interval, 0.882e0.992) and the P value was < .0001, suggesting
that SUVmax has the ability to predict tumor Gal-1 expression. The
optimal cutoff value of SUVmax for predicting tumor Gal-1
expression was 5.1, at which point SUVmax predicted tumor Gal-
1 expression with 95.2% sensitivity and 87.0% specificity
(Figure 3).

Associations Among SUVmax and Tumor Gal-1, GLUT-1,
and HK-II Expression

The expression of the GLUT-1 and HK-II proteins were primarily
localized on the membrane of lung adenocarcinoma cells (Figure 1).
There were significant positive correlations between the immuno-
histochemistry scores for Gal-1 and GLUT-1 (rho ¼ 0.647;
P < .0001) and Gal-1 and HK-II (rho ¼ 0.644; P < .0001). There
were significant positive correlations between SUVmax and immu-
nohistochemistry score for GLUT-1 (rho ¼ 0.680; P < .0001) or
HK-II (rho ¼ 0.642; P < .0001; Figure 2).

Tumor Gal-1 Expression and Prognosis
The median follow-up time was 58.5 months (range, 11e105

months). During this period, 35 patients had recurrent disease, and
20 patients died from cancer-related causes. The median PFS in
Gal-1epositive patients was 16.0 months (range, 1e62 months),
and the median PFS in Gal-1enegative patients was 61.0 months
(range, 36e105). The median OS in Gal-1epositive patients was
25.5 months (range, 1e62 months), and the median OS in Gal-
1enegative patients was 62.0 months (range, 36e105 months).



Figure 4 Kaplan-Meier Survival Curves for (A) PFS and (B) OS
In Patients With Lung Adenocarcinoma

Abbreviations: PFS ¼ progression-free survival; OS ¼ overall survival.

Figure 3 ROC Curve Analysis Evaluating Ability of SUVmax to
Discriminate Gal-1 Expression in Primary Lung
Adenocarcinoma. AUC Was 0.937 (95% Confidence
Interval, 0.882-0.992; P < .001). When Cutoff Value of
SUVmax Was 5.1, SUVmax Predicted Tumor Gal-1
Expression With 95.2% Sensitivity and 87.0%
Specificity

Abbreviations: AUC ¼ area under the plasma concentration versus time curve; Gal-1 ¼
galectin-1; ROC ¼ receiver operating characteristic; SUVmax ¼ maximal standardized uptake
value.
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The PFS and OS were significantly shorter in the Gal-1epositive
patients than in the Gal-1enegative patients (P � .001; Figure 4).

On univariate analysis, nodal involvement, tumor stage, tumor
differentiation, tumor Gal-1 expression, SUVmax, MTV, and TLG
were significantly associated with PFS, while sex, nodal involve-
ment, tumor stage, tumor Gal-1 expression, SUVmax, MTV, and
TLG were significantly associated with OS. On multivariate anal-
ysis, advanced tumor stage (P ¼ .001) and tumor Gal-1 expression
(P < .0001) were independent prognostic indicators of poor PFS,
while advanced tumor stage (P < .0001) and SUVmax (P ¼ .024)
were independent prognostic indicators of poor OS (Table 3).

Discussion
To our knowledge, this is the first study to demonstrate that 18F-FDG

PET/CT has potential as a noninvasive imaging modality in the assess-
ment of tumorGal-1 expression, which is a biomarker of poor survival in
many cancers.18-21 This study revealed that tumor Gal-1 expression was
positively associated with glucose metabolism, evaluated by FDG PET,
in primary lung adenocarcinoma cells. SUVmax, MTV, and TLG were
significantly higher in Gal-1epositive patients than in Gal-1enegative
patients, and SUVmaxwas the only independent predictor of tumorGal-1
expression. ROC analysis identified an SUVmax > 5.1 as a significant
predictor of tumor Gal-1 expression in primary lung adenocarcinoma.
Immunohistochemistry is the reference standard in Gal-1 testing.
However, obtaining sufficient quality and quantity of tissue for Gal-1
testing is often challenging. This study shows that 18F-FDG PET/CT
may be used to select patients who will gain the most benefit from
Gal-1etargeted immunotherapy27-30 and to monitor their response to
treatment.

A previous meta-analysis identified high Gal-1 expression as a
predictor of poor prognosis in patients with cancer.31 Only 2 studies
that were included in the review investigated the prognostic sig-
nificance of Gal-1 expression in lung cancer.18,19 In one study of
radically operated patients with stage II NSCLC, Gal-1epositive
patients had poor prognosis on univariate but not multivariate
analysis.18 In another study of patients with stage I-III NSCLC,
tumor Gal-1 expression was associated with poor clinical outcomes
on multivariate analysis.19 The present study identified tumor Gal-1
expression as a significant independent prognostic factor for PFS but
not OS. The contrasting findings of the present study and those of
previous studies regarding the prognostic significance of Gal-1 in
NSCLC may be due to differences in the study design, including
the lung adenocarcinoma disease stage, the inclusion of tumor and/
or tumor stromal cells in the immunohistochemical analyses, and
Clinical Lung Cancer November 2019 - 425



Table 3 Univariate and Multivariate Analyses of Prognostic Factors for Progression-Free Survival and Overall Survival

Factor

Progression-Free Survival Overall Survival

Univariate Analysis Multivariate Analysis Univariate Analysis Multivariate Analysis

OR (95% CI) P OR (95% CI) P OR (95% CI) P OR (95% CI) P
Age

�65 years/< 65 years 1.000 (0.965-1.037) .999 1.021 (0.974-1.071) .393

Sex

Male/female 0.544 (0.279-1.058) .073 0.359 (0.143-0.901) .029

Smoking History

Smoker/never smoker 0.963 (0.472-1.968) .918 1.432 (0.585-3.506) .431

Tumor Differentiation

Poor-moderate/well 4.583 (1.896-11.079) .001 2.367 (0.860-6.517) .095

Tumor Size

<3 cm/� 3 cm 1.198 (0.911-1.574) .196 1.096 (0.748-1.606) .639

Lymph Node Metastasis

N0/N�1 5.766 (2.942-11.300) <.0001 7.173 (2.854-18.028) <.0001

TNM Stage

I-II/III-IV 6.571 (3.331-12.962) <.0001 3.270 (1.602-6.674) .001 8.895 (3.610-21.921) <.0001 6.279 (2.427-16.244) <.0001

Gal-1 Expression

Positive/negative 9.945 (4.099-24.128) <.0001 7.087 (2.798-17.948) <.0001 6.250 (2.086-18.730) .001

SUVmax
High/low 1.135 (1.083-1.189) <.0001 1.124 (1.057-1.196) <.0001 1.087 (1.011-1.169) .024

MTV

High/low 1.026 (1.012-1.039) <.0001 1.022 (1.004-1.041) .018

TLG

High/low 1.005 (1.003-1.008) <.0001 1.005 (1.001-1.008) .006

Abbreviations: CI ¼ confidence interval; Gal-1 ¼ galectin-1; MTV ¼ metabolic tumor volume; OR ¼ odds ratio; SUVmax ¼ standardized maximum uptake value; TLG ¼ total lesion glycolysis; TNM ¼ tumor, node, metastasis classification system.
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Hongna Zheng et al
the length of the follow-up period. These factors may confound the
results, as tumor stage is an important prognostic indicator, Gal-1
expression in tumor stroma was not of prognostic significance for
OS, and the length of follow-up period must be long enough to
determine the prognostic significance of tumor Gal-1 status for
OS.32 Despite this, findings from the present study as well as pre-
vious studies indicate that tumor Gal-1 expression is a potential
novel biomarker for predicting NSCLC recurrence after surgery and
identifying patients who would benefit from appropriate
intervention.

GLUT-1 and HK-II are key rate-limiting enzymes for glycolysis.
As a glucose analog, 18F-FDG is transported into tumor cells by
GLUT-1 and trapped intracellularly. The present study showed sig-
nificant positive correlations between GLUT-1 and HK-II immu-
nohistochemistry scores and SUVmax as well as the GLUT-1, HK-II,
and Gal-1 immunohistochemistry scores. Accordingly, in previous
studies of colorectal cancer tissue, Gal-1 expression was shown to be
highly correlated with GLUT-1 expression.13 Park and Kim24 re-
ported that Toll-like receptor 4 (TLR4) activation increased Gal-1
expression, triggered the activation of glycolysis-related enzymes
and promoted lactate production. Furthermore, inhibition of Gal-1
attenuated the activity of glycolysis-related enzymes, including HK-
II, phosphofructokinase (PFKP), pyruvate kinase M2 (PKM2), and
lactate dehydrogenase A (LDHA). A TLR agonist induced a meta-
bolic transition from oxidative phosphorylation to aerobic glycolysis,
which was mediated by the PI3K/Akt-mediated AMP-AMPK
signaling pathway.33 Taken together, these data indicate that Gal-1 is
involved in the regulation of glycolysis in tumors.

In this study, advanced tumor stage and Gal-1 expression were
independent prognostic indicators of poor PFS, while advanced
tumor stage and SUVmax were independent prognostic indicators of
poor OS. In contrast, previous research reported that MTV and
TLG more accurately reflect the metabolic status of a malignancy
and are better prognostic markers than SUVmax in lung cancer.34,35

The small sample size, single center, and retrospective nature of our
study may explain this difference.

This study had several limitations. First, it was performed at a
single center with a small sample size, and the retrospective study
design had unavoidable selection bias. A multicenter prospective
study with a larger sample size is warranted. Second, follow-up time
was relatively short; in the future, our research will focus on the
prognostic significance of tumor Gal-1 status for OS. Third,
although we confirmed the associations between FDG uptake and
Gal-1 protein expression, the underlying mechanisms remain un-
clear. We plan to conduct in vitro experiments to investigate the
mechanisms by which Gal-1 affects glycolysis. Fourth, in our study,
SUVmax was the only independent predictor of tumor Gal-1
expression. SUVmax is the most commonly used parameter in
clinical practice because of its simplicity. However, many factors
influence SUVmax, including patient-level variables (eg, body
weight, stature, serum glucose level), imaging procedures (eg,
leakage of intravenous injection), the PET/CT scanner (model,
scintillation crystal array and photo detector, reconstruction and
image processing), and clinical variables, especially tumor size; in
lesions < 3.0 cm, SUVmax is influenced by spatial resolution and
partial volume effects. To ensure reproducibility of our technique,
the Biograph True Point PET/CT scanner (Siemens Medical
Systems) in our department meets the National Electrical Manu-
facturers Association NU 2e2007 performance standard, tumor
imaging is performed according to the European Association of
Nuclear Medicine procedure guidelines, and a quality control/
quality assurance procedure is conducted to maintain the accuracy
and precision of quantitation.

Conclusion
18F-FDG uptake was positively correlated with tumor Gal-1

expression in patients with lung adenocarcinoma. Tumor Gal-1
expression and SUVmax were significant predictors of PFS and
OS, respectively. These data suggest that 18F-FDG PET/CT has
potential as a noninvasive imaging modality to assess tumor Gal-1
status and prognosis in lung adenocarcinoma.

Clinical Practice Points

� There remains an unmet clinical need to identify new immune
biomarkers and therapeutic targets in NSCLC. Noninvasive
imaging modalities could be beneficial.

� PET/CT parameters positively correlated with tumor Gal-1
expression in patients with lung adenocarcinoma.

� SUVmax was the only independent predictor of tumor Gal-1
expression. On multivariate analysis, tumor Gal-1 expression
and SUVmax were independent predictors of prognosis.

� PET/CT can predict tumor Gal-1 expression and may be used to
select patients who will gain the most benefit from Gal-
1etargeted immunotherapy and to monitor their response to
treatment.
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